W NG GATE TRANSI STOR FOR | NTEGRATED Cl RCUI TS
BACKGROUND FI ELD OF THE | NVENTI ON The present
invention relates generally to integrated circuits,
and nore particularly to reduced-size transistors.
BACKGROUND CF THE | NVENTI ON The present invention
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as transistors, are fornmed in and upon sen1conductor
substrates. These circuit elements are interconnected
by contacts and vias, which connect to patterned
conductor | ayers whi clBACEGREPaNBt ed by vari ous
dielectric layers. Acritical objective of the
FIELISOM @R @ueEaTIORdust ry has been to continually
decrease the size of sem conductor devices to
i oy prasent pavchbemeaides gangrallbydadetegiated dingritappd ngae persularly to
d §9Cht as.ggllphones and portable CD players. As
reduceder Y Sr t echnol ogy has advanced, there has been
a continuing concentration on reducing the size of the
sem conductor devices to allow for increased |evels
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0gy accel'erates accor
electrodic édipoments. bei ng done is to reduce t he channel Iength
of for sem conductor devices such as transistors.
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size oiISGQrLEorﬁﬂ%? akvidavio qgéﬁ&%&%tﬁ%%@%ﬁ YRIck R08& fof hcatlons such

ages are reac ing t poi nt where the transistors
as celipboed andtpdveblpEDatlaygmal As%mmnductndmchmlogbe\hame&vanced there
conti nue to be reduced in size, i s c ear
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allow fo‘i’ En&QRLH RYed o3 Eﬁ@tﬁ§§1tég?at[d?1d Hﬁfn‘aged SEerRandy Qﬁd)ﬁlgher density.
devi ce size and thus | ncreasi ng device int egrati o

pés flor adaoesmen dn fsemonductomiechielety @mlemaqcprcbng to Moore’s
Lo, SR SO PR B R Al Bl Gy ot
devicek Rutl@s Mahsistors. 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

skifled in the art.



SUMVARY OF THE | NVENTI ON The present invention

provides a systemfor formng a sem conductor device.

Layers of gate dielectric material, gate material,

and cap material are formed on a sem conduct or

substrate. The on of the gate

material are pr g?@PfTﬁ&A@E}S@E‘QN a gate body

portion. A w ng on the gate body portion is forned
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permn?%%gﬁﬁngo@ﬂlh%gsﬂ@ Mﬂéem?gwlhggmeh tibeud b erfﬁﬁﬁmce threshold

readi ng t he | owm ng talTed descrlptlon
voltagd altlesffvdntihvthiee Skorenamnebeffdees. acconpanyi ng dr awi ngs
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of thos%axﬂé‘ﬁtﬁﬁ%«'s}' LEodd) TREERABRES W bhodeaaRSe M tHARY 8O the art
iIs the structure of FIG | after further

from aprrm iofi gho ffolderping ndtajiede deratiptigralwheh aplbsers with Gfeignges to the
the.s 5ucture of FIG 2 after deposition of a first
accompyg YA al 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 | ayeBRIEFIESERIPTIONOBIMHRDRASVIIGEI G 5 after
formati on of a second spacer; FIG 7 is the structure

GfIch G o 05R 684 seﬁﬁ%@u‘cﬂﬁ dedic@ i 9 GRkEaterhidze & rhdhufacture in
the structure of FIG after renoving the second

accordsmxth &mdnwptosummoof the tips of the gate wi ngs;
e.of FI.G, 8 after. inplantatio :
1 2B EE LR gh Py dOH PRarEE AP 80 A matera

layersy €gions; FIG 10 is the structure of FIG 9 after
renoval of the first spacer; FIG 11 is the
dilfudtisthe sofictpre@s FIQ. Akfier depatition gt figs 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;

F1G. 10 is the structure of FIG. 9 after removal of the first spacer;

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




2 FIG 12 is the sem conductor device conpleted in
accordance with the present invention to before
formati on of the source/drain and gate contacts; FIG
13, is an alternative netal gate enbodi nent of the
present invention and FIG 14 is a flow chart of a
mathod of thearerhmotdirctori deaox opuplete wi hedrtiacpregknthe present
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i ntermedi ate stage of manufacture. A well has been
fldGmdd ik Row sbait obraduethod of wreifastiee 10 2¢casdarise amithathe present
silicon substrate, and processing perfornmed to forma
‘Y8t e dielectric layer 104, such as a silicon dioxide
or nitrided oxide. A gate material l|layer 106, such as
anor phous or polycrystalline silicon, has been
deposi t edERCRIFEOFOE THE IPRGIFHRR ED axesODOMENIND a cap
material |ayer 108, such as nitride, has been
deReSInb &R 116, 92iiRreilBE Shdvdh ol @¥BEorHHBOr EBice 100, such as a
draw ngs showi ng enbodi nents of the invention are
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scri.ption thereof |i features.one tq another, will ,
tayer BFGERAP FO7 paRGRE dhch ST 1Y R ek ReRl Setel g e gate
materidlilkRMI®6, I n the follow ng description, nunmerous

specific details are given to provide a thorough
uredrewaidishgvise antodimen of 8. inplenare sqnpi-dipgrpmmatic and not
r ent: : L on: J.C ' i
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shownt feafdy esegieratey éntthoriiGssole adeitionk ndwre systien embodiments are
_ configurations and process steps are_not disclosed in _
disclosgdagf |[described hayipg sppeilsapiea i coramgi ! sleisy ang gase of illustration

and de%&%tfb%dth@%of‘flﬂlc%@&m%@!rc?}le' gl fhet %HC&H%%HBJ 8@%&0&%{%@8‘%%11 like

r 'surface of the sem conductor substrate,” regar
referemef nuterads.i entation. The term "vertical" refers to a

dek it 155 HRIOVH Reaption, RumeRan SoaIC dpaToHe Bven to provide
a thoré@ﬁtﬁ@&j‘stanaitn% g)f the PV&ition. ?@&tlvé\"éﬂq?{\;iﬂ afeferfl @il @l?étjin%ﬁtrbn may

respect tot [ pl ane. Referring nowto

invent

hori zont a
be pragilogd vthoththesd specidicsietans. fherdst fouoin ebsofirikd (Be plesaft ievention,

some \Lgf—woe\{rn 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 FFIG. 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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processi ng of the cap and gate material |ayers 106 and

108. A mask (not shown) has been deposited and

processed for the etching of the cap material |ayer

108 to forma cap 200. The cap 200 is used as a nask

for the etching of the gate material |ayer 106 to form
portionB2@atvith hoghye thin Pyt borioR B2 4vaftdateungatiel stil rerdeayieg over the gate
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lightly doped drai n/ source (LDD) formmtion. Second,
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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




thi ckness is preferably in the range of from50 to 800

A. The present invention provides a nethod of form ng
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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.




i ncreasi ng away fromthe overhang of the gate w ngs

702. Referring nowto FIG 10, therein is shown the
structure of FIG 9 after renoval of the first spacer

400. Where the first spacer 400 is a nitride, a
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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




performed to expose the silicide 1100 over the gate
Wi ngs 702. Referring nowto FIG 13, therein is shown
an alternative netal gate enbodi nent 1300 of the
present invention. The structure of FIG 12 is subject
to chem cal nechanical polishing (CW) until the
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those siidiod infthe ot i Hghtl ayibe sfaeeqiag desgripliant Aceorraest. |1Tals intended to

embrod S B0y SRR 5T P pa O R PR Gh B spoe o e

included@Qldib@n Af mattbe seedothmi@n |0@|shcaﬁx€irpﬂ1@(h@§(ﬁﬁ;§bn§/ﬁlgf @BWINgs are to
cap and a gate body portion; a block 1406 where a

be intexpirted i“sanflﬂtlﬁé?éllvéﬁﬂg Ren-§Et@nhEase por ti on from t he
remai ni ng portion of the gate naterlal a 6 block
1408 where the gate dielectric material under a
portion of the wing on the gate body portion is
removed to forma gate dielectric; and a bl ock 1410
where a lightly-doped source/drain is fornmed in the
sem conduct or substrate using the gate body portion
and the wng. Wiile the invention has been descri bed
in conjunction wth a specific best node, it is to be
understood that many alternatives, nodifications, and
variations will be apparent to those skilled in the
art in light of the aforegoing description.
Accordingly, it is intended to enbrace all such
alternatives, nodifications, and variations which fal
within the scope of the included clains. All matters
set forth herein or shown in the acconpanyi ng draw ngs
are to be interpreted in an illustrative and
non-limting sense. 7 The invention clained is: |I . A
manuf acturi ng nethod for a sem conductor device
conprising: formng layers of gate dielectric
material, gate material, and cap material on a
sem conduct or substrate;




processing the cap material and a portion of the gate

material to forma cap and a gate body portion;

formng a wing on the gate body portion froma

remai ning portion of the gate material; renoving the

gate dielectric material under a portion of the w ng
The inomtibhelaga¢dkisbody portion to forma gate dielectric;

and formng a |ightly-doped source/drain region in the

em conduct or . subst rat i ng.th at e. bod ortion
Snd s gpigretas g S 3 s Risomiug iR Seialiint
Vifeﬁﬁﬁ'gmagz&% M gatt: h@ebiig haetibd e%ate et Nend RGp material on a

out si de edge thereof. 3. The nethod as clained In
cl ai msemieontieier bRPatesi ng: fornming a first spacer

around the gate .bo Qrti.on over_the,repaini

Forirint O S kB RAraHR A S f L (B apd 2 e
mat er it@dy pafitbnf or mi ng the |ightly-doped source/drain

region additionally using the first spacer. 4. The

Hetrhivd asving g pate droslynpartipnrfidvera esnggping prytion of the gate
form r}%at%ii{ﬁll rst spacer around the gate body portion

and over & remaining portion of the gate materi al

avthogapethéigeleeditietigic Madteridlakndef arpakigh af secoing @pieiate body
around the first spacer; renoving the remaining
por t i diPréen ey awaterhielesliial @¥xcept under the first

r,. _ - 1 . i R
AR bRy BRI RORE 1AL e AR AR SRR Do
W ng removely fdongorgatdehe siigt.ectric materi al under the
second spacer. 5. The nethod as clainmed in claim4

faur t heTheC eigilidds b ElaifREMnN@lagnt Di Whkrsipatamigd b dvibpeincludes
gate body portion and the gate dielectric; and
roundip@ Hsviiutigde digefhareql. spacer and the second spacer. 6.
The nmethod as clainmed in claim4 further conprising:
rlenovi Hg métbod by Juinspidoetaimrdutther @egowthgspacer; 8

f or ni th d th te bod It .
dReRe Gt ourare Bl P e diRtY Pl iR B 0 o 0 reParaiarion of
r egi onhk Patk RGN EONRUBIOT IS LIPS h-Adr8 USidNg t he

further spacer. _ ) . )
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 spﬁcer 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;




7. The method as clainmed in claim21 further conprising

formng a nmetal contact over the gate body portion.

8. A manufacturing nmethod for a sem conductor device

conprising: formng layers of silicon dioxide or

nitrided oxide material, anmorphous, or polycr s}alllne

§¢mmnm furthea spricen @r@@n%@vﬁ Aoy aprtion & éhq galpficlectric; and
1%1% (?L%rc%/ 1ra3101§e%§0nr19 tljlel']s%nﬂééx{ hgtgr ﬁlgﬁlxe ﬁ:?tﬂelas acer.

hous™ or ycrys I con

shivn agam@%w%%mzﬁx S e
ovmﬂh@%h%%BH?P&hbhne silicon wing on the anorphous or
l'ycrystalline silicon gate body portion froma

gemai ny ngnﬁg&hhﬁgnﬁihotdhﬁr a@éﬁ%@x‘i&i&%r%v@@hé’xﬁﬁﬁ%@' line
silicon to forman anorphous or polycrystalline
3bhmggnkmmmgogamhmnrehwmdmgmthnuﬁcﬁ|cmﬁedeWMdb gmorphous or

nitrlde oXi erial , under rti.on of

o pROUSSH B s i TG epriiial GResviseRg R ko m

gyr&%tss%;gﬁl%l Beldel Gp mdtQ5dNaRG adpori@hbs the @aRRShous or polycrystalline
ource/drain region in the sem conductor substrate

usi ng stllven aoberphaugride caphyd ary smarphione os pelyergptalivagilicon gate

gat e; E %%In1ng a poly netal dielectric |ayer over

t he a&ﬁ Uor polycrystalline silicon wng gate.

Yornling EE?tA?WpH@uSC logi pERdcryRtaBindi BNi8oheinel Bnf BeMaft@rphous or

t he anorphous or polycrystalline silicon gate w ng,

i ncl ud)@éycmmhmmgﬂmh@ aie shasly m’g@n tirns dofenigdning partion of the

Pr:e?ﬂ o &n?g%gqﬁlgtoﬁg)g YCry qll@ﬂeessi@(y nutrot er‘? %éga%{pbﬁl‘}n%‘s oIlgyglycrystallme

f or m ngicAnRiihg bate; flrst spacer around the anDrphous or

polycrystalline silicon gate body portion and over
tr@oyiaEaihAj sﬂgcqsbrithad@ 6f rtﬂrli@eérﬁ%i%%&%er under a portion of the

pol ycr, i),
Ly GO Bl 2 pEbebRER RO RS R AP oRlpouicy
Souhige/adi ghit1y- do@gd @@uraéi/dtaﬁn ﬂatg&iﬂ n ths |sag1cbhdmtr»rtsubsieate using the

first spacer. 9 11. The nethod as clained in claim8
furthémﬂﬁﬁmﬁﬁﬁ%Pﬁﬁmwﬁ@pﬁﬁﬁﬁuémﬁwpgE@@ Md st spacer

%BHBQ atﬁ'&y IDLPRRANS R 12DS Y& MBE hlokius ol 6RRr@BIghe silicon

wing gate.

s
5
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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
polycrystailine silicon and the silicon dioxide or nitrided oxide material; and

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

spacer.



body portion and over the anorphous or polycrystalline
silicon and silicon dioxide or nitrided oxide

mat erial; form ng an oxi de second spacer around the
nitride first spacer; renoving the renmaining portion
of the anorphous or polycrystalline siljcon except
dﬁderrmﬁénﬁﬁgdﬁﬁ@mﬁmﬁ3¥C@H&@éﬁﬁhﬁﬁ@nﬁﬁﬁwéisecond

acer, and,t itri P; [ . Lo ]
PE%ree 8P TR Qubib il hbe B RN A e by BRn eate
di oxi dRdPrpofid ketedvexihdeant@pidsisabr pridet stifi@e axlicd@ and silicon
second spacer to forma gate dielectric. 12. The

net hodliedde panifidedionideladieaialy f urt her conpri sing:

r Vi n ni, Ly g : oxi de second
gg%@@??ggkgﬁﬁﬁé%ﬁéggﬁégﬁéégﬁﬁgﬁgkkﬁﬁg}%%%¥bhous or

pehyeihy Shaltmaiaing pirdom of alte amngihods ng palycryarabiinehoilison except
or polycrystalline re-oxidation process. 13.1£he.. _

met hod'n4s! &F &1 tFde lirss seacal: the 0x44¢ sreenbspaciniid G Ayride cap; and
rl@%‘\v{i'n@g[?é HEcH Bibkae o gftﬁéiec?&?gg hafidl FRGvRX 1S 1RRANGkide or
spacer; formng an oxide further spacer around the

anor phdusiedoxjde nyateys alldritheosidé sawond getcer todndn & lgete dielectric.
gate dielectric; and form ng a source/drain region in

tine sericGandbd hotlaswddsh caig 1uSingertdompeixinde further

spacer. 14. The nmethod as clained in claim@8 further

cempringithgnitéteniiigsracerepd thepndatacondrgect A anor phous

| yer I NN t td; . :
JHrPEOHECERLR HE I Shlchaels OF A RAE S8En e Heluding an
subst rat@ph@isgatpelydistaditie re@xadutih @reesd. conduct or
substrate, the gate dielectric having a first wdth;
a I NOTIEahehen af eingatia ctiial 1I8qhifthe, collpeisieng gat e
having a body portion narrower than the first width
awthosingdhenipidrfing snacerandihe prade sacerd e@eh; and a

cloBlbe e SR BN SRR Fhlbd BBkt BF T GRRMNRlon gue

seni cofndubé gite da¥dcte:aadcl ai med in claim 15 further
conprising: a spacer wder than the fjrst detqland
ploshineohedrey/ Gandreeiv inithyysqgpicendugipy subgrate 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.

I6. The semiconductor device as claimed in claim 15 further comprising:

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




a source/drain region in the sem conductor substrate
adj acent the spacer and connected to the
lightly-doped source/drain region. 17. The
sem conductor device as clainmed in claim15 wherein:
the wing gate conprises the gate wi ng having a rounded
4 ﬁpume{%mmereg@m Ebriie CICERCUBVEEE WESElG | adaterth the gipaser and
15 fur | 8§14, over the w ng
_ c%gﬁécA&aotgﬂﬁé ﬁ%lggc%fédggﬁéé/d?ﬁm fn, OVe!

gate sem co vice conprising: a

i-lic substrate; ate di.el ectric he.silicon
Jubst roeeeristydbelatd SRt LM Pa bR i dch: a
VhOGigatfe BompiRs gt @itdivelg8ehirigta roligedMiplg gat e of
anor phous or polycrystalline silicon having a body
PRI Ui Ofy KL MLHPEN i ENE ddifel ikidEN | @RGHRr B&hEri kAT
wi der than the first wdth; and a |ightly-doped
sometabsanait nverabé wng gate.he silicon substrate adjacent
the gate dielectric. 20. The sem conductor device as
cllvai med stérnicohdidwrkRvicychimerisim@npri si ng: an oxi de
spacer wider than the first width and positioned
o BleD WRETWHNg gate; and a source/drain region in the
S) 4 S 120k Q8R! 7€ (R A8 GRARHInET Frst width
é%E%éggg%Hﬁ?%f@hgﬂﬁggggﬁy-gbpeﬁﬁggﬁgge/drgﬁﬁgreé?gﬁ. ’
2l wifheateed dengatetdxledsv, the wisgctand @ dmionpholusiom bdycrystalline

wherein. the.wn ate conpri ses the e W havi n )
T our b By e SO0 EOT AN B0 (1R R 2Ba s e wing
substr@ﬁ@rgﬁﬂgggﬁggwkghﬁgﬁ l'ightly-doped source/drain

region; and an oxide spacer wider than the first width
anlighplysddpied nedtcaioimbgidna nwhagligat seibstrdte adjesent theatecdiglectric.
cooperating with the gate wing to forma three-step

stur ceTigy @nniconanobi Heviad ad diginled ghtlaym @B Pfeather comprising:
source/drain region and the source/drain region., 22.

THEO S GriRSB QU DINABI i st W PRSEIOPRC B1o4hdEgHing Sate; and

fHEDEY dx%?ﬂ?%ioﬁi il9he siﬂccgﬁélﬂstr&g AR AL xillD SpROO¥Nd connected

portion o e W ng gat
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.




