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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 particularly to
electronic components.

Semiconductor devices such as transistors, are formed in and upon semiconductor
substrates. These circuit elements are interconnected by contacts and vias, which connect to
patterned conductor layers which are separated by various dielectric layers.

A critical objective of the semiconductor industry has been to continually decrease the
size of semiconductor devices to increase performance and reduce cost for applications such
as cellphones and portable CD players. As semiconductor technology has advanced, there
has been a continuing concentration on reducing the 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.
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BRI EF DESCRI PTI ON OF THE DRAW NGS FIG | is a
view of a sem conduct or device an internedi ate stage
of manufacture in accordance with the present
invention; FIG 2 is the structure of FIG 1 after
firrther processing of cap and gate material |ayers;
FIG 3 is the structure of FIG 2 after deposition of

a first spacer iZdly bavais nfvEnohs the structure
of FIG 3 after formation of a first spacer; HG 5 is

t e%ﬁr:egq §}1l§f:e§tl<§1 EOVgef a S?%%I%rg?lg ﬁgxpﬁigga gegllmg{)@lc%é %%{1{:6 Layers

of gatfa @ﬁéf@éﬂl@ﬂla@efna@ SRE aNterBP BRI aphh&eridl e foRBed bh iaCiedfi€nductor
FIG 6 aller formation of a wing gate; FIG 8
substrats flhe cant matstiak andof partiqpof the gﬁneénatfzrea%m Agcessed elopnd cap and

a gate%ﬁ %r@rtaogldtﬁh%\? osur Ofatet lg]e yH(%I?o o{s f%){}g (plf}?rp e}zﬁ]e 1r&port10n of

the ga®f mated@Paiie fe Hfb‘ldﬂﬂid ﬁﬁfeh&il- deped motvrcef tealing on the gate body
regions; FIG 10 is the structure of Fla 9 after
portiop ASTEREQVER O foran figate: dlglﬁg‘r@@r -A lightly-doped source/dram is formed in the

semiconductor substrate using the gate body portion and the wing. The present invention
permits shrinking of transistors while improving punch-through performance, threshold
voltage roll-off, and other short-channel effects.

Certain embodiments of the invention have other advantages in addition to or in place
of those mentioned above. The advantages will become apparent to those skilled in the art
from a reading of the following detailed description when taken with reference to the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

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 16 after

sal i cidation; FIG 12 is the semn conductor

devi ce conpleted in accordance with the present
invention to before formati on of the source/drain and
gate contacts; HG 13, is an alternative netal gate
enbodi nent of the present invention and FIG 14
is a now chart of a nmethod of namnufacture in
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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
“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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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 directly on the semiconductor substrate 102 and wing gate 700, and etched to form an
implantation spacer directly on the wing gate 700 and the gate wings 702. The implantation 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.



A further spacer material |ayer (not shown), such as
an oxi de funned by TECS deposition, is deposited
directly on the sem conductor substrate 102 and w ng
gate 700, and etched to forman inplantation spacer
directly on the wing gate 700 and the gate w ngs 702.
The inplantation spacer 1000 is used fur the

igEIantatlon of %@urce/draln regi ons 1002. The

s OUFBLF drrap ATy By iisnrest be basi it M faomatieypbize 6D regions of a

transi@ort h'E%@n $t ﬁfé SIgtHiE eﬁfﬂ(ﬁ a Qecﬂfc% alt I}terface HtIBIOfhe source/drain
problemin the past been I n e ormati1on of the

regiorlsDBdreaty dinkciofc, thet ga&mml&ige fis nEV@]phie(ﬂ td the bektent ¢fi the conventional

., field is reduced at the,i ce between the

sidewglh SpReET SPSH B0 FEGIeHEOLnE 1GHDE ICEH eBPMecl SHHE gatee fild i sil

forme¥ Gh ! B8 8nieffalObeRRRh 118 sBﬁ)rcE)a?am QQ%BQ%thhE e dlelecglc, and this
conventional sidewall spacer since no gate e ectro

r&mh$snfgmﬁmuumh@feﬂWFbmheumaeshobmgneﬂed%nmc flughdmige, since the

bet ween t

comve{iiil énfy B BGTEH C1AG U LD Bt SroROPEY 4 drivgcgent are

reduoédecmatb%gFHbagm@tsis@ﬁc@ifn thbepndesy abl e hot carrier
fect urthernore, since the conventional gate has

nb hephearodiseweredthe hymsmgetga omvertetrd gavbirkrsisyorastruicing, viee strong

electrlc%retl(ﬁ nt }%B%}grgchﬁ)e eene[he si)urﬁg@ %lgré?agsulzﬁs;]gogégaﬁllggt a%{ee dielectric
800 chybeugtii@dtdesitd weprloed hotTcaﬁQérq &%(I&t by $8dudGloUhE generation of
the strong electric field in the |nter ace bet ween 't he

the hog srFigepidecai mtitegsaomstimeche andilitiendarise dirednéctr be r@ipoed by the
ehmln%?{}q gfthﬁ%ggﬂl e}gaqasn?c T ?%ta%?e mnEBe \fﬁ) pe%%ont 0r ier i nJ ection

enera hot carrier

eRf:iéﬁing Abw th E1Gang thdrem®, is %hkﬂzvﬂifﬂbzl éﬂlkbﬁr@BﬂFIGi riQVfter salicidation
urrent. can be reduced by the elimnation of the high
to fonﬁéﬂl&éﬁeﬂ 100ra¥s1 Y aneee/drrn Freionpp 002 @n@ﬂlesmog gate 700.

0]

?tﬁgfé%]tiﬂ ﬁbw?@‘gi[% 1% 6&?13’(]:}? sfg&?ﬁ gl;legsé %%’f EQ\gce 100 completed

in aceirddnet deittl 1HO rovent tinentourtcebeori ﬁ)l‘ﬁﬁﬂbl@rﬁﬁ s'bﬁlﬂié/c&ﬁh(ﬂ and gate

contagth o i PRt &M 1CBNGHL 0B GBYPES qHethe Stucture of FIG.
L [ t

1 TR OO M BRI AP ROV e

perforpet yo matcat thii @liéde i 1@ W De 82OGipag0been deposited

0 the stru e..,of FIG 11, and fixed-ti or
BT PO G TST | 5 TEHER B oRECHaA S BOPFEh e cmbodimen
1300 6GhVDrefeas uﬁ)%ﬁﬁorpeﬁ@ rsffﬁ&ufeooieFKSDS@ shebRtd iocéﬂéﬁnéaiqgechamcal

over ‘the gate wi ngs . Referring now to
polishirg, (GMHR) with the Slbhldwd 1@@1 owdrithe gaﬂelbwéy wettian 2@aneremoved The gate

bocy GRRGH el ARl e Befbffiia EE Dimsratel o b hetige vapor

deposipioh i (EVDgof £MiR)al Ltfcbhtabt 158, SHiaCindRridl QRhaxerunkfien §&HEto be self-
body Fortlon 202 is renoved. The gate boﬁg Eortlon 202
W.

alignef 9vahihgovingmiasat Py At wried GNP iathenxpseform fcb| dtenseen the PMD
1200. Py chem cal vapor deposition (CvD) of a metal contact
1302, of a material such as Tungsten (W, to be
sReferralg govedooNIEY. 14hehartbingis Gdbemn 78 Gnettdd il fdeMRamFacturing the
t hen . perforned whi ch stops.on the .171MD 1200.
SemchéW|%1%oWQ & preyrdange’ Wit riF PTesens piRALien. mekisomethod 1400
Opf %
nelucl$ Q008 1TBSUESEHUEL 10 SR SO0 A ARILRE 0 co
materiiahmi aldelsucoadincbtox:mbimﬂé obldchridDagvieay gk sapinagatad and a portion of

electric naterlal ate nat rial d cap teria
the gy EBIATE BRSSO SOBe b oAt and 3 G TRTUORHATEC A6 where a

wing RaBrh& 6F iad a’[é“‘F)Gdﬁ1 pBRIdhi ﬁ’&nOLfle tr&ﬁaﬂﬁ%fpo%neﬁ Ae g%'f@materlal a
processed to forma cap and a gate b portion;
bl ock 1406 where a wing is forned on the gate body
portion fromthe renaininggportion of the gate
material; a block 1408 where the gate dielectric
material under portion of the wing, on the gate body




"While the invention has been described in conjunction
Wth a specific hest node, it is to be understood.

that many alternatives, nodifications, and variations
will be apparent to those skilled in the art in |ight
of the aforegoing description. Accordingly, it is
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source/drain region. 1. The sem conductor device as
clainmed in claiml ;wherein:




the wing gate conprises the gate wi ng having a rounded
tip. 4. The sem conductor device as clainmed in claiml
further conprising: nmetal contact over the wing gate.

The inventibn SRIh&PRAuUct or device conprising: a silicon
substrate; a gate dielectric on the silicon substrate,
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body portion narrower than the first width and a gate wing wider than the first

width;
an implantation spacer directly on the wing gate and the semiconductor substrate; and
a lightly-doped source/drain region in the semiconductor substrate adjacent the gate

dielectric.

2 The semiconductor device as claimed in claim 1 further comprising:

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

a source/drain region in the semiconductor substrate adjacent the spacer and

connected to the lightly-doped source/drain region.

3. The semiconductor device as claimed in claim 1 wherein:

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

4. The semiconductor device as claimed in claim 1 further comprising:

a metal contact over the wing gate.

S A semiconductor device comprising:

a silicon substrate;

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

a wing gate formed as an inverted-T on the gate dielectric, the wing gate of
amorphous or polycrystalline silicon having a body portion narrower than the
first width and a gate wing wider than the first width;

an implantation spacer directly on the wing gate and the silicon substrate; and

a lightly-doped source/drain region in the silicon substrate adjacent the gate dielectric.

6. The semiconductor device as claimed in claim 5 further comprising:
the implantation spacer being an oxide spacer wider than the first width and

positioned around the wing gate; and



6. The sem conductor device as clainmed in claim5

further conprising: the inplantation spacer being an

oxi de spacer wider than. the first width and
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8. The semiconductor device as claimed in claim 5 further comprising:

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



