l 1 1 AU G 200 4 Method for Form ng an L-Shaped Spacer Using a D sposable
Pol ysi | i con Spacer Background of Invention 1) Field of the Invention This
invention relates generally to fabrication of a sem conductor devi cd hAHG 2004
nore particularly to a nethod for form ng an L-shaped spacer using a

di sposabl e polysilicon top 5 spacer. 2) Description of the Prior Art As

t he physical geonetry of sem conductors continues to shrink, the space 10
bet ween gate el ectrodes shrinks as well. The reduced space between gate

el ectrodes can | 11 AUG 2004 cause poor gap fill by the subsequent
dielectric layer (eg inter-layer dielectric) resulting in degraded
performance. One approach which has been used to solve this problemis the
use of spacers on 5 the gate electrode sidewalls which are smaller at the
top than they are at the bottom such as L-shaped spacers. In a typical

L- shaped spacer two dielectric layers (the first i

Method for Forming an L-Shaped Spacer

Using a Disposable Polysilicon Spacer

Background of Invention
1) Field of the Invention
This invention relates generally to fabrication of a semiconductor device and more
particularly to a method for forming an L-shaped spacer using a disposable polysilicon top
5 spacer.

2) Description of the Prior Art

As the physical geometry of semiconductors continues to shrink, the space

10 between gate electrodes shrinks as well. The reduced space between gate electrodes can




conposed of silicon nitride and the second conposed of silicon oxide) are
formed over and around a gate el ectrode, then anisotropically etCheQ11‘AUszu
However, the top oxide portion of the spacer can not be easily renoved .
wi't hout' damagi ng oxi de isolation structures. 10 Conversly, if the top oxide
portion of the spacer remains, it can be effected by post-etch wet

chem cal process causing inconsistent spacer shape and size across the IC
and between ICs. Also, the gap filling ability of the subsequent
dielectric layer is not optimzed, because the aspect ratio remains high
due to the presence of the oxide portion of the spacers. 15 Another probl em
with conventional L-shaped spacers is that dry etching nitride spacers can
result in variations in spacer wi dth between isol ated areas and areas
nested between adjac %¥ ates. These variations in spacer width will cause
unsynmmet ri CA1SC ROPHER g‘? e splssiant digleptric favier Gervtaciey prditieane). re@ringre

i mportance of overcom ng the various deficiencies noted above is evidenced
2 11 AUG Z@Gﬂmﬂﬂbyﬂﬁﬁ@a@%tensive t echnol ogi cal devel opnent directed to the
subj ect, as. docunented by the relevant patent and technical literature.
The cl osest and apparently nore rel evant technical

One approach which has beenlused to solve this problem is the use of spacers on
5 the gate electrode sidewalls which are smaller at the top than they are at the bottom, such
as L-shaped spacers. In a typical L-shaped spacer two dielectric layers (the first
composed of silicon nitride and the second composed of silicon oxide) are formed over
and around a gate electrode, then anisotropically etched. However, the top oxide portion
of the spacer can not be easily removed without damaging oxide isolation structures.

10 - Conversly, if the top oxide portion of the spacer remains, it can be effected by post-etch
wet chemical process causing inconsistent spacer shape and size across the IC and
between IC's. Also, the gap filling ability of the subsequent dielectric layer is not
optirrﬁzed, because the aispect ratio remains high due to the presence of the oxide portion

of the spacers.

15
Another problem with conventional L-shaped spacers is that dry etching nitride
spacers can result in variations in spacer width between isolated areas and areas nested
between adjacent gates. These variations in spacer width will cause unsymunetrical
transistors, resulting in performance problems. |
20 The importance of overcéming the various deficiencies noted above is evidenced



devel opnments in the patent literature can be gl eaned by considering the
follow ng patents. 5 U S. 5,770,509 (Yeh et al) shows a process for £frq]n%
an Lshaped spacer using an oxide |ayer and an overlying nitride |ay ,A G 2004
ani sotropically etching to formspacers, then renmoving the nitride |ayer,

| eavi ng an L-shaped oxi de spacer. lons are inplanted through the L-shaped
spacer to form shall ow source and drai n extensions under the L-shaped
spacer and noder at e-depth source and drain regi ons beyond the L-shaped
spacer. 10 U, S. 5,290,720 (Chen) shows an L-shaped spacer conposed of
polysilicon and 15 fornmed using a disposable dielectric spacers. U S.
5,472,896 (Chen et al.) shows an L-shaped spacer conposed of oxide. U, S.
5,153,145 (Lee et al.) shows nested L-shaped spacers conposed of oxide and
nitride with a convex spacer thereover. U S. 5,714,413 (Brighamet al,)
shows an Lb¥ H@ﬁ%‘&“é‘ﬁ%ﬁ?égﬂ%%@é fevglapment dirgcieson thosubject, sldodquaested b3 tha  AUG
2004 Sunmmary of the Invention It is an object of the present invention to
provi de a Feevapipatent afibrenhmepl literdture. The closest and apparently more relevant technical

developments in the patent literature can be gleaned by considering the following patents.

5 U.S. 5,770,508 (Yeh et al.) shows a process for forming an L-shaped spacer using
an oxide layer and an overlying nitride layer, anisotropically etching to form spacers, then
removing the nitride layer, leaving a;n L-shaped oxide spacer. Ions are implanted through
the L-shaped spacer to form shallow source and drain extensions under the L-shaped
spacer and moderate-depth source and drain regions beyond the L-shaped spacer.

10
U.8. 5,290,720 (Chen) shows an L-shaped spacer composed of polysilicon and

formed using a disposable dielectric spacers.

U.S. 5,472,896 (Chen et al.) shows an L-shaped spacer composed of oxide.

15

U.S. 5,153,145 (Lee et al.) shows nested L-shaped spacers composed of oxide and

nitride with a convex spacer thereover.

U.S. 5,714,413 (Brigham et al.) shows an L-shsped shaped spacer with a silicon

20 nitride layer.




shaped. spacer using a disposable polysilicon top spacer. 5 It is another

obj ect of the present invention to provide a method for formng an L4 AUG 2004
shaped spacer which can be symmetrically etched in areas having diffe?e%{
spacing between structures. 10 It is another object of the present
invention to provide a nethod for formng an L- shaped spacer that provides
for better gap filling properties of the subsequently fornmed, overlying
dielectric layer. It is yet another object of the present invention to
provide a nmethod for formng an 15 L-shaped dielectric spacer which is
conpatible wwth a small er gap between adjacent gates. To acconplish the
above objectives, the present invention provides a nethod for formng an
L- shaped spacer using a di sposable polysilicon top spacer. A sem conductor
structure is provided having a gate structure thereon. A liner oxide |ayer
is formed on the 20 gate structs(.gi'r'@!’aw of tee duventionspacer | ayer, preferably
copprising silicon nitride, is fornmed 4 11 AUG 2004 on the |iner oxide

| ayer. A disposable polysilicon spacer layer is forned on the dielectric
spacer |ayer. The di sposable polysilicon spacer |layer is anisotropically

etched to form Lidé apstiedtlottio@rasent ineedfioh &P peRi¥e @ nfethdd ®r HrhiRCIM 1L Spacer
| ayer is then etched to formlL-

shaped spacer using a disposable polysiticon top spacer.

It is another object of the present invention to provide a method for forming an L-
shaped spacer which can be symmetrically etched in areas having different spacing

between structures,

10 It is another object of the present invention to provide a method for forming an L-
shaped spacer that provides for better gap filling properties of the subsequently formed,

overlying dielectric layer.

It is yet another object of the present invention to provide a method for forming an

15 L-shaped dielectric spacer which is compatible with a smaller gap between adjacent gates.

To accomplish the above objectives, the present invention provides a method for
forming an L-shaped spacer using a disposable polysilicon top spacer. A semiconductor
structure is provided having a gate structure thereon. A liner oxide layer is formed on the

20 gate structure. A dielectric spacer layer, preferably comprising silicon nitride, is formed

4



shaped-di el ectric spacers, using the disposable polysilicon top spacers as
an etch mask. s The disposable polysilicon top spacers are renoved ugi{ngu@ 20ps
sel ective etching process, |eaving symetrical, L-shaped dielectric
spacers which are sufficiently open to provide for good gap filling
properties of the overlying dielectric layer. The present invention

provi des consi derabl e i nprovenent over the prior art. 10 The spacer which
results fromthe process of the present invention is | ess susceptible to
post-etch wet chem cal processing than an oxide |layer, resulting in a nore
uniform spacers, both across the IC and between I C s. Because the

di sposabl e polysilicontop spacers can be conpletely renoved using a
selective etch, the resulting L-shaped dielectric spacers are open and
provi de bett? roperties of the subsequent dielectric |ayer

é @?p fil ingig [ i ! .
15 (eg i nt SPIHRSLCT gride dyer 4 lispassile pelysiipan spacasdaienis femmrdenebe diekstic
benefits in the context of known process technology. However, a further
under st andisPaFebRYerhd ba disppsablepelysdicamspagerdayst istnsoppgisalytetchiedvefirinon nay be
realized by reference to the [atter portions of the specification and 20
attached ddispbsabl.polysiliddn tbpGpaREy Bel difleddes §ab@tliyp isther &6hdd 8 \WhATE-

shaped dielectric spacers, using the disposable polysilicon top spacers as an etch mask.

5. The disposable polysilicon top spacers are removed using a selective etching process,
leaving symmetrical, L-shaped dielectric spacers which are sufficiently open to provide for

good gap filling properties of the overlying dielectric layer.

The present invention provides considerable improvement over the prior art.

10 The spacer which results from the process of the present invention is less susceptible to
post-etch wet chemical processing than an oxide layer, resulting in a more uniform
spacers, both across the IC and between IC's. Because the disposable polysilicontop
spacers can be completely removed using a selective etch, the resulting L-shaped dielectric
spacers are open and provide better gap filling properties of the subsequent dielectric layer

15 (eg interlevel dielectric).

The present invention achieves these benefits in the context of known process
technology. However, a further understanding of the nature and advantages of the present

invention may be realized by reference to the latter portions of the specification and

20 attached drawings.




The features and advantages of a sem conductor device according to the
present invention and further details of a process of fabricating shgrAUE 2004
sem conductor device in 5 accordance with the present invention will be

nore clearly understood fromthe following description taken in

conjunction with the acconpanying drawings in which |like reference

nunmer al s designate simlar or corresponding el enents, regions and portions

and in which: Figures | through 3 illustrate sequential sectional views of
a process for formng 10 L-shaped spacers according to a process known by
the inventors to have a problens. Figure 4 through 7 illustrate a preferred

enbodi nent of a nethod for form ng L- shaped spacers using disposable
pol ysilicon top spacers according to the present invention. 15 Detail ed

Description of the InventiongTh resent Lnventiqon will be described in
detail with reference to thet™ @%ﬁﬁ'&ﬁwﬁ a?frelg\'ﬂwﬁﬁgs. The present invention

provides a nethod for form ng L-shaped dielectric spacers using disposable
pol ysilicon top spacers. 20 6 11 AUG 2004 Problem ldentified by the
I nventors A process for formng an L-shaped spacer known by the inventors
to have a probleniepturesasd edtsathzed offe seafiendmser devicBiagenrding thitheuygeseBt 1 n t he
probl em process, a
invention and further details of a process of fabricating such a semiconductor device in
5 accordance with the present invention will be more clearly understood from the following
description taken in conjunction with the accompanying drawings in which like reference

numerals designate similar or corresponding elements, regions and portions and in which:

Figures 1 through 3 illustrate sequential sectional views of a process for forming

10 L-shaped spacers according to a process known by the inventors to have a problems.

Figure 4 through 7 illustrate a preferred embodiment of a method for forming L-

shaped spacers using disposable polysilicon top spacers according to the present invention.
15 Detailed Description of the Invention

The present invention will be described in detail with reference to the
accompanying drawings. The present invention provides a method for forming L-shaped

dielectric spacers using disposable polysilicon top spacers.

20




5 sem conductor structure (11) is provided having a gate structure (20)
thereon, as shown in Fig. 1. The gate typically conprises a gate oxi#a AUG 2004
| ayer (21) with an overlying gate electrode (22). A nitride layer (140) is
fornmed over the gate structure (20) and an oxide |ayer (150) is formed on
the nitride |l ayer (140). 10 As shown in Fig. 2, an L-shaped spacer (160) is
formed by anisotropically etching the oxide |layer (150) and the nitride

| ayer (140). The remaining nitride |ayer (140A) of the L-shaped spacer
(160) is shaped like the letter "L". One problemw th this process '
identified by the inventors is that the remaining oxide | ayer (150) of the
L- shaped spacer can not be easily renoved using a selective oxide etch
because it woul d damage isolation 15 structures which are typically used to
i sol at e vag| Y reas .on an I'C. Leaving the oxide |ayer (150)

i ntact agg?gﬁgéggﬁgﬁgﬁﬁggxﬁ?ﬂrvﬁﬁBBﬁen1for cl osely spaced gates. Another
problemwi th this process, as shown in Fig. 2, is that the etch rate of the
oxide | ayer will be slower between closely spaced gates (nested areas) than
for spacers 20 without a closely spaced adjacent gate (isolated areas).

Thi s di f f er enceAipioesgior fermingmin I.-siaped spdder Riivh inaths mvbi@oges hawagers in
nested areas than in isolated areas resulting in unsymetrical transistors.

?Il; 82\) as. sprobieni i8 dedcgbedwith Fefersfian Fad1 $irdgetPl. 1Be pRBRE}BEesd de | ayer
o |

5 semiconductor structure (11) is provided having a gate structure (20) thereon, as shown in
Fig. 1. The gate typically comprises a gate oxide layer (21) with an overlying gate

electrode (22). A nitride layer (140) is formed over the gaté structure (20) and an oxide

layer (150) is formed on the nitride layer (140).

10 As shown in Fig. 2, an L-shaped spacer (160) is formed by anisotropically etching
the oxide layer (150) and the nitride layer (140). The remaining nitride layer (140A) of
the L-shaped spacer (160) is shaped fike the letter "L". One problem with this process
identified by the inventors is that the remaining oxide layer (1 50) of the L-shaped spacer
can not be easily removed using a selective oxide etch, because it would damage isélation

15 structures which are typically used to isolate various active areas on an IC. Leaving the

oxide layer (150) intact aggrevates the gap-fill problem for closely spaced gates.

Another problem with this process, as shown in Fig. 2, is that the etch rate of the
oxide layer will be slower between closely spaced gates (nested areas) than for spacers

20 without a closely spaced adjacent gate (isolated areas). This difference in etch rate will




5 the L-shaped spacer (160) can be altered by post-etch wet chem cal
processes which are typically used in IC fabrication. Wt chem cal 11 AUG 2004
processes, particularly HF processes will reduce the size of the oxide

| ayer (150). The reduction is size is dependant upon the Ilength of the
exposure which can vary across the I1C between I1C s. Variations in the shape
and size of the L-shaped spacers results in inconsistent performance
paranmeters for the 10 transistor formed fromthe gates with the L-shaped
spacers. Preferred Enbodi nent of the Present Invention A preferred

enbodi nent of the present invention is described with reference to 15 Figs.
4 through 7. The preferred enbodi ment provides a nethod for forming an
L-shaped spacer using a disposable polysilicon top spacer. The present
invention provides a copnsistently controllable opening which is adequate
for good gaca‘-lﬁlﬁflg%ﬁ’aeﬁaw@giaﬁaﬁ than in ;8plaigd areqs resuliag i unspmmstricsh provi des
uni f orm L- shaped spacers, resulting in symretrical transistors. 20 8 11
AUG 2004 Rdfagpiptiorsy to Fig. 4, the preferred enbodi nent of the present
invention begins by providing a sem conductor structure (11).

Sem conductor substrate (11) is understood to possibly include a substrate
conprising a wafer of sem conductor material such as silicon

Also, as shown in Fig. 3, the shape and size of the remaining oxide layer (150A) of
5 the L-shaped spacer (160) can be altered by post-etch wet chemical processes which are
typically used in IC fabrication. Wet chemical processes, particularly HF processes will
reduce the size of the oxide layer (150). The reduction is size is dependant upon the
length of the exposure which can vary across the IC between IC's. Variations in the shape
and size of the L-shaped spacers results in inconsistent perforrné,nce parameters for the

10 transistor formed from the gates with the L-shaped spacers.

Preferred Embodiment of the Present Invention

A preferred embodiment of the present invention is described with reference to
15 Figs. 4 through 7. The preferred embodiment provides a method for forming an L-shaped
spacer using a disposable polysilicon top spacer. The present invention provides a
consistently controllable opening which is adequate for good gap-filling characteristics.
Also, the present invention provides uniform L-shaped spacers, resulting in symmetrical
transistors.

20




of ger-maniumor a |like substrate structure such as silicon-on-insul ator
(SOL) as is knowmn 5 in the art. Sem conductor structure (11) shoul d1?97\UG 2004
under st ood to possibly further include one or nmore conductive and/<

i nsul ating | ayers and passive and/or active devices formed on or over said
substrate. The sem conductor structure (11) has a gate structure (20)
thereon. The gate structure (20) typically conprises a gate dielectric

| ayer (21) and a gate electrode (22) as is known in the art. The gate

el ectrode (22) typically conprises doped 10 polysilicon. In the preferred
enbodi nent of the present invention, lightly doped source and drain
regions (LDDs) (24) are forned by inplanting inpurity ions into the surface
of the sem conductor structure (11) prior to formng a |liner oxide |ayer

(30) and L-sha % IS n I |ng t he
gate structur ep%g% élgs[g%?rge it th%i)p@gﬁ Odm?n% tth%%nesggt F en%g E@ gnést
referring to Fi allner oxi de | is formed on the g
structure Pf@ﬁtﬁ'}ﬂgg W&*“F@HB‘?‘%%@WBH? é&ﬁ %e@wpn%@tqsrséb%ﬁ%ﬁ195]%%16%@&%?
silicon dioxide thermally grown 20 to athickness of between about 10
Angst roms pesdibBUachndrys subsinale capridingiewafsx ofeentieondnctor matefuGueiDasisifadn) s
i nportant to prevent outdiffusion of dopant ions fromthe gate el ectrode
and al so tor gereudice ckn likk Glibssrhetiiofrasugh s dlictendn-Bisiklateo (SOU) ta§ isd@osich.
5 in the art. Semiconductor structure (11) should be understood to possibly further include
- one or more conductive and/or insulating layers and passive and/or active devices formed
on or over said substrate. The semiconductor structure (11) has a gate structure (20)
thereon. The gate structure (20) typically comprises a gate dielectric layer (21) and a gate
electrode (22) as is known in the art. The gate electrode (22) typically comprises doped

10 polysilicon.

In the preferred embodiment of the present invention, lightly doped source and
drain regions (LDDs) (24) are formed by implanting impurity ions into the surface of the
semiconductor structure (11) prior to forming a liner oxide layer (30) and L-shaped

15 spacers (40A). The implant can be performed using the gate structure {20) as an implant

mask as is known in the art.

Still referring to Fig. 4, a liner oxide layer (30) is formed on the gate structure
(20). The liner oxide layer (30} is preferably composed of silicon dioxide thermally grown

20 to a thickness of between about 10 Angstroms and 300 Angstroms. The liner oxide layer




Still referring to Fig. 4, a dielectric spacer |ayer (40) is fornmed on the
liner oxide 5 layer (30). The dielectric spacer |layer (40) prefegdabRYG 2004 -
conprises silicon nitride. The dielectric spacer |ayer (40) can be fornmed -
using a chem cal vapor deposition (CVD) process, a plasm enhanced

chem cal vapor deposition (PECVD) process, or a rapid thermal chem cal
vapor deposition (RTCVD) process and preferably has a thickness of between
about 5.0 Angstronms and 700 Angstrons. 10 Referring again to Fig. 4, a

di sposabl e polysilicon top spacer |ayer (50) is formed on the dielectric
spacer |ayer (40). The di sposable polysilicon top spacer layer (50) is
conposed of polysilicon having a thickness of between about 50 Angstrons
and 800. Angstronms, and can be forned using a chem cal vapor deposition

process, a i.d thermal 15 chemical vapor deposition prqcess, or st

pr ef er abl y-(%ﬁﬁsd{np Frftqgﬁé%e'&taqu(? o) 0%98@‘1 1??%‘%%#&&@5%86%@%8#?? ﬁggt o Fig.
5, :the di sposabl e polysilicon top spacer |ayer (50) is anisotropically
etched to Qi?‘"ﬁY‘éP%é@glﬁ?Oéf%iF9%1%‘1”@6?}311!0@9@{3%@@3 (50A). The polysilicon 20

top spacers (50A) can be forned using an anisotropic plasm etch selective
to silicon 10 al AUG 2M4 ' 5

Still referring to Fig. 4, a dielectric spacer layer (40) is formed on the liner oxide
5 layer (30). The dielectric spacer layer (40) prgferably compriseé silicon nitride. The
dielectric spacer layer (40) can be formed using a chemical vapor deposition (CVD)
process, a plasma enhanced chemical vapor deposition (PECVD) process, or a rapid
thermal chemical vapor deposition (RTCVD) process and preferably has a thickness of
- between about 50 Angstroms and 700 Angstroms.
10
Referring again to Fig. 4, a disposable polysilicon top spacer layer (50) is formed
on the dielectric spacer layer (40). The disboéable polysilicon top spacer layer (50) is
-.composed of polysilicon haviﬁg a thickness of between about 50 Angstroms and 800
Angstroms, and can be formed using a chemical vapor deposition process; a rapid thermal
15 chemical vapor deposition process, or most preferably a hot wall chemical vapor

déposition process.

Referring to Fig. 5, the disposable polysilicon top spacer layer (50) is
anisotropically etched to form disposable polysilicon top spacers (S0A). The polysilicon

20 top spacers (50A) can be formed using an anisotropic plasma etch selective to silicon

10




10 15 20 nitride, stopping on the spacer dielectric |layer (40). The
i nventors have determned that a plasm etch using a LAM TCP etchi@g AUG 2054 "
chanber and a CF4, Cl12, Hbr, 02, He chemistry can be used to provi ‘
uni for m di sposabl e polysilicon top spacers (50), wherein a plasma can be
formed using the top electrode and directionality can be controlled by the
bottom el ectrode. The top el ectrode preferably has an energy of between
about 75 watts and 450 watts and the bottom el ectrode preferably has a
power of between about 50 watts and 300 watts. Referring to Fig. 6, the
di el ectric spacer layer (40) is etched to formL-shaped spacers (40A),
usi ng the di sposable polysilicon top spacers (50A) as an etch mask. The
etch used to formthe L-shaped spacers (40A) is preferably fornmed in-situ

in the LAV ' ' elect] ' : S
e R e L R e e e R
stop on the |liner oxid Vi 30). Referri o Fi 7 e di sposabl e
pol ysi | i C@E“P’&ﬁ?@ﬁﬁglgr@é@dﬁ;f’ étrcg’z‘gé}%(} aﬂ‘?g%w{gm gﬁ‘”a@%%ﬁ@ﬁ‘nﬁ g8t ric
spacer (4QA). The dLsposabIe‘pol%i;licgn top spacers (50A) can be renoved
usi ng a pdIeyssd foguavige waifmmatisprsably ralysilicontep snaedrs 658 deheseia amlasmiadean
Preferably, an in-situ plasma etch using a LAM TCP etchi ng chanber and a
chemi st ry be formed using the top electrode and directionality can be controlled by the bottom

5. electrode. The top electrode preferably has an energy of between about 75 watts and 450

watts and the bottom electrode preferably has a power of between about 50 watts and 300

watts.

Referring to Fig. 6, the dielectric spacer layer (40) is etched to form L-shaped
10 spacers (40A), using the disposable polysilicon top spacers (50A) as an etch mask. The
etch used to form the L-shaped spacers (40A) is preferably formed in-situ in the LAM
TCP chamber using a chemistry selective to oxide, such as SF/HBr/Q,, CH,F,/O,,

CH,F/0O,, Cl,/HB1/O,, or a combination thereof to stop on the liner oxide layer (30).

15 Referring to Fig. 7, the disposable polysilicon top spacers (S0A) are removed
leaving an L-shaped dielectric spacer (40A). The disposable polysilicon top spacers (50A)
can be removed using a polysilicon plasma etch selective to both oxide and nitride.
Preferably, an in-situ plasma etch using a LAM TCP etching chamber and a chemistry
consisting of Cl,, HBr, O,, He, or a combination thereof can be used to remove the

20 disposable polysilicon top spacers (50), wherein a plasma can be formed using the top

11




consisting of A2, HBr, 02, He, or a conbination thereof can be used.to
renove the disposable polysilicon top spacers (50), wherein a pl asnid jcA¥G 2004
be formed using the top 11 11 AUG 2004 el ectrode and directionality can be
controlled by the bottomelectrode. The top el ectrode preferably has an
energy of- between about 50 watts and 450 watts and the bottom el ectrode
preferably has a power of between about 50 watts and 300 watts. 5

Al ternatively, the disposable polysilicon top spacers (50A) can be renoved
using a wet chem cal etch having a selectivity to oxide and nitride such
as hydroxyl ion containing chemcals (e.g. organic aqueous sol ution of
chol i ne hydroxi de or inorganic aqueous sol ution of potassium hydroxide with
w smal | anmount of iodine). 10 The key advantages of the present invention.

1 am | the pr.
i orm i e seue BRI T e cotTioNPy by LSS Uec BUE T BB e

area and the r.e,l ess susceptible to changes |n_size and shape due to
post - et chi RELY by e@ﬁfgyﬁ’fgﬁt&eﬁ’i’ ARput 8%’%\5@8& 2 pritoindipe E1’_’5-'“?s‘ﬁaped
spacers. Al so, since the disposable polysilicon top spacers are conpletely
renoved, t BEctrodspspfemblyhas apeweretheswennabeut S0swattrand 398 wagtsovi di ng f or
better gap filling of the subsequent dielectric |ayer. Wiile the invention
has been particularly shown and described with reference to

5 Alternatively, the disposable polysilicon top spacers (50A) can be removed using a

wet chemical etch having a selectivity to oxide and nitride such as hydroxyl ion containing

chemicals (e.g. organic aqueous solution of choline hydroxide or inorganic aqueous

solution of potassium hydroxide with w small amount of iodine).

10 The key advantages of the present invention are that L:shaped spacers formed
uging the present invention are more uniform in size regardless of whether they are in a
nested area or an open area and they are less susceptible to changes in size and shape due
to post-etching wet chemical processing, compared to prior art L-shaped spacers.

Also, since the disposable polysilicon top spacers are completely removed, the L-shaped

15 dielectric spacer is more open providing for better gap filling of the subsequent dielectric

layer.

While the invention has been particularly shown and described with reference to
the preferred embodiments thereof, it will be understood by those skilled in the art that

20 various changes in form and details may be made without departing from the spirit and

12




the preferred enbodi nents thereof, it will be understood by those skilled
in the art that 20 various changes in formand details nay be made mﬁHhRgﬁ 004
departing fromthe spirit and 12 19 AUG 2004 scope of the invention. =13 f
AUG 2004 Clainms 1. An in-situ nmethod for form ng an L-shaped spacer using

di sposable polysilicon top spacers, conprising the steps of: a. providing
a sem conductor structure having a gate structure thereon; b. inplanting
impurity ions to formlightly doped source and drain regions; c¢. formng a
| i ner oxide layer on said gate structures; d. formng a dielectric spacer

| ayer on said |iner oxide |ayer; said dielectric spacer |ayer conprising
silicon nitride; e. formng a disposable polysilicon top spacer |ayer on
said dielectric spacer layer; f. anisotropically etching said disposable

pol ysi | i c@BopeiT tRPACEiohayer to form

13




di sposabl e polysilicon top spacers; g. in-situ, anisotropically etching
said dielectric spacer layer to formL-shaped dielectric spacers,lmﬂﬂgue
sai d di sposabl e polysilicon top spacers as an etch mask; and h. in-situ;] 2004
removi ng sai d di sposable polysilicon top spacers. 2. The nmethod of claiml
~wherein said dielectric spacer layer conprises silicon nitride having a

t hi ckness of between about 50 Angstrons and 700 Angstrons. 14 11 AUG 2004
3. The method of claim1l wherein said disposable polysilicon top spacer

| ayer conprises chenical vapor depo$ilaimsn pol ysilicon having a thickness of
bet ween about 50 Angstrons and 800 Angstrons. 4. The nethod of claim1
wherein said di sposable polysilicon top spacer is forned by

ani sot ropi cal ly pl Asnmsigt mhibng fadbunidg spbsshbped spadey ssihg dispostldp spacer | ayer
using a cgﬁqhg&{% cqﬁ§%sti%%gpft§F% C%Z, Hor, 02, He or any conbi nation

t her eof ; PAPTHCH TP SR e Y PR &BRAFPIT bet ween about 50 watts and 450
watts and a bottom el ectrode power of between about 50 watts and 300
watts. 5. The nmethod of claiml wherein said dielectric spacer |ayer is

ani sot r opi cal PPIPYdEES sericqadpaiersEpeturehgving argate ssHggesdhee@tect ri ¢ spacers
using said disposable polysilicon top spacers as an etch mask; said

dielectric spacer |ayer being
b. implanting impurity 1ons to form lightly doped source and drain regions;

c. forming a liner oxide layer on said gate structures;

d. forming a dielectric spacer layer on said liner oxide layer; said dielectric spacer

layer comprising silicon nitride;

e. forming a disposable polysilicon top spacer layer on said dielectric spacer

layer;

f. anisotropically etching said disposable polysilicon top spacer layer to form

disposable polysilicon top spacers;

g. in-situ, anisotropically etching said dielectric spacer layer to form L-shaped

diclectric spacers, using said disposable polysilicon top spacers as an etch mask; and

h. in-situ, removing said disposable polysilicon top spacers.

2, The method of claim 1 wherein said dielectric spacer layer comprises

silicon nitride having a thickness of between about 50 Angstroms and 700 Angstroms.
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etched with a,
[HBr/Q2, or a

50 watts and 300 watts,

chem stry consisting of SF6/HBr/ 2, CH2F2/02, CH3F/ 02, Cl2
conbi nation thereof, a top el ectrode power of between about
and a bottom el ectrode power of between abbétG5ms

watts and 300 watts. 6. The nmethod of claim1 wherein said di sposable
polysilicon top spacers are renoved using an in-situ plasm etch. 15

3

The method of claim 1 wherein said disposable polysilicon top spacer

layer comprises chemical vapor deposition polysilicon having a thickness of between

about 50 Angstroms and 800 Angstroms,

4.

The method of claim 1 wherein said disposable polysilicon top spacer is

formed by anisotropically plasma etching said disposable polysilicon top spacer layer

using a chemistry consisting of CF4, Cly, Hbr, O3, He or any combination thereof; with a

top electrode power of between about 50 watts and 450 watts and a boitom electrode

power of between about 50 watts and 300 watts.

5.

The method of claim 1 wherein said dielectric spacer layer is

anisotropically plasma etched in-situ to form L-shaped dielectric spacers using said

disposable polysilicon top spacers as an etch mask; said dielectric spacer layer being

etched with a, chemistry consisting of SFs/HB1/Q,, CHF»/0,, CH3F/O4, Cl, /HB1/O5, or

a combination thereof, a top electrode power of between about 50 watts and 300 watts,

and a bottom electrode power of between about 50 watts and 300 watts.

6.

The method of claim 1 wherein said disposable polysilicon top spacers are

removed using an in-situ plasma etch.
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