DEVI CE W TH SELF ALI GNED GAPS FOR CAPACI TANCE REDUCTI ON BACKGROUND COF THE
| NVENTI ON [ 0001] The present invention relates to the fommtion of

sem conduct or devices. 5Mdre particularly, the invention relates to the
formati on of 'sem conductor devices with gaps for reducing capacitance.

[ 0002] I n sem conduct or-based device (e.g., integrated circuits or flat
panel displays) nanufacturing, dual damascene structures may be used in
conj uncti on mnth copper conductor‘ | .
associ at ed Wil ATH T AL R RD QR{ad : Ysed in
previ ous generatlon technologles In dual danascene |nstead of etching the
conductor material, vias, and trenches ma be etched into the dielectric
mat eri al and fiIIed mﬁth coppe 2 pg. OMNay be renpved by

chem cal Tecigdlcal RO i 2l at%%@mgnqa&%fse hOESuGanpaeLed by vias

for signal m55| even furt por ous and
non- 15p6rowslo}eqmmicumle,ltﬁccimmlmoﬁmmﬁntherfanmmaloﬁsamyoﬂdectms@dlces n the
speci fication and ai low k. is defined as k<3.0. [0003)U. S. Patent

6, 297, 125 di ¥ &% Ortr WL EAYEIICE gaps to reduce capacitance. SUMMARY OF

THE | NVENTI C@e@ﬂ[ OOQx%hmoﬁ&moe%eseHfden&@(re%gw@gata@end,mq acgapaance with the
pur pose of t resent invention a nethod for reducing capamtances bet ween

sem conduct ocilsnil@&] wenufiotirgsitabdanrasiang elgrctusessn®y s ysed B coppEonvet or med
over a diel ec]%i:lg}&%o {%{ ma}%l Bl &iuké e R Jc%xgg s@éat@cri %11@%1%&?@%16&%@105 he .

sacrificial dielectric layer. eatures aré fil
filler rmat ermahumTMB bead miafdigisaiked zap@momsgwemved:chlséoglwathl pedts of the

filler 25rrat r|aI above rface o tric |l ayer,
wher e spaces’ éﬂ“éceﬁ‘é’t \ﬁ%ﬂ f ﬁ@“@% 18§81&L‘C%?F {“a%éblfﬂ 'he ap dFTFnChgé ﬁ%@%‘:l al, where
the spaces %t@lcl:lrhtaﬂ}e&ﬂicﬂ@uﬁtﬂﬁ.ﬁ[&ﬁdlMuc@ﬁnddlpmﬁdcdweﬁ ﬁ&c&ﬁ@m cfdppmazlzaylimyer

Wdths of the spaces between the parts of th | er terial shrunk

with a shri niemeygeRA P FaIBeane rolisape (GME) ‘Tq(‘f’r’l’@(‘foi’}?ﬁ “‘ﬂ‘r@m&ﬁ”é?flg}ft ric
| ayer through,d 1'3@31%1@[1 biksnsdsdewall . Aepes iRfd @ik 6}3 Tha filthdefordmtd hal- and

30shrink sidewall deposition are renoved. 00 I n anot her nanifestation of
t he i nvéht i ororeusretfiaticieaic casdaeimricrtdpa icaied st Wé@ﬁc%iémﬁ%nduct or

device wri ncqgamssfoxf?— c%’he%gd L3aprificial Tayer is

[0003] U.S. Patent 6,297,125 discloses the use of air gaps to reduce capacitance.

SUMMARY OF THE INVENTION

20 [0004] To achieve the forcgoing and in accordance with the purpose of the present

invention a method for reducing capacitances between semiconductor device wirings
is provided. A sacrificial layer is formed over a dielectric layer. A plurality of
features are etched into the sacrificial layer and dielectric layer. The features are filled
with a fitler material. The sacrificial layer is removed, so that parts of the filler
25 material remain exposed above a surface of the dielectric layer, where spaces are
between the exposed parts of the filler material, where the spaces are in an area
formerly oceupied by the sacrificial layer. Widths of the spaces between the parts of
the filler material are shrunk with a shrink sidewall deposition. Gaps are etched into
the diclectric layer through the shrink sidewall deposition. The filier material and
30 shrink sidewall deposition are removed.
{0005] In another manifestation of the invention a method for reducing

capacitances between semiconductor device wirings is provided. A sacrificial layer is



formed over a dielectric layer. A plurality of features are etched into the
sacrificial layer and dielectric layer. The features are filled with a
filler material. The sacrificial layer is renoved, so that parts of the
filler material remain exposed above a surface of the dielectric |ayer,
where spaces are between the exposed parts of the filler material, 5where
the spaces are in an area fornerly occupi ed by the sacrificial |ayer.

W dt hs of the spaces betvvee e the fi II rial are shrunk

W h s ohri neTSROSHBF FelERGIPET oh D RSP BRETTHID CheH el oot r ¢

| ayer throughd; hﬁd sfafchink 1Skdempl bardlePas rlikORith IR8ef hitk@l. MR Reiligdiaiand
shrink si dewaY deposition are renoved. The gaps are closed to form pocket s
from the gapeyerThemoles ﬁm@lamﬂéts ghie Sdppnateed ramas eparsdapout e Hlesctles, where
each cycl e C&”Hxle;l]e%gs 14 eprmﬁl%de %I %%Q%&' ﬁh%%xgpct},@é ARG IR PlcPRAGe) 1£laf profile

shapi ng phasé eqtures ar a conductive material. [0006]1n
anot her rani fveat dicispmeoiretihen auaavbnhm@mcauqnabpahmasrsﬁtlelrla}'@edWGithgof

capaci t ances_bet ween sem co evi ce r over

whi ch a sacr I'FPR%H bqt‘ﬁifélrthqﬂé@sﬁt@ﬁf Flaf%tamilélmsno‘\ll]gdvé&ask{”ﬂ?m 1(’r%yiala(ﬁpr ocessi ng
chanber, 15c@pBEilisi. NGB 16 AHRE ineleldidl @610 1ag: an@lgasmashpmmemamg chanber
encl osure, a substrate support for supporti n% a substrate thin the plasm

processing chembien eh Plupeterial g9 eyt eieay PRASBIODRETCEYE 4 §§St he
pressure in fhe RlAs %’mﬂ%&ﬁ&? ﬁjoﬁllgh&&%gb@l‘ie c%‘s%%ﬁﬁ%ﬁo co%{pnls@;a&%ﬂuIQHQ o€l ectrode
for providing power asma processin er encl osure for

sust ai nilfy acyleaswiere alcg a§901¢ eringrisfsor blpcrctivalfdienl@ﬁg@sﬁhzm e 6 bike 195 asma

Bl asma. pr ocolel o Harber o ot ior ahed Ui fey R FRRRUEL 03 B2%, TP 07
connecti on wdobsit hEngz&@tﬂoﬂineﬁxfesiﬁhen ghise Boutne aﬁ@pgmmsaaﬁm sdsagg i ficial |ayer
etchant source, a dielectric |ayer chanjio a a shri If ﬁjep05| tion gas
source, and SPAPLRNHAE DEFGET F"@“%?i“élﬁ?tﬁ‘g‘ﬁedéﬁs il E’em;& %hw%l“i B

control | abl Yeﬁﬁﬂ&%%y%ﬁilﬁsqactahﬁlagﬁﬁs sRViee R5anRflabhreamglcRastcrone el ectrode.
The controller conprises at |east one processor and conputer readable

medi a. ThHe cowputsas ﬁrf—é&@h@l‘@“@@“&é@ﬁﬁiﬂﬂ BIOSCSEIHABIATRNCT FEASRIH @ code for
the.foat ur os Lt BBk AT AT g YR R R R G e er ©
readabl e codamﬁ@tmr emawunagegxhaosﬁcragﬁhmm@tﬂm b@yfeure inglye plhwma pegctsndf t he
filler layer ] 0 e Jic layer,
wher ei n spacé1 o 'ecnﬁg)?&ﬁ %qcfaﬁl 0“8)%%8%%(15%“1631 Vﬁm% PP Welet ﬂ} dl%ﬁmat erial,

conput er reag@b&ee]mr;@ﬁi@rﬁeeencs&merrkfﬂ@tam@thsmh b bes ispabesrobiingern parts of
the filler material with a shrink conprising at | east. on wherein

cycl e,
each cyclle coWpiFslsmeBifstirEe CP@’&'ﬁf’éB‘P‘é"Sﬂ:‘ Bt s o$as SPBY T FG° “5%[%“?]% k

deposi tion g%mftflé)lmﬁnlﬁgfl%msém IHEReS il Rfe $AS 0 SR, CL caCOIRY IR AuRladabl e
code for generating a plasma fromthe shrinkK deposition gas, conputer

readabl e codeorfortiostiofihngastiblet. ShigakscdseepTien agegs orb FyuHehatr i nk

Sreg](‘) IS: él gﬂ ag??s'}‘égegg dee’(,tuccfct ol elclh’ul? Cﬁi?ﬁ%a‘?%ﬁ? 119%%%5118?1 o Q)Yllc%' DA AnSh i nk

profile shaping gas source. A conuollei is conuollably conmected 1o the gas source

25 and the at least one electrode. The controller comprises at least ore processor and
computer readable media. The computer readable media comprises computer
readable code for etching features inte the sacrificial layer and dielectiic layer,
wherein the features are subsequently filled with a filler material, computer readable
code for removing the sacrificial layer, so that parts of the filler layer remain exposed

30 sbove a surface of the dielectric layer, wherein spaces are between the exposed parls
of the filler material, computer readable code for stvinking widths of the spaces

between parts of the filler material with a shrink comprising at least one cycle,
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shapi ng gas source,

conput er readabl e code for generating a plasma fromthe

shrink profile shaping gas, and conputer readable code for stopping the
shrink profile shaping gas fromthe shrink profile shaping gas source,
conput er readable code for etching gaps into the etch | ayer between contact
structures through the sidewall 10deposition, and conputer readabl e code
for closing the gaps to form pockets in the gaps. [0007] These and ot her

features of the
t he detailedwgﬁ§gﬁﬁ

t t i d detail bel
S B ke IS o O R wt o the "

follow ng fi o8 8en da 1BR tﬁgslm%%dgﬂo%agﬁuwﬁzow NaSh1d 208J:The present

invention is illustrated

exa and not by way of limtation,

in the f|gur%@ﬁ@ﬁﬁghémﬁﬁ%ﬁﬂﬁﬂﬁyﬁhﬁi@Wé W@@wdﬁHWWﬁ“Mﬁﬁ@W3VlRénreference
numeral s ref ﬁ&%pts ngt?ié CH n?c%eﬁc!sﬁ%%&ﬁt&ﬁ%e shr 1%&%95&131@,&&%91%1:5 l&npdied S @ high

| evel flow c

rocess tirat nmay be used in an embodi ment of the

i nventiod. [R6dbkro@ ﬁn 2A}vlﬂ1wzeshﬂahewéﬂa schamn@gzs-ﬁsvscthmhmk wpidet op vi ews of

a stack procqssed accor

PRear oot Ta S BB SR PR up 10w I el i 5

is a nore det'®

011] FIG 3

schenatic Vl@Wﬁ@kh@n@i@ﬁﬁﬁd&&ﬁpﬁ&&bﬂ@bﬁh&@h@fmﬁﬁﬁﬂgmmybhﬁqmﬁﬁd in

practicing the invention. [Q013]FIG's 5A-Billustrate

ter system

which is sui V4BP& SEOFOM HisIsEH ﬁ@lpﬂﬁb%’lpéltﬁrﬁaﬁé‘m@r°%“é@t§erl?ﬁ%é‘ﬂﬁa “f¥nts of the

present i nventiigfeapk QQ&'EH@ Rl 1ay@r betweenMRhgcdet @inkedrddgchantiiof the one or
nore steps that are used
10 deposition, and computer readable code for closing the gaps to form pockets in the

gaps.
[0007]

These and other features of the present invention will be described in more

detail below in the detailed description of the invention and in conjunction with the

foilowing figures.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is itlustrated by way of example, and not by way of

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

numerails refer to similar elements and in which:

FIG. 1 is a high level flow chavt of a process that may be used in an

embodiment of the mvention.

FIG.'s 2A-K. are schematic cross-sectional and top views of a stack

processed according to an embodiment of the invention.

15
(0008}
20 [0009]
[0010]
(0011]
25 [0012]

FIG. 3 is amore detailed flow of a siep of shrinking spaces.

FIG. 4 is a schematic view of a plasma processing chamber that may be

used in practicing the invention.

[0013]

FIG.'s S5A-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 the one or move steps that are used

\
30 toremove the filler material and shrink sidewalls and to form pockets from the gaps,

form conductive contacts in the etched features, and form an interlayer dieleciric layer.



30to renmove the filler material and shrink sidewalls and to form pockets
fromthe gaps, formconductive contacts in the etched features, and form an
interlayer dielectric layer. [O015]FIG 7 is a nore detailed view of a
mul ti phase cyclical process for the step of form ng the bread | oaf closures
while renmoving the shrink sidewalls. [0016]FIG's 8A-D are schematic
cross-sectional views of a stack with wi de and narrow spaces. 5[0017]FIG"'s

9A-B are sch i C CGHPSS:.S i Vi.ews. of tack wi.th wi de and narrow
spaces in angt eS:] en%g{d?%ﬁ{%lgﬁ &?}ﬁeed ‘ilen“\’/%frﬂl?lBﬁl)ﬁg[Sﬁﬁﬁcé‘fﬁlp@%% o5 tge gfep

mul ti phase cydlforoalg the beasbaf dldduiod gk een@aiRshddtiink efdeRalsr OW gaps.

[0019] FIG 's é -D anﬁ.SCh matic cross-sectional views of a stack with w de
and 10narrow! %@J:es HYDHAT OB Fsasedipng reevse asterlbrith FoBZoE M * s
12A-B are schamgfisgaced 0Ss-sectional views of a stack with w de and narrow
spaces in_anot her enbodi nent of the invention. DETAI LED DESCRI PTI ON OF THE
PREFERRED® EMBEHI7TVENTEC. s151-Bopa citreatisreesentetiona) eipwis ofia wiati witowidsendescr i bed

! n det al l W 5191'1'5\‘4:7‘ts;?e{cgsniﬁ%ntgtﬁer.aenrbg 11{%[1pgf%lgerilei\den 1I’Tb‘0d| ment S- t her eOf as .
illustrated in the acconpanying diaw ngs. T tHe fol I ow ng description,
nuner ous spedPFlSe ddil&i 10sis analtfdbscfogelichl proceds Higihe tvaddu=0y hid@oenahia@r ough

under st andi n% of the present invention. It will be apparent, however, to
one skilled "t he art, that the present invention nay be practiced w thout
some or all @f018Pt hese sSPAach faiCschigt Ak bies-d N Sfowk PBL %Q&(Q%Hl ek Ly known
process steps and/or structures have not been described in detail 1 n order
to not ulhecd¥&@r Fhagesoparaihes enfedipenisdithe invansm.i on. [0022] To facilitate

under st andi n%ozﬁj G Hclsa Bhghddsvel mfo!;sqygcg&%[ ;[fie\,?fg ofa QSEE wide and

narrow spaces in another embodiment of the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

15 [0021] The present invention will now be described in detail with reference 1o a
few preferred embodiments thereof as illustrated in the accompanying drawings. In
the following description, numerous specific details are set forth in order to provide a
thorough understanding of the present invention. It will be apparent, however, to one
skilled in the art, that the present invention may be practiced without some or all of

20 these specific details. In other instances, well known process steps and/or structures
have not been described in detail in order to not unnecessarily obscure the present
invention.
[0022] To facilitate understanding, FIG. 1 is a high level flow chart of a process
that may be used in an embodiment of the iavention. A sacrificial layer is formed

25 over a dielectric layer (step 104). A mask is formed over the sacrificial layer (step
108). Features are etched into the sacrificial layer and dielectric layer (step 112).
Preferably, the etched features are dual damascene features comprising vias and
frenches. Preferably, one mask is used to form vias and another mask is used to form
trenches. The features are fifled with a f{iller material (step 116). The sacrificial layer

30 1s removed (step 120). As a result, part of the filler material extends above the surface
of the dielectric layer with spaces between the parts of the filler material extending
about the surface of the dielectric layer, wherein the spaces are in the areas formerly
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that may be used in an enbodi nent of the invention. A sacrificial layer is
formed 950over a dielectric layer (step 104). A nmask is fornmed over the
sacrificial |layer (step 108). Features are etched into the sacrificial

| ayer and dielectric |ayer (step 112) Preferably, the etched features are
dual damascene features conprising vias and trenches. Preferably, one mask
is used to fom vias and another mask is used to formtrenches. The

features are fil i ficial
ayer 50 o reueity Lt irob) ket en LR ket PP R or i o

ext ends abovEM@bﬁﬁ&ﬂﬁ&&ﬁﬁw@mdﬁﬁaudmahﬁﬁéﬁﬂ@uﬂﬂ%&ﬂmmmhhnspaﬁesﬁhﬁtmeen t he
parts of the filler materi al extendln bout %ﬁe sur e of tpe dielectric
| ayer, wher elPH"¥ ﬁé%%%k@@l)%%eﬁcwdﬂﬂ@f Seleetre H’Er(’Ft?P &135*11 dby the
sacrificial Jhaygry ac@Paﬁ%San%ﬂé\%%eé %vée‘n'ﬂh@étoﬂ’éﬁtf&'&h@d @f{eeol siafkps(step 124)
by form ng sidewail depositions on the sides of the filler material, which
form shrPnk &% denasdadgo l@ms hgrfdlepmetsal an Sloinkisisleraldy andtte ifem noglet's (st ep 128)
t hrough t he features.
e or more StbiR tBP A on i ARE AL RAGRE R EAR S EhERE TG
sidewal | s n1ﬂem@uéb@mwpq¢kébs fromthe gaps, form conductive contacts in
the etched features End forman interlayer dielectric |layer (step 132).
Exanpl e [0023] In anpl e of an enbodi nent of the invention, a
sacrificial foaygr im ACkanEdr AVEiboRitHnehest i’ﬂv@ildo@)’z@iac(iﬁ&l@iﬂaﬁe@{’6) FIG 2A
IS a cross- sectlonal view of a sacrificial layer 212 fornmed over a

di el ect Afc |fayesd oga dighrieh 14ver (igrd 0. §lihy apérPpacctinpal (Vs idkanpl e, t he
substrate 204.i®;a Ia%)(nl 3 OO MRl REr o Ql]@ctm: ﬁalyg%'é' @hll:l@%%rv612Q§1b§t§at@2d4ow k
dielectric, such as organosilicate glass. The sacrificial layer is silicon
carbide. In Ioﬁihepxunib@mermbﬁt@te A0Hes @abcrqnfmfmaﬂ‘hb digkectricdayst 20%giagiovone of
Sleg’er 2: |N§/, %hcé%g%%? Is]ugl a8 (}ijgSatﬁosi} itate %lla\lfs ﬁ‘b Sacuh%lal l%kait %I s%c%ﬂ%dr%ldg.z Bl Mor e

sel ectively @h@hﬁﬂomhkhmrmspﬁﬁﬁmhnaﬁnsmkkﬁmoﬁﬁbﬁﬁiﬁBﬁﬁﬂd}@hﬁd@mﬂlectrlc

mat eri al _and..n be renoved mask terial.s used for
fornlngléhefgggﬁlﬁbﬁﬁ§éﬁ gpﬁﬁc? e 2a OH: ng%égmﬁﬁvﬂﬁwa 624 PA REsk 214 is
formed over hAgigackibh kel 8 sd Ry b8hRRyid08pecias a&”hl@%qﬂeﬂal%ﬁﬂl@ 2B.
Features 216 are etched into the sacrificial | ayer 212 and the dielectric

| ayer 208 (stdpetdamperialpyd shigame renarErhacszipnng Wi sraek gigsrials usHeor eat ur es
216 are dual0 eggﬁﬁ%gﬁ Fﬁﬂ&%ﬁﬁ&u%@%ﬁkﬁﬁﬁédﬂ&gwself al i gned trenches, as

shown. | n one formn e dual damascene features the nask 214,
shown in FI Go0213 |An&mhﬂ&1ﬂé@hmdémmehcamn%nmg@m1agmﬂﬁé)ﬁadwwﬂlﬂ i's renoved

Foat ur o&0ar Py T oHOWPET 1 T4 TG RRLBPT B O 80 16y VAT Rt i n F1 G

2D. The fillzmg (st emf) s shawn HETIEhot.onmesik stangile, SmRatotcber o peldyater or filler
material. In the erred enbodinment, the filler material is selected from
at | east oné36P“§“%VHWH@éF$@ﬁM“@ﬁSﬂﬁﬁéﬁ“ﬁ?ﬂ%é@h%ﬁ@ﬁw§u@hm§§*WPw8P nat ed

hydrocar bonSiolml?fgtlf%rﬁ'ﬂﬁl%g}{&e@feg@lfbs o 1@@@@'4 | dhk@ GRETRO QB iMpo@a nagmeral |y,
the filler material 1's any nmateri al orn1kkcy, H CA, TI,CySiz or any

conbi nat i on /dffer Glchidg vias tig) mwkt’Qﬁﬁlw&;]emgugi 111@@16}1@1 sk is p;owded for cichmg

25 trenches.
[0025] The etched features are filled with a filler material 218 (step 110), as
shown in FIG. 2D. The filler material may be photoresist or some other polymer or
filler material. In the preferred embodiment, the filler material is selected from at
least one of a hydrocarbon, or doped hydrocarbon such as fluorinated hydrocarbons,
30 amorphous Carbon, diamond-like carbon. More generally, the {iller material is any
material of the form H,C,, HC,F,, HyC,Si, or any combination of C, H, F, Si with

various impurities.



100261The sacrificial layer is then renoved (step 120), as shown in FIG

2E. As a result of the renoval of the sacrificial |ayer, parts of the
filler material 218 extend above the surface of the dielectric |ayer 208,
where spaces 217 are forned between the parts of the filler material 218

t hat extend above the surface of the dielectric |ayer 208, 5 where the
spaces 217 are in the area fornerly occupied by the sacrificial |ayer. The
spaces 217 h wi dt-hs "w" _shown_j | I t crificial
| ayer wit houfbﬁ?@mvi&%gsa rﬁé“?li@’fcéielfélﬁ?*?&tl%dﬁ‘?"éeﬁ (%81225?’ agﬁleq\@gﬁﬁ% ﬁy“gesraa 208, the
sacrificial leayesfihusinole odthrri@itcal layhigtarirayihbélinenmwued 208 thteut r enovi ng

the filler material 218 or the dielectric, layer 208. For exanple,. the
sacrificial 2yefhessy Eé??@ieIdieéeéﬂ"cé@febig‘@e,Whilﬁ\f\mcfjsegﬁl‘?ée g’ﬂ@?@é@?? Pyer is
an organosi | j£abe(gli@esmak0027} The3Races 18t WeLh: sk diclbigt 1Wyate) al 218
are shrunk (step 112), as shown in FIG 2F, by form ng _shrink sidewalls 215

on the siddeswinik e spfces B sk pobedret formely eparried by thosgnfigaklayeh Feuced
spaces 220 w th. r W dt.hs: T Wa" gfm Shikakgiidewal |'s 215
to form redn\é@élgosszgggg@%ﬁg%gb‘gfaﬁggr,\g‘g?’rrgrgﬁ% %{ng?eﬁ%%ﬁﬁ%uéstggte in a
processi ng chande randvéQ2Bd FlldEmateriab2 & g diedarhiciloyey R@yilnfsaaifpiab bessi ng
chanber 400 that may be used to formthe shrink sidewalls. .T pl asma
processi ng cHaIER ™ mlztglﬁﬁ)‘}l?yslées‘el@8¥|efdivﬁg]r%trhﬂnﬂ”%bm%% m%%?“%}%g%ro "el ectrode

404, a | owerhehRE:RAB AR, Ry gas$QdicGeeFbd landnarexhausibjunp 420. The
gas source 410 conprises a shrink deposition gas 20source 412 and a shrink
profil e lfas wbili ke dglesiricyer |§48 owgpesEaRdlfstonpri se additi onal gas sources

such as an efyghy0asTROUGES HAkR R f@le&ﬁ%m@il@%‘ﬁa% Bk &%rzq@kagamwa al | ow

etching, stripping, and gap closing to be done in situ in the same chanber.

Wt hi n pl asma iGode bs fmguesrible sida@lls 2{ hen dabisies gelés 0% 480458481t oned upon
the lower electrode,408. T h NG.0%POFa - itable
substrate 25%‘%16%%“26ton@%ﬁé%ﬁgéﬁ%\g&a??@g]rt%g%rg?)eglggg dlhcgz,\g%égﬂ%tg?@léﬁg t?El}t'lanpi ng,
or the |ike)shiak stdekaisig 5 thengubsitddpece? 0dy bT hafonead bpplatiop the28

i ncor por at es éh_e _ugper. el ectrode 404 di sposed i medi ately opposite the

| oner elldct r BYETUDE 2 PIRESTFE ™ 8 ect r ode 404, | ower el ectrode 408, and

confinenent fongs 4P%; defi heehhe GONLE NS RLBS BRmIR} YIEhatGRs JeSisauppl i ed to
t he confined plasma vol une b}i trl?e as source 410 and is exhausted from
$:h

30t he conf i nedost hs sermkoidee FIAPEOCE BTG HEFRAHHOP CAYRI¥D2 and an
exhaust port 2t - 420, ' RE S CBs 444s Ley@l ectrical ly
connect ed toco'?l %&ﬂ%ﬁg?rﬁ e é‘%:rturﬁ%g1 ﬁ%%.oc}iﬁdsdégﬁlw RE ggiﬁrce’ A48 ig

el ectri cal | y4i®omnegtsabavtsopinhed 100Vithe gasdosct #dlleong@Bes Ohuimydrpasdioh gay52
surround the confinenment rings. 402, the per el ectrode 404.. and the | ower
el ect ro%@ 40%’.“”%6;1123’%‘ 61¥51¢§%%E&°E§58?18%4]?24ﬁ§n%1 ST Setond"RE sour ce 448
may conpri se;@itdhalMmig s e budhol k6 e:cRRE Buike Mzapionah ckeukges sobick ez ent

conbi nations of connecting R, power to the electrode are p ;ss%l;l e. 5ln the
case of Lam ReFEHCERNGOTHONEE FBhSY PRFHIS e densre ycapBeiareaPEC) Syst em

Within plasma processing chamber 400, the substrate 204 is positioned upon the
lower electrode 408. The lower electrode 408 incorporates a suitable substrate
25  chucking mechanism (e.g., electrostatic, mechanical clamping, or the like) for holding
the substrate 204. The reactor top 428 incorporates the upper clecirode 404 disposed
immediately opposite the Jower electrode 408. The upper electrode 404, lower
electrode 408, and confinement rings 402 define the confined plasma volume. Gas is
supplied to the confined plasma volume by the gas source 410 and 18 exbausted {from
30 the confined plasma velume through the confinement rings 402 and an exhaust port by
the exhaust pump 420. A first RF source 444 is electrically connected to the upper

slectrode 404. A sccond RE source 448 is electrically connected to the lower
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made by LAM Research Corporati onmof Frenont, California, which nmay be used
in a preferred enbodi nent of the invention, both the 27 Mz and 2 MHz power
sources nmake up the second RE-? power source 448 connected to the | ower

el ectrode, and the upper electrode is grounded. In other enbodi nents, the
RE power source may have a 10frequency up to 300 MHz. A controller 435 is
controll ably connected to the RE sources 444, 448, exhaust punp 420, and

t he gas source 410. The DFC Syst woul d be used when t ayer to be

et ched 208 i glegiragp 8P% celnder "3%%4%%%‘??“3éhescioilﬁ%eér?'?n Qli]%ﬁeﬂ'}ag’rdl%%{j ano silicate
gl ass. [0029LELG . S0bA@Md IGRr iclcbtsiler48t ERALGRMRU IEF sEyt4@mddi8, which is
suitable for 151 nplenenting a controller 435 used in enpodi nents of the

present i nvescpwhRF RuGe BA nesonsraire P04Er BPEesRySt 4l 4 £ SR RF Y he conput er
system O coursepn. th BN T DaVE: (FRRIRRYS SabodPidrs T angi ng
froman integra ﬁeglfiﬁl‘g}ég‘?@ggﬁﬁg? Y RLERE DAY %c}gz?; and a tsglr;%lslg handhel d

devi ce up t oLahbuge oslipeRcwanh @ogroratiGorputldire@ystyerapa@0 (Lhel) pd88™a nmoni t or
1302, “a di splay 1304, a housing 1306, 22001k driye 43084 kexbgar d 1310
and a rmouse TE¥%0Y PRI PRPF LG BFOPh ada B e nedi um-used to transfer

data to and frLQmEAFRUbEMSYTHRML300:, hbBABO} FME: :hB2iMTapoeuamke of a

bl ock di agram for conputer system 1300, Attacheg t.0 sxﬁten1bus 1320 is a
wi de vari et ymske sl yepahRF pPreiceyse At s jonpenest ip didgvpaieiody AAGTEs cent ra
processing upits .j.QF S - QRIET JeVE GBS ce 2BY Agleldi ng
menory 1324.la (%S$§L%% ig%ﬁg%Udggﬁggﬁgg%?g%ggss negnry (RAM) gnd read-only
memory (ROV) fredeenisupiiel300 REfbmms ponttobier 436tis cormilabét eonperted tafis &Y dat a and
instructions uni-diregtional t0,fN . | Sp oY to
transfer dat & AH qftéis‘ltﬁéveép?%ln Lu]ilpnz‘%)’ %}dgg‘??%gg}“gﬁ%d' ?ﬁ%ﬁ%ﬁj E%’géﬁﬁ@g‘il‘\mt hese
types of menpeies Wy ticnglettbbeamhed 208 abldelofictliner.codpastsdicon esidabl e medi a
descri bed below. A fixed disk 301326 is also coupled hi-directionally to
CPU 1322; it pr8vilieds d@fdi ti onal data storage capacity and may al so incl ude
any of the cogpyjer rigagdakl.ed sRGALMESChinpas Hebawzofiwedch idbsiabk326 may be
used to store prograns, data, and the like and js typically a condary
storage Medi wmlesgshsasoatrdiles d3dissk QIW”F‘“é“ssqfé}\]ﬁel?msteﬂ*dﬁv‘?ﬂ%fjﬁalﬁﬁst or age.

lrr; w il be a%ﬁrs%‘&{vé‘&%gao%ﬂ% Bfl}t&%ai Rl %%Eicglﬁ%alqt&t Bkbgd oMcbhkd gfd xed di sk 1326
y, i n appropriate cases, be incorporated In sfandard fashion as virtual
MENDry in memomyuter system may have many physical forms ranging from an integrated circuit, a

printed cireuit board, and a small handheld device up to a huge super computer.

Computer system 1300 includes a monitor 1302, a display 1304, a housing 1306, a

20 disk drive 1308, a keyboard 1310, and a mouse 1312, Disk 1314 is a computer-
readable medium used to transfer data to and from computer system 1300.

[00301 FIG. 5B is an example of a block diagram for computer system 1300.
Attached to system bus 1320 is a wide variety of subsystems. Processor(s) 1322 (also
referred to as central processing units, or CPUs) are coupled to storage devices,

25 including memory 1324. Memory 1324 includes random access memory (RAM) and
read-only memory (ROM). As is well known in the art, ROM acts {0 transfer data and
instructions uni-directionally to the CPU and RAM is used typically to transfer data
and instructions in a bi-directional mamner. Both of these types of memories may
include any suitable of the computer-readable media described below. A fixed disk

a0 1326 is also coupled bi-directionally to CPU 1322; 1t provides additional data storage
capeeity and may also include any of the computer-readable media described belaw,

Fixed disk 1326 may be used to store programs, data, and the like and 1is typically a

7



1324. Renovabl e disk 1314 may take the formof any of the conputer-readabl e
5nmedi a descri bed bel ow. [0031] CPU 1322 is also coupled to a variety of

i nput / out put devi ces, such as display 1304, keyboard 1310, nouse 1312, and
speakers 1330. In general, an input/output device may be any of video

di spl ays, track balls, mce, keyboards, m crophones, touch-sensitive

di spl ays, transducer card readers, nmagnetic or paper tape 10readers,

tablets, sty| ?(21%%1@&9%@%%&0%&11?@9&1 s'atﬂdﬂgdlglﬁ(ﬂ?agﬁl %(1 oy thtaH LARBL s el qtader S, or

ot her conpute 0" another conputer or
teIeconnunlcaﬂﬂﬁn@pmemm@ﬂhtmsnwgnmﬁbmnmﬁnmmMénﬂﬁmﬁmﬁﬁmﬂ76WWWhnsuch a

network interface, contenpl ated th he rec e|v
i nf or mati on ?prpBWf‘@Wéaﬁéﬁﬂmol?fpoglﬁ)edﬁpéﬁflé%ﬁaﬁ1 1 F%‘flg?]ﬂ]ﬁ "W 16 m‘tnlll network in

the course 0f32ﬂ€!&%&6mbﬁbgd;§1m1ahweakell§fd@§ﬁb'fh@@fmtch@@lmei ep&bid-ur t her nor e,
nmet hod enbodi nents of the present invention may execute solely upon CPU

1322 or #fay @@@@G@ﬁ”@méﬁk@’netmnrk such as the Internet in conjunction with

a remote CPU@E]@ Bﬁfj%zi"{sﬂ%% ﬁﬁea% w%@ﬁetﬁ%?&?ﬁfdu[}ﬂt ad2Q32hdnsaddi ti on,

enbodi nment s resent 1 nvention fur t'e fo conputer storage
product s mﬁtmqamcﬁmmukgbmméHﬁabhemnédibmndhamhhavﬁocbmymmeka@ode 20

th f f t d Th di
and conput er MBS TG THORE L PLeliat Ny Bl LgRat B SEP RIS cd Tor the

pur poses of HhheodoeseRticH-RYeHtd {ﬁﬂ}lay@rtldnﬁlﬁwerrﬂ&w xlaaleaf mhtn&:ukbﬂphlmeﬂdbb known
and avail abl e to t hose havi ng skil t he conput% softmare arts. Exanpl es
d

of conpufer - vedtarabiE yiaes; Yﬂiqelfﬂé‘alquﬂtm’éﬁ%coﬁ’ﬂl‘mf RSt R aYnet i ¢ nedi a

such as har dyli,SKswufcks0PPY 19h:8K%onAN0n APRIDETED & 418085 codRluieedd media such
as CD- ROVs ang1 ﬁgargphlc deVﬁcgg Bﬁggneto-ﬁb tical ned?e such as

floptical disksomanticHmngvevekdeingoesvorhaieriee! e diigd dugh & BHFPEUr ed t o
t d t ed
o roui 1o ( ATk RO AL LA any A Cra T BRRLL AR O RE B e LEWEIR Y ©

circuits (A§F ces
devi ces. Examph@ﬁnnmﬂmoﬂ@HMemamaﬂenmwoﬁudémmamhemamdbdepgﬁuchoes produced

by a conpiler nd files containin eve xecut ed
by a coﬁgut eﬁle"&‘éq a&ﬂe&}?d SHPE D RERpore, &%@teél?bof“é%& q%gleﬁec A nrlr‘g?f/lﬁ% so be

conput er codgal £aBsBkIILOUPRYCRU 180PULSS exdatifowh gnadvosndoslhetlei n a carri er
wave and representing a sequence of instructions that are executable by a

processor. [BOB3IME ‘(‘3“3‘“53%03‘*&"%% gL aF I S PhagR A PREIR C6PCPRECE D o
shrinking thgy, ?ac i 1dd9ﬁyh%9%dﬂz%tqfdf |tllleeﬁleégﬁttlﬁ’{?énﬁbn ﬁljr@iel(léid%ﬁo 124). AS shown

in FIG 3, t hri nk I'ng the bspaces conprises a plurality of cycles of a
cyclic processmnmnpmugcngaushﬂhnkmmewgswﬁwéhnpﬁh@eﬂ@%b%@Cswﬂwfeﬁﬂeprof|Ie

?2? glpng has 18‘%0%1%3 888%%’1(1 e 181 compu?m-1111p}\é1’nentc(?o elilc{lfoﬁé( T‘ﬂg RRdla a'nﬁ) n phase

computer code may be those specially designed and constructed for the purposes of
the present invention, or they may be of the kind well knowi and available to those
having skill in the computer software arts. Examples of computer-readable media
include, but are not limited to: magnetic media such as hard disks, floppy disks, and
25 magnetic tape; optical media such as CD-ROMs and holographic devices; magneto-
optical media such as floptical disks; and hardware devices that are specially
configured to store and exccuic program code, such as application-specific integrated
cireuits (ASICs), programmiable logic devices (PLDs) and ROM and RAM devices.
Examples of computer code include machine code, such as produced by a compiler,
30 and files containing higher level code that are executed by a computer using an

interpreter. Computer readable media may also be computer code transmitfed by a



conprising at |east one of a combination of CF4 and H2 or a conbi nati on of
CH3F and N2 or CxFy or CxHyFz or CxHy with an oxidi zing or reducing

addi tive such as 10hydrogen, nitrogen, or oxygen, and carrier gases such as
He, Ar, Ne, Kr, Xe etc. Mrre generally, the deposition gas conprises at

| east one of hydrocarbon, fluorocarbon, and hydrol |l uorocarbon. Mre
preferably, the deposition gas further conprises a carrier gas, such as

argon or  xenof, rllmM) Bzg %ﬁ;g ShaRiY inbRGAeRed Jctiﬂd @1&@1%1J§%rsﬁzﬁl%c§mr i ses at

| east one of oxXI| additive and a reducing additive, such as 02, H2,
or NI -13. 15@@@35¢Anmemamwﬁm&bhtaashwmﬁmldep05|t|on phase (step 304)

provides a f 0, scorn n . The
pressure is @§¥é %@K%W3PWKG%#3E§£@§F%§ g}ﬁ%sngfﬁ?%|ﬁggﬁggbéftenperature
of 20C. The w&ﬂdhefiﬁ@ewee@z Aﬂ&stgfmm)desslm MAIG.S, af shrifldegiency of 27

MHz and O Watts a frequency .. During the dep OSItI&%@ hase t he
depositi én geazgoqwmppwwéwmh@h@ ‘*él@%%ﬁ”‘tqy&lﬁ’ Rj%@‘;% OHPISHERS into 7()a

pl asma, and § e@@ﬁh&gﬁm&%@&é@q{m&%ﬁldsﬁaﬁﬁ?ﬁ&%@(meﬁa(@@@ﬁ] Preferably, the

shrink profi stage ‘'uses a profile shapin as conprising at |east
one of CFy aift34\F3 Bmbrad] }I-Isheahdrﬂ@@pbgz&l piwm(étcpﬁ@f)é&seﬁm geposie ¥ of i | e

shapi ng gas follf}{éjtuglr%r% Taﬁ%{l@ Qe SR com%ma{ié Lo t(%'asand e @cﬁnlﬁﬁﬂlgp oPEreRen. Mre

preferably, api ng gas Aprises at |east one of an
oxi di zi ng ZSHQdﬂtky@<amﬂmﬁmmhﬁy®ﬂmga@ddzmgmeuﬂeumbmm9n©2udm2 orAs a
result, the profile shapin as |§ different th ﬂ ?@QﬁlthRiggs

[ 0037] ArC exaﬁﬁ“ém%ﬁnq%%“é% TR PWT%i%ﬁﬁﬁWﬂbqg 13 %%% 358) “SFovi des a
hal ogen (i nEmHPrtﬂ]é}l%p(}@iﬁd?lrﬁa@@@1}1}%‘3'09&'IEE@T) o&%lﬂh?chSudﬂgmhﬂﬂﬁ@@afdnomdgas such
as 100 seenﬁ%F his exanple, CF4 is the onu% gas provided during the

profile shadm@gﬂmgmﬁﬂb@e§§QK@H®?MQU e Fenopitips gy Vb%é@npémfﬁ§“89anber The
second RF sg% §w§@§u§&%%%gﬁgbggg gﬁ%%%ﬂ§%h@&m6§ﬂﬂﬁﬁﬁﬁngkl&ﬁmkkgs@nd 0

Watts a fre e profi phase the profile
shapi ng gas hanpn@MLﬁ@dMumnewpnnﬁanﬂsﬁa@nmgk@a@,&@ #f @nshotriBd i nto a

plase o0 jhed, RS SUERLIB, 955 L5oPLIPRg o O0ERL Bipherably. e

process is p@EJﬂlQl‘HEE‘d’/'fb@'fcl\fﬁ%nmﬁi 100 sddhn ay.cT iﬁ‘:Spl es?Ehh.e icairii 8@61’(11[‘@11 Blic 5
ows. for the

deposition and profile sha over a pluyr ty of

f or mat i on of“@%ﬁ%@%&%méﬁﬂﬁﬁﬁﬁg§ $%%WFHEZ%H$| e se ’Q&ﬁgﬁﬂc§ %Wﬁvwgrtlcal
si dewal | s argosivdenallsg. 1&&@$]ozfi7qmb%ﬂ OW 4@ «rRBudTBK 6f ARrBNgheingetioveen 880
to 900 with the bottom of e space. [0039] Preferably, the shrink

si dewal | s cadrpesitibmipitrse Gf dm@m@pa@ses progided thedrreBHO b S PRt NSRS B8  Mor e
pr ef er abl.y, wi dt hs of the 10spaces to be
l3{) e{)"lei‘sn% g(ptég? /lhg%}é\l@ h%n(‘ggijlg F}‘t k{;&l S0

reduced by bt cycl cle may have additiona
[0036] Preferably, the shrink profile shaping stage uses a profile shaping gas

comprising at least one of C,Fy and NF; and CHy and CILF,. More preferably, the
profile shaping gas furthey comprises a carrier gas, such as argon or xenon. More
preferably, the profile shaping gas further comprises at least one of an oxidizing
25 additive and a reducing addilive, such as Oy, Hp, or NIz, As a result, the profile
shaping gas is different than the deposition gas.
{0037] An examptle of the shrink profile shaping phase (step 308) provides a
halogen (i.¢. fluorine, bromine, chiorine) containing hydrocarbon gas, such as 100
scem CFy. In this example, CFy is the only gas provided during the profile shaping.
30 A pressure of 20 mTorr is provided to the chamber. The second RIF source 448

provides 600 Watts at a frequency of 27 Mz and ¢ Watts a {requency of 2 MHz.



deposition and/ or shapi ng phases or nmay have other additional phases.

[ 0040] Gaps are etched into the dielectric |ayer 208 through the reduced
spaces between the shrink sidewalls 215 to form gaps 224, as shown in FIG
2G. A conventional etch recipe for etching the dielectric layer 208 is
used. 15[0041] One or nore steps are then used to renove the filler material
and shrink sidewalls and to form pockets fromthe gaps, form conductive

contacts in the efched.feat. , nentehlayes i gbgetric |ayer
(step 132). FI'&*® e?g’%3%%$%é§%F%?@%5kg{%ﬁﬁ@ﬁgrf gf the odg or nore steps
that are thephsedad o thesimued ihea blabhenndtite ticarofdnshaphegisakissiogefal | s and

to form pockets fromth s, form canductive contac I.n.the 70et ched
f eat ures, an&“ﬁg?n1gﬁﬂ?ﬁﬂg%ﬁﬁyggﬁﬁﬁgF %PCﬁé”ﬁ??%?g%%%%%“&%ﬁ)EET%O42]In this
exanpl e, cl 05%@%1@%&_@5%5@‘ 19 b&RAmandetvien depositied Tiedemaisksorasfe renmoved

(step 604), as shown in FIG 21-1 to fonn1pocke5$ 23%}%5 I%,this eéanple, t he
pockets dre teposisidn eickiollieshaping ks PERELAI SV e PEs EE M IBREAUORRE pocket s
232 may be fill.ed w Al OUS 92 $RTer SRy ek AEM AR B GRS delhliedat Whi ch are
cal | ed gas pégkgﬁéﬁ%%gﬁggBhggﬁgga?§§?§tﬁe pé%%eps naysbe filled with a
fluid, such &smebogas totoplmadgiad andhbetwotn dPe to?0° @abibplticst of FEPRES. ] npst

equal to the vaglume_of the gap in whi the ! LS. l.ocated d at | east
hal f the vol Wb ZHE &*R%BW%PEWQ‘F%QS OB%Sgk“gl?"%gg%‘F%%é‘F%g%g Sblzé%] FIG 7 is
a nmore det ai hedeiwcevs-efvammub picphase ieyatiticalovptlocess it ondthhel the ep 30 of
formng the bread |oaf closures while r nnvinqlt e shrin_kd %Qemplls (step
604). A B} eadrdcenlp baeueidiyoNiERSe Wt Els cYORT SVEle pEv P8R T

fii s phase

provi des a depasjii A0y SlidERkLSr faythe: @RRSddiBbL Plgistshe deposi tion phase
a deposition g@% #é brovﬁ%%%?w% 180i ﬁ?égna is formed fromthe deposition

gas, and the®he dépesiticshedjad he dsteoipdarer Weheaeh M & HIPH%® shapi ng

phase (step g)gg%ghﬁzs%lgglgi sﬁ%gf%ilég O'to-fa%.s gd%%%ﬂ? 1SRRG EReprofile of the

deposition t sures. rTAg the bread | oaf profile
shapi ng phaseoachfi@atettioatipprofichagshaptingrighsei29 pruvd.ded, a plasma is

formed from5the bread | oaf profile shapin as, then the. hr . |oaf
profile Shapiltfflyas G41€ o5 Hoppaes A gbic F’%?gf%wgkgﬁégémﬁggﬁgggmko renmove

the shrink si,gewahd sq tProahebaliyroh MeSapy 6 dosdicepeatnedisfin dmeghtd 20

times. The multiphase and nultiple cycle process isg?gLe to_Qigﬁige a bread
| oaf cl osur e fratrehendglapn belvwlaytelitieicrrade bt HE- 4iet BEITI° FPayer .
[0044] I'n thi 3‘@%@89?%@5%@ &glﬁ%;gg%eﬂhgﬁge gl ewall gndl8 tRMRIr faRMednwhen the

10cl osures 2 are rorne antage of formng the bread | oaf closures
whi | e renovi rritihedeshils akt s ifdewsdcke:s Svoi this zaps.Sobs enpderitvespripdikindpéewal |

embod, et o R BAOVS TRATEHE) R o adiarrs eREERE] h ouah a process
that does notgapagen tifiechnpadcbaats Tisasuioased suche d&pousit ngewalBM® process.
removed (step 604), as shown in FIG. 2H to form pockets 232. In this exampie, the
pockets are filled with air to lower the dielectric constant. The pockets 232 may be
filled with various gases so that they are gas filled, which are called gas pockets.
25  More generally, the pockets may be filled with a fluid, such as a gas or liquid. The
volume of cach pocket 232 is almost equal to the volume of the gap in which the
pocket is located, and at least half the volume of the gap in which the pocket is
located.
[0043] FIG. 7 is a more detailed view of a multiphase cyclical process for the step
30 of forming the bread loaf closures while removing the shrink sidewalls (step 604), A
bread loaf deposition phase (step 704) is performed. This phase provides a deposition
on sidewalls of the gaps. During the deposition phasc a deposition gas is provided, a
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15[ 0045] 1t is desirable to formthe bread | oaf closure in the gap, so that
the closure is below the top surface of the etch layer. One advantage of
this is that a subsequent CVP process w |l not damage such closures. It is
believed that a nultiphase and/or nmultiple cycle process is an advant ageous
process for formng such closures in the gap. 70[0046] The filler material
is then renoved (step 608), as shown in FIG 21. A conventional ashing

process may usig(fl '}n%d 'ﬁ%?{gl\fe d Q%%%ﬂ %as Ehd rﬁ%&eﬁ?é (?cgomt]a?legaggscﬁtf@geé eatures are

filled with uch as copper, to form
met al contacbmmjMSmﬁgﬁM@mmemmMmmaﬂqﬁﬁmakthwhhvngﬁpﬂ&&e§@€§hﬂa§ﬂ@homn in
FIG 2J. The bread | oaf closu es 2 t. the netal Li t romfillin
the pockets @Qﬁﬁcégfﬁﬁﬁ%?¥ﬁéo(5ﬁlém@gW%ﬁP5F8Vl °&%ﬁ?%ﬁg8%g iP%atlons of )
sacrificial Lzﬁy&g p%@@'ble%h &mﬁﬁl@ﬁfslslﬂzpﬁhﬁg FRienbalal a Puani & famtbﬁcfrmar bon
material with i con. The organic mer y be anor phous carb

'¢

phot or csibst , m@bﬂméﬂﬁéﬁﬁﬁhﬁhﬁéﬁl%@ﬂ#@bmégﬁﬂﬂﬁé BIARCAPIHEHES SotPH tlons

al 'ow the Saﬁ]r dfdlu% I.Sé @Es Q4 fg%cﬁgveecﬁé éh‘!ﬁldéld@@ﬂgv?’%f%‘élp hRspaets to the
filler naterla dd ec ric layer using either a plasma 30etch or wet

strip and t hﬁepéatéd feafm e 24 fizaks. tlhe hieﬂtﬂélld@cﬂﬂd\wéﬂtwl‘? entreeroi ® Rbledspect to the
i o ot o BNEh A0, 2P Ll g RO N9 Bl b A R0 | T2
TECS O gani cidaaly mem BQmbodiment, the deposited sidewalls 215 are removed when the

10 closures 228 are formed. The advantage of forming the bread loaf closures while
removing the shrink sidewalls avoids a subsequent shrink sidewall removal, which
could damage the bread loaf closures. However, other embodiments may remove the
shrink sidewalls separately through a process that does not damage the bread loaf
closures, such as using a CMP process.

15 [0045]  Ttis desirable to form the bread loaf closure in the gap, so that the closure
is below the top surface of the etch layer. One advantage of this is that a subsequent
CMP process will not damage such closures. It is believed that a multiphase and/ox
multiple cycle process is an advantageous process for forming such closures in the
gap.

20 [00406] The filler material is then removed (step 608), as shown in FIG. 2. A
conventional ashing process may be used o remove the filler material. The etched
features are filled with a metailic material 236 (step 612), such as copper, to form
metal contacts, using conventional metal filling processes, as shown in F1G. 2J. The
bread loaf closures prevent the metallic material from filling the pockets 232.

25 [0047] The table below provides various combinations of saciificial layer
materials and filler materials. Duo is a hydrocarbon material with silicon. The
organic polymer may be amorphous carbon, photoresist, or bottom antireflective
coating (BARC). The combinations allow the sacrificial layer to be selectively
removed with respect to the filler material and dielectric layer vsing either a plasma

30 eloh or wet strip and the filler material (o be selectively removed with respect to the

dielectric layer using an oxidizing, reducing, or wet strip.
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Organic Polymer SiC Organic Polyner a-Si Duo Ti N Organic Pol ymer TaN
Organic Pol ynmer [0048] An interlayer dielectric (ILD) 240 is formed over the
dielectric |layer 208, contacts, and bread | oaf closures 228 (step 616), as
shown in FIG 2K Conventional methods of formng the MD, such as spin on
or CVD may be used. [0049] This process allows for. alignment of the pockets
with the features. The 5feature shrink process allows the formation of
pockets that—h ‘ér'“éillﬁ gal—dimenstons that} are smaller than critical

di mensi ons af (gn l? %hography process usedl In this exanple, the trench

w dth is theg mmbesscriiti caFildt metasalon possi ble for the Iithographic
process used-—TFhe-shri-nk-pr-ocess—all-ows a further reduction of the
critical dinensiohy of ti@g?‘é%??}?/@elsqrz@os\/&/thout the shrink, the etching of
the gap may [10alT.oyy The cont@%&u@p&?&&ure 0 be exposed to the etching of

t he gap, whijch woul d dannge the conftact stfucture. [0050]1n addition, this
process all ows t’ﬁEOﬁIi el gctr |@gﬁiﬂbb@mnle of many different dielectric
materi al s, wherei o L..c r-0C€eSS L.l ed—nh U S. Patent 6,297,125 is
limited 1°di ng it he %gglfl%g? P& nmtbrial s that can be used and
requires a barrl gticl ayer; to digpiob&gtiet he contact, which may increase the
dielectric constant. [0051]1ln processes-where the contacts are separated by
a | arge distiance,2-Si Duo

TiN Organic Polymer

TaN Organic Polymer

[0048] An interlayer dielectric (TLD) 240 is formed over the dielectric layer 208,
contacts, and bread loaf closures 228 (step 616), as shown in FIG. 2K. Conventional
methods of forming the ILD, such as spin on or CVD may be used.
[0049] This process allows for alignment of the pockets with the features. The
§  feature shrink process allows the formation of pockets that have critical dimensions

that are smaller than critical dimensions of the 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 ctching of the gap may

10 allow the contact structure to be exposed to the etching of the gap, which would
damage the contact structure.
{0050 In addition, this process allows the dielectric o be one of many different
dielectric materials, wherein the process disclosed in U.S. Patent 6,297,125 is limited
regarding the dieleciric materials that can be used and requires a barner layer to

15 protect the contact, which may increase the dieleciric constant.
[0051] In processes where the contacts are separated by a large distance,
additional steps may be required. FIG. 8A is a cross-sectional view of a stack 800
with sacrificial layer 812 formed over a dielectric layer 808, which is over a substrate
804, into which dual damascene features have been etched. A thin space 818 is

20 between a first dual damascene feature 816a and a second dual damascene feature
816b. A wide space 820 is belween the second dual damascene feature 816b and a

third dual damascene feature 816c.
12



additional steps may be required. FIG 8A is a cross-sectional view of a
stack 800 with sacrificial layer 812 formed over a dielectric |ayer 808,
which is over a substrate 804, into which dual damascene features have been
etched. A thin space 818 is 20 between a first dual damascene feature 816a
and a second dual damascene feature 816b. A w de space 820 is between the
second dual danmascene feature 816b and a third dual damascene feature 816c.

L0052 F1 &85 2 £10385SLabLoNMo! i, 6f i DSt @GP0 g 1@@53?&%&%;%'

damascene featUres ve been Fer materi a

sacrificial feayes hiik&:SaeEleEmdﬁam)a/ﬁlﬂal ns:ltmnahkzzlsldemaiﬁcsal B»lﬁ' baakkenbeen f or ned,

and gaps have been etched. t of th a arrow gaps
826 have beelr‘?mi%?%élamklsﬁmf"ﬁ]és %%rsgjéw‘%?ﬁ? lglte?fégflgg%? 1a5e eﬂgwgﬁg%qa wi de gap
828 has been,forjraf . 11@9%3‘:]05&! g’au&@gzlp‘i 886 kiR IScibREhDMAkhek@W/ e t he st ack

SO0 after closures 8 are formed and the shrink sidewalls are renoved.

Because the ikttevagapvidopaies wige w28 ohaed|p3iifles 832 do not cl ose the wide
gap 820. [O00RAkfl G D5k, RoLLOSSARACHLARMC YaBWE@ ardchGostaGk GRO after the

filler mater renove amascenefeatures are filled
with a condufoﬁmw@mtah@smak sﬁ&@a IsBecamsecda Rehesoildevidapptias ivrotwideen cl osed,

in the conductive gap, which is not desired.
[ 0055] Vari ou eﬁlﬂ’&f‘?‘a}%}ﬁéﬁ Y %1%3 tﬁ%‘&%é"%g@d to prevent the formation of a
wi de gap filjpagqwi t hrce@ndye tbiokesddBEAI Vidl of I[sQ0b 8d(Hifer @ Allesmaterial is

cross-sectional view of the stack 900 after the dual damascene_ features
have bedf fiTemegeddndrhedial fesscong feeiiren aroblicd Witk epdpiire siadirial $3%r has been

renoved, shr 435%11&! ad[ﬁ%gry a 9?{% RaY&En Qﬁ)@&l iﬂ@a%&hdu@tm SRR hay@ehean etched

into the di el ectric over the Substrate 904. In the areas of the
regul ar spacgm, Whiahﬁsowtg%ﬁpsd 926 have been forned. In the area where there

was a. \M de S@§§§sg gnlci)} ggﬁll%lﬂléﬁt s[%gh]g' lpeet%Pd {0 :ﬁ{%ﬁt thg CPQl%thﬁo é%lhg al

deposition p Ctive 28, whil e not
filling narrgw @apsifdendkli@ mi@riiis a flow chart of a cycl i cal deposition

processthat is used to fill the wd 928 wi.thout fi]lj t he narrow
gaps 926° A §ApSldepdYi ridh 2 prRASECHOT. i ‘g‘é(p?ig etsgacﬁa{)&d:{]eélthe Jr’fa]t ﬁﬁlaacgag (step
B Lo0 R0 Raal DeuphALe,hante, Lamengn fseus a1 nel
(step 1008). removed, shrink sidewalls 915 have been formed, and gaps have been etched nto the
diclectric layer 908 over the substrate 904. In the arcas of the regular spaces, nairow
gaps 926 have been formed. In the area where there was a wide space a wide gap 928
20 has been formed.
[0057] A cyclical deposition process is used that selectively fills wide gaps 928,
while not filling narrow gaps 926, FIG. 10 is a flow chart of a cyclical deposition
process that is used to fill the wide gaps 928 without filling the narrow gaps 926, A
gap deposition phase 1004 deposits material in the gaps (step 1004). A gap deposition
25 shaping phase shapes the deposit so that no net deposit occurs in the narrow gap while
a deposition remains in the wide gap (step 1008).
[0058] Preferably, the gap deposition phase {step 1004) uses a deposition gas
comprising at least one of a combination of CFy and Hy or a combination of CH;IF and
N; or CFy or CHF, with an oxidizing or reducing additiv_e such as hydrogen,
30 nitrogen, or oxygen, and cartier gases such as He, Ar, Ne, Kr, Xe ete. More generally,
the deposition gas comprises at least one of hydrocarbon, fluorocarbon, and
hydroflucrocarbon. More preferably, the deposition gas further comprises a carrier
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[ 0058] Preferably, the gap deposition phase (step 1004) uses a deposition
gas conprising at |east one of a conbination of CFl and 112 or a

conbi nati on of CH3F and N2 or CFy or C "143,F., with an oxidi zing or
reduci ng additive such as hydrogen, 30nitrogen, or oxygen, and carrier
gases such as He, Ar, Ne, Kr, Xe etc. Mdire generally, the deposition gas
conpri ses at | east one of hydrocarbon, fluorocarbon, and hydrofl uorocarbon.

More pref er g ySuc]t) he azgﬁp%gi'eﬁdnorMQ@? Eéfﬁﬁl:!ﬂ%c ORfidrS %§ f@th%%oﬁﬂ]ﬁlrsesla% gas,

such as argo XENno ly, ep05| ion further
conpri ses at L,h&eaﬁ(i oftme}xmfﬁznagnddmvdmd :ngdaduﬁ azddwtyeawelh@ﬁ Pe ,cql Agladdi ti ve,

such as 02, Hz 0059],Pr ef er i pi ng
phase (step [19@5%1) ug’é%m%hﬁbﬂ%?i’ ?Wﬁlt@ﬂglb"rpﬁléplﬁsse (c E&%Ed %ggt one of
C F), and NFg3,,8id gbs Enphizing MIES: pieaffer By NT’étah@CdEﬁpsMbmquah@iw ng gas
further conprises a carrier gas, such as argon or xenon. I\/breB&ref erably,

the profisle B Apostiog akepingraeh BrhEieBITSES catier e8sIChARAEP HF B di zi ng
addi tive andya,Jt gfé?l'b\%gth?(apdht%é é,sﬁﬁ in %‘&\Skfuﬁ%l Qmpiites atQEaSNH% ofhPORALMHG 9B is

a cross secti on Vi e after the cyclical deposition process
is conplete. acmmemldleuglapnga@lﬂm@emchm PadlwinMHa deposition 932, while the

10 narrower ha t. been fille r enoved
and the dual ﬁ@ﬁ@ascéﬁ%%%éﬁ? 4res’ %egtrx%m?w \T’egth\?\ns{aﬂ}?‘r‘ﬁegg}rﬁgct% fﬂv%%ﬁ%%%lrl al. The
deposi tion 9323cde adrdpleee. CliRAHAE gapelameamla&i wittita de;ﬁosttime%ﬂd:énlga [0061] I n
one enbodi nent the deposition 932 np Pﬁcé } the Wi f gﬂp Lo act as

a di el edr i ch4TFPVoRh &ASIDAY R PeURIEd The! ﬁB‘é‘?“ta HEEd %t BEn"be Chosen to
be | ow K 15”@'&1%3':@1'6 feqluﬂesaéf‘é)hh&{ wRITPoGamB R mdidi], deRespisian B3 Redray be
removed and the w de gap cl osed by the subsequent ILD |layer to forma w de

pocket . [OOGTZI]LIcmlﬁmbvﬁrﬂeﬂtelefﬁﬁébﬁfﬁ%‘wdeﬁm er the features are etched into the
dielectric | ﬂ%éﬁé] 1108 01468651%8(11;1‘96%‘? 10? 3 Sikn é?@fﬁa{/ e leﬂ'ilmg wRY¥ELpid&theat ures,

whi ch covers narr ow spaces Xposi ng e W de spaces 1120, as
shown in Fl Ga dibleAiric20 H’roéfne]rlabdhw T]rhrelcscaﬂirqnfwcmlcaihom’m dosal tojbplahE wi de
spaces 1.9 15 CO%{eﬁglelz}/ anoﬂ??%z% bdlment 1h 1e‘2(npos1t10n 932 may be removed and the wide
gap closed by the subsequent ILD layer to form a wide pocket,
{1062] In another embodiment, after the features are etched info the dielectric
tayer 1108 (step 112), a mask 1124 is formed over the {eatures, which covers the
narrow spaces while exposing the wide spaces 1120, as shown in FIG. 11A.
20 Preferably, the sacrificial material in the wide spaces is completely exposed, as shown
i Fig. 11A. The dielectric layer 1108 is part of a stack formed by a sacrificial layer
1112 over the dielectric layer 1108 over a substrate 1104, The part of the sacrificial
layer 1112 exposed by the opening in the mask 1124 is removed, as shown in FIG.
11B. The mask is removed and the filler material 1124 is provided, which fills the
25 features and the part of the sacrificial layer that was removed. The remaining
sacrificial layer is then removed, as shown in FIG. 11C. The spaces between the filler
material are then shrunk (step 124) and gaps 1126 are etched into the dieleciric layer
(step 128), as shown in FIG. 11D. The filler material 1124 over the wide space
prevents gaps from being etched into the dielectric layer 1108 at the wide space.
30 {0063] In another embodiment, after the spaces are shrunk (step 124) a mask 1230
is formed over the wide space 1228 of a stack 1200 but not over the narrow spaces, as

shown in FIG. 12A. The gaps are etched into the dielectric layer 1208 over the
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in Fig. 11A. The dielectric layer 1108 is part of a stack fornmed by a
sacrificial layer 1112 over the dielectric |ayer 1108 over a substrate
1104. The part of the sacrificial layer 1112 exposed by the opening in the
mask 1124 is renmoved, as shown in FIG 11B. The mask is renoved and the
filler material 1124 is provided, which fills the 95features and the part

of the sacrificial layer that was renoved. The remaining sacrificial |ayer

i s then renpvestraas) mh@meis{&cﬁa&%vec%%ﬁéow G ! er
material are then shrunkzéste 124) andlggggmq‘g§q£%£%@$g%$QEME &

di el ectric | ayéf pshepy nd8§, 124 Eﬁ@mkﬂ%ﬁGFHr@entEb[ohmghuétlfemlﬂespamt er| aI 1124
over the wd eing etched into the dielectric

| ayer 1108 asmﬁﬁgﬁgﬁﬁgg%ﬁ 1%1%%%ﬁf%6g%%9|n anot her enbodi nent, after the
spaces are sHpdmil (swepe ﬂbzqﬁh)wmmmsde bk@Besirtbellof Bds &Vseveziﬂpedwfédle space 1228
of a stack 12 % ? po%_over t he narrgl Paces as. shown in FIG 12A. The
gaps are &t chat  f Rt HEedr e sEipie o %?i BESIEVEionsHad vaidst r at e 1204 of
the stack betswesinisbglewadoks, $Mfch k1 245 HAAL@RM IS fﬂv@ﬂt Left Rk abe 1224, as
shown in FIG 12B. The mask 1236 prevents etching e spaces, while
gaps are etcH@@d”H“ﬁﬁé3%éﬁﬁB%ﬁ%%%@é%“ﬁﬁﬂﬂBﬂmmhwﬂé@ﬂhﬂsdhmhanﬂ|on has been
described in efih.Qbr 8peLak 11We§£§o%r ﬁtqglh%ﬁc@gﬂh&%ccﬁ Srat H0E! ﬁ)w%r c
alterations, nodifications, pernutations varyous su § 'tk e

equi val ent s, appdndéd laibis bmmtmpretctdhm irgbope adifsutthile:dtions Aidddivatidids, shoul d al so

be not ed;4 ha n ternatiyv s.of inplementin the met hods
and appar%tu?géngim]%dndyg(%ﬁfmiﬁ@l %WgemﬁggsﬁﬁVFHgFQ?BPéﬂﬂﬁgﬁﬁdéﬁmthat t he
fol | owi ng appétided:sehtanwegtifdie i nterpreted as including all such alterations,
nodi fications, 1lOpernutations, and various substitute equivalents as fal
within the true spirit and scope of the present invention. CLAIMS Wiat is
claimed is: 1. A nethod for reducing capacitances between sem conductor
device wirings, conprising: 5formng a sacrificial |ayer over a dielectric
| ayer etching a plurality of features into the sacrificial |ayer and
dielectric layer; filling the features with a filler material;

removing the sacrificial layer, so that parts of the filler material remain
exposed above a surface of the dielectric |ayer, wherein spaces are between
t he 10exposed parts of the filler material, where the spaces are in an area
formerly occupied
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by the sacrificial |ayer, wherein the spaces have w dths; shri nki ng
the w dths of the spaces between the parts of the filler material by

form ng shrink sidewalls; etching gaps into the dielectric

| ayer through the shrink sidewalls; and 15renoving the filler material and
shrink sidewalls. 2. The nethod, as recited in claim1, further conprising
closing the gaps to form pockets frontth8Maps. 3. The nmethod, as recited
in any of c&gLani;Z, further conprising filling the features with a
conductive nEtEFiAMdiYer the filler material is removed. 20 4. The

met hod, as fecit @dybifo@R rOduch @lafBcidns HoReERI sBreasBudanidag virnuel, une and
each pocket has a volune, wherein the volunme of each pocket is at |east

hal f t he vobampriofg:t he gap in which the pocket is |ocated. 5.The nethod, as
recited_in any o;_ctains 174tlpherein,th? §na%nkjng the wi dths of the
spaces conpri ses AP MERSACTERE! B Rie' JHETIGHE i n each shrink cycle
25conpr | ses: cteh@eSHAKLAEROREL O PRASEH 1M 167 hed IRIdeRARIHS ON S
dewal s of the filler materiral to shrink the spaces; and a shrink
profil e shapi ng fHasghe fihiwts shiapédict metedehosi ti on on the sidewalls of the
filler material. 306hTh§@netQQd as recited in ein the shrink

L ! 00, as fed in.claimps, wher
deposi ti on phase'¢dhpis §?m‘H?%&%ﬁhﬁ@”&“ﬂéﬁbgf@FgwcbﬁéV”?dFﬁpr a plasma
fromthe depasitd A AasurBlthShoRRI GG hAUAMpRAR (ACRRSELI @B gas. 7.
The nmethod, as recited in any of clains 5-6, wherein the shrink profile
shapi nd O5phasesebppts fale filierovateiingwherptiof ifaecsshiapi mgrgabrdifly eea@iptedt han
the deposi tl}}(]) Hle%%gr;lﬁgie?lrlQ}e??wl?ergilnﬁgsapazés QvEe %?dtﬁ)l[sph e shaping gas; and
shrinking the widths of the spaces between the parts of the filier material by
forming shrink sidewallis;
etching gaps into the dielectric layer through the shrink sidewalls; and
15 removing the filler material and shrink sidewalls.
2. The method, as recited in claim 1, further comprising closing the gaps to form
pockets from the gaps.
3. The method, as recited in any of claims 1-2, further comprising filling the
features with a conductive material, after the filler material is removed.
20 4, The method, as recited in any of ¢laims 2-3, wherein each gap has a volume
and each pocket has a volume, wherein the volume of each pocket is at feast half the
volume of the gap in which the pocket 1s located.
S. The method, as recited in any of claims 1-4, wherein the shrinking the widths
of the spaces comprises at least one shrink cycle, wherein each shrink cycle
25 comprises:
a shrink deposition phase, which forms deposits on sidewalls of the filler
material to shrink the spaces; and
a shrink profile shaping phase, which shapes the deposition on the sidewalls of
the filler material.
30 6. The method, as recited in claim 5, wherein the shrink deposition phase

comprises:
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stopping the flow of the profile shaping gas. 8. The nethod, as recited in
any of clains 6-7, wherein the deposition gas 10conprises at | east one of a
hydr ocar bon, fluorocarbon, and hydrofl uorocarbon and the profil e shaping
gas conprises at least one of CJ, NI'3, CO1ly and C HyFz. 9. The method,
as recited in any of clains 2-8, wherein the closing the gaps conprises a
plurality of cycmesdcM@eﬂbbmﬂ@mnymcycle conprises: a bread | oaf deposition

phase; and 15a bqead oa f|| G i.n hase, 10The nmethod, as recited
any of in clains %“ﬁ“éﬁﬁrﬁgw “@P§§| ‘%@ gﬁp§“hlso renoves the shrink

si dewal | dep05|tkgmp”wjlcﬁgw(ﬁhguﬁﬁggggm,@§ recited in any of clains 5-10,
wherein the shrinking the widths of the Spaces shrinks the widths of the
spaces by 5-780% dihd mwhlerdianrdachied jpraofviof elad0s hdpivhgrephtis ehisikapedila Hepigbr i nk

si dewal | depgshtjon.LQ“forn1verticaI sidewal I's. 12. The nethod, as recited
in any of FEOBPIHCS wherein the renoving the filler material occurs

after closing the.ga@ng aprofile shaping gas different than the deposition gas;
forming a plasma from the profile shaping gas; and
stopping the flow of the profile shaping gas.
8. The method, as recited in any of claims 6-7, wherein the deposition gas
10 comprises at least one of a hydrocarbon, fluorocarbon, and hydrofluorocarbon and the
profite shaping gas comprises at least one of C,I'y, NF3, C,H, and CiH,F,.
0. The method, as recited in any of claims 2-8, wherein the closing the gaps
comprises a plurality of cycles, wherein each cycle comprises:
a bread loaf deposition phase; and
15 a bread loaf profile shaping phase.
10. The method, as recited any of in claims 2-9, wherein closing the gaps also
removes the shrink sidewall deposition.
11. The method, as recited in any of claims 5-10, wherein the shrinking the widths
of the spaces shrinks the widths of the spaces by 5-80% and wherein the profile
20 shaping phase shapes the shrink sidewall deposition to form vertical sidewalls.
12, The method, as recited in any of claims 2-11, wherein the removing the filler

material occurs after closing the gap.
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