LI NE END SHORTENI NG REDUCTI ON DURI NG ETCH RELATED APPLI CATI ONS [0001] Thi s
application is a continuation-in-part of U S. Patent Application No.
511/521,810 entitled "Line End Shortening Reduction during Etch,” by Kota
et al. filed Septenber 14, 2006, which is hereby incorporated by reference.
FI ELD OF | NVENTI ON [ 0002] The present invention relates to the formation of
sem conduct or devi ceRINE ENIVSHORTENING B CTHONDUERENG ERCEht i on rel at es
to reducing line end shortening during 10 the formati on of sem conduct or
devi ces. BACKGROUND OF THE | NVENTI ON [0003] Duri ng sem conduct or waf er
processing, features of the sem qondudetoramevcagieoNg defined in the wafer
using well known patterning and éiching processes. In these processes, a
phot or esi st (0UQL] mat Eris applicsticteis asionenhationiimpamaf BrS.dhatent 4ppheatioh MNxposed

to light filt a.reticl The reticle i nerally, a | at e that
s pat er hed 12h s el edind SorsRumipatort et By Rofvetel gfled
Pr opagat i ng kaenel {200 Liflies HeRBPHBhIRePpF MG ough the ret icle,

the light contacts the surface of the photoresist naterial. The |ight
changes the cheni cal conpositi on HELDHRF PRUEDITEGONst 20 material such that a

devel oper cap. r ve a portion of the photoresi st terj al In fhe case of

posi tive phofwgﬁsﬁrhﬁg%ﬁewal%?m’coﬁéd&?g& f?‘é@“(?ﬁg’? é‘?rﬁlcf”é‘?'f’mdfevﬁﬁ% in the

case of negaﬁ/{}o‘f@aﬁ?@ﬁl%lﬁ%h@%reg%ﬁ SveRtich reldi& '?&ﬁl@ﬁ]%qgl_ereﬁg SR e Eduiriyoved.
t he er he erl f

Thereafter, I's et to renmove the und ying materi a romthe
areas t hHl athe foondtongé sempicotdctardebiges he phot oresi st material, and thereby

define the desired 25features jn.the water = v oo

[0003]  During semiconductor wafer processing, features of the semiconductor

device are defined in the wafer using well known patterning and etching processes. In
these processes, a photoresist (PR) material is deposited on the wafer and is then

15  exposed to light filtered by a reticle. The reticle is generally a glass plate that is
patterned with exemplary feature geometries that block light from propagating
through the reticle.
[0004]  After passing through the reticle, the light contacts the surface of the
photoresist material. The light changes the chemical composition of the photoresist

20  material such that a developer can remove a portion of the photoresist material. In
the case of positive photoresist materials, the exposed regions are removed, and in the
case of negative photoresist materials, the unexposed regions are removed.
Thereafter, the wafer is etched to remove the underlying material from the areas that
are no longer protected by the photoresist material, and thereby define the desired

25  features in the wafer.
[0005] The minimum feature size of integrated circuits (ICs) continues to shrink
with each generation of semiconductor wafer processing improvements. As
transistors and metal lines get smaller and move closer together, previously
insignificant third-order variables now dominate IC design and fabrication. One

30 problem that has arisen is “line end shortening” (LES). Figs. 1A and 1B illustrate
one line end shortening problem. LES is characterized as the difference between the

actual printed position of the end of a line and the intended (designed) position. Fig.
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[ 0005] The m nimum feature size of integrated circuits (1Cs) continues to
shrink with each generation of sem conductor wafer processing inprovenents.

As transistors and netal lines get smaller and nove cl oser together,
previously insignificant third-order variables now dom nate |IC design and
fabrication. One 30 problemthat has arisen is "line end shortening"” (LES).

Fi gs. 1A and 1ABllujtraestthaitdesigmef d transistard Ostithr a pelysifcgr ke Eunhia§ fiagn left
characteri zed as, the difference between. the actyal prjnted positi.on of the
o af ol 7 oo A (e e Aeiatede dfitalBieoRble gh ShpR RIHSR of ot

the design ofedtod ARSI difflsidh fBidh. POl ysilicon line 12 running fromleft
to right, that" may forma gate region used to electrically couple an upper

di ffusion re{@0d6]w tiigalB disstratds fheusivahprireed mmge [t O&uEE fromltBe idbdigist r at es
the actual printed imaq_e that results fromthe design Swith the dotted
lines 16 71| Bdfrthe floftpdilines de diustatingethp dasiregdesien. Pive tetheretdrafisctsandng

phot or esi st .S L aaLfi ~ i eni ng
Ui n LES ¢ BEREEIpIAGE k€ i Gl BB AT e shi A LE ARRES
(Y-Y1)/ ( X- X1patiowhayche defintdhewviktateferende to ey, 180 actY-an)/G{-X; heviienBtthe tatiotdie
reduction of the width, which is currently greater than 2. 10 [0007] Fi gs.
2A and 2B i | thgdedustian ghterensth toghe resyetion Oﬁtﬁéwa&i ﬁhwﬁ 1Y gretendy 8tFafes Fig. 2A
may have a phgheresist line 20 having a width W, side walls 24, and |ine
ends 22 between an active source 26 and drain 28. The resulting printed

i mage is10 | | [((07ht eFigan2Kiand 2BBlludthae seshdriliBOproblege Tiesdesignhiisoraesliiat | i ne
30 with a wwdth W2, sidewalls 32, and |ine ends 34. The w dth, W3, between
the design |i§e2dmpyduveagheteeesistling 2Qhadng anadth\Wnsideiplls 24 aadling i n a
gap between : j t a tJ ure of
Tho dovi co., R 22REGREnSh oBR% ShReeRa biih 28 HRE R AR IR 1 Tl
great er t hanillukeatel fnf Fig 2B eThetewsieing Whagertths Wphotbinessst 1ih&ES0 mdthgr writieWat t he
line ends 22 as conpared to the sidewalls 24. Althou Xt ensi ons ma%; b

h
added to t hesiforallseg, Hid line cads dhqahe pRbEoPachesvean e desien Jie eRkAZeand G not

onpensals. gtk e Eal S+ BRbIENOLE S00R Be eTHT KGRl
[ 0008] Ot her scangdsedkdgeshd fAdRBT theddsce. QU statbd Alsovenalsl itlosteaetp@rrEat 2B, f or

LES. However, hammer heads may give rise to the design rule violations
that can potld} ptaWVbyis emgh aragtar dainrthe Bisferrnen between mand Weadhwnd ESobysi | i con

e At hougt 2 il eRileds) 0B ORLED AR B8 1V ARRGILAGBRRRRY! O

bet ween t he fantrer "head and~porl ysi nes, e ‘'separati on wou

i ncrease t hepesidded @ thé fife €0 prédtiatioRded PRoYoresiwhiifgd) i ayficdlI§WRE pedshie!i t
el ements that can be integrated into a sem conductor device. Additionally,
the use20f rheasnse thesaisnohenoughueem|im thyanaskideaigniteicompansatresisES.[ Bbo9] LES

Vo1 1 eakdgs THOMHE WerBE o i MRRBNG on cr i cal d mensi bns (CD) and
ot her rel at §g008]0b! ©ffers have added “hammer heads” onto line ends to compensate for LES.
However, hammer heads may give rise to the design rule violations that can
potentially cause bridging between the hammer head and polysilicon line. Although
25  this bridging problem may be alleviated by a separation between the hammer head and
polysilicon lines, the separation would increase the size of the circuit element, which
means fewer circuit elements that can be integrated into a semiconductor device.
Additionally, the use of hammer heads may cause larger line width roughness.
[0009]  LES may result in degraded device performance, reduced reliability, lost
30 yield, leakage in the device, limitations on critical dimensions (CD) and other related

problems.



SUMMARY COF THE | NVENTI ON [0010] To achi eve the foregoing and in accordance
with the purpose of the present invention, a nethod for etching features in
an etch layer is provided. A patterned photoresist mask is provided over
the etch layer, the photoresist nask having at | east 5one photoresist |ine
having a pair of sidewalls ending at a line end is provided. A polyner

| ayer is placed over the at | BHMMARY ORCLIHE BSVENTIONe, wherein a thickness
of the polyne @ayer at the |ine end of the photoresist line is greater
than a thi ckJ@% lof Teachigrieythe foreging anshin ppeordange wath the parppsreofdhe pse st

|l i ne. Featur . t } . . p | st mask,
whorein a |1 A0 Do SR o R i, RLER 0 BY By [ECHIAR, DUGMRLRS| O

[ 0011] Anot hephomrdsfsesiasit is@hovified dver tHe\etdt laget, (he PHOBASIst ArasiahaBhf Adedsor
etching features in an etch |ayer. A patterned photoresist mask is provided

over the et cln¢ phetpresishiinediyingracraisel sidesvally guding)ats linceenskis pravidsdotior esi st

| i ne havi ng I S i I . I yer is

pl aced over ? ﬂ@g‘lfg Iz\(g’ré%lg £ ggé\gg%%éﬁ%%elgﬁ%s@&ﬁ Ilﬁl r?grgﬁgggl%b\yﬁ%ﬂgﬁgyﬁ%ésﬁﬁ?a
deposi ti on gag, pdlyméerdayes ai thg lihbendlepds photoresBakind RigeeaterPhasickass oft oppi ng
t he deposition gas. The polyner layer i1s trimmed, wherein a thickness of
the trimred B Bpkanerlgyrspn ghe sidravalls g theiotoresisi fingyh Beasues pistetghied dntp ghe

greater thancntPlisas |l pidiebid MIRCRGIHTElnd aXChoRBRE S SHBI o of

t he photoresis i ne, rising OW hg a I mm ng gas, orm ng the
t ri mmi ngl@asildssithanar pyuastoel, and 20 stopping the trinmming gas. Features are
etched into the etch Ia]i){er t hrough the photoresi st mask, wherein a |line end

shorteni ng ([483}] r atAnpthes mpgifgpiéon pidhe mvepgemppyideafrsarasthohior eeking i on of
the inventio . tus..fqQr_ e j f - el ow a
phot or esi st %33‘2& lﬁggl%%g lg’?el 1 g saft&gl%g Bg%tg{ecs){r%gé’:}igs]flsl}? %@H%ﬁé\fegéﬂegé‘%ga?’gm

si dewal | s enthephomdiesdt hiasiehantly htdeddt oid pledoredstlirRARingrQR@ssisigwallanber has

25 a chanber wall formng a plasma processing chanber enclosure, a
substrate suppérg atfad%newgp&quﬁgeralax%%rlﬁ@ﬁdeow theiah leapfcong | phetpsespit disessi ng
chanber cl : r.equl at Tregulating the.pressure in the
pl asma pﬁgc egoﬁ%i%@%ﬁgaﬁ ?Sétgc%]r %a’%, %%ns}og{{ls"gg %ﬁggé(%sé&nr%gé&f’ (;%rpsl%srn(l)am di ng
pover to t hearjd stsppinghe dessitvn gahaThe polgmer RFelie tiMned UshdbiniaWickn@¥ksasm, a
gas inlet for ﬁroyi ing gas into the plasma processing 30 chanber

encl osure, afdhatrijamedpelyser fager as shedline: and @t desphotepsistHieps geatgr franeessi ng
chanber encl . source in.fluid.connection wth.the gas inlet
compr i ses = DEtyar ot UETRRIRRg vstioR TSI i Pttt oo
source. A Cidnipisin@ifloWdg Reimaont §a! kalfomaaMeetifthih® ghdiataplasaspg and
at |east one electrode. The controller conprises at |east one processor and
conmput er20r ecteaping the dirmminmgnsi Seayres srpriched inedbapick laysttireugh tE@duci ng the

shri nkage of H Pe sitde |1 s and 1t he Line. ends tlle phot oresi st. i ne,
compri o ng ol TR vl e Srd R 0 SR R S Rt o1 5
readabl e coqeofAr PhPatodichthanifBRRAH dl (ROINSBMIdM ah ApphrAuP R ¥iBRInOY Ratukd e

| ine, wherein
in an etch layer, below a photoresist mask, having at least one photoresist line having

a pair of sidewalls ending at a line end is provided. A plasma processing chamber has

25  achamber wall forming a plasma processing chamber enclosure, a substrate support
for supi)orting a substrate within the plasma processing chamber enclosure, a pressure
regulator for regulating the pressure in the plasma processing chamber enclosure, at
least one electrode for providing power to the plasma processing chamber enclosure
for sustaining a plasma, a gas inlet for providing gas into the plasma processing

30  chamber enclosure, and a gas outlet for exhausting gas from the plasma processing
chamber enclosure. A gas source in fluid connection with the gas inlet comprises a

polymer deposition gas source and an etch layer etch gas source. A controller may be

3



an anmount of polyner at the line ends is greater than an anount of pol yner
on the sidewalls, conputer readable code for etching the etch | ayer,
wherein a line end shortening (LES) is no nore than 1, and conputer

readabl e code for renoving the photoresist mask. 10 [0013] These and ot her
features of the present invention will be described in nore detail belowin
t he det ai | ed caeis@abht¢onneased torthe passentceand ahlgadt one elsptuedst ilde ophtrpllerhe
follow ng figures. SCRI PTI ON, OF THE 0014].The present

| vent | on i s SPPHSS ARIoGH 6 HI T SW SHPRUS P s Ty CRBgIGPE eper
limtation, kshdhbIe chddier BRiueing tRSsHAMRAERFINE SideWAIRWNAIRe Bitderdd opiech |1 ke
ref erence nurrerals refer to S|mlar elements and in which: FIG' s 1A and
1B il | ust r at ghotoresist hiee, sonipskiog adnasﬁgnpcyﬂkt ewherem eachfiyCle' compgisesaqvainRiBer

illustrate another |ine end. hortenln rob m FI 3is igh Jevel flow
Chars of 5 ofGUagE coter Ry GRS bt & & a5r el nyhsERon

FIG s 4A-F gj ﬁm%ﬁﬁl%i‘%lﬁnéf %Péléﬁ%@‘éﬁdls%%kea&?%afn% aﬂcﬁl%opﬁolﬁnéﬂélﬁh
processed according to an enbodi nent of "t he i nvention. 5is a

nmor e det ai | edidéwalls, corapttenfcadabie epledbr eteldog thegtdh lagerewueminmlummlg HG 6

o act ci ng.t RPrIREAL FShis o hor gt . 8ng sORPYE Gatdult €% OBV st om
whi ch is sui gp&bI%Slg%agwpl ementing a controller used in enbodi ments of the
present invention. FIG's 8A-D are schematic cross-sectional and top

views of 1 s[03&] pr ddessaul ca:hcmfcaiumg of ﬂleqmesembod@nm)ntwmfbetdascnbndemmow

30FIG 9 is ano nor.e IedJ‘Io art of. a s i redu i ne end
shor t eni ng. §agh Qﬁoﬁl‘%’?’ﬂ}q_ mfgiglwnpﬁé?—%ﬁ%@lﬁ'

[ 0015] The prﬁl@{ﬁag AYgEL i on wi I | now be described in detail w t h reference
to a few preferred embodinents thereof as illustrated in the acconpanying
drawi ngs. In the follow nﬁ DESGIRIBAION RETHEDRAMINGS details are set

forth in ord 0 pr
[?)013] P 'I%e present invention is illustrated by way of example, and not by way of

15  limitation, in the figures of the accompanying drawings and in which like reference
numerals refer to similar elements and in which:
FIG.’s 1A and 1B illustrate one line end shortening problem.
FIG.’s 2A and 2B illustrate another line end shortening problem.
FIG. 3 is a high level flow chart of a process that may be used in an
20 embodiment of the invention.
FIG.'s 4A-F are schematic cross-sectional and top views of a stack processed
according to an embodiment of the invention.
FIG. 5 is a more detailed flow chart of a step of reducing line end shortening.
FIG. 6 is a schematic view of a plasma processing chamber that may be used
25  in practicing the invention.
FIG.'s 7A-B illustrate a computer system, which is suitable for implementing a
controller used in embodiments of the present invention.
FIG.'s 8A-D are schematic cross-sectional and top views of a stack processed
according to an embodiment of the invention.
30 FIG. 9 is another more detailed flow chart of a step of reducing line end

shortening.



5 thorough understandi ng of the present invention. It wll be apparent,
however, to one skilled in the art, that the present invention nay be
practiced without sone or all of these specific details. In other

i nstances, well known process steps and/or structures have not been
described in detail in order to not unnecessarily obscure the present

i nvention. 10[ 001®EIAHED DESGRETIONOE A PREFERRED BMBORIMENAS| evel fl ow
chart of a pr s hat may. be used._jin an enbodi ment of the invention. A
patt erned ph&&@%isi s%hen%f%??n OVERGRR ‘H‘é]ld‘o(“ég%%sgléllﬂd.mldle@l Wi federgnesdfdmat i )
Cross-sectio j VS 404, wit
o pattorned HhoPat e mEdigt ghRoPRs Fhpat fiH RSyl Tih, 0. |
under | ayer 41y folveingtdescripgipes nub8onsspbeifieidefadslarkSef forthiimgrder &t mokidé@0. The
patt erned_phot oresi st. mask, 412 has at | east one photoresist |ine having a
pair of s? der?@melémﬂwg of thepreseppingenfions dt witbeanpeieak howevgator@ened
phot or esi st . t i L . ayer to
Do et chod.  Thoney BAR, BHCEL BlesyrRfenfTB i oL peElico VIRGh QURE of Wl 2

i nes with phetospesifictdesiildewadther iastandes neelEkitavn pibecspbiepoamBosdtruteadsur es
may have a wdth , as shown. 20 [0017]FIG 4B is a top view of the

phot or esi st AREKI4 poen ‘;s-l‘iémﬂiegdﬁggté’é inpEgeto noh HEtesEBAT VRPSpHe issesnt such as
l'i t hography, ;fessdd in LES of the printed image. The dotted |ines 416
illustrate the printed pattern provided for the photoresist nask 412. The
actual et&heflilohge Toafacilieweusdedeammlings FA34 Brdigh leeeldits chidtoft hymbocas e
shortened, as illustrated. 25 [0018] The underl ayer 410 may be any known
organic, ino hﬁﬁlﬁf’e B?edr’r’éla'éFmpa‘}‘é}e?‘l pldthe BReRPOhr 4y PRtteTRed tali‘?éllsﬁ'mﬁ‘ﬂﬁ)lﬁt ended
to be limti : r | r : i~ l.ef i L

bottom anti grg? 1%@@%5%%}3? %@194 E BAaR%ﬁ?rﬁgtll%f}é%:st {e?{%&gd?\%ileyﬁ?ﬁe gécrtt‘lgég coating
(DARC) , anorgbimdsiO8avbomnsublaasite 40@.skitls b phitaasedphotdresiSimddk,413iwiy Nz, or any
ot her known underl ayers. 30 [0019] A coating may he placed over the

phot or esi st eyigifeaiursp 8y4 quey alsun@rlayqrr&?% st tieleer 90 betekedof thi s

st ep. h oA 2R I . L cycle
of a cyc 5isc proél sasslta?(i)(r#gpi 2%85‘?%{3&&5?@3%@%?@5%@%%gﬁga@&# @ﬁ%ﬁ’”&%er 504
and har deni rinettaeingel pairest siceyatls 528endifgatehiietsndsi2ot Toipresderdy fagemeat ed or
deposited with a polyner |ayer so that spaces between the photoresist
features 41Phoipresishineasks? Pictoresigitlayer enaydedirptfgrmedeveyihst lnxertahe eghed. he

phot or esi st t i I . i shown in
FIG a0 whi R BRgorpS Qb ioimlRh Ol plofite AR I i Bl

phot or esi st sidenails andlicoaided The photolegisprapui@ myplyie.a Widd2 W FsGhodR. is a top
vi ew of the Bhot oresi st mask 412 of FIG 4C with the photoresist |ine
coat ed Pt h [P 1pol Y4B igpdep izw, of thephsspipsist mpsgk/HlR2. Zvsrliseyssest abhee,

phot or esi St i hitin fo&Sles 18 bl NhoBRARRy. HeART Y SHEplified iaglt 120

et ching such
dotted lines 416 illustrate the printed pattern provided for the photoresist mask 412.

The actual etched image may have sidewalls 434 and line ends 436 that are shortened,
as illustrated.

25 [0018]  The underlayer 410 may be any known organic, inorganic, or metal layer.
For exemplary purposes and not intended to be limiting, the underlayer may be an
anti-reflective layer (ARL), bottom anti-reflective coating (BARC), dielectric anti-
reflective coating (DARC), amorphous carbon, hard mask such as SiyOy, SixNy,
SixOyNz, or any other known underlayers.

30 [0019] A coating may be placed over the photoresist mask (step 308). FIG. 5is a
more detailed flow chart of this step. As shown in FIG. 5, the reduction of LES

comprises at least one cycle of a cyclic process comprising the steps of depositing a

5



10 the LES ratio is equal to or less than 1. The coating reduces LES to
increase the length and width of the photoresist line. As illustrated, the
anount of pol yner deposited at the line end 420, y, is greater than the
anount of pol yner deposited on the sidewalls 424, x, since shrinkage occurs
to a greater degree at the line ends 420 than at the sidewalls 424. In one
enbodi nent , ipelyineer fayer &)bdidchardening the paliymgntayers S0B5 B@@pt@emﬂms megbat the
line ends be t much as the ampunt ite t he .si dewal | s.
The ampunt _ofPR68 P IerostsbEi L B0 IS SR padsS RaR e e RS aiEsiSy Gowal |
reduction ratgkfuref 41 2Ravetviiahs s, [t 21 IERehBO theRittHs 23 Tof TRY plfRdedkn a
carbon, hydrogen, fluorine, or a combi nation t hereof. The gases used may be

a hydr ocar bofieatweh baﬁ)lwﬁllematalg@ﬁhf) polgmef layery acdoborin Flf@dﬁi@fwllmn ocar bon,

hel i um argo nbi nagjon the e fJ ocar bon ve a

chent cal 1 or fingsecheds ere ek Shidhi plgrcit iR SRR for mu a
C' HyFz. The PORARS Ryl depositing the polyner over the photoresi st mask may

t ake between about to 20 seconds. [0022] The pol ymer may be hardened with
a mxture of [6020br oddh4D isatoravies dﬁyiwrpi@emdistmnasﬁél@@ﬁﬂ@rdﬁ withlthey, t he

fl b ted until th
esirod | aycPRIGreahAsaeer it Ge grLREF HF 21 IR IR By R B0 BHe BFod no
mor e than 10k daRSist IW&B%&@étXh@Ené &R U209kd Elhéfﬁalls[zi%&?cﬁnh'ﬁ %Edﬁ'ir?gss&ﬁ%léﬁﬁy

t hen be etched into the étch layer 408 through the phot orgy st mask
(step 31H), tw [dfomtioineqaniGo oztIE:SSAhq@dr tThercoatingiteducss lilfetopotpaserthg0 coat| ng

226 I t t.h t I d d
ot deva | o ¢ olenEthagd v ok pHocTeSicBies e M hesnP ol pbier oqual to
or |ess thandéposﬁézﬁatmmweﬂ@b 188 frcdib? tlah (i RRoURBPYEYEP RGN 2

shown in FIG "4F. anple In an” exanple of this process, a patterned
phot or esi st 1ha)seiewak}s 424, mesiné¢stheink 3@4)ccud te algsﬂatatdegmem; thedlink endied 26t c h

| ayer 408, ap und r.410 and a terned t oy esj st. mask 41

ol aced I n anthel BHOE RAFBEH: 22 (5G0a rbadingnl 4t 1s PEAHGHERFE A BRPWIOL il asma
processipg saaahsgnﬁ&@u&mtthaﬁye Sfas\bReftol AcPh@RRN AR AORRE Ry GV er @
phot or esi st nask rdening the polyner l[ayer, etching, and I ppi ng.

Pl asma procethssldgwsljrst'ﬁmzﬁﬁkﬁlnnaglcoamgdd;msaethaylbaupemM1mgnLEBItoGOl The

pl asma processing tqol 601 is. _an |nductively coupled plasma etching tool
and i ncl udess“ge %@%W’Béﬂ‘bﬁ’ f lgggth %tl ng a pl asma processing chanber 10 604

er T ] T S . 83,0, o
power suppl yeoabnatiohltheeesi Mhelghses pheditmy 624 hgdieairdon mdhhas mmgthagr@H;hanmber
604. [0025] The TCP power controller 650 sets a set point for TCP power
suppl y g1~ fluorocarbon, hydrofluorocarbon, helium, argon, or a combination thereof. The
fluorocarbon may have a chemical formula C4Fs. Preferably, the fluorocarbon has a
chemical formula C,;H,F,. The process of depositing the polymer over the photoresist
mask may take between about 1 to 20 seconds.
[0022] The polymer may be hardened with a mixture of fluorocarbon and a
25  hydrogen bromide gas. Preferably, the fluorocarbon may be CF,. The cyclic process
may be repeated until the desired layer is achieved. It is preferable that the cycle be
repeated no more than 10 times, preferably at least one time.
[0023]  Features 428 may then be etched into the etch layer 408 through the
photoresist mask 412 (step 316), as shown in FIG. 4E. A portion or all of the polymer
30  coating 226 may also removed during this step, thereby protecting the line ends and

sidewalls to reduce the amount of LES such that the LES ratio is equal to or less than

1. The photoresist mask 412 is then removed (step 320), as shown in FIG. 4F.
6



configured to supply a radio frequency signal at 13.56MHz, tuned by a TCP
mat ch 15 network 652, to a TCP coil 675 |ocated near the plasma chanber

604. An RF transparent wi ndow 654 is provided to separate TCP coil 675 from
pl asma chanmber 604 while allowi ng energy to pass from TCP coil 675 to

pl asma chanmber 604. An optically transparent w ndow 665 may be provi ded by
a circul ar pibxemptef sapphire having a dianeter of approximately 2.5 cm (1

e e ok G ed Bt E PR L AR S
configured tQusarl ¢04§Qitﬁlﬁlé5ét&pﬁ#@r 408[‘5‘:%&%19&&%16%9*& 6(%%:&@3 ??@t%?esist 0 a

chuck el ectrode 608 |ocated wthin the plasma chanber 4 creating a direct
current (DC) neishdl2bglecedliren etobleh@ni®rwhi ch is adapted to receive a

substrate_60 ch .sem - 25 conductaor wafer work piece, being
processed® | MTA g@? g&%ﬁb PSReratif XisPah aRlasRAsPIeeRsFIRg Skrtem iOR0 thadeeydesour ce

or sources of; . ﬁ'n%l' A HERL ply
t he proper chseeﬁd?gl'??lgélpgggji%’ e ?23}@} %ﬁegggggé(?g%éﬁpg@%’he I n% rtﬁ%ﬁ&ﬁ?‘t@?ﬁg&% asm
chanber 604. etdhipgsanebddpng. nBlatan pooewtibg system 6@ snay ipcledsuprrsmant r ol  val ve

619 and exhaust punp 620 and 30 renoves particles fromw thin the plasma
chanmber 604 B‘r?&csr%mgﬁf’%}i Gro% E%ﬁé??%sfneml%ﬁs%%?ghg@ it iRdrey el raurlehrBERa 604.

[0028] A te ”pﬁt'&ﬁirng ko1 AR RldeEh P@a@%a?@i&c{r%ﬁ hﬁ%ﬁg g?@ﬁ%ﬂg&%@ﬁﬁ hERlers 682

provi ded within the chuck el ectrode 608 by cont eater power
supply 6BY. &bkthpicars nfy tpnsforssicogplsy powen @WP) abstoollen 650 deda blas poweni ¢

control circuitry 6 00291 FIG 'S 7 nd 7B illu ate a conputer system
700, which i%omﬁ%%%e“{ﬁs?ctsegnﬁ%%m Chpoaree st %?ndeaygwag%weq $ypply
embodi ment s g4 ihhﬁe&ﬁr?gsﬁgg%'s&é%%'c%ted% in pRsHE CHEMRRBOROSSI bl € physi cal

formof the conmputer syst course, the conputer system may have many
physi cal f or®825angilhg TiGRopovear comtraltr &5@ Sete b setyoint far PEP pbeer aippbddl boar d,

and a small handhel d device up o a huge su onput er. Conputer system
700 | nol udesCORIFEHA LR PR raél%ff%%eagfy stgel aﬁié@ﬁgw%?y 3 TGERateh i f ve
708, a b o AT | ' en-readabl e

medi um ﬁgdqﬁgg?‘%ﬁszfer dg?g&?g?%%g?e?l?ﬁqiﬁgﬁé?@c@@“ﬁ%@o .nlflgoso] FIG 7B

i s an exanplteansparentbviaddw 854 iy ovided tocsepmiatesTCB ysil 675 #O0. pldniacHaatbet 0
systembus 720 is a w de variety of subs Processor(s) 722 (also

referred to %Y Wilgylowing encsmstorngsuiomsl éﬁg% toplasmagihamber ¢ Ar age

devi ces, optically transparent window 665 may be provided by a circular piece of sapphire

having a diameter of approximately 2.5 cm (1 inch) located in an aperture in the RF

20  transparent window 654.
[0026] The bias power controller 655 sets a set point for bias power supply 656
configured to supply an RF signal, tuned by bias match network 657, to a chuck
electrode 608 located within the plasma chamber 604 creating a direct current (DC)
bias above electrode 608 which is adapted to receive a substrate 606, such as a semi-

25  conductor wafer work piece, being processed.
[0027] A gas supply mechanism or gas source 610 includes a source or sources of
gas or gases 616 attached via a gas manifold 617 to supply the proper chemistry
required for the process to the interior of the plasma chamber 604. A gas exhaust
mechanism 618 includes a pressure control valve 619 and exhaust pump 620 and

30  removes particles from within the plasma chamber 604 and maintains a particular

pressure within plasma chamber 604.



15 including nmenory 724. Menory 724 includes random access nenory (RAM and
read-only nmenory (ROM. As is well known in the art, ROMacts to transfer
data and instructions uni-directionally to the CPU and RAM i s used
typically to transfer data and instructions in a bi-directional manner.
Both of these types of nenories may include any suitable of the

conput er - r ead@@38 neditempersturd ¢rwtroben SR contrpls thaitedipstatire of henters 682 so

| ed bi - di i onal |y t 722 ] id diti onal dat
capaci ty. and PRy Sgni e ek elsetate or B SHlshERe APEaGL B0 Ler Bb] Bedcr hea
bel ow. Fi xed 14 $kashbroRYsiRE s)4RBA60PaISS RicRidBE Q8¢RI coltfclcirdfifly k@ |1 ke and

is typically a secondary storage nedium (such as a hard disk) that is
sl ower than [0029ry EiGiSale and TBwilustratver opgruearisgstenl 70awhichas suitablerfat i on

| ncor por af ed THcgEk gonadRT 61D e if pirbad PRBRGI S FeERGR 55 Fleroyabl o
di sk 714 may 7haligwk e Qs;sfﬂsl%fﬂ?g{bﬁl Rbmidreh LIPS sy§eRI DY SupBtha descri bed

bel ow. [0031] CPU 722 1| upled to a variety of iInput/output devices,
such as di spkaypiedsystcayimophaveitfny physical f6tis ranphgSea ke irgegi3@d cireuig@ner al |
an input/outpuyt 30.devjce may be f: . video djsplays, track balls, mce,
keyboar ds, mPEFGﬁ ﬁBﬁ‘é‘%i,’oac‘@L?é‘H-assé‘T@i%&yl‘a AeyreyR o 4)1?‘};\%§Bﬂ%‘€|° PR 1 eader s,
magnetic or  papfud 3Rferh 986/ Flchudet 3MdHidr 762, ¥l iRy 7040h B8t TR WKL | NG
recogni zers, b?%?retr ces reag{ers,e or ot hrer conmput'ers. CPlfJ 7g22 optionally
may be cblipl ddve B0Gadehmrard dHhanheén noouse 12 cDisinTii# ¢sa canputereteadatite usi ng
network interface 740 Wtr% such a B twork interfac it is contenpl ated

that the CPUTHFHIRY d o frons PG e 0 CYRPYHSYSE \ , or mght output
i nf ormation E(ﬁ)ggi‘e NGEWeR Ks érﬂcg%a 16681 618k ag%%ﬁ Rfr%ﬂ?uttep@ys?é?ﬂ’vgo. S

descri bed ne steps. Furt re, net hod1 odi ments of” the present
i nventi on mapttectedud eystah by 72(pisa viBEvVai2&y of subaystare cRroeessvids) 7R2r{alsawor k

such as the Internet in Ca;l)nj unction_vvit%g Sem)te U that shares a portion
of the procefdstyl toppeYBIal RroSERIING WS o8 @d g rouPls t‘lﬁgmﬁ?a%‘ﬁﬁecs’i nvention

further | a Hltg*ef S cTeTFTo | - medi um
t hat hav{ésacohrrlgtu:dg}gcrgo e 1(% 4’t tﬁgér eo 7?(Ejlr pe(%egcgérmn(‘%o thggc\?gérglrﬂgtﬁsﬁry (R@ﬁ\ﬁ?&{(ﬁ

conput er - i nplead@ntyaderaper(RIOM)ISAs Bheelhiadiven iarthe anfpOMeactcedeansiey dive andhose
specially designed and constructed for the purposes of t

e re nt
i nvention, ofMSEWEiPnpEYI-gEecipnallydo the Pl and M“%Fﬁdyﬂﬁ%lrﬂ ‘QEYaégftgbd‘i‘tﬁose

havi ng skill_j . ry:s.af: 1 ﬁ?’g f Wahnieadabl e
medi a i ncl udaed,drig%fpjat g(r&fe?%o ﬁl(}l%lg{nté')({jﬁ%r%:n Hér%hggnoetﬁgﬁr%éed &soufgﬁéﬂgs ﬁanr1 (f di sks,
f1 oppy di sksincide adypsuibleeifitite ¢onpiterapidabid madididescsibedbalswCik Rbdddiakhd

hol ogr aphi ¢ devi ces; magneto-optical nedia such as fl di sks; and

t.ical
har dwar 0evi%6ds alspapuplpd bisdisectignally todrRY d&#:dbproyidss Bﬁ?‘gﬁlﬁgf’z daRsEQURES progr am

code, such a ' [.0n- S ific i Cl j
pr ogr ammabl ecsalpg%&cdnggi}%}%{ei? ﬂ?@ﬁ’ﬁé fﬁ%%g%gwgﬁtgr ﬁé&k‘f‘%{%&?"é‘ gedgﬁs aejr(rlp eleogv ‘of
conput er codgxéd\diskdes g e ieedOdtore pridharas datapaniChd iRy aad appichlera 20 and

files containing higher |evel code that are executed by a conputer using an

i nt er pr et er . SecYAgNK Berage agdivme(sHeltiaen ity disks hapis dewss thaty By staragfs i t t ed
by a conput er..dat L.an i | rhienh senting a
sequence of ‘?'lrlls r%@felcgdrtlegi tthﬁtgp anﬂr@qg(dég g‘tﬁgﬁﬁeé ‘ﬁ{/}n%lﬁ%gdo%gg g%?.ma?b@%] A

pol yner 2say eipptdpriateaacst, By Ricofpdeatdthimt seindatdstasties ks {isth&lpn S8y in Wsdnngry 25

mul tiple cycles of the cycle showmn in FIG 5, an exanple recipe of .

deposi ting a24eRemavablayesk 114tragy Bloathefpim af gueof thecorapytamieadable gigdiant at
| east one of CHA“ 8, and C,,HyFz. An etch chanber or plasma processing
chanber may dr?g%eg%girzg’ssure of 1-100 ml. More preferably, the pressure for

lateral ly etjot3mg t PUEKs aRoRetMEET 2vatidiy of DB/ Rpuk@ARVic¥Ashich &f power
are supplied to the plasnma processi ng chanber at )
display 704, keyboard 710, mouse 712, and speakers 730. In general, an input/output
30 device may be any of: video displays, track balls, mice, keyboards, microphones,
touch-sensitive displays, transducer card readers, magnetic or paper tape readers,

tablets, styluses, voice or handwriting recognizers, biometrics readers, or other

8



30 13.56 MHz. The tenperature may be between about 40C -60C. In one

enbodi nent of a recipe, 20 sccm CH4 and 100 sccmof He is used at a
tenperature of 40C for 15 seconds at a pressure of 5nI, 500 Watts of power,
and zero bias power. [0034] The plasnma |ayer is hardened (step 508). An
exanpl e reci pe for the hardening of the polymer |ayer provides a

f | uor ocar bon camguteys CEETR hopsivnally menbarmiphy! tgasotheushnmgerkd0 sccm CF4 and

25 HB f 5 hanb A RF
our oo pr ovi AEEREED NGB gpibe g SrBipro ety b i Grus aviber ot ur e
of 40C. [ 003%jdEeadelft§SciHidnpBRD ok aleathly RlifhdrBRiRLiAfbriadSE bR BPndbRlk, | N

this exanple, the etch layer is a polysilicon for formng a gate. |n Other
enbodi nent s, orheghta)}amutmfomwnc@ﬁd netiyorkén theconnse of pafiainieg the abayer, such

as Si N, C, an rret a r, or | ow | el ec c A conventi onal
otch reci % thodistnse kﬂﬁ‘?a%aoreawh@&r@@ﬂ e PresBRvEStPR oV
the mask (step ﬁi@éw@gblawgsﬂ c@mmr% é%%cd{§ 8% a[&%c?ﬂ(l sﬁcl?asot'hgfh?(éﬁl%p

enbodi nent of I nvention, the placenent of the polynmer |ayer, hardening
of the pol ynmer cdmyestion snidh seteoiokanGPU ieat shatua pertionbbthehpeoessing.| ayer are done

in situint me et chanmber, as s vvn Pr ef er abl t he pl acenent and
15 har deni ngP(ﬁpifhe S‘ﬁg‘ﬁ’ﬁfl ?f%‘gféiﬂm%s Bg SFFPER IBYRYHOR duthey Felafefan cycl es.
More pref erabbyp utElhﬁoxﬁ%@ﬁﬁﬂﬁ&E vl Méﬁ% 10GaBfe rﬁ&ﬁmﬁ%gx e é&ﬂﬁteﬂ e

perforned over at |east one cycle. 38] An exanple of a recipe f
deposi ti th pthewiodder Iasrfphlmn@vanpuempléeleﬁmgﬁnmnﬂ oper&icheghsi media agchs of 100

sccm CAF8 |s I’OVI de 05|t| [ transf rred into a plasna
by provi di ng® %ﬁégf?%éﬂgﬁla& eﬂgng(g nSWFé‘F(g e ISy 8 t age i s
0 volts. Anothla%esémmrﬁloﬁf orhEERAY be bOMRe 'kﬁﬁi' Wa1 kifen thdFHiILKE tdPBiosel Ni S

exanpl e providés a chanber pressure of 5 mloa. A deposition gas of 20 sccm
CH4 and 100 bavimg shell ln;thprcompdEdsofMare e Hxhenphe of cdihputde padatile ardipas i s

t f d i di tt 13..56 MHz
whore 25t hetngiede tpEE kel G ndese e ediadpoh iy Pk Aok BoRy eBkoiiBued by
a HBr angs G:ﬁlaﬁkﬁerng%]Jengpt%a?ﬁledfaggg@lé\@bq{@m%héhb%gra%hﬁ%@ﬁ:‘eg | RELRRY have a

gas chem stry conprising o
optical media such as ﬂoptlcal disks; and hardware devices that are specially

configured to store and execute program code, such as application-specific integrated
circuits (ASICs), programmable logic devices (PLDs) and ROM and RAM devices.
Examples of computer code include machine code, such as produced by a compiler,

20  and files containing higher level code that are executed by a computer using an
interpreter. Computer readable media may also be computer code transmitted by a
computer data signal embodied in a carrier wave and representing a sequence of
instructions that are executable by a processor.
[0033] A polymer layer is placed over the photoresist mask (step 308). Using

25  multiple cycles of the cycle shown in FIG. 5, an example recipe of depositing a
polymer layer (step 504) would use, for example, a gas of at least one of CH,, C,Fs,
and CiH,F,. An etch chamber or plasma processing chamber may have a pressure of
1-100 mT. More preferably, the pressure for laterally etching the mask is between 2-8
mT. 500 to 1000 Watts of power are supplied to the plasma processing chamber at

30  13.56 MHz. The temperature may be between about 40°C -60°C. In one embodiment
of a recipe, 20 sccm CH4 and 100 sccm of He is used at a temperature of 40°C for 15

seconds at a pressure of SmT, 500 Watts of power, and zero bias power.
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| east one of CHF3, CF4, CH2F2, CH4, or SiCl4. [0040]In an alternative
enbodi nent, a hardening step is not used. For exanple, 30the photoresist
and deposited polynmer are sufficiently etch resistant so that a hardening
step is not needed. In the above exanple where the deposition gas of 100

sccm CAF8 is Br ovi ded and t he above exangl e where the deposition gas of 20
sccm CH4 andV9¥ scEhe Pesma layeiis hawlgned iepaPBY eAms¥arepiE ieFipa foptheay be

o UL SRR MR S e R B BE RE10 oUe

deposi tion rechiamiddi@s, §RR%s 100 sdcBfOF shdR2SRBAHBE A pralsittod s siFdr tshe
chanber pressure is set at 5-10 nlTorr. A deposition gas 5 of 100 sccm CF4

and 20 sccm HByvides tp|thsehamber. oA tRIEpawrivbeice ptvéded 880 3 attsom adeequensyfobr med
into a plas vi di ng 300- 50 ts of TCP power at 13.56 Mz with a
bi as vol tgggqg%\éf@g?fﬁga\? ?%’ilm{eno(%éwg{:her exanpl e of a deposition recipe

that does nofo33qui rEeatursLRa iR tdhed He8 1Kt RBPerl (BRp SHETNRhiPELSRMEShES Set
to 5-10 mlorr. A deposition gas of 200 sccm N2" and 20-50 scem of 4 1is

fl owed into eted lasearszepolysiliconfer thuping & gatn pastherenfbodiments, thedageryd bsma by

provi di ng 300-900 watts of T ower, at 13. 56,. iLth a.bias vgl.tage of
100 300 ol t ShrmeL by sabebion e i wrib) stepbufi e 8%y anc
harden the phat-Rid@sédtic. AQRBANIBRAINEN BXPERIAG bk Ts@l RFAALHE 1dy8Alo ttoes not
use a hardeni ng step and that provides a polynmer formng process with a

deposi ti bh phtgbed.-and a tri m phase. 15 According to the process of FIG 3, a
patterned ph Si mask i.s provide step 304)..FIG 8A is a schematic
Cross-sect i oﬁg)?'kﬁi e\?\’_toorlﬁn?"?%?e'gasﬁ)%_s‘ﬁgqgﬁ)c cg‘y§f)‘33 SmmﬁyEﬁB rate 804, with
a patterned @ABYPreghalprdBiedd &hBodinkhk JTHRL RVERIcH tHe§RddehRAt Slifte pOYRIer AN
under | ayer 810, over the |ayer 808 to be etched form ng a stack 800. The

patt er ned phlayes baidetingrafthe polynieadayat, ahé ashingrtke feaorreriewi the efchiayeharei ng a
pair of 20 sidewalls.824 ending at line end., To provide the patterned
phot or esi st %KD SUT BHEF 53Re F@g Cﬁ%ﬁ}@?’ ??E@OHE- £ ffffgliagff’yoﬁ’ﬁéﬁ“S%PP”l% | ayer to
be etcheds ThgedifEoMRObOlERE Blyel B p8ffoinfedtRel REOGHN k& dyefed) RRL O esi st
lines wth photoresist sidewall's and |ine ends. The photoresist features
may have a wrdfeab®e theaslacsmmem and BGd@]ifg & th8 Bolysnea ltyopis\pieefarmdd ovee at

phot or esi st mask 8121 The patterned 25 photoresist mask 812 has at | east
one phot or esF& ¢ f¥l%aving a pair of sidewalls 824 ending at |ine ends

820. [0043] {;ftog?@ti n ni)%a@lh%c&% é’i?ﬁf&r'ledeggﬁﬁ% Blvides mﬁ%%ﬁgssﬁlgﬁ)ef-zsﬂ G 9

is anored ed art o IS st As”shown in
reduction ofmTtw. AEEposition gavofill0seesmdLFL Basbdvidee Thecdepositiomgayisl i ¢ process
i T Ot nGraop G 160 ¢ 2o Qoyovine OB arals of TCEPONe 5 MEFDABES: esi st
ek S12 LA IONER Loke” R Ao ot e S5 ok
t he This example provides a chamber pressure of 5 mTorr. A deposition gas of 20 sccm
CH, and 100 sccm He is provided into the chamber. The deposition gas is
transformed into a plasma by providing 600 watts of TCP power at 13.56 MHz where
25  the bias voltage is 0 volts. The deposition steps are followed by a HBr and CF,
hardening step.
[0039]  More generally, a deposition may have a gas chemistry comprising of at
least one of CHF;, CF,, CH,F,, CH,, or SiCl,.
[0040]  In an alternative embodiment, a hardening step is not used. For example,
30 the photoresist and deposited polymer are sufficiently etch resistant so that a
hardening step is not needed. In the above example where the deposition gas of 100

scem C4Fg is provided and the above example where the deposition gas of 20 sccm
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line ends 820 and sidewalls 824. In this exanple, the thickness of the

pol ymer | ayer deposited on the sidewalls 824 is about the sane as the

t hi ckness of the pol yner deposited on the line end 820. In other exanples,
the thicknesses may have different rel ationships. In an exanple recipe for
such a process, a deposition provides a 5 chanber pressure of 5 nifoi-r. A
deposi ti on h&ddoimdA00scomHdBs prBiicd acapathté hamleting spamayd® omsitted.offech a nt o

t he chanber. The deppsitign.gas_ is formed intg.,a plasma b rovi di.ng
300- 500 vat { S"EETEBOS NIt he BerdRRipe wiep Fnaking Weh § gracaticTippien Wik s

FIG 8Dis a ' t - : ' are
tri mred (stepl)ﬁ%lgrS %q{uéoﬁ%l%nmg% k?at’% E%%%r%%%g{&ﬁgé?ﬁg%é%hanber
pressure of 8emifae hardénihg step gleeschamb2Opressarn i€i&,at 30 0anTonr 0A, depngti6 gasccm He
! . T ; i f . I

o ov e 007 M U 20onen 56 S e meR i Bges A o
volts. The t i muy j . I Fm ! t he
phot or esi st ?)él thg&gi%ﬁjel%gH%régﬁéﬁrﬁﬁa@%&g%ﬁﬁp e erllggf§§€ t ﬁ%ﬁ?ﬁe 15
pol ymer on t biasvbhagearfd 804260 tvblte Kiranbthanexampldef s ddpesioh secigsthatdannon FlI G
8D. Al though the exanple in FIG 8D sho that on]y polynmer is trimmed, in
ot her exanpl &V RSCRIEI hardegine stsa thg e ReHE 5aed8mpl BRdPY- Y i nred  away
so that soney i fagt 1 i LS dk i at ures
are then et chggdO S%t%? éﬁ % ﬁ?@t%ﬁ&ll\%%@ i(ys]%ne%rcgidg)%.lz“gﬁggwggk&tg%g pg?l;;fgrlgr | ayer
are renol@d [Tht dgpo3iioh.gal( Bevaline aplasma bhproviding 805 9e0yads ofsNER potvhie
resulting poly er_is.thicker on t ends_and thinner on the

si dewal |5, LEET mw&%&%mﬁh"é’ Akt k'barﬁrbﬁfw&sﬂhq%? Proressenflq B TBeNict i on
in CD. By nofedaank %?5 .rtﬁ]&gltﬁéﬁﬂotmte@@t.”i mring is nmade easier.

[ 0045] I n anot her exanpl e of a deposition and trim process, at |east four
cycles of a [8dbki t iZowtlendxirhple if 4 processehgpeoéonotmde a hardeiiap sepahd deposi ti on
deposits a thin |ayer 25 hefore a trimis perforned, which trins a small
anmount bef or Boyiqes %B%Wéfbﬂi@%g Biacess vithpsdgpagition piveg anf atrigRbasSul ti pl e
cycl e prgces i i g 3

Goposi L1 5n sadrngts G drabkpYAReE 3 blemt ISR K] S Ak Mo PR

deposi ti on ad¥)t FIGrEA G amyiehaticdoos-dettiénas viegl o aslhgip to Boeekahd&oveeai pe
that perfornms_a trimand deposition in_ a single step is as follows; The

I
chanmber 30 pibstass 804.gvithed P%‘F?“!?drﬁl"@?qf@i%n&ébg%?ﬂi@rPhQFﬂﬂeStisrtif‘?ﬁ%fﬁ%skﬁ" 80- 150

sccm CF4, 20 ' 0- C [ i gﬁq : nt | and trim
gas is for ma(a,%? %%@%V%s% m(a) %‘?/er Et?eol\g}' eg;%l’(l) 5 %%8%&}6‘5 vvarrpi%eaasgg%c%ﬂroégﬁl gncy of
13.56 MHz, wheemet pRototedBt mask 812 has at least one photoresist line having a pair of

20  sidewalls 824 ending at a line end. To provide the patterned photoresist mask, a
photoresist layer may be first formed over the layer to be etched. Then the photoresist
layer is patterned to form photoresist lines with photoresist sidewalls and line ends.
The photoresist features may have a width S., as shown.

[0042]  FIG. 8B is a top view of the photoresist mask 812. The patterned

25  photoresist mask 812 has at least one photoresist line having a pair of sidewalls 824
ending at line ends 820.

[0043] A coating is placed over the photoresist mask (step 308). FIG. 9 is a more
detailed flow chart of this step. As shown in FIG. 9, the reduction of the LES ratio
comprises at least one cycle of a cyclic process comprising the steps of depositing a

30  polymer layer (step 904) and trimming the sidewalls (step 908). FIG. 8C is a top view
of the photoresist mask 8§12 after a polymer layer 828 is deposited over the photoresist
mask 812 (step 904). The polymer layer 828 coats the photoresist line to protect the
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voltage is O volts. This is a single deposition and trim process that

har dens photoresist, so that a separate hardening step is not needed.
[0047] I n anot her exanple of a deposition and trimprocess in a single step,
a pressure of 5 nmforr is provided. A deposition and trimgas of about
80-100 sccm CF4 5 and about 20 sccm CHF3 or CH2F2 is provided. The

deposi tion ad@eteﬁd%ﬁ%)a%ldl sifepigHy 824 ol this exapplgsthe tlugkwmﬁ @ pelyaiss lryeB0o

watts TCP po abl volta TIS reC|pe
Crime | ines. Harotep S nEidVaso s et n S8 57 s BipRhe P ey aberis  hou
requiring a ﬂé{&%ﬂ BA tieligR- en@R201 1 &6é é%@m?[b@ thESfic RIS hedytafe afferat

fi xed here as those nay be used to tune ou unlformty 10 [ 0048] I n anot her

enmbodi ment , tré¢letigyishipsnip an @@atpnlm@cm dor suplea pmo;f:@s adepasitipagioyidessp 308),

si mul t ane usI osits p e the S|st and che t he
cnder | aySr . SHUPORPE SRR O i R gErS g6 Saci I e e CEE 8% S e
avoi ded by Uschg Iigeﬂ&eéﬁqnaﬁthpeﬁ&mwr ﬁﬂ@d@ﬁ&ﬂm‘i@gﬁ&s foRmedin®x 2 pRkMa B a
deposition and BARC etch recipe, a chanber pressure is set to 5-8mlorr. A

deposi ti on apbvBARC30G% 569 whttafSTGP pa@er ad3rhoNdHarvdtippbiag veltagmo€P4oits. f | owed
to the chanb e deposi ti BARCetc i,S dinto a Iasma by
provi di ng 30%&)‘0%51%? Vbefw"]%g Bg?/vglfesﬁfmﬁ( @é’gﬁ%ﬁ%f?he[%%lg‘]rﬁfﬁreatﬁlgflﬂ exanpl e

a recipe for(s@grpgg ing a BARC etch provides a chanber pressure of 8 niforn A
BARC etch gas of 20 sccm Cl2, 20 sccm 02, 4 sccm 20 Si Cl4, and 60 sccm He

i s provited. [0044] BARD: etasiplgaba trim fepipeetovidesoa ehapibes prespyre pf dwildirngA300- 400
watts of TCP, power 13.5 with a bias vaol.ta of , -150 vplts.

hnot her - exanie Ereet iy dnagtiisr e a6 @Skt e Atfeed ot e ek ABpanc
etch gas of 8&fn Qsols(f‘.%eariéto?a% rotAding 31)“0 WAtgror TP pbwdad 15 rstsMHBe
chanber. The BARC etch gas is fornmed into a plasma by providing 300-4

watts 25 TCPwhweoltage ids &) wis. WiheHrimnbngseleativelygpeched thb(}@ll)m)@ andl t s.

0050l While this.inventian has beepn describ in ter sever referred
b bod) mont o, DDl dhe puiaRs e SERVEI ARt Bat 3 e e 58 o Tl L
equi val epy Sa]gdﬂ?h&tbrf @k linehdl i8 (iler UEARE RE sﬂdg‘\lv§ﬂ§ By ﬂﬂ)tvxl'lpiﬂ FiGt gghoul d al so

be noted th here are many alternative ways of i|nplementing the nethods
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clained is:
the etch layer (step 316). The mask and polymer layer are removed (step 320).

20  Because as in the previous embodiments, the resulting polymer layer is thicker on the
ends and thinner on the sidewalls, LES is reduced. The addition of a trim, also allows
a reduction in CD. By not having a hardening step, the trimming is made easier.
[0045]  In another example of a deposition and trim process, at least four cycles of
a deposition and then trim are performed, so that each deposition deposits a thin layer

25  before a trim is performed, which trims a small amount before the next deposition. It
has been found that such multiple cycle processes provide improved control.
[0046] In another example deposition and trimming may be done simultaneously,
so that that the deposition and trimming may be done in a single step. An example
recipe that performs a trim and deposition in a single step is as follows: The chamber

30 pressureis setto 5 mTorr. A deposition and trim gas of 80-150 sccm CF,, 20 sccm
HBr, and 0-5 sccm O, is provided. The deposition and trim gas is formed into a

plasma by providing 300-625 watts at a frequency of 13.56 MHz, where the bias
12



1. Anethod for etching features in an etch |ayer, conprising:

providing a patterned photoresist nask over the etch |ayer, the photoresist
5mask having at | east one photoresist line having a pair of sidewalls
ending at a |ine end, pl aci ng a polyner |ayer over the at |east one
photoresist line, wherein a thickness of the polyner |layer at the line end
of the phot ovelagstis Divals.i Shigisasingle dnpasitéont dnid diimamgcess thankargesisymer | ayer on
the sidewal I s.of th otoresist line; and.10etching features into the etch
| ayer ¢ hr ougRITREBhob TSGR e RiaeGihg SRR ¥ SOUFHIdnd shor ten ng ( LE9)
ratio is | esgod1pn o AoHRL eﬁa‘?np]:% of azdepiggﬁﬁoﬂ'%ﬁ&'ﬁﬁnEfoc@ésalhg‘s%gllé’mgﬁ,%' n the

pl aci ng the pol ymer |ayer over 'the at '| east one photoresist 1ine
si mul t aneous pyessire b8 makpruis pertidgderA vbpdseioneynd $iimi gag of fwup 60t fi@scdmaEr to

forman etch sk wi.th th der| aver for bsequent etching of the etch
101 ayer. 5 st ph oot CHAPREB A hRPEIed: B SEPSUion AAg RSB yrror

| ayer, compri§R%ited t@arqglaangbggmiﬁg B30 wWhits TEPGOWRE BRI AR9RS i Nt O

a plasm; and providi a bias voltage wth a magnitude of at |east 100
volts. 20 4. bhe voikdgead Oofolts! dlms teripettidmelines et dppasats agtip toetippoidyimproveay er

over the at |e one photoresist |jne, .conprises at.|east cycl e,
wher ei n eacht Sragg Pﬁl%é?qual%ﬁ%r st gaé,mmwnzl&}zgﬂfps pol ymer on
the at |east ( ARANLLA S5tirkkd hbRSs 1R may be used @ thiid HRAFSAN Ch

selectively trinms the deposited polyner, "so that polymer 25 deposited over
t he si delfal | 048] t hdn ahotheastbaineephtht plaeiigst cdatingovey the photedsistonaskt han

T R T TR NN S T RN
over under layer, for example BARC, in a single step. The hardening step can be avoided
by using the BARC as part of the etch mask. In an example of a deposition and
BARC etch recipe, a chamber pressure is set to 5-8mTorr. A deposition and BARC
15  etch gas of 200 sccm N; and 20-50 scem CFy is flowed to the chamber. The
deposition and BARC etch gas is formed into a plasma by providing 300-900 watts of
TCP power at 13.56 MHz.
[0049] In another example a recipe for providing a BARC etch provides a
chamber pressure of 8 mTorr. A BARC etch gas of 20 sccm Clp, 20 scem O, 4 sccm
20 SiCly, and 60 sccm He is provided. The BARC etch gas is formed into a plasma by
providing 300-400 watts of TCP power at 13.56 MHz with a bias voltage of -150
volts. In another example recipe, a chamber pressure of 8 mTorr is provided. A
BARC etch gas of 80-100 CF, and 20 sccm of CHF; or CH,F; is flowed into the
chamber. The BARC etch gas is formed into a plasma by providing 300-400 watts
25  TCP power at 13.56 MHz with a bias voltage of 100-200 volts.
[0050] While this invention has been described in terms of several preferred
embodiments, there are alterations, permutations, and various substitute equivalents,
which fall within the scope of this invention. It should also be noted that there are
many alternative ways of implementing the methods and apparatuses of the present
30 invention. Itis therefore intended that the following appended claims be interpreted
as including all such alterations, permutations, and various substitute equivalents as

fall within the true spirit and scope of the present invention.
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the at | east one photoresist line conprises at |east four cycles. 6.
The nmethod, as recited in any of clains 4-5, wherein the deposition phase,
30 conprises: flowing a deposition gas; formng a plasna fromthe
deposition gas; and stopping the deposition gas; and wherein the trim

phase conprises: flowing a trimgas; forning a plasma fromthe trim gas;
and stopping the flow of the trim gas. e nethod, as recited in claim

6, wherein t I .conpri ses an oxygen contai ning gas. 8. The nethod,
as recited iﬁﬁ%%ééﬂ%g@évgerein the trimgas further conprises Cl2. 9. The

met hod of cl aim 1,A wegogifér dettiinPieatirditinlah @tcRQhpeiRionipigRig: over the at | east
one photoresist |line, conprises: 10providing a deposition gas, conprising a
pol ynmer form ng g&sovading pipatteragripliaberasipignaskivasihg efohdayer Hbe phgferssist on gas.

at 1 cast oo hbralrChy oES b Ra el el T PRI o B R N T

gas simul tanegysly; and 15form ng the deposition gas and trimgas into a

plasma. 11. The nmethod of any of clains 1-10, further conprising providing
an oxygen placing a polymer layer over the at least one photoresist line, wherein a

thickness of the polymer layer at the line end of the photoresist line is greater than a
thickness of the polymer layer on the sidewalls of the photoresist line; and
10 etching features into the etch layer through the photoresist mask, wherein a
line end shortening (LES) ratio is less than or equal to 1.
2. The method of claim 1, wherein the placing the polymer layer over the at least
one photoresist line simultaneously etches an underlayer while depositing the polymer
layer to form an etch mask with the underlayer for a subsequent etching of the etch
15 layer.
3. The method of claim 2, wherein the depositing the polymer layer, comprises:
flowing a deposition gas;
forming the deposition gas into a plasma; and
providing a bias voltage with a magnitude of at least 100 volts.
20 4. The method of claim 1, wherein the placing the polymer layer over the at least
one photoresist line, comprises at least one cycle, wherein each cycle comprises:
a deposition phase, which deposits polymer on the at least one photoresist line;
and
a trim phase which selectively trims the deposited polymer, so that polymer
25  deposited over the sidewalls of the at least one photoresist line is trimmed more than
polymer deposited over the line end of the at least one photoresist line.
5. The method, as recited in claim 4, wherein the placing the polymer layer over
the at least one photoresist line comprises at least four cycles.
6. The method, as recited in any of claims 4-5, wherein the deposition phase,
30  comprises:
flowing a deposition gas;
forming a plasma from the deposition gas; and
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ashing. 12. The nethod of claim1l, wherein the placing the polynmer |ayer
over the at |east one photoresist line, conprises: 20providing a deposition
gas, conprising at |east one of CHF3, CF4, CH2F2, CH4, or Si Cl4; and

form ng the deposition gas into a plasma. 13. A sem conductor device forned
by the nethod of any of clains 1-12. 14. A nethod for etching features in
an etch layer, comstoppigiibe depopition igali; agd svhpeint e tinl phhest wngsiset: nmask over
the etch layer, the phatoresi st mask having at |east one photoresist |ine
having a pair of si de\/\g‘PiWénge%mrﬂéaSat a line end; placing a polymer |ayer
over the at |east one P&‘E{iﬂgE?ia%ﬁaakﬂoﬂ?ehe‘%&waé;sjnﬁgi flow ng a deposition
gas; 30transform ng the deposition gas intoa plasm; and stopping the
deposi tion gas; tri nmstegpingehepfddw wEtheltemegas. wherein a t hi ckness of the

trimred polypger layer at the line end o he.photoresist line is greater
than a t 'ckﬁgss e g’ofir ?%“ﬁ‘é‘é?dp‘BIC%ﬂ%‘rg’ IW;?@“P@H BINLAE CHURRTS S0 K YEHe
phot or esi st Eé)rﬂﬁnin%%?.ri sing: flowng a trinmmng gas; 5transform ng the

trimmng gas into a plasma; and stopping the trinmmng gas; and
8 The method, as recited in claim 7, wherein the trim gas further comprises Cl,.

9. The method of claim 1, wherein the placing the polymer layer over the at least
one photoresist line, comprises:

10 providing a deposition gas, comprising a polymer forming gas and HBr; and

forming a plasma from the deposition gas.
10. The method of claim 1, wherein the placing the polymer layer over the at least
one photoresist line, comprises:

flowing a deposition gas and trim gas simultaneously; and

15 forming the deposition gas and trim gas into a plasma.

11.  The method of any of claims 1-10, further comprising providing an oxygen
ashing.

12. The method of claim 1, wherein the placing the polymer layer over the at least
one photoresist line, comprises:

20 providing a deposition gas, comprising at least one of CHF3, CF,, CH,F,, CH,,
or SiCls; and

forming the deposition gas into a plasma.
13. A semiconductor device formed by the method of any of claims 1-12.
14. A method for etching features in an etch layer, comprising:

25 providing a patterned photoresist mask over the etch layer, the photoresist
mask having at least one photoresist line having a pair of sidewalls ending at a line
end;

placing a polymer layer over the at least one photoresist line, comprising:
flowing a deposition gas;

30 transforming the deposition gas into a plasma; and

stopping the deposition gas;

15



etching features into the etch layer through the photoresist mask, wherein

a line end shortening (LES) ratio is no nore than 1. 15. The net hod,
as recited in claim 14, wherein the trimmng gas conprises an 10 oxygen
cont ai ni ng gas. 16. The method, as recited in claim15, wherein the

trimgas further conprises Cl2. 17. An apparatus for etching a feature in
an etch |ayer, beltdgRuangstrohaagrdayeradiercip ahiginess of the gimmgd pehsres lavsr st

| i ne havi ng i } i i C i sing; 1l5a

ol asm proceds e fha Bt BRYALICRREHLER budt dded Pufies LR LA 12071 o
processi ng chpalyags 1B8Eb0HsRiewalls BOGE hRb©resitP RN, com@fisiagPporti ng a
substrate within the plasma processi ng chanber encl osure; a
pressure regul ator for flosgng atrimgingtgasipr essure in the plasma 20 processing
chanber epcl osure: east. one el ectrode f%r provi di ng power to

. at, | t. )
t he pl as processi ng @ﬁ%ﬁ%@?n%h§ﬁ8¥WW8g#@?mgh%P%?H%ﬁ@ a plasma; a gas
inlet for providing gastopping thd@inthiAgF8s;phacessi ng chanber encl osure; and
25a gas outlet for exhausting gas fromthe plasma processing chanber

encl osure; a gas Sthingdedtures Inge theeteinleyaritinough the phiteresist mask.ewhereiompr i si ng:
501 YTEr oL AR BRI eelnL 2o oLl gRs sourcer and S0
el ectrode, cospri Fhégietdld, 4s986iteddn @14 AGCHHExein A Gimming gas comprises an
10  oxygen containing gas.
16. The method, as recited in claim 15, wherein the trim gas further comprises Cl,.
17.  An apparatus for etching a feature in an etch layer, below a photoresist mask,
having at least one photoresist line having a pair of sidewalls ending at a line end,
comprising:
15 a plasma processing chamber, comprising:
a chamber wall forming a plasma processing chamber enclosure;
a substrate support for supporting a substrate within the plasma
processing chamber enclosure;
a pressure regulator for regulating the pressure in the plasma
20  processing chamber enclosure;
at least one electrode for providing power to the plasma processing
chamber enclosure for sustaining a plasma;
a gas inlet for providing gas into the plasma processing chamber
enclosure; and
25 a gas outlet for exhausting gas from the plasma processing chamber
enclosure;
a gas source in fluid connection with the gas inlet, comprising:
a polymer deposition gas source; and
an etch layer etch gas source; and
30 a controller controllably connected to the gas source and the at least one
electrode, comprising:

at least one processor; and
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conput er readabl e nmedia, conpri sing: conput er readabl e
code for reducing the shrinkage of the sidewalls and the Iine ends of the
photoresi st |line, conprising at |east one cycle, wherein each cycle
conprises: 5conputer readable code for providing a deposition gas to forma
pol ynmer over the line, wherein an anount of polynmer at the line ends is
greater than an anount cahpytot peasablomedirecommieswet | s; conput er readabl e code

for etching the etch [ayer, wherein l'i ne, end hort ni iS no nore
than 1; and 10conputer read&HN@%ﬁﬁ%ﬁ%@ﬁc EF?%gwﬁﬁg@%$8§%§F mask.
sidewalls and the line ends of the photoresist line, comprising at least one cycle,

wherein each cycle comprises:

5 computer readable code for providing a deposition gas
to form a polymer over the line, wherein an amount of polymer at the line ends is

greater than an amount of polymer on the sidewalls;

computer readable code for etching the etch layer,

wherein a line end shortening (LES) is no more than 1; and

10 computer readable code for removing the photoresist

mask,
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