STABI LI ZED PHOTORESI ST STRUCTURE FOR ETCHI NG PROCESS BACKGROUND OF THE

| NVENTI ON [ 00011 The present invention relates to the formation of

sem conduct or devices. [00021 During sem conductor wafer processing,
features of the sem conductor device are defined in the wafer using

vel | - known pSTARNIIZERPHETORERIST STRECCEBUREFORETCHING PROCESS
photoresist (PR) material is deposited on the wafer and then is exposed to
light filtered by a reticlmcﬁé{ BN OF sparent plate that is
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generations of photoresist are known. 193 mn and higher generation
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‘mask or may be due to non-uniform polymer deposition. Non-uniform polyner
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wiggling stress. Problens that may be encountered during this process are
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| NVENTI ON [ 00051 To achie he .f or egoi ng,_a I h.accordanc L t he

pur pose of e P%?é’ﬁ?tectfﬁggﬁltﬁ Iﬂ}]r??' e%ﬁttrﬂ%an%g?’mp@ﬁﬁ Hé%ﬁggﬁ{?\rlﬂeegﬁ?&n an etch
layer is provirdesh mébwakdst mask is formed over the etch layer wherein the

first mask defines a plurality of spaces with wdths. The first mask is
| ateral |y fi00dpd vitiarenstdeacratiotref fhotaresistesklooefi.nd?3 am and higher

generation photoresist materials have been found to have problems being soft
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resulting in low etch selectivity, line edge roughness, striation, and line wiggling.
Line edge roughness may be due to modifications to the photoresist mask, such as
chemically etching away part of the photoresist mask or may be due to non-uniform
polymier deposition. Non-uniform polymer deposition may be dependent on gases
used, surface material polymer sticking coefficients, or resputtering. Line wiggling is
believed to be related to stress caused by deposition of material on the photoresist
mask. Non-uniform deposition on the photoresist mask may cause line wiggling
stress. Problems that may be encountered during this process are striation and
limitations on critical dimensions (CD).

SUMMARY OF THE INVENTION
[0005]  To achieve the foregoing and in accordance with the purpose of the present

invention a method for forming features in an etch layer is provided. A first mask is
formed over the etch layer wherein the first mask defines a plurality of spaces with

widths. The first mask is laterally etched where the etched first mask defines a
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1 plurality of spaces with w dths, wherein the widths of the spaces of the
etched first nmask are greater than the widths of the spaces of the first
mask. A sidewall layer is formed over the etched first mask wherein the
sidewal | |ayer wherein the sidewall |ayer defines a plurality of spaces
wi th wi dt Buhhatorapgeds S widis, wWhere thchsidtis dffies spapacefthelefchakfirsby t he
etched first mask. Features are etched into the etch |ayer thlhrough t he

si dewal | Imaskrare gieatee thandhe widthy efthp spacesphths irstiaeska e Sidgupll &4yt Fan t he

i dths of th fined by.the efched fi . d
o Geva I iRy S B SIS PoRFert i U S i P o TR
| nvent | Onaggrﬁ%ﬂééda 18F iP5 ALk PR WidiEs itRt adNeslthdh thayadthk Sf feovi ded. A

plurality vias are etched’into the etch layer. A trench_ photoresist
mask is f gpamd definal biethaldiched fiest maskf Featocksoweetchérbinta bnekehiay® and on

sidewal I s of the pluraljty of vias. _Trenches ar ched into the,etch | ayer
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features wd fepsdwdawal | s wherein the sidewalls of the photoresist features
have striations form ng peaks and valleys. The striations of {he sidewalls

of the plioRlesi & atasherunayfegieion efithedaventing, 3 wgthor far tor@ing FARESIRs

conprises at_ l.east .one .cycl [ ekn: h | ' e | back
peaks for FEFHY FHS B{Orv'r"g‘%ai' d‘ﬁgm\é\@ﬁ{’ ﬁié%ag ?%eetv\gﬁ%s} ﬁ%ogt B{L‘%’hg%%% .O%Agtgélﬂg%l
features andiHepashisknorRmeneA sidéendlthyer of foihed phatthe eshci mafleatdores.
/Features are etched into the etch | ayer throu%h t he photoresist features.

The phot cidewialls ofitlekolimliteofoied . TIROUBE prd gic tocthe gighiloss tappehthst t he

I nvention a Brr‘i%i}qu of etching features in an etch |ayer disposed bel ow a
patternedstﬂ? r85¥st mask with photoresist features wth sidewalls

wher ei n t hgoghdews| bs @l hiEeRARLALEHeShydfidh WB&hORYE oidtih@4 F@Re if or ni ng
peaks and ‘val 'eys Is provided. The striations of the sidewalls of the

phot or esi sih efcalyerds prorvidade dupsittroahpirdteiesigt meskl is femnasmeee thel aich lagiet ei n
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a plasnma , riation
peak e ch DAGK s 835 stREQYANoREing peRBOLRI RFlsd, TrRAkMECoRIGeMPdilicWaRass ti on
gas, generating a p?asma from ?ﬁe photoresist feature sidewall deposition

gas, and skopiptogsishizapinet e esiustd. f Biat redecing devstibtiondepopiiséoat least oncThe

etch layer is etched. The photoresist nask is yepove _
Y cycle, wherein each cyclg comprises etching gack peaks fcrprmeg by the striations of the

sidewalls of the photoresist features and depositing on the sidewalls of the photoresist
features. Features are etched into the etch layer through the photoresist features. The
photoresist mask is removed.

[0008] Tn another manifestation of the invention a method of etching features in
an etch layer disposed below a patterned photoresist mask with photoresist features
with sidewalls wherein the sidewalls of the photoresist features have striations
forming peaks and valleys is provided. The striations of the sidewalls of the
photoresist features are reduced comprising af least one cycle, wherein each cycle
comprises providing a striation peak etch back gas, generating a plasma from the
striation peak etch back gas, stopping the striation peak etch back gas, providing a
photoresist feature sidewall deposition gas, generating a plasma from the photoresist
feature sidewall deposition gas, and stopping the photoresist feature sidewall
deposition gas. The etch layer is etched. The photoresist mask is removed.

[0009]  In another manifestation of the invention an apparatus for eiching a feature
) :



[0009] In another manifestation of the invention an apparatus for etching a
feature 2 in an etch layer, below a photoresist mask wi th photoresi st
features with sidewalls wth striations form ng peaks and valleys is
provi ded. A plasnma processi ng chanber, conprising a chanber wall form ng a

pl asma pr qf @8 $idhdagr bl aftokdrssistienast withipisdtombist featwpay with sidewslfspor ting a
substrate within the plasma processing chanber enclosure, a pressure
regul at or With strisjonsforming b vallers isprovdeds| Adiesmp preeessingghaghetnber

encl osure, at Jeast .one electrode fa r.ovidi asma
processi ngcom?aﬁﬁ’&ﬂ%ﬁ?ﬂet&guw@f?’ﬁ?lﬂﬁ&#%ﬁ %pﬁagéég%ﬁggﬁﬁe%&gg%&eg%et f or

provi di ng sBStraté RlokBr Bloilhd QE8EMHE RHEH aEAksRNEl008R chamllen gas
outlet for exhausting gas "fromthe plasma processi ng chanber enclosure is
provi ded. sfchasresopressurt segubatdt for degutxding dlot prsssung mhihe plasgpaProsEsEng wher e

t he gas source conprises a stri aiﬁibcon ak et@g back g@s ource, a

phot or esi hambak eRClOsyre @hlepst s slssiredeotet gEYIGgPOFer WHHC RIFSERCh | ayer etch
gas source, i c t FRlipossce and

t he at lggg@g%ﬁé%{%@ﬁ% e.Sﬁl%%f églgtna?@é%‘[ﬁ@?ﬁg%ﬁ%?lg%&é%taft Igas% oneS

processor iaRdhé prshiagrocdssing abirebaredilasud mdeoggaundet foe agladvisengigdi a
conpri ses conputer readable code for _reducin
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conprises conputer .readabl e .co f ovi.di | atd tch back
gas from t‘i‘?&nng#ﬁopé’ﬁdb epgé'lglgnl%tt’ %ﬁeﬁ%?(%sas\éhgé&r}% c@&%%%pgﬁaggnpeaﬁat% e code
for genengki Bk SubtedsPholoremtitigus isfdeall@podtsn gisdonbures kndi@setcls tayput er
/readabl e code for stopping the striation peak etch back gas fromthe

striation geagas setush. Hacduipdlst isoonbellably eerpeeier to Eemsisewgsged thsrat pr ovi di ng

a photoresist feature, sidewal eposi tion_gas,. f |st feature
si dewal | d&3 9?"??8%“ S ”Jgr&ﬁog f)ﬂ%tgmgps ?tggﬁgffféegrpgé‘ggr %gdr)éogﬁeﬁ%r}r;ti ng a

pl asma frqmdBe ABALOMES csiphRatisyls niaBddmsiaRe sbinboRr gadablansde Ronput er
readabl e code for stopping Ephe phot oresi st feature sidewal|l deposition gas

from the phitongetiestridteas of thegihotonedidt febdyres,i qommrisiiess piwradity ehplesr readabl e
media further, conprises conputer readahl.e code.for etchi . h | ayer
and conmput™8eTeipLaehBY eﬁ%@%ﬁr“’?@ﬂ@ﬁ% ?@ﬁgog%gqrgf%vsﬁh an'%g%a&g%[p%%o] These
and ot her §aaliiess gﬁn{{ﬁ%sma%ﬁﬁ%alt @t\egrahéwghsvgohiqe,b&nﬂﬁﬁgﬁebmkg Fodeee

detail below in tthe detailed description of the invention and in
conj unct i quenedatihg b peasnfadidrohagribiigupeak etdBriaEE sBESCRIPREr GrdaricTrEe BRAW NGS

L TN s the shikion poc efcf batk 43t T a6l phe AR Bas Bt PY
computer readable code for providing a photoresist feature sidewall deposition gas
from the photoresist feature sidewall deposition gas source, computer readable code

 for generating a plasma from the photoresist feature sidewall deposition gas, and
comﬁuter readable code for stopping the photoresist feature sidewall deposition gas
from the photoresist feature sidewall deposition gas. The comiputer readable media
further comprises computer readable code for eiching the efch layer and computer
readable code for removing the photoresist mask.
[0010] These and other features of the present invention will be described in more
detail below in the detailed description of the invention and in conjunction with the
following figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The present invention is illustrated by way of example, and not by way of

limitation, in the figures of the accompanying drawings and in which like reference

numerals refer fo similar elements and in which:
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limtation, in the figures of the acconpanying drawi ngs and in which |ike
reference nunerals refer to simlar elenents and in which: 3 [0012] FIG 1
is a high level flow chart of a process that may be used in an enbodi nment
of the invention. [0013] FIGS. 2A-D are schematic cross-sectional views of

an etch 'gnéiszf OGRESEf 2 EE WV fgwichanf & phwdinthat may bt heediinvent i on. -
[0014] FI 37is a high level flow chart of a process that nmay be used in

anot her  cmitadiinventtof e inventiomvent i on. [0015] FIGS. 4A-H are schematic
cross-sectional vi an etch | ayer progcessed accordi er
enbodi ment[0813} heFﬁggeé')fg‘l%Pﬁe ng?ﬂ%t]%ﬁ?ﬁ"se ﬁ?’éﬁ Xle%rogcagﬁ%%%%f c?'\?v§ eléhart of
the step of‘g%ﬂgg'|: ' Ldevahle inv@ugyn. [0017] FIG 6 is a schematic view
of a pl asr%sffcpro stsalh%b%ﬁl%ggr #}Leal? may be wused in practicing the

i nventi on.[ob04)18] FikGSis a/ifighlével flswichte ofia poovpst that myy benyedihiapbthes
suitable for inplenenting a controller used in enbodi nents of the present

i nvent i on.emyjq@idne)t ofthesinve®ian- ar e cross-sectional views of depositions.

[ 0020] FI S Lgh, l.evel flow:C e} etff‘%lt ed in
an enbod ﬁ’%iﬂ of %EG% ‘th-&iﬁ&e. 56 ?m%y&o%% %?{?&ég%g‘% alregafslgg%k?%g%

Cr 0SS- SectjeBaln ABGnbARr MhB¥EinRhi &f the atlentipi.ocessed according to an
enbodi nent of the invention. [0022] FIG 11 is a nore detailed flow chart

of a step [0016leduElBgS ita natd datiled[figpcharroithe stepiof depesitinamsifewdll ew of a
pl asma praocessi ng chanber that nay be wused in practicing the invention.
DETAI LED,E&E@RI PTI ON OF THE PREFERRED EMBODI MENTS [0024] The present

I nvention [W[)n%‘%] dl”ﬁg%?? %&Zﬂhﬁ@%ﬂc URwAS Bb1hsih b cERER @AGHet haBmal B/

‘preferred e reof as Illustrated in the acconpanyi ng draw ngs.
In  the false@m pgcidesg thephverionnumer ous specific details are set forth in

order to provide a_ thorough understanding of the. pres Lnvention. It
will be agfft@nt, Fienelad ﬂ}t@tr@tﬁ@comupqrégstﬁrﬁ,w his ?‘?1%$ “t he present

et on IR BERS RS (AR cRBEs i lmbigamangel [ deil o
been descrigbgsi i nFiES 88 A-( Are@tickersetifonablicwsnédesaritidlsy obscure the present

[0020]  FIG. 9 is a high level flow chart of a process that may be used in an

embodiment of the invention.

[6021]  FIG.'s 10A-I are schematic cross-sectional and top views of a stack

processed according to an embodiment of the invention.

[0022]  FIG. 11 is 2 more detailed flow chart of a step of reducing striation.

[0023] FIG. 12 is a schematic view of a plasma processing chamber that may be

used in practicing the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0024]  The present invention will now be described in detail with reference to a
few preferred embodiments thereof as illustrated in the accompanying drawings. In
the following description, numerous specific details are set forth in order to provide a
thorough understanding of the present invention. It will be apparent, however, to one
skilled in the art, that the present invention may be practiced without some or all of
these specific details. In other instances, well known process steps and/or structures
have not been described in detail in order to not unnecessarily obscure the present

invention.



invention. 4 [0025] The invention provides features with small critical
dinensions (CD). More specifically, the invention provides features with
CD s that are less than the CD of the photoresist pattern used to etch the
feature. [0026] To facilitate understanding, FIG 1 is a high |evel flow
chart of goppsices Thetifvdntion phevidecfatires avithesthaltienitioal divfierstoas i(Ggnt i on. A
first mask is fornmed over an _etch |ayer disposed over a substrate ]Sstep
104). FI G Mpre specificelidhe SEERIOHBIOviASe RABIOR WAL 8L F RS IR D6 C

enmbodi nent the i nvent,jon, er te 204, such as a wafer a
barri er Ia‘ifg}‘e? @oﬁkﬁggatﬁr%gﬁeg%&%‘r%??% g‘rri er layer 206 an etch |ayer
208 such [%%2@ COnGELIYRe TRl tahEMEITION. 1 8 PRghdevdl gom diaytesf agprocess
dielectric layer is forned.. Over the etch |ayer 208 an antireflective

| ayer (ARLthaPih6y beakedds aa cidRditenter thesnvénsioned\ first psk & wEgcd PYEtamask 212
Is formed over the ARL_ _210. The spaces 2 he. pho LSt - have a
width " Sp"‘?tdakﬂﬁ%g‘\?@ﬂseTI o¥eA S“%ﬁ‘éatgi%rt%& 1‘5‘@0?@&&‘%‘%‘?aﬁ%)éé'gigcgﬁf‘glt‘él?g?ﬁ et ched
(step 108) [ imd i Tovest sh9ta0s B, Sthchask 214
have wi dt h%asc% ﬁ%ﬁ%@%ﬁ%@%@%@? Olfﬁnlﬁ%ﬁgﬁﬂw%‘{eﬁs it Sp" of theC spaces in

t he et chedwhifet § barris kayen20Ghaybe ipincEd COvaBhe barrieh tayes peint pichlayeh2@hd

clainms, a lateral etch is defined as an_etch of si%gggg{ a _nmas thch form
spaces (apdichas espndugiize aagieldmer pae pPYRlEeR VPR % HAYES PFdy he

spaces. Fopr a .tr h ?Hlﬁ't@ t l ARY e ARG of the
trench rras@f’eréﬂgﬁ{%ﬂg?%egzﬁga% c eg@%‘%lg*egé reggclzgg%(%e thi cknesa of t he
mask. [ 0028} mAd s ixdaueided!myanadks? 120k fethedweer flbe\RiBEK0L The ephver22him wi dt hs
/of the spaces in'the etched first mask (step 112). FIG 2Cis a schematic

cr oss- sect thoplibtoresissmask havrea Bidthedo't 2F $HOVWhot or esi st nask 214 with a

sidewal | | 218 .deposi.ted over .1.h ' |

phot or esi s-&%ﬁé]sk gl%feﬁ)r 03‘?“&%%‘}1?51‘1 15;%%3’@?&&#%(?@&9 fr(gﬁlﬁgqej?%s szgkég@%%. I n
thi s exanpjygne bRBed ARE BRoteARist AlaBR d1 hiateheidstisdSubihbt drayesatdtBan thave wi dt hs
Ss, which are about equal to the widths Sp of the phqtoresist nmask. It is

al so desi raflibs t%Haof theepsied ntlid etthpddirsimasks apehoym A1y 2Be dp they

sidewal I s, whjch are i ghl y.conf or jral hown. f :

subst ant i afAegLiFaleR %H??Qfeé/é?t r4 Stcg% %&%&@é?\r%]? W{a%?) fs %&%%ngfr% glr{n%{thtl)cht op
makes an afbg%] 88hdr8in3fe Witdrhl dibieinchabésaie oize i ehef patasr For a
Conf or mal si %ﬁ%ﬁsﬁ%ﬁ&%’ deposi t?on rl ayer_mtchat has gubsta?t ially the
sanme t hi ckiresh thasksidhe Intpaltetchthay boe tonmite efibe trepelumask. Np¥eh lat5kR or mal

sideval s &gmsfrgariyn;dgo I‘e %gé {hréthg{méass%rfﬁl%dniés%?f ing formation, which provide

[0028] A sidewall layer is formed over the mask to reduce the widths of the
spaces in the etched first mask (step 112). FIG.2Cisa schematic cross-sectional
view of the etched first photoresist mask 214 with a sidewall layer 218 deposited over
the sidewalls of the etched first photoresist mask 214. The sidewall layer 218 forms
reduced spaces 226. In this example, the spaces 226 formed by the sidewall layer 218
have widths S,, which are about equal to the widths Sy, of the photoresist mask. It is
also desirable that the sidewall layer has substantially vertical sidewalls, which are
highly conformal as shown. An example of a substantially vertical sidewall is a
sidewall that from bottom to top makes an angle of between 88° to 90° with the
bottom of the feature. Conformal sidewalls have a deposition layer that has
substantially the same thickness from the top to the bottom of the feature. Non-
conformal sidewalls may form a faceting or a bread-loafing formation, which provide
non-substantially vertical sidewalls. Tapered sidewalls (from the faceting formation)

or bread-loafing sidewalls may increase the deposited layer CD and provide a poor

5



non-substantially vertical sidewalls. Tapered sidewalls (fromthe faceting
formation) or bread-loafing sidewalls may increase the deposited |ayer CD
and provide a poor 5 etching mask. Preferably, the deposition on the side
wal |l is thicker than the deposition on the bottomof the first mask
feature. Mixlengpmatler Blefsrablyothe dylmsittcm ot asictveall imthicktartthalbﬂtet om of the
first mask feature. In this exa E{#g sid vvaII 8 al,so forns a
| ayer overdepptiongnse bettonpabihg %ﬁ‘%@s 0@'51’1'% n|o TGE Ber

enbodi nent t he
phot or esi scfem&%%k&lef%?k hla%tures are t fg'%regglgﬂié %Elgte‘ghﬂ?aflt 208
t hrough t Ing gsilstefomhk allae bveﬁﬁ@ﬁﬁsof(tﬁé SiotdrbBikt m&t@w@ Silh@.hﬂs Ta ottt of
features 232 etched into the etch Iayer 208. [0030] The sidewall |ayer 218
i s of a nemdrdinentsdhe siglewal dayer @CPfJSrﬂ@§ faymamtayemener theetop o srecphodarstistms k
214, allowing for increased etch selectivity. In addition, the sidewall
Iayer is MAY& of a naterial that is chosen to pr event photoresist l'ine

wi ggl i ng, [hosm ettgﬁuféa%@ﬂl%ﬁ%tch@@ﬂn@tﬁe AtH B ?er J0%0Bdugh e sseNRlaler ayer
and photoreS|st mask are then renoved (step . Preferably, a Single

mask stri ppaceg (siepplédn Rike ZBtshbws Iaamtxﬁrfeatsras a4 etaheﬂ) otth tlat etelplayhe208.

phot or esi st nmask and sj de é%/ Via First Dual gascen gnb di nent
[00323 | n 190 her 1858 %Yea? Feofiapaatiplghat is mere firaseidtteayeq in a

dual | | t of the
process UEJ% gﬁ:{fﬁsﬁt ﬂﬁasg{ %?fb%lgf ‘ﬂﬁ%iﬁ ]%&F%egt% tdr%]‘;ss‘?ﬁe". lgﬁé{qor m‘%h%({/dé%asﬁt&%{% | ayer
di sposed Qwey ivmaddsf 4 giaterial tiazejs cBOh. to ipk&entphotsresistliinswigeliop) leal vi ew of
‘a patterned mask in an enbodi nent of the invention. Over a substrate 404,
such as a°@@® eyughnessy Mdestripligfer 406 may be placed. Over the barrier |ayer

406 h h
ayer aos AT TP OBHAD 18R B bRIBR S GG g o RRRen RS (0% '€
formed. Appgtet@iy)adiddlé SlastBsilspihl 2tdpSn fiis Sekl cRaEBertinesediRb bddstrip Ithet hl S

enbodi nent, the first mask is a via mask. The first mask has at |east one
space 422 phptoresisimmaskgnd sidewall {0@B3] The first photoresist mask is

| aterally etched (step 30%) 0 t at aces 4&4 b tpe etched first
phot oresi st mask 414 havem%%m#%ﬂ%n the widths of the
spaces in 506& jet cheghdihdrembPREKent B 1 18WNHOR, fle@vediBions Gicdainaldual ayer 414

is fornmed ovér the mask to reduce the w dt hs of the spaces in the etched
first maskdapeseepe via first process. FIG. 3 is a high level flow chart of the process used in

this embodiment. A first mask is formed over an etch layer disposed over a substrate
(step 304). FIG. 4A is a cross-sectional view of a patterned mask in an embodiment
of the invention. Over a substrate 404, such as a wafer a barrier layer 406 may be
placed. Over the barrier layer 406 an etch layer 408 such as a dielectric layer is
formed. Over the etch layer 408 an antireflective layer (ARL) 410 such as a DARC
layer is formed. A patterned first mask 412 is formed over the ARL 410. In this
embodiment, the first mask is a via mask. The first mask has at least one space 422
for forming a via. ‘

[0033] The first photoresist mask is laterally etched (step 308) so that spaces 424
in the etched first photoresist mask 414 have widths that are greater than the widths of
the spaces in the etched first mask, as shown in FIG. 4B. A sidewall layer 414 is
formed over the mask to reduce the widths of the spaces in the etched first mask (step
312). First features 432 are then etched into the etch layer 408 through the sidewall
layer spaces (step 316). In this embodiment, the first features 432 are vias. The first
mask and sidewall layer are then removed (step 320), as shown in FIG. 4C.
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312). First features 432 are then etched into the etch | ayer 408 through
the sidewall |ayer spaces (step 316). In this enbodinent, the first
features 432 are vias. The first nask and sidewall |ayer are then renoved
(step 320), as shown in FIG 4C. 6 [0034] A second nmask 424 is fornmed over

the etch gos (ShaRcGRFrhaskom 4B RvddroveF the etetlaydr{stch 324 absitiveint ,  t he
second nmask 424 is a trench mask. The second . mask 424 is |aterally etched

(step 328FIGadDs Frothis émbediment the sscendiagh 424 igpdrengbmask. Thesero@dover the

t ched k 42 first t { n:4E h
249 ar e cowned o Biany ot CEharshn T BRRE A A Bk e #5055 e
shown in 'ﬂarﬁ?ed“océer b ﬁ«téﬂeﬁ[sg%@igl%ﬁﬁdﬁm don i fEaWeds] ad e i428Gi 4F.t he via may

cause Soffe fencing The second mask and sidewall |ayer are then
renoved (graphdd®4 aresichibdinto thaetth Gyeddd8 thwighdhe sideagll bever 449ed duri ng

this step or nay be renpved wi.th_ an dditional step. Jn addition to usin
the si dowshown @YEE%@%@@&VXJQW%O rslétegwém%% ﬁggqﬁ“ivﬁ%@g&%‘m& on o9

sel ectivi txﬁgre%ésjn r.ed}_tl wi ggling, line edge roughening, and striation, this

embodi nent® e € dewal | | ayer over the sidewalls of the vias to
prevent ne§sE)i NOTRS deddaWinitgk @hd bidewyll tsyetlasithen tehwved éstgh34d)cin shotvni s
believed that 'etch resistant sidewall |ayers over the via sidewalls

provi de nmim E1GrA1.ethe Smoe maydguemored dEmE i HREhbPHEFmoFRe ¥t #ati on of
IR ATRE R e

si nce suc rove etc are nore

easi |y renpyedessftidh RbEbindn aBegudknighling NRcleapPualchpiing emd stristiong Gas
“Modul at i orr%@t 0 égr m Si dewal I's [ 0036] | r%gt hée p_refg?red enbodi ment, gas
‘nodul at i orthis smbséiingn ubasrthe sideweld teyor oredr thesidevialls of thpyies & BsVEtt he

sidewal I s are.formed aof a_.polyner material ,and t ' hot or esi st
pol ymer, 8t . VHB%SQ&F%?? ‘i}]fn”tgﬁﬁe trF%%Wgﬁ% ﬁisygéﬁ%ﬁg%a%getﬁgrfor med in
Situ i n e SRR RRATNEclBlE thFiatldlNg pANIISkbiRoRg(as & Rduéonmed, and
so that the stripping y renove both the mask and the sidewal | |ayer.

[ 0037] FI Glinfnits natchinge Thetfamhasibnfdfeidestadls overthe Bidewallnphiie yisisdewal | | ayer
over the mask (steps 112, 312, and 33 ich use as an. In
this enbodiHERREEOUE AESIIER Rlugs, e S_&P%‘ﬁé‘i“?ﬂ%%?ma’ ereg} %@n‘gﬁg‘%@ﬁeps 112,
312, and }%c@an%%ﬂo?ﬁéasﬁy 8PS HiifiiphasRnbO4 dansk teRtabiAiprstapi ng phase
508. The deposition phase’uses a Tirst gas chemstry to forma plasm,

whi ch deposits a sidewal | Ubiay €tas ddedulstion to . alisf the nmask. The
protile Sh[(ell ?I>6r}]g p?na%ee p?gfgrrgg gglbgdiin%%g%gs %%lufatc}grq] i ltisrcé to form the conformal

sidewalls. Preferably the sidewalls are formed of a polymer material and the mask is 2

photoresist polymer, so that the deposition of the sidewall layer may be performed in
situ in the same chamber were the etching and stripping are performed, and so that the
stripping may remove both the mask and the sidewall layer.

[0037]  FIG. 5 is a more detailed flow chart of the forming a sidewall layer over
the mask (steps 112, 312, and 332), which uses gas modulation. In this embodiment,
the forming the sidewall layer over the mask (steps 112, 312, and 332) comprises a
deposition phase 504 and a profile shaping phase 508. The deposition phase uses a
first gas chemistry to form a plasma, which deposits a sidewall layer over the
sidewalls of the mask. The profile shaping phase 508 uses a second gas chemistry
different than the first gas chemistry to form a plasma, which shapes the profile of the

deposition.



different than the first gas chemstry to forma plasma, which shapes the
profile of the deposition. 7 [0038] The invention maybe used for etching a
dielectric layer or a conductive |ayer. Exanple recipes that nmay be used
to practice the invention for dielectric or conductive |ayers are provi ded
bel ow. Ex4038% Pr ShebwentiosaRy bausad fox eiching aclicletteicilapee ot 2 venductivess, t he
etch layer 208_is dielectric |ayer., A photoresist, mgsk . is formed over
the di el ei?yref'c F%@P r%%es(t&téﬁa}ilgpﬁqedﬁgmc’g%@pF%Ye@n% or, dicleffgl Op| aced in a

pl asma prg LPO15BRMRELrovidePhefow:S @ schematic view of a plasma
processing c anb-era?GOO tglg)tv r‘?aye e used for depositing the sidewall |ayer,

etching, and stripping. The pl asnBxdnigiePssiery chanber 600 conpri ses
confinenment rings 602, an_upper el ectrode 604, a_ | ower electrode 608, a gas

source 618039%nd Brinsyxampls oifbainvenive meeesgailic stililarer 898 ivadistacsis a

depositio S . .612. an rofile.shapi ur 618. The gas
sogrce 61%i y?}%yA %%?igsé%%aggasl ’féﬁ“%ﬁ‘gf"’%fé Bglc)elgerc %écgl,% y%??ﬁs(gtgp ;§4)et ?i ng ggs
source 618ubsWatdTi0a iptiRaRRadel 9€ 8 pRisAE prédeasThe thabbr. Fk@.@fsthséch%g%em s

positioned upon the |ower electrode 608. The |ower electrode 6
i ncor por avey ef apipstabpwcsssing ¢hamber 6L tiahapayrbe sgd omd¢masiing the sidewelt at i c,

hani | i the |i f hol di. h trate 204. Th
Feactor 1 o BRI UHERES: (HE PlAsTe s or-atns S TasH00 CHREE® | mred at el y
opposi te oédfmeRefing &8t hed eg%ﬁfectr_?;b@sew,ra%w%f S6LEQRS R4 cad QURL: €l ectrode

608, and confinenment rings define the confined plasma™volune. Gas is
suppl i ed 6b0,tand an exdushpwinp 6268.nThe ghasvrrdsys Ihengases o demsithbhQzaa sourcs

¢ exhaust ed om the confined plas ol ume t hrough the confinement rings
502 and afl LHHLGEOTS PHIE 87 €OWRR L1 %ﬁiaeﬁpsom. R} AR our ce 644 i s

el ect 11 cakddiiiGon BRIk Ol 8 HRBREiRI RS L6 0E6 B 4windh DREAAG AU co 648

is electrically Connecte t r~ el ectrode

surround ¢humbeo 600,rikereritstreferdid 16pasitidrivd upppelic kiwee tleotledHe08. Edowehe | ower
el ectrode 608..  Both the first RF _source 644 and the second RF source 648
nay corrpr?lggr‘éierﬁoéﬁn‘?mﬂ@ﬁ@fu{t#e £9psgty chivpbing sRgshaigg{e€-and a | ow
frequency ; : 1a1.IH r i i connecti ng
RF power ?lgé{%ga?lcé é%%%c 291‘3@@1%%?%@ %Iréﬁgﬁc?lﬁ%ﬁ%egra b%%é ?@éc@&ﬁ rol I ably
connect edrehctot fop 2B isaupeats thehhped dBctredddiisdisnssp ib2@diatalgopfeitgas source

Sut abl o Plsjower eléctrode 608, ‘The upper elecirode S04, 1ower dlectrode 608, and . O 'S
confinement rings 602 define the confined plasma volume. Gas is supplied to the
confined plasma volume by the gas source 610 and is exhausted from the confined
plasma volume through the confinement rings 602 and an exhaust port by the exhaust
pump 620. A first RF source 644 is electrically connected to the upper electrode 604.
A second RF source 648 is electrically connected to the lower electrode 608.
Chamber walls 652 surround the confinement rings 602, the upper electrode 604, and
the lower electrode 608. Both the first RF source 644 and the second RF source 648
may comprise a high frequency (27 to 300) MHz power source and a low frequency (2
to 14) MHz power source. Different combinations of connecting RF power to the
electrode are possible. A controller 635 is controllably connected to the RF sources
644, 648, exhaust pump 620, and the gas source 610,

[0040] FIG.’s 7A and 7B illustrate a corputer system 1300, which is suitable for
implementing a controller 635 used in embodiments of the present invention. FIG.

7A shows one possible physical form of the computer system. Of course, the

computer system may have many physical forms ranging from an integrated circuit, a

8



i npl enenting a controller 635 used in enbodi ments of the present invention.
FIG 7A shows one possible physical formof the conputer system O
course, the conputer system may have nmany physical fornms rangi ng from an
integrated circuit, a 8 printed circuit board, and a small handhel d device
up to a hygercaensiit BeFpndra smabhmdheld deyseemia 300ge supcndewputenoni t or 1302,

a display 1304, a housi n8_1306, a disk driv 30? 53 boar? 6(11310’ and a

nousedlflﬂomuﬁlsiﬂim 134 alcélzﬂ%at@mtqréa%mﬂﬁs %ﬂ#ﬁ ﬁSIP%l ! ]l:ri'sfelrol da’:(a
. 1:Q I i

o aqr am  SP<agBdcE SYSPER 130 = Gheda T PRAPIAL SEMIE0C T 1 e

variety ofc,3uAs isldRiE usd BRSSP (5 td 322 bRl Gnputefsgsterwd 300. as central
processing units, or CPUs) are coupled to storage devices, including

menory 13@041MentFiG. TBA4 an nsdmplesf pdleikrdisgrewsfor pasapiiyt e 130d  read-only
. As i I in the art t f d

Thotr uct | BHshiR o HEBISAIR 4 Bidertaremy LA Lr el (ea P, "

transter ?e%@ed g éeﬂt?ﬁlrplf((sféésﬁngéuhﬂs dr gﬁg[ﬁb bRClohgRako BRARRdeviBed,h of these

or other typesS of nenorie I'nélu ahy sui ?abl e formof the
conput er - fRAdBRE SreiRAy B3The Sdember] 393 invtudés rahdommdoetiss ken32s (RAMN 2 coupl ed

bi - di rectiégalrh%/ to @%&%Z%i_t pr.ovi g%slp ddi ti@%%gt@g%fﬁg@gﬂ apacity
and nay afeeg-andg MgaEry . A§ds BEHime 31%% el ow.
Fi xed disk 1326 may.he us r &y t gy and i s
typi cal | ymﬁ%'?‘é%?}ﬁ&él@lrg%{boﬁlgﬂg%%@%%ﬁnj s%)cﬁ as %gﬁéﬁﬁc%pglg)ﬂ?ﬁ% i's sl ower

than pri gRd sBhOi@@Sn a bi-diwedtionBEmanmsre Boti efithtdedr dihe typdsof memiatesr et ai ned
(W thin fixed disk 1326 may, in appropriate cases, bg in O‘%Bglr ated in
standard hestindndesnysuitebigifome abibp compuirsrerdablespedia %&H@S o¥r dk 1314 may

Lk o e ERe a3 hsd SR F MU RLrof SRSy 198, flesriel hedibieliow

5 varre I nput? out put devi ces, such

as  di spl gy k@0 4pe kPUARAIMA Rlfso FRUGR ah9 b2 thevtspeakatabld@sdia and
f eedback angf forward systemTor control of the process, Ig%(?ﬁjg ra!, an
) ce,

i nput / out edcrithed belowrdiixdskdisiah§2omay Ve veul @ SQGE Ryeerams. safe,

keyboards, m crophones, touch-sensiti.ve . di;spl : r eaders,
magnetic &Rd pdyRica %%éecpgfgq]g[sgo,ragegg? ey (S%?]:Sl Suaz%%’;{ d}SE\f | %gﬁ%?gvﬂ%%%ﬁl ting
' | Sy iiIaR0Rhfoci Al Blhek iCRMRM®! StaiUvitBiAXixedaliskonal I'y

recogni ze ﬁmﬁ I §Sy
maybe coug e 0 anot her conputer or telecomunications network using
net wor k i 1826 frayesin@pthprivictdasesybb incoreraiod ko standard fehionjap viruad AP at ed

;[ 2? E)r %2? i ahcgltléjgl%]g% 2521{ eﬁ%&’fabﬁa”&i&i E@M I%ral.y]:tark%%é Po?‘mno%ta% 06 theo(fonrlglﬂé}t- out put
readable media described below.
[0042] CPU 1322 is also coupled to a variety of input/output devices, such as
display 1304, keyboard 1310, mouse 1312, and speakers 1330, and feedback and
forward system for control of the process. In general, an input/output 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, biomeirics readers, or other computers, CPU 1322
optionally may be coupled to another computer or telecommunications network using
network interface 1340. With such a network interface, it is contemplated that the
CPU might receive information from the network, or might output information to the
network in the course of performing the above-described method steps. Furthermore,
method embodiments of the present invention may execute solely upon CPU 1322 or
may execute over a network such as the Internet in conjunction with a remote CPU

that shares a portion of the processing.



network in the course of perform ng the above-described nethod steps.
Furthernore, nethod enbodi nents of the present invention may execute

sol ely upon CPU 1322 or nmy execute over a network such as the Internet in
conjunction with a rempte CPU_  that shares a portion of the processing. 9

[0043] | nl@M&ilt i ol additinme prebadiznesis afitbe prese invantion futhen rélatetter rel ate to
t duct it { - dab). i that h

comput o EoBaRE rBrag ookt B oFNRI SatR Rl E b ERpE e

oper at i on&eréeaﬁfoﬁg&if@mﬁﬂgvm@&ﬁw@m&q&@ﬁéﬁt&f@&m%@hﬂahﬁeSi gned

and constructed for the purposes of the present invention, or they may be
of the ki pempuatet coddeonsy bedhose/srickimbly elesignechasieconbiandtedyfos kiid purposeslo€ conput er

software grts. anpl es of _conputer-readabl e dia include, but are not

| nvited tbB*® H’Eﬁﬁﬁéﬁvﬁn%%t@ﬁg%ya{? #&ﬁﬂg@ﬂmfﬁq %aﬁf@? taHWse magnet i ¢
tape; optj, F @qu]{a] W r i V] : F]E%?‘[wt 0-

opti cal m%ﬁgggiﬁgﬁﬁgs O%It%?rca |sfgsn%§%§£}%gpg§\§b - ggélagg@e at are

speci al | yinchaief bguredotlimitédoermpaetxaedib sugH SoiadniRRs €loppytaiskasand
application-specific integrated circuits (ASICs), progranmmable |ogic

devi ces (RBRSticARR; RpkeH mepdingichay (R OMErpdprlos: anagnste i ncl ude

machi ne c¢ .a jler, .and,files containing higher
| evel cod@gﬁfﬁ%@%gir}es@}i g%ﬁ?@gﬁ%gﬁgsn%ﬁg%‘i&arﬁQ?Vd&esg‘hat TRt er . Conmput er
readabl e ¢mdigaraiy sedrs endexeeatapitbnt o, $ichns AhphetoRYpaifis %@%M%a dat a
signal enbodied in a carrier wave and representing a sequence 0

i nst ruct i YHBUBKARIGY epreguaunae by devigasdBEDspind KON an®RAMbdevicemy use
‘other d sition.devices. .[0044] An .exa e of a recgi for |aterall

et chi ng ?ﬁ’gmﬁ%lgfkc’{%% erﬁ?ﬁl,k 1%‘3‘5!6 %ﬁ%}“n%‘%odep? 'aﬁé’?‘gﬁg‘gWﬁ"Eﬂ’é’ r o?/
pl asma progemss fenteRAEIREh R8RS b6 Bht &ehﬁe&%ﬂ&za oéM:@Eﬁt@rO&f%Qg yatts of power

is supplied to the plasma processi ng chanber at "27 to 200 sccm of

CF4 and SmtespRters Cemputer 0dadable medv nyd!sode dveypitarsiode proeissd by a chanber .
Mor e pref erablté/f he pr.es uredf.or | at eral | (ﬁtchi ng.the mask i s, between 20-
150 nT. [OoEBfedade ¢ oge énaé;ﬁla%ﬁlrt“fagﬁ%ﬁ LRPECSEBUNG @ §HRINRY depositi on

using a iaRRMHRhS thafre2R0c RN SLANGRES, wﬁéﬁxgﬁgg%s@gﬁ Jifd M nute) Ar

and 50 sccm CH3F, at a pressureé of 60 mlorr, e by setting a Vat
val ve of depesitiondevipesap to 1000. The 27 MHz RF source provides 500 Watts

of power, .l e the 2 Mdz ourc rovides 100 Watts of power. The
c haﬁb er t[gﬁ%@r at [ﬁneezgagl%pg{ %c%&]f%% ateg'@l%r etching the mask (steps 108, 308, and
32) provides an etch chamber or plasma processing chamber pressure of 1 to 300mT.

50 to 800 Watts of power is supplied to the plasma processing chamber at 27 MHz. 0
to 200 scem of CF4 and 5 to 30 sccm of O2 are provided to the plasma processing
chamber. More preferably, the pressure for laterally etching the mask is between 20-
150 mT. _

[0045] One example of a deposition phase 504 may be CH;F deposition using a
chemistry of 250 scem (standard cubic centimeters per minute) Ar and 50 sccrn CHaF,
at a pressure of 60 mTorr, established by setting a Vat valve of the turbo pump to
1000. The 27 MHz RF source provides 500 Watts of power, while the 2 MHz RF
source provides 100 Watts of power. The chamber temperature is maintained at 20°
C. A helium cooling pressure, to cool the substrate is 15 Torr. Such a recipe causes
the formation of a polymer sidewall layer.

[6046] One example of a profile shaping phase 508 may be C4F¢/Q,/CO
deposition using a chemistry of 270 sccm Ar, 12 sccm CyFs, 8 scom O, and 100 scem

CO, at a pressure of 50 mTorr, established by setting a Vat valve of the turbo pump to
10



C. A heliumcooling pressure, to cool the substrate is 15 Ton. Such a
reci pe causes the formation of a polyner sidewall |ayer. [0046] One
exanple of a profile shaping phase 508 may be C4F6/ 2/ CO deposition using
a chemstry of 270 sccm Ar, 12 seem CAF6, 8 sccm 02, and 100 sccm CO, at a
pressure é%OQSOThﬂ'%? MHz BiFadotiios ipeevidss &0t Walgs ef prawerywhilethefZ Mik REr bo punp

to 10 1000. The 27 ource pravides 1500 Wafts of power, e the 2
Vo RE SSURERDISSP 450 Vel aroret o T Siaroer fras R s al dbe i <

mai nt ai ne I i r: ool the substrate is 15
Torr. [0091:7?&E%%mgxoﬁggéﬁ%gggﬁ%%%ﬁﬁ?#égfSOF[QQ?deposi tion layer 820

fromthe [MEFDsi tFH sphrecroskheciiapbsict of v deppeitiol 2yer 826 Gomeieover a nmask
812. In this  exanple, the deposition (ghase forms a "bread-| oafing"

deposi t i oficRosition Rise. nEhe eeneaitiopyaystiBLY Helorgodioverganeikedd- FeHis ng
a oy : _ ol pa S e | P g
Che T op. orer it ReRRRAEhEe R B oo RAIEL, dsBoRNR aye  ERRMCNCAT 204

bot t om of by Betlinea 824, The BreaddbdingMepddiGoPI9as RAkbRAzdd b NMhsckeexanpl e
forms a | ayer at over the very bottom surface of the feature, as shown.

Ther ef or esidewild deeqsiitin ean thertow pithe feathrand arthinngn(or siodigdensll deposi ti on.

Such a degposi.tion doe ot vide the desire ubstant.i ally.vertical

o dewal | sSRLgTBR e blpr A B ks T AT U B PR RREDE Rt ch”Fhen

cannot  beglsefle S IR A GvEAUE Gery BOHDBELstIBe 6PMHeFEAM hd stBmC! 0sed of f

and no etching can be done. [0048] "FIG 8B is a cross-sectional view of a

deposi t i ofhérafoee, tB3Glepbwtien provides haonmoofdrinahgjidehapiempsiploas Suck aused. | n

i

‘this exanple,.the profile shaping. phase for a . "faceting' deposition
| ayer . asOARoBiHoRIoR® BY RIGYICP Miedegishd Sstenpallivriige 167 3he Dfcgar | s

char act er joéﬁgg t ?@ﬁ%ilg; @#%S Q);Pq thg g%%%!hﬁj&‘"@llaﬁ cﬂﬁﬁ?ﬁ% hss %erﬁéstkﬁiﬁilg&%g a'? L ) g'he

feature an wa sition near t ottom o
The "f acshéenthe cdetacisivill mncldadofhard stegoking cah bt Henxery bott om surface of

the feature. Therefore, this deposjtion also provides a non-conformnal
si dewal | W88k ¢ ifdG: SPris g geoss-spcdional Yiswpd ardeppration Fyar 8% wbererpl, heacet i ng

of the p eS| : S : %é?g L fd ﬁ]ﬁ§§ rovi de the
desired gpg%ﬁ?% :%ﬁ vesrg?%/%%ﬁ' gll%%s{/va Iéﬁgﬁ’f%gée%q ﬁfg}l 0 Ef%gﬁlg(%r ners of

t he phot otfesstisie” desdeititrylagetseintipwed betoullins 884! The fcetng démsitiomsk

erosion. The faceting of the mask will also result in faceting of the

etched priayeriecharpcterizeddst a timer toyas) sigawall dposiigskngas thede o&Ee t hen t he
final et C@?tﬂﬁeﬁésq(ﬁfaéf %ehgcls%e?] ts@'e??zgl Ei%fo% tgo%f nea? e%ﬁn%ﬁfoﬁa%t‘?ﬁé FeatiRE! irfig! Profile

general |y r
"faceting” deposition does not deposit at the very bottom surface of the feature,

Therefore, this deposition also provides a non-conformal sidewall deposition. If the
sidewalls near the top are too thin, faceting of the photoresist mask may result. Such a
deposition does not provide the desired substantially vertical sidewalls. The faceting
of the corners of the photoresist mask may cause lower etch selectivity and fast mask
erosion. The faceting of the mask will also result in faceting of the etched profile. In
almost all cases, once the mask is faceted, then the final etched profile is also faceted,
since the mask vertical profile generally translates into the etched material.

[0049] FIG. 8C is a cross-sectional view of a deposition layer 840 formed by 6
cycles of a 2 second deposition and 25 second profile shaping. As can be seen, the
deposition layer has vertical sidewalls and little or no deposition at the bottom surface
of the feature. To provide a 6 cycle process of multiple phases, a gas-modulation

device, which is able to alternate gas recipes quickly, would be a preferred apparatus.
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[0049] FIG 8Cis a cross-sectional view of a deposition |ayer 840 forned
by 6 cycles of a 2 second deposition and 25 second profile shaping. As can
be seen, the deposition |layer has vertical sidewalls and little or no
depositiogoat the bottom surface of the feature. To provide a 6 cycle

process ofl 04l ti piTke philiseio contrgbibe maiinatdhe tmes gbthieatepositiv phass 588laadt o

al ternate, Cl i ckly, | d a preferr apparatus, 11 [0050]
The abilit i Sﬁgeo%?i E%Ig%ﬁ%e #%Er\é\%éF a?%btgl?rtcfmf@?[ gqna?:ﬂee ‘gé’ﬁmﬁt&w’éhase 504
and the providd @bshanhigydias and 08 BrAM sﬂféu%ﬂgfaEp[us Hriﬁ’\lﬁl(y.a&r .a§ﬁ<gl- A
proper ratio will provide substantially vertical and conformal Sidewalls

as i |1 ust paeeesifion By is 8180 abledh prafectdpophdtomsist mysl toi iscrebsatadbl e to prot ect

t he photoresi st to increase etch  selectivity, Qher control

par anet er §§B%W mﬁwwﬁ@fw@@ﬁﬁqﬁwﬁa&z&w ggetipadhatean bgsedio t he
depositio ' : 0 I I Jtion tine,

deposi ti og?%{]dgg}%lén&g@g al?gp,? ?ﬂnggérgt {I%Iﬁyégfg%gﬂé%@?l Ir‘ge%EB%ISE ,tm%end rati os. @Gas
chemi st ri deposithatshapingiphasesitrele batiol bes dh@ﬂﬁﬂﬁyatzgeéj&\{d R oeXENE énhistesEY Wi th
or without 02 (such as CH3F/ 02, C4F6/ 2 , F2, CHF3, CF4) or may be H2,
CHa, C211%at myeyhe ugedby theinyention ey befedBposCiR, avithptraxithans € (sudhhesmi st ry

east | one art i CAROEAHEE FEF PO ob a5 Lopy PSS B east on of
CH3F, CH2Pferfliyine Gdpeiti@nhaed ifos a%msmn@aﬁdmﬁ ddaat may preferably

be used during the deposition phase are 2. Preferably, the
profil e sHeprrabemaBesltsebly, the biidwcabey isoft least dneoofCHy mohCyiflf Hllor Wi t hout

A5 ot TRy s ol PRI LR SR CBR T e
He, Ne, OgsniN2turénfhat iy ptdQadly bghﬁed@éﬂﬁ%@%ﬁ%ﬁ%ﬁésg QreAd O 8, Pr ofile

shaping step to renpbve unwantéd deposition. Ion, a sing | ong
deposi t i dtrelpagbly.dhe prafile shapingyhase Brosfaeheinisiry dfadlyorodarber whihpi ng step al so

d i fl h I ..:0 h i h I ith i . _Usi I tipl
cycres 1 orrgy Rl SRV JagTeRHOh e JurieckPod = 4ieiot eRasohcHat, Ghteont  of .
|n addi ti@ Crherakldbple Gl Maclit B RaRA8 6r AFPRSTH A DIRYIRS Profile

control. The reduction of brea fing reduces shading, Whrtc I nmproves
etch proflides. In addition, the multiple cycle, nultiple phase deposition

reduces || wi ggling, .which is caused by the stress of a deposition |ayer,
whi ch cdl thg&lﬁﬁgﬂw\'&? B‘ENSIWHOW% Rygfile sheping gleprtp gpmotehe profile
shapi N9 $heRnRHABH B0 %IUE{E sﬁlgféqghé 'd%sﬂfbntxﬂgy bRkt 8H]st8rfingt.he mask

°3
feature, to prevent resi rom t
Preferably, the profile shaping step also densifies the polymer by bombarding the

polymer with tons. Using multiple cycles for forming the deposition layers also
provides finer CD control. In addition, the multiple cycle multiple phase deposition
provides profile control. The reduction of bread loafing reduces shading, which
improves etch profiles. In addition, the multiple cycle, multiple phase deposition
reduces line wiggling, which is caused by the stress of a deposition layer, which
causes the photoresist lines to wiggle. In addition, the profile shaping step prevents or
reduces deposition on the bottom of the mask feature, to prevent residue from the
deposition, which would come from resputtered material from the deposition layer
that would be at the bottom of the mask feature.

[0052]  Preferably, at least two cycles are used in the forming the deposition layer.
More preferably, at least six cycles are used in forming the deposition layer. Some

embodiments use at least twelve cycles.
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R

deposition, which would conme fromresputtered material fromthe deposition
| ayer that would be at the bottom of the nask feature. [00521 Preferably,
at |east two cycles are used in the form ng the deposition |ayer. More

pr ef er abl ﬁi@ﬁat | east six cycles are used,in_formng the deposition |ayer.

Some  enb@53knt Otfiseergbodimgnts rayerspa hepdmask fon thempwkan exoher enbodi nent s

maybe. s cTputERgs. 4 Bhotbiiel R el 1 HEch o ORRE ARy TufRGREERAEL, "t he
phot or esi i:{ B@Elﬁc&&oﬁ&qwﬁhétbﬁ@iswngﬂi fo8dudeiife viggEng, e RALS Foughdae

striation. ]0054] Spaces in the mask may be used to etch holes or trenches
in the et dtagtem. [ 0055] The invention nmay be used on nmany different

types of plasma ocessi t.ool s, such, as elan and TCP type etcher,

b o PBOSETE, R i etk By b3 B eisT TRl or IGgERE i G S [Pt o
under st anghhag;, Fl Q. 1. S ' . hat may be
used in gﬁbgﬁbodi%ﬁﬁv% 10?@3?%&%?1&%@\%%%?@%’% %‘Wg{l rgsi (é‘?sglﬁgsk ig
provi ded tpslsepcltExelbh nd TCPAypsetehed oD cCVEE MRE RIB/IORIEgwW of a

| ayer to be etched 1008 over a substrate 1004, with a patterned
phot or esi E¢Pi#&3k o012 with photoresist features 1014, over an ARL 1010,

over the rl to. be etched,. f ' a. St ac 00., The. phot ar esi st
mok has 1WONL, odsdrtpg ubdeaasynG MG, % FrhaSt Hoksma i BB “De L e
wi dest panhht 1ahy bdresediflteh efbotiiers BRIHeAfTenbiof S iADpBierhRidiHdtGesidiansdkqyi de the
patterned photoresist mask, a photoresist layer may be first fornmed over

t he | ayerprovideeé (ssacf. FlieHA ke grhometieeloss-seciipan! view pdetaentoba o form
phot or esi st, f res with ph resist sidewalls. Fl I i top view of
Phe. phororisd op® pEie mopsPiedORAris b polERtT ehdmrismario et clch as
| i t hogr apihstorBiist feRBtts 8 0t Hervkral URES101014vdrandRiybr IRBUbBElcheaped. The
dotted line circles 1016 illustrate the reticlé pattern provided for the

phot or esifermimgskstabB1DO0T Hée pboivadsist plask bees phetorgsmhisagse najicdhave si dewal | s
with peaks 1020 val.l eys 1024, sho These .peaks .1020 and val | eys
1024, i EroRat E haniek biba G wape R e PR EE 8 RN RSPl nal

reticle H@ét{n%f Mo ;?rﬁvfd@'tﬁegﬁc%‘%n&lﬁio&&kﬁmﬁm ﬁéﬁ@t@re%i%ftﬁd" mhPbe HGE | ength
al ong the sidewal are called riations. Thé photoresist features have a

di anet er Bimed ar slirmkmer tp ®8 s¥hed h®hqhit phewirstist l@et i Edteared temdrar ged (st ep

o X I h . . .
908) n p%g%rgs)fs% a’cgreg W?th photoresist sidewalls. FIG. 10B is a top view of the

photoresist mask 1012, Generally, manufacturing processes, such as lithography, may -
cause the features 1014 to be irregularly shaped. The dotted line circles 1016
illustrate the reticle pattern provided for the photoresist mask 1012. The actual
photoresist openings may have sidewalls with peaks 1020 and valleys 1024, as shown.
These peaks 1020 and valleys 1024, which cause the irregular shape that deviates
from the original reticle pattern, in this case a circle, and often extends for some
length along the sidewall, are called striations. The photoresist features have a
diameter S, as shown.

[0057]  The photoresist features are enlarged (step 908). In one example the
photoresist features are enlarged using a laterally etched so that spaces 1024 in the
photoresist features 1014 have widths "S," that are greater than the widths "S," of the
photoresist features before the etch, as shown in FIG. 10C, which is a cross-sectional
view of the stack after the photoresist features are enlarged. FIG. 10D is a top view of
the photoresist mask 1012 of FIG. 10C. In the specification and claims, a lateral etch

is defined as an etch of sides of a mask which form features, wherein the lateral etch
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phot oresi st features are enlarged using a laterally etched so that spaces
1024 in the photoresist features 1014 have widths "Sg" that are greater
than the widths "Sr" of the photoresist features before the etch, as shown
in FIG | OC, which is a cross-sectional view of the stack after the

phot or esi Bicrdagcetthe sige aff theamidihsgpddhe thtaareslslj’ea’@r@ thiw avicgoh orask,tsheh a

h 101 f FIG h f d cl
et ol S AT PR & drimeniag ob (erreeh Bt e SOth el heR P AGh M ot ur es.
wherein thg, k@fh@&ﬁ&n@‘és&ﬁfﬁﬁ thiMg! ﬁdbwaélwe@a%fccﬁd&s Wbtﬂétemﬁefla}téile

phot oresi st Teatures or a'trench such | ateral etch may be a
trinmi ng afdedr e photoretistiagde.105R.c Anl attardattcélinb escledy ] dlimticateseaiiacget t he
t hi ckness of the nmask. Preferably, the |l ateral etch does not etch the |ayer

under t hefeghe shapsiaier fhgyatpral etfbngA@tB@tEﬁb%%l?@a of fhipdnysntiondongs 7

i ndi cat es | o

enbodi rnen?lﬁ'r”ulgf,él tl%}éhqté}r\%gi%ﬁegw?%ao?gaotﬁh 151%@1113?#"3 egﬁ%ef%ﬁgﬁ&prt d‘(‘Edabt ures or
provi de e[goagpenerte saﬁatﬁfnstalfeareaﬁédde(gﬂeprmz)eqqc} 110Rs a PO 88hilddBowichin@t i ons
are reduced (step 912). FIG 11 is a nore detailed flow chart of this

step. As effbwrstém 4% howin Kike 1t dbacedushionef thhéttmﬂ;onammp@m@mﬂaﬂs es at

| t f | | f hi back
Stri at i oo HURE YRS Bt Rte 0o SeaL ALn s Peh it BRkeral® "o
feat ures. gdpoGiink ofhe HA¥Gals 610596 Eh&ﬂi‘égfst fdafifedd PN OB IsBEWS BYSS w@@’lﬁ af ter

an etching back of striation s 1020 (step 1104). Wthout being bound
by t heor ytheiphoiosesis layey 012 m an@tdhmg‘b@k@tﬁ istigptior @Bﬁ%lﬁél(smp ilyed)y etch

the striatjon peaks, As shown in.Fl ne the stri t|o peaks are
Foduced. T8} SR EboRcE Shausitis bised et 6 TRE BN GBS oIt 1012
after depggi iHeNgiatRRA QES.SAQ%I! (e R0R 10%e oﬁh@sn'ian%gbﬁ{saaré op view of
the photoresist [ayer 1012 after a plurality cycles of etching back the

striationefesdds (step 1104) and depositing on the si devvaII (step 1108). As
shown, the striation eaks 1020 are reatl ced, and e striation

ed
val | eys 11892915 e FiightH shoyria periew efthenh r@ﬁ;gq@(qr 191 ?g?r gsifpg
f 0 h
LI 11 Cat ot SRt | RODIFIEERYGEE bRy S IRASLENRG DA chle oty

| OH Thea plaedlioy eftygtesrotekchint}lBackiike $thiethon paniy ¢der $1@®@Y af2dpposiigngsdrown i n
FIG 101. Exanple 1In an _exanple of this process patterned photore5|st

| ayer is th@ﬁi@ﬁ‘da](léﬁt@blb@)) Asghowppibesttationpoaks 1420mre peay sfuced @pd 1008, an
ARC T ayery, 19100 A 08 s R854 S \Ehificantly filled, thus overall striations are

significantly reduced.
[0060]  Features 1028 are then etched into the etch layer 1008 through the
photoresist mask 1012 (step 916), as shown in FIG. 10H. The photoresist mask 1012
is then removed (step 920), as shown in FIG. 10L

Example

In an example of this process patterned photoresist layer is formed (step 904). A
substrate 1004, with the etch layer 1008, an ARC layer 1010, and a patterned
photoresist mask 1012 is placed in an etch chamber.
[0061]  FIG. 12 is a schematic view of an processing chamber 1200 that may be
used for enlarging the photoresist features, reducing striations, etching, and stripping.
The plasma processing chamber 1200 comprises confinement rings 1202, an upper
electrode 1204, a lower electrode 1208, a gas source 1210, and an exhaust pump 1220.
The gas source 1210 comprises a deposition gas source 1212 and an etch back gas

source 1216. The gas source 1210 may comprise additional gas sources, such as an
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phot oresi st mask 1012 is placed in an etch chanber. [0061] FIG 12 is a
schematic view of an processing chanber 1200 that nmay be used for

enl arging the photoresi st features, reducing striations, etching, and
stripping. The plasma processing chanber 1200 conprises confinenent rings
1202, an etthfrey gasabece 12t Wity phsine pevcesding cheatker 1209, thesgatatediPée 1210,

Sour o spoercapen e Back Ssoces o d e Jaer Sgrgea 205 BEBUkE pmy O
compri se .2 'é%&@&Lte%ﬁﬁcﬁﬂ%ﬁfe@ﬁmﬂ%g%g.?glﬁéﬁ’os]f i idhAfcAdfniaNgE G2 1218.

Wthin p rocessi ng champer e substrate 1004 is p’ositi oned

upon t he ghoNms) £l IR de: SdBBato T084. Thereasioetdp S ihe@BotatesthpuprEtes a
sui tabl e substrate chucki ng mechanism(e.g., electrostatic,. nechanical

cl anpi ng elegtrode h204 dikessed srmediatlygprasee didewen plecaedal 208n Jhe ERROr ¢t op

the. | owsFIeBRERt § St T BIemrde 13 ke Spbphs TS TE0] TERNE) CunRECT 8
and conf LRaaBNo1ih898.d RA%pAEEd 0ehé benfERalRet valinas i) thogasreurcas i s

supplied”to the confined plasma vol une by the gas source 1210 and is
exhaust ed210 and fsrechewstéd freat the aefined plasma ohwme irovgletheconip@REHt  rings -

1202 and ; h t by t haust 0 f oA 1244
is e?gcﬂ%g%i%@us é@%ﬁﬁo&r&t ¢ %tﬁﬁgéﬁeAéﬁw%g&;&%d 'rl(;esource

1248 is gl ' 1B MRSl ERckbE 1200eTA Sdceal REURUIIB48Ehanber wal | s
1252 sur regeﬁﬁ?apkgaﬁ%%ﬁgﬁﬁene t ]rri nas 1202, the upper el ectrode 1204, and

the | owekleetrially cdenct2d8o thBowier tletréde KA0SRICaunbet avallg 4255 smrqund tRecond RF
/source 1248 nmay conprise a 27 0 sour nd a.2 r source.
Di f f er encoRbrasmemringn 263, %Wgﬂéfeﬁéo&oﬁoﬁf&?go‘?ﬁredﬁ%r@ﬁg‘gar e

possi bl e N1 gﬁﬁg s D | PIYSSm :pe@fh fdeapency

Capaci ti \?é’%ﬂiﬁ@s‘@%?%‘%& %%{;:Iﬂe y g/i %eseaﬁ%écghporgti on}%'M of Frenont,
Cal i f or ningtz phivehsotoe Hgl 412 8 TE powersoafer Differentditrieations of eerneciimgnt i on,
both the 27 Mz and 2 MHz power s urcetﬁ make gp t.he %gﬁ d RF.nger source
1248 conRathawertte terrleqtingearepessible d@ the fape ol aﬁ’p@%ﬁﬁ 3?‘{113%{&8 %% grounded.
A contrell 1235 ] seRpii 44, 1248,
exhaust &?Ef*feﬂb‘%‘?ﬁf‘zaﬁﬁg’%’é?%gg? gﬁ?}%@gﬁ %g%gﬁ%tﬁég%ﬁ%gtﬁzﬂm vvoall_d be used
when t he pr@y6sht, Colifoenia SkEiR tnalM8isks ira piefirestt erilcodingat of theiiventiorsi | i con
oxi de, organo silicate gl ass, or organic dielectric film [0062] The

phot or esbeth tha gl Mdarnd aMEzeoutsr seuecs ity dggyeo P U genent
process gyt d uSeediQtne é%répél%ctr(?&%, & ﬁ%%%ﬂ%le&ﬁﬁie% gfhmh&AsA one of

controller 1235 is controllably connected to the RF sources 1244, 1248, exhaust pump
1220, and the gas source 1210. The DFC System would be used when the layer to be

etched 1008 is a dielectric layer, such as silicon oxide, organo silicate glass, or organic
dielectric film.

[0062] The photoresist mask features are enlarged (step 908). Such an
enlargement process would use, for example, an enlargement gas of at least one of
CFs, Hj, NF3, ClHyF,, and Oz. In one example of a recipe for mask feature
enlargement provides an etch chamber or plasma processing chamber pressure of 1 to
300 mT. 50 to 800 Watts of power are supialied to the plasma processing chamber at
27 MHz. 0 to 200 sccm of CF4 and 5 to 30 scem of O2 are provided to the plasma
processing chamber. More preferably, the pressure for laterally etching the mask is
between 20-150 mT.

[0063]  The striation is reduced (step 912). Using muitiple cycles of the cycle
shown in FIG. 11 An example recipe for the step of etching back striation peaks (step
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CF4, H2, NF3, CXHyFZ, and 02. In one exanple of a recipe for nmask feature
enl ar genent provides an etch chanber or plasma processi ng chanber pressure
of 1 to 300 ml. 50 to 800 Watts of power are supplied to the plasma
processing chanmber at . 27 WMHz, 0,to, 200, sccm of  CF4 and 5 to ﬁo iﬁﬁﬂlof 02
are provild@d nrevidaea Brlagem(i-epflaerins brgnia ©) pAmtaminesas, Hshes PHe

pressure _for t l. i : i . - . Al 0063] The

striati of 78 dlfgdg%gnog %‘s”?{é’g&@)ﬁ Hﬁ%éﬁﬁ%ﬂ“ﬁ?&e cyggélg 8(335?1 Gota% é\ycl e shown
in FIG %ﬂesé\&e%@(fﬁﬁ’lﬁbrf RGIrBeIdE® 0 hBehahbg. heabadtdRIF bawke 448 pratides peaks

(step 15 1104) provides a halogen (i.e. fluorine, bromne, chlorine)

cont ai ni 860 Jéstts s adtequencyod 27 £ Wets ¢ fieduaeywpleters is the only gas

i ded i h t k. A 2 T i i toth
Chanber . (40102 o axab ol 2istanf frrgonieon Hao SR Ciep 10R PRI , ot 57
M1z and Qﬂ%&&ﬁhﬁ) Jcﬁggglg V75Qkorh Mfénd g&%ﬂnﬁﬁ ?H@ﬁﬂf&lb@r@fsfsb% gt ep of

depositing on the si s (step 1108) provides a ow of 150 seem CH3F,
75 seem WZToranThd 8bssateis Amintdhel praesspembire o§20° €o T8O seqviid RE soTiee

substrate is maintained at a_ tenperature of 20 The, second RF. .source 448
provi des 44D Dranages40 W atts %%WWW%Z%M%@@%\%@%%%“?WWQ of 2
Miz. [O @5 Fea i [ I S 16). An
exanpl e g a] Iaf;/éeﬁrrt&? ® eghgg{]%ﬁré% 1{&%%§Eb§gq%\§eggsg§5e%ﬁ)bna j(e1.(flbef9fa‘§/?er, such
as Si N, Siver tocte Gethedds ny bel ket bbeatth iayer, AudomvEdt, Stain eddd) or eci pe may
be used to etch the layer to be etched. [0066]. To renove the mask (step

920) an dydeticlgaicnd ¢rnyprtionsbeich reaePRY bpugeddpstdy the eyt nent of the

finvention Chg@e enl argenent of the photoresist features, reduction of
striatioﬁ%, ind etching the features into the etch layer are done in situ

in the spamsept Chrs RRRBRY the sk (9238 ka8 sshiddeay Belligddng the striation
is performed over at |east three cycles. re preferably, the reducing the

stri ati ofi0@6§] per fnor prefirmed embtaditheniof the insentipn) e enjaygasint pfdicer abl y, the

d iti i tainin t 1 f . o] d

£ bor ohy ATeiR et FebeRms o hubadrh bud SRtie PERdd it BRI o ar bon
and f 1 uop eyl 96 SHHPRIHE Eax%@%tcﬁioﬁﬁ%éﬂ fs @lovi eprRfedly,aBé Bdubiagihy es. [ 0069]

Wi le this invention has been described in terms of several preferred
enbodi mestristion epafoamed alveret dtdsothsse qyelesuiviare praferahlyditeiredudingride and
various substitute equivalents, which fall within the scope of this
i nvent i oftflappn Wgngggﬁer@é[feast five cycles. P

[0068] Preferably, the depositing provides a gas containing at least one of a

hydrocarbon and flucrchydrocarbon causing the deposition of at least one of a
hydrocarbon and fluorohydrocarbon on the sidewalls of the photoresist features.
[0065] While this invention has been described in terms of several preferred
embodiments, there are alterations, permutations, modifications, and various
substitute equivalents, which fall within the scope of this invention. If should also be
noted that there are many alternative ways of implementing the methods and
apparatuses of the present invention. It is therefore intended that the following
appended claims be interpreted as including all such alterations, permutations,
modifications, and various substitute equivalents as fall within the true spirit and

scope of the present invention.
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noted that there are many alternative ways of inplenenting the nmethods and
appar atuses of the present invention. It is therefore intended that the
foll owing appended clainms be interpreted as including all such
alterations, pernmutations, nodifications, and various substitute
equivalents as fall within the true spirit and scope of the present
invention. 16 CLAIMS Wat is clained is: 1. A nethod for formng features
in an etch layer, conprising: etching a plurality of vias into the etch

| ayer; formng a trench photoresist mask; formng a sidewall |ayer over the
trench mask and on sidewal|s of theLgivgality of vias; etching trenches
into the etch layer through the sidewall layer. 2. The nethod, as recited
inclaiml , wherein the formng sidewall |ayer over the trench nmask and

on si dey@ld s HMimkhg plurality of vias conprises at |east two cycles,
wherein each cycle conprises: a deposition phase with a first gas
chem stry to forma deposition plasnma to forma deposition over the

si dewal |'s i n rQf 1| in second gas
chem st Ir1 yA%)eté%g%é f{’rﬁn %% %F“T?Sai %P%t@hlg;%égo sIJq rféPn gt(‘):@g trﬁeas} Pdewall s of the
first nmask ;thevmer Riyer; fortifg & ﬂ%n@ﬂ;ﬁl(ﬁdflﬁﬁtshaﬁsk forming 4 §idevenil lagrhanzet ke second

al s further

gas chenls 3 The as. recited.in any of

conpri s Fi’bc OElﬁédTg‘faﬂﬁ of thy gylurality of Vigsy EIHX%FSE%§ i%ﬂ@r%%'éyermmr ein
t he forﬂk&gwhﬁgﬁg&gﬁm@®&fIayer etching, and renoving the nmask and
sidewal | |ayer are done within the plasm processing chanber. 4. The

nmethod, as recited in any of clains 1-3, wherein the sidewall layer is of a

pol yrer IF d, ﬁg I further
POl YTt TR 64 Sy 05, TS S O Tl S P he gy (1
the si dewssit ind @yedevoalls rof ﬂh@lmrlabhyaif vumslmm@nshs at led@ivierb lcgcled, wheesipbachal i ty of
vial. 1Zycle comprises:
a deposition phase with a first gas chemistry to form a deposition plasma
to form a deposition over the sidewalls of the first mask; and
a profile shaping phase with a second gas chemistry to shape the profile of
the deposition over the sidewalls of the first mask, wherein the first gas chemistry

is different than the second gas chemistry.

3. The method, as recited in any of claims 1-2, further comprising placing the etch layer
in a plasma processing chamber wherein the forming the sidewall layer, etching, and

removing the mask and sidewall layer are done within the plasma processing chamber.

4. The method, as recited in any of claims 1-3, wherein the sidewall layer 1s of a polymer

material.
5. The method, as recited in any of claims 1-4, further comprising laterally etching the

french photoresist mask before forming the sidewall layer over the trench mask and

sidewalls of the plurality of vias.
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