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DE-FLUORIDATION PROCESS

BACKGROUND QOF THE INVENTION

[0001] The present invention relates to the formation of semiconductor devices.
[0002] 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 then is
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.

[0003] After passing through the reticle, the light contacts the surface of the
photoresist material. The light changes the chemical composition of the photoresist
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
features in the wafer.

[0004] Various generations of photoresist are known. Deep ultra violet (DUV)
photoresist is exposed by 248 nm light. To facilitate understanding, FIG. 1A is a
schematic cross-sectional view of a layer 108 over a substrate 104, with a patterned
photoresist layer 112, over an ARL (Anti-reflective layer) 110 over the layer 108 to be
etched forming a stack 100. The photoresist pattern has a critical dimension (CD),
which may be the width 116 of the smallest feature. Presently, for 248 nm photoresist
a typical CD for the photoresist may be 230-250 nm using conventional processes.
Due to optical properties dependent on wavelength, photoresist exposed by longer
wavelength light has larger theoretical minimal critical dimensions.

[0005] A feature 120 may then be etched through the photoresist pattern, as shown
in FIG. 1B. Idezilly, the CD of the feature (the width of the feature) is equal to the CD
116 of the feature in the photoresist 112. In practice, the CD of the feature 116 may
be larger than the CD of the photoresist 112 due to faceting, erosion of the photoresist,

or undercutting. The feature may also be tapered, where the CD of the feature is at
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dimension. A fluorine-containing conformal layer is deposited over the sidewalls of
the photoresist features to reduce the critical dimensions of the photoresist features.
25  The fluorine contained in the conformal layer is removed, while the remaining
material is left in place. Features are etched into the layer, wherein the layer features
have a second critical dimension, which is less than the first critical dimension.
[0010] In another embodiment of the invention, a method for forming a feature in
a layer is provided. A photoresist layer is formed over the layer. The photoresist layer
30 s patterned to form photoresist features with photoresist sidewalls, where the
photoresist features have a first critical dimension. A fluorine-containing layer is

deposited over the sidewalls of the photoresist features to reduce the critical
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readable media comprises computer readable code for providing at least three
deposition cycles to form a fluorine-containing sidewall deposition on a photoresist

25  mask to form features with a second CD, within the photoresist features, computer
readable code for removing the fluorine contained in the sidewall deposition,
computer readable code for providing a flow of an etchant gas from the etchant gas
source to the plasma processing chamber after completion of the at least three
deposition cycles, and computer readable code for etching features in the layer, using

30 the etchant gas wherein the features in the layer have a third CD. The computer code

for providing at least three deposition cycles to form a sidewall deposition on a

photoresist mask to form features with a second CD within the photoresist features
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30according to the prior art. [0016]FIG 2 is a high

| evel flow chart of a process that may be used in an
enbodi ment of the invention. [0017]FIGS. 3A-E are
schematic cross-sectional views of a stack processed
according to an enbodi rent of the invention.
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reduce the CD (step 208). FIG. 3B is a schematic cross-sectional view of the

15  patterned photoresist mask 312 with a fluorine-containing layer 320 deposited over
the sidewalls of the feature 314. Various types of materials may be used to form the
fluorine-containing deposited layer 320 over the sidewalls of the photoresist mask
312. One preferred choice is to use fluorine-based chemistries, which deposit
fluorine-included polymer, such as fluorocarbon polymer (with CH3F gas). The

20 fluorine-containing deposited layer 320 contains fluorine molecules 350, as well as
other types of materials.

[0032] The fluorine-containing deposited layer 320 forms a deposited layer feature
322 within the photoresist feature 314, where the deposited layer feature 322 has a
reduced CD 324 that is less than the CD 316 of the photoresist feature 314.

25 Preferably, the reduced CD 324 of the deposited layer feature 322 is at least 30% less
than the CD 316 of the photoresist feature (i.e. not greater than 70% of the CD 316 of
the photoresist feature). More preferably, the reduced CD 324 of the deposited layer
feature 322 is at least 40% less than the CD 316 of the photoresist feature (i.e. not
greater than 60% of the CD 316 of the photoresist feature). Most preferably, the

30 reduced CD 324 of the deposited layer feature 322 is at least 50% less than the CD
316 of the photoresist feature (i.e. not greater than 50% of the CD 316 of the

photoresist feature). For example, the deposited layer feature may have a reduced CD
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of a conductive |ayer processed according to an
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deposited layer 320 is formed using fluorine-included polymer, the fluorine 350 is

25  first removed from the deposited layer 320 by applying the nitrogen/oxygen plasma
treatment to the deposited layer 320. This is called the de-fluoridation (DF) process.
[0035]  In one embodiment of the invention, a combination of nitrogen/oxygen gas
is charged and becomes nitrogen/oxygen plasma. The nitrogen/oxygen plasma is
contained in a plasma chamber. The fluorine-included polymer, which forms the

30  deposited layer 320, is then treated with the nitrogen/oxygen plasma. This results in a
plasma-driven chemical reaction between the nitrogen/oxygen plasma and the

fluorine-included polymer. One effect of the chemical reaction is that the fluorine

7



the sidewalls of the feature 314. Various types of
materials may be used to formthe fluorine-containing
deposited | ayer 320 over the sidewalls of the

phot oresi st mask 312. One preferred choice is to use
fluori ne-based chem stries, which deposit

f | uor meteculnc30de theghiosineincludedcpolaser iiteirelemed rand thus removed from

pol yngr i th F gas). The 20flyor|ne-caqontaining .

Gopoo e st it BonBE heno S HSRL LY hhlTes ot PeEvadeine polymer
as wekdll inplet.her types of materials. [0032] The
fluorine-contai ni ng de@osi ted layer 320 fornms a

depos|®08¢ | aidth respadt de e 3072/ enYReN gap eombinatineisi aot embodiment
featu : [ f I 22.has ...
T cdianer s P, HERASLGRe Glon b e R Vicin
phot othe ging¢ frm d0pext nBrbgen @5 Rragtfoxygeinl (0: 1)tth @ -paechitecpen €01 0-part
324 of_the sited l.gyer feature 322 is at |east 30%
oss TR BB ute SRV FRb Sfesdha perpedhniirasep andoryeen
not giheeiti e withianhe/i@figeatont BeaChitdgdh 01 -paRxPRAYDI PRI 1Spart
featur.e@ Vb e?l{Jrefer bly, the reduced CD 324 of the
depos'f “Itoa[/'é PRgen ) 3 Mpst rrefgrably Jhe fatig hotmepns mitrogearand

tive RyghGhéld bOLpRORBEESD $ipak® Ay - -
gr eat erygbthhan 600 of the£CD 316 o?}#{iﬁg ghg?glr(}g%?grtnbommem of

f eat Uheinvenyps;ithese Soulddi|mere pifeged@retiercexye@r824 of the
depogj I j | east 50% | ess tha

tho i 8Tc o Bl RBtich: ads efbe, (R kperg iy % hioThe plasma
gr eatcbamiieham HGUf 60 stardardebR1Gniheterd PerPRDURT (8% tind the oxygen
feature). For ex | e, the deposited | ayer feature may
have &%° %WB%“%%%B?%‘B%W R 05553 €8s than the CD

356 pdo3Bhe whigt @sR&ItS thepRAik EBambet whete Ak F0-rI6SHRR g{%cess
that the degosmed | ayer feature 322 has substantially

ver t PEfs: gie fhg chyargher prsssure shewld he kbl tharc KI9Fmiflivibrr 4 T).
S h OV\@IqreAﬁef?:ﬁ%W?lhg cﬁgfn} oﬂ?rlggﬁnte%ﬂwl@l)é 30 P’ &}e?ear‘zlabl }§ Iggegl?p;;l)éwer

is a sidewall "that ottomto top nakes an
of behonkshy BBveen SO Baty to h0GeatEb Moroprefefablyhihe REgiomeeshould be

Conf Si | | hay, deposi tion Jayer . that has
Substeh PR Pk R WP PR b oG, bbby M gorpppaacure
Pt t svuldfbe bbeveteai0We greeNIsius (CCRAT 4078, BreRRWB) I phiﬁeaﬁa

forma faceti % or a bread-loafing formation, whic
pr ovireREmeRs shogldatt £t P s¢90ydsver ti cal si dewal I's. Tapered

Si demkd]s ( Rﬁé}f(hé m%rilf]@fég&jmﬁgd QTR ﬂ&%gﬂf luded dct‘pé)(sjited layer

bread-1oafing sidewalls may increase t eposl
| ay e¥200Batared aggithenicttbedingpobe lagdded bdtehgd A@Gsthrough the deposited

Pr ef t e it t he .si de Il is thicker

{ han TP aties 028 G{PRRE), T ot § Ryt e Be e o be
z‘&he atesched 308rle tlﬁ)&{q@:ﬁﬁgﬁuhy featuge 33?)(:&:[1(3& i dd:[ag%g tsci t\f;:\hd:t&ﬂé@EOS has a
t he m of .t he phot gres| st eat ur e, en the

fl uo&? il s ARl the fary 3445 thegdepositerblayes &afge 322. In practice,
f I uqnd 0B-3866f HERALRI3Y WK be HihtP Burdeh Bias HQ%‘W%@;& the feature

etching process, chem cal reactions between
15f 1338 of the depesiteddavar 781 Jlomevearsince e (Pad24ud ditk deposited layer

etc I?H?lge RIS ?@ﬁlﬁganhp §m£1ﬁa¥91‘é§h1e‘ﬁo BHSeof the photoresist 312, the CD
30 336 of the feature 332 in the layer to be etched 308 is still smaller than the CD 316 of

the photoresist 312. If the CD 324 of the deposited layer was only slightly smaller

than the CD of the photoresist, or if the deposited layer was faceted or bread loafed,

8



pol ymer due to the presence of the fluorine 350 in the
fluorine-included polynmer. Thus, it is desirable to
renove the fluorine 350 fromthe deposited confornmal

| ayer 320 before the etching step in order to prevent
the fluorine 350 included in the fluorine-containing
deposhdnatle CBYfthe3R@r forbertched mighenadt beg smaltehn thah éhe CD of the

subsequent . et chjn 2 4] Fl uorine inc

T © R GESa N toay R Birali ot iab fenesed Bt By SR faceted
I 3Cok frcufA SHEpEd RathreQs Bre 3861 lo®8 @lchad. wis@fso ﬂ@sﬁf@Mb ®Ominimize
the fluorine fromthe deposited | ayer 320.

enbo@lpp@mon@p therhottpipé heiphptoresindpatine Preferabl)If I’t]he CD 336 of the
f %“0 e S%ét%eﬁ'lrpg.u gpz, dR% 'b thhéd%\éQrs :ﬁfe‘%st'z@%f Iers%q the CD 316 of

usi ng uort ne-inc ymer, ['uorine 350
25f i tist phoemnesiseftatureo Mdrh erema}ivd»s |t1tee,(éD B3fyefithe3R@uig\332 etched in the

Gepoliee v gyl B3 RAARTRFRIR: CREToFE phlofil eatre

de- f vt p;d@t»db@n the OFF) 338 I e FBature BODAGH eldlin e eayened ®€l @Bt 308 is
of the invention, a conbination of ng%rogen/oxygen gas

is cﬁ'al%%ao%rlf’ds thar BrdD MY JraheorEsEiatBitasma. ~ The

0oX
T 01 St SR8 iy 210) T

t he B@yl bp derietag d singlg @tep 820 separati stppst withet seplareie déposited layer
nitro en/ wrelNES T i L
%: H(Ltgrggﬁ sp-el;g(k:c?i OAEE’IE%P]\?\%E%US?% éor the stripping process.

pl as Rem ¢
nitr BEEBEQKM@&B&: pthaks308 aftercthd depodided nyémd phatbradednask have been

polynmer. One effect of. the cheni cal ctio s_t hat

P he” T IR CoTRsch 360 T G PI HHELoh T demele.
PO! YEGHacBER) he) B@SRGornadn the dsnlr€ My/sevilld 98al Bfnascenc

pol ymer that foorns the deposited |ayer 320, while

| eavj;tngtulrch @ trepghgnay t}qgtcb@ﬂ lgpﬁgﬁ theicpntpct quo;@-pegc @dditional processes
[003G] VY, %rfoﬁﬁaﬁﬂer b bt Rirbdipgen/ oxygen gas

conbi nat | In one enbodi nent 5of the invention,
pr ef @04H| y, Fithd iy ambe doeileddtow ¢hattob the deposid laywyvgsrsldewalls of

lst]ggll?l? %ﬁ%xls\g ée%l I %d}) %eiucie%t%st%p (@m 1 F%xglie)gr)]dlnlcartltrtggg%)Ofli)layer over
DY 9fdewalls &@hobﬂ;‘esisﬂfebmﬂﬂ:s tdMletheze OIDEdte 208 cympitiseea figt deposition
bet ween ni trogen and oxygen sho ld be within the range

f r onph3squtiand 2 65pbirrey 100 phaser408xygen (3:1) to I-part

ni trogen toplsiiRk br OXNERR Hidh 1) - Most preferably, the
rati o between nitrogen an oxygen shoul d be 2-part

ni t rl0942]1 t oFIG. pasra schouyagie miegrof 2 plasmp prgeessing ehambpioWiOrkat may
of the'

s Ao BESES, AU a0, TP, DAL ABRD. o s

1NV girbdedding dhamberi SO0 OﬁgﬁpmngSmﬁhmt nings 602, e upleasln@rode 504, a

chanber at a . rgte o
ot arBaP PR e B UOR P HERL PR, TR ge e S10

OXY Q@hpHias afdrﬂ‘ﬁgpdsfﬂibﬁ) ihBurld SMRd 6 haohedepdlitich gadt®r@f516.
150 SCCﬁ] 15[ 0038 ﬁ respect to the plasma chanber

wherla ophgnl@j@lme;m thejimyvensiqn, thcbg,aé gaeyrce 510 may comprise additional gas

sources, such as a de-fluoridation gas source 514 and an etching gas source 518. In
30  another embodiment of the invention, separate plasma processing chambers are used

for depositing the layer, de-fluoridation, etching, and stripping.



occurs, preferably, the chanber pressure should be

| ess than 100 mlli-Torr (ml). Mre preferably, the
chanber pressure should be 30 nT. Preferably, the RF
power shoul d be between 50 watts to 1000 watts. More
preferably, the RF power should be 500 watts of 27

nega- [I0ﬁ43]z ( Whthin ngasrmocbssmgwbmlyer 5009, elieauhstytage 304 hepositioned

(& i et heiinde 08 JF* IREF i aa S BSFnere Lidar

| ast g‘u@ftraﬂe&hﬁ@@@}d@ohmﬁlaﬂwg Ablédrosththeg mkebHa@ichIN@arhSing, or the like)
renmoved fromthe fluagrine-included deposited | ayer

320, frebkaldipgthe spbstratg dA4-oTheerstqr (28 ARCORRYALES theyupper electrode
etcheg G Oflei Gk bRUES e 5B

( gt ep 3 ?%)ﬁostelﬁl:l 9&31)%&12 E’g&rg Ra feéat ure tggéif Sg?cﬁﬁee‘ﬁ)p Secectrode 504,
t he |layereldctodses08 St chefthcBO®. rings 5Q?rﬂe§me§hanp¢fgled ]ph]@ma volume.

f eat e332 d i eIa er. to, be etche has
o 2385 ixipelr L solef vt SR Be Bt A Dul gthaustea
I ayerfrd‘nemta u&:eineaalasdqummacmrcﬁ@h tHeleen fldomaxGingf 50nd an exhaust
feature 332 may be sI|% | arger than the CD 324 of

the PeROY e bS] §RieRpurcaydt s gigtricpibygopagoted to the
gpnc % Lé;%legl;bd%%& oI\ stddRd @@R@M 5%& it ?sé&g%am? ﬁxémeaeaa @2hd Bwer

significantly smaller than the s
phot @leetsci)ds;tSO 1Ghambige waldy FE3vE0oURM tlter?enﬁ@atem@ga 202,jthe upper

oD 5 £ Ry i BEIORE Rk 508, bodh (RTRHELghRE 34} Ut e
d ? p ?ﬁdaeobed:lRf aqnga;e ngm@mbyps#el afiTtMKiz pqlsl?derlgarrcet dvaln X Mélz gbwer
£ acerBito PHTELarhinion: Of PRSI by ofo O Eeris prapgssibie.

he elifihedastbPbtelMAHP®, ShiBh IsDasitdNg thetshiBe & AnHxeldAHP with a
photoresist. In additi on, a faceted or bread-| oafi ng. ]
(o)

depod Pibedumayeichedly theghamber, madedyd d\M Repearch Gorpartipn

S hapﬁ@g{ ﬁ@@a’ﬁi%n‘bzp w‘hn:ﬁ 1111@36% I'usc,IdCin QSregn%H @x‘flbodutneﬁt%f fh'e%entlon
desirable’'to mni'm ze déposition on the bottom of

phot beth ghesX Mﬁa@nﬂr?eMHpmefverrsabwcgfs maquelp@[@ s83Bd &t non@r source 548

5feature .3 et.che I et ched, 30

ot e FerdF RIGRE Yeoden S el echBacth BRI ol

beat 565%is cdvinotatpy efnaecad ty thetRiesolide3318, M8, édbeust pﬁlhpl 520, and the

332 etched e | C 8. is at

2006 Fosteld. THEERT Spbiiing uis Site? e 0Er Piselihal 108 sa
Most dipl@fi€ 9 dhch hlidoR 0?16 oPbredrdillc@alate 332 etc hed

in the |ayer to be etched 308 Is at | east 50% | ess

t hanl00#8 Cliﬂﬁlé 84 and §B iPwdypis reempytersgaem d 300, which is suitable for
10[ 0

e spisanPIEnBERT 558 u Rl ARRARNGE e AR hAFL G
3 epdd shdwwnsgpabhtpbyasctaéfwsmwf thh cempagyaysdne Géqamsset tbel

| ayer repoval step and taresi st strip step.
rmy SSETEBH S F B DR L R RE rB byt Bl R Gie R Bfkuie o
t he sineikird@bbatd &id 4 hxldepasidRict gyern mg@lsuper computer.
phot oresi st mask _have been rempved. Addition

f or rfeqURNEr SYstss 1308 jooldesa mopitard 402 a display by, a msmg 1306, a
exampli&irg 1§(§B & 9%%& 1§f5,) mbliE 13128 Dil 1454 i arI:oHBﬁter—
feature. To provi a dual damascene structure,

30r errezlrdahlawebmnstsghtedrab&féroiae t6 bl foomEaugiutar systapy hﬁ)@

cont(BBTTs GRAERSF Pobiily #relSh o R afrob st Aremytoo0

fl OV)AtEiBFPe_rdtto §fstehitris ABJNOS b twidedyifiéty OV RibsySleBieWBlok&sd¥s) 1322 (also
phot oresi st features to reduce CD step 208. In the

enbodi nent, the deposit |ayer l6ver 20si dewal | s of
phot oresi st features to reduce CD step 208 conprises a
rust deposition




phase 404 and a second deposition phase 408. Exanpl e

of Dielectric Etch [0042]FIG 5 is a schematic view

of a plasnma processi ng chanber 500 that nay be

used for depositing the |ayer, de-fluoridation,

etching, and stripping. The plasm 25processi ng

chantreferr&0® as gmﬁlral lsrecsesuw@mﬁew&ﬂU s) fup geupdaito sterage dpaees,

2 oA Apd 22 F1eSb 950 HE1u08 0w By PRe S BYER RaM) and
conp fréa%i&ﬁﬂ)amémb@t(Rd&po&ls tis well lgpsnintke e, RORI @nto aransfer data and
second depositjgn gas, source 516, | pn one enmbodj nent of

t he iRFEFEqnSHni-difFetionaldy @dﬁ"r 5% U gadRANYis gesfypieadly o Hansfer data

agdi tj,@iRrud@dfs in a bi-dFQUORSA SnanSdsC boa%fa]eéeegfiéstb@ Heq{ahbmay
gas source 514 and an etching gas source

anot heluderzhy Enlﬁablmof &f cethput¢rrroadable arediaglepsaibed 'eelczw aérfaed disk
Sreo;:ﬁg%l} is g gc cgu Hec%logflle(ni% Sprlqﬁf oﬁpr%wﬁ%@&g@fﬁ }(j%tgi ‘storage

pl as mapapit)omﬂssaymysodmmeny 6i06e cd:ﬁmxtesmdzaﬂhmahedﬁ @dsctibed below.

posi t | oned the | ower el ectrode, 508., The | ower .

C1 o FPEREIs R HERe P e e Pk Pat: TSt Riaigd ™ opicaly a
gpuc Kécﬂﬁda!i‘?ﬁ&% ﬁéﬂnﬂrﬁ (Sich ad 106 LoD tR: isGlowrR alaa Rlifdtly storage. It

cla or the Iike) for holding the substrate 304.

The rwelb : npracisfedsba then%feﬁwpaffé@nﬁtdmﬂwpﬁﬁd diskeld2e sy in
5504 ARRAGE & AN ‘?ﬁjegn
508. ﬂ% %%%?k e%?@%ﬁ%&go4 ome?hgfgitro e 50%IIB o
conf il 3xrRemovatigdisic 031 4 delyitake ﬂtehfemm offeiniy 0é the gbapurer-readable
vqu e . gacnba“my plled to the confined plasma vol une

y t A48 E3Urce 510 and is exhausted fromthe

smf jo0ae] pl epUa 32Disun® chlplaitgh vty @fﬁﬂ;ﬁuuﬁ&@femevrcw @ich as
502 and an exhaust Port by the exhaust

UE saiomie Dt keaban 0" mpibe P cann Posakesn BT Aol e
10u pﬂ.ﬁﬁu&kﬁl@ BERAEnR ¥ anPofS @astmis;ﬁifys StPa‘éE Eﬁls514&e| l§:§boards

el ectrically connected to | oner el ectrode
Chanme:uronhanctsstosgesesaym‘fcm&yﬁ rﬁ@nf@ew card naaders.rpaggeticsy paper tape

t he u?«ﬁe S, fa%ie?sc gt&ggeﬁ \%9% ‘or @:ﬂ%w&lﬂgg %eg%%{wl%! l?lgltﬂkggb re?fg?gs’ or

Bot h rst sour ce secon source
T8 orhyr comppieisSEPE 1222 dytiznabipweay bs canpled t@mtizr 2omfhizer or

pover source. Different .conbin tto S i%ﬁ qp ecth g Fk
poweleeynmHRcatiopy ek ugperRekimpFiiace {210, Hegagetypr
Exel @aterfali] it conlkiphitddshd asiCry mipht fReei SARBraficATrokX @k adtwork,
HP with a Turbo Punp attached to the chanber, made by

L AM Resighirouputafoseatan; to HFmerorindhesiourse efperioghing ghe above-
whi CbcIi¥d ngthlaé @&!%é ri:uahe%eie%&ﬁgd ERRREhIRN 1R prdsB invention

i nvention, both MHz power sources

:tﬁak ernubpexleme st pugedn rQFPlbbiR@ lor slgm)@eutsaw e opmedt wch asghe
el ectrode. and th r Iectrode

or LR mgoREPE Pt ERLIRRE BB RARY U procesine

conrnesd7d tm@ aH(h&orREnB@hma&§of5He49re§§ﬂt8nve@KhﬂﬂlﬁherﬁélBtB to
520, and the gas source 510. The Exel an HPT woul d be
us e FORPEET tpragq RIodicts et omprtsEstradable medium trathaye fqmputer code

| &Y BherectiBPpdoritn W& Rs Gothifer HnpRMERELopiibAat B AbAS Snd
30  computer code may be those specially designed and constructed for the purposes of
the present invention, or they may be of the kind well known and available to those

having skill in the computer software arts. Examples of computer-readable media

11



[0044]FIG"'S 8A and 8B illustrate a conputer system

1300, which is suitable for inplenenting a controller

535 used in enbodi nents of the present invention. FIG
258A shows one possi bl e physical formof the conputer
system O course, the conputer system may have many
physimehide ftor @8 nbtdngleldgo frnagnetanmedid &ugh ad leald disksc floppy disks, and

printed circuit a d el d .devi.c
PO A ATBPIE) HstiEapeh A DS ) S bR giceS: Hhgneto-
i ncl YRas! @ediPich 8¢ 1dpHea, disks;in Bhraark A cesahdd AteSh&Ghally

1306, a disk drive 1308, a keyboard 1310, and a npuse
131 2configyted to3store ard exeewppge@ALcody SP‘é‘an applisatigsdspasifie gétzgrated

t f
L ERIRLER ! BRSSO M i,
c onpBtanpleys tenp S e0ode iAtlndehadhiteaodey SlIOQms preguced D9 aicemailer,

0t SRR S R BRSSO SRRk

COoUupinGgprier. LRMAGE rdd@iblcRsdia mag hlsslbd @nipaEptote lﬁﬁéhutted by a
Menory 1324 incl udes random access nenory (RAM and

r eadcoamugﬁr AutAbiegal erbagicd ing cpierkave apd FRFFSFIYing gseqyepce of
f &b ft l@gstructions

uni %%&%g%ﬁéﬁgﬁﬁé tou}htgcgmgeﬁd RAM is used typically

to t[004R f erOdiatca&alﬁalndmansiemt@t d‘tmstlomdfawbis di recti onal

Bot h of thes

oy 100491 o) GoeeapRE SE Fsh e TR dcndlt CqBEdHiiiion usine
bel aveheMistry ¥E20chicsK (slﬁaﬁdlcﬁblabﬁmnﬁ%@eﬁ‘dlmute) Ar and 50 sccm
bi -directionally %? CPU 1 ﬁé g{ provi des additiona
dat aCIétFo?tai‘g’éesé‘Hﬁa Qg Tom@stalished Risefting A dbvadyrof she fuba pump
1%0 nnytl@(so NeRIARIIE, RE dhudccdRSGdds BO0IWaRE Spowet, %ale #leSKMHz RF

6 may be used to store prograns, data, and the like
and shurce provides 10P Wattso$ pevserd Ahg chamberdgmperaicdmmaintained 4620
a1 s SURI cdoflfd prut) @81 hO@Bld 95 Yo Of ag€. 1t

be appr eci ormation retained
W t m00501] [ xdﬁedxakpldat%senmd depasitmp phop HD& ey ba€ds/0.180

o Oy p 47 RERBUAD 3 SR Y CERE T OF G By scem

26Ny (O, at e GORPEE hrmﬁaembhﬂnemeﬁseau@aw whe@Ioﬂqﬁé @i¥bo pump to

15[0046]CPU 1322 is also coupled to a variet

i npdPPGUths 3¢ Md&/RE é@rcweﬂdeésﬁ%(? Wtts9f Ppey whp&%%&%l RF

131 Qour%\ﬁdéls&%g v o?ﬁﬁ@:lf ETfe c:ligx%ger térﬂ;e&@ﬂ‘@ §@hain@fhed at 20°

i nput / out put device may be any eo di spl ays,

t r a€k Aobdliug coniutg@reswybg ard $he snb&smwph bnksr.

tou ns Jrapsdycer ard readers

g PRRTE "o PG, Yo £ R oy oA S 2o R e 20 where

25/ OI 661y e flratridpdsition PBask demgitioZ Brused fof anditired dzpoditimdeyes 620.

or 20 ot her. conpu CPU 1322 opt.i onal may be

0 buSheterpgtonIarR 630 & St By g PhoQREgHnb ] & AV HAMARL 610,

net YQur & 1d48i 0 e BRAOK, dvef Liubate dod4Ghe Mldibtesd GlhsiB612 forms a
network irnterface, it is contenplated that the CPU

i gﬁ:taturegti:léu Yrethiserampleittheofirst deponitigdomsaigrrd-lasfing @msition
out Ut r[Pltoa &/&eg%set%% 1{13%} g%ﬁ:h‘?én&&gﬁ] ?y £ Rll'rlck&e su%wal]

per rning h scCr
3(Fur ddpesitat 636 rﬁm'tt]'ikotdp efithe tHatendng aakindedn eorpnb)EQ&WaH deposition

I nvention 25may execute solely upon CPU 1322
e ST PO 8 KT LTty B deposiion providesa o
conformal sidewall deposition. Such a deposition does not provide the desired

12



Internet in conjunction with a renote CPU that shares

a portion of the processing. [0047]1In addition,

enbodi ments of the present invention further relate to
conmput er storage products with a conputer-readabl e
medi um t hat have conputer code thereon for perform ng
var i cubstamiaibutatical sk veaitsn Thabregkeloafinganentuallyginvhel ff ¢ndop,

30 co r code be t hose eci.a desi ghed and
oo P Bt S0P 2ot p a8 T Bt i St R el off and
or tmﬁkum3&cbﬁb@ﬁmkhe ki nd well known and available to
those having skill in the conputer software arts

ExaniP®2] of Enpistesehamatio siobeseriaabyviey ats G@emtlbrutayqﬂéo where

n t || Wiy C}LCG%C&% deg&gtﬂ)% hgser@ sﬁloﬁlféz&e@?orgﬁ ﬂgghgdfﬁl’tlﬂn lager 720.

opp etic tape; optical Ia suc
CD ROB deposition laygrnphs ﬁandmnveea;phqmgmmmsk O oeahn ARL 710,

hat 48 8j5e e 4 pHrRI LS aDby TR Cesr L 712 forms

Pr 0Qcafir€ PO, In ISk adpleap lfirt dépodifios pedb b Facdunpeddpatifeh layer.
5 circuits (ASICs), progrannable | ogi ¢ devi ces_ (PLDs)

and ROonfassinzmapesiionilaests chamaiesized byt hingrifar ae) sidswall deposition
wcl ?s&fnézﬁ&l@ 'tabeofqedfeamé%@a Bickef Q&iéwaﬁ%e@suﬁm@@@mr #e-bottom

[ es cont'ai ning higher level code that are
ex ec of &d fetasurca erqﬁut ehls dsporalgoanlsq> nrpeldpﬂr@mcelrcon@npmcewall

Leadgbl Siti rtlefrf‘algas & S s neaq tﬁe Prgglzgeutgg[hug acetug'ﬁlr(} mhv\é) otoresist
and ﬁﬁﬂ('ﬂ&&ﬁﬁylr&gltaSﬁcﬂm@pﬁﬁtldﬁdoﬁﬂncﬂ$fdeétt]hdlna§1réd’habstﬂm&lly

execut abl e by essor 004 her. exa

e b eorl: ThoReaRe Lk o b RS SRk BRY gause

{3 1 stowdeROSicdcaiitRRasht hadk idonb aneri3EtiHgaR i thdsR Vil also result
using a chem stry of 250 sccn1(standard cubi c

cent infeqeting ofighe etﬁheﬁwe”yle almnst Hhcasesconcetigmask s faceted, then the

\|C/) ;e \S/tzllr!ag ?tcf?{gli é)§ ol gﬁ% E?Tc%t%?%kﬁ%c'g %l%ggagp x;rlﬁggl %}Jﬂﬂl\ﬁ_gené%hy translates

sourio® the awvhedastGR0 Vatts of power, while the 2 Mz RF

sou rov de 100 Watts, of power. The.ch r. )

¢ enPlL o HeEStogk s i « B aehRa PERheE iy ggion. he
:wr e Sl @ poditibnhade 400 endG B sdco@d dpbsitickiphd 108 if aezﬁkirﬁmeabove
exanpl e of a second deposition phase 408 may

C4F69“E)§Ef€&3*t‘?defﬁfo%‘?>’€l%ﬁ“lﬁéq theyfizst %qﬁe%ﬁwgtwsed\o‘lzsmr 3 8¢chpds and
' t}]rgse%&meg&l:@o n pRas2 QOB X8y 2AREnH0 05126 G e pdifden wiluldhave a

pressure of 50 mTorr, established by setting a Vat
val stalepesktontof thg dirgs dnm)smen Plree 4047 ard then psegorRifdepenitiapeot the

gga\r/slggo%g rd%‘Q?ogg Wh@g4% l{%ﬁ%l#ﬂd (yggEJlt?on%oE ﬁ)e%ﬁ%%(ﬁl: ion phase 404,

25e nakdnat fumm di@oﬂﬂd)n’tifahmcbnﬂtdelﬁﬁltﬁn phash @08, whichdotepented until
presgure %ol the substrate is 15 TOL [0051] FI G
?@ﬁgﬂﬁ EPoS88s- secti onal view of a deposition

I ay qmﬁ?o Ve b1 R0 Bbrirol he rdtiolo becH BROSbLthOfirsPdtPSStion phase
deposition is used for an entire_ deposition |ayer 620
404 and the second deposition phase 408 provide another control variable. A proper
ratio will provide substantially vertical and conformal sidewalls as illustrated in FIG.
30  3B. Such adeposition layer is also able to protect the photoresist mask to increase
etch selectivity. Other control parameters provided by the invention that can be used

to control the deposition profiles are: number of cycles, total deposition time,

13



The deposition |ayer 620 is forned over a photoresi st
mask 612, over an ARL 610, over a |ayer to be etched
608, over a substrate 604. The photoresi st mask 612
forns a feature 614. In this exanple, the first
deposition fornms a "bread-|oafing"” deposition |ayer.
The hiepastioh ddposigondejmresiativ, @as ¢hagnastry irgiodbech as CHsF/De catigyor

a thicker side | 30deposi.tion 6 ear t 0 .
he. fGhe e BahdDhereA FIRER (5 o CHERAr] B BEiof ey msead
632 ngalrd be. hatbeeredf the feature. Therefore, this
deposition provides a non-conformal_sidewal |

depodM35hn. Rheehility taéppsieatish vibasaliseritabdimgasionievithout
d %S : &_ﬁ?ﬂ&gf%%?é ﬁlﬁ)ﬂ;r«!:s%lt,la}ﬂ?\\é?fo} lsx‘ﬁﬁler ?éa?n}?é@@élilh%ut p-EF@lasingCrF]ew

brea ng eventual [y pinches o the top, whi

t hen Itlaography bpiprsat lasewengaskativgs bhghotoressst are @sadnehe invention

contact .wil | closed of f and.no hi no. can be done.

[ 05 3y s Eo% B2 REnivr e 0 SebplBist Vi ew of
depogogsepn l1ay@Er eidRdinkatethie bl motchiffaat gacchd@pesds tiagbe used
phase deposition is used for an entire deposition _

| ay e Propng thies og@grSitisre dERAsIEPn PBASES s f or med over a

Rpot or esi st g?ﬁlgleﬁ%m@ﬂ&fve@aelﬁcﬂ10’ over a layer to

be etched 708, supbstrat e . The phot or esi st

mask [F52Z] f ordmthe fornatenaf@omdugtivel lines, lsieh as xugtab Fennegtpys or memory
first, de ition forns .a. ' i.ng. Laf i Ly, .
el GRTRG H R Th Fr B5E1 NGB L i
t hi nmgés dn@lor BR)easd tHe@Bldf thdapatigtteoveed Gié38nduedve linee FIGHI A is
of the feature and ? t hi cker Si19 wal |, de ositi.on1.736 h
near AEFESBEHIBAYIEY Of hEMHUSY Y ESK HFhBIPGRESOnEyC lines, when
48 POghdkin® Be@ecSPMPIiMIFIRE cRsdRBodRB kOMBBloInd Vet & substrate
deposition. If the sidewalls near the top are

) t 00,
t hi n]1594asuschiapgwaigoa bamieridyep RO sray be Slacer kverrthe baggigr layer 1506
resul hdhl B8 Ry A 2 OBVl 14y3PisTEHS D
subsf g%qdﬁgﬁ{é;%\?gﬁ@?gg%ag?ggmgﬁys %Eegflaiceti}lr%glsof t he Ver'
cor néresondfuct tedayeh bi08ras sitireflevtivklapayABBUEE 0 sudh as g WARC layer is
etch_sel ectiyvity .and f .mask erosion.o; esf aceti
of -t s Pl st PR T TReFp RLR AR 10, ROicREaple, e
po Of phRoredift nRLKDSEIL féhls linasasks 16NCRith pieoterasde rdsiiue 1518 formed in
faceted, then the final etch%gl rofilie I's al sq

tiheg th

f acetrages bspwremthe fiae fradk 1okh (Thearespico Pl e Phplperdrysyiue 1518 is
tr anézju@écﬁgf ﬂr(g\ti@né {36 sRhiebedspratRivedh the[HOMAKENSI £KREESI is more
in an exanple of a preferred enbodi ment of the

i nvegiffiayit to teimove ®gided frem a gaplbsnace. ohiphaslimia g dgprity hthe

second .d [t 48,1 n the exanpl e above are
al te?or?g %ﬁg?l}cﬁs ‘%Hé’@g?ég? lflavﬁére the first deposition
phas@odg)4 i BIG. OB iZansthendieks-sentidndl lveewse aghotorteiptosaskil6h2b for

phase 408 is for. 25 seconds. Such a deposition would

P S B MEEIUEER SRR Timaor 1t QRS P s Sgblem
404, . angh 868 srRalSHEGRE THRMAS iadk@n's ob ih B &@EPRAre made thinner
deposi tiori phase 408, then a third deposition of the

fi r sto alleyodder seasespiiad o mevent rosist wesislug ardympinind by HEeitgh or

of t e%fiﬁga%%%rg’?&@%j(ﬁ;?ﬁ @epo%eﬁtﬂma 'oﬂ},iﬁ %ﬁhﬁ@ﬁ%ttﬁa‘?

unt i re1rs atwe sition. [0054 e ability
30 cthinhérdinetniasksr 141 4torepdt iethitmet limpes The thinner lnes miny result in less
deposj.ti on ase 404 and t econd deposi tj.on phase .
205 Bl CRR B TosBA of i GFPRITS: TR L8R Rgnsisior
wi |l provide substantially vertical and conformal
sidewalls as illustrated in HG 303B. Such a

deposition layer is also able o protect the

phot oresi st mask to increase etch selectivity. O her
control paraneters provided by the invention that can
be used to control the deposition profiles are: nunber
of cycles, total deposition tine,




depostionl/deposition2 tine ratio, gas chemstry ratio
(such as CH3F/ 02 ratio or CAF6/02 ratio). O her gas

chem stries such as CH2F2 instead of CH3F or C4F8

i nstead of CAF6, etc. nmay be used. [0055] The ability

to formfeatures with smaller critical dinensions,

Wi t heeas, 5diimyyrguselshpm ehaone sffeqt andthesperiprgranesppblams, such
features MAthO u [

| g pLeB e A PRl hRORLARN, SA-RRRR):

| nVeIDOOSQP pmlmamr%rlcr@sﬁtuﬁml vitwef mplmioresnst mask 1512c¢ for
generati ons of phot.oresi 0Q56] I n ot he

o @IS COEHRLE 130 RisAdH U PROTLD AP S fTope chgproblem

r@y PRads 99 toBrSQMH gﬁa@ﬁh t Iy %echb?lmﬁﬁ&ls Git fsfaegiRBle that the line masks
deposi ti on” phases. Conductive Layer Etch

[ 00515 14g hah‘ieth¢ mlﬂ@rﬂsélfe spensel bTA2 vince inflis exapplp, thgspaces

met al, .connec r r h

e BRI R R B AP TR it

condugtirasalt, thmﬁszhamlémasedi ent hadansithef UgDirek istdeereapdci ng

betme n t he condu I ve I| es. FlIG

cr os X t I 8ﬁ%ﬂie$ﬁ SifOrOv eer%rF densely g{ac#a é)Rglfc&ye lines by reducing

P 0dufking b&RBEH e WALk mARGiniMd@derleREsthNg bet ween t he
l[1nes is too close according to the prior art. OQver a

subsf00atle 1Fbehiglhlere] paaces shgwin Fng?aWN kerusedytpdpcilitaigahe
my pr?de%ta%ﬁ'?lgbf &Pt’s%b%@&eh%frtﬁeeiﬁvénﬁyﬁ rA %éﬁ%ﬂ@ photoresist mask is

conducti ve l'dyer 1508 such as a netal [ayer or a '
pol ysiovidedstep294r FH@ hﬂdrlﬂedchemamcr@daee%mndwm ofen dopgustive

1508, an a tlrefl i ve QABC

| ayel§ 4o PEFHRed 18%0&% 3L l?{e %é Qgé{%&f 126{_6#33

133/elrk pdtBgied td;’éslfé makmlﬁlmkamﬁX@mﬂdk&mei rfa42\0mhmmrs@saesu620
mask 1512 forns |ine s 1514 with

r esi GErEberRaam. PYSF ?ﬁeaRh}ﬁi%geS%r YISEIE '? qﬁﬁisgﬁ%ﬁﬁ%‘i The
1514 ho-trd?gslsp KASERS 8 sPce ERGCaPRALAIGSCRY, Wit 1 UR wWiddkh3 6116 of the
caused by providing too small of a space between the

| | nesm@skrsi allmpLCD SYhighds the width dé%@fdherrfm& dings t6d4 Bresrpgy, for
resi é]hgz% caﬁéﬁ the'4pha %ﬂée {)&ﬁﬁé ¢ md 16“?16 SHBAI, Yhe

of t’he Ive Ilnes t provid
49| OOEBﬂ dFIti@ spB in the avh@tbteeust 1@ m@tswn;le etduein gl prvvléwheforalatlon of

pho reS|st roduc conductiveli

Ceedht Sheeci B mgperair Wi pRURET et 8RS fleed e MGdor e
pr obiiprgisembadineyistian esdwigh to [Hpdad igncrdze déﬂsﬂlj&oﬂ’@ﬁkt&tlve
1514b in this exanple are nmade thinner to allow w der

spadé§5 -1520 to prevent resist residue and nmaintain the

g&tf] ch QhuSERohMin®y oRSriM LAY TheR Y |t£ ovmﬁe Qbiewalls

rawbacks of this approach i$ that 30thinner |ine
Zﬁas ke tifeSphdtorasissiiahttres to reficahtie Widthekthe Jiaee @Sh?P RA&x HGNOB is a

Th o Sf:ﬁ %ﬁi!t#é Frlopﬁ %gt‘?osﬁalr \ge\!v %P gh gt}ém%g ﬁ_a(ﬁ? QL& EBErlgP_?rWz? ﬁyer

es may resu er tranS| St or
ar ea$30 wpositedioRyt By ails shms maskh&m:n e‘l‘he&fef)mthd myd 1630

ot her perfornance probl ens, such as shor
ef f ceptaigh JuoringH o3y r Hieiherpeeniynine: P?%%%Law 91%38 Brane:
speeql (%]Slte([ Q02 pdct %32&@&1@ th@ E}ngﬁﬁce‘: WASS uRlepdsRBBlaydtispade
of a photoresist mask
30 1632 has a reduced width (CD) 1634 that is less than the width 1616 of the mask
space. In addition, the fluorine-containing deposited layer 1630 forms deposited layer

mask lines with a width 1638 that is greater than the width 1626 of the mask lines

15



produci ng conductive lines, used in the prior art to
attenpt to overcone the problem 5created by too snall
spacing. In sone applications, it is desirable that

the |ine masks 1514c have the sanme width as the spaces
1522. Since in this exanple, the spaces 1522 are nade

wi derl6id Preferabht theessiuetd widthi 193¢ of thiydepositad lapms kmcel BiB4ds at least

are wi der, As sul,t, the pi i's_increased

na chE bR SRoRER h bR 2D A bR RRE 80 or e
desi radthd 61 ®offthOmbsikapita n62@e Mt prefek e theGaludedwidel 634 of the
i nes by, reduci ng lOspaci ng beJ en lines while

i OSROTIGbaAT A 153205 9HIERHR0% [eoBan) R e R 41§ of g mask space

P50C{E30 éQOAME‘ gxie%kelfthg} 502’/0 W tgé wlﬁﬁh H@I];%Q)f EhIQ nﬁa@ﬁ 's ;La'c& %2@) .Zpl%st

under st andi ng o I's enbodi ment of the invention.

pat t grefreblp e redussd widtinblo of thegepasiterbldyqr spasp 10394y at least 70%
FIG ;10A is . a. t SS: Wely) '

conalist e e S8R ISPt FhRaRiR A5 GF o KBl Bl o of e

| ay ewidtb 061 6ooflic rAask wfet 16003 It 60dso debitdbleahat e depbsited Rge forms
phot oresi st mask 1612 form ng.nask |jnes 1614, wth
nasks@ﬁfaewm%altsﬁsw@[felé%aﬁ?%@l CHEPTYS 103 O¥ e AN
ide canuciabdAYaly EBRA! i@waf i€ GAKEMI (Id rom bottom to top

phot oresi st mask has a space critical dinension (CD)

whi crmakes ap geglopicherivees 88 9907 with the hetéom alie sparq. feonfysmal
whi oh . . - i _

pr ecod Tk Ao ShRikAHRePhal A ofFRafidly Medahe flnees rqm e
spacepw dit botEin pHth@sphéas rihiGanesssafor y condheive ayedktth ishble to

t he slgaﬁe in_.the {ghot or esilsgi iosit.gade w de enough to

pr oV §¥9¢ ASOHAFRE YR AN FngIRACPOSHOL "y "t he phot or esi st

V9 t h@os3)phomanesitiired @sthodiient for ERBing B asRiuctiR@ayst, iddkine-
the photoresist mask |ines is. thin enou%,h to_provide
an i GparEMEedegaiignlpyeps cepframal in alkdirectiens Uispterpe)| Ahis results in
f1 uapi e B RE RRNY 6 FPRBIR LB 2 RRTs e 14yBEh HERASI A8 Y the
over thé sidewalls 250f the photoresist features to
redun® the width of the space (step 208). FIG 10B is

oot bye; o MepRieate it B fAn AR B T s,

20he sshedheaniakctoss-ektidrakbviemokthd fatkmedipbotdepistandsk d 61 2yl a layer

1630 tains fluprine 165 The fl yor.i ne-cont ai njng
GonaSiS rorligapertbntralog e Mol patier G BForupdRad M e
163 epbsiibd RydrNB30MR:S beshitambved WHRE R:aling (680 5f thedegodiy@Nayer
space 301632 has a reduced width (CD) 1634 that is

| esd 63hirPlacke Ingngembadimentof theiveptian ths fierne-ingluded deposited
additJ : .Nes -aj o ' r
L O R L R R R
26 hatin & plagmaeditien chémiral rdaetion gtweed @RGitofgen/heygrmplsthd amdghe

1614. Preferabl the . red i dth .1634 of t .

dop Jupvts oriayine dptrde bESHSRE thetfuludtishiealSo i,

t he depodicdil 1352 6630fard BRad¥B aKd BipSRmot@ATorh the@epddiéd layer 1630,
greater than 80% of the width 1616 of the mask space

1620hile lopyias pie &estoidhg depotited layerghoe@ atilhindlase- 1634 of t he

depgic5£d Ry B5ndSARE Byd0308 hiy B etrdroniiihd i

t he%%{eh 1616 nof t heymask sp%\ceet516200'(5§1. e. &ﬁg?kﬁma 1630
3Qr ettepr212hdn tlsO&kaoplet the etphidg ke &obiprisés at Frastirms kepspecches, as

1629Pu'stra'\t/gds iE‘l FIG. 11. An anisotropic deposition layer etch is used to etch the

deposited layer 1630 (step 1704). FIG. 16D is a cross-sectional view of the substrate
16



preferably, the reduced wdth 1616 of the deposited

| ayer space 1632 is at least 70% | ess than the wdth
1634 of the mask space 1620 (i.e. not greater than 30%
of the width 1616 of the mask space 1620). It is also
desirable that the deposited |ayer forns substantially
ver t iaf@t the defosiedd lsyel B4Risotrdpicaty etckedh |T§h remagrong depasifeddayer

zlh((j) e F‘lilS silcé ﬁss{%g%\%gi%lfnd ﬁﬁzllejaks)? g{enﬁ]tll % t omVer ttr081c conc}(uctlve layer
an anghfs Med keéEan BScindudide Wyt G0B @t&pOIUOS))TWRDG 10¥sis a cross-
space. Conformal sidewalls have a deposition |ayer

t hat seesionaliyirst efrthe sbpijats #er therRnduAtivadpwes i efahediaian fejpsluctive
t Q t hﬁep %4% thgﬁ)actep Ff@l%%d (M bR twReR) Cﬁ%scof]@tfcuae lines 1646 have a
conducti ve | aye etc is able to provide a confornal

| ayerwiilth 164&indghespders dsiweeothe carBugdEInehavhe Witk 63k é?dShOWH

enbodi 0 ctive la

F ook B obob e, BB P b ab B0 ey g opene
al | ginesic i 10R62((% $0¢ mamtm)mdtrm'ﬁss dfelsatphc 1620 bdste/eéfayemask
over the ARL 1610 .to be bo thic t he | ayer on
Che! Gt T sreratiy, G Ro0BhTTHcs [CoDehacs e bSlive

ggpo%'mt:sqg al 1808409 ﬁ:gsothhﬁ'thé QRN @61}6 dJt |t}@ s q'62§béiween the mask
schemati ¢ cross-secti onal view of gatter ned

phot dinessiMest paafskably6 the wiiithH 632 q>fa9€eapaqe61§é0 e the gonslpelive lines
t he SI

T
whi | ﬁ)(]GG}iVI MHe plkteorbﬂﬂhnd)ﬂepbh$ddi@p08a}ttbdl we&ylmped(isw a1R). This
pl ace. aﬁgn one enb

D G Fia b e B OSB! PR peageEeal  ebupd Spuiteg yer

5 Copdidiat s‘téﬁﬂm@ﬁhdid)kﬁﬂ@&iﬁ/ spY @SHing ﬂﬁf/ P¢ asdtor thWtEPping process.
results 25in a plasma-driven chem cal reacti on between

t he HIG-16§ mxwkaﬁ%#&r the derasisedr pyss AR RIOLETHESA Mk ve
depo e I

e B B B e PR 0L T Rn kgl the
f r onvdnidective piossi chaychelferyred (A BByt qﬁhlmeewhe@mg the rest

of t eposj ted.layer 1630 still

el T B B P R S PR A
2® pospatiag andayider cbﬁ&ﬁnﬁ@lﬁrﬁis ebl tRll 2)amgll4) thiehi 1ﬂthe x6480dfehe

t he etchlng step conprises at |east t arate

b G neya O ine 0 F SF BrotF Rt heppittna 655 A TBAPAL 1650. Other
deposinkih@ite liRY §ldieb GPack Svidis Bdio &aﬁb&ﬁohh&i slapRembedment.

| ayer 1630 (step 1704). FIG 16D is cross-sectional
Vi evPrgferablye the udsiotaf eaviddiaf e mask hwvetsélaﬁ vidth qf dheespagedetween
ani s LERN e

For nb TR L 0 §3°Uhere BE TR BL BUFERARSL LB RXRE 0 re
ZMi spacedpiveeet draunductie lingyerot Escthan lslmddvetronete(ptrferrmly)
the conductive | ayer. 1608

cr os%re"g"erélﬁnolnlaIA‘\??{ &iesPay R usgﬁlgg'tprr%?am%ﬁlg’%r dppia enidry

condygicky Ahb@YIRI cohduc@i€Clagd id Opol@iivbLonduct i Ve 5l i nes
1646 with spaces 1650 forned t her ebet ween,

cond@048lve |ah‘é§eff6’&?6dlﬁ‘§0‘é’f§’ew‘d’9%°"lﬁﬁ8méhH“‘tsﬁ’é"%*b‘dlf’é‘kthat is
bet a

ehowom el FBORHTH iE LbE O R 2tk SrhOne viedia
¥pacendietite b weleretthee 18@8nwvact bavier liyaek30p sverta shlestrgte 1804,
20% 1 ess than the width 1 of .the spac 20, .bet

e WHSKPAFRBLPITTG Bt D 26ping sk hpen ot henyr B VaRes
Spacg2d eRb&etMe6ver b A REABUN GhérMRe cbdtichies lals 1808 todRStched.
50% | ess than the width 1616 of the space 1620 between

t he mask 17



lines. Most preferably, the width 1652 of the space

1650 between the conductive lines is at |east 70% 1 ess
than the width 1616 of the space 1620 between the nask
lines. [0066] The photoresist and deposited | ayer may

then be stripped (step 216). This may be done as a

si nglThephetpresist thask haepspac @itisilelpsension KCR), sdydiriathe width 1816 of

deposj ted | ayer .15 val. ste or esi,st I
ot o theBriren e e i B SR 8 AT E s B! Benerany
FI G HdFida e dphe is tiRGhotbR8: iahia@s wideensleRes prioide the formation

| ayer and photoresi st nmask have been renoved.
Addi tof heabacpimide ghaeresiyviauipbpogsitbgsided 8 gherpase:  For
exa th Chifids h&d REr RSitiewall
o g% AR bt RSy 1k TESoAD o BEibewall
pr oviofig® phothiegibtefeatatentsirtducel the ivaéth wf thh spave (dtepr208). FIG. 1812B is
20spaci .ng and wi der conductive Jines. In this | .e
he MLEFELS g8 oA IR IS PRIl Phgreyetmi TRIRI} taver
equali 85mdedpbQtewotr i siRDANOS thd@akBCE STHeGRPositEd hgsr 1830
conductive line wdth to space wi dth rati?s ngg Fe
pr ovFestingiuanse 4830 ba finere: copiaining deppsjted tapier 1549 fogmp e
e Wi gl ithithe Mad\padtd Ghdte Ble depRitSPR
ggtmg%%%%gg&wfgﬁggﬁ?g“bggg thggh%?l; whgré t euratfﬁgmme
of t h832Mad & nedofedivridth« SR L4 thas iy lessehandhe width 1816 opthe anask
- between the nductd v ' P . -1,
even ity g ERar g5y SGpe kit Bbyled 15g) 130 chpmbaclfic tayer
be usafkllines withraewdttil8ZR thatghgeatekethai they witkeirb326 of heintask Jines
where_ the conductive layer is a polysilicon. [0068]In
anot B enbodi nent of the invention, the mask |ines

pav 8[0@7@'I dt ind fiddrink & @O PosiRAUBkr IB0ENRmMIEL FIGS 120182

space. G 12Ais a cross-sectional view of a_ 30
condisbemgtic drepyeectipenl isweaf dikangttaraesPhotpegsishmpgy 1§1& with a layer

! aye{33b%§€?sggc%ve?t{% %g&?&lﬂto? th%%ga%k ll(g\ng gfte‘? tRFRbAEAD P&%r(]) in the

phot oresi mask orm ng mas Ines 1814, wtl
mas kdeppsied $ayd8830 hindreeiemeeerthwhiteleavirgrthedRbt of 8Glepesited layer

t he ductive | ayer, 1808 tq, be etched. . The. .
oot B e Bnte fap b ibo mgoidng o EREDIE: fonliEinglucpgyposica
Wi Claydr 983016 teatelt WitH Bddmtihatioh of sipagea/oxaged gas plasnea, Ghich results
which is the width 1826 of Lhe %gﬁk,liggf 1814.
Genepd|plapmardgyen shamicaleaqtinn betiygeghe pitrpgra/gxpefnfasepgpd the

i's Wn%gﬁaiﬁiﬂg H%si‘e@ 1@%91/8.3@3 ThoBud e M1dcaRs P850t ehe

space in the photoresist wthout photoresist residue
i n tdepositedawer 18P are ilemsed and thusacradyisd Hiomi theydepeyited dayay 1830,

| ayev@hiiesle;}v?legfrlhedx%&%?lhte%gpo%l\(.g{ 1a§e'?‘f§]3?i sﬁﬁgﬁ?hlhé‘e of the

phot Or esi'st features to reduce the w of the space
A5st gPOAQP8) . THelcandut BkAB/er $808 By termhedthorgs theslepdsitahlayer 1830

vi ew of _the tterned photoresi st sk, 1812 with a .
oy drie 310" BRPABD ittFrabareona vitRAlEn LB et gSiuctive
1813 ayef Rt HEPRIDIPEHANRE 1iABIQ4E RTth Habss BEQ RVInEEthdBBiween.
The fl uorine-containing deposited | ayer 1830 forns a

10d dpesprdugtivedipey 184p have awdth 1§48 prdithe pracepdeivesp diegonductive
wher [ . C 832 has a reduced

Wi dtlhe{%%fq?g%ﬁlﬁﬁg#ﬁé%é@?af o i 1616 of

30he [0672k S [Ehe @hotbiasistchddl ti¢poritedtldyer mhyithen bestdppet &itepi 216). FIG.
depaosited | ayer or.ns, deposj t ed er mask |.ine

i PR e R S B0l e s RO o o Bk PG Been
of the mask |ines 1814. 15[0070] The fluorine in the

deposited layer 1830 is renoved. FIG 12Cis a
18



schematic cross-sectional view of the patterned

phot oresi st mask 1812 with a | ayer 1330 deposited over

the sidewalls of the mask 1812, after the fluorine

1850 in the deposited | ayer 1830 has been renoved

while | eaving the rest of the deposited |layer 1830 in

pl ac eemdvedoAddwinid gravesses rody teyerfomedriste?20)t Rer example, the metal
quorlne |nclud$gﬁd 05|[ed 20l.a er 1830.is treated

wi t h BReCBROPREET the mﬁ‘i“ Yr°8@‘éeﬁ7‘ Vgew %agceiu asma,

whi chipg8$Ul tiheirdbuRinp k@siide grovidewidbedtndltive @& ih@ihare more

bet ween the nitrogen/oxygen plasma and the

f | uorclosely spaaedhi Inithige pithoygh tg epndugng meta] dingy may haye the
| ecul es 1850
B e

1 830 spantrig| 1elpfo@aa/tha perfdmpance of thefcordduetiddjnos istahchs Iba}oewiding a

1830 st l 0071] The . ondu tive Ia&e 808
my BRNERCRRH Ry S T HETERORP g Tty G by B more
212) thaht!160% L8dker thald (/18 SviGtR Of ihe BAinMinisk. oMoteh&eferably the
substrate after the conductive layer is etched to form
cond aértduwevel ling @ddth gurgorgithan 1P gesater Hgp thedingdth of the original

ig 48" an d i heS g%gkgiérggg dtH&Elé %ﬁtﬂ)ﬂ Q@p% aredft BrdAPNFR Ae Hﬂtgfnhﬂtaneous

etme n the conductive |lines have

a width 185ExampleRwipe in FI G 12D. 30[ 0072] The
hot t -and_d ted. |
(st cPBEES " rEfe-BR Wil WP ol Bl bR BB PGP Rdthe anc

depogichiag tHealygdsitidn Cﬂa;’ﬁfﬁiﬂ@h@ﬁn&ﬁcuﬂ@&kﬁr haauhe 231)§EV\ersysTM made by
renoved. Additional proc ses e .perfo st e
220) LAMRessgghfspporafipe™ 5&@“%@%@ e Efg’gd‘ %‘&ﬁma ic

84 eClifuk@®Aioh ¥t GRATAEHENDHOY AEddTUSREIHpE8Eng dnQ@ERInE IR deposition
resultlng structure provides wi der conductive wres
t hat lagere Tie plasted preedssing ghpaber 190/ cempriseexbifificsive antenna (or coil)
al thy h a WG GANAUE blate oS o4, b (R SrdBYaphERY PodslB e RSAHTE:
densi one previously, prOV| I ng W der cohdtctive
i ne$91\(m, ard zﬁm&hduﬁrpmmd@ﬁ@tgﬂdgas EOUES 119h@18peﬂﬁnd|cnmmteono#nth the
t he condu tive uch as n uced
oot Sedneuih Sl psREe Ry BT B e 5 58
b0 nefleiabort F3a1 9145 anidnetdhpan sclRRY® 1. ERfeqts tdnase 19 mEmay

line wwdth of the original mask. Mre referablg t he
conderaArise additippal gag sqyrses. seft as srcoRd 5B gr deppation g source.
the Wi s%%r&%sst@%h%h&'l@@ tht QEREHte 1604 i Pbsitioned upon the
enbodi nment deposition steps are in order and are

not sxbm:dtet saxpe@quSEsrambetrmwp@t [298 Tarpmerates acsuiahht wbstrate
recipge

e SPeh L PRC aallc Rh, SERORLL htang
13y ethe hl&bstr:he 16130 G‘hé/ﬁerastyst"o'fa/ll mdngorﬂésl\d cR@ﬁEdlebtnc window

Cor porati onTM of Frenont C%IIfOf gﬁbs a
schehHp; whighgliows é‘lertﬁ‘t"f"BﬁS‘ OlEERY O'Bék‘ﬁ ad‘éeni‘g Jugfhe

for QatBedanegicltre winidwelorh thdsubfifitelapgtsi 1908 hnll a¥dized

The plasma processin chanber 1900 conpri ses an

i ndualeipemgharaben a/a(ls)?%@élpﬁge the confined plasma volume. Gas is supplied to

the confined plasma volume by the gas source 1910 and is exhausted from the

30 confined plasma volume through an exhaust port by the exhaust pump 1920. A first
RF source 1944 is electrically connected to the antenna. A second RF source 1948 is

electrically connected to the substrate support 1908. In this example, the first RF

19



1902, a gas distribution plate (GDP) 1904, a substrate

support 1908, a gas source 1910, and an exhaust punp

1920. The gas source 1910 is in fluid connection with

the gas distribution plate 1904 and conprises a

deposition gas source 1912, a de- 20fluoridation gas

1914 soanel 1944 peoides gaigna ouithcel 315 16H:z Tinguegeys ambihe sewoddRB source
rise add|t nal ces, such as a second

etch.ﬁg?HWV@&ﬁ%gﬁP Hﬁééggégﬁ% CAURFY hi n pl asma

procegeisng ahiab ee dbH&Rionton &eﬁ@ﬁtﬁttfoﬁﬂ@eﬂ(@@ﬂ 117(32) a pressure of 140

posi tioned upon the substrate support 1908.

substmEgeis g(ﬂywﬁ to thogmmbge (;F}ﬁ@rl:aspg@e Bro¥ides %&9 Watts of power at 27
SY bs tl\ylﬁi aﬁ Iﬁ%ﬁ'&ﬂeﬂgeng? ‘”/p?e'yh as ﬂb& &s HeombilaB68 BP@ﬂﬁi dn@ ’N 2, with

mechanic anpi'ng 't ke) tor holding 25the
subsKHaFetEEDanIhENfaaﬁ&Enltop 1928 I ncorporates a

quar trl wi hdow. 1976,. whj ch.al .ows th

e anbfrel o Piie Biedp g picsir dHebebidhs 1955 olepyge pgressure
chanesg m"T'bﬁ lﬁprshe&ittb ke B WIAOME, RE frceuosd fn&bﬂes 800 Watts
support 1908, and anodi zed alun1nun1chanb% 195

def i REPIVFE AcHYIHR afiplaymalrRquensy birthe aptgans 19 é&Ppm@F plagng yolume

ige § A{H 'A‘Sg ?[l q%ﬁ@oﬁéqg e(pﬁ() tﬁé@b&ﬁ& s%ﬁwrpt% ad@idPatdpéitive
'S ex auste romthe 3 confined plasnma vol une

t hr ok teathe evblstrats to fp‘aht@tebsﬁhtnae'l"b‘;(ﬁm sprrpepl A P vides 75 scem
flrst source 1944 is electrically connected to the

ant efl hale A 'second RF source 1948 is electrically

conn ﬁmﬂﬁ‘}j t Uhé ARsokufis bicRbEths bedactive 1388 step 1708 iissaccomplished
exanple, the first Sour. j

F 94 rovi des al
¢ howina sustiors S GRS PALLER G e Ui e cch
i—? 487 DL VIS (ReSdtdiy aForthd BT @48 iToft ré [sQﬂ(Wi‘dIBay 800 Watts of
0075] During the deposition of the deposition |a

( st epovierep37 Mélsz plasg fgeqyency atg provigeg thropgh the efv?fw'éd9??ot° the
the gﬂ;?ﬂ &6 9956 @5@;\1&@%&&%}%& Lpp&t 190RME T

at 2 asna requen he gas flowis a
co nba'tdaeibnaca:norwfto melsﬁbsamtd tmcﬂlw'tet dich@ig3 Mha etch SQurepguavidh ¢ sccm
0076 Durlng the ani sotropic etch of

N2 at (gl:ls t lb €c
t he YpadPia 8% 3y§P (step 1704), a pressure of 40
pyor foorsy pr BM’ltﬁ’ﬁVlEl ald hﬁoﬁ}%ﬁb&é is pTchﬁtieﬂi 860 Walts &6 pravided

1994 des 800 VWt 27 |
{1 ocileangly toynen 190 iR TroB 80 A AP hSRaloh dRhed (o the

10194 serat RSt BJos toldcee¥@lelishsits i@ BEYsir@€l «d facilifA® etching. The
substrate support to accelerate positive ions to the

s ubsttetagoree pravige 109 scameof &l Hpthgem TH. and Siscgya §: Sabowt 45
1916 Qr%yldes 75 sccm of CF4. [0077] The ani sotropic
etch’ the conducti ve | ayer (step 1708) is

arc qllm9] S hepbruis MB2  DUimTeir phssurais Plovided.e &Mt Waowugh provided

an' Chropdy b swtamy Do dinbey 1800K hife 1177 e oo e

pr oVdyH&fhee s%QIQ)rN@bQ o REcIRNARIns & the ubie Rffadili@&ching. The
frequency are provided thro@gh the antenna 1902 to the

chardersowggprovile BP sesmotf Clz) 360 spemiBri apd 5e¢m O (18 epdipeint

subs e sup ions to the
su bs({egec{lon o eggé%l?t&?g{% &;h%{] ﬁﬁ&?fl tﬁ[s%hg etch source
Jor 00089} 75 Bt aiGH a €FAT60 preednwt pﬂ)@ldsda CINE atts2@e provided

0078] For the ME1l ded
OBl i T 10, T DAoL o Ol S
C_h anBdratt 05bortA9b8 RSc@erat®bny @) thesubsiratBlfictdat @chiig. The

20



substrate support 1908 to accelerate ions to the

substrate to facilitate etching. The etch source

provi de 100 sccm of Cl2, 100 sccm HBr, and 5 sccm 02

for about 45 seconds. 25 [0079] For the ME2 a 20 nilorr

pressure is provided. 400 Watts are provided through

t he eth eovnee prode 263 sedme ofte B2 pocmddir, and Jycem Qyifor abppt 30

volts is, applied to the substrate support 1908 to

accef€P%t%e ions to the substrate to facilitate

et chjoog1] Thavigkothes pukdas,pndvds dedidcrimnencloded @dBmeB Gy be used

sccm HBr, and 5,sc§n10§g An en goint de% ct.i gn isdusep

Lo dixiemiilisdenrisniayes iy mHFeILau mors PRoyadeshd faton
I . Q0. A8 dref2O Gt iY\oteSorée@ble to use

SEOS?%QQQ%E%Sﬁg%ﬁ??gBEﬁt%ﬁﬁg 1902 to the chéﬁ%er 1900.

A bi Bweorinf-inchudgd pollymer to Soraibe fengsition kay@s- substrat e

supp 1908 .t 0_ac r ' 0

f aci @F’#@t e é{hé’ ﬁ?rﬁ%o. i %éS%élt %g QZ‘%JS?‘S%‘J}S? %g |h1§£elér ?% %uéhc cm

of Hauboli3Berss & phdtbBsist neaskl may be gsard @opeon harldmagk. 8be deposition

seconds. [0Q08 il e other ter, al such .
B PHEFRIEE™E BHGHER © (gl tRete. ol sppgive the
fdhe £2898dd P rda?}ssplacédfwaah@?fc@drésadt Bef6R6RingllcharRnask.

wi ggling and striation 5than fluorine-included pol yne

r
depd@083lon. Whhe thisf inyeation hasibgerygssaibgd wrterimsiof é"*VFB‘PEI@ rred

fl uoari.ne-inel _ .m.t DRSStk equivalents,
SIS WS, LT Sl 10 RSN e
t he wisatkfallwithiubé scopeoftbidiinventian, Iteshpild lee benaied thatghere are

may be used to open..a hardmask. The. d [t

oy B SRS RS O e R et oA AR R DK e
15N tikgenabd. €k Rakdrafere ifthikied Galeme $ollomiriy dppaneed claiynsibe interpreted
pl aced over the photoresist before etchin

t.he .
har dfirskidingadgaghghieralons, PRGN fg YRS Sg‘ésé'ﬂlte equivalents as
desghh Refinial dRrsPBic fd SENSSre REBRGHRVRGoe DO NNt s,
there are alterations, pernutations, and various
substitute equivalents, which fall wthin the scope of
this invention. It should also be noted that there are
many al ternative ways of inplenmenting the nethods and
apparatuses of the present 15 invention. It is
therefore intended that the foll owi ng appended cl ai ns
be interpreted as including all such alterations,
pernmutati ons, and various substitute equivalents as
fall within the true spirit and scope of the present
i nventi on. _
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CLAI M5 What is clainmed is: 1. A nethod for formng a
feature in a layer, conprising: formng a photoresist
| ayer over the layer; 5patterning the photoresist

| ayer to form photoresist features w th photoresist
sidewal | s, where the photor dsiAM8eat ures have a first
critical dinmension; depositing a fluorine-containing
contgtisglamed I over the sidewal I's of the phot oresi st
fept ur eg fhQnd L ¢sintifiEa Rahdré G4 12 éﬂ]@&ﬁhﬁﬁﬁg@f the

phot oresi st features; defluorinating the

f 1 uor i nfermingtasphotorgsistdafeoovaithe layer; ; and 10et chi ng

features into the |layer after deflyorinating the, )

f1 uor i nNRAMEBHRGINSPAGLOLSHY g‘ryﬁ‘a‘P fpr, photoggsist tﬁaﬁ“‘?%‘@“‘i‘ BYQgpresist

¢ L . : . is

| AT, REE (ft ROt ncS Ruver] ARORIARA aiingion

met hod, depesitieg a fladrin¢icaritaining tonfoinaaidayertover the pusvailsnof the

the conformal |ayer ovgr the sjdewalls &ie Eihe i

pHdtoresistfeatpren i feduce the pitisal dunengiogs pf thephalopesist feaes;

wth a i . L StLy to . i1r . osition

Bl asma; eaEfindRE (ORI ool L Bl | Bler R

chem stetshih®fcaturen itosthe tayer aftep dsfliorimatipng trrftuorinbedataining

the first gas chemstry is different than the second .

g&entarma] kayery wheren the layerfeatuggsihgye a secopd critiga) dipengign, which is

ong QBanC({h@iﬁ%ciliﬁgald & the fluorine- 20 containing

conformal layer I's formed using fluorine-included

pa@. y merThe ethdd)as peited ih claign t.echdreid thexdepositing $he conformal layer

wherei n defluorinating renpves the fluorine and | eaves

t fvepthieyidewalls of thyphotagssishfsatuses, FIBPESE i n any one of

cl ai ns e 0. {1 0 .

over 't g aREEh BitSn ORI Th b 14 Rr bl AlostiBH Bacma
and

a second deposition with a second gas chemistry to form a second deposition
plasma, wherein the first gas chemistry is different than the second gas chemistry.
3. The method, as recited in any one of claims 1-2, wherein the fluorine-

containing conformal layer is formed using fluorine-included polymer.

4. The method, as recited in claim 3, wherein defluorinating removes the fluorine
and leaves the polymer.
5. The method, as recited in any one of claims 1-4, wherein the depositing the

conformal layer over the photoresist features further comprises:

a third deposition with the first gas chemistry to form a third deposition
plasma; and

a fourth deposition with the second gas chemistry to form a fourth deposition
plasma.
6. The method, as recited in any one of claims 1-5, wherein the second critical
dimension is not greater than 70% of the first critical dimension.
7. The method, as recited in any one of claims 1-6, wherein the depositing the

conformal layer over the sidewalls forms substantially vertical sidewalls.
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25a third deposition with the first gas chemstry to

forma third deposition plasma; and a fourth

deposition with the second gas chem stry to forma

fourth deposition plasma. 6. The net hod, as

re8it edThﬂmﬁyodomecuedonanyrgnqotclalmselr'é,uwhqrﬂe thecphnteresist layer

{1 tsdproed Fomat (SR noRaripRed Bt 3t chpitingoot 38 i fhotoresist
i No@ivs Iﬁﬁsh&%re%isammhé TEanurtihs £0D A1 iR Bl | 40hk e

conformal "l ayer over the sidewalls fornms substantially
ve@t ic aThesnﬁﬁde zissremtedan aiiy eneveff daichs 1a8 fuﬁhnrtoempnamgrsgnpping

&ﬁ@g\ cl al er.ei.n tg g@otore ayer

oﬁore& epgsitedcaniommebiayet ovith mﬂafﬂawpmg step.

cofsi st

o e %arg%m%z@%fv&g?grﬁ?ﬁw@mf%wnﬁﬁﬁéfge?fst

Thandndepbsited canformal hea compaisgs ashmgdlie pHoddresstlayyr and deposited
further conprising stripping 5the photoresist |ayer
an@Ydeposited conformal layer with a single stri ppi ng

st ep. t cf
t hlzl st r?%p‘.“%’sﬁr% g‘ﬁ%tdé? gg}fgx;fé ?;aéirngalmé)a dep03| w&gbﬁfo?mal layer

C dids @rsidew all lahieknese,nplicreia shacdnforgnal hayertias tsobstavitmily kiaysame
and dep03|ted | ayer 11. The  nmethod, as recited in

arfjdeyrall thickpessifiam 3 tfopfo afoktom ‘?ftb?]@’a%?\f ormal |ayer 10
h t |
1, P 0 O A, R v

t dastaGidewatltthiokhest ahde pﬁ(&atebfsefeamie?bott'Bheﬂﬁ%bssdwha&m the
recited in any _ one of clains 1-1 wherein the

cﬁ*ﬁmlerhwkagﬁé is grgatenthan &@vmororfalﬁt eaturs Sottory thickness.
“’f efﬁ .ﬁ &‘taﬁ rEcitdf i 240 ddd o‘%‘&ih%ﬁgﬁ ﬁhgie{h thB Buorine is

rfess is greater than or esi st

f eaﬁluval ﬁomttbmddibmm ¢&B/er byl applyin & third guscéhemismye@ tHeabdnformal
in any one of clains 1-12, wherein the fluorine is

r days¥ed fromthe conformal | ayer by applying a third

99% © h cret}‘o& c?tfé Qrpé\ﬁfm vl'l?% t}he]tﬁld'a- ggs M&gy comprises

as reci |n c’I

c it rmzpmﬂygas((mzl)trogen (N2) and oxygen (02).
2015. The nmet hod, as recited |n claim 14, wherein the

r i o cFhermethedas repited ingigian 14, avhgeein thegatie abnigagen and oxygen
”' t & S{‘ tho-gart RRIL e SR atCox9B&T BUnk-pak'hi@88A b Cen-party

y OX
oxygen

16. A semiconductor device formed by the method as recited in any one of claims
1-15.
17. A method for forming a feature in a layer, comprising:

forming a photoresist layer over the layer;

patterning the photoresist layer to form photoresist features with photoresist
sidewalls, where the photoresist features have a first critical dimension;

depositing a fluorine-containing layer over the sidewalls of the photoresist
features to reduce the critical dimensions of the photoresist features, wherein the

depositing the layer over the sidewalls of the photoresist feature, comprises:
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16. A sem conduct or device forned by the nethod as

recited in any one of clains 1-15. 2517. A nethod for
formng a feature in a layer, conprising: formng a

phot oresi st | ayer over the | ayer; patterning the
phot or esi st ladfirstrdeposifion withhadirstr gas chémisaatafoem afifshdeposition
phot oresi st sidewalls, where the photoresist features
hawiasemas ardst critical di nension; depositing a

fl uori ne-contalni I j .

phot or esi st %%E&éfggi uck’ gﬁﬁé%&ﬁgﬁé@?’t‘i ?89 %ll‘c’%}égfom% second
di wepssitivisplasmd, herdiotherfist gak clhemistty Bsdiffedest thiam tHel¥econd gas
depositing the |layer over the sidewalls of the
ph6h@RisEYst feature, conprises: a first deposition

with a f;i . ] S . £ .fiyst deposition

pl asma; dg{l]lz&mﬁﬁﬁg %%O%Exgﬁtgg%%@} %b%défsi tion with a
second gahingitedtiugt into tie Thydr Afar defluofifattRRAE flibMik-containing
pl asma, wherein the first gas chemstry is different

t higyer, feherei ﬁwda@aieasyn%hq@taw?orﬂ@rilﬁe@rdimnsi@? wheeein the second
f1 yari.nas i.ni : i
i n?xgﬁ{aﬂ guﬁég%;ﬂ' lg M\%&%eﬁlw A% of the ﬁ?ﬁégﬁﬂhﬁﬁmeﬁﬁsﬁ‘f €s

uorinating

10 T | wgr i nghe aettividNad Weikeayia 'claimhgr Kheretn e kédoad cFiiadl difiénsion is

15

20

25

30

have a second critical dinension, wherein the second

cr het greaterthar oo of thedfirtritigakdimensieman 70% of t he

firgt critical .dinmension. 1018, The as.recided
18] Thé biefiodca TR and BaCor ORI yiRid S fufine-
NOtortaiAmgQhyet Roforh&Padhg fildidelinsludéd pdlimer. di mensi on. '
19. The nethod, as recited in any one of clains 17-18,
whéd.ei nTheymethodoas m@itesidnphiiimilﬁgWqui@rdeﬂyowimtimdemgmghe

flyorine-i.ncl uded lymer. 20. The nethod, as recited

i nﬂg?%en@fg?avﬁﬁgwé’?’ fluorinating renoves the

15 uor Thempidd! Rae&tedtii GnpPehe/dfiaims 33-20] WaerdRE he depdfting the
recited in any one of clains 17-20, wherein the

delayer avienthetphetoresise feabwres further qompirisesesi st f eat ures
e BB SRon it sl B RRS T Bl B
anfiasma; and
a fourth deposition with the second gas chemistry to form a fourth deposition
plasma.
22. The method, as recited in any one of claims 17-21, wherein the depositing the
layer over the sidewalls forms substantially vertical sidewalls.
23. The method, as recited in any one of claims 17-22, wherein the fluorine is
removed from the layer by applying a third gas chemistry to the conformal layer.
24.  The method, as recited in claim 23, wherein the third gas chemistry comprises
nitrogen (N) and oxygen (O,).
25.  The method, as recited in claim 24, wherein the ratio of nitrogen and oxygen
ranges from two-part nitrogen to one-part oxygen to one-part nitrogen to ten-party

oxygen.
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20a fourth deposition with the second gas chem stry to
forma fourth deposition plasma. 22. The nethod, as

recited in any one of clains 17-21, wherein the

depositing the |layer over the sidewalls forns

suBét antinadpparatne fer foahingiadeatate i a layer, whe2dn tHehlayer is supported by

nmet hod, as recited . in any one of clains 17-22, wherein .
t b S¥isyate g Wheross thed iy ooy e ol sistsgask it pigpresist

a fé&i:lggsgﬁﬁa%l?ﬁ@ﬁtob}ﬁphgmghe conformal |ayer. 24. The

nmet ho as recited inclarm23, wherein the third gas

chem st aplasmaprocessingcHambgs wompiyingnd oxygen (02).
25. The nethod, as recited in claim24, wherein the
ratio of nit#6&yEPeaNRlldoyyas apasgeProcesying ghamher enclosure;

nitrogen to Q%sﬁ%tsuﬁ%%?%?] s%%zﬁ%ﬁ%%ﬁr}é iﬁ’]ﬂ?ﬂle&)gasma

ten-party 30 oxygen. orm ng

f eplouéssingrchambeéryentloswber ei n the |ayer is supported by
a substrate and wherein the layer is covered by a
phot or esi st #BERSUFF Tegulstnsden regilating thg prasaye iy thg plasma

fi I.SLng:...a plasma processi ng chanber,
o i OB LR

res rrwall forming a plasm

processi ng chidedsesonedledtode fd;providing power toahé plasink pkctessing
orting a substrate within the plasm

;?@@gé’tﬂ ;&E%%éfusmpsgma&na; a pressure
I - f Lng.: §: . ' ]
or oceasing. chglad B bRAIGHE R BEAHE Blasfla pRERi R Mmper

f agncloisonet slid1g power to the plasnma processing chanber
encl osure for sustaining a plasma; a gas inlet for
provi di ng gakgasieutiet; fﬁée%aagtm g9 Housthe plpswa presessing chamber

eNGcRREE: and

a gas source in fluid connection with the gas inlet, comprising
a first deposition gas source;
a second deposition gas source;
a de-fluoridation gas source; and
an etchant gas source;
a controller controllably connected to the gas source and the at least one
electrode, comprising:
at least one processor; and
computer readable media, comprising:
computer readable code for providing at least three deposition
cycles to form a sidewall deposition on a photoresist mask to form features with a
second CD, within the photoresist features, comprising:
computer readable code for providing a flow of a first
deposition gas from the first deposition gas source to the plasma processing chamber

enclosure;
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15

20

a gas outlet for exhausting gas fromthe plasm
processi ng chanber 15encl osure; a gas source in fluid
connection with the gas inlet, conprising a first
deposition gas source; a second deposition gas source;

a de-fluoridation gas somputer;reatabXddn fartstéppig thaflow of the

source; .. coptrol l.er controll abl onnected to.

t h@rsbi@oy&epcgés i the, 6 depasiion g3m eowreta the alsma processing
chlgbgiggﬂ%ﬁﬁeleast one processor; and conputer

readabl e ‘medi a, conprising: 25conputer readabl e code

for providing at | eastcdiputer redafabki dode forgrevidingtadldw ofa second

a sidewal |l deposjtion on a photoresist mask to form .

f edepasitian gas fom thesesppd deposifion igassquice ta g plagag processing

fe [S) ROl " . .
copatibEPendiQIRIqk B flow of the fist dgposiion s s stappeds 1, o
deposition gas from t heniput&ireaiablesote ot spppingakié 6widf the
the plasma processi ng chanber 30encl osure; conputer _

r SEeRS dfpeﬁgen £#y frem dhsrsesnd depositign gas souree tpithesplasma processing
d%%Py%l&&%. fromthe first deposition gas source to

t he pl'asna protessi ng chanmber encl osure;

conput er readabl e codecongutdpréndablic Redéfor peVidihg @ flow of a de-
second 5 deposition gas fromthe second deposition gas
s dlogidation gasdram therdle-fyasidation pay sonrcsite thegrkasmarpeessing chamber

c hhrkeSnbt BESRly drlfi bl (ERRPR RO R AP or (he

second deposition gas dohfpiter feadsisie @bk e BOPping @k BAS of the de-
source to the plasm grope53|ng chanber encl osure;

1dlendatias gasdipm Bedle daten gassonge teythg plasow nsecessigg chamber
f%gqrhgation gas fromthe de-fluoridation gas source
to 51asna processi ng chanber enclosure after the

flow of the second depafipiepfead@le cddestoPPRRling a flow of an

etchant gas from the etchant gas source to the plasma processing chamber after
completion of the at least three deposition cycles and after the flow of the de-
fluoridation gas is stopped; and

computer readable code for etching features in the layer,

using the etchant gas wherein the features in the layer have a third CD.
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conmput er readabl e code for stopping the flow of the
de-fluoridation gas fromthe de-fluoridation gas
source to the plasma processi ng chanber 15encl osure;
conput er readable code for providing a flow of an

et 2hant Theigpraratus, eheecited ingleinys vaeoein thet sidevradl deipasitian on the
praocessi.ng chanber ter conppletion of the at | east

P AP RN G Bl s Eing A B Lo ae Fged P B flow ofthe
dedd-husriddhigadisgRsviled & tAPPRSma phote EHAHILRS enclosure.
readabl e code for etching features in the l[ayer, using

t h28.et chbmappgeasusyhereeited inrmmyfopapliclaims 26-2he | ayer have

athird .. . 27. The ratus,. as re(ciited,i,n claim

26, wheWBFTRInthE 84 Quten BRI SeTPrsER BirdideRosiion gasseyse, and
mask  coph&tisihé LotRpitBLreaisbld MBdih fbPdr tBmpfisdse MOV ed

when the flow of the de-fluoridation gas' I s provided

to the pl asneompuberaesiably wiie fidregrowdinigadioveof a 26cd depesition gas

ap argﬁu . ZF recited in aq¥ on? of clains 26-27,

5w dhe third depositiongas suice 4 the plasBidirpesssing chambey enclosure after
d b 45 ' e conputer
- e ol I &20ipp ik SitioR s MIRTBER, dl conput er
readabl e codnipmterpeaiabldicode forfstoppingfthaflowiofthe third deposition

depositiﬁg qi fromthe third deposition gas source to
t @S |§‘I°Hb '-%F Q‘é’&%’it‘ﬁ@ 2ahsvees todhrplasing Brosfssug qhgmber englosure.

ofsqt he [ L1 j . .

2128 o AESPEGERP e L b SRS vy iy ot
t hi subisteirparsd whesinghe ldyeoincotered by a ghotefesit inaskiwith photoresist
source to the plasma processi nlg chanber enc| osure.

2 dreatuges haying sidgwalisandiatinst ¢rfical digigngion, Gompaisingyer |

wher ei i r substrate and

wher ei nn‘i é‘%@‘% %égérss#lg C@%\ggér}’e%&%n%h ot oresi st mask

wi t h phot or esdchainbéewill femingpy plagns prieesingschambepercldsie;
critical dinmension, conprjising: 15a plasma processing

chanber, coyfupsiratgysupport for suppersing asubsrate withinithgjplasma

pl . o er enclosure; a substrate
CoRRARAL QPR BRI

s a substrate within the plasma
processi ng aipaessare réguthtos fof @égulating the pressure in the plasma
pressure regulator for regulating the pressure in the
pPEesgssingchamberenclosyreshanber enci osur e; at

| east one el L din to the plasna .
pr ocessi ng. FEHane elelirod b RERIEE: b e tlforfs BRERsing
a ciafbérthélbsure forBustyindigWplgésa;i Nt o t he pl asma

processi ng chanber enclosure; and 25a gas outlet for
exhausti ng @§&es mleden previdingsges inde denlasmayprobessingrchamber

enclosure; and

a gas outlet for exhausting gas from the plasma processing chamber
enclosure;
a gas source in fluid connection with the gas inlet, comprising
a first deposition gas source;
a de-fluoridation gas source; and
an etchant gas source;
a controller controllably connected to the gas source and the at least one

electrode, comprising:
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encl osure; a gas source in fluid connection with the
gas inlet, conprising a first deposition gas source; a
de-fluoridation gas source; and 30an etchant gas

sour ce; a controller controllably connected to
the gas sour atdeahang precessor, ekt one el ectrode,

conprising: at |east,ope processor, and conputer
r eadabl e rredP‘an‘E?frfﬁ? ag’rerfﬁg‘ila’ comprising: conput er

readabl e code for phaubdeaihbi coi 8t prONging el ttdn%rh iti
cycle to forma quJ?#ne contanln tl’éon?mlg P§F eposttion
oveycld toefosn deﬂmhhe}cmftamhg copfontal layyersivetf uhatsmiewalll; of the
reduce the first criti di mensi on of the phot oresi st

f eBfQipresst fepfiss e fedpesy 56'!’% crper dimensingRfithe ARptgtesist features;
| east one de- fl USdrh rgaﬂiaﬁ %ﬁe ?Jrfjp? w&&l tfigt%\%tde-

one deposition cyc I'S conp eted t renn uor |

f r fdridadoi byude aftes-thoattledshomgdeposifion owdle isaijbﬁfp;letélhﬁb remove
conput er_readabl e, code for prOV|d|ng at | east one

et B¥aring feape the tupgineceniaipinggonforms! layefe aBd- £ | uor i dat i on
cycle is conpl et

wherein the | ayer&)1rrs erﬁltt %ﬁgihaﬁlg\%&éﬁz & %:%Url@ %'ﬂ?{ehﬁ%ﬁé etching cycle
di 4ften e 14abBdnel de-flusidatitincycldie chinpltedas ietchdfaatures into the layer,
di mension of the photoresist features 30. The

apphereinhe layer features bave ysecpad eritiog! diggeasien that pfeless than the first
OB ElinleRAORBE B BRABHARS feapures, PTOVI G N0, a1 | east one

dep05| on C Of i ne- cont ai ni ng

CO3Tf. Or IMEHe dp@}iﬁfus,lzﬁcféﬁtedtlh €latrth @6\Wahérsindhe Edtfiputer readable code for

phot or esi st features conprises: conput er

r eraqasm at lnget angdepesifiandeyisls ta fembaflaering-¢antajping conformal layer

de i 0 e ition gas source to
OD ver hg S n(%wgﬁggfe tglg g}rl]ct)togeﬁls n%e%ﬁmgs (Bﬁ'x rises

eénc suré and

c ormut QlonfpRed adideble @d& {00 providipPh AgwidTa firkQWpesitibh 8as from the

first deposition gas fromthe first deposition gas

s dirstedeppsition gassourcado theadasma precessingroamben engJesures and

computer readable code for stopping the flow of the first deposition gas from

the first deposition gas source to the plasma processing chamber enclosure.
31.  The apparatus, as recited in claim 30,
wherein the gas source further comprises a second deposition gas source; and
wherein the computer readable code for providing at least one deposition cycle
to form a fluorine-containing conformal layer over the sidewalls of the photoresist
features further comprises:
computer readable code for providing a flow of a second deposition gas
from the second deposition gas source to the plasma processing chamber enclosure
after the flow of the first deposition gas is stopped, wherein the second deposition gas
is different from the first deposition gas; and
computer readable code for stopping the flow of the second deposition
gas from the second deposition gas source to the plasma processing chamber

enclosure.
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2031. The apparatus, as recited in claim30, wherein
the gas source further conprises a second deposition
gas source; and wherei n the conputer readabl e
code for providing at | east one deposition cycle to
f oB2n a Theeppanatus; astexited mclaion3lgr mal | ayer over the

sidewal |s of the photoresjst features.further

conpris 8’2‘.‘” '&‘8 ﬁﬁgf"é’lrcer HHAOBPES LR %Hfi ‘%P‘Eﬁ?ﬁ“lﬂ gg squree; and
f1ow Of wherefibhedoripeRPiduliflc BRfe 1OF HBVidity £ 968Nhe deposit

deposi tion gas sou?ce to th% pl as pr@géssgﬁg é%éﬁgg?oncyde
entol fosmndlwtinecontaming anfaimal hagerfavesthedaleoalls ofthe phstoresist

i s .stopped, wherejn the second deposition gas is
diﬁ?@?&ﬂsﬂbﬂdﬁmﬂﬁ@e$irst deposition gas; and

comput er reagﬁgé &qﬁ' . ot "
second depositi lﬁ ggtseo(gordg‘r-fn t g&iglgg%ﬁy‘%g%\%@hdi c%ﬁosmon gas
gafomahe¢ thérdt depodidorpgasoarcp tothepddsnn procesting cleinitep shidlesure after

32. The(gggaratus, as . recited in ¢laim31l, wherein the
gathe dlowr eddthe srcepd denasitionigas s stonprilrwhedeip s third depesition gas is
SO ; [ N f

oAt 805, P BER uepdelonGaTEA B staRUAbRiGRTR:, Sid

f | uori ne- congompitérgeaiableaiod@ forlstppingaieflow e tisd tHzddepdsition
of the photoresist bfeatures further conprises:

c ofAs jtodh thedhiad derosition &as spures 9 theplagma procesgingichampey; englosure.
deppsi t+ r her i |1

P o) alferiols ARBE b abl o GPAT AL FheRf € Fph futer
of readubdlescvde ok ovidinigtat astme deFhwwkidaiRcoyclie réhovd fidrine from
third deposition gas is different fromthe first

dethe Speringcopainigg gorfeanal daysh EOTRIHSS ti on gas: and

10conpu for . i N h | o f th

third dopipaled FERRE SRR bRiAhERIANDAIE fi el blbom the
S Qléx fhevridatibl gasBoaroeRo ﬂfeQﬂmfaiCchdsﬁﬁg‘emmw eh&6iih€ and

33. The apparatus, as recited in any one of clains

29- 32, canmutdr readpkle codpior stoppiag dhebilaw ebthe dedluoridation gas from
pr.ovi;di .at. | e -fluoridation cle to renove

P18 b0k Bhion TS S PG e il bSRhes R BB cutobfer
conpri ses: 1l5computer readable code for providing a
flow of a de-fluoridation gas fromthe de-fluoridation

gas source to the plasma processi ng chanber encl osure;

and conputer readable code for stopping the flow of

the de-fluoridation gas fromthe de-fluoridation gas
source to the plasma processi ng chanber encl osure.
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