'r 9 MAY 2004 Method for Forming an L-Shaped Spacer Wth a Di sposabl e
Organi ¢ Top Coating Background of Invention 1) Field of the | nvent (idhMARi B4
invention relates generally to fabrication of a sem conductor device and
nore particularly to a nethod for form ng an L-shaped spacer using a
sacrificial organic top 5 coating. 2) Description of the Prior Art As the
physi cal geonetry of sem conductors continues to shrink; the space 10

bet ween gate el ectrodes Methorkforforming an FxfhapedfPpacer space bet ween gate

el ectrodes can cause poor gap fill by the subsequent dielectric |ayer (eg
inter-layer dielectric) r®&thaDisposable QeganindBap Qeating' rance. One approach
whi ch has been used to solve this problemis the use of spacers on is the
gate el ectrode sidewalls which are snaller at the top than they are at the
bottom such 19 MAY 2004 as L-shaped spacers. In a typical L-shaped spacer

two dielectric | ayers (t he fi rthkground 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 sacrificial organic top

: s coating.
2) Description of the Prior Art

As the physical geometry of semiconductors continues to shﬁnk,‘_the space
10 - between gate electrodes shrinks as well. ‘The reduced spacé between gate electrodés can
cause poor gap fill by the subsequent dielectric layer (eg inter-layer dieiectﬂc)_resulting in

Yy  degraded perforniance.

One approach which has been used to solve this problem is the use of spacers on

15 the gate electrode sidewalls which are smaller at the top than they are at the bottom, such

=




,conposed of silicon nitride and the second conposed of silicon oxide) are
formed over and around a gate el ectrode, then anisotropically et chedd § MaY 1@@5
However, the top oxide portion of the spacer can not be easily renoved ’
wi t hout damagi ng oxi de isolation structures. 5 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 '
di el ect ri c 2t hybapef spasens. Inptypiehldeshapetspaces twa ielectsip bayers (the fist r emai ns hi gh
due to the presence of the.oxide portion of the spacers. 10 The inportance
of over conkemgpaskhd ofsilidon nitridtednid theesecordicompbed ofdiuoa okBlcpatt deneedverby t he

ext ensi ve technol ogi cal devel opment directed to the subject, as docunented

by the r ehﬁd/anﬁndmgméle@fﬁde,ttﬁm&ﬁbpibﬂﬂ? @fchédl 'HowelBe tifel 195 Bille Adteon
apparently nore relevant technical developnents in the patent literature

can be gl eanfd spitec@n aby dafily rbhl6vedQlitaW PAchaPidk BRES iSOI%@(g}%ﬂ%CTU 5838, 991
ewa

(Cote et al.) recites a process for ‘defining ofFganic si structures

N . [ . U S
on 3 phot ogfepdly, Rethd ﬁ{prbsxihc% x@ﬂ%ﬂ%&%‘egs'pmgp}e&afng hegharh eﬁéﬂ?@?ﬁ%‘i‘ag}

5, 858, 847 (Zhou et al ocess using a photo ock over

20 a hard gpskeafd &UEJsQHJ&S%EEin%an%w%P ép\ége?rshalp%}ér? sibCadlsSUiedR 4 9hl y- doped

sour ce and
between IC's. Also, the gap filling ability of the subsequent dielectric layer is not

optimized, because the aspect ratio remains high due to the presence of the oxide portion

—

of the spacers.
10
The importance of ox}'ercortling' the various deﬁciendiés noted above is evidenced -
by the 'extensive_z technological development directed to the subject, as documented by the .,
relevant patent and technical literature.. .Thé closest and apparently more relevant technical
developments in the patent literature can be éleaned by considerihg the folloﬁring patents.
15 |
U.S. 4,838,991 (Cote et al.) recites a process for defining organic sidewall

- structures on a photoresist pattemn to enhance a photolithography process.

U.S. 5,858,847 (Zhou et al.) shows a LDD process using a photoresist block over

20 2 hard mask and surrounded by a polymer layer to provide a highly-doped source and -
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2 19 MAY 2004 drain inplant nmask, then renoving the polyner |ayer and

phot oresi st bl ock for the lightly- doped source and drain inplant. ?;ﬁ-MAY 204
4,868,617 (Chiao et al.) and U. S. 5,024,959 (Pfiester) show L-shape

spacers 5 and processes. U S. 5,882,973 (Gardner et al.) shows double
spacers used to increase the length of source and drain extensions for
particular transistors in an IC. 10. U S. 5,234,852 (Lion) shows sl oped
spacers formed using a reflowable material. U S. 5,6770,508 (Yeh et al.)
shows a préwedmpharmdshythemgmaning ttehyalyetr hpaaed phstbregst borkdyd #leliglalyer and an
overlying nitride layer, anisotropically etching to formspacers, then
removi ng t tepedisburtelend dyieimpldneavi ng an L-shaped oxi de spacer. lons are

i npl anted through 15 the L-shaped spacer to form shall ow source and drain
ext ensi ons under the L-shaped spacer and noderate-depth source and drain
regi ons beyond the L-shaped spacer. Sunmary of the Invention 20 It is an

(l\)/jtgj\{e(z:'([)ozf the %.%5%@88,6ﬁv(%ﬂfai) %palt)(?m(ﬁ) e i59ﬁ4§5%ﬂ%9tgr)fsﬂ;w Lgslhsgeﬂ%p%%rsl‘ s 19

5 and processes.

U.S. 5,882,973 (Gardner et al.) shows double spacers used to increase the length

) - of source and drain extensions for particular transistors in an IC.
10 ‘ ~ U.S. 5,234,852 (Liou) shows sloped spacers formed using a reflowable material.
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 an L-shaped oxide spacer. Ions are implanted through
15 ‘ the L-shaped spacer to form shallow source and drain extensions under the L-shaped |
spacer and rnoderate-deptﬁ source and drain regions beyond the L-shaped spacer.

Summary of the Invention

20 ) It is an object of the present i1_1ventio'n to provide a method for forming anL- '



shaped spacer using an organic top coating. It is another object of the
present invention to provide a nethod for formng an L shaped spacer §Bagay 2004
has a reduced susceptibility to post-etch wet chem cal processing. It iIs
anot her object of the present invention to provide a nmethod for form ng an
L- shaped spacer that provides for better gap filling properties of the
subsequently formed, overlying dielectric layer. 10 It is yet another

obj ect of the present_invention to provide a nethod for form ng an L-shaped
dielectriCS@WﬁgﬁﬁwﬂﬂﬁﬁganPEE@ééuJ%?@M% time and a reduced thernmal budget.
To acconplish the above objectives, the present invention provides a nethod
for formng an L-shaped spacer using a sacrificial organic top coating. A
sem conductor 15 structure is provided having a gate structure thereon. A

| i ner oxide | ay#rs amtfeptibied ofthephent gvettichits padvidea. methdd fot foehingan$pacer

| ayer is formed on the liner oxide layer. In the preferred enbodi nent, the
di el ectri c shdpa€ Sactrali® hasHFEided @sceptibility EPdsbtEH Wetehbmit @ prédessingsSi | i con
oxynitride layer. A sacrificial organic layer is formed on the dielectric
spager |layer. The sacrificial organic |ayer and the dielectric spacer

| ayer are anisotropically etched to 20 form spacers conprising a -

tri angl e- shaped [P ni.c. struct a - . kelectric
spacer. The |ing§£%§$I£8%§§8?& ﬁﬁégp“’@Kgﬂ5§F%ﬂg§?%%kwﬁgﬁﬁﬁ§m%ﬁ?}5tropiC

etch shaped spacer that pfovides for better gap filling properties of the subsequently formed,

S overlying dielectﬁc layer.

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

- L-shaped dielectric spacer with a reduced cycle time and a reduced thermal budget.

To accomplish the above objectives,-the present invent_ion provides a methqd for
foﬁﬁing an L-shaped spaéer using a sacrificial organic t_op-coating. A semiconductor
15 ~ structure is provided havihg a gate strﬁcnue thereon. A Iiner'oxid.e layer is fdrrﬁed on the
| gate structure. A dieleétr_ic spacer layer is forméd' on the liner oxide layer. In thé |
preferred embodiment, the dielectric spacer layer comprises a silicon- nitride layer or a
silicon 6xynitﬁde layer. A sacrificial organic ldyer is formed on the dielectric spacer layer.
The saériﬁciﬁl organiq layér and the diélectn'c spacer layer are anisotrop.ica]ly' etched to

20 form spacers comprising a triangle-shaped sacrificial organic structure and an L-shaped
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process. The triangl e-shaped sacrificial organic structure is renoved EEQ DAY 2004
an etch selective to the L-shaped dielectric spacer, |eaving an L-shaped N
di el ectric spacer which is 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. The sacrificial

organi c | ayer can be deposited in less tine than an oxide |ayer, as is used

in the prj Ig: I ie. . The i ni iel.ectric, layer also
equi res. alTisoR trackE MEIR U el et AR SRR BfROP e The
spacer whi sl ts. fromthe 1Q.process of the presept invention is |ess
suscept i bl g&f %Sg'plcl:é? Ené‘f‘%ﬁ‘%?&?ﬁﬂ#@é’FgaBP(%B%iE’Teﬁf;‘%mPN S8 agefe | ayer,

resul ting i_ll‘l a m)rﬁ fni]form spacers, both across the IC and between |1C s.
Because t h&¥SHYOthe1-shapsd gislertsic spacat legving amh-shaped dislsrisicspager whisvisd usi ng a
selective etch, the resulting L-shaped dielectric spacers are open and
provi de betuiisiendfx gren toprewide for gqnsrgap diflingfprapesies ofitbe queelying dickictriztiayec. | ayer
(eg interlevel dielectric). 15 The present invention achi eves these

bengfits in the context of known process technol ogy. However, a further
under st andi ng of the nature and advantages of the present invention may be

realized by refEregmneenttivehtien provil&@ coRdddradimpidvelnd® cvBOGE biigrdaki on and
attached draw ngs. 20
The sacrificial organic layer can be deposited in less time than an oxide layer, as is used in
.\ the prior art, reducing cycle time. The organic dielectric layer also requirés a lower
thermal budget to form than does an oxide layer. The spacer which results from the
0 process of the present invention is less susceptible to post-etch wet chemical processing
than an oxide layer, resulting in 2 more uniform spacers, both across the IC and between
IC's. Because the sacrificial orgahic structure 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 (eg interlex}el dielectric).

15
The present invention achieves these benefits in the context of known process
} tec_hnqlogy. However, a further understanding of the nature and advantages of the present
invention 'n'lay be realized by reference to the latter portions of the specification and |
 attached dré.wings. | |
20 |




Brief Description of the Drawi ngs The features and advantages of a .
sem conduct or device according to the present invention and further 1.8 MAY 2004
detail stof a process of fabricating such a senm conductor device in
accordance with the present invention will be nore clearly understood from
the follow ng description taken in conjunction with the acconpanying
drawings in which like reference nunerals designate simlar or
correspondi ng el ements, regions and portions and in which: Figures 1
through 3 illustrate sequenBrigDesgeiptiopefithg Degiingt o process for 10
according to a process known by the inventors to have a problem 15 20
Figure 4 through 6 illustrate a preferred enbodi nent of a nethod for
form ng L- shaped spacers using a sacrificial organic top coat according to
t he present i nvidntféabnes ddtadvantgeDefaceinjspndistonetitesactordingtd the pfésentpr esent
invention will be described in detail with reference to the acconpanying
drawi ngs. ifveatiqr asldotthdr deteild of@prédesyifdfsicatingBlidhtsetivondmtoridegicam L =
shaped . spacer using a sacrificial organic top coating. 6

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:

et

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

10 - according to a process known by the inventors to have a problem.

Figure 4 through 6 illustrate a preferred embodiment of a2 method for forming L.

shaped spacers using a sacrificial organic top coat 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 an L-
shaped spacer using a sacrificial organic top coating.

20




+9 MAY 2004 ProblemIdentified by the Inventors A process for form ng an
L-shaped spacer known by the inventors to have a problemis descri belgwahan,
reference to Figs. 1 through 3. In the problem process, a 5 sem conduct or
structure (11) is provided having a gate structure (20) thereon, as shown
in Fig. 1. The gate typically conprises a gate oxide layer (21) with an
overlying gate electrode (22). Anitride layer (140) is forned over the
gate struc .and. a i d | ayer (150) is forned on the nitride
layer (140§&$%B£§§%§ﬁ8€hyﬂw d %0?, an L-shaped spacer (160) is formed by
‘anisotropically etching the oxide |ayer (150) and the nitride |ayer (140).
The remaining nitride | ayer (140A) of the L-shaped spacer (160) is shaped
like the letter "L". One problemwth this process identified by the
inventors is tHhproeess fordpmming angl-ehdpad spaggrdmown bphediventoss to-heveaped spacer
can not be easily renmoved using a sel ective oxide etch, because it would
damage i soprablemms deScribed with weferenostto Figsal thréughisc dh the prsheem pcessod at e vari ous
active areas on an IC. Leaving the oxide layer (150) intact aggravates the
gaps fill pemidosdnct@rstradtmel ) iSpracded Bakmss gal¥ SRCtudS(20) MéRoh s h@vn i3, T he
shape and size of the renmaining oxide |ayer (150A) of the L-shaped spacer
(160) can g @l TRk I?Mcdll?%mﬁh‘s%?a g@h okid8 WyEAb 1 PR ASHRAyiNEbLAD are 20

a

typically used in I C fabrication. t chem cal ‘processes, particularly HF
Pprocesses déctrlbde (22). A nitride layer (140) is formed over the gate structure (20) and an oxide
j layer (150} is formed on the nitride layer (140). |

10 As shown in Fig. 2, an L-shaped spacer (160) is formed by anisot;opically etching
the oxide layer (150) and the nitride laye; (140). The remaining nitride layer (140A) éf
thé L-shaped spacer (160) is shaped like thé letter "L". One problem with this process
identified by the inventbrs is that the remaining oxide layerr(l 50) of the L-shaped spacer
can not be éasily removed using a selective qxide etch, because it would damage isolation

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

oxide _laygr (150) intact aggravates the gap-fill problem for closely spaced gates.

Aisp, as shown in Fig. 3, the shape and size of the remaining oxide layér {(150A) of
the L-shaped spacer (160) can be altered by post-etch wet chemiéal processes which are -
20  typically used in IC fabrication. Wet chemical processes, particularly HF processes wﬂl |

7




7 19°MAY 2004 reduce the size of the oxide |ayer (150). The reduction
size is dependant upon the Iength of the exposure which can vary acr%é
the 1C between IC s. Variations in the shape and size of the L-shaped
spacers results in inconsistent performance paraneters for the 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 t Fi t hrough .6.. The preferred enbodi nent

b ovi des. AoHE HIScPAR O TR ayen1S0: Jibaubiotes 18 g 8RR BT B gani ¢ ¢ op
coat. The res‘g{n i nvention provides a consistently controllabl e opening
which is alg‘t&!fu the eEOsYe Bich &0 YATY poroRy thelbrbgbvesn LSt Variatiapsig the fhepe or gani ¢
top coat can be fornmed faster than an oxide |layer using a | ower thernal
budget. Repesige atthe b-shanped spacershiesults infimonsident perfatinansstpatimetdiefop thes ent

i nvention begins by 15 providing a sem conductor structure (11).

Senmi condudtansisteufosmhedfrem ¢Helgates svithnbkel-shapedisgacers.possi bl y i ncl ude a
substrate. conprising a wafer of sem conductor nmaterial such as silicon or
gersmanium or a |like substrate structure such as silicon-on-insulator (SO)
as is known in the art. Sem conductor structure (11) should be understood

t0 possi bipteferrell EMbddRabMAF thOPRsQft MG ONductive and/or insulating
| ayers and passive and/or active devices forned

DAy 200

A preferred embodiment of the present invention is described with reference to

“‘1";"‘ 4

Figs. 4 through 6. The preferred embodiment provides a method for forming an L-shaped
10 spacer using an organic top coat. The present invention provides a consistently
- controllable opening which is adequate for good gap-filling characteristics. Also, the

organic top coat can be formed faster than an oxide layer using a lower thermal budget. :

Referring to Fig. 4, the pfeferred embodiment of the preseﬁt invention begins by
' ‘1‘5 - providing a senﬁc;inductdr structure (11). Semiconductor substrate (11) is understood to

possibly include a substrate comprising a wafer of semiconductor material such as silicon

} Or germanium dr_a like substrate structure such as siiicon—on—insulatér (SOI) as is known |
. . ) A )
in the art. Semiconductor structure 7(1 1) should be understood to possibly further include
one or more conductive and/or insulating layers and passive and/or active devices formed
20 - onor over said substrate. Thé semiconductor structure (1 1.) has a gate structure (20) -

8




20 oh or over said substrate. The sem conductor structure (11) has gﬂﬁ%,
structure (20) 19 MAY 2004 thereon. The gate structure (20) typicalﬁ@ AY 2004
conprises a gate dielectric layer (21) and a gate electrode (22) as is

known in the art. The gate el ectrode (22) typically conprises doped
polysilicon. 5 Still referring to Fig. 4, a liner oxide layer (30) is

formed on the gate structure (20). The liner oxide layer (30) is

preferably conposed of thermally grown silicon dioxide or TEOCS deposited
using a chTeeR Thepds stachie (20) baicallormpsises prgatq diglestriclayen 621) apda gate
preferably has a thickness.of between about 50 Angstrons and 250 Angstrons.
The 1iner elestragle (2Ayaeis kn@@h in the ampThe gate eleasrode €223 tytpically chinrfrises dopedf dopant
ions fromthe gate 10 el ectrode and also to provide an etch stop for a
subsequent pdydilicoan nitride etch. Still referring to Fig. 4, a dielectric
spacer layer (40) is fornmed on the liner oxide Ilayer (30). The dielectric
spacer |ayer (40) preferably conprises silicon nitride or silicon

oxynitride. The dielectric spacer |ayer can be forned using a chem cal

vaper deposi {i ofBrRtGe iy 4 IRkASTR: RIS SkorhENl-al sXeBlclgpos i on

process, or a JET chem cal "vapor deposi process and pre ly has a

thi ckness @) PeAGRP oA er ¢ iﬁ?&%ﬁafa@%mﬁgﬂd of RGBT PBn dioxide

or TEOS deposited using a chemical vapor deposition process. The liner oxide layer
N - preferably has a thickness of between about 50 Angstroms and 250 Angstroms. The liner
oxide layer (30) is important to prevent outdiffusion of dopant ions from the gate

10 electrode and also to provide an etch stop for a subsequent silicon nitride etch.

Still referring to Fig, 4, a dielectric Spaper layer (40) is formed on the firier oxide
layer (30). The dielectric spacer layer (40) preferably comprises sificon nitride or silicon
oxynitride. The dielectric spacer layer can be formed ﬁsing a chemical vapor deposition

15 , | process, a plasma enhanced chemical vapor deposition process, or a JET chemical vapbr .

deposition process and preferably has a thickness of between about 200 Angstroms and
: -

) 500 Angstroms.
- Referring again to Fig. 4, a sacrificial organic layer (50) is foﬁned on the dielectric
206 spacer layer (40). The saqriﬁcial organic layer (50) is preferably composed-of a semi-

9



‘Referring again to Fig. 4, a sacrificial organic layer (50) is fornmed on
the dielectric 20 spacer layer (40). The sacrificial organic |ayer dﬂbMANsZM#
preferabl’y conposed of a sem 9 9 MAY 2004 conformal organic material such
as propyl ene glycol nononethyl ether. The sacrificial organic |ayer (50)
can be forned using spin coating process, and preferably has a thickness
of between about 300 Angstrons and 1000 Angstrons. 5 Referring to Fig. 5,
t he sacrific*allor anic layer (50) and the dielectric spacer |ayer (40) are
ani sot r opi ¥ ¥ tendl gichag proplee ghew) mernmatind pther. Ahesraifigib- shaped
sacrificial organic structure (50A) and an L-shaped dielectric spacer
(40A) . TheraMislayer 63 cabeformed ysingfspinabhtingpeodess, amtprefsiably has ptikskmesset ch
process with a CF4/HBr/ Q2 or Cl12/02 chem stry for the sacrificial organic
| ayer (50)of&eivean 860t BB Angstraing AkdBrooo eigitsdnisy 10 for the diel ectric spacer
| ayer (40). The liner oxide layer (30) preferably acts as an etch stop.
The triangl e-shaped sacrificial organic structure (50A) preferably has a
t hi ckness of between about 200 Angstrons and 900 Angstrons at its base and
a Iei ght depengafdrin h I - pically
bet ween about 1500 £ﬁggﬁ%oh§mgﬁﬁﬁE%B% m%ﬁg%%?%ﬁgﬁiﬁgﬁgﬁgggﬁépeﬁ&@¥electric
spacer (4049) dh@sniB6iA ' .vertid |.eg, (47). The

D PO ARBY 1) R itdns ) bkl i e

hori zontal l'eg (44) preferab S n about
sacrificial organic structure (50A) and an L-shaped dielectric spacer (40A). The |
anisotropic etch is preferably performed using a plasma etch pfocesé with a CF,/HBr/ 0, or
CL/0, chemistry for the sacrificial organic layer (50) and a SFﬁlHBf or CF,/HBr chemistry
10 ~ for the dielectric spacer layer (40). The liner oxide layer (30) preferably acts as an etch
. stop. The triangle-shaped sacrificial organic structure (50A) preferably has a thickness of
between about 200 Angstroms and 900 Angstroms at its base and a height dependant
* upon the height of the gate e}ectrode (22) (tjpically between about 1500 Angstroms 511;1
3000 Aﬁgstroms). The L-shaped dielectric spacer (40A) has a hoﬁzontal leg .(44) and a
;s " vertical leg (47). The horizontal leg (44) preferably has a thickness (45) of between about

200 Angstroms and 500 Angstroms and a width (46) of between about 200 Angstroms '

} ' and 900 Angstroms. The vertical leg (47) preferably has a thickness (48) of between
. about 200 Angstroms and 500.
20 7 Referring to Fig. 6, the triangle-shaped sacrificial organic structure (SOA) is

10



200 Angstronms and 500 Angstrons and a.wi dth (46) of between about 200
Angstroms and 900 Angstroms. The vertical leg (47) preferably has ai§ MAy 2004
t hi ckness {48) of between about 200 Angstronms and 500. 20 Referring to
Fig. '6, the triangl e-shaped sacrificial organic structure (50A) is, 10

LI LS MAY 2004 renoved | eaving an L-shaped dielectric spacer (40A). The
triangl e-shaped sacrificial organic structure (50A) is preferably renoved
using an etc tive t he .dielectric spacer |ayer, such as an 02

b1 aoma ot 11 poig el Hatabe eb Goshetid Biefiviscuacir (BRSH Therasas-vrepsd weraidie
sacrificial organic structure to the dielectric spacer |ayer of at |east
100: 1. The k&FHGSHHEEGL0BKis preferahbercmoved usingranietoh seleative bathe dieiesizcr i f i ci al
organic layer can be forned in less tinme than an oxide layer as is used in
“the prior ar 8Pacerayss; sieh @861y plasinastripping procedsevitahqrrovidesianletchr @RBGLyloRY €T
formation reg;i{re_s | ess thermal budget than an oxide |layer formation. The
L- shaped spaéiérsa¢rificiaborgatic gnutiungd the dieRcipic 540t lajen vEMIERNIGos]. 10 | ess
susceptible to changes in size and shape due to post-etching wet chem cal
processi ng, conpared to prior art L-shaped spacers. Since the

triangl e-shaped sacrificial organic structure can be conpletely renoved,
the L-shaped di el Biid keyQdRRgaY ofithe pFRdeRt BRARon Be@t Hedoriifilar BRLLfaygaP

filling of the subsequent dielectric |ayer.
can be formed in less time than an oxide layer as is used in the prior art, reducing cycle

time. Also, the sacrificial organic layer formation requires less thermal buﬁget than an

‘_‘w/.‘

oxide layer formation. The L-shaped spacer formed according to the present invention is
10 less susceptible to changes _in size and shape due to post-etching wet chemical processing,

compared to prior art L-shaped spacers. Since the triangle-shaped sacrificial organic |

structure can be corﬁpletely rerndved, the L—shaped dielectric spacer is more open

' providing for better gap filling of the sub'sequent dielectric layer.

15 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
various changes in form and details may be made without departing from the spirit and

scope of the invention.

20
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.15, Wiile the invention has been particularly showm and descri bed ﬁgh
reference to the preferred enbodi nents thereof, it will be unders d"AbfyZUU‘r
those skilled in the art that various changes in formand details nay be
made wi thout departing fromthe spirit and scope of the invention. 20 11
MAY 2004 CLAIMS 1 1. A nethod for formng an L-shaped spacer using a
sacrificial orgﬁﬂh&‘s top coating, 2 conprising the steps of 3 a. providing a
sem conductor structure having a gate structure thereon. 4 b. formng a
linler oxi de | ayemethod Saifoinias & Isthaped spacer ulinga sdefificlal pggaaictopbegingi C spacer

| ayer on said liner oxide layer; 6 d. formng a sacrificial organic |ayer
on zai d di@hpekihg theSRPs6f | ayer; 7 e. anisotropically etching said
sacrificial organic |layer and said dielectric spacer 8l ayer to form spacers
conprising a triangle-shaped sacrificial organic structure and an L-
9shaped diel ectric spacer; and 10f renoving said triangl e-shaped

sacyificial or gfaﬂjogidﬁlrgralégﬁ%r?ductor structure having a gate structure thereon;

4 b. forming a liner oxide layer on said gate structure;
) 5 c. forming a dielectric spacer layer on said liner oxide layer;
6 d. forming a sacrificial organic layer on said dielectric spacer layer;
7 e. anisotropically etching said sacrificial organic layer and said dielectric spacer
8 layer to form spacers comprising a triangle-shaped sacrificial organic structure and an L-
9. shaped dielectric spacer; and
) 10 _ , ‘.f. removing said uiéngle-shaped sacrificial organic structure.
2. The method of claim 1 wherein said dielectric spacer layer comprises z_i silicon

nitride layer having a thickness of between about 200 Angstroms and 500 Angstroms,

12



*2. The nethod of claim| wherein said dielectric spacer |ayer conprises a
silicon nitride layer having a thickness of between about 200 Angsi$ may zpo
500 Angstroms. 12 IS MAY 2004 3. The nmethod of claiml wherein said

di el ectric spacer |ayer conprises a silicon oxynitride |ayer having a

t hi ckness of between about 200 Angstrons and 500 Angstrons. 4. The nethod
of claim1 wherein said sacrificial organic |ayer conprises propylene

gl ycol nongnet e ving.,a thic ss.of between about 300 Angstrons
and - 100. OgAngmeoﬁégo@w%T%@F%s@d}émﬁm PIROTPEERs@ stigeR i f | ci al
organi c | ayer. a(ge[c] said spager dielectric layer are anisotropically etched
using a pl é!fgﬂ’é" B¥er b?‘%?fe%@‘%qshoﬁbmﬁlﬂéwt@,ﬂo Appstromstang SO Apgs@o@4.02

chem stry for said sacrificial organic |layer and a SF6/HBr chem stry or a
CF4/ HBr chem stry for said dielectric spacer |layer, and said |liner oxide

| ayer acts as an etch stop. 6...The nmethod of claiml_ wherein said -
sacrifici&l organic stFheonethed biclaienbwherelhSiatiGaciviiordhaRSifer Sbhbideb NG

D Shaped B By &R BB AL PRl PR eS8t S Aesbomr .

wher ei n saP@ Angtrapsd diel ectric spacer has a horizontal ‘| eg

5. The method of clairﬁ 1 wherein said sacrificial organic layer and said spacer
dielectric layer are anisotropically etched using a plasma etch procéss with a CF,/HBr/Q,
chemistry or a Cl,/0, chemistry for said sacrificial organic layer and a SF¢/HBr chemistry
or a CF,/HBr chemistry for said dielectric spacer layer, and said Liner oxide layer acts as an

etch stop.

6. The method of claim 1 wherein said sacrificial organic structure is removed using
an O, plasma stri;iping process having a selectivity of said sacrificial organic structure to

 said L-shaped dielectric spacer of at least 100:1.

7. The method of claim 1 wherein said L-shaped dielectric spacer has a horizontal leg
having a thickness of between about 200 Angstroms and 500 Angstroms and a width of

between about 200 Angstroms and 900 Angstroms, and a vertical leg having a thickness

13




having a thickness of between about 200 Angstrons and 500 Angstrong and a
width of between about 200 Angstrons and 900 Angstrons, and a ver8cmhy @9
havi ng a thickness 13 of between about 200 Angstrons and 500 Angstrons. 1
8. A nethod for formng an L-shaped spacer using a sacrificial organic top
coating, 2 conprising the steps of 3 a. providing a sem conductor
structure having a gate structure thereon; b. formng a |iner oxide |ayer

on sai d gat ; c. form a dielectric spacer |layer on said

| i ner oxi de&‘lbg{‘/’&ee;é;%@ﬁa()& SHS?FF@@BMF“""@F-I ayer conprising silicon
nitride or silicon oxynitirde; 7 d. formng a sacrificial organic |ayer on
said dielectric spacer layer; 8 e. anisotropically etching said sacrificial
org%lni c layer and said dielectric spacer 9 |ayer to form spacers conprising
a trh angl e-%shapétmethed for forming aol gehapes! spocenuting esaanbidordanic 16p cdatipgd
dielectric spacer; and 11 f. renoving said triangl e-shaped sacrificial
organi c st rraEpUsies theisteps ofh 42 plasma 12 strippi ng process. 14

3 a. providing a semiconductor structure having a gate structure thereon;
; 4 b. forming a liner oxide layer on said gate structure;
5 c. forming a dielectric spacer layer on said liner oxide layer; said dielectric sﬁacer
6 layer comprising silicon nitride or silicon oxynitirde;
7 d. forming a sacrificial organic layer on said dielectric spacer layer;
8 ' ¢ anisotropically etching said sacrificial organic layer and said dielectric spacerr
9 layer to form spacers comprising a triangle-shaped sacrificial organic structure and an L-
) 10 shaped dielectric spacer; and
3 f. removing said trangle-shaped sacrificial orgmﬁc structure using an Q, plasma
12 stripping process.

14




‘'t~ 9 MAY 2004 9. The nethod of claim8 wherein said dielectric. spacer |ayer
conprises silicon nitride having a thickness of between about 200§ MAY 2004
Angstrons and 500 Angstronms. 10. The nethod of claim8 wherein sald

di el ectric spacer |ayer conprises silicon oxynitirde having a thickness of
bet ween about 200 Angstrons and 500 Angstrons. 11 . The nethod of claim8
wherein said sacrificial organic |ayer conprises propylene glycol

1000 Angaty om - HIEH 8Bt A QR S kBl e IR Lot SRR hdgan ¢
I I h h h Kk f
et woen alATE S06RAHE LT PRt 200 Hoggronsad PR ABSSEIS TG et hod of ol ai m

10 wherein said sacrificial organic |ayer conprises propylene glycol
nononet hyl -ether having a thickness of between about 300 Angstrons and
1000 Angstroms 14. The nmethod of claim1l wherein said sacrificial organic
| ayer and1@ai d Thpuetbed ofglaimSevherein bai dielectrie spaoerdayter cpipmiakd sicehched usi ng a
pl asma-etch process with a CF4/BBr/ Q2 15 W5 NAY 2r 1

oxynitirde having a thickness of between about 200 Angstroms and 500 Angstroms.

‘_11..? S The method of clalm 8 wherem said sacrificial orgamc Iayer comprlses -

Ipropylene glycol monomethyl ether havmg a thlckness of between about 300 Angstroms and )
o 1000 Angstroms - o ' o

'1'2___‘ : ' The methocl of clalm 9 wherein said sacrtﬁcnal orgamc layer compI‘lSﬁS

| 'propylene glycol monomethyl ether havmg a thlckness of between about 300 Angstroms and _ _;'
_ 1000 Angstrorns L : , :

430 - The method of clann 10 whereln said sacr1ﬁc1a1 orgamc Iayer eomprlses

'prepytene glycol monomethyl ether havmg a thlckness of between about 300 Angstroms and
‘1000 Angstroms RS ' '

(S

14.  The method of claim 11 wherein said sacrificial organic layer and said spacer

dielectric layer are anisotropically etched using a plasma etch process with a CF,/HBr/ 0O,

15




chenm’'stry or a C12/02 chenistry for said sacrificial organic |ayer'and a
SF6/ HBr chemistry or a CF4/HBr chemstry for said dielectric spacy glmerzm
and said |iner oxide |layer acts as an etch stop. 15. The nethod of claim
11 wherein said sacrificial organic structure is renoved using an 02

pl asma stripping process having a selectivity of said sacrificial organic
structure to said L- shaped dielectric spacer of at least 100:1. 16. The

met hod of QB%FEQJ.U rificial organic i s renoved
using an 02 p r?ppl S%g?‘" S@@sggcwcﬁ\ﬂa %@a”é?q @'E,‘fq éﬁﬁ%ﬁjro‘ﬁ‘eg‘&?’ﬂ
sacrificial re,t said L-shaped dielectric spacer of at

| east 100:; frgﬁarﬁi?ﬁg %E'FI'J“ ‘g?l%ﬁ“i’ﬁ PceRBYE; Adsad dner oxidg dayer enteasaot ri c
spacer has % horizontal |eg .having a thickness of between about. 200
Angstrons & 5 S8Bo Angst r ons and a width of between about 200 Angstrons

and 900 Angstrons, and a vertical |eg having a thickness of between about
200 Angstrons: and 500 Angstrons. 16

15. The method of claim 11 wherein said sacrificial organic structure is removed using
an O, plasma stripping process having a selectivity of said sacrificial organic structure to

said L-shaped dielectric spacer of at least 100:1.

16.  The method of claim 14 wherein said sacrificial organic structure is removed using
an O, plasma stripping process having a selectivity of said sacrificial organic structure to

said L-shaped dielectric spacer of at least 100:].

.‘ ' ]7 o The method of cla1m 8 wherem said L- shaped dleiectrlc spacer has a
w : _honzontal leg havmg ] thlckness of between about 200 Angstroms and 500 Angstroms and a o
L 'j - width of between about 200 Angstroms and 900 Angstroms and a vertlcal leg havmg a ’EthkIlG‘sS' ’
" of between about 200 Angstroms and 500 Angstroms ' L Sl
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