,e3etL6 TAT *16616G METHOD FOR ETCH NG LOW K DI ELECTRI CS BACKGROUND OF THE
INVENTICN 1. Field of the Invention The preﬂmmM”MWMMMﬂ"ﬁn pertains to a

net hod of etching low "k" dielectric materi od may be used for
patterned etching or for etchback applications. «ith&+nmet hod isggp cirCapar |y
useful for etching low k materials conprising at | east about percent by
wei ght of a polyneric material. Typically, the polyneric material is an °
organi ¢ based material. In addition, the nmethod may be used for the etching
of low k materials having an inorganic constituent which is susceptible to
a plasma conprising chlorine and oxygen species. 2. Brief Description of
t he Background Art In the field of senlconductor deV|ce fabrlcatlon it is
wel | recogni zed that as dEIHOBEOR [DlesLd 22)13: 8 u and
smal l er, RC del ay of |nterconnects becones a najor Ilnltlng factor for
device speed. There are two BACKGROURDCOPITHEINVENTFION on this problem
The i nterconnect conductor resistance is being reduced by the use of copper
and ot her coqd@g&gr b i | ower resistance (R) than al um num which has
been the indus conductive interconnect material. The second
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The first techhol ogy nown as nmascene tec I'nt

a typical proggsk Jdfar pRlyREHE niferfal "Ry bicalBY e SOlYrHEd §teH§l' lean%wbgédt he

conductive material for feature sizeS in'the rahge o ; m cron (um
lless woul d i riﬁétyﬁﬁ Ibhadlhsﬁ tHe RRSddi R4y wus%d@‘bxeth@e&mng omveklxﬁétenﬂélhéﬁﬁgl ng
of the *@G00002* o~T ~ dielectric material to form openings;

deposi tion ofananshgaﬁlussoamtb@n FtiEh Is3URepEtle to & pREGA LoMpridngEhibting andyer to
l'ine the openings; deposition of a copper |ayer onto the substrate in

sufficient thixggaessecied. fill the openings; and renoval of excessive
conductive materi al fronlthe substrate surface using chem cal - nechani ca
pol i shi ng ( CNR)BtieftDe frodnd Aqui res a patterned etching of the
dielectric naterlal The danascene process is described in detail by C

St ei nbruchel in " Patthefieldaf semicongdpetor davicerfabridation,at isvedlaktognigeddhat as
reactive ion etching and chem cal - nechani cal polishing", Appt |ed Surface
Sci ence 91 ( 1dryive fe@gre sizesalecrense to Sndor amrbsm@&n,rlb@ delpy ofintercontiertstheromed a/es
the patterned etch of the conductive COEP layer. In this technology, a
typi cal procemaiopdimiting fastosder drvirsspegdonthsre are tup preps v%@ﬂerfsloameat fpsysingan
substrate (tn&;call% a dielectric material having a barrier er on_its
surface); appibisgFeplsm. obheiniesconnaet cRPdNstoRdEUstAnge ‘&h‘?in%reﬂH’Eﬁdo‘?ye aseglier the

“and copper | AP ahy Heceong et el Iowetepiaace (G e L, Srich bl
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it is typical 'y necessary T e 0 eéxpose
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muifti -1 evel ﬁ&&é’ﬂﬁ@%&cﬁﬁﬁé&?&éﬁtﬁbﬁ‘tﬁ)‘{ﬂtﬂ% gdeaek dgw-di el ectric constant

i nsul at ors, a net hod maki ng the structures. In particul ar, the

dielectric por ti on 19frd 416 tWé hl&rhate SechRGIbRIES WhichyHRE ﬁse@fin tReVodh&loRcdfr i ¢
constant organic polyners used in conbination with |ayers of silicon

di oxi de. The pahRBhdSR6Cintdd@MntRStREaRs e The Fifdl @chndlogyiskhbWg asdgmasene
polymers as dielectrics, due to thermal stability problens and etching
difficulties. tédhmelogy, In this iecheidgy;, a ygtical preeksypforpadnstha thudtilewtl striuptyredac k
the organic low k dielectric material to expose t he upper surface of a
plurality of iusingreoppereastthd ¢andyctive material for feature sizes in the range of 0.25 micron

(um) or less would include: blanket deposition of a dielectric material; patterning of the
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~ 2 ACT 200d In particular, the etching is carried out using an oxygen

pl asma etch with a small anount of CF4 present. Low k dielectrics which are
‘recommended for use in the nethod are the pol ytetrafl uoroet hyb ne "Tefl on"
(a trademark of Du Pont Corporation); benzocycl obutene (BCB);! gam}TezﬁB;
polyi mi de; or other material having a dielectric constant |ess than 3.9.
Parylene is used in the preferred enbodinment. U S. Patent No. 5,565,384 to
Havemann, issued October | S, 1996, describes a self aligned via using | ow

perm L1 Vi ty aiceleRhiiefial Ml SMrRREThd o Miohbor GHEAbS b&ﬁa@ IdyeFEhd Bdieyce

capaci tance between adj acent co n a connection
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organi c-containing dielectric material, and using a high densi %y ol sea
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materi al redyapdirBuitd\ fufte R Bchid Yieh He@trﬁ:%&t%ﬂal?s'rﬁ@dﬁ{éﬁacﬁé 1%“55 tisne

preventing overetching due to either msalignment between t vi es an

patterned COQeleRbed f detil BYEYSRiTbPRMI RPPHHARIRSSE dopFer¥eri tor device.
The majority of the interllaly;yer dielectric is constrEE?ed from oxi de or

ot her conmon nftiAliAioh! ¢eacyiidé R RMISESR ARAACANSAMchhhiRAToREhiABY Alplea Sifate
characteristics. U S. Patent No. S,679,608 to Cheung et al., issued COCtober
21, 1997, di SeiencecHl (1995153 0f46a | ow di el ectric constant material, such as
benzocycl obut ene or a derivative thereof, as a spin on dielectric over a
met al i nt er conneciThe kompatitg echmilogyais baswdichl iavdlvesthe pasérmsd ewhioftheal is
defined as one having a dielectric constant which is I ess than that of

si | i con di oxicdrducties sopgeainyabdutthi$ téhnolBg, atypldat pdocess wauld énclude deposition
PCT/ DE96/ 02108 of Lauterbach et al. describes a vertically integrated

- sem conduct orof acopmandayter on awksitdd substrato(tppicaliy a glelacaic materipk ludingealbarrier

di fferent substrates and connected by a connection |ayer of a 2 D CT 2002
benzocycl obutlayee on arsindace);mpphicationod aphardmaskihgnatesiab mpd 8 phdtoresidievel the nma
etched using a plasma conprising CF4/QZ pl asma. German patent application
number DE 4434gper layet; pastern ¢iching phidie phptopdsistand orasidap matesial, and coppeydayer
descri bes the use of bisbenzocycl obutene as a spin on dielectric which can
be etched badisingdvet,os@eretsh teshaigues; eud denosition of gidigleqiricmaterish exer the aufage
Inorganic low k dielectric terials for, use in_mufti-layered,circuits.for
i gh densi ty Al BAFHRAC PR JEeriaPFOVIde inplatin o6 CRIYRAYe ks and epyiacis yhich

e o ocB SR aDOR N SRR RSl DBl 825 LB e,
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adj acent underlying-layer may not be acceptable.” For exanple, by the tine
the | ow k di eli3glafors; ahd¥Shethsd F flARbhg tROstHibRES. Vinhrticulal, theslelécqHe Pofidn of
silicon dioxide and silicon nitride) may be gone. Further, the presence of
resi dual et chtjersagetase includes lagers 6f lowedisietiriza@nsthntt drgarié poigrheksowsed in
dielectric filmin an anount which exceeds about 5 atomc %of the film
surface conposéombination withdayepyafisilaon dioxide SEecpatent dpscribestheipnotdemairihorent | t
woul d be highly advantageous to have a nethod for etching organic-based
(and in sone imedisnemgsnicyoksans s ditleviriks,diue te ttermel statilityipaoltlemp and etshisoy s
a chem stry which does not suffer fromthe deficiencies described above,
with referencdiffioultine Hpwever,the inventos hasdeyelopad a sneghodafetching back 1he greapic
etch chemstry is suitable for etching a nunber of_ different, kinds qf. | ow k
material s; exHPWkidiclectrie gitesiabip sxppse ‘ggmﬂréwfﬁm apuraitRigptTeoppRtt lipes
exhi bits high selectivity for the low k naterial relative to adjacent
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and rnitrides; provides a good etch profile and critical dinension control;
produces m ninal em ssion gases; and is low in cost. SUMVARY OF THE

| NVENTI ON The present invention pertains to sem conductor processing, and
to a method for plasma etching of |ow dielectric constant (1o R)0CT 2002
materials, particularly polymeric-based |low k materials. The pol ynmer-based
materials may conprise silicon or fluorine or a conbination thereof.
Preferably the polynmeric low k materials contain | ess than about 10 atom c
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|Br, BrCl, ogen nta. oun a Cl 3, CHA 3
bofadi R TehGP GIRRRHA QLiSpOR ChipariBn)s
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affecting the, ﬁs%n?tléés?r%ﬂ ff‘é ﬁfr%ie\ﬁgnseés%d% gxe'b?eanQ(fS%%o&%%e%S) The source

of oxygen species in asnma na € oxygen-conpri sing

conpounds |1 sted quvleatcrﬂl]loo% 569@84%’%\:% 1s§§é—ﬁ)§ictc{ﬂ%91%w%6 R3erideQ: o

a conbi nation thereof on g a¥ the conbi ndti on al"ogen-"conpri si ng

material and El'?%h %Quﬁﬁ%ﬁ’&b gtﬁmu &fidl méo R Bgﬁﬁpt t#afh.ac&attmedm

i npracti cal manner en t urce Ses rise

chlorine, t?téatsw@a atadce%@eeaa@ah@ﬁeoﬁ&tcw@h a%hﬂétn%t%epwxgé%&embgou t

vol unetric (f owrat ratio of th ogen gas oxygen ra roma

1: 20 to ab%mc%@ngth% vid\iRMudeH e AURE Bf Hértioﬂt%l? SPpAieARdicOnductors
hal ogen- corrprl si ng conmpound, the atom c ratio or "hal ogen . oxygen ranges

from about 1 witl?sh ét(gaﬁ@-fwhtaﬁﬁn§ délechﬁﬁatEﬂ@l (ANCOSIBnAISS 008 pfel)) forming an
preferably, the atomc ratio | ori ne to oxygen ranges from about 1 : 10

to about 5 : jhorganibdleddyrié a@er O\Qr &&r@&@&h@tx@m;&e&eﬁtmmﬁa& ddrusirpen high K
mat eri al over adjacent oxygen-conprising or nitrogenconprising layers is
advant ageous.dehkiey plasthareoriprisisgflgadcarbynsiorteh the sillidoh divxidedwhilcgmad t o

i nprove selectivity for the low k dielectric over an adjacent nmaterial or
to provi de a dpptdciablyedtchiing tief organiccontaimimpgitlectridhmaterdaldiThe\oegapirsamtaining
present, the conbination of such gases is typically |less than about 15

vol unet ri c pematerisl reduceh thetdsiicke cppacitanceswhitecaetigg as an piehystop-peenpitag of

addi tives which may be conbined with the major plasma source gases are N2,
H2, CxHY ( \Ahecv\metcmsg dyetocitheymisglignment betwrsn thedvias and thepattomed epridpcloss or
than about 8), CF, and NF3,, with the additive being selected to be

conpat i bl e wi ¥EVemOPAEIApHY® ACTOSHhe F@pwgnmr&ﬁyﬁeni% m?w% theyiglerlayedour ce
gases of the&‘ d descri bed ove. .Nobl e gases su

argon, krypt ofelegiig 1&&9{5@%&@ B Srifieor QbEF ommeR it %&GWV;Q}BF*&&?SF?}S eopdbeatch
rate for the ow k diel ectr materi.al using a chlorine/oxygen conprising
pl asma source |a§d§'lr“‘fct§’§L%%H Stgs.000 /nin. This etch rate is expect ed

depend ﬁg‘)gﬁ“oé herﬁ%ei’sﬁﬁﬁff’oé@&kﬁ% [ ot A RER Chrdoer 2L 907, AR
for the |ow kth%I %L 8?£ fd»& dmaecﬁ'[ddao stQXtelrg tgﬁﬂlaglcﬁ%g%gﬁ&o%ggl%b ene or a derivative

nit rogen- COI’TpI’I SI ng Suc or an ent ayer O

oxygen- conpr | &kg@tfan@l& %gh%eatefebu Rvet #tnetal idbreh ?~o§£t?t°'f*9f a lobv dibfteftic

selectivity is n the asnma specl es oxygen atom c

ratio ranges houambakrialis deﬁ‘{»lea 85 &mmvu& a dlétec@e%ﬂ&hﬂtgmah 2 1bRthat RENGE

process paranmeters. CGenerally, the low k dielectric material is patterned
usi ng an overIsmcagdmtdeq[dggﬂﬂnab@md;o)nask whi ch corrprl ses a material such
as silicon nitride or silicon dioxide. The pattern in the hard mask is
frequently gener at @CTugpligationiumites POTYDE6/02 Hignef Lavsérbaches al. dbseribesa k
dielectric material is patterned using a conbination of a hard mask and a
phot or esi st. Wesivaliyintqgrateé serhicgndimtat cosrplenéntn wiiinh the compeneat PIANGHEre g

fl uorineconprising plasma source gas may be used for patterning of the hard
mask, fol | owedrednuceden diffesent sehsirries and eennseted bi@ qonaestiondaysr 66 gas for
transferrl ng the pattern through 6 ,D2 fICT 200Z the low k dielectric

| ayer. \When the patterning mask consists of materials which can be

uni formy etched (within 10 %or less variagion in surface height across a
waf er surface) at an etch rate of at |east about | ,000 /mn. using the
chl orine/ oxygen conprising gas, it is preferred to avoid the use of a

fl uori ne-conprising gas source for formng the etch plasma. BRI EF

DESCRI PTI ON OF THE DRAW NGS Figure 1 shows a schematic of a preferred
enbodl rrent pI asma pr oce55| ng appar at us of the kind which can be used to




herein. Figure 2 A shows the etch rate of benzocycl obutene (BCB) as a
function of the volunetric (flowrate) ratio of the chlorine : oxygen
bl asma source gases. Figure 2B shows the substrate surface et Et
non-uniformty for BCB as a function of the flowrate ratio oﬁ ﬂgrgﬁporine
oxygen plasma source gases. Figure 3A shows the BCB etch rate as a
function of the RF Bias Power. Figure 3B shows the substrate surface etch
non-uniformty for BCB as a function of the RF Bias Power. Figure 4A shows
the BCB etch rate as a function of the RF Source Power. Figure 4B shows the

substrat e subtzEpeydobiienonVanddsorginiy-cbmpriBiop laeraart uaidito ba pfmh keh&Fusing
Source Power. 7 .0 2 D CT 2002 Figure 5 shows a three dinensional

substrat e suafphasenasmomgrsingCFg0o, plaB@B. sur f ace etched with a chl ori ne/ oxygen
pl asma source gas where the ratio of chlorine to oxygen was too | ow.

(Despi t e i nadequatGerman patentappicaliohnumberddE 448948CRA |, dfiLaurtshppublished®ngas
works well with sone other low k dielectric materials which do not contain

silicon.) Fi Gepentbér 29\d 998, éesctibstthouse tfbistendocyelbutenaks s ypintonalieedttic f ace
schematic for a BCB surface etched with a chlorine/ oxygen plasnma source gas
wher e t he rawhicloéandi® ascliedeback toryppse awasdustive elemeat tdingg ICR, Hemsat plhsniat e at
the purping port SILgrega!?i]; lé\?ﬁ( ﬁ[al%gt?‘iscsmftgrziiar{isj (t?orr uvsvg?n t?xulltg-i[at lereedsclirgl\:ﬁrf)oi high
\4 g
density semiconductor applications are also known. Generally such materials comprise
lead-free amorphous borosilicate glass.

The plasma etching processes described above have included the presence of a
fluorine-containing component in the plasma source gas. However, the use of fluorine-
comprising etchants is harmful to the environment. Further, when fluorocarbon etchants
are used,. there is typically a large amount of polymer deposition on device surfaces. In
some applications, there is a silicon dioxide layer (or other layer which is readily etched
by fluorine) underlying the low k dielectric material. If fluorine is used to etch the low k
dielectric, the etch selectivity for the low k dielectric over an adjacent underlying layer
ﬂuay not be acceptable. For example, by the time the low k dielectric layer is etched, an
underlying hard mask (such as silicon dioxide and silicon nitride) may be gone. Further,
thé presence of residual etch process fluorine on the surface of the etched low k dielectric
film in an amount which exceeds about 5 atomic % of the film surface composition
creates problems in subsequent process integration.

It would be highly advantageous to have a method for etching organic-based (and
in some instances inorganic) low k dielectric materials which employs a chemistry which
does not suffer from the deficiencies described above with reference to the fluorine-
comprising plasma etchants. Preferably the etch chemistry is suitable for etching a
number of different kinds of low k materials; exhibits a high etch rate (greater than about

8,000 A/min); exhibits high selectivity for the low k material relative to adjacent oxides



Fi gures 7A through 7C show etch rate, and etch rate non-uniformty across a
wafer surface, for SILK |low k dielectric material as a function of various
etch process variables. Figures 7D through 7F show etch rate selectivity
for SILK low k dielectric material over Silicon D oxide, as g2igeren of
vari ous etch process variables. Figures 8A through 8C show etch rate, and
etch rate non-uniformty across a wafer surface, for FLARE 2.0 |ow k
dielectric material as a function of various etch process vari abl es.

Fi gures 8D t hrqugh 8F shqw etch rate selectivity for FLARE 2.0 | ow k

di ol ectric mAPQMECesEPVIdes 2 8 HrbRTEe anderiichl gimengian gentaly producest ch
process variabl es. Figures 9A through,9C show a schematic of a BCB
substrate andMRUBRIRIBISTPRH G i%‘ﬁ("b?%bressi ng through a series of
process steps in the pattern etching of the BCB 8 ,a .~ ~~T u~a
substrate. Figure 10 A shows a schematic which is representative of a

phot om crograph of the pattern f BCB 0.2S u dense trenches at the
waf er center. Figure 1 OB shomsgﬁ%Mmewﬁ%Tmresent ative of a
phot om crograph of_the patterned etch of an,isqlated BCR 0.25 u trench_ at
the wafer center. ﬁeggpgeniinvgngg\%peﬁag%tgﬁﬁﬁcgn R prpeessipg, addpaanetied o a
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1 and the selectivity'rTor the low k diefectric material over an adjacent

| ayer of Oxyggigmeefmrﬂlﬁr%gnﬁb@dgm $,, Rt Imasiciaboahalden-cohtaifing koM @addﬁe

equi pnent use or etc e preferred enbodi nent naterials deScri

herein was a gRAaGYMIEK BYIR2SFICIS THL,, O}, @,H,CIL,¢,2HCH! SiCI PHBeSHBY Syst em

ot her kinds of etch processing equi pnent where the pllasma i s generated
t hrough i nducCLN MOy [l ITHD, CRIFNOL tdrdeofditikibil thepsof Wiiciduts n6OkeAttiing, or

conbi nati ons thereof ,
harmful or impractical manner (wherein impractical means that an adverse reaction
affecting the safety and effcct‘iveness of the process occurs). The source of oxygen
species in the etch plasma may be one of the oxygen-comprising compounds listed
above, or O,, CO, CO,, CH,0, C;H;0, N,0, NO,, O; H;0, ora combination thereof, so
long as the combination of the halogen-comprising material and the oxygen-comprising
material does not react in a harmful or impractical manner.

When the source gases for the etch plasma comprise chlorine, or bromine, or
iodine gas used in combination with oxygen, the volumetric (flow rate) ratio of the
halogen gas : oxygen ranges from about 1 : 20 to about 20 : 1. When the source of the
halogen species is a halogen-comprising compound, the atomic ratio of halogen : oxygen

ranges from about 1 : 20 to about 20 : 1. When the halogen is chlorine, preferably, the

atomic ratio of chlorine to oxygen ranges from about 1 : 10 to about 5 : 1, whereby the



9 O 2 OCT 2002 can be,used as well. Some exanples of preferred equi pnent
lnclude: A process chanber having an internal device |ocated above the
substrate surface, which device assists in plasna generation through

i nductive coupling; a process chanber which is supplied withga gé¢rrege from
a renotel y-generated source; a process chanber having a device |ocated
external to the chanber which assists in plasm generation through

i nductive coupling; and a process chanmber which utilizes a parallel plate
devi ce which assists in plasma generation through capacitive coupling. I.
DEFI NI TI ONS pish selpetisritycior the lowd miateripll avdr aldiseent pxygen;contprisingdrchitregenet ed
that, as used in this specification and the appended clains, the singular
forms "a", "eemprizingllayetsds advaptagdeuspl ural referents, unless the context
clearly dictates otherw se. Thus, for exanple, the term"a sem conductor"”

i ncl udes a vari et Thoplaginafseurse gasmay conthis adtitivhs desigrieddommpmoveaelectiviey for
behavi oral characteristics of a sem conductor, reference to "a conductive
mat eri al " i ntHeldwk dieleatric oyardn adjarenhmateriebmpe proyidas bettenetch profite, forr i di um
rubi dium and conbinations and alloys thereof, as well as other conductive
mat eri al s whexamplouWhepadditive gases arepresrat,shptorsbination ofsichighssd is Spémili c
term nol ogy of particular inportance to the description of the present

i nvention i slegethapahowel Sovplumetaicipsraent ofdho totel elasplasonrceaas sepply o Examples ofis
used herein refers to a plasma etch apparatus with separate controls for
the inducti veddiBven whigh srayrae combaned itk the pnajprplpsma seiieq gases preablod s 6ad; t y
{source power) and the bias power which primarjly controls ion bonbardnent
energy of th&WRSIB&tis b)tpécaélﬁj?séé@“ about 3 andyy 15 typicallptess trapbout)ncF aland Nfas,

trenches and qpepings..in a dielectric |ayer, and other structures which
make up the %@&BF VVBPC‘PﬁégiE‘i}B‘iﬂl%ﬁcé’@ﬁF‘MSd@Fh the halpgencomprisingandy of er s

h [ f th L I f f 1 2 2002 T
term ~1 on boPBM T APLISIE WPTog SPUFTHBiSEn 74 b BOSkSThed 2Py NoWG ERsHche
ions are accel cﬁr@t ed etoward he tsurf ce b% el eftkiec %4 elagl?gti n the vicinity
of the surfad®@"EXPBSLEE™ FEY™ Ry ANFAENENAY 5B RPBSTH BB refers to

terial havi I f. Sili .di oxj.de. = 4.0j.
The term * pol ymor 1Pkl Sinites PRy kofeqti Balerfal Uyt S¥hichup bagacn.
havi I G f % b '
o s | of SomiprSing WRARGycS'eall 4 RS BROK b0 R VTHELERage 1 B

equal nunber gf , PASHI VskyRBllaRRER Y SaRhRY BE5: atBic 1RLb tPhotPER, BLNSHIHRHEbET

of non
other plasma process parameters. Preferably the selectivity for the low k dielectric

material over an adjacent layer of nitrogen-comprising material such as Si;N, or an
adjacent layer of oxygen-comprising material such as SiQ, is at least about 10 : 1. This
selectivity is obtained when the plasma species halogen : oxygen atomic ratio ranges
from about 1 : 10 to about 5 : 1, depending on other plasma process parameters.
Generally, the low k dielectric material is patterned using an overlying patterning
"hard" mask which comprises a material such as silicon nitride or silicon dioxide. The
pattern in the hard mask is frequently generated using a photoresist. In some instances,
the low k dielectric material is patterned using a combination of a hard mask and a
photoresist. When the patterning hard mask includes silicon dioxide, a fluorine-
comprising plasma source gas may be used for patterning of the hard mask, followed by

the chlorine/oxygen-comprising plasma source gas for transferring the pattern through



ioni zed gas species. The term"selectivity" is used to refer to a) a ratio
of etch rates of two materials; and b)a condition achieved during etch when
etch rate of one material is increased in conparison with another material.
The term "source power"” refers to the power that is responsilfj 2 0T 2002
sustaining the plasma by providing a major portion of the energy to ionize
the neutral species in the chanber. The term "stack" or "etch stack" refers
to a collection of |ayers of different naterials deposited one over the-

ot her, at least a,pprtion, of ich are etched during an. etchi ng process.
The ter m * sUBEIPRKEREIFSER 1nfes " WORF L1 RAYCTORE At onaivs olgraeaals dgfnraase

pol ynmeric mat efi als nd oL he terials. af use jn the sem conductor
Pdtstry. Treosty eiBRE et ip B pfies vadiaBion 1Y Stz belenF &TaRar Vet Sre) n
cross-section of the f r xhi b ide wal l,s ich, are perpendicular to
Che.surf ace BrintiRtediat fashabPl COUFARIAHES HichiRsig/cXyEeb Gufpngs Bas. i
profile"™ is one erein t wi dt f the cross-section qof fhe feature is
orger at ¢S PRPRELD Bidife bhe ot Rrariptcr s shaive o Brring BhEeh avay
fromthe surface. 11 0 2 OCT 2002 Il. AN APPARATUS FOR PRACTI CI NG THE

| NVENTI ON Th%hﬁP%ferred enbodi nent etch processes described herein were

carried out in a Centura Integrated Processing System available from
Applied Materials, Inc. of Santa Clara, California. The systemis shown and

d ibed in United Stat ; t i f which i
hg?g[:)ly i6ncloppo:“at gd byarg éﬁgﬁtsgﬁ‘ﬁiéég?m& p%@g@sngnger u!sgd :?1
t he EXAMPLES i Dol ] ' [Ty ' f th
et ch processor s an T abre i FhEmRagsLs pearaFintd o FopesllY D e
£ th o . . . . .
of the etc %étt%g&rtgﬁ 6%9%%&41198%&]% ad el ﬁ&rfﬁe @t@hﬁiﬁtﬁggég&sés%fm% udes a
f

process para e equl pment shown In schematic I I gure I nc
Decoupl ed PI Source (DPS) of the kind described by Yan Ye et al. at the
Proceedi ngs of the Eleventh International Synposium of Plasnma Processing,
May 7, 1996 and as published in the El ectrochem cal Society Proceedi ngs,

Vol une 96-12, pp. 222 - 233 (1996). The plasma processi ng chanber enabl es
the processing of Fagur82iNsidwis2RdetiitatélofB&BIZBEyIGHuBne (BB )REQGRAG dAbfaanber
10, as shown in Figure 1 A is constructed to include at | east one

i nductive coivbluaitited (fiove gdyeatio dhe ehlotine neglygxiphisimarsotittetdaseset ch process
chanber 10 and connected to a radio frequency (RF) power generator 18
(source power generator with a frequency tunable around 2 MHZ for i npedance
mat ching at different plasma conditions). Interior to the process chanber
is a substrate 14 Figyp@Btshpws detsabstfatasurfate etchtionhingfornity for3EBtasd functian RF
frequency power generator 22 (bias power generator of frequency fixed at
13.S6 MHZ) t of shegflowimate msiechfitheechierninehi oxy gae plasmi source gasgs.a conduct i ve
chanber wall 30 which serves as the electrical ground 34 for the offset

bi as whi ch accumul ates on the substrate 14 as a result of the RF power

applied to the substrate support_pedestal 16 The sem uctor substrate
14 is placed on tt‘%g'é'i?ﬁfbﬂpwﬁé%gﬁgl etatpralgas @@z@@%ﬁl‘m R pobver

Figure 3B shows the substrate surface etch non-uniformity for BCB as a function

of the RF Bias Power.
Figure 4A shows the BCB etch rate as a function of the RF Source Power.

Figure 4B shows the substrate surface etch non-uniformity for BCB asa function

of the RF Source Power.



12 .0 2 O CT 2002 conponents are fed into the process chanber through
entry ports 26. A plasma is ignited in process chanber 10 by applying RF
powers 18 and 22. Pressure interior to the etch process chanber 10 is
controll ed using a vacuum punp (not shown) and a throttle Vﬁ| V@c.g7 i tuated
bet ween process chanber 10 and the vacuum punp. The tenpera L?r he
surface of the etch chanber walls is controlled using |iquid-containing
conduits (not shown) which are located in the walls of the etch chanber 10.
The tenperature of the sem conductor substrate is controlled by stabilizing
the tenperature diigegs shopsarthregaliimensidonad sabstiataunfacheihematic fr a BCBIserface
channel s formed by the back of the substrate and grooves (not shown) on the
pedest al 16 etahefl adth a ghlerine/pxygendiasmassousesdzas ovifese iheiratin of dhéerinetto anygear
between the substrate and the pedestal. During the etch process, the
substrate swydsdeelow. (Respiteinadequatstpsdfoppandeevith saspect toB&Bs thisglasme aowrce
tenperature which is approximately 25 - 40 C higher than the substrate
support pl atges woskpeel mithsomeegtherdowdk dinlectiis materals svhidhndii nateostain sili¢on.)
estimated that the substrate surface tenperature was typically around 75 C
during nost of our experinents. The surface of the etching chanber 10 walls
was mai ntai ned at_about 80 C using the cooling conduits previously
described. 111. ENgwe@sagon g athrerdinonsieng) mbstatrsurfaon Feirmatis for
particul ar plasma etch chem stry has been denonstrated to provide

advant ages iaB¢Beusfage pishedwith achlpsine/axyzemplagmasewes gassvhasp the rgheef al
etching (denpnstrative of an etcggback techni que) and patterned etching for
feature siz&dlqrinetRoxygeywapbetter falthough the efehoftetibn RYPRING Portrils ofithh

chem stry is based on the use of chlorine and oxygen plasma species in
conbi nat i on. PrRFGRERmberayas? e slowet) ch selectivity over adjacent

materials, and excellent etch profile have been obtained. As previously
descri bed, the etching process was carried out in a 200 nm DPS Centura

Metal Etch system.. The .13 ~ 2002 cat h t enper at ure s set at
About 30 G, “whi oY MotetTs sy ith s e e B R U iRt o
tenperature 7 . . ] . gt ur i,k al I

el | um gas. adaie? Abfoe for STLK TR ABficto RGN Al eyl iEn BN GUTR MBLRS,
t he helium Wﬁ%ﬁiﬁse bet ween the cat hode and the substrate backsi de being
about 7 Torr. Four low k dielectric materials were evaluated in detail:

Di vi nyl si | oxane bis benzocycl obutene (BCB), which is avail able as
CYCLOTENE ~' fromthe Dow Chenical Co., Mdland, M chigan, and contains
about 5 atom c % §idur&Om u§bﬁéﬁ (3 'show%egéhath§ele!émyaféasmlcﬁ~kﬂm&ﬂ@ Dow

Chem cal Co., and is very sinmlar to , but does not contain silicon;
FLARE 2. 0" ~' mate®afbVeérBiBedn Divxide, hes filbic8bR bf faiRReRM prbeekdPdridldsoni C

Mat erials, Sunnyvale, California, which is a proprietary nmaterial and,
despite its nane, does not contain fluorine; and, Fluorinated polyinde,
FPI - 136M avail abl e from DuPont Conpany of WI m ngton, Del aware. The latter
two materials confFaguresn8A shrouglo8C shbwietahohate; and BEBratShonihiformidrierass@TM
and FPI are discussed in detail herein, there are nunmerous other |ow k

di el ectric nwtaferisatfecapfoFLARE 2k lvack ditlectribmiaterial asa funstion ¢favariousnetsh when
etched in accordance with the nethod of the present invention, using the
etch chemi st pyocgesvariabbas. herein. These other low k dielectric materials

i ncl ude Pol y(aryl ene)ethers; Poly(aryl ene)ether oxazol es; Fluorinated
poly(aryl ene)ethers (FLARE); Parylene-N, Paryl ene-F; Paryl ene-AF;

Paryl ene- AF4; Pol yi.m desg;. Pol t hal ene- N, Pol ynapht hal -~ . .
Per f | uor ocycl obut g"‘ﬁ%ﬂf&@i@éﬁ{"ﬂéﬁg@ég?wm?uaﬁeééfﬁv%g'w 2.0'low k dielectric
Pol yphenyl - Qui noxal i nes..{ PPQ\ : .Pol ybenzoxazal es; Pql.yvi ndane; . nor bor ene;
Pol Yot yr ane. rRRioa S Silven Hhond® sl ATUSARER B ons G SRS Sl "ol o o
materials. The four low k dielectric materials which were evaluated in
detail were etched as a single |ayer upon a thermal oxide substrate. The

thi ckness of the fkﬁgh%g ol tﬁrdr@fl@ti %Iovx)’@&h@&gﬂ& of QBQ@SH&SHQ@ and accomipafying ~2

EXAMPLE 1 Duri ng evel opnment of the proper etch chemstry, that i's, the
proper pl asmich stack progressing through a series of process steps in the pattern etching of the BCB



source gas content for etching BCB, the other process paraneters known to
have the greatest effect on etch rate were held constant. The total flow
rate of the plasm source gases was maintai ned at about 100 sccm The RF

pl asma source power was about 1200 W The bias power was about 200 W The
process chanber pressure was about 12 niT and the substrate %J?Wﬁwaten
(cathode) tenperature was mai ntained at about 30 C. The etch”Tine was
approximately 30 seconds. Table 1, below shows the etch rate results) and
the uniformty of etch rate across the BCB substrate surface, as a function
of the pl asmas¥sdtee gas content. Table 1 O Z (sccm@Z (sccm) NZ (sccn) CHF3
(sccmEtch Rate (A/mn.)1 Q (% 60406, 7004. 5760251 S6, 0003. 9260251

S6, 0004. 1660407004. 5280204007. 68 The data in Table 1 show clearly that the
best etch rate performance results for BCB were obtained when chlorine and
oxygen al one wer e higuge 56 A showslasshematiciwbish dgerepresertativesnd @i thiotamiofoghdphadf
CHF3 reduced the etch rate slightly, but resulted in an inprovenent in etch
rate uni f or m thg patiermed etQhé)féngOé’ébsdﬁ@ﬁéresdTCSat@ﬁ wafericgniekpect ed t hat the
addition of limted anobunts of NZ or CHF3 to the C z/QZ source gases would
assist in profile and critical dinmension control during the etching of
patterned substrates. The etch rate obtained for Oz/NZ chenm stry was
extremely |ow. Thi Figuze 1 @B ghows a schematic which is representative of a photomicrograph of

the patterned etch of an isolated BCB 0.25 yx trench at the wafer center.

Figure 11 shows a schematic which is representative of a photomicrograph of the

patterned etch of FPI 0.25 . dense trenches at the wafer center.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

A method is disclosed for the etching of low k materials, particularly polymeric-
based low k materials. The method employs plasma etching where the major etchant
species of the plasma comprise chlorine and oxygen. The plasma source gas may contain
additives designed to improve selectivity for the low k dielectric over an adjacent
material or to provide a better etch profile, for example. Preferably, the etch rate for the
low k dielectric material using the chlorine/oxygen comprising plasma source gas is at
least about 8,000 A/min. Preferably the selectivity for the low k dielectric material over
an adjacent layer of nitrogen-comprising material is at least about 10 : 1 and the
selectivity for the low k dielectric material over an adjacent layer of oxygen-comprising
material is at least about 10 : 1.

Although the equipment used for etching the preferred embodiment materials
described herein was a decoupled plasma source Centura ® Integrated Processing
System, other kinds of etch processing equipment where the plasma is generated through

inductive coupling or capacitive coupling or resonant coupling, or combinations thereof



D2 OCT 2002 surprising result, because dielectric etchers showed good
results using this chem stry. Upon further investigation, it was determ ned
that the good results obtained~using the O-INZ chem stry were actually

obt ai ned because of the presence of fluorine in the process CQZW he
fluorine was residual fluorine fromthe prior etch process us or the
hard mask openi ng process step. EXAMPLE 2 Based on the prelimnary data
shown in Table 1, an L4 orthogonal matrix was designed to | ook for trends
resulting fromthe change in critical process paraneters. In particular,

Fi gures 2A, 8# banbed/As steliw Sone efafmpids of preféreddl cquipmeartt idBdat A prdudtathambep
change in the Cl12 : 02 volunetric ratio of the plasma source gases; the

ef fect on et bavinghe irdérmal ddvigedecated sbvwe Rie BbstsatPeurdace] whichelesicb agsists én
support platen; and, the effect on etch rate of a change in the RF Source
Power to theplasmaganeratsipthroughahgucti@e coesingna progess duamber 2Bich3Bsupphidd 48th
show the non uniformty of the BCB etch rate as a function of the sane
process vari alplasma fram paembtebt-gencyitedsauedes ragproeest ohdmipethasingA deniteABeatédir ve
202 of Figure 2A shows the etch rate for BCB as a function of the

vol umetri c r axtemabfo B2 Zhambit which hesigd inplmsmmqenetiga shrodgieinductivercaupling;
shown in AAmn. on scale 204, and the C12 : OZ ratio is shown on scal e 208.
As is readi | gndpprocess chatritber which wiilidecca parsiéel iplat¢ devied whichasgstwirt plasmna
increase in the ratio, over the range evaluated. In addition, as will be

di scussed i ngemaratiatethagughlcapanitive ¢oaiphng.i o of Az : Oz nust be careful ly

bal anced for optimzing the etch rate of BCB relative to adjacent material s
such as substrate etch stops and barrier |layers. The variation in
uniformty of the etch rate over the substrate surface is show in Figure
2B. Scal e 214 shows the % of the 1 alvREEINIB®ONStandard variation based on

a 49 point neasurenent) .in the thickness, difference between the pre-etched
and post etched wd¥es prefaceitqt qﬂa@ crigtipmyihshouid %@%ﬁ]ﬁh@ﬁ 8¥¢d in thisch

i cally T odRtsBeatiRtnd mARPSF ek SISO e FBERIo EYERh Hhcat> 3nd he elpde

for "BOB. as. 5 MHALTRSASrunIFS URrooBaxt o floiis s b Sl ThaE A0 RRUNE: B at e
onsca e 036 ek Ry Candlelpc g8l YR ofifer Al el MR 8 Eostab oS

bval uat od. | BrOL bR PR RSIE A i Sphcb fetbiehice (3 Rl RVERABIIED! ©°
Uhe Bi s pond it pded i LA Bulfihlin ber, BRARIE, GHBR il Bbidubb 864 O O

the thi cknessyliif #on8 t%ﬁd ?ﬁ(‘iey’%ﬁ&eéf‘ﬁs el gﬁsﬁéﬁ&m&i&%gﬁm@ Rﬁ&h“@&@lﬁ BeS

shown on scale 244, w as Power own on scal e n increase in

the Bias Powegj@ame'in ifteapphibdfonsdeomibedf rom 1 SO Wto 250 W' resulted in an
increase in non-uniformty of the etched substrate surface from about 4 %

tﬁ abOUL S. 6%h W t §pdcefietetiittoldey dfipaticair thipattiticd B thedessiptbr of thelfprésene 4A
shows the etc

invention is defined below.

The term "decoupled plasma source” or "DPS" as used herein refers to a plasma
etch apparatus with separate controls for the inductive coupling of RF power which
primarily controls plasma density (source power) and the bias power which primarily
controls ion bombardment energy of the substrate surface.

The term "feature" refers to metal lines, trenches and openings in a dielectric
layer, and other structures which make up the topography of the substrate surface.

Feature size often refers to the size of the smallest feature on the wafer.

10



rate.for BCB as a function of the RF Source Power to the plasma. The etch
rate is shown in /mn. on scale 254, and the Source Power is shown on scale
2S6. An increase in Source Power over the range shown clearly results in a
significant increase in the etch rate of the BCB. The variatiﬂ hE etch
rate uniformty as a function of RF Source Power is shown in Bﬁ z zﬂ? The
%1 o variation in the thickness difference between the preetched and post
etched wafer is shown on scale 264, with the Source Power shown on scal e
266. An increase in the Source Power over the range shown, from 800 Wto

1600 W resulted THe @Ani"T SRsKardMeORratdhd HeBoliksid ofliPfs & FARe
fromabout 4.2 %to about 5.4% EX?AI\/PLE 3 Iﬁ{e\r}giog\)/%lo Oitlﬁ)gs dgﬁ??gg%“{- nﬂgetch

rate of the i%@a@%@élyﬁéd%whmhmf%%gierecfrﬁtﬁadé){n d&é%iciniﬁll,%étﬂe&%?a%@d over
1:1 (over 50 sccmof Cl2 to 50 sccmof 02), we decided to I7 o20cCt -
2002 investi&goSedtolaMBimdl z © Oz ratio. Wa evaluated a C12 : OZ ratio of
0.7 : 1.0 (70 sccmof Cl2 : 100 sccmof OZ) However, we discovered that
when a sufficientiie RATERIW kididledti@SBRrsSRUn Gnaa,%alltﬁvilﬁg%d« vAIRE vl AHRARALY
of the etched surface may becone unacceptable. Figure shows a schematic
of the threeofdin®sdioxiak (letahmd BCB surface produced. The % 1 a variation
was 33.6 % A careful inspection of the etched surface showed that etch did
not occur at someThe i "o/ ntaRictizecdIoR Isdiefeafii" réfersits alewikedieRclriedavipysiagen
reacts with silicon in the BCB filmto forman oxide hard nask which stops
the etch propelymeriEXéMpbient oBatiedst abut Be %41By eefihat i on that an oxygen-rich
pl asma coul d present problens in the etching of BCB, a decision was made to
eval uat e sel ecti viThy term "BEBmaY esfen i @ parsiallp iomzed guecentailing atsapigoxinfately : Oz
ratio of 1:1. Figures 6A and 6B show schematics of the three dinensional

et ched BCB seqiahoembednfgositive ané hedatisle clsirgey, as G2l? as sdifle othef ouraberlofGron- 1. 0
1S6PI sccm gf d Ze'ltao 60 S(.:cmlofzo(c))zz/\k gherpprocess nggl '{Allons were as I

ol | ows: SourmezeR@ae spegess. 1, i as Power was process vesse
pressure was 12 nil; helium heat transfer pressure on the backside of the
substrate was 7 TThekam selsenvtiineusst to refertat Aadetio pbetchmatehof two Bagrials;
substrate was supported was about 30 C. The etch tinme was about 40 seconds.
The % of 1 anébfawmnma@m during eteh whan etchgate 9 onematesialjis ingreased int ch
surface profile shown in Figure 6A and 6B. Adjustnents in process chanber
gas flow pat F@mﬂér‘ﬂoéd”w_ba‘i%‘ée‘i%?féﬁ}grrent in etch rate unifornity shown

bet ween Figure GA@Ed Fi ,gureCGB. -|;hlf$ et c chemtﬁt r_%/ was en\r/lal uat eg, not .only
for its effect on MACTE} CRUBEFEPOMER JteripAlG POWSK theh i respensihle forsustaininethe o
etch rate and,etch selectivity. for the.BCB conpared with thermally.

deposi ted o1 IPHEBH by HTBEANg A PFigh BFFER OFEAE COREING FOTRS B APEFLSPEISS B dat a
is presented Rgllngw in Table 2. 18 0 2 0 CT 2002 TABLE 2 SubstrateEtch

Rat e C Cr.

The term "stack™ or "etch stack" refers to a collection of layers of different
materials deposited one over the other, at least a portion of which are etched during an
etching process.

The term "substrate" includes semiconductor materials, glass, ceramics,
polymeric materials, and other materials of use in the semiconductor industry.

The term "vertical profile" refers to a feature profile wherein a cross-section of
the feature exhibits side walls which are perpendicular to the surface on which the feature
stands. Alternatively, a "positive profile" is one wherein the width of the cross-section of
the feature is larger at the surface on which the feature stands than at a distance away

from the surface.
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(A/min.)10 (9% BCB9, 2004. 490xi de2206. 22Ni tri de68011. 12l - Li ne PR7, 9002. 67
Using this etch chem stry, we achieved a high BCB etch rate and

si mul t aneously a high BCB selectivity over both silicon oxide and silicon
nitride. It should be noted that the etch rate pattern is skﬁ:ﬁﬁg‘.b&hng

| ower at the punping port side of the process chanber. A har
nodi fication is being made to solve this deficiency. EXAMPLE 5 In order to
i mprove BCB selectivity over nitride, and etch surface uniformty, the
process chanber pressure was increased to 14 ml. Since an increase in
chanber pressure was observed to have a negative inpact on BCB etch rate)
RF bias power was increased from350 Wto 4S50 Wto nore st ron%{g/ attract
i ons toward the BCB $LbdNAPRARMIUISFOR PRACIICINGHEBNYENWOR nai nt ai ned
at the values given above with reference to Table 3. The performance data
for this nodifi catheaneferred embedisnans eichipresssses deserihed hertibwemgarmediaiirea 3.
19 0 2 0 CT 2002 TABLE 3 SubstrateEtch Rate a (A/mn.)1 a
Centura® Integrated Processing System available from Applied Materials, Inc. of Santa
Clara, California. The system is shown and described in United States Patent No.
5,186,718, the disclosure of which is hereby incorporated by reference. Although the
etch process chamber used in the EXAMPLES presented herein is shown in schematic in
Figure 1, any of the etch processors available in the industry should be able to take
advantage of the etch chemistry described herein, with some adjustmént to other process
parameters. The equipment shown in schematic in Figure 1 includes a Decoupled
Plasma Source (DPS) of the kind described by Yan Ye et al. at the Proceedings of the
Eleventh International Symposium of Plasma Processing, May 7, 1996 and as published
in the Electrochemical Society Proceedings, Volume 96-12, pp. 222 - 233 (1996). The
plasma processing ¢chamber enables the processing of an 8 inch (200 mm) diameter
wafer.

The processing chamber 10, as shown in Figure 14, is constructed to include at
least one inductive coil antenna segment 12 positioned exterior to the etch process
chamber 10 and connected to a radio frequency (RF) power generator 18 (source power
generator with a frequency tunable around 2 MHZ for impedance matching at different
plasma conditions). Interior to the process chamber is a substrate 14 support pedestal
(cathode) 16 which is connected to an RF frequency power generator 22 (bias power
generator of frequency fixed at 13.56 MHZ) through an impedance matching network 24,
and a conductive chamber wall 30 which serves as the electrical ground 34 for the offset
bias whicﬁ accumulates on the substrate 14 as a result of the RF power applied to the

substrate support pedestal 16 .

The semiconductor substrate 14 is placed on the support pedestal 16 and gaseous

12



(% BEB8, 7003. 7S ' Oxi de220S. 12Ni tri del16013. 84l - Li ne PR7, 9003. 26 BCB
selectivity over silicon nitride (Nitride) was inproved as expected. Based
on the experience in etching BCB, two additional |ow k diel e@%gﬂc erials
were etched. These materials were SILK and FLARE 2. 0. EXAMPL ﬁg@&es 7A
t hrough 7F show data for the etch of SILK lowis dielectric material. In
particular, Figures 7A, 7B and 7C show the effect on etch rate of SILK
attributable to change in the Ch : 02 volunetric ratio of the plasma source
gases; the effect on etch rate of a change in the RF Bias Power to the

substrate somuponentd @t éer intnthe frbeese thantber diroagicéntryepartsa6. aA phaamgss ighitéche
RF Source Power to the plasnma, respectively. Corresponding Figures 7D, 7E,
and 7F showin pcesschambérolrthby gpmyingRE Sowitsd8ahd 22t Preasura idteriatto oie @fh t he
sanme process variables, respectively. Wth reference to Figures 7A and 7D:
Curve 702 ofprdeegpohambar $hswontrobed tsihg aaheuunopursp (kotabown) amict theottlobalvhe
flowratio of Cl12 : OZ in the plasma source gas. The etch rate is shown in
A min. on s@dlsguatédbetsueen proeess chamber 10 and theivacgimopnmpen The adrepert8re dolthy e
704 'of Figure 7A shows the %of the 1 a variation, as a function of the Oz
02 rati o, swifade dfitke échthamberiveillsgs stntrailed msing diqeidzddntainmgiconduidadhoty
apparent, there is a decrease in both the etch rate and in the 1 Q
vari ati on wishtwe)which resleeatedirt the wallsiof thaoateh clihber 00.CTHER tertjreeater@nd ¢he
eval uated. Curve 712 of Figure 7D shows the selectivity ratio of SILK in
pref erence cemicogingtonsubeirals iticonsroliad by stabilizingthe tdmperaturenfdhe DpportO~ |
with selectivity indicated on scale 714 and O, : OZ ratio being shown on
scal e 716. Pedestad|apnd flowing/helim Bagin the chrnnels femnedrynthe back oftbe subptratgiank

Silicon Dioxide) to about 30 : 1 over the Cz : OZ ratiq rangte shown.
grooves (not shown) on the pedestal 16 surface. The helium gas is used to facilitate heat

transfer between the substrate and the pedestal. During the etch process, the substrate
surface is gradually heated by the plasma to a steady state temperature which is
approximately 25 - 40 °C higher than the substrate support platen temperature,
depending on the process conditions. It is estimated that the substrate surface
temperature was typically around 75 °C during most of our experiments. The surface of
the etching chamber 10 walls was maintained at about 80 °C using tl;e cooling conduits

previously described.

III. EXAMPLES OF THE ETCHING OF LOW K
DIELECTRIC MATERIALS

A particular plasma etch chemistry has been demonstrated to provide advantages
in the etching of a number of low k materials. Both general etching (demonstrative of an
etch back technique) and patterned etching for feature sizes in the range of 0.25 1 have
been demonstrated. The etch chemistry is based on the use of chlorine and oxygen
plasma species in combination. Promising etch rates, etch selectivity over adjacent
materials, and excellent etch profile have been obtained. As previously described, the

etching process was carried out in a 200 mm DPS Centura ® Metal Etch system. The
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Wth.reference to Figures 7B and 7E: Curve 722 of Figure 7B shows the etch
rate for SILK as a function of the RF Bias Power to the substrate support

pl aten (cathode). The etch rate is shown in /mn. on scale 726, and the RF
Bi as Power is shown on scale 728. Curve 724 of Figure 7B showg 2 @eT %og2f t he
1 a variation, as a function of the RF Bias Power, with the %of 1 Q being
shown on scale 730. As is readily apparent, there is an increase in both
the etch rate and in the 1 a variation with an increase in the Bias Power
over the range evaluated. Curve 732 of Figure 7E shows the selectivity
ratio of SI L&thodesemperaing wassetrat ebout 38n (onbidhdipigallyaresuliast incm esth substrate
Bias Power, with selectivity indicated on scale 734 and Bi as Power being
shown on scaswiazgEmperue{abepy75C. | Subshaaienperauesrwasmaihtainedusing hefibm 1
(SILK : Silicon D oxide) to about 55 : 1 over the RF Bias Power range
shown. Wt h gasfaspdigaetransiariagantde tirchagksidg pt thegubstratpawitbithehefiline prssuséiows
the etch rate for SILK as a function of the RF plasma Source Power. The
etch rate i sbeWsomthesaiods and Bie sybstraie bapkside heing Bbour? Birss Power i s shown
on scale 748. Curve 744 of, Qggure 7C shows the %of the 1 Qvariatiogn, as a
function of the RECWdaWdedipigric majeriplswege eralunted ipdetatf: IPiinylslexaredhie 750.
As is readilé appar.ent, th% izﬁa@n inc,[?gfise i.n_both the etch rate and in
the 1 a vari BenZ9Ryaiptutens{BGR), which is gvaikgleds ¢ e BERNE S fiom thsdDewnge

ot of 1 ence obbFmise FooNalabih Hichiedm S sesthonauont § ok Yealicons IR, w t 1
756" The el BSIE elo SRS RORIN DR FOTBIahGR ity (e RIS i CBr Y s

Show data 1 oPOLRER SHCBH FAREZ" i forLeler Slanl AdhgRecd 9" °F
11 but abi e MBReEa MeeRl S VE Gt FilenSe Bholic oo™ =
sour ce 02525 4oL EERR 40l B4 Sl Fucthe Al HARk Ay IR RADEBR BT 10

t he substrate aten; and, e efrect on e e of "a change in

the RF Sourc H{Fn £ Lvel r ] j s 8D,
8E, and 8F 5%85)\1/ efréllgnﬁ %n{?g& m tyy(E))¥E %ﬁ.ﬁgﬁ%ﬁ%clggg{eéfgﬁ%ﬁew%@aa unction
of the sane %%gﬁ%é{ digbl es, respectively. Wth reference to Figures 8A
and 8D:. Curve of Figure 8A shows the etch rate for FLARE 2.0 as a

function of the flowmdighig BEBCSH K™MOFLIARE NO™MLASPPL 50 \dikas@din ddBg et ch
rate is shown in AAmn. on scale 806, and the &z : 02 ratio is shown on

scal e 808. CiHeYein 8Rée @fe Mirfétoas SheSoWE dichetriomiteddiewhidR atéEkmictedno bétiave
function of the C12 OZ ratio, with the % of 1 Q bei ng shown on scal e 810.
As is readil \inappail@thandehehen ekhed teacedasceiwit the netiedd sfthe presant ihveatioange
shown, and an unexpected increase in the 1 Qvariation. Al though BCB showed
an increase iusirighthe &tch) chemisatyi descritietitheecinl eTiesesther lowt I dielextiiomeferigibincluder ,
~BCB contai ns about 5% by wei ght silicon and FLARE 2.0 contains no silicon.
Curve 812 of FolgfardeethéroyBoly(aeylsnd)etber axargles; Fluopinated piolykarybeng)dthers
preference over Silicon Dioxide as a function of the ratioof C1Z: O ,
with sel ecti ViRhbARE) i Rantlere-Di Parylane-I8 Pardens-AF :Parylee-AX¢i Bolyinidgsishown o
scal e 816. The selectivity is show to_decrease from about 12S : 1 (FLARE
2.0 : SiliconPolypsptalgnerty; BelynaphtialeneiF; Regfluoregyclopytene BPLF CIE%);i o range shown.

Wth f to Fi B E: 2 of Fi h th tch
Vi o for CFoAdBolytayatioraeiyfene (RHFEE Polybhe Sfancaiitms b POy ol bigBriafs™ ©

t plat t h . Th t gh te i in /.m e 826, d
SheP R B he Bplins HebimoRatets: EoysBihe, R pilpbodisboBndgRl b b20, AnC
f the 1 iati . i .of the RF Bi P , Wwith the %of 1
Dei o sionn oo BbtRIeaBtard GeE B iRls. LN B B8 PO N e ont - there
I's a significant ingLEaseIWK Bﬁﬁegﬁ&{%g(eﬂéﬁl@ wiitdh PerBelhiatbd il EARE weke dtiiRdHS

variation with an increase int ower, over-the range eval uated.
Curve 832 of Elsggieex_a% ubBA WihdritRl 8Ride slibsiraiey ThakHikrels &t thBBiclediid Material
preference over Silicton D oxide as a function of the RF Bias Power, with
sel ectivity iRgisgBsado@ooscal e 834 and Bi as Power being shown on scal e 836.
The selectivity is shown to decrease very slightly over the range shown.
Wth reference to Figures 8C and 8F: Curve 842 of Figure 8C shows the etch
rate for FLARE 2.0 as a function of the RF plasma Source Power. The etch
rate is shown in ~1/mn. on scale 846, and *he RF Bias Power is shown on
scal e 848. Curve 844 of Figure 8C shows the %of the | v variation, as a
function of the RF Source Power, with the % of 1 a being shown on scale
850. As is readily apparent, there is an increase in the etch rate and an
unexpected decrease in the | a variation as a result of an increase in the

- ~ ) - ~ N Y p— o ~r~- 1 "




EXAMPLE 8 The data presented above was for a single |layer of BCB, or SILK,
or FLARE 2.0 on a thermal oxide substrate surface. The next step was to
eval uate patterned etching of a low k dielectric |ayer surface. Figures 9A
t hrough 9C show schematics of a BCB substrate and acconpanyi ngbtfw ck
progressing through a series of process steps in the pattern etching of the
BCB substrate. The schematics are not to scale. Wth reference to Figure
9A, the etch stack on a substrate is shown as structure 900. The underlying
substrate 90@@@ ilicon wafer. 23 0 2 DCT 2~2 The etch stack incl udes
a 0.8 ~c thi 3e'§10f patterned photoresist 912. The pattern is a series
of trenches, where the feature size of a trench is about 0.25 ~c.

Under | yi ng phot orl@wiiag thg dsvslapraens of the propar ekch) chgmistor thah isothgamppenniassn
anti-reflective coating ((iARC) 910. Underlying ARC 910 is a 0.1 ~c thick

| ayer of a sPHEEs apsutder Hehing Bekithapothennsecess puemeternkrawy tolaverthe oxi de
hard masking material 908 is a 1.0 ~c thick | ayer of BCB 906. Underlying
the BCB | ayefreaies effsctpnpteh rate weredild eppatanto {Theitowal Sow rataed tha plasma yeures t he
TECS | ayer 904 is a sjlicaon V\@f er. substrate 902. Since the ARC | ayer 710
and oxi de ha§agehwakmpuainedzh gbei\ 100 seqm.y dhe BE phasaesoutre powermas abayt 1386 ed

pl asma sourc s chem stry is u o_etch through these two | ayers,
produci ng th&' gﬁﬁfﬂ?ﬂ@%ﬁ%ﬁﬁ%ﬁ%ﬂé&r ?’QBFoc?ﬁéhﬁF@ﬁhﬁe%Wé%m‘ﬂilgﬁ%TV\ere

Pover. 100 WA BE Sl T DRSScR BoceD \SRpCTH VARTBADIB A 8078 20 G

Power. 100 W OQ-he
substrate bagksi .of 7 Torr: erature 30 C, and, etch tine of

. h
65 seconds. egﬂ&gtlgﬁ%%mro?cﬂﬁgtt gsli%e ate 906 after the CHF3 /C 2
I tch, wh ' I f ide h - 90. d 910 h
Been patt or ned. - SuBbiq oo Rmo R Hicr e ridieh i B B otity B Pl N afross

éi 0SS
chem stry of L i . rticular e ondi.tions used
vere as Jol | SRECRE R LR R RincliF oPBE M ou it FHONL W e 5
Power 3SO W process chanber pressure 10 ml; helium back pressure to the
substrate backside of 7 Ton; cathode tenperature 30 C, and, etch tine of 60

seconds. The resulting structure is sho {dy Figure 7C, where patterned BCB
| ayer 906 overlies TEGCS | ayer 904 which i's supported upon a silicon wafer.

Fi gure 10A i p=a_sciten WFW
BCB, showi ngfi nChore |det @1 the eMeh pdof iG#ach e Ba¢ patterhgd B
densely | ocajed trenghes near W&Ecer cenfter. The letched BCB {s Ial&%&ed 1906
and the undef | ¢t substseamle [TE | abefSEeM) 004 i(ﬁ/mlfghre 10A. rtichl
profiles werkp agai eved afy @ h{ gh etch rfate, 24 D 2002 ev‘§?7for . 25
~c feature sfize The letchi nontunifornmtly across i he er i $ _aboUl the $ane
as that for bgnk BCB gibstfatejsFigyre | OB i a mat if c reppesent || ng
t he photom c the etthed BCB_Ishowing.i mole detaill the etch
profile achi pzg ter hed BCB i qol atjgd trencly gopar waf er £g8ter.
Agai n, the epehed—BeB--s—tabeled—1006—gre—the—TEHS—SHbsSt+at¢—+s—t+abeled
1004 in Figuge 10B. eéel | ¢nt dlrtidal profilp wag0bchi eyed. 452 var |ous
etch rat es afd—themprro—toading datafjor—the—depse—trenchrpatterT amd

20 7.68 )|

The data in Table 1 show clearly that the best etch rate performance results for

BCB were obtained when chlorine and oxygen alone were used as the plasma source

gases. The addition of N, or CHF, reduced the etch rate slightly, but resulted in an

improvement in etch rate uniformity across the etch substrate surface. It is expected that

the addition of limited amounts of N, or CHF, to the Cl,/O, source gases would assist in

profile and critical dimension control during the etching of patterned substrates.

The etch rate obtained for O,/N, chemistry was extremely low. This was a
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for the isolated trench are shown in Table 4 bel ow. TABLE 4 PATTERNED BCB
ETCH RATE OF 0.25 ~ TRENCH AT DI FFERENT LOCATI ONS Locati onDense Trenches
Etch Rate (Almn.)Isolated Trench Etch Rate (A/mn.)~. -l oading

{% Top7, 3008, 20011. 6Cent er 7, 5008, 30010. 1Bot t onB, 2008, 8007. 1Left 7, 8008, 4007.
4Ri ght 7, 7008, 400_ 8. 7Max-M n (9% 127. 2Ave. 9.0 ~c-1oading ref rzsq#.g we etch
rate difference between an isolated trench and a dense trench. X-M n
(%9 = Max. etch rate - Mn. etch rate X 100 (Max. etch rate + Mn. etch
rate) / 2 where the etch rates are neasured across the wafer. EXAMPLE 9 The
BCB pat t er n sefpeising resul-Xéddabdd Blecainu actnes stappydogoodare sl usindothig cheisy.
silicon. In order to test the etch chem stry of the present invention on an

or gani c- basddpodHurthéd idvestigatich; 2t Wanddterstiinédihiat ihe goad rexgltn obtained weingelgnt ent ,
we etched a fluorinated polyimde low k dielectric. The etch stack was the

basi cal | y t @/ Nachentstryt wate acamdlyiobtamed\bickud?, ofahelpiichence of Rusiispm the pckdie
.sanme. The ARC and oxi de hard mask | ayers were patterned using the

fol | owi ng etohambérerfigtfivorimedvasresidss finoride fioanthe phidr swwhpradesGhied famnttie B&rd
sccm of Cl2; Source Power 1400 W Bias Power 100 W process chanber
pressure 10 mask dpehingmprdx@skstgp.essure to the substrate backside of 7 Torr;
cat hode tenperature 30 C, and, etch tine of 67 seconds. ~ , Subsequently,
the FPI | ayer was etched using the etch chenmi stry of the present invention.
The particular etch conditions used were as follows: 60 sccm Cz and 60
sccm OZ; SouEXAMMME?Z 1200 W Bias Power 3S0 W process chanber pressure 10
ml; helium back pressure to the substrate backside of 7 Torr; cathode

t enperature 30 C,Basad ongheprelimimarydagehewndndsebler, gniéd orthogenal mattiemwas i ¢
representing_the photom crograph of the etched FPI, showing in nore detail
the etch pr ociqsw@egtqqlioek&r trends sepultingfsemtig change in ¢ritical prosepsthagasasiers. ear
waf er center. The etched FPI is | abeled 1016 and the TEQS substrate is

| abel ed 1014Pariiiarn, Kigures 24y, i3eand i shawiheciest an eichipigrof 8(thattubablgien 1 or

0.25 ~c featyre sjze. JThe FPI etch rate _is faster than BCB, arent|y
because FPi $HoPEE Iht Ch Qe HelbmeRa0 ) heslsams EféﬂcepgaéFﬁrﬂi“‘e%?%ﬁﬁB&fchﬁﬁFs

i 11'ed it Pk hapee e RE Ss Hogkr torbe suesiab sapor pSer and the e g ich
enbodi ments {0, cor fespond, wEEhoLhe, sublegt, MaLLer of Lhe,t nyenton gl ai med
Figures 2B, 3B, and 4B, show the non uniformity of the BCB etch rate as a function of
the same process variables, respectively.
With reference to Figures 2A and 2B: Curve 202 of Figure 2A shows the etch
rate for BCB as a function of the volumetric ratio of Cl, : O, in the plasma source gas.
The etch rate is shown in A/min. on scale 204, and the Cl, : O, ratio is shown on scale
208. As is readily apparent, there is a decrease in the etch rate with an increase in the
ratio, over the range evaluated. In addition, as will be discussed in more detail later, the
ratio of Cl, : O, must be carefully balanced for optimizing the etch rate of BCB relative
to adjacent materials such as substrate etch stops and barrier layers.
The variation in uniformity of the etch rate over the substrate surface is shown in
Figure 2B. Scale 214 shows the % of the 1 ¢ variation (standard variation based on a 49

point measurement) in the thickness difference between the pre-etched and post etched

wafer. It is desirable to maintain the variation in etch rate uniformity at a minimum.
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26 .0 2 DCT 20QZ CLAIMS 1. A nethod for selectively plasma etching an
opening into a low k dielectric material to produce a cavity useful in
form ng a conductive interconnect structure, said nethod conprising:
selectively etching a low k electric material relative to an atceihefe oxi de
or nitride or conbination thereof, by contacting said Iowk~gl i ith a
pl asma generated froma plasna source gas conprising oxygen and a
hal ogen- conpri si ng gas where said hal ogen is not fluorine, and wherein an
etch sel ect'kr\g’é]tﬁ%yis g% |l east . 10:1 for said |l ow k_dielectric materi al
relative to slapdards bypisally eayire that suclvasiation bp haldthelnw ebatdde.. 2. The
nmet hod of Claim SN vaﬁ%rei n a _source ga 'gncl udes_a hal ogen-conpri si ngl gas
sel ected from t hdVilh BdgrepcsieiFiguresg A RndpB: Guyrye 232/in Higyre 3pshovisythe etchi) |
BA 3, CHC13, CHR2 CCl4, CZI—%%%&IZMO 2, Stcd4, HBr, CH3Br, CzZHzBr2d 2
HI, CC120, cméw%@aﬁa Regipn Phithe RehBian dossr to the sybriratpsuppart platen. alha etch or
Claim2, wherein said halogen is chlorine. 4. The nmethod of C aim 2,
wher ei n sai Bte sushowngn V/inE jof gesde A 34 theBias Rpwvesisishownonsezle2Bed Cleaghn t he
group consisting of ., Q. 2, CO @02, CH40, CzH60, NzO .NQz, 03,  H20, and

g icont cgfectomhncieh

conbi nat i on?t HEFESF I !as?n&eh%‘feﬁﬂwavgecm“m*ﬁ:mmcga Coaihn
hal ogen. 2&%‘%'9?%%%@; Eiﬁﬁe a%%ls‘r’v%f’%lé‘siév&?% B Foifaddin e s

[ . pl. 0. T
Gaim s, wnBREpReihel ot e SRt Ry pic e B SR RG of 7
y i's fese t Ruieign ot BEFSoRO IRl Bl NER R4, Tnid! CbetlPRidar
NFs, et umiFERHER BRI BRI AR oi e afffr b ol

s less thaned ik ks PERS: HBAR of scfte 22BE ARLHAAAN o BlalPhwel BRkshd) Sai d

low k dielectric nmaterial I's a polyner-based na

daim 8, wh%g&w;eg@%?ﬁm' D508 1085w, "RbQtddah &%&&seﬁ@@gﬁy?ﬁgﬁggms” al .

10. The neth aim1l, wherein the atomc ratio o en to said

OXygen rangeschid Qibstrate’firfabe #6k aboutUles bhond.émd of Caim 10, wherein the
atomc ratio of said chlorine to said oxygen ranges from1:10 to 5:1. 12.

The method of O aWithkeferdiRe & Figlres4 Al 2a31B : SOUVE 252 &$ FipArs A4 RRow RN | ve
in the amount of 15 %or less 1n volunme, which additive inproves

sel ectiVvity fme/foeBOB #0a funttibn cT\thdRHISoufRFower &/ the plddniadj Teaich e igshédm Or
i nproves etch profile, or inproves critical dinension control. 13. The

met hod of CliaiAVmir., onvdealecdsn, adithk Seldié Puwer igehowe on s€il€256. VAh ndredse @4 chi ng
said low k dielectric material relative to an oxide which contains at |east
30 atonm c peSamcd Powgmmver the range shown clearly results in a significant increase in the etch

rate of the BCB, The variation in etch rate uniformity as a function of RF Source Power

is shown in Figure 4B. The % 1 o variation in the thickness difference between the pre-

etched and post etched wafer is shown on scale 264, with the Source Power shown on

scale 266. An increase in the Source Power over the range shown, from 800 W to 1600

W, resulted in an increase in non-uniformity of the etched surface from about 4.2 % to

about 5.4%.

EXAMPLE 3
In view of the decrease in etch rate of the BCB observed as the volumetric ratio

of Cl,: 0O, increased over 1:1 (over 50 sccm of Cl, to 50 scem of O,), we decided to
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14. The method of C aim 13, wherein said oxygen-conprising material is an
oxide of silicon. 15. The nethod of C aim 12, wherein said additive

i nproves selectivity for etching said low k dielectric naterial relative to
a nitride which contains at |east 30 atom c percent nitrogem Q&Hr 2@?2 0 Cr
2002 16. The method of Caim 15, wherein said nitride is a ?r e

silicon. 17. The nethod of Caim1, wherein said conbination of oxide and
nitride is silicon oxynitride. 18. The nmethod of Claiml or Claim1l2,

hethod of - CEFRIESERUPRER Ll QuFRNE, WecRitedy G S rRicipE0ebt b« Thgiam b
T U S
oty (ar vl ondateisurteeRt 5t Bidbotaren Rt Pubed Birfics pitahegome

ol 1 m s WBFORRIAHISaT EHES NSO SELAHS b s bt Bansts oibeis BB apeiace

ol Y1 ndanc: Bl ?l}ié@%é?"%ﬁ?@ﬁ Y RS oo s SARER) nahrelion 46 herthg sHpene:
ot hod ot ot SonRa R < RR ASpoc B imd BT on e BEB widet. ol ikdisved o
o nat | oneOESf sel-BBift Siabi td BE A ieto Ror ar bl Mo redaR I S s B

dielectric i is uniformy etched within 10 %or less of |6 across a
waf er surfagggﬁ%&bs% Z 0 c-r 200p 23. A nethod for selectively plasma
etching back a low k dielectric material deposited over the surface of a
patterned conductive material, to provide isolation of conductive |ines and
contacts, whgxaiNgpepigd | ow k dielectric material is selectively etched
relative to an adjacent oxide or nitride or conbination thereof, by

contacting said | pasdd 6H fkQefefrhinatibh Bat 8h ol dh-AcPHIZTHBCARD BFLiR ProbIONS

non-fl uori ne-contai ning source gas conprising chlorine and oxygen, and

wherein an efightédheef BB, ¥ dbeisior #ad hay th edalahte GElettsvifyab BCRbvéradthéri ve to
an adj acent oxide or nitride or conbination thereof is at |east 10:1. 24.

The net hod ofubstraiermaerialsheingiarCls aDg ratiolsfie] JRipuie’d GAARS6 B show schematics of
chl orine-conprising gas selected fromthe group consisting of C12, 1C,

BrCl, HC, B@ik3hreediihdnsicitd? €iched BCBAsurfadeiBwhith weftidiche ustingh €1, : QL HERo 812
Cd 20, CCI 3N02, and conbi nations thereof.
1.0 : 1.0 (60 sccm of Cl, to 60 sccm of O,). Other process conditions were as follows:
Source Power was 1,200 W; Bias Power was 350 W; process vessel pressure was 12
mT; helium heat transfer pressure on the backside of the substrate was 7 T; the
temperature of the cathode upon which the BCB substrate was supported was about 30
°C. The etch time was about 40 seconds. The % of 1 ¢ variation is shown on the scale
to the left side of the etch surface profile shown in Figure 6A and 6B. Adjustments in
process chamber gas flow patterns led to the improvement in etch rate uniformity shown
between Figure 6A and Figure 6B.
This etch chemistry was evaluated not only for its effect on the etched surface
uniformity, but also for its effect on etch rate and etch selectivity for the BCB compared

with thermally deposited silicon oxide, silicon nitride, and I-line photoresist. This data

is presented below in Table 2.
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25. The nethod of C aim 23, wherein said source gas includes
oxygen-conprising gas selected fromthe group consisting of 02, CO CQZ
CH40, CZH60, N20, NO2, 03, H20, or a conbination thereof. 26. The met hod of
Claim23, or Caim24, or Claim25, wherein an additive is usegq 2 QCT 2002
conmbi nation wth said non-flourine-containing source gas conprising oxygen
and chlorine, and wherein said additive is | ess than 15 volunetric percent
of the .total plasma source gas supply. 27. The nmethod of C aim 26, wherein
said additive is selected fromthe grouF consisting of NZ H2; CXHy; CF4;
NF3; and conbi nations thereof, where x “than 3 and y is less than 8.
28. The nethod of Cd @i i is selected framthe
group consi sting of , H2SubstiAYe CF4; Mk Rfg! | um [neon,jArgon, krypt on,
and xenon. and conbilhations t hereof | where x is |egs than 3 and {is Iess
than 8. 30 02O ?.~ 29. The nmet hodygin l ai m 23, whepyein saijd | ow k
dielectric material js ) The rdethod df C aim
29, wherein said |low k di eIB(CBri c teriabRoos a pollyner 4bgsed matfjerial . 31.
The method of O ai m [p3-—wherei-A—theat-ome—tati-o—of—sa-d—ehtornd to said
oxygen ranges from 1§ 20 t oO2fdel. 32} The 2@t hod of |C ai §.28, wherlein the
atomc ratio of saidfrchtorT e to saird—oxygenr—ranges—fFromi—16—+toq5: 1. 31

A Ae. Ay. Au. Au3?. AF. fy Nitride 80 11.12

. A@ A&NS. AY. Ay. AS. A F A3 AT T ASY. A A A 3 A AD 7 [ASHEE A AR AY, . Al . As

A[@ AT A A2 1 KNe} BLD £ foins PR To0 T @ 267
Zd{ vgl gb\ W caU] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] cal ca] caV] ca] ca] c&alU] c&a] ca] c
a] ca] ca] ca] c”a] ca] ca] c”a] ca] ca] c”aU] ca] ca
U #N#PH#\ ###88&8&] ) Whihgthit 3833 hhistby, Gyetiehisved s high| BEB eadhaaiccanll smulaheakha] ca
U] ca] ca] ca] ca] ca] caU] ca] ca] cal] ca] cal] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] cal] ca
67T7778R8j 808hizhdBUB sekettiwty over both silicon oxide and silicon nitride. It should be noted that

; 9<<<<====3>8>F>>| w mhc”"Y] ] ca] c(a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]c

a] ca] ca] ca] ctikesdhoaleapdticnl isskbwed, dejnedpwer a dhepjmpipg apraideet HR@MEBSODFFLLLL
| LLL/ MMMy NNN: O OOPPAPPPzupkf a\ W ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca] ca] ca]
ca] ca] ca] ca] ekdmber c Apasdyers|roedifiagtion is ating ajasate selye Hlie difiagnesl PQ_QORRRRVW
ZuzwzZZ__ b#b%b' bObc\fiiiii/jjj.kklSl}xsnid _ZU ca]ca] ca] ca]ca] ca]ca]ca] calca
] ca] ca] ca] caU] ca] caU] ca] ca] ca] ca] ca] cal ca] ca] ca] ca] calU] ca]ca]ca]ca]ca]cal S
|11 CnEnUrrrmKnnnRooo% 000/ q9qgst vevvw wpw~wwxz, {zupj e [ V] ] ca] ca] ca] cal] ca] ca]
ca] ca] ca] ca] ] a] ca] ca] cal] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a]

He ket alole el slaica .
L o R B s
yxsni d_zUl ca})g%% g] £ a@%%%r}%%% aallaq'% Cx%k&ti\]e‘i&lp%@t]o%aéﬂ:ﬁae]t&arﬂ & RF s pameiivag] cau

] ca] ca] ca] ca

VYL 1351 ol kst S50 wAkd o) 6o Shols Ak o eliebkards alisabes] o2

dA[ p, 24@RHCI1§1@§£1]{ gr ﬂ]f‘%@al»c%gfﬂaﬂﬂf& Eﬁtﬂl GALE &a&l Eﬁlvﬁ%ﬁﬁlafe%lr{é@l& al c

a] cal ca] cal] c al ca] ca] ca] calU| ca! D&, . 59h@RHCI KXx{ vpk
Fa\ W] ca] ca] cpbfed C 'allgerhhial e alatitof tliCRbaificaddrC Rl U%&&@]&%ﬁh&ﬁ%&&hcal ca

] ca] ca] ca] ca] cal] ca] caU] ca] ca] ca] ca / Kezgl +Fs! 10% ()-T10%
below in Table 3.
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U& ()-Fs!10% & ()-C D

020CT 2002
TABLE 3
Substrate Etch Rate lo
(A/min.) (%)
BCB 8,700 3.75 ¢
Oxide 220 5.12
Nitride 160 13.84
I-Line PR 7,900 326

BCB selectivity over silicon nitride (Nitride) was improved as expected.

Based on the experience in etching BCB, two additional low k dielectric

materials were etched. These materials were SILK and FLARE 2.0.

EXAMPLE 6

Figures 7A through 7F show data for the etch of SILK low k dielectric material.
In particular, Figures 7A, 7B and 7C show the effect on etch rate of SILK attributable to
change in the Cl, : O, volumetric ratio of the plasma source gases; the effect on etch rate
of a change in the RF Bias Power to the substrate support platen; and, the effect on etch
rate of a change in the RF Source Power to the plasma, respectively. Corresponding
Figures 7D, 7E, and 7F show the non uniformity of the SILK etch rate as a function of
the same process variables, respectively.

With reference to Figures 7A and 7D: Curve 702 of Figure 7A shows the etch
rate for SILK as a function of the flow ratio of Cl, : O, in the plasma source gas. The
etch rate is shown in A/min. on scale 706, and the Cl, : O, ratio is shown on scale 708.
Curve 704 of Figure 7A shows the % of the 1 ¢ variation, as a function of the Cl, : O,
ratio, with the % of 1 o being shown on scale 710. As is readily apparent, there is a

decrease in both the etch rate and in the 10 variation with an increase in the ratio, over
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the range evaluated. Curve 712 of Figure 7D shows the selectivity ratio of SILK in
preference over Silicon Dioxide as a function of the ratio of Cl; : O, , with selectivity
indicated on scale 714 and Cl, : O, ratio being shown on scale 716. The selectivity is

shown to decrease from about 95 : 1 (SILK : Silicon Dioxide) to about 30 : 1 over the

Cl, : O, ratio range shown.

With reference to Figures 7B and 7E: Curve 722 of Figure 7B shows the etch
rate for SILK as a function of the RF Bias Power to the substrate support platen
(cathode). The etch rate is shown in A/min. on scale 726, and the RF Bias Power is
shown on scale 728, Curve 724 of Figure 7B shows the % of the 1 o variation, as a
function of the RF Bias Power, with the % of 1 o being shown on scale 730. Asis
readily apparent, there is an increase in both the etch rate and in the 10 variation with an
increase in the Bias Power over the range evaluated. Curve 732 of Figure 7E shows the
selectivity ratio of SILK in preference over Silicon Dioxide as a function of the RF Bias
Power, with selectivity indicated on scale 734 and Bias Power being shown on scale 736.
The selectivity is shown to decrease from about 75 : 1 (SILK : Silicon Dioxide) to about
55 : 1 over the RF Bias Power range shown.

With reference to Figures 7C and 7F: Curve 742 of Figure 7C shows the etch
rate for SILK as a function of the RF plasma Source Power. The etch rate is shown in
A/min. on scale 746, and the RF Bias Power is shown on scale 748. Curve 744 of Figure
7C shows the % of the 1 o variation, as a function of the RF Source Power, with the %
of 1 ¢ being shown on scale 750. As is readily apparent, there is an increase in both the
etch rate and in the 10 variation with an increase in the Source Power over the range
evaluated. Curve 752 of Figure 7F shows the selectivity ratio of SILK in preference over
Silicon Dioxide as a function of the RF Source Power, with selectivity indicated on scale

754 and Source Power being shown on scale 756. The selectivity is shown to remain

relatively constant over the RF Source Power range shown.
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Figures 8A through 8F show data for the etch of FLARE 2.0 low k dielectric
ﬁaterial. In particular, Figures 8A, 8B and 8C show the effect on etch rate of FLARE
2.0 attributable to change in the Cl, : O, volumetric ratio of the plasma source gases; the
effect on etch rate of a change in the RF Bias Power to the substrate support platen; and,
the effect on etch rate of a change in the RF Source Power to the plasma, respectively.
Corresponding Figures 8D, 8E, and 8F show the non uniformity of the FLARE 2.0 etch
rate as a function of the same process variables, respeciivcly.

With reference to Figures 8A and 8D: Curve 802 of Figure 8A shows'the etch
rate for FLARE 2.0 as a function of the flow ratio of Cl, : O, in the plasma source gas.
The etch rate is shown in A/min. on scale 806, and the Cl, : O, ratio is shown on scale
808. Curve 804 of Figure 8 A shows the % of the | ¢ variation, as a function of the Cl, :
O, ratio, with the % of 1 o being shown on scale 810. As is readily apparent, there is a
decrease in the etch rate over the range shown, and an unexpected increase in the 10
variation. Although BCB showed an increase in the 1 o variation with a decrease in the
ratio of Cl, : O,, BCB contains about 5% by weight silicon and FLARE 2.0 contains no
silicon. Curve 812 of Figure 8D shows the selectivity ratio of FLARE 2.0 in preference
over Silicon Dioxide as a function of the ratio of Cl, : O, , with selectivity indicated on
scale 814 and Cl, : O, ratio being shown on scale 816. The selectivity is shown to
decrease from about 125 : 1 (FLARE 2.0 : Silicon Dioxide) to about 30 : 1 over the
Cl, : O, ratio range shown.

With reference to Figures 8B and 8E: Curve 822 of Figure 8B shows the etch
rate for FLARE 2.0 as a function of the RF Bias Power to the substrate support platen
(cathode). The etch rate is shown in A/min. on scale 826, and the RF Bias Power is
shown on scale 828. Curve 824 of Figure 8B shows the % of the 1 o variation, asa

function of the RF Bias Power, with the % of 1 o being shown on scale 830. As is
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Figure 8E shows the selectivity ratio of FLARE 2.0 in preference over Silicon Dioxide
as a function of the RF Bias Power, with selectivity indicated on scale 834 and Bias
Power being shown on scale 836. The selectivity is shown to decrease very slightly over
the range shown.

With reference to Figures 8C and 8F: Curve 842 of Figure 8C show's the etch

rate for FLARE 2.0 as a function of the RF plasma Source Power. The etch rate is
shown in A/min. on scale 846, and the RF Bias Power is shown on scale 848. Curve 844
of Figure 8C shows the % of the 1 o variation, as a function of the RF Source Power,
with the % of 1 o being shown on scale 850. As is readily apparent, there is an increase
in the etch rate and an unexpected decrease in the 10 variation as a result of an increase
in the Source Power over the range evaluated. Curve 852 of Figure 8F shows the
selectivity ratio of FLARE 2.0 in preference over Silicon Dioxide as a function of the RF
Source Power, with selectivity indicated on scale 854 and Bias Power being shown on
scale 856. The selectivity is shown to increase from about 65 : 1 (FLARE 2.0 : Silicon

Dioxide) to about 90 : 1 over the RF Source Power range shown.

EXAMPLE 8

The data presented above was for a single layer of BCB, or SILK, or FLARE 2.0
on a thermal oxide substrate surface. The next step was to evaluate patterned etching of
a low k dielectric layer surface.

Figures 9A through 9C show schematics of a BCB substrate and accompanying
etch stack progressing through a series of process steps in the pattern etching of the BCB
substrate. The schematics are not to scale. With reference to Figure 9A, the etch stack

on a substrate is shown as structure 900. The underlying substrate 902 is a silicon wafer.
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11110% & () - Pk e dricti®s a 0.8 1 thick layer of patterned photoresist 912. The pattern is a
series of trenches, where the feature size of a trench is about 0.25 1. Underlying
photoresist 912 is a 0.07 u thick layer of an organic-based anti-reflective coating (ARC)
910. Underlying ARC 910 is a 0.1 « thick layer of a silicon dioxide hard masking
material 908, Underlying the oxide hard masking material 908 is a 1.0 1 thick layer of
BCB 906. Underlying the BCB layer 906 is a 0.5 x thick layer of TEOS 904. And,
underlying the TEOS layer 904 is a silicon wafer substrate 902. Since the ARC layer
710 and oxide hard mask layer 708 have not yet been opened, a CHF; /Cl, based plasma
source gas chemistry is used to etch through these two layers, producing the structure
shown in Figure 9B. The plasma etch conditions were as follows: 50 sccm of CHF, and
30 scem of Cl,; Source Power 1400 W; Bias Power 100 W; process chamber pressure 10
mT; helium back pressure to the substrate backside of 7 Torr; cathode temperature
30 °C; an&, etch time of 65 seconds.

Figure 9B shows the BCB substrate 906 after the CHF; /Cl, plasma etch, where
overlying layers of oxide hard mask 908 and ARC 910 have been patterned.

Subsequently, the BCB layer was etched using the etch chemistry of the present
invention. The particular etch conditions used were as follows: 60 sccm Cl, and 60
sccm O,; Source Power 1200 W; Bias Power 350 W; process chamber pressure 10 mT;
helium back pressure to the substrate backside of 7 Torr; cathode temperature 30 °C;
and, etch time of 60 seconds. The resulting structure is shown in Figure 7C, where
patterned BCB layer 906 overlies TEOS layer 904 which is supported upon a silicon
wafer.

Figure 10A is a schematic representing the photomicrograph of the etched BCB,
showing in more detail the etch profile achieved for patterned BCB densely located
trenches near wafer center. The etched BCB is labeled 1006 and the underlying substrate

TEOS is labeled 1004 in Figure 10A. Vertical profiles were achieved at a high etch rate,
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~ PATTERNED BCB ETCH RATE OF 0.25 » TRENCH AT DIFFERENT LOCATIONS

Location Dense Trenches Isol:ed Trench pu-loading |
Etch Rate (A/min.) | Etch Rate (A/min.) (%)
Top 7,300 8,200 11.6
Center 7,500 8,300 10.1
Bottom 8,200 8,800 7.1
Left 7,800 8,400 7.4
Right 7,700 8,400 . 87
Max-Min (%) 12 7.2 Ave. 9.0

w-loading refers to the etch rate difference between an isolated trench and a dense trench.

The Max-Min (%) = Max. etch rate - Min. etch rat X 100
(Max. etch rate + Min. etch rate) / 2

where the etch rates are measured across the wafer.

EXAMPLE 9
The BCB pattern etched in EXAMPLE 8 contained approximately 5 %o by weight

silicon. In order to test the etch chemistry of the present invention on an organic-based
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low k dielectric having no silicon content, we etched a fluorinated polyimide low k
dielectric. The etch stack was the basically the same as that used in EXAMPLE 8, and
the etch steps were the same. The ARC and oxide hard mask layers were patterned using
the following etch chemistry and process conditions: 50 sccm of CHF, and 30 sccm of
Cl,; Source Power 1400 W; Bias Power 100 W; process chamber pressure 10 mT;
helium back pressure to the substrate backside of 7 Torr; cathode temperature 30 °C;
and, etch time of 67 seconds.

Subsequently, the FPI layer was etched using the etch chemistry of the preseht
invention. The particular etch conditions used were as follows: 60 sccm Cl, and 60
scem O,; Source Power 1200 W; Bias Power 350 W; process chamber pressure 10 mT;
helium back pressure to the substrate backside of 7 Torr; cathode temperature 30 °C;
and, etch time of 50 seconds.

Figure 11 is a schematic representing the photomicrograph of the etched FP],
showing in more detail the etch profile achieved for patterned FPI densely located
trenches near wafer center. The etched FPI is labeled 1016 and the TEOS substrate is
labeled 1014. Vertical profiles were achieved at a high etch rate, even for 0.25 . feature
size. The FPI etch rate is faster than BCB, apparently because FPI film is less dense.

The above described preferred embodiments are not intended to limit the scope
of the present invention, as one skilled in the art can, in view of the present disclosure

expand such embodiments to correspond with the subject matter of the invention claimed

below.
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CLAIMS
1. A method for selectively plasma etching an opening into a low k

dielectric material to produce a cavity useful in forming a conductive
interconnect structure, said method comprising: selectively etching a low k
electric material relative to an adjacent oxide or nitride or combination
thereof, by contacting said low k electric with a plasma generated from a
plasma source gas comprising oxygen and a halogen-comprising gas where
said halogen is not fluorine, and wherein an etch selectivity is at least 10:1

for said low k dielectric material relative to said adjacent oxide or nitride
or combination thereof.

2. The method of Claim 1, wherein a source gas includes a
halogen-comprising gas selected from the group consisting of Cl,, Bry, I, ICI,
IBr, BrCl, HCI, BCl;, CHCIl;, CH,Cl,, CCly, C2H3Cl3, C,H4Cl,, SiCls, HBr,
CH3Br, C,H;,Br,Cl; HI, CCl1,0, CCI3NO3, or a combination thereof.

3. The method of Claim 1, or Claim 2, wherein said halogen is chlorine.

4, The method of Claim 2, wherein said source gas includes an
oxygen-comprising gas selected from the group consisting of O 2, CO, C0,,
CH,0, C,HO, N,0, NO,, O,, H,0, and combination thereof.

5. The method of Claim 1, or Claim 2, or Claim 4, wherein an additive is used
in combination with said oxygen and said halogen-comprising gas, and

wherein said additive is less than about 15 volumetric percent of the total plasma

source gas supply.

6. The method of Claim 5, wherein said additive is selected from the group
consisting of N;; Hy ; CxHy; CF4; NF3; and combinations thereof, where x is

less than 3 and y is less than 8.
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7. The method of Claim 5, wherein said additive is selected from the group
consisting of N,, H,, Cx Hy, CF4, NF3, helium, neon, argon, krypton, xenon

and combinations thereof where x is less than 3 and y is less than 8.

8. The method of Claim 1, wherein said low k dielectric material is a

polymer-based material.

9. The method of Claim 8, wherein said polymer-based material is an

organic-based material.

10. The method of Claim 1, wherein the atomic ratio of said halogen to said
oxygen ranges from 1: 20 to 20: 1.

11. The method of Claim 10, wherein the atomic ratio of said chlorine to said

oxygen ranges from 1:10 to 5:1.

12. The method of Claim 1, wherein the plasma source gas contains an
additive in the amount of 15 % or less in volume, which additive improves
selectivity for etching said low k dielectric over an adjacent material, or

improves etch profile, or improves critical dimension control.

13. The method of Claim 12, wherein said additive improves selectivity for

etching said low k dielectric material relative to an oxide which contains

at least 30 atomic percent oxygen.

14. The method of Claim 13, wherein said oxygen-comprising material is an

oxide of silicon.

15. The method of Claim 12, wherein said additive improves selectivity for
etching said low k dielectric material relative to a nitride which contains

at least 30 atomic percent nitrogen.

28



10%!& ()-#x 10%! & ()-# ,x 10%! & ()-#<y|[:,x 10% 3%s! 10%! & () -

@ 10! & ()- 1 @Ow! & ()- 109! & ()- yslOw!& ()- fs10%!& ()- y.L|[:,x
10% 010%! & ()- . 109! & ()- , 109! & ()- *10W%!& ()- (:!10w%!& ()-
"110%! & ()-LT |[:-10x! <10%!& ()- &9 10%! & ()- &710%! & ()- 0 20CT 2002
100! & ()- 4 109! & ()- f2 10%!& ()- bALOx! S, 110% & ()-

S, 110%!s& ()- @ 10%'[& ()- @ 10%!s& ()- $I10%s!s& ()-

10x! 10x! ON>ABCDQ vU310! S@ 10% <" <& ()- #,10% ! & ()-10s!s10s!s10s!s 3;
10%!s& ()- ,)!10%!s& ()- ,)!10%!s& ()- [V Z9vU310! f2z 10% ! & ()- !10%
& ()-1110% ~ & ()- 110%! & ()- S@10% né& () -
0S@10% !~ & ()-VYZ[\j5vU410! 110%" & ()-( '109%!& ()-( !109%K" & ()-"

f #10%<" & 16) - 1The &hbd I Claim1DPowheveln sAddinSaide $i0VMEMUe(9f-siliobd.10K" 10K"
109K & () - f3+1 109" & ()- f3+ 109" & ()-!f3+ 109%&' ()-${Z9, 210M M

109 M8 () - &9' "109M M& ()- 9' "109%MVL! M& ()- 9fy! 1098 I M& ()-!fy! 109M M

g I(?Lb(; ?’EIQPWTW'&%%EWQWM, WidrdP8did Scdmbin@@iba%t okide -and niliefde! & () -
YRS sgl)i(;on oxynitride.

18. The method of Claim 1 or Claim 12, wherein said low k dielectric material

does not contain silicon.

19. The method of Claim 3,wherein an etch rate for said low k dielectric

material using said source gas comprising chlorine and oxygen species is at least
8,000 A/min.

20. The method of Claim 1 or Claim 12, wherein said low k dielectric material
is selected from the group consisting of Poly(arylene)ethers; Poly(arylene)ether
oxazoles;  Fluorinated  poly(arylene)ethers; Parylene-N;  Parylene-F;
Parylene-AF; Parylene-AF4; Polyimides; Polynapthalene-N;
Polynaphthalene-F; Perfluorocyclobutene; Polytetrafluoroethylene;
Polyphenyl-Quinoxalines; Polybenzoxazoles; Polyindane; Polynorborene;

Polystyrene; Polyphenyleneoxide; Polyethylene; Polypropylene; alpha-carbons;
SILK™, and combinations thereof.

21. The method of Claim 1 or Claim 12, wherein said low k dielectric
material is selected from the group consisting of BCB, FPI, SILK™, FLARE™

2.0, or combinations thereof.

22. The method of Claim 1, wherein said low k dielectric material is

uniformly etched within 10 % or less of 1o across a wafer surface.
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chlorine-comprising gas selected from the group consisting of Cl,, ICl, BrCl,
HCI, BCl;, CHCI3, CH,Cl;, CCl4, C,H3Cl3, C,H4Cl,, SiCl4, C2H2Br,Cl; CCIL10,
CCI5sNO,, and combinations thereof.

25. The method of Claim 23, wherein said source gas includes
oxygen-comprising gas selected from the group consisting of O, CO, CO,,

CH40, C;HO, N,O, NO,, O3, H,0, or a combination thereof.

26. The method of Claim 23, or Claim 24, or Claim 25, wherein an additive is
used in combination with said non-flourine-containing source gas comprising
oxygen and chlorine, and wherein said additive is less than 15 volumetric

percent of the .total plasma source gas supply.

27. The method of Claim 26, wherein said additive is selected from the group
consisting of N2;Hz; Cx<Hy; CF4; NF3; and combinations thereof, where x is less

than 3 and y is less than 8.

28. The method of Claim 26, wherein said additive is selected from the group
consisting of Nj;H»; CxHy; CF,4; NF3; helium, neon, argon, krypton, and xenon.
and combinations thereof, where x is less than 3 and vy is less than 8.
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30. The method of Claim 29, wherein said low k dielectric material is a

polymer-based material.

31. The method of Claim 23, wherein the atomic ratio of said chlorine to said

oxygen ranges from 1:20 to 20:1.

32. The method of Claim 23, wherein the atomic ratio of said chlorine to said

oxygen ranges from 1:10 to 5:1.
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