Title METHOD FOR FABRI CATI NG TRANSI STOR 5 Background of the Invention 1.
Field of the Invention The present invention relates generally to a nethod
for fabricating sem conductor devices. Mre particularly, the present

i nvention relates 10 to a nethod for fabricating a

met al - oxi de-sem conductor (MOS) transistor by utilizing poly shadow effect
(or gate Bhbdow ef fect) and two-stage LDD pocket inplant. 2. Description of
the Prior Art 15 Sem conductor devices are continually getting smaller,
faster and rﬁ_ﬁgirin | ess power. There is a need in the industry for

smal | er aMETHRPHORPABRIGATINGOIRANSEA ®R provi de the core functionality
of the integrated circuits used in the sem conductor devices. Gate oxide 20

t hi ckness, junction scaling, and well engineering in MOS devices has
enabl ed c%ﬂmou%@?ﬁh%&%\rem@rby i nprovi ng short channel characteristics.

It is knomFididloftheahaagtipg t he doping profile in the channel region, the
distribution of the electric field and potential contours can be changed.

25 In order to reduce the overlap between a lightly doped drain (LDD) or
sour ce/ drFha presensimemicnreaaced hengedly &b aanhedded fohfalbrivariedi t s hi gh

oi devel | SSEISHR etof davieRY Merd prf L ORI RE PRBEER: Bhehlon FURIE, 50
Z Fgﬁlern(}g 1t tmat:’;\?tma SfoHﬁa?\ieatjng henmtmb—endd?gs?nmmjctdemm.%)i ng ?Qﬁe
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scal e t hetwbastagie LDD/pocket implant.

2. Description of the Prior Art

15
Semiconductor devices are continually getting smaller, faster and
requiring less power. There is a need in the industry for smaller and
faster MOS transistors used to provide the core functionality of the
integrated circuits used in the semiconductor devices. Gate oxide

20 thickness, junction scaling, and well engineering in MOS devices has
enabled channel length scaling by improving short channel
characteristics. It is known that by changing the doping profile in the
channel region, the distribution of the electric field and potential
contours can be changed.

25
In order to reduce the overlap between a lightly doped drain (LDD) or
source/drain extension area and the gate electrode, which benefits high
device speed, an offset spacer is typically provided on the verticai
sidewalls of the gate electrode. This offset spacer is also known as

30 spacer-1 in the art. However, the processing steps of depositing and
etching the offset spacer may induce defect problems such as particle,
polymer and so on.

Halo or Pocket implants have been used as a means to scale the channel
35 length and increase the transistor drive current without causing an

increase in the off-state leakage current. Halos are generally known for

their ability to stop unwanted source/drain leakage conduction or



35l ength and increase the transistor drive current w thout causing an

I ncrease in the off-state | eakage current. Hal os are generally known for
their ability to stop unwanted source/drain | eakage conducti on or
punch-through current. A large-tilt-angle inplant can be used to fabricate
hal o-type structures, usually with the use of a side spacer to protect the
gate st r uptincle-thromgbnownment! Adage-tibranglerimplant candagatised §R- angl e (QHA)
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Further, the bulk of the inp|ant ece ot her unwant ed open areas
(e.qg., |n'ﬂﬁé’%ﬂ?eemﬁrhfﬂtaftwad%')nd’%da PRSP i n t hese unalant ed

areas 15 increases junction capacitance and may cause body | eakage,

resul ting reduced i t chin ee nd_hi gher ar eas
(e.qg. nA[ E‘Q Qghﬁ'@epgp%frﬁ'pll%& %ﬁ%?&'&@&%’"ﬂ't@ ﬁ'@&%&%@ﬁi Bg\fql%@h%?han t hat
ugdericyl Rgndatlemg/\/the:gats shasotlid, thergatevittacpaef SThearokthén |ight of the
above, there is od 20
for fabril ﬂq{gsgt’\gﬁgglsbéﬂgh%qsrg? %gﬁﬁ hg\?gb?ééqlalrfg Hh%%Ygﬁtﬁghgr eain
'Ithe sour ebdirgj implaededtatarsbyr moreafi the fdmrnma::lpet nogiesacEurthemthey of the
nvention r rovi met hod
or tabr i Atk E e HBEircsS rce ko8 iR RAEPLWRHBL e 2rdft @G iGn
capabl e oSoam/dlraIgljl temoabb\léomm renedvechin shese unpvacrﬂedrmeaAccordu ng to
the ¢l MptrbQVEN Mo aPpAGtAATReshd nBayBAHSE bbAY leakage, resulting in
reduced switching speeds and higher Rsd. The unwanted areas (e.g., in
the source/drain regions) receive higher concentration than that
underlying gate, which is harmful for device performance. In light of the
above, there is a need in this industry to provide an improved method
20 for fabricating a MOS transistor without over doping the unwanted area

in the soure/drain area, thereby improving device performance.

Summary of the Invention

25 One objective of the present invention is to provide a method for
fabricating a metal-oxide-semiconducter (MOS) transistor that is
capable of avoiding the above-mentioned prior art problems.

According to the claimed invention, in one aspect, a methed for

30 fabricating a transistor includes providing a gate electrode on a main
surface of a semiconductor substrate; masking a drain-forming region
on one side of the gate electrode with a first photoresist pattern;
performing a first lightly doped drain (LDD) implant with a tilt angle to
dope a source-forming region on the other side of the gate electrode,

35 thereby forming a first LDD region therein; stripping the first
photoresist pattern; masking the source-forming region with a second
photoresist pattern; and performing a second LDD implant with the tilt

.



30 fabricating a transistor includes providing a gate el ectrode on a nmain
surface of a sem conductor substrate; masking a drain-form ng region on one
side of the gate electrode with a first photoresist pattern; performng a
first lightly doped drain (LDD) inplant with a tilt angle to dope a
source-form ng region on the other side of the gate el ectrode, 35thereby
forning aarfglesto dopetbgidnain+arsiing regiopptheyebiidormiag apsenandEDR

pattern; I[%ghrm }Qﬁ] source-form ng region with a second photoresi st
pattern; per Ay ng a second LDD inplant with the tilt angle to dope
the drain-formng region, thereby formng a second LDD region therein. From
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second tilt angle and the second twist angle to dope the drain-forming
region, thereby forming a second pocket region in the semiconductor
20 substrate.

These and other objectives of the present invention will no doubt

become obvious to those of ordinary skill in the art after reading the

following detailed description of the preferred embodiment that is
25 illustrated in the various figures and drawings.

Brief Description of the Drawings

FIGS. 1-7 are schematic, cross-sectional diagrams showing an
exemplary method for fabricating a MQOS transistor by utilizing poly

30 shadowing effect and two-stage LDD/pocket implant in accordance
with one embodiment of this invention.

Detailed Description
35 The present invention has been particularly shown and described with

respect to certain embodiments and specific features thereof. The
embodiments set forth hereinbelow are to be taken as illustrative rather



FIGS. 1-7 are schematic, cross-sectional diagranms showi ng an exenpl ary

nmet hod for fabricating a MOS transistor by utilizing poly 30 shadow ng

ef fect and two-stage LDD/ pocket inplant in accordance with one enbodi nent
of this invention. Detail ed Description 35 The present invention has been
particularly shown and described with respect to certain enbodi nents and
speci fi c thet limitinghdr slwouidrhe readiviapparent ke those lof ardinanyeskill iare to be
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transistor device is typically fabricated in an N well.

A gate electrode 12 having a gate length L and height H is provided cn a
20 main surface 10a of the semiconductor substrate 10. The gate electrode
12 may include but not limited to polysilicon, metal, composite metal or
silicide. A cap layer (not explicitly shown) such as silicon nitride cap may
be provided as a part of the gate electrode 12 in some embodiments. A
gate dielectric layer 14 such as silicon dioxide or high-k material may
25 be interposed between the gate electrode 12 and the main surface 10a
of the semiconductor substrate 10. On two opposite sides of the gate
electrode 12, there are source-forming region 202 and drain-forming
region 204. Shallow trench isolation (STI) region 11 may be provided to
surround and isolate an active area that includes the source-forming
30 region 202 and the drain-forming region 204.

As shown in FIG. 2, subsequently, a photoresist pattern 16 is formed on
the semiconductor substrate 10 and partially overlaps with the gate
electrode 12. Preferably, the width w1 (in source-drain direction) of the
35 overlapping portion 16a of the photoresist pattern 16 that overlaps with
the gate electrode 12 may range between L/5~L/2. The photoresist
pattern 16 has an opening 16b that exposes the entire, or at least a



25 be interposed between the gate electrode 12 and the main surface 10a of
the sem conductor substrate 10. On two opposite sides of the gate el ectrode
12, there are source-formng region 202 and drain-form ng region 204.

Shal | ow trench isolation (STlI) region 11 may be provided to surround and

i solate an active area that includes the source-formng 30 region 202 and
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deposition and/or etching of the offset spacer can be avoided. Further,

it is to be understood that in one wafer (substrate) there may be gate

electrodes disposed in orthogonal orientation with respective to each

other, so it is necessary, in this circumstance, to satisfy gate electrodes

25 in both directions by implanting respectively.

As shown in FIG. 3, a pocket implant 30 is then carried out to place a
packet region 130 around one edge of the gate electrode 12 in the
exposed source—forming region 202 of the semiconductor substrate 10

30 and underlying a portion of the gate electrode 12. According to the
embodiment of this invention, the pocket implant 30 may be performed
with a tilt angle 62 of about 30° from a vertical axis 101 and with a twist
angle of 45° from a reference direction. However, it is to be understood
that the tilt angle 62 of the pocket implant 30 may vary depending upon

35 the requirements of the processes and devices. After the pocket implant
30, the photoresist pattern 16 is stripped off.



packet region 130 around one edge of the gate electrode 12 in the exposed
source-form ng region 202 of the sem conductor substrate 10 30 and
underlying a portion of the gate electrode 12. According to the enbodi nent
of this invention, the pocket inplant 30 may be perforned with a tilt angle
02 of about 30 froma vertical axis 101 and with a twi st angle of 45 froma
r ef er enceAslishewtn whFlGdhesisequently, sopbatargaist sagerrne 2ads formedian angl e 02
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met hod of the invention herein is described as a series of steps or events,
it will bdsshoverimFiGe. bhatpadket prydant SOnisdheinorarriedhout ko mlaetiaby t he

i 1T ustratgdeket region 150 around the other edge of the gate electrode 12 in the

25 exposed drain-forming region 204 of the semiconductor substrate 10
and underlying a portion of the gate electrode 12. According to the
embodiment of this invention, the pocket implant 50 may be performed
with a tilt angle 62 of about 30° from a vertical axis 101 and with a twist
angle of 45° from a reference direction. However, it is to be understood

30 that the tilt angle 62 of the pocket implant 50 may vary depending upon
the requirements of the processes and devices. While the method of the
invention herein is described as a series of steps or events, it will be
appreciated that the present invention is not limited by the illustrated
ordering of such steps or events. After the pocket implant 50, the

35 photoresist pattern 26 is stripped off.

As shown in FIG. 6, a pair of sidewall spacers 62 such as silicon oxide
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ordering of such steps or events. After the pocket inplant 50, the
35photoresi st pattern 26 is stripped off. As showmn in FIG 6, a pair of
sidewal | spacers 62 such as silicon oxide spacer or silicon nitride spacer
may be formed on two opposite sidewalls of the gate el ectrode 12. The
formation of the sjidewal| spacers 62 is well known in the art. For exanple,
a chem casPaGgiopr sldisosi Rithde (spaopr imaydefiarmed oo Wepeppositeconf or mal | ayer
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i npl amt 8BHCONQYide R sticopgitag EP' SR)/%MS%GPL% PegEdlng20 in the
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formsart it ttmihg ainm 282 S Tl e TolRing FeBid, 20%05¢ ' The

dr ai n- f or semicoreductor 3 stidtei ) ady axppagedus to use the present invention
met hod because no offset spacer is required during the formation of the LDD

region of the 20 transistor. Bti;leSki ppi ng the deposition and etching steps
used ¥ fAsmshoven bohlent,iusiap toefgate epavode thanddbei sidewall sgfacgesier at i ng

brocess d§§ ‘i%agﬁégg,%ru‘?@éf&’rauﬁ"?ﬁtpﬂﬁﬁt Swgo%ﬂ'%d%&f"td f’oﬁﬂealﬁg'ef\gl‘ﬁgéf orm ng

regi on 202" and ormn recei ves of the
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15 shown) on the source-forming region 202 and the drain-forming region
204.

It is advantageous to use the present invention method because no

offset spacer is required during the formation of the LDD region of the
20  transistor. By skipping the deposition and etching steps used to form

the conventional offset spacer, the possibility of generating process

defect is decreased. Besides, the open area in the source-forming

region 202 and the drain-forming region 204 only receives 1/4 dose of

the pocket implant, whereby the quiescent current leakage current (loog)
25 characteristic can be improved.

Those skilled in the art will readily observe that numerous modifications
and alterations of the device and method may be made while retaining
the teachings of the invention.



Clainms What is clainmed is: 51. A nmethod for fabricating a transistor,

conpri si ng: providing a gate electrode on a main surface of a

sem conduct or substrate; maski ng a drain-form ng region on one side of
the gate electrode with a first photoresist pattern; 10performng a first

| ightly doped drain (LDD) inplant wth a tilt angle to dope a
source-formng region on the other side of the gate el ectrode, thereby
form ng aciijpsd LDD region therein; stripping the first photoresist

pattern; . masking the source-formng region with a second

phot or esi WhatdpHaigred ising performng a second LDD inplant with the
tilt angle to dope the drain-formng region, thereby form ng a second LDD
regi on_ therei,n. . The nethod for fabricating.a transistor according to
cl ai m31 28- W%F@thoéhfé’ﬁt}spﬁcaﬁ'ﬁ'&%F@sﬂ%?toﬁaFPBT P88t i al |y overlaps with
the gate el egrboiting a gdte ¢hetridiod d aaihadurfaed ofia serhfcomiwdtor accordi ng
toclaiml @/ﬂﬁ_rfi_n t he second photoresist pattern partially overlaps with
the gate MBPEEIT0ode. 4. The nethod for fabricati ng a transistor according
to claim1l wmaskingtdhdrain-foeming regicabontorg sideofl ehe igadé el&tboddhe net hod

ool anc. ot RSy BhRRSIESY p@ﬁgm;d;pg berformad w th & twist angle.
6. Th¥) nmet hogefrformintg a st lightlytdeped drain A& ighplant evith ai tilt anggevher ei n
the tw st QRghe d Sodrte-forming region on the other side of the gate electrode,
thereby forming a first LDD region therein;
stripping the first photoresist pattern;
masking the source-forming region with a second photoresist
15 pattern; and
performing a second LDD implant with the tilt angle to dope the
drain—-forming region, thereby forming a second LDD region therein.

2. The method for fabricating a transistor according to claim 1
20 wherein the first photoresist pattern partially overlaps with the gate
electrode.

3. The method for fabricating a transistor according to claim 1
wherein the second photoresist pattern partially overlaps with the gate

25 electrode.

4. The method for fabricating a transistor according to claim 1
wherein the tilt angle is about 8° from vertical.

30 5. The method for fabricating a transistor according to claim 1
wherein the first LDD implant and the second LDD implant are

performed with a twist angle.

6. The method for fabricating a transistor according to claim 5
35 wherein the twist angle is 45°.

7. The method for fabricating a transistor according to claim 1
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7. The nethod for fabricating a transistor according to claiml1l wherein
the first LDD inplant and the second LDD i nplant are shadowed by the gate

el ectrode. 8. The method for fabricating a transistor according to claim
1 5 wherein after the second LDD inplant, the second photoresist pattern is
stri pped. 9. A nethod for fabricating a transistor, conprising:

provi di ngwhegginethg Hest iR igmplantang the secand DD yuplanarsct or

10subst r afRadowed Bptd1gafe @lcdtRod®r M ng region on one side of the gate
el ectrode w t% a first photoresist pattern; performng a first lightly

doped drain (LDD) inplant with a first tilt angle and a first twi st angle
to dope agsoUheenfedhot Tor feBtieatiAg 4 hankhstor aRtofding & clait pate el ectrode,

t hereby form n first LDD region therein; erformng, a first pocket
ol ey vivRranae i seeon B0 b e b saconll Ahothgs o% Batisha is he
sour ce- f ostripyged.egi on, thereby forming a first pocket region in the

sem conduct or substrate; 20stripping the first photoresist pattern;

maski ng the source-formng region with a second photoresist pattern;
per f or m ng. a Ase=thddlfob fabpicatingva tiarststolrj cemgridingangl e and the first

Lo 1 eqi on' « REpEfifio & et fediatie bl A bR Us qicbr AssilBrifiot e *cecona
tilt Hngl substdatdie second twi st angle to dope the drain-formng region,

(oD L2 PSS SFeEReRind FRAER b1 SESERERC U BIGHSIE t e 201
with a first photoresist pattern;
performing a first lightly doped drain (LDD) implant with a first tilt
angle and a first twist angle to dope a source-forming region on the
15 other side of the gate electrode, thereby forming a first LDD region
therein;
performing a first pocket implant with a second tilt angie and a
second twist angle to dope the source-forming region, thereby forming
a first pocket region in the semiconductor substrate;
20 stripping the first photoresist pattern;
masking the source-forming region with a second photoresist
pattern;
performing a second LDD implant with the first tilt angle and the
first twist angle to dope the drain-forming region, thereby forming a
25 second LDD region therein; and
| performing a second pocket implant with the second tilt angle and
the second twist angle to dope the drain-forming region, thereby
forming a second pocket region in the semiconductor substrate.

30 10. The method for fabricating a transistor according to claim 9 |
wherein the first photoresist pattern partially overlaps with the gate
electrode.

11. The method for fabricating a transistor according to claim 9
35 wherein the second photoresist pattern partially overlaps with the gate
electrode.



wherein the first photoresist pattern partially overlaps with the gate

el ectrode. 11. The nethod for fabricating a transistor according to claim?9
35 wherein the second photoresist pattern partially overlaps with the gate

el ectr ode. 12. The method for fabricating a transistor according to claim
9 wherein the first tilt angle is about 8 fromvertical. | 13. The net hod
for fabritatilhg mefchgdsfpgtfagnséaagon Hansister AckPodinaleeRIM Phe second tilt

angle is @h@%i@&effimﬂﬁlratdgqalis abbhit SFfoRRy&Rftalor fabricating a

transi stor according to clarm9 wherein the first twst angle is 45. 1015.
The nethod for fabricating a transistor according to claim9 wherein the

secong. twy 8t 'I'h{égt!ﬂétgécvl\ﬁér fabri%ﬁtin !’@tr{aﬁﬁfm&f&rof?h@ ftiittiﬁ.ﬁm 9 ”SnﬁiDEt or
accor Ing O Clallm erelLn 1 IS ) ant  .an e secon
e SRS s i1t Aad Bt a2 M VERiSHE . et hod f or

fabricating a transistor according to claim9 wherein after the second
pocket inplant, the s n hotoresi st pattern is.stri 0 18. The
et hod 1 ofr abis EREnid T8 foBHEREG HarB bR aReb AR 1 OB g, oi n ar cor the
second phwherein tte fissttovist argdd is Ap&d, a pair of sidewall spacers are
formed on two opposite sidewalls of the gate electrode. 25 19. The net hod

for fabricating a transistor according to claim17 wherein after formng
t he sitewhbl Theametboddfondabricatidgpetrassistos assarding to cklginoBs are for med

on two sid&3r&h (s fd BhVR&dimylg-is 45°.

16. The method for fabricating a transistor according to claim 9
wherein the first LDD implant and the second LDD implant are
15 shadowed by the gate electrode.

17. The method for fabricating a transistor according to claim 9
wherein after the second pocket implant, the second photoresist pattern

is stripped.

20 |
18. The method for fabricating a transistor according to claim 17
wherein after the second photoresist pattern is stripped, a pair of
sidewall spacers are formed on two opposite sidewalls of the gate
electrode.

25

19. The method for fabricating a transistor according to claim 17
wherein after forming the sidewall spacers, a heavily doped source and
drain regions are formed on two sides of the gate electrode.
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