PROCESSI NG W TH REDUCED LI NE END SHORTENI NG RATI O FI ELD OF THE | NVENTI ON

[ 00011The present invention relates generally toconductor processing, and
nore particularly to a nmethod for form ng device features with reduced |ine
end shortening (LES). BACKGROUND OF THE | NVENTI ON [ 0002] To achi eve feature
sizes that are smaller than the |ithographic ground rule, a process known
as resist trimmng is used. For exanple, to achieve transistor gate |length
smal l er than ground rule, the patterned resist nask can be trinmmed to
reduce the critical dinmension (CD) of the polysilion line to the target

di nensi on. Howev, %ﬁ?“ﬂ'*ﬁi‘ } t e }gﬁ,ﬁf t he

polysilieon Ii neﬁgﬂgﬁtgo pul agg]ﬁzgﬁhr%ﬁ%\g%%ﬁﬁggiglé es. 108031Thﬁ

di stance by which the photores} } i ened as conpared to the
HiE OF SHENafIoN,

reduction in line width is referre end shortening (LES)
ratio. T(};‘I% Sratio is .typi.cally >1.5 to 2. However, such a high LES ratio
Vot 1 oPe ) o Tt iR s B o ST B Peind e 1§ gie
of shrinkin evi ce di sionsculegﬁwith.'nce ed density. . As shown in
i gar i 1 1Pl § et A G e et ik FeliREE ool JoretingiDa
portion of a substrate of an 1C 100 Line end pull back can result in the
ends of poly silicon gates BAGRGRPINp Ogdf% ENTEN stors 220, 222 (as
shown in Fi& 2) to fall on an active region 240 of the substrate at
| ocat i on [B992]nst Edchisve Gigtursezesithatgre-sagllertharsthe lithepeaphie gromadrule a gracessnt
| eakage, as represented by the dotted line in Fig. 1, between the
transi st dREWNES 0B tigmpiag)istsed. HYr exsreplade adiievg trghsisterogatalength sreallor thei | | con
oxynitride hard mask to pattern polysil icon gates has been proposed. Hard
mask pr ocBewwsulehbapsterned messst dask easrftertiipotei tayetecehgtrgicalolisersioari@D) ofver
product yields, may be inconpatible with sonme processes. For exanple,
renoval dhe pdlgsihien liherrmthk tapdtdimatsomi dfpwieserccqpvertiodalmasjs irommin peocsdsks con
nitride Iliner

cause the polysilicon line end to pull back much more than do its sides.

[0003] The distance by which the photoresist line ends is shortened as compared to the

reduction in line width is referred to as the line end shortening (LES) ratio. The LES ratio is

typically >1.5 to 2. However, such a high LES ratio is not tolerable for some devices, such as

SRAM ICs, particularly in light of shrinking device dimensions coupled with increased density.

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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difficult. SUVWARY OF THE | NVENTI ON [ 00951The present invention relates to
a process for formng device features with reduced line cad shortening
(LES) In accordance with one aspect of the invention, a nethod for reducing
LES includes providing a substrate prepared with a device |ayer or |ayers
of a gate conductor forned thereon wth a patterned resist |ayer disposed
above the device layer or layers of the gate conductor, The method further
conprises partially trinmng the resist |ayer to produce resist dinensions
| ess than desired di nensions and patterning the device |ayer or |ayers of
the gate r i i 'm;]g resist.l.ayer . as a mask. The
step of pg‘tﬁglg?aﬁuggth?ﬁéeé‘bggwgggﬁé§g% Lgoe%/ c‘lf,szg%/er spaosfn?%%né dgcget%goél (t)r ﬁfjlll}%l:[eor trins

t he devi c(%ﬂji ayer or the layers to produce a patterned device |ayer or a
patterned gact e conductor with reduced LES ratio. [0006]In yet another
aspect of the invention, a sem r i i reduced LES ratio is
di scl osed. The sem conduct or dﬁ?@%ﬂﬁﬁ@%ﬁ&%te and a gate g
conduct or_dj Spos on the supstrate. The gate_conductor includes first an
second Si @ﬂ@ for ﬁﬁ%@regnwnamww%{ﬁas o7 reqess ik fosaing davien fratures Miihitglused engt h
L, wherein th ate, conductor conprises a LES ratio of less than 1.5. BRI EF
DESCRI PTI 14 f‘@g Sg?@nmw&}@én PeRSOADEs With one aspachefiheyBvention) yBRthp¢ % | i ne end
pul | back (LES) after gate patterning; [0008]Fig. 3 shows a process for

r educi ng Tetwsind LB bshderrravidingls subiératepirparegavith aglevich Byprerdesersor 2 gated

conductor formed thereon with a patterned resist layer disposed above the device layer or layers
of the gate conductor. The method further comprises partially trimming the resist layer to
produce resist dimensions less than desired dimensions and patterning the device layer or layers
of the gate conductor using the partially trimmed resist layer as a mask. The step of patteming
the device layer or layers of the gate conductor trims the device layer or the layers to produce a
patterned device layer or a patterned gate conductor with reduced LES ratio.
[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.



[ 0009] Fi gs. 4a-b, respectively, show SEM i nages of gate conductors
patterned in accordance with one enbodi nent of the invention and by
conventional processes using a hard nask. DETAI LED DESCRI PTI ON OF THE

| NVENTI ON [ 001. 01The present invention relates to sem conductor processing.
More particularly, the present invention provides a process for founing
patterned |line features wth reduced |ine end shortening. In one

enbodi ment, the |i feature conprises ponsiIIeon iiwhich serve, for
exanpl e, as gate conductors. Forming "types of line features is also

contenpl ated and wt hi nD%gg\ﬁ@?%S@RIﬁ—g@N B‘Fefﬁ W?DN cularly when | ow
one

LES ratio is desirable n accor dance mnt odi ment of t he

i nvention S()fl rm q‘g? &C%]K‘J}np%.[v %bg Q SQI‘II?C E&ucg)r ﬁ%%? S{I'l ! E’IO? rpcull Can be

achi eved art orns ure. 3h can

pr oduces prsest el btk aagwcgﬁa%{%@héa%i%%déw il %wﬁ%ﬁ cséﬁ?%%n@ﬂt to
conponr ot R7ERh BRSPS ok B e KRB b Sl aeg: one.
Featuren r%ﬁeia%é%éﬁﬁ?%é% Py e oot B s Sk lpaass  or

educing LES in accordance with one enbodi ment of the
within the scope of the invention, particularly where low LES ratio is desirable.

[0011] In accordance with one embodiment of the invention, forming a line feature with sub-
ground rule dimensions can be achieved as part of the etch that forms the line feature. The etch
can include an initial etch with appropriate etch chemistry which substantially produces the
feature based on a patterned resist mask and an over-etch to complete the patterning of the
feature, wherein the initial etch uses an appropriate etch chemistry to trim the line feature to
desired dimensions. By trimming the line feature as part of the etch that forms the line feature,
LES is substantially reduced.

[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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i nvention. The process includes providing a substrate having a patterned
resist layer thereon. Typically a BARC | ayer is provided beneath the resi st
| ayer to inprove the |ithographic process. The patterned resist layer is
used to forma sub-ground rule Iine feature. The difference between the
ground rule and the desired CD of the line feature is referred to as the
gap dinension (OD). [00131In one enbodi nent, the patterned resist |ayer is
partially trimed at step 310. The partial resist trimreduces the CDto
sub-ground rul e dinmensions, but insufficiently to satisfy the desired CD of

the line £c%§l% ;E;ﬁ:itee élgé{eﬁg%&[c[%gesmo@sﬁgﬁgh td & %}’%\/Aﬂlgit}?e&e %‘dr’] @I&i'wgth%)wlLﬁgs than

1.5, prefer nore prefera €ss and even nore
preferably,. fromabout.1 11.2  Th artial trim. f xample,. trims up to
Bbout a0 TREPEHT sisbirts a1 v haBR R sb by e PR BB or of er bl y
about 20- 30%.of In one enbodi , e partia rimtr.i | ess than
Sbout 10 WM« AbS et pborRErEt oF T Ans e Bpiakiien it By f8: ed o
acconmodat e different processes, sqQ as._t cilitate achievin he desired
CD with IWWOKEQ‘O%WSBPBW‘HES bé‘ﬁ? ]agfr%,egeg;lf}gge h?‘t‘“b]léﬁerbghf)éﬁrﬁ%"%‘g‘ &}QPH > 1In
conventional 02-based chem stry. [0014] At step 320, exposed portions of the
BARC | ay e¥onfisPitabieaseerngclpfromprsdhagiong Lvérr- Thedayepsterked st 3 ¥kis oaerpdr t i ons
of the layer beneath the BARC | ayer. The |ayer beneath the mask; in sone
appl i cati %@ﬁgd, orcthp rasisemadeto ferpea tikrdsataige In egperdanceryath epgembadigent aftthest ep 330
is patterned based on the resist mask to forma line feature. In accordance
wi th one ientidighrtanetcloformpe lingfeaird with the desieed shb-grorndrute CPnEnfikainuesst wi t h
the desired sub-gound rule CD. Unlike in resist trimprocesses, resisi
"foots" afrien protesses resig (f fahts” angndt hemeted Hyringths etcle dusiredpclngS$ ESatii@. ThEechet ch
conprises, in one enbodi nent, plasma etching. The etch enpl oys appropriate
cheni st r yedniprises; mhinagmboditieet, psha etahingli Tiecdtcloemplb gshappiopeate tisdmistgy fon t he
horizontal direction, The desired ratio of vertical to horizontal etching
(VE: Fi E) steHihg depentticahditdvof atitBomeottching iff thahoimnahdirdchién. VElewlesiedd réfla  The
etch chcmstrv can be tailored to achieve the desired VE FIE rati o.

[0015] i n emertrale dommital efchig (AR 8IE) SR akpa0 R feIREht GBS fatuf anl@dWan@ gat e
conductors. The gate conductor, for exanple, conprises a polysilicon |ayer

over a gafeslli TheQdt dhemlid¥an bd BRloRBtCadliRb Bl debifed \AYV-BIE @TPr | Ses, for
anple, an oxide layer. Qther types of |line features are also useful. It is

under st 00@oisg)at fnlife GRbEGGRAC Ml fer AE&LoRDisQ8a et B BRbing AR cggélﬁt&@ nduct or

can he S-shaped, L-shaped or othér shapes. In one enbodi nent,
non-ehlorfﬁgg i i -6 NN . ) ing a
non- chl ori ne a%:%gﬂmgdﬁg%} g’%ﬁli’g%ﬁ{ﬁ%ﬁ%goﬁélgtgor%%ﬁg Bg%r%%alnelg(ﬁ%%dt]ﬁ%%r' THe! N9
polysille i o Mo VI o I A M | fiLle. ] | B i_ment,
Phe’ ot ch e HEEHGlay & oM FrUEhic sh LI AL OUIIH PR ERRARAIET
second fl uoki ne-hased ¢ istries, The first. chem stry copprises a high
Fuor ne. SEELOEBAGROST AR i@ Sondhar hidiHor SESMBL MSAIRERR RS dalh el (o,
ratio or hi,gh rbon cont.ent, The first, chem str ches the, polysilicon
aver oni TeRBrs 2R ot et To apd SRR iR St BRI L o
sidewal | s, to, prevent.. bowi ng, maintainin he ofjle of the, gate copductor.
The 1 o1 stioeramitofislican (i faga agtohlorterbaSeathEpiIey e el SOLONE SRR <1y
can conprise CI-%ZFZ,or . .

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 SF¢, C;F or CF4 and the second chemistry can comprise CHyF; or
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CAF8, Preferably, the first and second cheinisfries respectively conprise
SF6 and CH2F2. Alternatively, the first and second chem stries respectively
conprise SF6 and Ci Fg. The nolar ratio of the first and second chem stries
is about 1:1 to 1:3. O her types of fluorine-based or non-fluorine based
chem stries may al so be useful. The etch can be perfornmed with | ow bias
power and relatively high source power. Under these conditions, a high
density, | ow bonmbardnment energy plasna is forned such that a high etch rate
can he achieved while mnimzing the degree of plasnma danage to the gate

Feat ur ot PRSPt Lol rat AR FOTE: EB-erspbcit e sF<BH OFEhdi ng at

step 340, ,The soft | ing step, for.example, is hi. S tive to the
cate o ol ARERRE hatteHteng P el iSSP HE S BPE 1) 55 Ceine THpEtr
dielectric |layer: After the soft |anding ste an over-etch is performed at
step 350.faﬁ*ﬂ8¥§leérs-t é%f??,corfdoﬁhe@;égr?ﬁvseago =3 %ﬁ%vgﬁwmyg?ﬁé%f fuaring:hased 1080 t he
gate dielectric material to prevent damage to the gate dielectric |ayer.

[ 00181Fi gfluorse Spwhshemistin margleo bt usgit - Thosidueandederiomed middow hiageewtrdance
w th one enbodinent of the invention,and Fig. 4b shows a SEM i nmage of gate
conduct or ¥1dgaletiesinigh spuree poviesr Hndes Hlesaewditi@nn g high depitvelow komdlardprest esses.
As shown in Fig. 4a, a LES ratio of about 1.2 can be achieved, with a

pol ysi | i ceneraymlasmafis Bboed sugD thape high ktch cate panshe, achisvehwlvile mininfivigg thelegree
conventional processes can only achieve a LES ratio of 2.4 with a smaller
trimof 26f phasmaslemsgecto thgiteydicledtdotayti ne end pull back is significantly
reduced using the present process. Additionally, with the present process,
hi gh funciobbtial In ekdmbodimeat, dlelcechito fdiartbe imsieatpreocidsthe desirad subdgomdstieat ed
for the fabrication of high density SRAM I Cs. [00191As descri bed. LES can
be reducedDBpt withaisof ldnbigladstey 3490 atilk séd ladding etép, fohexaf@Rl fsdikhGRetbdtiverg t he
etch to formthe line feature, Furthernore, CD through pitch perfornmance is
i npr oved tbeﬁé%w@diaeétriﬁhﬁfdﬁhpt@dédwe &f dligGhaté PittGRUTLIRY @ed Béledidic Ry& @dHeLihe
reduction in l:ineCD in isolated regions. Additionally, the present process
i's conmpatdo g fepC b bRMATetcRid perfolhéLARLPI3EO. B &dvik-bkh| bNGhmPENRABA evdnl 1S
thus readily integrated into existing processes with mniml exp terns of

bot h resoypiceselanditd V@t QRERM@Lricthdi&ial [ By darfie ¢OHR gﬁt@ it 1ayer.

conventional hard nask processes, |ower long-termproduction costs can be

I
achi eved. job Ag201Fe; AYGOL O e P RO luAh0E 1 3RREHL i BT

wi t hout departing fromthe spi or-essenti a aracteristics thereof The
¢ . . _ . d i _
11 ust r ac oot B kR A @Rl € SEMCRRE CEIRE iRl pERA Sl

a hard mask according to conventional processes. As shown in Fig. 4a, a LES ratio of about 1.2
can be achieved, with a polysilicon trim of about 30 nm. In 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

u]



of the invention is thus indicated by the appended clains, rather than by
the foregoing description, and all changes that cone within the neani ng and
range of ern clains are intended to be enbraced therein. Wat is clained
is: 1.A nethod thr formng a device conprising: providing a substrate
prepared with a device |ayer fonned thereon; providing a mask | ayer above
the device |ayer; patterning the mask |ayer to produce a first pattern

partially tringm.ng the layer with the first pattern selectively to
Peduce alcaTTRPEITRSAFEoE ps %VF@%%&*%@%*?@“%&&&&@ sd b pvbatinselia « n s
second pattern with a reduced . sion, erei.n the reduced di nensi on of
the secoRaskPapecesch lpwerdong-tte piodestion sogls sAB e pHeved.

[0020] The invention may be embodied in other specific forms without departing from the
spirit or essential characteristics thereof. The foregoing embodiments, therefore, are to be
considered in all respects illustrative rather than limiting the invention described herein. Scope
of the invention is thus indicated by the appended claims, rather than by the foregoing
description, and all changes that come within the meaning and range of equivalency of the

claims are intended to be embraced therein.



| arger than a desired dinension of a device feature, and conprises
partially trinmm ng the mask | ayer up to about 20-30% of a gap di nension,
wherein the gap dinmension difference between a ground rule and the desired
di rensi on of the device feature; and patterning the device layer with
the trimed nmask | ayer using an etch conprises first and second patterning
cheni st ri ®hat is dldimad ihe devi ce feature, wherein the first patterning

chem stry conprises SF6. C2F6 or CF4, and the second patterning chem stry
conpri sesl.Cl - 12wicthed focifdrsing heeeite bornpdidieg:ns t he device layer and trins
the device layer to formthe device feature with the desired di nension

which is small g6y §unRirate PrGRckddl e dbABe Rivel A8mbd thaFged; mask over the
device feature, the trinmng réesults in reducéd I|ine end short(LES) ratio,

wherein the L o(n%ﬁﬂ Oainﬁﬁlgtﬂgéilabbb? {h%nd%"%ﬁéa_ ?;s{mt hod of claim | wherein the

mask | ayer conprises a p resis is trimmed using 02 based
chem stry. The nethod of claim1l wherein; the nmask | ayer conprises

phot or esi st ; tWéteHE%g’@W%é?g?ye&)ng‘é"sa BrshBUAI i con | ayer over a
dielectric layer; and the patterned device | ayer conprises gate conductors.
4. The method opardalhy m@nméh@mslélagm\@ﬂeBchuéttmtgma;cTEecat/@Méfdreénep arinmred in
the sanme process step using plasnma and the chem stry for etching and

tri mm ng diengjab ef therfustqiattes tapeodvae b ori@dchetlon@kiwidvesatesd petbriviithh reditded.

dimension, wherein the reduced dimension of the second pattern is an intermediate dimension
larger than a desired dimension of a device feature, and comprises partially trimming the
mask layer up to about 20-30% of a gap dimension, wherein the gap dimension is the
difference between a ground rule and the desired dimension of the device feature; and
patterning the device layer with the trimmed mask layer using an etch comprises first
and second patterning chemistries to form the device feature, wherein the first patterning
chemistry comprises SFs, CoF¢ or CF4, and the second patterning chemistry comprises CH,F;
or C4Fg, the etch patterns the device layer and trims the device layer to form the device feature
with the desired dimension which is smaller than the reduced dimension of the trimmed mask
over the device feature, the trimming results in a reduced line end shortening (LES) ratio,

wherein the LES ratio is about 1.1 to 1.2.

2. The method of claim 1 wherein the mask layer comprises a photoresist and the

photoresist is trimmed using O, based chemistry.

3. The method of claim 1 wherein:
the mask layer comprises photoresist;
the device layer comprises a polysilicon layer over a dielectric layer; and

the patterned device layer comprises gate conductors.
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The nethod of claim|l wherein the first patterning chemstry is SF6 and the
second patterning chemstry is CH2F2. 6. The nethod of claim| wherein the
first patterning chemstry is SF, and the second patterning chem stry is
C,Fs. 7. A nethod of fabricating a sem conductor device conprising:

provi ding a sem conductor substrate prepared with a gate el ectrode | ayer;
formng and patterning a resist |layer to produce a first resist pattern
containing a pattern of the gate el ectrode | ayer; partially trinm ng
the resis4, | ayElie methed bl viainy 3twhei€ifl taegate cortRo®tite efchédhand trinfhed @Ihst
pattern to produce a trimed mask with a second resist pattern, wherein the

di mensi onsatfe drB&s$ @t@? ﬁ%ﬁgé%ﬂs&’a aR@ e SryPr Eﬂ&hﬁ%%@ k&hﬁmixﬁ}igﬁ RgicOn smal | er

than the dinmension o first resist pattern but |arger a desired

di mensi on_of at e, _conduct ar., and. c rises.partially trinmmng the mask

| ayer up ?oéldg%g%tarez@-ﬁgff&&%F%e‘éea&p:esmemsﬂilgﬁfm&her ein the gap dinension is
the difference between a ground rule and the desired dinension of the gate
conductor; and patterning the gate el ectrode layer with the tri med

mask using an etch conprises first and second patterning chem stries to
formthe §at e Tamaebodef chaived evherein ghef finskpatisening elnigiry seitissnd fhecsspgnd ses
SF6, C2F6 or CF4, and the second patterning chem stry conprises CHLF2

s the gatmttetréng clogiasthaigeHARd trinms the gate electrode |ayer to formthe
gate conductor with the desired di nension which is smaller than the

i ntennedi ate dinension of the trimmed mask over the gate conductor, the
trimmng results in a reduced LES ratio, wherein the LES ratio is about 1,1

to 1.2. 8. T M 7. : " asi ot : . :
02 based Them i getoh oPEiafh FufRefot i fislohbFud Sl HlisG PP alld Mo BRAY 112 "0

same process _step using. sma, and the chem stry for etching and trinmm ng
t he gateI@%8€¥W%§? lgﬁgPQ%?é tailored to achieve desired VE: HE ratio.

7. A method of fabricating a semiconductor device comprising:

providing a semiconductor substrate prepared with a gate electrode layer;

forming and patterning a resist layer to produce a first resist pattern containing a
pattern of the gate electrode layer;

partially trimming the resist layer selectively to reduce a dimension of the first resist
pattern to produce a trimmed mask with a second resist pattern, wherein the dimension of the
second resist pattern is an intermediate dimension smaller than the dimension of the first resist
pattern but larger than a desired dimension of a gate conductor, and comprises partially
trimming the mask layer up to about 20-30% of a gap dimension, wherein the gap dimension
is the difference between a ground rule and the desired dimension of the gate conductor; and

patterning the gate electrode layer with the trimmed mask using an etch comprises first
and second patterning chemistries to form the gate conductor, wherein the first patterning
chemistry comprises SFq, C;F¢ or CF,4, and the second patterning chemistry comprises CH,F»
or C4F3, the etch patterns the gate electrode layer and trims the gate electrode layer to form

the gate conductor with the desired dimension which is smaller than the intermediate
8



9. Anethod for formng a device conprising: providing a substrate prepared
with a device | ayer foaned thereon; provi ding a mask | ayer above the
device layer and patterning the mask layer to rma -first resist pattern;

partially trimm ng the mask | ayer selectively to reduce a di nension of the
first resist pattern Mproduce a trimed nmask with a second nmask patternten
edi at e di diewssion of thelttimmeadmaasktdver e getesiooduaér, thedrifinisg resels st a gducedr n but
which is larger than a desired dinension of a device feature, and conprises

parti al | YLES rdtit, AfectchiethedHS dadly € abopt 1.0 tabbout 20-309/0 of a gap di nmensi on,
wherein the gap dinension is the difference between a ground rule and the
desired di nension of the device feature; and patterning the device | a
- rith the trinmed mask using an etch conprises first and second patterning

chem strigs toformthe.device .feature, MWherei.n th e r ni

try com: sealtseRtpd Bt Sl AR Wires RS (M rRed HiRg BRI b Runy.
conpri ses CH2F2_ or 8, the etch patterns the device |layer and tri t he
devi ce |a%gat@&1q0891%1 gwer BEEPELALETTIE () b RGPS iR e AT Shen | s
smal l er than the internedi ate di mension of the trinmmed mask over the device
- f eat ur e, chetastpyafor etchinggind itiimmiingthecstel dlectiode dayerargdaitpred toeachieye desdicdeni ng
(LES) ratio, wherein the LES ratio is about 1.1 to L2. 10. The nethod of
cl aim9 WiBHE ratiohe nask | ayer conprises photoresist 11. The nethod of
claim 10 wherein patterning the device |ayer conprises a soft |anding which

is highly selective to a gate dielectric |layer; and an over-etch. The
met hod of claim9 wherein.

9. A method for forming a device comprising:

providing a substrate prepared with a device layer formed thereon;

providing a mask layer above the device layer and patterning the mask layer to form a
first resist pattern;

partially trimming the mask layer selectively to reduce a dimension of the first resist
pattern to produce a trimmed mask with a second mask pattern with an intermediate
dimension smaller than the dimension of the first resist pattern but which is larger than a
desired dimension of a device feature, and comprises partially trimming the mask layer up to
about 20-30% of a gap dimension, wherein the gap dimension is the difference between a
ground rule and the desired dimension of the device feature; and

patterning the device layer with the trimmed mask using an etch comprises first and
second patterning chemistries to form the device feature, wherein the first patterning
chemistry comprises SF, C,F¢ or CF,4, and the second patterning chemistry comprises CH,F»
or C,4Fs, the etch patterns the device layer and trims the device layer to form the device feature
with the desired dimension which is smaller than the intermediate dimension of the trimmed
mask over the device feature, the patterning/trimming results in a reduced line end shortening

(LES) ratio, wherein the LES ratio is about 1.1 to 1.2.



the mask | ayer conprises photoresist; t he device | ayer conprises
multiple |ayers of a gate stack which include a gate el ectrode | ayer over a
gate dielectric layer; and the desired feature conprises a gate conductor.
13. The method of claim 12 wherein patterning the device |ayer conprises: a
soi| landing which is highly selective to the gate dielectric layer; and an
over - et chl0. 14TheThethpdohddinop vdierdimite mgskrlayen cpmprisgsphatpresid: devi ce | ayer
trinms the device layer to the desired dinmension. 15. The method of claim9
wherein the first patterning ehemstr is SF6 and the second patterning

chem stry is CH2F2. 16. The nethod of claim9 wherepatterning chenmstry is

SF6 and the sempnifetRad bEERINNT0 WherBishdteriing HERBvice 15RE badphias: fortni a
devi ce conprising: 10
a soft landing which is highly selective to a gate dielectric layer; and

an over-etch.

12.  The method of claim 9 wherein:

the mask layer comprises photoresist;

the device layer comprises multiple layers of a gate stack which include a gate
electrode layer over a gate dielectric layer; and

the desired feature comprises a gate conductor.

13.  The method of claim 12 wherein patterning the device layer comprises:
a soft landing which is highly selective to the gate dielectric layer; and

an over-etch.

14.  The method of claim 9 wherein patterning the device layer trims the device layer to

the desired dimension.

15.  The method of claim 9 wherein the first patterning chemistry is SF¢ and the second

patterning chemistry is CH,F,.

16.  The method of claim 9 wherein the first patterning chemistry is SF¢ and the second

patterning chemistry is C4Fs.

17. A method for forming a device comprising:
10



providing a substrate prepared with a device |ayer fonnedhereon; providing
a resist |ayer above the device |layer; patterning the resist layer to
produce a first pattern; partially trianning the resist layer with
the first pattern selectively to reduce a dinmension of the first pattern to
produce a trinmmed mask with a second pattern with a reduced di nension,
wherei n the reRfouidings srbaksite prappradheitis @ deovier loxen fermed theegani nt et i nedi at e

di mrension | arger than a desired di nension of a device feature, and

conpri ses par tpraviding a tenist lagertdbeve deidevickdaper; up t o about 20-30% of a gap
di mensi on. wherein the gap dinension is the difference between a wound rule

and the desi r eght@difiBNEe?Esiffa & fikRpaticen; and patterning the
device layer with the trime usi ng an etch conprises first and second

patterning che g:é%]g f st
patterning che‘rgﬁrﬁ ly t?i?gltﬁ% |tfs?%l?sigﬂ%y the tﬁ%hgm S%%ﬁ%lgé‘%:%ﬁ ép%t terning
chem stry,.c CAF5, the.etc ns t he, devi ce.| aye and
e ey, GERTEYR PF g T PO B v AR gtk WL asd PERTUNHaASE
which is smaller than the reduced dinension of the trinmed nmask over the
devi ce f elimgneontwhereinthiierpcadsimprsion of the pecgnd eartym Avareiirrangiatechimagsion £S)
rati o, wherein the LES ratio is about 1.1 to 1.2, wherein the device |ayer
i s et chedamedthpatdesingldiinensibe of adevips frass asd eprnpsii;as@aniaé]srtﬁmmin@ﬂtehe
chem stry for etching and trimm ng the device layer are tailored to achieve
desired MesikHayettupQo about 20-30% of a gap dimension, wherein the gap dimension is the

difference between a ground rule and the desired dimension of the device feature; and

patterning the device layer with the trimmed mask using an etch comprises first and

second patterning chemistries to form the device feature, wherein the first patterning

chemistry comprises SFs, C,F¢ or CF4, and the second patterning chemistry comprises CH,F»

or C4Fs, the etch patterns the device layer and trims the device layer to form the device feature

with the desired dimension which is smaller than the reduced dimension of the trimmed mask

over the device feature, the trimming results in a reduced line end shortening (LES) ratio,

wherein the LES ratio is about 1.1 to 1.2, wherein the device layer is etched and patterned in

the same process step using plasma, and the chemistry for etching and trimming the device

layer are tailored to achieve desired VE:HE ratio.
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