TRI LAYER RESI ST ORGANI C LAYER ETCH BACKGROUND OF THE | NVENTI ON [ 0001] The
present invention relates to the formati on of sem conductor 5 devices.
[ 0002] During sem conductor wafer processing, features of the sem conductor
device are defined in the wafer using well-known patterning and etching

processes. | n these pficksEk RESAIPUAGANIC LARkRBYRY] 2! 1o deposited on

the wafer and then i ticle. The reticle
i's generally a glass 10 plate that is patterned with exenplary feature
geonetries that block Iight 0 j hrough the reticle. [0003]
Af ter passing through th%&%%ﬁ,. e b“@?% S1iis LY s the surface of the

phot or esi St[oﬁiﬁger! fﬁfle Sp?E'ien{ iiintehaREes thane hRkhs@in GIMRAsLsidB0ef the
phot oresi st materi a uch that a devel oper can renove a portion of the

phot or €si stdetfsesraterial. In the case of positive photoresist materials, the
exposed req| are .renoved, ,and in. the case of negative photoresi st

mat eri al s, %ﬁ@uneﬁb‘ﬁ%&e@éamﬁg‘)r V&*{}‘éf PREBVEE: t%%ﬁﬁg)gftf?eeﬁe,n%f: ?1%&%1\?\/% er is

et ched to rRoRKeakhcfdeid Mhagwakt aisidd wdlkpiovi @atemafy hat etaliiagno | onger
protected by the photoresist nmaterial, and thereby _define the desired

f eat ur es i rprodessogalinghese pooqesBe/A phiieresipidP By awtaial padepesited ondhewatesr it cal

di mensi on )., Wi ¢ch \ i 0.1 t t is
desirabl e 'gat%g rﬂé%qulcseexpﬂéeg%dﬁqggfht %ililtgre eb%%;eglg }e. W&%ﬁig}geﬁ'ﬁ@#k&éﬁ#l ON
[ 0005] 1d70 anidtk el ik HRttt@ee gain gxamgaiynfeames peanetesviian bidvk fghtfose of the

present invention a_nethod of, H)rm' ng dual damascene features in a porous
| ow-k 25 direpagatipg troughdhe yedicsr ovi ded. Vias are forned in the porous | owk

di electric phayqr. A@te%gﬁmggpg%%ﬁg&é faldmd A l?crcoin&cfsf)ﬂlhg%Qeréé%f aheeAporous

| ow-k dielectric |ayer, e organic Tayer fills the vias.
phot or esi stphotsésists nfatariabd dher lighte chamggarthe gilesment | campasitidnapérthe Feat ur es

are etched into the organi | angri zation |ayer conprispn ovi.ding a CO2
cont ai ni ng @P%e%@%ﬂ%ﬁﬁﬂ%@ﬁga eﬁ%%i?ﬁﬁa? FoM3d ﬁ{ﬁpfteﬁh‘fg’ﬁ’t% (’lr?‘ﬁ]ﬁijg etch
gas, which ghehas fh@eUa8RBE ?oﬂﬁ@@@hbt&ﬁisis?ﬂna't@wﬂ the TERREDesi@scaret ched
into the porous lowk dielectric |ayer using the organic planarization

| ayer as a mmoked, Bhé inthganabeohegativ phatpispisi myerialssthe ppenesed regiqngoo6] | n
anot her mine{r}; Er'\esl{lg\;eid(.) nTl?Jreatf{%E tjhgI \(%%11 Q"cHd r{gtré]‘ﬁgveo‘!he flﬂlrdgiilﬂgg Mrial

from the areas that are no longer protected by the photoresist material, and thereby

define the desired features in the wafer.

20 [0004] The photoresist patterns have a critical dimension (CD), which may be
the width of the smallest feature. It is desirable to reduce the CD of the features.
SUMMARY OF THE INVENTION
[0005] To achieve the foregoing and in accordance with the purpose of the

present invention a method of forming dual damascene features in a porous low-k
25  dielectric layer is provided. Vias are formed in the porous low-k dielectric layer.
An organic planarization layer is formed over the porous low-k dielectric layer,
wherein the organic layer fills the vias. A photoresist mask is formed over the
organic planarization layer. Features are etched into the organic planarization
layer comprising providing a CO, containing etch gas and forming a plasma from
30 the CO, containing etch gas, which etches the organic planarization layer.
Trenches are etched into the porous low-k dielectric layer using the organic

planarization layer as a mask. The organic planarization layer 1s stripped.‘




damascene features in a porous lowk dielectric layer is provided. Vias are
formed in the porous lowk dielectric |ayer. An organic planarization |ayer
is fornmed over the porous |lowk dielectric |ayer, wherein the organic

| ayer fills the 5 vias. A photoresist mask is forned over the organic

pl anari zat ijgune| ay e aro@ UhBifes@fién OF ¢he thvichiéh, th@eMoB T foringNdifal zat i on

| ayer in a manner which exposes part of the [owk dielectric |ayer,

wi t hout dadagbsegne HeatprgoriR aliperometlpivek |diglegiric tayanciiagovided eYighade i nto the
porous | owgk diel ectric | [ {1hg..t he or gani |l apari zat.i | ayer as a
mask. The. Srae o b ciekens s 0 s R PR shdhBBhaEROR Tever Gt ner

mani f est at ifgiedfovieh thel purem loank dddleddip &iyaf, usheréin theobrganig lager €likhes in a
dielectric layer in which vias have been formed and over which an organic
pl anar iSzat V& 1apqtoresist masnis fenmaspvies the; qreanip plaparizatign deyebr KsaUiss anar i zed

surface ov ' (Wel=¥ %‘B& : g@ﬁ{: RS rmed is
provi ded. %epﬂ%nwggég%%%ﬁc %I aelr I@I‘IgI’I)I‘n eC’E," coﬁ%Iral ?Sggsﬁah I:)ﬁanber

wal | 15 f ol logv-ka dpllasnialagen setoindarodpmb the lewelt disleceic laysuligtndhee support
for supportin substrate withjn.the .plasma processi ng chanber. encl osure,
a pressure®% %‘g%‘fadam afeoPorPIégngﬂ“ﬁI(icIﬂﬂe‘ftﬁg lﬁﬂé%@ﬂéﬁ? r‘?r&aﬁg"' PPBATARUAR ocessi ng
chanber en yes hd e?maslétTﬁ@ﬁ%ﬁni@??anﬁﬁﬁﬁfom%%rIs%tr,iﬂ_fe‘ayl ding power to the

pl asma processi ng chanmber “enclosure for ‘sustaining a plasm, a gas inlet

for pridvi dil®P7yas Innewtharempiifestation ®ipthe davwitiog, amappaatugrfer deuring and a

I f h ' f h I ' h
net osuro. € A TRHEA R 55 o A B B R OB BLAE I B ana

conpri ses argdak glasarkatise yankhascbebh Yormadero N ihi vids whddasm 208ieeized A
controller is controllably connected to the gas source and the at |east one

el ectrode awdaeopnst ivelgh gh axideseapp FeA R oard FeRchhmasle bap bty fyrmsddsl e nedi a.
The 25 co re i 1 I r etching
tho ~BARC Dhyriost R 1HRE MGKAng QHBELATS pROVTRY EompGHE A Sali

provi disng féiming i meplagni aprocergingashdmibam theofureloni webstraret auppary fgas sour ce

into an interior. of _the plas pr.ocessi ng chanbe conput er readabl e code
for t 1 -anst SRPRRGS haubsHRiSOF NG Ceg e PG SS PRTB G R Sins PEATE omput o

readabl e C%}%&t&r fo?tr@@_@étﬂ% RO ptdgurk i Hel fBsnePPloRéRInGEhERSer GRIGUELT
readabl e code for etching the organic planarization |ayer, conprising

conput er r ahdeist enc clhstrbde for proveling paver2o thomlasimi pycepaingf ehambehe CO2 gas

, dabl. de | f
cont ar i ng oadesrs (57 ABRARE R el ST0R PR BIDen, AR, LS5

20  processing chamber enclosure, and a gas outlet for exhausting gas from the

plasma processing chamber enclosure. A gas source is in fluid connection with
the gas inlet and comprises a CO; gas source and a fluorine containing gas source.
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
25 computer readable media comprises computer readable code for etching the
BARC and oxide cap layer comprising computer readable code for providing
fluorine containing gas from the fluorine containing gas source into an interior of
the plasma processing chamber, computer readable code for transforming the
fluorine containing gas into a plasma, and computer readable code for stopping
30  the fluorine containing gas, computer readable code for etching the organic
planarization layer, comprising computer readable code for providing a CO,
containing gas from the CO; gas source, computer readable code for forming a
plasma from the CO; containing gas, and computer readable code for stopping the
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CO2 containing gas, and conputer readable coded for etching trenches into
the dielectric layer through the organic planarization |ayer, conprising
conput er readable code for providing fluorine containing gas fromthe
fluorine containing gas source into an interior of the plasm processing
chanber, ag) CMPHhRE gas, m&ﬁh% eﬁ&d&aﬂ@%o&é@ﬁf&éHﬁ%WﬁeﬁmS fiktdQhd ne
containing gas into a |'asma 008] These and other features of the
present i ndeledtan Layer|t ghetélércprg@xucmanwa@méw&nl CRPIERING SompBietet ai | ed

descrlptlon f.the.i vent| a kN th

' our en. - BRReo ARkt O i Rl SRS 58 Rrogb bl el S Dy et on
is illust r@h@@o@mevmo afi i8%a0PIlof, thatasnel phitessiip cl@fmlidrﬁhﬁdifcbmputet n the
figures of the acconpanyi nfg dravm%ﬂs and in_which like reference nunerals
refer to S|r¢ﬁdlablﬁ C@ﬂggﬁ?ﬁ‘taﬁls aragihAnemne qotmpe pasantora plasmaf | ow chart of a
process th y bﬁhéﬁé%ﬂd Ihe? e REROUE resetit 1ﬁ\)3ﬁ Ipmn:bk(a@scrﬂ)éd pO11]
FIG's 2A- schemati c cross-sectional views processed
accordi ng MrardetaﬂMmemheodetmhd dessrgnitonari. thg ﬁﬁ/mt]lmi:b:(d indcanpunationr e

det ai | ed flqwt% g he step of etching features into the organic

| ayer. [o00dfhipe 04“]“% &u’éeéherratl c view of a plasm processing chanmber

that may 20 be used '@PHEF‘EESEI@H’TTIGFI Q)F‘I?IEDR’AWH@@Q‘” FIG'S 5A-B
illustrate a conputer Syst Which 1s surtable To I npl enenting a

controld er [0809 i nTb@mmhnwmestlmi 1St1Hestmt@lslemway ﬂf/@mnnlm and pBtTHY WED

DESCRI PTI ON MVENTS Q15], Th |1
now be deS(‘f’if(iF1 t’loﬁl ot %qREEgWeP%eBPS%B o'e Wé% 5&5? ?’212 g‘l"fa’e Etl on v

enbodi ment sefehiteRimaals refer i sinfilRfelemetld@n@trceneRNYi Ng drawings. In the
foll owi ng descri pt| on, nunerous specific details are set forth in order to

provi de a {AdughF Iﬁndewﬂ%mph@t of a prreessriBalapay boyeediin 6A embpdigent pe
appar ent, ? ﬁ o one skilled in the art, that the present invention
may be practice °fhout some or all of these specific details. In other
i nst antes, [0&11] knEmh s:m\ ﬁrareed&nﬁtiepsoamde&tbma]stritewstafraewaﬂaapmceﬂsed been
described in d tail in er to unnecessarily obscure the present

i nvention. a[’% B tergn £ P ’F’ceéf%f F\HE’FETt‘%fhdl ng, FIG 1 is a flow chart of a

process t hqaomy PR} l?ﬁi%‘l thBreRRRBIBWEAL Ffthd HEp bN¥SHhE Fehturdd Ao Wer e
formed in a porous |owk

the organic layer.

[0013} FIG. 4 is a schematic view of a plasma processing chamber that may
20  be used in practicing the invention.
[0014) FIG.'s 5A-B illustrate a computer system, which is suitable for
implementing a controller used in embodiments of the present invention.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0015] The present invention will now be described in detail with reference to

25 a few preferred embodiments thereof as illustrated in the accompanying drawings.
In the following description, numerous specific details are set forth in order to
provide a thorough understanding of the present invention. It will be apparent,
however, to one skilled in the art, that the present invention may be practiced
without some or all of these specific details. In other instances, well known

30  process steps and/or structures have not been described in detail in order to not
unnecessarily obscure the present invention.

10016] To facilitate understanding, FIG. 1 is a flow chart of a process that may
be used in an embodiment of the invention. Vias were formed in a porous low-k
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3 dielectric layer (step 104). FIG 2A is a cross sectional views of parts
of a M1 Ilayer of a wafer substrate 204. In this exanple, the wafer
substrate has conductive interconnects 206. A barrier |ayer 208 may be

pl aced over the wafer substrate 204 and interconnects 206. A porous |owk

di el ectri cdlefoctric Bk (skepPlASEFIQVEA it RerSsshétidnal vieWs F paflS oBadMtihe waf er
substrate 204, and a cap |layer 212 of a TECS oxide is placed over the

porous | owddyerpka weter pebsfratecl04p Do thisppmpe. Ahywoker peksivatethap perfluctiva he por ous

| ow-k diele - 21 7] I r| (OPL) 216
was fornmed rgérgr&rf ‘%&?Sr cg)s‘ugamkpl\% rzg@ g? &@%&ﬁdﬁ) V%Pﬁl ‘%IJ 5%8&6?%%4 as shown
in FIG 2Bandhfe@bamsaisc206]0 Appadoas ilawadki malebm;celaye&ma s mhcednover glani
material such, as pol

be DUV phot oresi st r
phot or &si sPartighilaer Sa@amth%avag@r %ﬁ{)ﬁ de D4, pwbhe coplperidld ﬂﬁi@@%d
provi des a r r 1 i 220 was
for med overoﬂtzﬁ(calg gg(ﬁ@%?g&(ﬂgtégg}oﬁg%k Efgrefgglﬁ gyécrg%%gz‘éﬁ?sﬂﬁalgge %f%ha silicon
oxi de mat elfmmiedanld’m FSOURHOB-k dlebolri:cdatyer%()antl refl ectl ve coating (BARC) 224
is fornmed

th d to t k 228
f or med ovei qlﬂé Bg@‘gé’li@%wg tééﬁ ay%f&gfﬁ@ %@Lw%r}fé rmg g‘lbefsr EGWE%BF%r es:Ngts
mat eri al Smkaaleiée%couaﬁer |21'Oe£|té}ﬁ 108 & sfRi @f AGOIB. MeThe tohganic

phot oresi st mask is nadé of i gher ‘generation photoresist than the OPL
216, sl tm&tnadwlondayanéléxpgéam ergamqmtephlo:t@hégupﬁkym%;vvhwb BHOPOr esi st

mask, the to i u d cause
the OPL to%ﬁz?@é?sﬁé’ ﬁH%l@ﬁogofﬁséSts g{sébrlg% led bglaa %ﬁ%\?\/atdgﬁtp% én a plasm
processing wdaaﬁbgfovﬁﬁsammob&zaplmﬁfxﬁed)ﬁpp& sarfaghenati ¢ vi ew of a processing
chanmber 400 that may be used in this enbodi nent. The pl prQ essi ng

chanber 4000USkpr | ABoxidsiwep Advwiae formedgyenho OFLn2 Lfsiep lés)ec e2104 a
| over el ect.[ods 08,4988 SWIHR Sdile hEEes, p%rpbcﬂ:%% The gas

%9 ﬁ né‘l” ﬁcrh Q¥
source conpriseés gas sources such as a gas source 412, a
di el ects i c aatiellegae cooting @ ARG) amjisa‘osmcrd qweg&s: cxoderaap 220 8step 1 bﬂ)l aw

chanber.  eRrD adhazbias bubie e Groiak dge rt 2ot PeldL 3T <
posi ti oned 1y@%ﬁda&esxkﬁﬂaénﬁlsa@ﬁ SO0 VAGS-linkD & dh@wereéde&ﬁwmﬂelﬁeﬁe

i ncorporates a suitable substrate 30 chucki ng mechani sm (e,
el ect r ost atphetorasist ek tinadd efphigher ganeration [phRigyesish than g @ng?héhéo substrate

208 71! SR Bind B <A EREBIBURRHLR RIS pposed
| ower &) ectekpsiRd 40Bghtand freqidnch e Mioutd aigse o DRIefol Iﬁ@atthﬁled.onf i ned pl asma

[0019] The substrate wafer 204 was put in a plasma processing chamber (step

122). FIG. 4 is a schematic view of a processing chamber 400 that may be used in

this embodiment. The plasma processing chamber 400 comprises confinement

rings 402, an upper electrode 404, a lower clectrode 408, a gas source 410, and an

25 exhaust pump 420. The gas source comprises gas sources such as a OPL etch gas

source 412, a dielectric etch gas source 416 and a strip gas source 418 to allow

etching, stripping, and other processes to be performed in the same chamber.

Within plasma processing chamber 400, the substrate 204 is positioned upon the

lower electrode 408. The lower electrode 408 incorporates a suitable substrate

30 chucking mechanism (e.g., electrostatic, mechanical clamping, or the like) for

holding the substrate 204. The reactor top 428 incorporates the upper electrode

404 disposed immediately opposite the lower electrode 408. The upper electrode

404, lower electrode 408, and confinement rings 402 define the confined plasma

4




4 volune 440. Gas is supplied to the confined plasma vol une by the gas
source 410 and is exhausted fromthe confined plasma vol une through the
confinenment rings 402 and an exhaust port by the exhaust punp 420. A first
RF source 444 is electrically connected to the upper el ectrode 404. A

second RF %elaﬁxfeﬁ@flj%azs%ss gur@n@&mhe%ﬁﬂnemmmeb&% RWEircl AEt r ode

408. Chanber wa ound the confinenent rings 2, the upper
el ectrode 46djs exhdudttrbirbmvibe cehfordmiabmat@fume Bubhglt the chnfimamdRErigpsir ce 444

and the se d RF soyrce 44 conprjse a r source,. a 27 Mz
Sower sour 002 A SO e bh e e SERBEL PP FADr of TR SUEROAL J

connect i ng <RerRAMR lcohQecidietoeitRlpief eleafrSiePdSH | | Secohd RIO sbilie daggs of Lam
Research Corporation's 2300Exel an Fl ex45, made by LAM Research

Cor por &t i oslectrisallycenmsted 0athe flower dectidie A98mehaseben veadlsi4d2suprurdr r ed

enbodi nent _of t inventio 0 Mz { n ]M-E es nmake
up the secghedcﬁg%sg\?}éﬁ'mé%u{b(:zéﬁ}f4'§)pg%ﬁlﬁe%%(lf\d§(zj4®og?%é Iomwgfx\fgg%%ﬁ%ogé, and t he
upper el ectHofigéhel Brsf ROUDAER. 444nard 1he r'se oHAORIF BiNcs 448 hrayRborpmivera S®ur ce may
15 have a frequency up to 300 MHz. A controller 435 is controllably

connect ed NHZ (ieveRFSodEEs ded” Mz paser sfetistndpanp Mbp, Pl $MECgas source
410. [0020 15%1%% ?orﬁﬁn?tlﬁ%s%@ dohﬁé&ﬁh?@ﬁp&g@qm% gl%céé/cﬁeteﬁg}pgyé@ﬁe. ‘(()\?' ch is

sui tabl e or enenting a controfler 4 used I n enbodi nents t he
present( i nilentchsenof LahGReSérah Gosparatioryxo 2300 elqphkkd 3| mhde yoLAtvhe

conmput er system cours e 20 ¢ ut er tem ave hysi cal
f or s rang?ﬁ‘?@ee\‘?}b%’a’ﬁrqtmg%ng’é’mon&i(?agﬁ??}& éﬁ%‘ﬁ’i ’Hf‘féggﬁ?e:adﬂiatprgftcﬁ%?‘g, and a
smal | handhgldadesst 6 tiPinkehtRnD G ML RS MEGOHAYL BIHZ Ubice$iiakem 1300
includes a nonitor 1302, a display 1304, a housing 1306, a disk drive

1308, a keyipothe dedBUORF qrovea saangs et48 Ippneaid ko R 1lower slegtredmppnd dhe r eadabl e

di d f d f 3 0021
Fra 5B 1 o BRTeaapRe e e g Ror Rt The R bE S Ry 170

Attachesl t qasy atiEudns dp30300sMaiaM deconabil@t 4350k cetibdslilyeomnettedeessor (s)
1322 (also referred to as central processing units, or CPUs) are coupled
to storage thejR spwses 444 Fodicxhause rwpy 42Q2md thggassoures 410, ne) udes random

secess e b (s sl ent; et k6o bl
CPU and RANbi Bnplementingypadtdlier #85 tisahnisfanbodahentsnfithermpesentinvermn n a
bi -direct] %q(ail Sfr&r%ﬁgv%s[ bnengsgib?g pﬁyglecg.leform of the computer system. Of course, the
20 computer system may have many physical forms ranging from an integrated
circuit, a printed circuit 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 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
25 1300 |
[0021] 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 umits, or CPUs) are coupled to storage
devices, including memory 1324, Memory 1324 includes random access memory
30 (RAM) and read-only memory (ROM). As is well known in the art, ROM acts to
transfer data and instructions uni-directionally to the CPU and RAM is used
typically to transfer data and instructions in a bi-directional manner. Both of these

types of memories may include any suitable of the computer-readable media
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types of nenories may include any suitable of the conputer-readable nedia
5 described below. A fixed disk 1326 is also coupled bi-directionally to
CPU 1322; it provides additional data storage capacity and nmay al so

i nclude any of the conputer-readable nmedia described bel ow. Fixed disk

1326 may bgedisiBel Bélo%t Qiﬁxecpaﬁﬁr@@@ls ﬂ@&upﬁﬂ%l-ﬁﬁ'@cﬂdnl{iﬁy %WQPUSBQY;O' Ca' ly a
secondary storage nedi um (such as 5 a hard di sk) i's slower

primary st orprgeides tadvhtic)halbéatamwreg@ aepagity read mhgp alst:nfn@ludat grgnof éllﬁ'al ned
within fixed disk 1 rla I heor ted in

st andar d fﬁ%lﬂp‘btﬁr'ﬁeggéﬁ?ﬂ?g E@ EB‘FE% %gljzgﬁéa%va%ﬁeg% %osﬁ( 1314 may
take the fﬁfd?ré}ﬁs @ata fhd ﬂiaelk@caﬁaaé %xdaﬂﬁd%e&@dm@obt@ag@mdme@ucm@d ow. 10

[ 0022] CPU i's al so coupled to a variety of input/output devices, such

as di Spl ap hesbdiskk8ybéuslgwestion nrsears stzase, Hllsiretnpsrcdatad gut they general
o bonrds BitbRilicloMERdTRE Al Y (558 Il SR AYfophfiBClesbEl NS, T CO

keyboards, i crophones touch-sensit ucer c¢ard readers,
magneti c olincpaedted irngendaedGahivn dsaidine menaﬁ-yhmmmory/d)szr-le Rembnaabbbar i ti ng

recogni zers, bionetric reader.s ther co U,132 ptionally
may be coufiskdl}l4 @%fﬁi@rtﬁeé&%&i@m&f & FRRBHATIFFR @ 6‘?‘F§P é%%ﬁ%io usi ng
net wor k |rc1:%%r ce 1340. Wth such a network interface, is contenpl at ed

that the m ght receive information from t he netvvork, or m ght out put
i nf or nigk i or[l)(ua] t heCREtI@2 ks also towpled toua vaiaty Of)mpﬁmutwtgiewh‘es abdves descri bed

met hod steps e re od 20 odi of e prese i nvention
my execut ‘Sglﬂye %PU‘ %g%%ﬁggfnwser@‘a &'%ge eerlé"?B Iﬁ F‘;tl(» uch as the
I nternet im6e0i ﬂ@ﬁé\ﬁ&: Hda%rrbeaan&%fobﬁle@laﬁpldﬁt trackl G118 Smicep REFHoRIUsOf t he
processing. [0023] In addition, enbodi ments of the present invention

further reltwphenesciongsesitivehispipyspiransdeacs condiTradsrss ISOLHS O RARERDI e
medi um t hamhaﬁ%ﬁ EQTRUNEL, s6RuE0ICokD L C A i RCH LAY, Al

conput er - i ed operatl ons nedi'a an onpufter e may&be t hose
speci @i y desleghed ot @waisitdrsicCRU {392 bﬂ)‘tmnamultmsbes cmflpledleao pmelshennt
invention, or they may be of the kind \ge known and avaﬁ) 0 those
havi ng ski CPMPREE 98 t‘é‘S‘?PﬂWPEFw%tHF’tSWO psing pebnork dterfyce @p L r eadabl e

medi a i ncl ydg, dab bR ﬂl%rfécb it gd aoﬁterﬂms@ttha pRdicpis uﬁfghasfeg&véﬂar d

di sks, floppy s, and magnetic tape; optical nedia such as CD-ROMs and
hol ogr aphi énfdevatiesfroneln ectsvorkptdronightreapat infarmatien fd dystricbwdrkdndhkss: and
har dwar e course of performing the above-described method steps. Furthermore, method
20 embodiments of the present invention may execute solely upon CPU 1322 or may
execute over a network such as the Internet in conjunction with a remote CPU that
shares a portion of the processing.
[0023] In addition, embodiments of the present invention further relate to
computer storage products with a computer-readable medium that have computer
25 code thereon for performing various computer-implemented operations. The
media and computer code may be those specially designed and constructed for the
purposes of the present invention, or they may be of the kind well known and
available to those having skill in the computer software arts. Examples of
computer-readable media include, but are not limited to: magnetic media such as
30 hard disks, floppy disks, and 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 execute program code, such as

application-specific integrated circuits (ASICs), programmable logic devices
6




devices that are specially configured to store and execute program code,
such as application-specific integrated circuits (ASICs), programmble
| ogic devices 6 (PLDs) and ROM and RAM devi ces. Exanpl es of conputer code
i ncl ude nachi ne code, such as produced by a conpiler, and files containing

hi gher | ev Odfid LG 38 WeStteDY FERufiPIEP WeLotFhiBl ol liflIAPT et er .
ala%% e ﬁ‘éﬁg @r ?‘5 Ey a

Conmputer r nmedi a nmay 0 be conput code transmitte

conput er dataahBiegodé, sobasipediubed by a coampiles anddiles amtkiniep hégenidvel a
sequence of instructions that are executable by a processor. 24] The
PARC 224 2896 Mel @i 3iFouisd b & CRPRHh USHE DpBIREECLE SPMRS TS | s mmy

be done by gysiiGaRakkb %@Ebﬂﬁuﬁpéﬁd%itﬁhé}ﬁitﬁﬁ%gr adoRpuits dﬂtafsiﬁx:ﬁl' SRB6QN. such
as a CF4 based etth gas which is forned info a plasna, is single CF4
based 3510 én etvamiy wayveumddepssantiog atssqicnch of Bryroctow thaidare ekerut 220.

[ 0025] Featbures vere etched into the OPL 216 (step 126). FIG 3 is a nore
det ai | ed f 8% RSP of a nore step of etching features into the OPL used in
a preferrggoaybodrheBARI 20hand B¥i@dichp 220 pR0&6hedParfdBpeatd (stes24)as

provi ded igtg the interior 404 of the chanmber (step 15 308). Preferably,
the O et diigisgnay badope by usigge Buorgre@nkining §as. Heh a3 pflugtncartose  and a
m Xt ure consl;stJ 0 : r CRhi ] i 2 and 03
free. A pl ggﬁ;ﬁ% d&%‘éﬁ’?&%@ﬁ%%"? E%ﬁg%%&’ferﬁ%ﬁﬁag%rsn '(stlgtsﬁlg’]lz; .“?ﬁﬁegn exanpl e
reci pel0 a ptohyaay ke wied 1@ctofl doth the BAREY22¥eghd B0d: sdptX28. at 60MHz is provi ded.

pover 20 cAMER 1 o Phsier e EAHEW HEGSSL B A4HP ueth Bl B RO hoer 1o

etch the Oetailed A4/ LhaMI 8P al MBreCéte oPferdnitfy FRturd G WP OPL Cuse@SinShown i n
FIG 2C, the CO2 etch gas is stopped (step 316). In this exanple, the

phot or esi stprefaséd embodiBaROdheineenttomd away during the etch of the OPL. In

the preferr nmbodi nent .. during th tch, .al frth ot oresi st mask
228 and BA 4 igﬁﬁﬁ@agﬁs w rg@g%%&gﬁmn%@%g th%gllag‘b b 55°R | |
remai ngue 30g). PPy, ARE Q08 efth ghhR a@lﬁéﬁﬁrﬁﬁf%ﬁr&ﬁi&ﬁb%ﬂiaﬁﬁ\ﬁ&e @bich are

S

simlar to OPL |ayer. The_ oxide cap 220 acts as a_new mask_ |ayer for OPL
etch. Duri igd@reixape cepssfinggeC@rnd §O0Prhergfore His GPastch gagischeandvay, so

el p pr ovent Fan ARl Bt BoRfi 0| S HBIGRA o) Mot Sl T T o &

di el ectri c redyera @éGureseind mTorr is provided. 800 Watts at 60MHz is provided. A

CQO, etch gas consisting essentially of 150 sccm CO, is provided. The RF power

20 converts the CO; etch gas into a plasma with sufficient power to etch the OPL.
[0027] When the etch of the OPL was complete, as shown in FIG. 2C, the
CO; etch gas is stopped (step 316). In this example, the photoresist mask and
BARC are etched away during the etch of the OPL, In the preferred embodiment,
during the OPL etch, all of the photoresist mask 228 and BARC 224 is etched

25 away and only the oxide cap 220 will remain due to organic nature of the
photoresist mask and BARC, which are similar to OPL layer. The oxide cap 220
acts as a new mask layer for OPL etch. During the OPL etch some of the OPL in
the vias is etched away, so that some of the porous low-k dielectric is exposed.
This is preferred to help prevent fencing.

30 [0028] Features were etched into the porous low-k dielectric layer 210 using
the OPL 216 as an etéh mask (step 128), as shown in FIG. 2D. In the preferred
embodiment, the features etched into the porous low-k dielectric layer 210 are
trenches for the previously formed vias. An example recipe for this etch provides
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the OPL 216 as an etch mask (step 128), as shown in FIG 2D. In the
preferred enbodinent, the features etched into the porous lowk dielectric
| ayer 210 are trenches for the previously forned vial. An exanple recipe
for this etch provides 7 a pressure of 80 niforr. 400 Watts at 60MHz is

provi ded. A pRENUS of B0+ ITofH eher Wit &t 60MURSIs GREVHES! NY pbedlissieamk CF4 and
50 seem CHF3 is provided. It _ should be noted that the porous |owk

di el ect ri ¢ dirledirigaichiges ¢pmpeisiagt! SPrsepmt Gl a@H S0 éqcahcéﬁs is gravidedt He por ous
lowk di el eghr %c%fr:frsg tgaQ%éjfo%u@@ 8@? il e%hg AtrSR P lhetrf? and CO
mxture. In 0 er e Men her “f1Uorine a|n|n

g gases " are used to

et ch the peichugis) sineekhelpetoas lavi-k.didieatec gehgaatldae)s nohabrmmnfo@mbﬁﬂ‘:m ng gases
are used to etch the éorous | ow k di ei)e tric I During, this step, the

oxi de cap [94¢drO1 adLPHB WEain ofhghegbo w&n@p@t uqrﬁ]@rpog RS 8F st ep
132), as Swgse'drlo ckc(ﬁ]‘ gordﬁs%kéxglesﬁ’i@t% erg%n&%ﬁ%,)nf?éf%é%ﬂesu 11:1] strip

the OPL. Th arrier was opened step 1 dual
damascene ghasascare meediitd htciuths pRichisdnet k deaiies 1356 Dmmgft&nsnﬂcp thher e t he
trenches 256. re etchgeﬁ the OPL as a nask. The substrate is then
removed fr S ép«lﬁy@ﬁls ﬂ’r‘?‘ﬁ@?’% Y1n this enbodi ment the same etch chanber is

used for GHOM 919 t1PRe @?@%@@&eﬁ%ﬁ%e&%ﬁep @%@hhﬁ%&ﬁﬁ%'meh cép etching

the lowk dielectric layer, strippingt openi ng the barrier
| ayer . lq 003QNtaMnGH gasamay be @@@%mrlnélnﬁs@ah ri@ledmlmrslamv@% Waseopssed i ¢ | ayer

to b Jarmge i RNehiiGLCRRS dabiie ok YRIAGe o BhEDLPLERRRLSS BSE o7 Med o

the | owk r'ic o conp ruc ure was not

known whi chvastfefme) v&&btfsﬂfé tfdmehés%kwd‘e@t@ﬁﬂ fusing | thy @PLA@@gRsk.| The S
bel i eved that it moEId not he = ObVIOUﬁ that this damage i s caused during
the OPL et GHDSIRieLS; there Frmeyed Jsws tesopich shambs. (Indhissmbasimensithe &%hant s t hat

woul d dama t during
the Oyt cich (R Sifed AivclMahe ARG ang BYBE calk ey e OHTORSE, O O
sever al5 pr etchingethe RYv-knbddetmedasr, Bﬂm@pmganhe @PL,emai opersng i bfrrieat i ons,

pernut at i Oﬁs and various substitute equivalents, which fall within the
scope of t ?%e invention. It should also be noted that there are many

al ternati vqoosls OPribrTRHepmBBisiadcidisd TR ?@dﬁlsalad; -k aRflBEiAL Uaps of bé he
e

present invention. It is therefore intended that the follown appended
clai ms be idameggsh athich mesreaprs thekriglus | Seyaeh steps acaerfonsed awéhieflowdt | ons,

dielectric layer to complete the structure, so that it was not known which step
20 caused the low-k dielectric layer damage. It is believed that it would not be
obvious that this damage is caused during the OPL etch. The invention uses CO,
to etch the OPL to avoid etchants that would damage the porous low-k dieleciric
layer, which is exposed during the OPL etch.
[0031] While this invention has been described in terms of several preferred
25 embodiments, there are alterations, modifications, permutations, and various
substitute equivalents, which fall within the scope of this invention. It should also
be noted that there are many alternative ways of implementing the methods and
apparatuses of the present invention. It is therefore intended that the following
appended claims be interpreted as including all such alterations, modifications,
30 permutations, and various substitute cquivalents as fall within the true spirit and

scope of the present invention.




30 pernmutations, and various substitute equivalents as fall within the true
spirit and scope of the present invention. 8 CLAIMS What is clained is:

1. A nethod of form ng dual damascene features in a porous |owk dielectric
5 layer, conprising: formng vias in the porous lowk dielectric |ayer;
form ng an organic planarization |ayer over the porous lowk dielectric

| ayer, wherein the organic layer fills the vias; form ng a photoresist mask
over the organic planarization | aye€i.AINIS etching features into the organic
pl anari zati I,az/er conprising; providing a CO2 containing etch gas; and
formng a AClpiRAf Bhe C2 containing etch gas, which etches the

organi ¢ pl gnari zatefddl R Y& ming i) dABadceROfRRRed I aGotdlR 19QLOMSleb@it K
dielectric layer using the organic 15 planarization |ayer as a mask; and
stri ppihg tdper.mogwmisingpl anari zation | ayer. 2. The nethod, as recited in

claim1, wherein the CO2.cqgntaini t a consists essentially of CO2
and CO. 3. The E@WB@IY“&%H é:‘lof%l&qﬁg‘ﬁﬁ(c‘ﬁgf:%{lg}ay\fﬁerei n the etching features

into the 20 | oVbknidls @h 8fdahictplhryigsticioaericyesthp porudiavg-kalide@tiect ri c etch
gas that is different. fromthe CO2 containing gas. 4. The nethod, as
recited inlaYesiwheeingprorgpmicdayer BHeHiedpsf eat ures into the lowk dielectric

| ayer conprises fgﬁﬁ%gi};’ﬂ%ﬁ Osfslt H’B]El% ggerqg‘g%[@?m%}%g&q%tﬁggaye}.r ansform ng the

fluori ne containing a plasma. ds recited in
claim®y furt heretehimglchistaadntouhd deganic pimpaiisitiog:layef comprgingn oxi de cap | ayer
over the organic planari,zation. |layer;, and, formng a BARC over the oxide
cap | ayer, wherein tt%o‘ﬁéﬂé‘gé‘r qg%twgge‘cggag&pﬁed over the BARC. 6. The

method, as recited i ffoﬁ+iﬁ'g Poasrdaitdd Be COMPthiAG cRAYALNGhidh BRAs er 30
| ayer bel ow the porous oWk dielectric layer. 7. The method, as recited in
cl ai m 6, f uhe brganic plgmeaiizdtiog latechi ng features into

etching trenches into the porous low-k dielectric layer using the organic

15 planarization layer as a mask; and
stripping the organic planarization layer.

2. The method, as recited in claim 1, wherein the CO; containing etch gas
consists essentially of CO, and CO.
3. The method, as recited in claim 2, wherein the etching features into the

20 low-k dielectric layer comprises providing a dielectric etch gas that is different

from the CO; containing gas.

4, The method, as recited in claim 2, wherein the etching features into the
low-k dielectric layer comprises providing a fluorine containing gas and
transforming the fluorine containing gas into a plasma.

25 5. The method, as recited in claim 4, further comprising further comprising:
forming an oxide cap layer over the organic planarization layer; and
forming a BARC over the oxide cap layer, wherein the photoresist mask is

formed over the BARC.
6. The method, as recited in claim 5, further comprising opening a barrier

30 layer below the porous low-k dielectric layer.

7. The method, as recited in claim 6, further comprising etching features into
the BARC and oxide cap layer in a single step before etching features into the
organic planarization layer, comprising:

9




t he BARC and oxide cap layer in a single step before etching features into
the organic planarization |ayer, conprising: 9 providing a fluorine

contai ning gas; and transform ng the fluorine containing gas into a plasna.
8. The method, as recited in claim1, wherein the CO2 containing etch gas

consi sts essenti ‘Jia’ingfafﬁ%neéo[%aini-ﬁ%egag%BOd, as recited in claims,
€

wherein the etching features Into t Towk dielectric |ayer conprises
provi di ng a di elteosfoimingtthhilgmmetchntaiing gasfih@raplesmd.r om t he CO2 cont ai ni ng

gas. 10. The nethod s.recited. in.claima8, erein the etching features
Pto the Bow ik 1 ol pEreligtin ufpPidsteip e fRpaifrB SR cont ai i ng
gas and 10 cbhasstaemddy dfite.f | uorine containing gas into a plasma. 11. The
met hod, as recited in claim10, further conprising further conprising:

; ormi ngd an exi dd’heapethed, as regitet intdhaimof, yeherain theagielring featuses intpyibe; and
i A i h i . | wher ej h I K i
for med overo P tiaet P Y5 e BB SRR AL Mol BB AR AIRRAY 100 e

conpri si ng fape e Acdifing gas.| ayer bel ow the porous lowk dielectric
| ayer. 13. The method, as recited in claim12, further conprising etching

features ilfto tIme naked, anepchsd melaips.veheesin the eching fraBues iglp Bef ore et ching
features i 3 I i 1 i.SkRgi 20 providing a

fluorine Cgﬁ?&%&g%aﬁég@{& g%rgi)l?grﬂég#s@g&rdﬁgﬁglutgﬁgé ﬁ%@@%é%%ﬁdt aining gas into

a pl astta. Idnsfoheingekdfichrirerssonmoiitgegasiintocd @lasmd. 3, wherein the et ching

features into t organi ¢ plaparizatjon | ayer renoves the BARC. 15. The
et hod. a6 Wec (0t T & Fieka Taore] @ Mt GPERTRGE CRENE FRSPITES the 25
porous |ow k di gh@ghp ft okid¥hp SN tHehRgihi¢ Blan&BRtiod Biyert A ML hod,  as
recited in claim1, wherein the etching features into the organic

pl anari zati on | dgmpingRFaSRE openthe okide kep layow khdiedn bephplordsiymask is7. A
nmet hod of f.ormng duyal scene features in a porous lowk dielectric
| ayer, conﬁgﬂqdnog':er %ﬁ Q“gﬁﬁiang vias in the porous |lowk dielectric |ayer;
15 12 The method, as recited in claim 11, further comprising opening a barrier
layer below the porous low-k dielectric layer.
13.  The method, as recited in claim 12, further comprising etching features
into the BARC and oxide cap layer in a single step before etching features into the
organic planarization layer, comprising:
20 providing a fluorine containing gas; and
transforming the fluorine containing gas into a plasma.
14.  The method, as recited in claim 13, wherein the etching features into the
organic planarization layer removes the BARC.
15. The method, as recited in claim 14, wherein the etching trenches into the
25 porous low-k dielectric layer removes the oxide cap.
16.  The method, as recited in claim 1, wherein the etching features into the
organic planarization layer exposes part of the low-k dielectric layer.
17. A method of forming dual damascene features in a porous low-k dielectric
layer, comprising:
30 forming vias in the porous low-k dielectric layer;
forming an organic planarization layer over the porous low-k dielectric
layer, wherein the organic layer fills the vias;
forming a photoresist mask over the organic planarization layer;
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form ng an organic planarization |ayer over the porous lowk dielectric

| ayer, wherein the organic layer fills the vias; form ng a photoresi st mask
over the organic planarization layer; 10 etching features into the organic
pl anari zation layer in a manner which exposes part of the lowk dielectric

llayer, without dRRRG Bauieenth 8 drgahie pREkrfIation lB)¥EIn a Bbsddr Mhidll enches into
the porous lowk di€lectric |ayer using the organic_ 5 planarization |ayer
as a mask; cspsespart piibadpwhdaidegrniayep vahant daaging thayesy-k digdectig appar at us
for form\rll\gatr_enches in a dielectric layer in which vias have been forned
and over Yeh an or gani c planarization |l ayer has been formed to fill the
vi as and form aefhiiparenchs isrthaperoay byw-widictdrtidnlagen ubtngothp prddARC, and 10
trench mask has been formed, conprising: a plasnma processing chanber,
conpri S ngpi@a%%%éﬁyemwn%lﬁrﬁgﬁg a pl asma processi ng chanber encl osure;

a substrate s : r i : rate wwthin the plasna
u up Qﬂ{p&)gfﬁgfl% glt%%gﬁ ﬁjl_érﬁﬁz@tw?ﬂgﬁér. W T ni p

processi ng chanbe o> a pressure regulator for regulating the
pressure i A8t he Apl apamtusgoniemsigigerchenibardidadtiofayerin which grs havne

| ect r od i di to th . i h |
o ot i temREne Sad R VA orfifie PLARTRBRIREE Bylien AT A S me " ©
processi ng geh@abgld ford aﬁ%ﬂ%ﬁ%&ﬂ Qirf-aPever vaash avbkiat cdnBRGamEt i ng gas from

t he plasma processing chanber enclosure; a gas source in fluid connection
wi th tKe gasnéningsk hasdepn farmed. comeprB®: gas source; and 25 a fluorine

our ce and the arirpnuOanane SRR HPERT Ui ng: Yar "oact one proceseor
and conputer readabl @ dkesibér, walDfoRigd aplasma processing chamber enclosure;
a substrate support for supporting a substrate within the plasma
processing chamber enclosure;
15 a pressure regulator for regulating the pressure in the plasma
processing chamber enclosure;
at least one electrode for providing power to the plasma processing
chamber enclosure for sustaining a plasma; |
a gas inlet for providing gas into the plasma processing chamber
20 enclosure; and
a gas outlet for exhausting gas from the plasma processing chamber
enclosure;
a gas source in fluid connection with the gas inlet, comprising:
a CO; gas source; and
25 a fluorine containing gas source; and
a controller controllably connected to the gas source and the at least one
electrode, comprising:
at least one processor; and
computer readable media, comprising:

30 computer readable code for etching the BARC and oxide

cap layer comprising;:
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30 conputer readable code for etching the BARC and oxide cap |ayer
conprising: 11 conputer readable code for providing fluorine containing
gas fromthe fluorine containing gas source into an interior of the plasna
processi ng chanber; conputer readable code for transformng the 5 fluorine

contai ning gas into a pl asma; aBfpeRIPUHSHle CORIRPbRVEARAE IlSinst OpPi Ng the
fluorine containing gas; conputer readabl e code tor etching the organic

pl anari zat wontahmy@gas fmnrﬂmfbmgle conaininggasspulce da bh anteieeoftley provi ding a
Cc2 contalnln , romt CO2 gas source; conputer readable code for
forming a g%ﬁﬁ??Sﬂng?@P cont ai ni ng gas; and computer readabl e code

for stoppi ng the CO2 15 cont aichinpited aidaisle dodofop ihasforngiagdatid e coded for
etching trenches into the _dielectric |ayer through the organic

pIanarliaiﬁbﬁ“ﬂ@?@ﬁmnwﬁdﬁﬁﬂﬁpﬁ@*ﬁnﬁeﬁﬁhter readabl e code for providing
fluorine containing gas fromt an{ Iu%é??é agbnggg&eafop%@g 99ShSAWER into an
& ng éh r: an %ng

interior of the 20 plasma proces uter readabl e code
for transfabmaingng fe; fluorine containing gas into a plasma. { 12

computer readable code for etching the organic
planarization layer, comprising:
10 computer readable code for providingra CO,
containing gas from the CO; gas source;
computer readable code for forming a plasma from
the CO; containing gas; and
computer readable code for stopping the CO,
15 containing gas; and
computer readable coded for etching trenches into the
dielectric layer through the organic planarization layer, comprising:
computer readable code for providing fluorine
containing gas from the fluorine containing gas source into an interior of the
20  plasma processing chamber; and
computer readable code for transforming the

fluorine containing gas into a plasma.
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