SHRI NKI NG MASKS FOR FORM NG Al R GAPS I N | NTERLAYER DI ELECTRI CS BY SI DEWALL
DEPQOSI TI ON BACKGROUND OF THE I NVENTION 5 [0001] The present invention
relates to the formati on of sem conductor devices. More particularly, the
invention relates to the formati on of sem conductor devices with gaps for
reduci ng capacitance. [0002] In sem conductor-based device (e.qg.,
integrated circuits or flat panel displays) manufacturing, dual damascene
struct ur s mynBRIeRY MASRSHOREJ DR EASORPITERRAGERT material o
reduce the RCT . 0m num based
material s used in pr@ﬂEme?gu AhAODBHHOSS damascene,

i nstead of etching the conductor naterlal V|aI and trenches nmay be

etched into the dielectric material and filled with copper. The excess
copper nmay be renoved byACReR@ENDREL AR ENDIONHI ng (CMP) | eaving
copper lines connected by 15 vias for signal transm ssion. To reduce the RC

del ay's elBLlf ur t helthe RsBsERUBYaHEn FoHCS tﬁd%f%mﬂmqf sginEcRcior devists t ant

mat er i a'ﬁof%an&%w@eﬁm uln%nﬁ&?réfa@%qbftﬁeclﬁf'lhﬁfbn%@gemfébﬁddgﬁn lieWeds 1S defined as
k<3.0. [000 U'S. "Patent 6, 297, 125 di scl oses the use of air gaps to reduce

capacitawtboqu@nSmMmﬁRMp@ﬁmﬁHE INVENTICN [0004] To achi eve the foregoing

and in dance with.th Lpose ven |on nmet hod for
reducin§%§§%a0|ta&83% Eg?ﬁﬁ §%ﬁf§5ﬁ E 'ne evfgggmf%m' T 8h%ed. A

pl ural i tgisfyst anhaGtshd, idahiagtsdese fstardat&els mﬁlyaedéeﬁhle&irj’mnbﬁ)&@th A mask is
formed to cover _the contact structures wherein the nask has mask features
for P5 e0pBdiegdysigrosatgtal thedpsedhe RGdelays a5pariaiRA 81l 20phrOpEakoR eat ur es

have W df,Rfmithe baWadhisifl udelién Hi%%ﬂ@uig 1188 1@hRoISREUNK deht h @ si dewal |
deposition. Gaps are etched into ectric layer through the sidewall

deposi t i dumasine, igsipsl @w@hmmbedortd@ctbommep@b kap.gnditignehige mgahs. [ 0005] In
anot her n|f st.at i.on_.of a 0
capaC|té%ces %eﬁh &gﬂmgﬁy%%gﬁiQFgﬂhﬁﬁﬁﬁ%%gs&hQ%Fgg%ﬁégﬂﬁﬁf%gﬂPgl|ty of

cont act resibrelChucsidad nicoliamial pcﬁhsﬁm@l(él\/ﬁbﬂeavmgl caypedr.linds comakctédsbf orned to

cover the c ntact structurﬁ %herf nask E mask features for
exposi nd”ﬁﬁgf§gWTUPH%nﬁ?%¢e ¢ rqdece ﬁééi &FETUHE RYERS F¥Ed°lT es have
wi dths. gHasusibRidhGeebtrit Benstms kafefials Wi 8%eals@d. In the specification and

claims low-k is defined as k<3.0.

[0003] 1.S. Patent 6,297,125 discloses the use of air gaps to reduce capacitance.
20 SUMMARY OF THE INVENTION
[0004] To achieve the foregoing and in accordance with the purpose of the

present invention a method for reducing capacitances between semiconductor devices is
provided. A plurality of contact structures 1s formed in a dielectric layer. A mask is
formed to cover the contact structures wherein the mask has mask features for

25  exposing paits of the dielectric layer wherein the mask features have widths. The
widths of the mask features are shrunk with a sidewall deposition. Gaps are etched mto
the dielectric layer through the sidewall deposition. The gaps are closed to form pockets
in the gaps.
[0005] In another manifestation of the invention a method for reducing

30 capacitances between semiconductor devices is provided. A plurality of contact
structures is formed in a dielectric layer. A mask is formed to cover the contact
structures wherein the mask has mask features for exposing parts of the dielectric

layer wherein the mask features have widths. The widths of the mask features are
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1 shrunk with a sidewall deposition, wherein the shrinking the w dths of
the mask features shrinks the wdths of the mask features by 5-80%
wherein the shrinking the w dths of the nmask features conprises at | east
one shrink cycle, wherein each shrink cycle conprises a shrink deposition
phase, which forns deposits on sidewalls of the 5 mask features to shrink
the mask features and a shrink profile shaping phase, which shapes the
deposition on the sidewalls of the mask features, wherein the profile
shapi ng phesekstigpeddavad ddeqsdont Weeeio tha dheinksing braviftss of the maslhask features
to form vertical .sidewalls. a dyb N | r4,£ | ayer

t hr ough t m@Fﬁgmﬁiﬁde%%%%P%%%ﬁ%ﬂﬁﬁgngéégﬁgpé“%@g%gﬁhggﬁkgﬁﬁf%ﬁckets in
the gaps, Wi heti8k Gafsisngmblie:s bOlegapse doimpride svharepl eaclablirink of cycl es,
wherein each cycle conprises a bread | oaf . deposition .pha d a bread
oaf pr of | PEICSHABIIHG *pIASaiePp Ut rn "t R deedsitt S ATt 0Pt he

i nvent kon ARy apRakaloUsifiohe Madkehiges 168 RAGIHGARS siphepamkeseRkeONduct or
devices is provided. A plasnma processing chanber conprises a chanber wall

a

formng a ghepsiie grotéusinibe sharms ol Branss frebresavhgea digstPlte support for
suppor tingga iﬁy ?ﬁ&sg ?ﬁa?e%é Hx%p@sﬁ&?oﬁ?hﬁ%@wgﬁsom%hﬁbﬂ {ERAIDR fornenC| 0S ure, a
pressure reguiator tor regulating the pressure in the plasna processing
chanber enadriisilisidgewals. Gepsstre enledehiecha ddectfiokyprimeigh thgsidowel to t he pl asma
processi ng, chanber_encl osure f.or .sustaj ni ng, a pl asna, - inlet for

provi di ng GResIipth Bregeaes B €8 ?‘?g(%% S ELET Sg‘“%‘ﬁ%%%% %r‘aléehecl: @15 gg’é{ngghned a gas

out | etypf or g@x B@H?xﬁée@gpmﬂﬁty?& chflemwihbeinndadls oRlquoapessiatgeadhaafber encl osure.
A gas source in fluid connection with the gas inlet, conprising a shrink
deposi t i ondepasitienpheseandaiyead IRHPrG{ke PJroBieIPE*ehapi ng  gas source is

provi ded. (doBH" Ltmran fheh%gﬁfé@tta{i&li&faﬁﬁéﬂw&ﬁﬁﬂ%ﬁ%ﬁﬁra{t& bhRagass source and the

at least o ode and conprises at |east one processor and conputer
readabl e eapdiianceFhetweconputiemdndedisices wweivided oAlIsEBPIRGEHHR er readabl e

code for shrinking 25 w dths - oM th si dewall.denosition
conprisingQEMFFUFgﬂF??”H$m€§%ﬁ%%ﬂ%ﬁégéﬁﬁggéﬁgmﬁ%ﬁp%ises conput ef readabl e
code figr padvirst agpart sdisipportingepabittaiconitlgasie plasoaptdvesssigrehmkbaeposi ti on gas

souce, COMULSL Leadebl e, o oL SERh Do LT R ST K,
gas from t be $af édlkosAe PR SabiioRe cBaso B R 6vidia e PPuires thegadall e code for 30
providing a shrink profile shaping gas fromthe shrink profile shapi ng gas
source processing chamber enclosure for sustaining a plasma, a gas inlet for providing gas
inio the plasma processing chamber enclosure, and a gas outlet for exhausting gas
20 from‘i'he plasma processing chamber enclosure. A gas source in fluid conmection with
the gas inlet, comprising a shrink deposition gas source, and a shrink profile shaping
gas source is provided. A controller is controllably connected to the gas source and
the at least one electrode and comprises at least one processor and computer readable
media. The computer readable media comprises computer readable code for shrinking
25  widths of mask features with sidewall deposition, comprising a plurality of ‘cycles.
Each cycle comprises computer readable code for providing a shrink deposition gas
from the shrink deposition gas source, computer readable code for generating a
plasma from the shrink deposition gas, computer readable code for stopping the shrink
deposition gas from the shrink deposition gas source, computer readable code for
30  providing a shrink profile shaping gas from the shrink profile shaping gas source
which different from the deposition gas, computer readable code for generating a

plasma from the shrink profile shaping gas, and computer readable code for stopping
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which different fromthe deposition gas, conmputer readable code for
generating a plasma fromthe shrink profile shaping gas, and conputer
readabl e code for stopping 2 the shrink profile shaping gas fromthe shrink
profile shaping gas source. The conputer readable nedia further conprises
conput er readable code for etching gaps into the etch |ayer between
contact structures through the sidemall deposition and conputer readable

code for 0sing t S to R n.the ga 007] These and
ot her featcth?ign%ﬁ:’rql}ﬁ%gjpg gast nﬁv’é’ g‘il %pr\ﬂnﬁk‘o’hﬁa %%s%?‘frﬁe I'n nore detail
bel ow in tdaﬁzpdet fﬁahﬂﬁia Aese fuirftd mpefestch@pueyeaddbicodnfbr eth@@rpasnct i on with
the follow ng gures. BRI EF DESCRI PTI O\I DRIO\(X%VRNGS 10 [0008] The
present i & ?%ﬂl Jiagef DEIFER PO HS B\ RS s e b‘%&ﬁ*ﬁ%ﬁl 851 By way of

lim tati ooy 'ﬂte}%diﬂ%d@%r@fosﬁ@%e%ﬁ@ﬁﬁ&%’%&ﬂe@'il@i\% Bgss. and in which |ike
reference nunerals refer to simlar elenments and in which: [0009] FIG 1

is a hfgh [Ped| fTlae giather Stuesml dragescrtinrentiay wikbadeseritied amorcenbodi ment
of the in c%g\tﬂ b%{%w 1%%14 QeQa}gli dgsc%tlo% 0%'% Em\?Ern 01% glﬂﬁ%ﬂ%ﬁ gu LRSAMIEE! ional and
top views 0 cesse J; an ddiSent "of 't he
|nvent|onibmﬁ@ﬁgbvﬁbﬁi 3 is a nore detalled f|OM/Of a step of shrinking
features in a mask. [0012] FIG 4 is a schematic view of a plasm
processing chanber that may be wused in practicing the invention. 20 [0013]
FIG. S 5A-B i||UStrateB@ﬂﬁpﬂEgCRﬂ?ﬁQ@ﬂ@FWTHWEKMMHNGSUitab|e for

npl ementi n a control I er. used in_enbodi nents of the present invention.
[ 00 14]10 FI ¢00%81i s Ehemspssnidateniiplg Hyshped hwey of expeple #y bk % chnd
conpl et i ng;L:heop Ah B8RS res L@@é%l;coﬁl %wgg %ﬁi RGN GefA8S - Sect i onal
and top views of a 5 process acco dlng to anot her enbodi nent of
the i nventnuuwrals[@ﬁsiﬁi] SIJEII@61®1qn§ aadrmowblchlet ailed flow chart of another

f E0017] FIG 9 |
ror e det aiPRBIT] R RGP o Al r AL hge B ded Pt bera Lep
DESCR! PTI GioHiriiEo AREFERREE EVBODI VENTS

15 [0010] FIG.'s 2A-E are schematic cross-sectional and top views of a stack

processed according to an embodiment of the invention.
[0011] FIG. 3 is a more detailed flow of a step of shrinking features in a mask.
[0012] FIG. 4 is a schematic view of a plasma processing chamber that may be
used in practicing the invention.

20 [0013] FIG.'s 5A-B illustrate a computer system, which is suitable for
implementing a controller used in embodiments of the present invention.
[0014] FIG. 6 is a more detailed flow chart of forming pockets and completing the

_process. | '

[0015] FIG.'s 7A-H are schematic cross-sectional and to;ﬁ views of a stacle

25 processed according to another embodiment of the invention.
[0016] FIG. 8 is a more detailed flow chart of another process of forming pockets
and completing the process.

[0017] FIG. 9 is a more detatled flow chart of forming bread loaf closures.

30 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0018] The present invention will now be described in detail with reference to a
few preferred embodiments thereof as illustrated in the accompanying drawings. In
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[ 0018] The present invention will now be described in detail with reference
to a fewpreferred enbodinents thereof as illustrated in the acconpanying
drawings. In 3 the foll ow ng 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 wi thout sonme or all of these

specific detajls. I.n other instances I.| kno rocess, steps and/or

SFr ot ur e L olaie B BN B or WaaT Pt 1 PRTGh G P araiate
unnecessatjidrdigARagHEtEndiulteo MEEHRht inl et it ¥Rl bé APhSht howEaLith biat e
understanding, FIG 1 is a high level flow chart of a process that may be

used i n as<iBptbadbaahihapthemreseptiventivionay onediced withed somed &k formed in  a
dielectri : ; . ' truct
Lelectrl ?‘?Glﬁ“’i%]%%lﬁé a&tglgsk %ﬁélher ﬁstgﬁég well 1&%@%‘52%%; L%%ggﬁ?@%s structures

(step 108) ma as nmask apertures €:gatur r form ng
gaps. SThehmaskt beatdascebedimalesiirin midel minepurbt@ssariGagscas tieagrashed i nto t he
dielectric quer (step 112). Pockets are formed in the gaps (step 120).

Pref er abl y2""%4¢h pocket has a volume with is at least half the size of the

vol une of [@ash gdp.faciheteppakehsdim@yie ifis b hed et How akdroafs prbdékds  such as
| i qui ds or gases, such as air. Mre preferably, the pockets are gas pockets

15 fi |1 ed T 1Ay BE ¢4 1t @ $Rhafiney obe Kwpation. Soake) $ruqiufesaEe™ed n exanpl e

of an embqdiNRhc 1@fer [ 1oAY ERtQIP;s HPRACLr B EMFl USRS ]sted RIgED 1N a
dielectric layer of organosilicate glass (OSG (step 104). FIG 2Ais a

cr ossiGecThomask lvis aveslo fpeatusts fokskFoOubo ol hips ehiss Togangh Baturon this
exanpl e, %r%%hl%(s%c% HIZF.l &% tsralre? etclztr@ﬁ It %1%%1&}% tgcvlgiﬁrgst%puﬂ%.r ?c%eﬁetg 91%’ whi ch may
ay C e contact® struc

be a waf er or an"i1nter r dielectric. ures 210 are
dual danaﬁ&&méﬁﬂmegqﬁ&mq§1thPﬁﬁxﬂn%Emmgmd&xampieﬂmﬁewﬁh&&m&ma trenches

filed wt pper. .]n this exanple,.,vias, partial overlap trenches. Such
st uct ur o SR 3BE oRB Byt FE Hat e AV ko ey B alehes BBy iRg ot r ench
mask that sich 91ig@lié Gn@ees, sudh bhhis BXATRERERbE, Rapbdkels ataehockd® is 25 forned
over the OSG dielectric layer 208 and contact structure 210. In this

example, fipkwihpgeele fpayeds PPI%IS s silicon nitride or silicon carbide.
[00211 A mmgk, 232 is formed over the parts of the barrier |ayer 209 over

the contact structures 210 (step 108). hi this exanple, the mask 212 is a
phot or esi $#02filask In an example of an embodiment of the invention, contact structures are

formed in a dielectric layer of organosilicate glass (OSG) (step 104). FIG. 2A isa
cross-sectional view of a stack 200 formed by this example. In this example, the OSG

20 dielectric layer 208 is over a substrate 204, which may be a wafer or an interlayer
dielectric. The contact structures 210 are dual damascene stnuctures, which in this
example are vias and trenches filed with copper. In this example, vias pastially
overlap trenches. Such structures may be made by first etcﬁing a via and then
providing a trench mask that is miséligned. In this example, a barrier layer 209 is

25 formed over the OSG dielectric layer 208 and contact structure 210. In this example,
the barrier layer 209 is silicon nitride or silicon carbide.
[0021] A mask 212 is formed over the parts of the barrier layer 209 over the
contact structures 210 (step 108). In this example, the mask 212 is a photoresist mask
with photoresist features (apertures) 214. The photoresist mask features 214 are

30 shrunk (step 112). To shrink the photoresist mask features 214, the substrate 204 is

placed into a processing chamber.




W th photoresist features (apertures) 214. The photoresi st mask features
214 are 30 shrunk (step 112). To shrink the photoresist mask features 214,
the substrate 204 is placed into a processing chanber. 4 [0022] FIG 4 is
a schematic view of a processing chanber 400 that may be used to etch the
gaps and formthe bread | oaf closures. The plasma processi ng chanber 400
conpri ses confinenent rings 402, an upper electrode 404, a | ower el ectrode
408, a gas source 410, and an exhaust punp 420. The gas source_ 410
conprises 03 i nkIG 4dapsdicmabn vigy o1 3 siacessing thamfifg 480 81} mARPYssti | e gas

source 41 6t0 e-mlethgg%s 3%%?091% tﬂ@’é’re?cplgémﬁcjsﬁl%s.aﬁ@ ﬁlﬁsﬂﬂﬂjm \g@ﬂﬁﬁ\o@ls such as an

etch gas source 4 a gap closure gas source 422. thin plasm

pr ocessi ng4thampeises400{indnivat SufssiO anepp@4ldckogroiit 4 oniet clecipdn 4bhe | ower

el ectrode 408. The,|lower el ectrode 408 j.ncorpor at i e . substrate
chuck ng. meehasen (&4 R PG 21 PBLRERAAP BB B3 VP2 i)
10 f or shol dégagitibhgassoist 1 El end2drind frefilcgactiarcct4ap. 428 gasxonmpanat es t he

upper el ectrode 404 disyosed i medi at el y ogggsihg t%e | ower el ectrode 408.
5 ElE

The upper BIBRIESE SERNMIAEAS SPYRRT SUEl SR e B8IceS AFTMEREHT 5Fi ngs 402

define theggenfinedinhdsasnyabbi¥Bng catbel HOSHURRBINsAte004 IR sHigMdd ned pl asma
vol unme by the gas source 410 and i S exhausted fromthe confined plasm

vol ume thra ¢ lveverdprtiode ARt Theilpger elrgodaf98 arcomsakaiesa suiBblpor t by t he
exhaust pu £ j Lhieallys ceppacted to the
upper eIecE?%é%Q%SQFE h%%%§§g§%gﬁggﬁééﬁﬂkiggégﬁ%?é%tH#%%IF@'?gﬁnected to

t he | oMer felhekingddtesudfB:ic Thiarfthe reanial top 448 hesxporatasride tiper detfoilmenent ri ngs

402, th el ectraode 404 he |over de 408, the first
RF-Sour ce. MRS RESILER R ColP R B ha). cOMIPSE RSP pover

sour ce and]@ve? civizodp & fand BorFRLINER rinkk 407e1-Gh¢ the @oiinzaplems volumeonnect i ng RF
power to the electrode are possible.- In the case of Lam Research

Cor por at i offesisplicfiodle erdyreEaisr? Y9lvae pobepassiparce il aphid &XIPSEAM Resear ch

Cor por at i oM R4 cﬁﬁﬁé@lﬁma%lﬂrﬁ@ﬂhfﬂu I th%hﬁﬁheﬁﬁﬂ%fé%@g ahdlan &nRsef erred
enbodi nent of the invention, both the 27 Mz and MHz power sources make

up t helSsecpertdbRie pdwest pyowriee. 448U setedds iselachicallp pemegedgtthiode, and t he
A
connect ed tlecttdie 468 Clsmbee @sligdbe, suddi@yd texdvatistmeau npgAQ, thanpgpdrhe gas sour ce
410. The D!a:lecctrsaég 5181? al\qgallerWer elecirode 408. Both the first RF source 444 and the |
second RF source 448 may comprise a 27 MHz power source and a 2 MHz power
20 source. Different combinations of connecting RF power to the electrode are possible.
In the case of Lam Research Corporation's Dual Frequency Capacitive (DFC) Syster,
made by LAM Research Corporation™ of Fremont, California, which may be used in
a preferred embodiment of the imvention, both the 27 MHz and 2 MHz power sources
make up the second RF power source 448 connecte& to the lower electrode, and the
25 upper electrode is grounded. In other embodiments, the RF power source may have a
frequency up to 300 MHz. A controller 435 is controflably connected to the RF
sources 444, 448, exhaust pump 420, and the gas source 4110. The DFC System would
be used when the layer to be etched 208 is a dielectric layer, such as silicon oxide or
organo silicate glass.
30 [0023] FIG.’S 5A and 5B illustrate a computer system 1300, which is suitable for

implementing a controller 435 used in embodiments of the present invention. FIG.

5A shows one possible physical form of the computer system. Of course, the
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be used when the layer to be etched 208 is a dielectric layer, such as
silicon oxide or organo silicate glass. 30 [0023] FIG'S 5A and 5B
illustrate a conmputer system 1300, which is suitable for inplenenting a
controller 435 used in enbodi ments of the present invention. FIG 5A shows
one possi ble physical formof the conputer system O course, the 5
conputer system may have many physical fornms ranging froman integrated
circuit, a printed circuit board, and a small handhel d d vice up to a huge
super conpgE@hier sYSSRInEEIRVE ensrhsisaldormTripkaIom 5B MipRHed 85I 3 i spl ay

1304, a hﬁh‘ﬁ‘lg 1%1&1%9@0%@ andlh §ﬁalij1'izln\ﬁ]~°re1§- §9§ce u% 8 ¥RQAR el 3k Pnicgnd a nmouse

1312. D's 41s a conputer readabl e nediumused to transfer data to
and from dbnmutﬂrsym&mul@msanﬁ(ﬁﬂ@ﬂ]30@@181548113§4amh®>‘é1@3ﬁﬁ%5 éf a bl ock

di agram forfsk %& a?cgjﬁgogr@lj_%%go nd ﬁlgezf‘s‘?g b?skspﬁ% ?srg %20 is awde

variety of su ocesso’r erre to as central
processi ngeaﬂabﬂesnedﬁﬁnﬁewajtr@rs&r dﬂmpizeﬂﬁommnpu&geysctavim@s, i ncl udi ng

menory 1324, Menory 1324 incl ude m access nenor and 10
read- onl y [Ary JZI 15 %Rsex?@p]\ﬁ/é’?la%% SRR TP EOIyfer S%Eﬁ(WRA% to transfer

data and A@Shidiek s@é‘ﬁbl‘r!snll?a@“xsreﬁﬁfdla@}ﬁ@édf ¥f duBsyfagis CPlcaRsk (AN misdsed
typically to transter data and instructions in a bi-directional manner.

Both of t hefeed ppescifal propweing yuifagr CRAD rdeuRlAY 1osTReeaAdicst. t he

conput er -, sd gl so coupl ed
bi - di rectlllgé:l}a %&[eﬁg%}&%S%ﬁl Bﬁ%z?gl{llci gsséggéﬁtgl&gghy & mﬂya st rgge 15
capacity anal-omymansgy (ROMUdes 1awy:11d§how1hm thoap BBV arte sltadiséer ded el descri bed

bel ow. Fi.xed disk 1 b d the |ike
and is tyr}P%ﬁlPﬁ?}lSélm'é 88?%21@?30 @’F?g’&}g@dﬁé‘ﬁﬁ%ﬁ%ﬁgg@h‘: %*"d“‘ﬁ%lé e e sk) that is
sl ower t haidpistiiBlons & Ofiagectidnbl mivrlet. Beh appeeajrt efhntiatiedhsy i nf or mati on
retained within fixed disk 1326 may, ropriate cases, . be incorporated
i n st andariBClrdesHy sHtaRl C\flﬂf'et%é’ﬂpu%ﬁ%ﬂ@l? ’ﬁeﬂéﬁﬁﬂ}é@é@ i@?él‘g%ﬁ@%&%bl e di sk
1314 may take;idfie cfogglgd E’ifdlﬁeﬁforﬁflyEJ@P@QWH%O&%Q@@E@MIﬂﬁg'st%ra%gscr' bed

bel ow. 100251 CPU 1 is also coupled to a'variety of input/output

devi cé§, supirizsnd wisphapclidomy ddyompytersrdiblamade dagibed keirl-speaker s
1320, b PRl PR AU G Bk, A s 1088 O opl v
t r ansducersecariaryrseacde nsdiva@net dse tard gsly) drat tsapogver than primary storage. It
will be appreciated that the information retained within fixed disk 1326 may, in
appropriate cases, be incorporated in standard fashion as virtual memory m memory
20 1324. Removable disk 1314 may take the form of any of the computer-readable
media described below.
[0025] CPU 1322 is also coupled to a variety of input/output devices, such as
display 1304, keyboard 1310, mouse 1312, and speakers 1330. Inn general, an
input/output device may be any of: video displays, track balls, mice, keyboards,
25 microphones, touch-sensitive displays, transducer card readers, magnetic or paper tape
readers, tablets, styluses, voice or handwriting recognizers, biometrics 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,

30 or might output information to the network in the course of performing the above-

described method steps. Furthermore, method embodiments of the present invention




readers, tablets, styluses, voice or handwiting recognizers, bionetrics
readers, or other conputers. CPU 1322 optionally may be coupled to anot her
conputer or telecomrunications network using network interface 1340. Wth
such a network interface, it is contenplated that the CPU m ght receive
information fromthe network, 30 or m ght output information to the network
in the course of perform ng the above- described nethod steps. Furthernore,
met hod enbodi nents of the present invention 6 may execute solely upon CPU
1322 or nwm&e%@@u@@o@b@wohcﬂﬂﬂﬁ%%Rr@ﬂmﬁwﬁ§3?ﬁ%af$ﬂW%kﬁ%@afﬂwconjunctlon

wWth a r e”ﬂft g‘f &nﬁl frl\?f;] £5 1 hROEPU Pkt Hards ﬁapio‘ﬁ%?%ﬁéﬂ}&essuﬁcﬂ()%] In

addi ti on, e present inventio rther relate to conput er
st or age prmﬂlzle]ts Wmadihta)npmntpmtmmgcéalmbaﬂubwnniammnnﬁh‘éﬁbrh@moconputer code 5

h f f Th di
and © - conUErGRE Ry be A RO SO B Eeiat T HRC bk e LBRe I o for

t he puﬁposﬁﬁreﬁﬁ fortﬂ@ﬁblﬂilﬂ%ﬂﬂffoué (El:h‘xﬁﬂ'tdr-@ 1eﬁﬂ'ent%@6p’erﬂﬁ)ﬁs bIQlE:@lﬁedIaf'E&idkl nd wel |
known and avail able to those having E in the conmputer software arts.

Exanpl es o‘fOﬂéiBmmP@?rm?b%h‘bﬁeépff?é@éllﬂél631$1‘r?élaﬂél gonsprytediop s pumosssicfed t o:
magnet i ”'glg gﬁsﬁﬂme%%ﬁé%\)gﬁ%k% offtlllé)lﬂﬂﬂ wil %@vvn ady Auegneitc tape;

opti cal such as hol ographi c devi ces; magneto- optical
medi a suchhasngf dkdpini toatongiuek softvemelartsa Frianep]es ofevinpeisr-rehdgblenpedia pecial ly

Lot Bl fis WS S RERIR AN GOM% n AU ST AP T SPRS 1L ©

i ntegrated II‘CUI rarrma 0@l ¢ devi c and ROM and

RAM devi cesagnekix &ipp) @ﬁmﬂfmedmdt :&I’CE—(R@/IA; ﬂl{dhﬂﬂi@r:{jﬁﬁ:fﬂemme:{;met&uch as
produced by a co f|| cont a| her | eyel code that are

iler
execut ed byPY alc‘B%ﬁ?‘@P a&éi’?ﬁ’@ fks; é’?ﬁl?”é"f eVlcgi) eiP*Péatabl e nedia may

al so be Comﬁbﬁfedwﬁ&etaﬁ@a&mtéb%akﬂyco@e SORRMBLcAidhdp&i@ialcgbdodi ed in a
carri er wave and I’]é_gl’ esenti nzg seguence of instructions that are
trAvgic

execut abl ecifppita(4pPibek smwaramap P&y PPy apd ROM aabRAMIIFISHY chart  of
the step Olfix %1%5 cglglpﬁtlgl cold B RS L fig%at:lﬁﬁé wdgssugﬂ-fs ﬂr@i&gd ﬂylg):omﬁ‘ﬁﬂ shown in

FIG 3, the ing the mas eatures .conprises a plurality ‘of cycles of
a cycllise panmldﬂsscommmpngblghﬁglfaebdwiﬁ Akt depowitel dn a cphpger Yssged 304) and

A
The press uas&npxﬁers:l@ta stealBhbatied ih a Jalmeersmbs tifichdeprebiinB b q@emedfat a
_ instructions that are executable by a processor.
[0027] FIG 3 is a more detailed flow chart of the step of shrinking the mask
20 features 214 (step 112). As shown in FIG. 3, the shrinking the mask features
comprises a plurality of cycles of a cyclic process comprising a shrink deposition
phase (step 304) and profile shaping phase (step 308). An éxample of a shrink
deposition phase (step 304) provides a flow of 150 scem CH3F, 75 scem Ny, and 100
sccm Ar. The pressure is set to 80 mTorr. The substrate is maintained at a
25 temperature of 20° C. The second RF source 448 provides 400 Watts at a frequency
of 27 MHz and 0 Watts a frequency of 2 MHz. During the deposition phase the
deposition gas is provided, the deposition gas is transformed into a plasma, and then
the deposition gas is stopped.
[0028] An example of the shrink profile shaping phase (step 308) provides a
30 halogen (i.e. fluorine, bromine, chlorine) containing gas, such as 100 scom CFe. In
this example, CF; is the only gas provided during the profile shaping. A pressure of
20 mTorr is provided to the chamber. The second RF source 448 provides 600 Waits
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25 tenperature of 20 C. The second RF source 448 provides 400 Watts at a
frequency of 27 MHz and O Watts a frequency of 2 MHz. During the
deposition phase the deposition gas is provided, the deposition gas is
transforned into a plasma, and then the deposition gas is stopped. [0028]
An exanpl e of the shrink profile shaping phase (step 308) provides a 30

hal ogen (i.e. fluorine, brom ne, chlorine) containing gas, such as 100 sccm
CF4. hi this exanple, CF4 is the only gas provided during the profile

shapi ng. Aaps gsqiehey &ff27 MBz Bl Waitsa feqichded 2 Mizh®ueihatiberafildhe second RF

source 448 provides 600 tts 7 at .a fr. nc f 27.MHz and 0 Watts a
frequency 6 aPE“&\HkE‘?BtBEPm%ge PRGBS H’%Wﬁgcﬁglﬁﬁl%a&ﬁﬁﬁ@éngﬁ?émprofi | e shapi ng
gas is provi,88tmdingioRpMstdaCaiRRiiRgrems si[lﬁaénzég%a@fi@sft@p%d into a plasm, and

then the profile shaping gas is st otgf?ed. When there is a possibility
t hat coppel0iZ8ybe Whpoher ielurossibility hiteaprag g be sxpasekdus tp apsagaddr abl e to
avoi d oxygen cant ainj I (B'!-g% 1148t Bxidattdoever, the

pr esencge( oflﬁ]atsgfelpltggreg’r}l:agr% t{; gidé(?g%l(gg@? e\c/f"uce &gﬁgﬂoea\%{r?t gh%eﬁemp%ssi bility of
exposur e ofHdwheerc hppetsenteef the bairsalayqg i raducds 00 BRjerfs &f posibiiyy of he process

is performed for l%etween to 2.01(: clets. More preferably, the process is
perf or med SERRRBEPT G GPRE g O BEEPRE C onbi nati on of 10 deposition and

profile shamzng OVEEfeAbR), tHedkdcky iPferytddsr Bévems? foan dybies. Pvasreat i on of
vertical sidewalls for the shrink. This process fornms shrink sidewalls 215,

as shown iprefepidy, theproppssisheaiamyed befeea A te Hik cxlde wle FURIERIQR O dt hs of the
phot or g@i Stdq%%ﬁl%n 240 ﬁi&ﬂg«% GB\%Q oge@ aﬁaﬁlﬂl&iﬁﬁgf QWb Sl VRER: B 8 nti DS e

pr ef er abl y, e shri _T’I ‘Cause” thé widths of the photoresist mask
apertures tvertivel sidsdatietr by shatlneBys BoGeysorms sifink sedpwpilcdld. eypbpen may have

addi tional .d ifi-on. and/ or shapin h Qr - addi ti onal
phases. [OO%E?Q pﬁ%ﬁ%ggr @e 5%%5518%?11 o ﬁ%(saw%{hg {ggg%épliﬁéétg{eglg%{r}& 08 t hrough
t he apert urgstur&eh be ediutdiebySietidek 5sS0tke Wabde prddrably ae sthioknidewalsl G 2C. A

conventional etch recipe for etchi the dielectric layer .S used. 20 |
[0032] The Cﬁ‘b'*éﬁ]éet‘§1d&%5é>ff1}~?éﬁl}°ff’€?ﬁﬁ‘e‘aasgg%’ﬂ‘fi% o Tagpesd by o egn%r%ﬁé“l'det ai | ed

flow ehartrgbydite dekmbian fiitha &ﬁ)h%na/aﬂsrﬁgm? lpBiseOs oy Hake@ structure
in this exanple. The photoresist mask is stripped (step 604), as shown in
FIG 2D. | rothehpddiaonghphiagss. t he

[0031] Gaps 216 are etched into the dielectric layer 208 through the apertures
between the shrink sidewalls 215, as shown in FIG. 2C. A conventional eich recipe
for etching the dielectric layer 208 is used.

20 [0032] The pockets are then formed (step 120). FIG. 6 is a more detailed flow
chart of the formation of the pockets and completion of the structure in this example.
The photoresist mask is stripped (step 604), as shown in FIG. 2D. In this example, the
sidewall depo.sition is also removed during the photoresist mask strip. An interlayer
dielectric (ILD) 224 is formed over the dielectric layer 208, contacts 210, and gaps

25 (step 608), which seal the gaps to form pockets 220, as shown int FIG. 2E.
Conventional methods of forming the ILD, such as spin on-or CVD may be used.
[0033] The feature shrink process allows the formation of gaps that have critical
dimensions that are smaller than critical dimensions of the lithography process used.
The photoresist features 214 may use the minimum critical dimension possible for the

30 lithography process used. In this example, the trench width is the minimum critical
dimension possible for the lithographic process used. The shrink process allows for a

further reduction of the critical dimensions of the feature size. Without the shrink, the
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sidewal | deposition is also renoved during the photoresist mask strip. An
interlayer dielectric (ILD) 224 is formed over the dielectric |ayer 208,
contacts 210, and gaps 25 (step 608), which seal the gaps to form pockets
220, as shown in FIG 2E. Conventional nethods of formng the ILD, such as
spin on or CVD may be used. [0033] The feature shrink process allows the
formation of gaps that have critical dinensions that are snmaller than
critical dinmensions of the |ithography process used. The photoresi st

feat ures 214&tching ofithe gﬁ]}’l@aﬂﬁmmcemtmtS@aﬁmdtmpmdp@éﬁleb;hmcfoﬁfhet he 30
I|thography MNathis exa the trench width is the m ni num
critical %%@?@ﬁ”d&g{g%}ﬁ @ﬂ?‘e ComtaﬁeS%W?lﬁographl c process used. The shrink
process al I dm&idit'mn this frorebhmlows ethd1 it t@fbebh@oﬁhhﬂ}lcﬁﬁ%reﬁhd'@&&ﬁcons of the

feature size. hout thlée)(l%hrlnk thql? 8etching of the gap may allow the
cont act strB’é’feblF - VEFrgR hegseestdipcesehin 188 ey 0 f97=t1?1%15 l@laﬁfdrmd@m woul d
damage the @RMiAkiShELEASIRE cahe a8Iahd Rduirds Y BirRh9 }3 W the
dielectric to be one of many different dielectric wherein the

process di sEPB¥EFHHh BRGNopatdm digeadyconsnt s | i ni ted regar ding 5 the
dielectric ﬁﬁ&ﬁ% al s that can be used and requires a barrier layer to
protect the contact, which may increase the dielectric constant. Exanple 2
[0034] In a[@éébndhea(mwpm&exampmfemﬁnmdim&ﬁ of thetitve:ntion, € Biith@Biructi@ed act
structures nadeec tep 104). FIG 7A is a

cross-secti ona‘i”fm\?lg(lanwa1 g’fe eﬁtn&@'& Ste@%‘%@ (?Jer‘ah’ég‘ FRFSERRUSA VI stack t hi s

exanpl eL0 t hgswiehersy this ekayse. Eﬁ&s@ﬁmﬂﬂ@@]ﬂ@cﬁéib&tﬁ@la@eﬁﬁ@% (OC5@ over a
substrate 704, which may be a wafer or an interl I}t/) dielectric. The
28

contact st r REfRfsHEaty E@%@@MFI TFhdsEceivs. whichmaype 8 vafrior heinterligssn et ched
but ot | iemei! n@edRiRlnRARLAGY orc HIO £SORLARL o ltcayégtt fi B8y lcg, f1 11 ed wth

a filler material 711, such as photoresist or olyrners or materi al
t hat may beeti@drbéméﬂled\m’fh@met@am;tg:ll nghe dvetagi mhletutamacs, ﬁl&sl vethown in FI G
mat er.| 711 in the contact

ZFr uE:togfgls fi ég?%%en %g £ §llmfhoﬂ1r %Olgégf e Pp% é%ﬁ%ng}tﬁal o 3% Gt or esi st mask
wi t h phiét oremostd wftla:mtt dm@u@tb&ﬂialactas)asiﬂxﬂwn ihreGptmt or esi st mask features
ot he- phot (PSB! ot ATREk 12 intres S Gu R BrumnesH 7l TRQS croiaTehIRnk e
phot or esi st (swpab3) Rt 8&mbldihe bikGc 318 L LA Eredi@Anisk RIBRBHresist
features (apertures) 714. The photoresist mask features 714 are shrunk (step 112), by
forming a shrink sidewall 715 on sidewalls of the photoresist mask features, as shown
20 in FIG. 7C. To shrink the photoresist mask features 714, the substrate 704 is placed
into a processing chamber, such as the processing chamber 400, as described above.
The shrink process described in the above example regarding FIG. 3 may be used.
[0036] As shown in FIG. 3, the shrinking of gaps comprises a plurality of cycles
of'a cyclic process comprising a shrink deposition phase (step 304) and shrink profile
25 shaping phase (step 308). Preferably, the shrink deposition phase (step 304) uses a
deposition gas comprising at least one of a combination of CF, and Hy or a
combination of CH;I' and N, or CyFy or C(HLF, with an oxidizing or reducing additive
such as hydrogen, nitrogen, or oxygen, and carrier gases such as He, Ar, Ne, Kr, Xe
etc. More generally, the deposition gas comprises at least one of hydrocarbon,
30 fluorocarbon, and hydrofluorocarbon. More preferably, the deposition gas further

comprises a carrier gas, such as argon or xenon. More preferably, the deposition gas



into a processing chanber, such as the processing chanber 400, as descri bed
above. The shrink process described in the above exanple regarding FIG 3
may be used. [0036] As shown in FIG 3, the shrinking of gaps conprises a
plurality of cycles of a cyclic process conprising a shrink deposition
phase (step 304) and shrink profile 25 shaping phase (step 308).

Preferably, the shrink deposition phase (step 304) uses a deposition gas
conprising at |east one of a conmbination of CF4 and H2 or a conbination of
CH3F and NAugher comprisss atdpastye, ofwi phidigmeoniidive kmbp erudieglatlithvg, sdidit | ve  such
as hydrogeqa ot n, or oxygen, and carrier gases such as He, Ax, Ne, Kr,
Xe etc. Moré 6ener§l|y the deposition gas conprises at | east one of

hydr ocar borif039 f | Tiepesis Sapingatgde byds pfdflosasias ban whManedipeehanabl y, the
deposi tion rls S a carri.er such_as argon or xenon.

furth
Nbr e preferg%$ ost ng%éﬁ% T ﬁ%@”wgf?d%ﬁﬁgpmééﬁ%gﬁﬁgs]ﬂﬁﬁleast one of an
oxi di zi fg %ﬁﬁbﬂablyeth@ﬂ@ﬁ% ﬂl@;ﬂh@ga@%ﬁ@gbémﬁﬁes §%ﬁe@g§s siéh as"a@gon(?ﬂ NH3. [0037]

The profile shaping stage uses a profile shaping gas, which is different
than the d&pesiMpEnaablydhprrslerhenite ta futheppampriseCatisastond okE8 and

ObyFz. Ot t Rl n D PERChaPbNgL oRsfur t her compr ses a

carrier gas, as argon or enon the profile shaping
gas furt herOQﬁ(Bhpr |A;1E@caamlelcefashmdn&poshtuamha@e(ﬁstébBom)gnaddéstejﬁkﬁvﬁrldoa reduci ng

addi tive, Sy ch An exanpl e shrink deposition
phase (step %E%S%ro% Scc&égz’afm‘fll g\iﬁcﬁ{“ I%S%E%Qéﬁr@g%ﬁ to%g I%a';?é?n T, ang 100

sccm A0 Thebspaessmbitiabfd 364 ichn@eBOrdFOP C. The sdBndRDSbiBd S48 dﬁoxﬂ@ésnt ai ned at
a tenperatg_pgyg1t 20 C. The second RF source 448 provi des Watts at a

f requency %@&a%ﬁﬂﬁﬁWW§??§ﬂ§5WﬂéﬁW@W%%ﬁ@FwQﬂwﬁﬁPﬂﬁ©039] Preferably,

t he shrink (gy39f i | @-ghaphnge $t.64 L] 2CONPrising at
| east one of CJFy énd Nké %nd C%ﬂﬁﬁggmﬁggggﬁée er?gﬁﬂggm Fofile shapi ng

gas furtheﬁo@@W%WS@é@ﬂam@afﬁﬁé@n@é@émsUéﬁ&&sB&mgg&ﬂuﬂﬂxﬂh@mnﬁkbre
preferably ’sh (ﬁqg fu?lﬁﬁlféo dﬁm!?gaapd&n‘%r aass SL]:& d;[a% :é,r\gglg Olg)(()eél ‘a o?ﬁaargffraﬁlg;t Oone of

an oxi di zi ng additive ucl r

[ 0040] 15An ebeampﬁle s}@bmlghgas ﬁrurthén dompslbmm Iegst phasean( &t @angAdlitiwraykdes a
hal ogen (i | orine) containing gas, such as 100

r e,
sccm CF4. f%m?ﬁggﬁg%gnﬁFaaSBEﬁ% P Nihe onl'y gas provided during the profile
shapi ng. A[@4epsure RimgR ofkRprofils shaping phase (step 308) provides a halogen (i.e.

fluorine, bromine, chlorine) containing gas, such as 100 scem CFy. In this example,
CF, is the only gas provided during the profile shaping. A pressure of 20 mTorr is

20 provided to the chamber. The second RF source 448 provides 600 Watts at a
frequency of 27 MHz and () Watts a frequency of 2 MHz. ‘
[0041] Gaps 716 are efched into the dislectric layer 708 through the apertures
between the shrink sidewalls 715, as shown in FIG. 7D. A couventiona!l etch recipe
for etching the dielectric layer 208 is used.

25 [0042] Pockets are formed (step 120). FIG. 8 is a more detailed flow chart of the
formation of pockets in this example. A bread loaf deposition is used to form closures
718 for the gaps to form closed pockets 720 and remove the shrink sidewalls (step
804), as shown in FIG. 7E. Preferably, each pocket 720 has a volume that is at least
half the volume of the gap. The bread loaf closures 718 may be formed using a

30 deposition process or by using a multiple phase cyclical deposition process. FIG. 9 is
a more detailed view of a multiphase cyclical process for the step of forming the bread

loaf closures while removing the shrink sidewalls (step 804). A bread loaf deposition
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20 provided to the chanber. The second RF source 448 provides 600 Watts at
a frequency of 27 MHz and O Watts a frequency of 2 MHz. [0041] Gaps 716
are etched into the dielectric layer 708 through the apertures between the
shrink sidewalls 715, as shown in FIG 7D. A conventional etch recipe for
etching the dielectric layer 208 is used. 25 [0042] Pockets are forned
(step 120). FIG 8 is a nore detailed flow chart of the formation of
pockets in this exanple. A bread |oaf deposition is used to form cl osures
718 for t heplgap&tap 040 perfinnsé dTipe pkat provEies adeposisnmuesititealslofthek si dewal | s

t 804 h FI.G 7E. Pref bl ket .720 h |
Chat™i s ot pahe Pt iohoSUGh pilie 2 BFSReR das rRR o PO g e e en 718"

may be for mgemusd dego@u&ﬁgaglaa@mehltmuepamﬁﬁg&swst YedISh Mgead leBibidip € phase
cyclical deposition process. nore_detail ed_view of a

mul ti phase ®fBMEghase bﬁt@@@&mﬂéﬁﬂ p@%d@t érélsd’ﬁlaﬁeép%ﬁeﬁ&etpﬁ%ﬁ pPEHE | oaf
closures Vm&éf%sﬂlm\fbﬁgbl%ﬁﬁoﬁmésm%ssDqﬁﬂ@{hleﬁre@&io%Ppl%ﬁféshaﬁnéﬁ%ga| oaf

deposi tion phase (step 904) is perforned hi's” phase provides a
deposi ti on oradiogiawelflk shapingtehs whidps diffocant hen tih@le@r@ﬁmga%,mrphdgcb a

depos [ on 988l REAN 56 0 euRLARIRL AICCALAR L, LLOMANE. depasie | on gas,

and t hen t he"deposi ’Ioa shapi ng phase
(step 908) pmﬁtehﬁaipnpy o nsdmj)peal' hﬂn&dﬁ)ﬂﬁaﬁ,&ms bhapeas usétiatopemfwd e Eiirmﬂ{he 5

deposition t bre | oaf osur es t.he bread | oaf f|Ie
shapi ng pha?ge"ﬁ‘ lsg}r) Yog\ﬂs ‘B’F%flf‘ Wé’%?ﬁa%‘i’%ﬁ t‘bg%tlmﬁh iyt 181?315? nt than

the depgsi tihaRip@asgele bﬁac&l’s QVivted provddd] BedBod sl ds@ie TR thefda gﬂblbﬁehebtbﬁad | oaf
profile shaplng gas, and then the bread | oaf profile shaping gas is

st opped. nﬂﬁ@@?wﬂhhmﬂkﬁﬂ%k%hase is used to remove the shrink sidewalls.
Preferably, S C [ ti phase and
[Otﬂﬁ'j ¥ﬁé ﬁvhlﬁa e%? (g’fﬁﬁ?% 1]‘1,15 91[&&31 hf)cl és | Oa&ﬁ(ﬁ%ﬂg :

10 nmultiple cycle process 0 provi rea osure in the
gap below1tﬂmmkspBWSbmﬁadeasﬂm@h@mthME@@mmﬁhhmyﬁﬂ\ﬂﬁﬂﬂﬂﬁ$i$hﬁ%advantage of
formng the,bre i dewal | s avoi ds

a subsequen eéﬁ? (?Pgo%% ?#“Fgﬁbog?ﬁmhﬁl%ﬁmggm?ﬁmﬁ% q%egnwﬁe bread | oaf

cl osures. Hawneuwdlk sepatate®f thestigl 6 ibroe BdsSharayesmeniinect e sdudilods closwss, dewal | s
separately through a.$rocess t hat does not damage the bread | oaf closures,
such as US|WQ 25 W P YEFEXLESS 0044] It is desirable to formthe bread | oaf

closure in {gog419apPs iSRshAbRL tolthieh Gk BRIH Roaf closure in the gap, so that the closure

is below the top surface of the etch layer. One advantage of this is that a CMP process
will not damage such closures. Tt is believed that a multiphase and/or multiple cycle

20 process is an advantageous process for forming such closures in the gap.
[06045]} The phbtoresist mask is then stripped (step 808), as shown in FIG. 7¥. In
other embodiments, the photoresist mask may be stripped during the formation of the
bread loaf closures. In this example, polymer 1s removed from the contact structures
710 when the photoresist mask is stripped, as shown In FIG. 7F. The contact

25 structures are filled with a metallic material 732 (step 812), such as copper, to form
metal contacts, using conventional metal filling processes, as shown in FIG. 7G. The
bread loaf closures prevent the metallic material from filling the pockets 720.
{00406] An interlayer dielectric (JLD) 724 is formed over the dielectric layer 708,
contacts, and bread loaf closures 718 (step 816), as shown in FIG. 7H. Conventional

30 methods of forming the ILD, such as spin on or CVD may be used.
[0047] While this invention has been described in terms of several preferred

embodiments, there are alterations, modifications, permutations, and various
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is belowthe top surface of the etch |layer. One advantage of this is that a
CWP process w il not damage such closures. It is believed that a

mul ti phase and/or nmultiple cycle 20 process is an advantageous process for
form ng such closures in the gap. [0045] The photoresist mask is then
stripped (step 808), as shown in FIG 7F. In other enbodi nents, the

phot oresi st mask may be stripped during the formation of the bread | oaf
closures. In this exanple, polymer is renoved fromthe contact structures
710 when t lvebstinue equesilants, whisk fallsvighin ppeche dshishoationntEh@ld 7IBo bdhe cont act
25 structur terial tep 812); such as
copper, ? %d%l;a? t}Ief é 4rgl%al\r% %lgfnam%‘g%s Ofémﬁf\a/lrél ﬁltltfngr%ﬁ m%@é%l l?l l'1ing
processes aﬁ@u&hmmmfﬂmpﬁkﬁﬁnmeuumhehshmﬁﬁdehﬁamﬁﬁﬁ@sméﬁﬂkﬁm@yent t he
netallic materi.a fro filling the ock ts 720. [0046], An |nterlayer

di el ectri c PYEELf I b T PIRE o5 e et e, PgfEltYs; | contacts,
and brend heahui@lds Whe Sarfohd sbshier: eﬁﬁlﬁfﬂen’é%s SAMOVthin fhe @u%pﬁi‘hnd@@ ent i onal
30 nethods of forming the ILD, such as spin on or CVD maybe use [ 0047]
Whi | e thi s of heerseinysaEoheen described in terns of several preferred
enbodi nents, there are alterations, nodifications, pernutations, and
various 11 substitute equivalents, which fall wthin the scope of this
invention. It should also be noted that there are nany alternative ways of
i npl enenting the nmethods and apparatuses of the present invention. It is
therefore intended that the followi ng appended clains be interpreted as
including all such alterations, nodifications, 5 pernutations, and vari ous
substitute equivalents as fall within the true spirit and scope of the
present invention. 12 CLAIMS What is clained is: 1. A nethod for reducing
capaci t ances between sem conductor device wirings, conprising: 5 formng a
plurality of contact structures in a dielectric layer; formng a mask to
cover the contact structures wherein the mask has mask features for
exposing parts of the dielectric |layer wherein the mask features have

wi dt hs;
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shrinking the widths of the mask features with a sidewall deposition; 10
etching gaps into the dielectric |layer through the sidewall deposition; and
closing the gaps to form pockets in the gaps. 2. The nmethod, as recited in
claim1l, wherein the shrinking the widths of the mask features conprises
at | east one shrink cycle, wherein each shrink cycle conprises: 15 a
shrink deposition phase, which forns deposits on sidewalls of the mask
features to shrink the nmask features; and a shrink profile shaping phase,
whi ch shapes the deposition on the §lddéMal | s of the nmask features. 3. The
met hod, as cited. in.claim2, wherein the shrinking the widths of the 20
mask featur a@ﬁ?@ﬁwgl?he wi dths of the mask features by 5-80% and wherein

the profile shapiReoplasenchepasciieedeposhistoRoiclohacsicddewakd, s of the
mask features to formvertical sidewalls. 4. The method, as recited in any
of clainms Z°EPHIREr ein the shrinking the widths of the mask features

conprisgs 3 to %an?iﬁg g?iﬁuﬁﬁ(}%fec%ntagtétrécmfgpﬁl JBLBAHe Jag; recited in any of

clains 1-4, wherein e gap has a volune and each pocket has a vol une,
wher ei n t he vol Umeniog 2 smehtopoekdie dogtagitstnueess whatein thivmasligl grek of t he gap

" o MR Et kSl O5RL B BTl DR ARSI of ol i
deposi tion gasis; form ng a plasma fromthe deposition_gas;_and st oppi ng the
2.6, wher oi n.t hOTUHFFRRSSRST b EOSHAR O opaL8 ROHRl KEBEE B ovt ding &
profilggshapi ng fdsig Ja8¢ MidWle dicRbBS Mef hRNh bR sRIeRbll heposiiaRimng gas; and 5
stopping the flow of the profile shaping gas. 8. The met hod, as recited in
any of clainms 6-cfosingtibe gapp ta foen deqreksiin ihaRfas
2, The method, as recited in claim 1, whe;ein the shrmking the widths of the
mask features comprises at least one shrink cycle, wherein each shrink cycle
comprises:
15 a shrink deposition phase, which forms deposits on sidewalls of the mask
features to shrink the mask features; and
a shrink profile shaping phase, which shapes the deposition on the sidewalls of
the mask features.
3. The method, as recited in claim 2, wherein the shrinking the widths of the
20 mask features shrinks the widths of the mask features by 5-80% and wherein the
profile shaping phase shapes the deposition on the sidewalls of the mask features to
form vertical sidewalls.
4, The method, as recited in any of claims 2-3, wherein the shrinking the widths
of the mask features comprises 3 to 20 shrink cycles.
25 5. The method, as recited in any of claims 1-4, wherein each gap has a volume
and each pocket has a volume, wherein the volume of each pocket is at least half the
volume of the gap in which the pocket is located.
6. The method, as recited in any of claims 2-5, wherein the shrink deposition
phase comprises:
30 providing a deposition gas;,
forming a plasma from the deposition gas; and

stopping the flow of the deposition gas.
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conprises at |east one of a hydrocarbon, fluorocarbon, and

hydr of | uor ocarbon and the profile shaping gas conprises at | east one of
CxFy, NF3, and CXHyF,. 9. The nethod, as recited in any of clainms 1-8,
wherein the closing the gaps 10 conprises a plurality of cycles, wherein
each cycle conprises: a bread | oaf deposition phase; and a bread | oaf
profile shapi ng phase. 10. The nethod, as recited in any of clains 1-9,
wherein the form ng the contact structures, conprises: 15 etching features
in the dielect rille ngihed; asgemitep irpanyied clainschéiodter siethwatmand mbfileghapie et ched
features ig,hg%%g{hﬁgegptri c layer. 11. The nethod, as recited in any of
clainms 1-10, ther conprising formng a barrier |ayer over the contact
structures and diceldigg 2 profileaperindgfpre form ng the mask to cover the
contact strictures. 20 .12. f}he rret_hfﬁd, as recited in any of clains 1-11,
wherein the for MRYS HE2ORHERE e G a6 €2 @Bhpr i ses etching features in
the diebectric k@ysihg tRdlowhaTted profiRehd@iddang the mask to cover the contact
structures fills that contact structures with photoresist. 13. The nethod,
as recited & n anfye ethefasecited many phelpimsip-1.fdheesiniba depositiongeur es  each
conprise at I I conduct or
device for r?ggﬁg%ts ta ﬂg%rtrgﬂtlﬁ%%ng'g ﬁ’gﬁ&g% gﬁgiﬁiﬁr‘%{’ %ﬂﬁg’dr&?@}&g\r r%t§1 ﬁd;?(lillgf or

reduci ng capadds thaniegsabempises 3 dasstcondiiCiforNBeamd@3l,F.. conpri sing: fornming a

plurality @f co t r Ares in dielectric.layer:. fgrmng a mask to
cover the %bnt a?%]@lg}etrhg%l:’tagr%e% “Wher ioﬁd?lﬁles 1&%5“@ “ha %grﬁfgﬁmggﬁ ¥8htures for
exposi @y paptprich aphealdy ef @ecles,ivihelehy &ich Whide &inpriske nmask features have

wi dt hs; shri nki ng th?of}ﬁ/i dths of the pmask features with a sidewall

deposi tion, whef8Ad OPRIERSNERPRASRIAAY t he wi dths of the mask features

shrinks the w dﬁh}&a@foaf?@ﬁmgpﬁgﬁ{a%es by 5-80% wherein the shrinking
the wdths of the mask features conPrises at |l east one shrink cycle,
8t

wher ei n each shithedee@gdias recdadin 5@ st clainstrd, mberapbs femds thheweact whi ch f or ms
deposits O@tlﬁdtﬂ@é’,\@!)ﬁlﬁris%g: the

15 etching features in the dieleciric layer; and
placing a conductive material in the etched features in the dielectric layer.
11. The method, as recited in any of claims 1-10, further comprising forming a
barrier layer over the contact structures and dielectric layer before forming the maslk to
cover the contact structures.

20 12, The method, as recited in any of claims 1-11, wherein the forming the contact
structures, comprises etching features in the dielectric layer and wherein the forming
the mask to cover the contact structures fills that contact structures with photoresist,
13. The method, as recited in any of ¢laims 1-12, wherein the contact structures
each comprise at least one via and at least one trench.

25 14. A semiconductor device formed by the method of any of claims 1-13.

15. A method for reducing capacitances between semiconductor devices,
comprising:

forming a plurality of contact structures in a dielectric layer;

forming a mask to cover the contact structures wherein the mask has maslk

30 features for exposing parts of the dielectric layer wherein the mask features have
widths;

shrinking the widths of the mask features with a sidewall deposition, wherein
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5 mask features to shrink the mask features; and a shrink profile shaping
phase, which shapes the deposition on the sidewalls of the mask features,
wherein the profile shapi ng phase shapes the deposition on the sidewalls
of the mask features to formvertical sidewalls; etching gaps into the
dielectric layer through the sidewall deposition; and 10 closing the gaps
to form pockets in the gaps, wherein the closing the gaps conprises a
plurality of cycles, wherein each cycle conprises: a bread | oaf deposition
phas |9; and ta 5\%{@&@ ﬂl@ﬂrfdtlwci‘fﬂhd @ask Hapiregshpihlesite widihs diiee medfedyreas recited
in claim1l5, erein the shrinki t.h i dths of the 15.mask features
conpri ses 30% 890, WhgrpipkhespEplaye g‘%?‘@d{%ﬁ‘\éﬂétﬁ%’ﬁlﬁ Catyes F%P?séﬁath?f‘s ny of

claims 15- 16, WHEK Gk %H&eﬁﬂﬁ&?ﬁﬁmﬁEiﬁﬁ&ﬁM§§mxeaCh conprise at |east one
via and at least orie french. 18. An apparatus for reducing capacitances

bet ween seniconducto@ﬁééW$@ﬁ@?ﬁmtﬁWﬁ%N@#ﬁd@ﬁEUkﬁP%$é@ﬁﬁhﬁ%@é€§§ing chanber ,

conpris%ng:m%wggﬁgg§#nﬂgh&ﬂ%qﬁ#%@gngmp& sma processi ng chanber encl osure;
a substrate support for supporting a substrate within the plasna

processi ng chanber enchosiupefileashgresguse wheyshatepthefdepositeguondltd ng t he
pressure in_the plasma 2 rocessi.ng ch r enclosure: at |east one
electrode.fﬁémﬁ¥%9€ H5m$gﬁ£ &&%ﬁ?ﬁg Iﬁ@ﬂggﬁwg@égﬁ%ﬁbmm%ﬂgnber encl osur e
for sustai niiggsiBoPbPGEBideRalBAT thathk faliredab thiangeay Aiflei-Nksp t he pl asma
processi ng chanber enclosure; and 30 a_gas_outl et for exhausting gas from
the pl asma pr oceXdinggEaphanbbe didssicderr Brough fsidedip dePosHoR) dd connect i on
Wi th thg gas inl§lsinL00PIisd R podiisdn MY dpK wAERASHE LREnGAR sapur ce; and  a
shrink profile shasf)%gﬁgérg sS sourr'lcg; " glaﬁ% nfffte ot
comprises a plurality of cycles, wherein each cycle comprises:
a bread loaf deposition phase; and
a bread loaf profile shaping phase.

16.  The method, as recited in claim 15, wherein the shrinking the widths of the

15 mask features comprises 3 to 20 shrink cycles.
17. The method, as recited in any of claims 15-16, wherem the coniact structures

each comprise at least one via and at least one trench.

18. An apparatus for reducing capacitances between semiconductor devices,
comprising:
20 a plasma processing chammber, comprising:

a chamber wall forming a plasma processing chamber enclosure;
a substrate support for supporting a substrate within the plasma
processing chamber enclosure;
a pressure regulator for regulating the pressure in the plasma
25 processing chamber enclosure;
at least one electrode for providing power to the plasma processing
chamber enclosure for sustaining a plasma; '
a gas inlet for providing gas into the plasma processing chamber
enclosure; and
30 a gas outlet for exhausting gas from the plasma processing chaniber

enclosure;

a gas source in flujd connection with the gas inlet, comprising:

15



a controller controllably connected to the gas source and the at | east one
el ectrode, conprising: 5 at | east one processor; and conputer readable
medi a conpri sing: conputer readable code for shrinking w dths of mask
features wth sidewall deposition, conprising a plurality of cycles,
wherein each cycle conprises: 10 conputer readable code for providing a
shrink deposition gas fromthe shrink deposition gas source; conputer

readabl e code for generating a plasnma from the shrink deposition gas;
conput er readabl e’ cHETPEAROSESP ARG OPKE ®fri nk 15 deposition gas fromthe

shrink. deposition gagrseurdts sleppyYiebuleadabl e code for providing a
shrink profile shaping gas fromthe shrink profile shaping gas source;

conput er r eadab# eontioder copirolipbhveroandciny tathslcasyrarc rpdriletaheagiong nk profil e

shapi ng gas; uter readabl e code for stopping the shrink. profile
shapi ng ga§k¥€%%i%ﬁg§§ﬁginkc profil e shaping gas source; conputer readable

code fdr etchi ng gaps ldasitone pheebchnd ayer between contact structures

through the sidewal | depositiqn; and conputer readable code for closing the
gaps to form pocket s “eﬁ‘éeaflﬁ’ée Bﬁ%% 901315%1113

computer readable code for shrinking widths of mask features
with sidewall deposition, comprising a plurality of cycles, \-Vherein cach cycle
COmprises:
10 computer readable code for providing a shrink
deposition gas from the shrink deposition gas source;
' computer readable code for generating a plasma from
the shrink deposition gas; '
computer readable code for stopping the shrink
15 deposition gas from the shrink deposition gas source;
computer readable code for providing a shrink profile
shaping gas from the shrink profile shaping gas source;
_ computer readable code for generating a plasma from
the shrink profile shaping gas; and
20 computer readable code for stopping the shrink profile
shaping gas from the shrink profile shaping gas source;
computer readable code for etching gaps into the etch layer
between contact structures through the sidewall deposition; and
computer readable code for closing the gaps to form pockets in

25 the gaps.
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