PROCESSI NG W TH REDUCED LI NE END SHORTENI NG RATI O

FI ELD OF THE | NVENTI ON [ 0001] The present invention
rel ates generally to sem conductor processing, and
nore particularly to a nmethod for form ng device
features wth reduced |ine end shortening (LES).
BACKGROUND OF THE | NVENTI ON [ 0002] To achieve feature
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Fig. | shows a portion of a substrate of an IC 100.
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As shown in Figs. 1-2, high LES ratio can result in transistor leakage. Fig. 1 shows a portion of
a substrate of an IC 100. Line end pull back can result in the ends of polysilicon gates 210, 212
of adjacent transistors 220, 222 (as shown in Fig. 2) to fall on an active region 240 of the
substrate at location A, instead of on the field region 260. This results in current leakage, as
represented by the dotted line in Fig. 1, between the transistors.

[0004] To reduce LES, the use of a silicon nitride or silicon oxynitride hard mask to pattern
polysilicon gates has been proposed. Hard mask processes, however, besides contributing to
higher costs and lower product yields, may be incompatible with some processes. For example,
removal of the hard mask after etching is completed may cause erosion of a silicon nitride liner
used in shallow trench isolations (STIs) due to lack of etch selectivity, forming divots at the

edges of the STIs. This can lead to device leakage, impacting performance and reliability.
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renmoval of the hard nask after etching is conpleted
may cause erosion of a silicon nitride liner wused in
shallow trench isolations (STlIs) due to |l ack of etch
selectivity, formng divots at the edges of the STIs.
This can |l ead to device | eakage, inpacting performance
and reliability. | Additionally, the use of hard masks
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invention relates to a process for forn1ng devi ce
difficgléat ures with reduced |ine end shortening (LES). In
accordance with one aspect of the invention, a nethod
for reducing LES i S¢IMMeSRYIGR/THEAY VENTIORN r at e
prepared with a device |ayer or layers of a gate
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DESCRI PTI ON OF THE DRAW NGS . .
[0006] In yet another aspect of the invention, a semiconductor device with reduced LES ratio

is disclosed. The semiconductor device comprises a substrate and a gate conductor disposed on
the substrate. The gate conductor includes first and second sides forming a width W and first
and second ends forming a length L, wherein the gate conductor comprises a LES ratio of less
than 1.5.

BRIEF DESCRIPTION OF THE DRAWINGS
[0007] Figs. 1-2 show gate polysilicon line end pull back (LES) after gate patterning;
[0008] Fig. 3 shows a process for reducing LES in accordance with one embodiment of the
invention; and
[0009] Figs. 4a-b, respectively, show SEM images of gate conductors patterned in
accordance with one embodiment of the invention and by conventional processes using a hard

mask.



[0007] Figs. 1-2 show gate polysilicon line end pul
back (LES) after gate patterning; [0008] Fig, ; shows
a process for reducing LES in accordance with one
enbodi nent of the invention: and [0009] Figs, 4a-b,
respectively, show SEM i mages of gate conductors
patterned in accordance with one enbodi nent of the
i nvention a har d
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The present invention relates to sem conductor
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[0012] Fig. 3 shows a process for reducing LES in accordance with one embodiment of the
invention. The process includes providing a substrate having a patterned resist layer thereon.
Typically a BARC layer is provided beneath the resist layer to improve the lithographic process.
The patterned resist layer is used to form a sub-ground rule line feature. The difference between
the ground rule and the desired CD of the line feature is referred to as the gap dimension (GD).
[0013] In one embodiment, the patterned resist layer is partially trimmed at step 310. The
partial resist trim reduces the CD to sub-ground rule dimensions, but insufficiently to satisfy the
desired CD of the line feature. The partial trim should result in LES ratio of less than 1.5,
preferably less than 1.4, more preferably less than 1.3 and even more preferably, from about 1.1-
1.2. The partial trim, for example, trims up to about 40% of the GD, preferably about 10-40% of
the GD and more preferably about 20-30% of the GD. In one embodiment, the partial trim trims

less than about 10 nm of the resist. The amount of resist trimming can be adjusted to
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The patterned resist layer is used to forma
sub-ground rule line feature. The difference between
the ground rule and the desired CD of the line feature
is referred to as the gap dinension (G). [0013] In
one enbodi ment, the patterned resist layer is
partially trimmed at step 310. The partial resist
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preferably | ess than 1.3 and even nore preferably,
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trims up to about 40% of the (111, preferably about
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the horizontal direction. The desired ratio of

The gaterconduitort for kaamplentahprides hipolys{liven HEkr widrla glepdieldctoio layer. The
the height of the feature and the value of GD. The
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S-shaped, L-shaped or other shapes. In one embodiment, a non-chlorine-based chemistry is used
to etch the polysilicon layer. Using a non-chlorine based chemistry can reduce isotropic etching
of the polysilicon sidewalls, minimizing profile bowing.

[0016] In one embodiment, the etch chemistry used to etch the polysilicon layer comprises
first and second fluorine-based chemistries. The first chemistry comprises a high fluorine
content while the second chemistry comprises a low fluorine/carbon ratio or high carbon content.
The first chemistry etches the polysilicon layer while the second chemistry serves to passivate
the polysilicon sidewalls to prevent bowing, maintaining the profile of the gate conductor. The

first chemistry can comprise SFs, C,F¢ or CF4 and the second chemistry can comprise CH,F, or
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The gate conductor, for exanple, conprises a
polysilicon | ayer over a gate dielectric layer. The
gate dielectric |ayer conprises, for exanple, an oxide
| ayer. Qther types of line features are. also useful.
It is understood that the gate conductor need not be
strai ght. The gate conductor can be S-shaped,
L-shaped or _ot her shape I n. one enbodi ment, a
CaFs. nBW??fElP%ST‘Sﬁ P55 354 AR Pipics Sespeaityelt eorrish SFpand CHAF:.
polysilicon layer. Using a non-chlorine based
Alter@ﬁém}stheyﬁréfa&ndrmm@echp@aﬁtm@pﬁspeetlmiy agmpuise $Fyend C4Fg. The molar
polysilicon sidewalls, mnimzing profile bow ng.
ratio PO Gikstland seveond whadistrizs tis atolel @tte h:3 hethestypys efSfutbrine-based or non-
etch the polysilicon layer conprises first and second

fluorihk Beded B ASRME Iﬁﬁe&ﬂhéﬁé’ hRful. THE efch’cah b@ Rebtddiwith low bias power
conprises a high fluorine content while the second

nd FFEOTAL SRR A L TR T D romone
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ener§ Uit B SUTLIEs DRk GhT R aSRAPe SOnEr S elfismimizing the degree
bow ng, nalntalnln% the profile of the gate conductor.
of plapma dafiage fo bR ariestielyctaaliyebnpri se SF5;, C2F6 or CF4
and the second chem stry can conprise CH2F2 or C4F8.
[0017r ef br aldl embadieerit] thetetchrtd feectiedine Heaturstwittethe desired sub-ground rule
respectively conprise SF(, and C1712177.

CD sw®bt efithatsontahdding Aestéy 8L BREREERIIS: §bS rfblsé)(a'nﬁﬁe is highly selective
respectively conprise SF6 and CAF5. The nolar ratio

o S Bt SRR BTASRG  TOM ilidrover. A
ed chemistries.may.al so be useful.. The e

soft LG PP iy T REmBOHTeD S T HEF §ihy oR FRmele, has an even

. rce.power. Under these conditions, a high density,

highey é%iﬁ%wﬁbjé? theegnie digleetrigynaienal ie preyentglamage sl gairdiclctric layer.
hi gh etch rate can be achieved while m nimzing the

[0018egr Big. 4oshoptseasblaMdamgg ef gae chmhgaire paiehatinraccoriacewith one
[0017] In one enbodinent, the etch to formthe line

embollRadny b€ thalihVentiog, A&ISHip. efb ol QrIBMAmage 6f g esidaP®rs patterned with
with a soft IanC|ng at step 340. The soft | anding

a harcﬂn%ﬁk acfcgfdn?g(ﬁf@n@enticﬁla 188 s¥esS %seﬁltolvx)fﬁn P 4Ne1 88 &io ?f about 1.2

dielectric. material to reduce or elmnaeplttlngo
can bt han%dewﬂh%lpo ys1hc%n|tf3111¥1 of" aboutt nr%h‘lg’n contrast, as shown in Fig. 4b,

conventional processes can only achieve a LES ratio of 2.4 with a smaller trim of 20 nm. As
such, polysilicon line end pull back is significantly reduced using the present process.
Additionally, with the present process, high functional yield, comparable to hard mask processes,
was demonstrated for the fabrication of high density SRAM ICs.

[0019] As described, LES can be reduced by trimming the layer stack to achieve the desired
CD during the etch to form the line feature. Furthermore, CD through pitch performance is
improved because any microloading effect is counteracted by a greater reduction in line CD in
isolated regions. Additionally, the present process is compatible with current STI /silicon nitride

(SiN) liner schemes. It is thus readily integrated into existing processes with minimal expense in
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soft landing step, an over-etch is perforned at step
350, 'The over-etch, for exanple, has an even higher
selectivity to the gate dielectric material to prevent
damage to the gate dielectric layer. [0018] Fig. 4a
shows a SL, Minmage of gate conductors patterned in

terms of BeUTERNERES ANd HEVsHeP il S artripaliss 25 s parecbwith AnveaHgnal hard
Fig. 4b shows a SEM inage of gate conductors

mask ppatsses, hedenlpigrtera praduttionskstacaobedichigved convent i onal
processes. As shown in Fig. 4a, a LES ratio of about

[0020] 1. 2Thecianeh@nasdy evaabodiéd i ocdhdp@patsiid foe@B whthbBd d¥paidg ftom the
30 run. In contrast, as shown in Fig. 4b,

spirit oP&@c\!rﬁﬂﬂ bl%?éten%’h@? fARAD? TR f&%&n@&ﬁb&i{ﬁeﬁts LiESefdit,iafe Rf be

mnth a smaller tr|n1o
con51dcp g(i 1¥1 all eéip%@tsllilltlﬁra 1ve Sglnlttharr)lﬂgrhltiln tﬁé %O%Jt o%gfr%éé ed here%rh Scope
the pres t pro upctj onal |eI 0 arable
of the ipyengign & i’é’stg bepeied Glomaine o hohe fhrakorms
fabrlcatlon of hi gh denS|ty SEAM | Cs. [00191 As
descriptjer, ginl gl ¢hanges thag gompe withituibe andaypingrandningg of Keuivalgegy of the
stack to achieve the desired CD during the etch to
claims f@rintehdxel tbibeenfoeaicdtieereikur t hernore, C) through pitch
performance is inproved because any m crol oadi ng
effect is counteracted by a greater reduction in |ine
CDin isolated regions. Additionally, the present
process is conpatible with current STI ;silicon
nitride (Silt) finer schenes. It is thus readily
integrated into existing processes with m ni nal
expense in s terns of both resources and devel opnent al
time. Finally, as conpared with conventional hard
mask processes, |ower |ong-term production costs can
be achi eved. [0020] The invention may be enbodied in
ot her specific forns without departing fromthe
spirit or essential characteristics thereof. The
foregoi ng enbodi nents, therefore, are to be
considered in all respects illustrative rather than
limting the invention described herein. Scope of the
invention is thus indicated by the appended cl ai s,
rat her than by the foregoing
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description, and all changes that cone within the

nmeani ng and range of equivalency of the clains are

i ntended to be enbraced therein. What is clainmed is:

Clains 1. A nethod for reducing |line end shortening

(LEG conmprising: providing a substrate prepared with
What ig clgagedie: | ayer formed thereon with a patterned resist

| ayer di sposed above the device layer; partially

trimm ng the resist |ayer Claingw oduce resi st dinensions

| ess than desired dinensions; and patterning the

1.  deviegsd fayRdutisg Nfe bhsHoatehingl(LES | tdhprivash: r esi st | ayer
as a nmask, wherein patterning the device laver trins

t - I C : .
R e B RPN B BN R ARA SR ich Bmed resi
wherein th evi ce | ayer conprises an oxide | ayer and
layer thpospe ﬁ?)g\(e[ Q%Sgiﬁwféégaé’?r’over the oxide layer. 3. The
met hod of claim | wherein the patterned device |ayer
d’éﬁiﬂ?lﬁ’élé%mﬁ%g theagHghiexes fasproduce resigt dimepsensgessdhay ¢gsired
] wherein partially triiririiing the resist layer up to
dimensgysueandi0% of a gap di mension. 5. The method of claim
| wherein partially trimmng the resist layer up to

Paverhinkthd 080iad layer @i tHe patisilpiimMed Tdstst et @hsk, wherein
claiml wherein partially trimmng the resist |ayer up

patternir® B0 Qkice2By AR 1B devicedafer8b PRIGLOS Pat@@ed@vmga}%@ with

clalnwl_mhereln the patterned device [ayer conprises a
reducedt ERS'Ad.0 of less

2. The method of claim 1 wherein the device layer comprises an oxide layer and a

polysilicon layer over the oxide layer.
3. The method of claim 1 wherein the patterned device layer comprises gate conductors.

4, The method of claim 1 wherein partially trimming the resist layer up to about 40% of a

gap dimension.

5. The method of claim 1 wherein partially trimming the resist layer up to about 10-40% of

a gap dimension.

6. The method of claim 1 wherein partially trimming the resist layer up to about 20-30% of

a gap dimension.



than 1.5, 8. The nethod of claim11 wherein the
patterned device |ayer conprises a LES ratio of |ess
than 1.4. 9. The nethod of claim1 wherein the
patterned device |ayer conprises a LES ratio of |ess
than 1.3. 10. The nethod of claim 1l wherein the
patterned device |ayer conprises a LES ratio of about

1.1 to 1.2..11. The nethod of claiml wherein .
7. g arorfot e by G Bt B St SRPPERe ES ratio ofless
chem stry which includes first and second patterning
than lcheni stries, the first chemistry conprises a high
fluorine content and the second chem stry conprises a
| ow fluorine/carhori ratio. 12 The nmethod of claim 11
wherein the first patterning chem stry is sel ected
8. T mMhemidiRosfulkiim CRASERthOPat®dmeGovide lnydrComPHs&sFALESRRio0 of less
the second patterning chemstry is selected fromthe
than 194 0Up consisting of CL12F2 and C 4Fs. 13. The net hod
of claim 1l wherein the first patterning chemstry
conprises SF6 and the second patterning chemstry
conprises Cl-12F2. 14. The nethod of claim 11l wherein
the first patterning chem stry conprises SF6 and the
9. sdbemethng efesdaimnlgwherein the pytierbehievdeesdaxsr comgrise alBES patio of less
met hod of fabricating a sem conductor device
than Ichnpri sirng: providing a sem conductor substrate
prepared with |ayers of a gate conductor over the
substrate; formng and patterning a resist |ayer to
contain a pattern of the gate conductor;

10.  The method of claim 1 wherein the patterned device layer comprises a LES ratio of about
1.1to 1.2.
11.  The method of claim 1 wherein patterning the device layer comprises a patterning

chemistry which includes first and second patterning chemistries, the first chemistry comprises a

high fluorine content and the second chemistry comprises a low fluorine/carbon ratio.

12 The method of claim 11 wherein the first patterning chemistry is selected from the group
consisting of SFs, C,Fs and CF, and the second patterning chemistry is selected from the group

consisting of CH,F; and C4Fs.

13.  The method of claim 11 wherein the first patterning chemistry comprises SFs and the

second patterning chemistry comprises CH,F,.

14. The method of claim 11 wherein the first patterning chemistry comprises SFs and the

second patterning chemistry comprises C4Fg.



partially trimmng the resist |layer to produce resist
di mensi ons | ess than desired dinensions; and
patterning the |ayers of the gate conductor using the
partially trinmmed resist layer as a mnask, wherein
patterning the layers trinms the layers to produce a
patterned gate conduct or mﬁthha regugedfllpe en(i5
shortenin LEST ratio. 16. The nmethod of claim

e P op SbrEg e Fenipanduisics devian cqmgrising7, A
sem conductor device conprising: a substrate; and. a
g #fwiding d semsendictprovbsiratmprepered it lnpareof ¢ pee gatductor over the
conductor includes first and second sides formng a

substrafedt h \V and first and. second ends forming a | ength
L, wherein the gate conductor conprises a line end

S Mﬂlﬁ@ hﬁlﬂpa(tieﬁfi’)lﬁ b i@ 1Rkr Jtoe&*ﬁxtzhﬂ ﬁ'ﬂat%erg of &1% atdWnductor;

deV|ce of claim mherel he gate con ucto conprlseé

Py b g o et AR Poshin BB Shart Gl
Iess %@an 13 20 The devi ce of cIa|n11 wherein the
dunmﬁﬁ?@ nduct or conprises a LES ratio of about 1.1 to

patternlng the layers of the gate conductor using the partially trimmed resist layer as a
mask, wherein patterning the layers trims the layers to produce a patterned gate conductor with a

reduced line end shortening (LES) ratio.

16. The method of claim 15 wherein the LES ratio is less than 1.5.

17. A semiconductor device comprising:

a substrate; and

a gate conductor disposed on the substrate, the gate conductor includes first and second

sides forming a width W and first and second ends forming a length L, wherein the gate

conductor comprises a line end shortening (LES) ratio of less than 1.5.

I18.  The device of claim 1 wherein the gate conductor comprises a LES ratio of less than 1.4.

19. The device of claim 1 wherein the gate conductor comprises a LES ratio of less than 1.3.

20.  The device of claim 1 wherein the gate conductor comprises a LES ratio of about 1.1 to

1.2



