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METHOD FOR EifedizrisOV K DI ELECTRI CS BACKGROUND OF THE | NVENTpERudossorisal d
of the Invention The present invention pertains to a nmethod of etching | ow
"k"lI dielectric materials. The method nmay be used for patterned etching or
for etchback applications. The nmethod is particularly useful for etching
low k materials conprising at |east about 80 percent by weight of a
polymeric material. Typically, the polyneric material is an organic based-
material. In addition, the nmethod nay be used for the etching of |ow k

mat eri al s having an inorganL& . G0 Ltuent. which is susceptible to a plasma
conprising chlorine and o sHOUFQORETCHINGEOW KRIBLEGIRICS of t he
Background Art In the field of sem conductor device fabrication, it is well
recogni zed that as devi ce f e BACKGROUNDIOF FHEINVENTIONAs and smaller, RC
del ay of interconnects becones a major limting factor for device speed.

There are tml?wﬁbﬂ&ﬁ' ment focusing on this problem The
i nt erconnect conductor resistance is being reduced by the use of copper and
ot her conductors heyi Bibsént ifWafion Htalis0 aSndtDd SERhiRY 1OW "R Miel el
been the industry stagdard for conductiveqxllnterconné Mmateﬁea : g&g%lgbnd
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constant (k) than silicon dioxide, which haS been ustry standar
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contribution to the capacitance (C). There are two alternate technol ogies

whi ch are usedeight bfe pobmteiciRateldd]l. T9Pical) ICPdlymerd RheARNNSEH o Pabd S -

The first technology is known as damascene technology. In this technol ogy,

a typical proamssgiafl.oln addiiducthe getholindy bewsl for thelefching of FdwWR @R having! he

conductive material for feature sizes in the range of 0.25 mcron (Sam or

| ess woul d i nan imbeganid conktitirenstaridah isisostepfible tola plagifis omiprigtieehladine 4t t er ni ng
of the

oxygen species.
2. Brief Description of the Background Art

In the field of semiconductor device fabrication, it is well recognized that as
device feature sizes decrease to 0.18 1 and smaller, RC delay of interconnects becomes a
major limiting factor for device speed. There are two areas of development focusing on
this problem. The interconnect conductor resistance is being reduced by the use of
copper and other conductors having a lower resistance (R) than aluminum, which has
been the industry standard for conductive interconnect material. The second area of focus
is the use of a dielectric material having a lower dielectric constant (k) than silicon
dioxide, which has been the industry standard dielectric. Presence of a lower k dielectric
reduces the interconnect contribution to the capacitance (C).

There are two alternate technologies which are used in the formation of
semiconductor interconnect structures. The first technology is known as damascene
technology. In this technology, a typical process for producing a multilevel structure
using copper as the conductive 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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dielectric material to form.openings; deposition of a diffusion barrjer

| ayer and, ' ly, a wetting layer to |line the openings; RS GHEN of a
copper | ay‘gpgtg)}r??%gt he substrate in sufficient thickness to ?Ie?| t he

openi ngs; and renoval of excessive conductive material fromthe substrate
surface using chem cal - mechani cal polishing (CW) techniques. The net hod
requires a patterned-etching of the dielectric material. The danascene

~process is difetridmetetial td€bah bpéhings; dSPRiHUA A EHudidh %@%&@&H’gﬁ?’per

for multilevel netallization: reactive ion etching an nf’cal
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technol ogy i s one i ch involves the patterne e conducti ve

copper | ayesufficient thickntssab fibl the wperfingsy Bhd AmdVaPOESesdv niAGive 9 gl
deposition of a copper |ayer on a desired substrate (typically a dielectric

mat eri al hafrongthe stisstrateasurfacy a¥ing chentitalshisdhasiedl pokisRing qekmrteéhixiq%eélafﬂe

maski ng material and a photoresi st over the copper |ayer; pattern etching

of the phot met®midstquiteaacpatteried strhinptof thedicleatrtid maRRA! TiRYEnAssnRprodss RF
dry etch techni ques; and deposition of a dielectric material over the
surface of déseribed inadetaibbyGpPteinbnachel in "Patterninigi of €opysed fed maltilével conduct i ve
l'ines and contacts which conprise various integrated circuits. Subsequent
to appl i cat mstalligatiohe resctiveionretchinganek dhatnjcal-mechartise) ipoHiHig ") ApPEEBSH fice
etch back the dielectric material to expose contact points on the

conduct i ve Peipeee Bd92Drk38ct1d46. U. S. Patent Nunber 5,591,677, issued to
Shin-Pun Jeng in_January of 1997, describes a nulti-level interconnect
structure havi ngTheBempiting technelagyds on¢ whishiisvalves thepattemneast etch aftiea net hod
for meking the structures. In particular, the dielectric portion of the
struct ure i fRNduadve ¢opperlayes Ingiis tacknelegy.iadypicalresess woygldrincludedgpositionus ed
i n conbi natign wth | g%/ers of, ai | i con dioxide. The patent describes the
probl ens i nAk? ERRPEF layeerhg desingd substratn (ypically adieleetrie aaterial having atherriarer mal
stability pyoble an tchi.ng .difficulties, However, the inventor has
“devel oped a{aﬁﬁf?fbnﬁs ﬂ*’gﬁg)cm’ﬂ B%RI"Eﬁ%‘dd%? _ terpliand aphoteresist ogr thei al to
expose the Egﬁ)%{' la?rgxr; ]i)g&eme %{chiingp Af{ﬁg {;fxc;tXre(s)ifst, h%td%s nnelsr:x;tell'izlalr,]ggd cozpper layer
using wet or dry etch techniques; and deposition of a dielectric material over the surface

of the patterned copper layer, to provide isolation of conductive lines and cbntacts which
comprise various integrated circuits. Subsequent to application of the dielectric material,

it is typically necessary to etch back the dielectric material to expose contact points on

the conductive lines and contacts,

U.S. Patent Number 5,591,677, issued to Shin-Pun Jeng in January of 1997,
describes a multi-level interconnect structure having embedded low-dielectric constant
insulators, and a method for making the structures. In particular, the dielectric portion of
the structure includes layers of low dielectric constant organic polymers used in
combination with layers of silicon dioxide. The patent describes the problems inherent
in using organic polymers as dielectrics, due to thermal stability problems and etching
difficulties. However, the inventor has developed a method of etching back the organic

low k dielectric material to expose the upper surface of a plurality of interconnect lines.
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In particul %ﬁ?@l&ét ching is carried out using an oxygen pl geARu®befisi t h
a small anmount o 4 present. Low k dielectrics which are reconmended for
use in the method are the polytetrafl uoroethyl ene "Teflon" (a trademark of
Du Pont Corporation); benzocycl obutene (BCB); paryl ene; polyimde; or other
material having a dielectric constant less than 3.9. Parylene is used in
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preventing overetching due to el ther m sali gnnent between the’vias and the
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The majority of the interlayer dielectric is constructed from oxi de or
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characteristics. U S Patent No. 5,679,608 to Cheung et al., issued Cctober

21, 1997, di sedbpiegting the viaifcladesahd flling iof heZontal gy betwiétn patiéraed edndubtegs) as
benzocycl obutene or a derivative thereof, as a spin on dielectric over a

met al i nt er copfhcin-orgdhidedritaifing Aiclectrid Mutetinl(ABLiéd $ignal 300 Sarits), foimingah i s
defined as one having a dielectric constant which 1s |l ess than that of
silicon dioxi flrgdnisdiclebiric 1ajep overdhdgrgaié-Eontpinirigaditiectric mardeial, and using a high
PCT/ DE96/ 02108 of Lauterbach et al. describes a

density plasma comprising fluorocarbons to etch the silicon dioxide while not
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appreciably etching the organic-containing dielectric material. The organic-containing
material reduces the device capacitance while acting as an etch stop, preventing
overetching due to either misalignment between the vias and the patterned conductors, or
uneven topography across the semiconductor device. The majority of the interlayer
dielectric is constructed from oxide or other common dielectrics which possess good heat
transfer and structural characteristics.

U.S. Patent No. 5,679,608 to Cheung et al., issued October 21, 1997, discloses
the use of a low dielectric constant material, such as benzocyclobutene or a derivative
thereof, as a spin on dielectric over a metal interconnect. In particular, a low dielectric
constant material is defined as one having a dielectric constant which is less than that of
silicon dioxide (less than about 4.0).

PCT application number PCT/DE96/02108 of Lauterbach et al. describes a
vertically integrated semiconductor component in which the component planes are

produced on different substrates and connected by a connection layer of



vertically integrated sem conductor conponent in which the conponent, pl anes

are produc |fferent substrates and connected by a con ' er of
Hp Hlet RSy

3 benzo ene. Various organic-conprising |ayers are sal

pl asma etched using a plasma conprising CF4/02 plasnma. German pat ent
application nunber DE 4434891 Al, of Lauterbach, published on Septenber 29, -
1994, describes the use of bi.sbenzocycl obutene as a spin on dielectric
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silicon di ojéddefréddinsiphbisBoradili¢dislpiassTay be gone. Further, the presence of
residual etch process fluorine on the surface of the etched | ow k

diel ectric film iTheglasastching\pioekssexdedbedidbove haveihaiulicd ffe resth dfid m

surface conposition creates problens in subsequent process integration. It

woul d be hi gluoyineduntaindgeasntpdnent ia\the plasii badcd @is. Slowives ti @R bf Bubased

(and in sone instances inorganic) low k dielectrirc materials which enpl oys
a chemi st ry cohipeising 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 unde-rlying layer

 may 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,
the 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



does not suffer. fromthe deficiencies described above wth reference to the
fluorine- C‘W@@/ﬁilﬁ‘ﬂ pl asma etchants. Preferably the etch cheorasyyoris
suitable for etching a nunber of different kinds of low k nmaterials;
exhibits a high etch rate (greater than about 8,000 A/m n); exhibits high
selectivity for the low k material relative to adjacent oxides 4 and
nitrides; provides a good etch profile and critical dinension control;
produces mini £m SSi X ' | 4 .
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to a method for .p | 120 + L.l ectric constant (low k)
materials, parti cf?gr flfo% yér%b?lﬁé? d;i"g? %W k materials. The pol yner-based
materials may conprise silicon or fluorine or a conbination thereof.
Preferably the polynmeric low k materials contain | ess than about 10 atom c

% silicon and | ess than about §Wm%ﬁﬁiﬂ?ﬁi@@ t hod enpl oys
0 he

pl asma etching where the naj or etchant species pl asma conprise a

hal ogen ot her thantht H&a&m%@ﬂﬂo&ﬁgﬁg& E&%ES&&Q&%&&%ZAE%%E@& Aﬁxefl}gh?{;écpe-

The source of hal ogen®species in asma Br 2,

IBr, BrCl, or BshaRURR TIW didlkchit Ry mbtefisls o1&y xlol{nﬂéﬁ%-ﬁaseaf a

conmbi nation thereof which does not react in a harnful® or inpractical manner

(wher ei n i NPr jfg k ittertiha MEhel poffmétbadéhBhe Halk 8§ coRiprisé §iR6dd Adddkine dpbet ¥

and effectiveness of the process occurs). The SourCe of oxygen species in

the etch pl asgsmbmiti®etheref. OPrefdfblP the PORMERIEN6WX isteAAFBONtAIAIess itidntbodn) €,
or [err], or a conbination thereof, so long as the conbination of the

hal ogen- conpr ki@ %Elicon 4id 1es3dhinubotiky et €W hiorite N TheRietHoddmpleslaaia
react in a hannful or inpractical manner. Wen the source gases for the
etch plasma cewhingssheedthe majer, etchantwpeciesef the plasma comprise a halogen other than

fluorine and oxygen. Preferably the halogen is chlorine. The source of halogen species
‘in the etch plasma may be Cl,, Br,, I,, ICl, IBr, BrCl, or a halogen-containing compound
such as HCl, BCl,, CHCI,, CH,Cl,, CCl,, C,H,Cl,, C,H,Cl,, SiCl,, HBr, CH;Br,
CH,Br,Cl, HI, CCL0, CCINO,,ora comb.ination thereof which does notreactin a
harmful or impractical manner (wherein impractical means that an adverse reaction
affecting the safety and effectiveness of the process occurs). The source of oxygen
species in the etch plasma may be one of the oxygen-comprising compounds listed
above, or 0,, CO, CO,, CH,0, C;H;0, N0, NO,, 0, H,0, or a 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



I odine gas used in conbination with oxygen, the volunetric (flew rate)

rati o of t%@%&&@gen gas : oxygen ranges from about 1: 20 teceheydo7asy 1.
When t he sour t he hal ogen species is a hal ogen-conpri si ng conpound,

the atom c ratio of hal ogen: oxygen ranges from about 1. 20 to about 20: 1.
When the halogen is chlorine, preferably, the atomc ratio of chlorine to
oxygen ranges from about .1: 10 to about-.5: 1,- whereby.the 5- - etch :

sel ectivity_far . I @i IV, i ' - N pf :
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contain addb&hﬁggﬁégazggq 4vaatd ve selectivity for the low k dielectric
t t

over an adj ace rial or to provide a better etch profile, for exanple.

Wen additive gaggs plisfaRbgiee gasf mayeoﬁamdaﬁ%p&s?énea%ﬁnggﬁég?le&tﬁity for

typically | ess than about 15 volunetric percent of the to asma”source

gas supply. yeqaRi fislebkicRNeE %ﬂéﬂcﬁ%ceﬂkfw‘h?%iﬁp& 0 PréadA B@cﬂelrlwich:})réﬁl% foRi or

pl asma source gases are N2, ere x Is typically I'ess than about

3 and y is tyhgial When@ditive st hrestnt, the GomBinaki M GE sush iksel ksglyﬁiédilii ve

bei ng selected to be conpatible with the hal ogen-conprising an
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gases such as helium neon, argon, krypton, and xenon may also be used as

addi tives Tygdititas which ifaytiedonibivied vith thielitajbpladindlsctireecdaseCard Bl s H, o0, HiSi ng
a chl orine/ oxygen conprising plasma source gas is at |east about 8, 00
Al'm n. Thi s (whert xrisitypidally dess eledneabohitd amd 1 id typieally lexythan abuti8),ICF aandNF,,
ranging fromabout 1 :10 to about 5:1, depending on other plasnma process
par anet er s. withahe additive bding selecied tovbet conipatiblerveith they hialogemicemprising and er i al
over an adjacent |ayer of nitrogen-conprising material such as Si3N4 or an
adj acent | aprygenfcompripng plasma sauireegases efithekindlescribed Sbaz:. iNoble gasesisuchabout
10: 1. This selectivity is obtained when the plasma speci es hal ogen :
oxygen at onmaghelivm,meonaggen, krynionaod xenon may also hbysad #5:additivéependi ng on
ot her plasma process paraneters. . . L )
- Typically, the etch rate for the low k dielectric material using a chlorine/oxygen
comprising plasma source gas is at least about 8,000 A/min. This etch rate is expected
for a halogen : oxygen atomic ratio ranging from about 1: 10 to about 5:1, depending on
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 SiO, 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



Generally, the |ow k dielectric material is patterned using an overlying
patterning " R shsapsk which conprises a material such as silperuosgrorizde
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 conbination of a hard nmask and a photoresist. \Wen the
patterning hard mask includes silicon dioxide, a fluorine- conprising

pl asma sour ceygAswIBiekBrid IS g{heﬁa{é&a&aﬁﬁglggsg RsifRlof s&ﬁk$g&g% by

t he chl ori ne/roxygen-conpri si‘ng asnma ‘sourc or transterring

pattern thr ouqﬂif&miy Se{ched Vithitt 1006 bEIeSy \'"a‘fira#i@ﬁ’ fof Wﬂ%ﬁ?@é&% ?ﬁf%&; k

consists of materirals which can be uniformy et
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| east about 1, 000 mn. using the c rine gen conpri'sing g
preferred to i MRd BT PietaVenar AL S rm ng
the etch pl as%ﬁbfég}e%ﬁo DESCﬂle?‘I:‘}SFI3 %&%&%E&ggﬁ%%s Is:| gurg’?g&gﬁ%%\g&g{cﬂ
schematic of @lagmaferred enbodi nent plasma processing apparatus of the kind
whi ch can be used to carry out the etching processes described herein.
Figure 2 A shows the etch rate of benzocycl obutene (BCB) as a function of
the volunetric (flowrate) ratio of the chlorine: oxygen plasma source
gases. Figure 2B shows t he BRIEFMDESERIPTIONOETHE DRAWINGS Nty for BCB as
a function of the flowrate ratio of the chlorine : oxygen plasm source
gases. Figure 3A sHipnse 1 eovdGhschembtic 6ftapreferred Ermbedinent slhsrhdprobEssiigas
Power. Figure 3B shows the substrate surface etch non-uniformty for BCB as
a function of apfeeatiofthekindoviich cdn lpursed th/casiy@us thieletchfghroteskesrdesczibed a
function of the RF Source Power.

herein.

Figure 2 A shows the etch rate of benzocyclobutene (BCB) as a function of the

volumetric (flow rate) ratio of the chlorine : oxygen plasma source gases.

Figure 2B shows the substrate surface etch non-uniformity for BCB as a function

of the flow rate ratio of the chlorine : 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-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 as a function

of the RF Source Power.



Figure 4B shows the substrate surface etch non-uniformty for BCB as, a

function o Jé @: Source Power. 7 Figure 5 shows a threge ﬁ ?p
substrate surtace schenatlc for a BCB surface etched with a chlorine/oxygen

pl asma source gas where the ratio of chlorine to oxygen was too |ow.
(Despite inadequate performance with respect to BCB, this plasnma source gas
works well with-some other |Iow k dielectric materlals Wmch do not contaln
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various 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

di el ect t

i qures. Sb ¢ hr oo find BB Ehortdholl o 2K dtiRntib i sERGRAREES {CARIE, for
di el ect t ch
process. 'v2ﬁ%ﬁ“éﬂa&?é‘ﬁ?%f%%?ﬁ%%*%%ﬂﬁvﬁ%%ﬁm%%o‘}‘é‘**% e
substrate aiorhtecdBRepe Wis BiteP (HhdG megasheraﬁ'a@&etﬂiﬁﬁﬁiﬂgp&t S1AE bffheOf

process steps in the"pattern etching of the
process chamber was a little slower).

Figures 7A through 7C show etch rate, and etch rate non-uniformity 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 Dioxide, as a function of various etch process variables.

Figures 8A through 8C show etch rate, and etch rate non-uniformity across a
wafer surface, for FLARE 2.0 low k dielectric material as a function of various etch

process variables.

Figures 8D through 8F show etch rate selectivity for FLARE 2.0 low k dielectric

material over Silicon Dioxide, as a function of various etch process variables.

Figures 9A through 9C show a schematic of a BCB substrate and accompanying

etch stack progressing through a series of process steps in the pattern etching of the BCB
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substrate. Fipgyhgsaiss A shows a schematic which is represent at peusseaLs2
phot om crograph of the patterned etch of BCB 0.25 A dense trenches at the
wafer center. Figure 1 OB shows a schematic which is representative of a
phot om crograph of the patterned etch of an isolated BCB 0.25 At trench at
the wafer center. Figure 11 shows a schematic which is representative of a
phot omi cr ogr apbstfatd.he patterned etch of FPI 0.25 1z dense trenches at t he
waf er center. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS A nethod is
di scl osed for the etching of low k materials, particularly polyneric- based
|l ow k materials. The nethod enpl oys plasma etching where the major etchant.

speci es of the pl aspipureqQONK bifvsdWcRbmie: Whidh ReépRSe S
may contain addltl\g}lrelg designed to inprove sel ec?l%v|ntta§/mf%(§yrP ? frﬁ éﬁﬁhgf‘

dielectric OVQhe? ei\ﬂB&éiﬁﬂéfB@B@QSaﬁd&fse%n&fe@!tﬂ@vﬁfé?%&ﬂt&r etch profile,
for exanple. Preferably, the etch rate for the low k dielectric materi al

usi ng the chl ori ne/ oxygen conprisi'ng plasma source gas is at |east about
8,000 A/ mn. Preferably the selectivity for the |ow k diel ectric rraterial

over an adjacent | aSigired0Brshows@echenafip Wiidhig réfiésehtative dfa
10: 1 and the selectivity for the low k dielectric materia over

adj acent | ayerthepattenygiesiclcefigrisclated BOB €.25 @ trdnsh af the Gafer cafeut 10- 1-
Al t hough the equi pment used for etching the preferred enbodi mrent materials

descri bed herein was a decoupl ed plasma source Centura Ed I ntegrated
Processing System other kinds of etch processing equi pment where the
pl asma i s gener at eFigimeddighowsal seeinatic svhighl is rapresentativecafial photomiotograph®f dic
resonant coupling, or conbinations thereof 9

patterned etch of FPI 0.25 u 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



can be used as well. Some exanples of preferred equi pnent include: A

process cmisaégyi ng an internal device |ocated above thepgghmbdghs

surface, Vice assists in plasma generation through 1 nductive
coupling; a process chanber which is supplied with a plasma froma

renot el y-generated source; a process chanber having a device | ocated
~external to the chanber which assists in plasnma.generation through o
i nductive coupling; and_a process cha egéégich_utiljzes'a paralle] plate

devi ce whi crnesed as Welly Sameexamples af prefemied cquipmentinshide; Veprosess chargber) |
Uhat | as USEPRGA] RS fevior SRS Aore e SHESUals Dt ehih ASHica SR gu) ar
ol car 1y celaes egisian Groneh Aoty Erotiag  wooes chiraben WiiCh BRI
bohavi or a4 PLEFRE FoR & ety Eeei souiicn, 2 Poreess Gegiheh g A AV EC et  ve
bt di um  SHEEBBHE AR HRFCAEHGY & phopa sphersin SrauB R oinlingt i vo.
o o A2 i
used her o nBiraiol Trghgh Gabactl® cbliie, 02721 U L P “Separat e control s for
t he inductive coupling of RF power which primarily controls plasnma density
(source power) and the bias power which primarily controls ion bonbardnent

energy of the substrate surface. Thg HEERITIGRKGUr€" refers to netal |ines,
trenches and openings in a dielectric lTayer, and other structures which

make up the tOpO%g%gJ?é’faéﬁtottB@détH@&M tf}dé&[ ft%%i&ﬂd'ﬁﬁgxbtéﬁ%ﬁl #used Pthig ef ers

to the size of t mal | est feature on waf er .
' specification and the appended claims, the singular forms "a", "an", and "the" include

plural referents, unless the context clearly dictates otherwise. Thus, for example, the
term "a semiconductor" includes a variety of different materials which are known to have
the behavioral characteristics of a semiconductor, reference to "a conductivg material"

. iﬁcludes metals such aluminum, copper, platinum, silver, iridium, rubidium, and
combinations and alloys thereof, as well as other conductive materials which would be
suitable in the application described.

Specific terminology of particular importance to the description of the present
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.
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The term i on bonbardnent" refers to the collision of ions with a surface.

The ions are@%fs& f[.‘at ed toward the surface by electric fiel @grnfsedbbAs:z
.vicinity of € 'surface exposed to a plasma. The term "l ow k dielectric"

refers to any material having a k value |ower than that of silicon dioxide
(k =4.0). The term "l polyneric-based |low k dielectric" refers to a |low k
-dielectric havi ng a poI ymeri c conmponent of at |east about SO % by wei ght.

The term “pl asma’ "fo% nftatdrdl! XerOfy tﬁ@&'@ﬂéﬁnfﬁ f&hé‘bv’i’th%%g&ﬁcﬁ The._

approxi mately equa er o positive and ne Ive c arges

some ot her ”Uigﬁgﬁre%cél&ﬂfed'twet Cﬁ’?ﬁ"é ﬁIﬁ@ rEﬁ‘xE.% ﬁiﬁlgﬁhéﬁﬁae |

used to refer to a) a rati erials

condi ti on aché,ﬁi\bgﬁ“q%oﬂ%%agtch when etch rate of one material is increased
in conparison another material. The term "source power"” refers to the

power that is resppRSieln®|dvwk cz%létiﬁ?é" D104 tb Fﬁyﬁh@ﬁﬁﬁxa@)ﬁgﬁ{?ﬂlﬁ% %?ﬂ%jﬁga&

portion of the energy to Ioni e neutral “species I'n
term"stack" gofsili@ndio888@K= 4i0§fers to a collection of layers of different
material s deposited one over the other, at |east a portion of which are

etched during an efkdyens "pélyﬁeﬁ@basw%mrdm &H@%fe?stt% 2 bW diei8Stric having a
sem conduct or materl als, glass, ceramcs, polyneric materials, and ot

mat eri al s of efic & ﬁ@mmm%uﬂgm Welﬁlihe term "vertical proflle
refers to a fea ure profile wherein a cross- SEC%IOI’I of the feature exhibits

side walls which armaﬁﬁppladnmhwrsm;ﬁamwbﬁ@s@gMoﬁ@xﬁtgzhﬂq; FSidinkie

stands. Alternatively, positive profile” is one wherein the wi dth g’f t he
cross-sect i onequél mhﬁbefr@apouieve and rep@éve ohhrges) Qs Well fad s6nOBthéhuiihber bEnbeat ur e

- stands than at a distance away fromthe surface.
1omzed 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
comparison with another material.

The term “source power" refers to the power that is responsible for sustaining the
plasma by providing a major portion of the energy to ionize the neutral species in the
chamber. .

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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1. AN APPARATUS FOR PRACTI CI NG THE | NVENTI ON The preferred enbodi ment etch
processes scrihed herein were carried out in a Centural D %ﬁ
Processi nggfgfg’fgéﬁngavai | able from Applied Materials, Inc. of kégﬁ%g gzra,
California. The systemis shown and described in United States Patent No.
5,186, 718, the disclosure of which is hereby incorporated by reference.

Al t hough the etch process chanber used-in the EXAMPLES presented herein is

shown in schematic in Figure 1, ‘any of the etch processors available in the -

ihgcrjg;stn,ryszmulsgngea;bhe to take advantage .of the etch chem strgqgie;(r:r;in?ed
show i saremirc T ANAPARUREMEELISE) B M. (o7 o
el o < bt sefbo o S sl o
(1996). Th?ﬂgﬁ%@@@ﬂ%ﬁ%@i@ﬁ%@gﬁg@p 8%%@?’?5@?%‘?&?‘8% ﬁ%ﬁ”%@ssw- Sf Santanchy

o const r S FRRSEE Thd st BEESNAAA SRBEA i UnieRe SRR MRy 12
Frequency (A0 HEihe Bsdoind iyt REny SRRl Iy Pt P8 L ATROEH Beucncy
condi 1 ons )P Prpe Ehiffer SRFAARE EXRUPLES Bretbn @l hofLER MR HiRoomats in
pedestal ( qagnhed,e)ang@fu@ éich ff:r'écé‘s?&g‘i%fa@%@ tg{‘in%%w b?é’ generat or

22 (bias power generator of Trequency Ti ough an

i npedance nRy&lhROMRS ¥R Cheatistrd Qeschibe@RET, With sﬁﬁﬁfmﬁfs%\éﬂt ko me{ﬁgﬁ%? s on

serves as the electrical ground 34 for the offset bias I ch acc
the substr 18S The e@SiphentOshowhen FheBfie in Riphkd Fihchﬁie% Hﬁe'éb\gﬂécg ﬁt e
n the

support pedestal 16. The sem conductor substrate 14 is pl aced
support pediasofl Soifrce(DPS)afeinsilsind 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 1A, 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 ﬁ'equency 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 which 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



12 conponents are fed into the process chamber through entry ports 26. A
plasma is i oWpled@2i38 Process chamber 10 by applying RF power $chfusdnd7isz.
Pressure interior to the etch process chanmber 10 is controlled using a
vacuum punp (not shown) and a throttle valve 27 situated between process
chanber 10 and the vacuum punp. The tenperature on the surface of the etch
chanber walls is controlled using | i qui d-cont ai ni ng conduits (not shomn)

e sem condueraonets sRET s e Boobehf iy GBS ord 6., A Wkl detind
back of the SHOETIat S anf?‘%?"é%vé%l9‘?‘ho B Pl 8 p%%é*?m“%i‘ée@sb &226

The helium f trate
and the pedearsp o b 10i o lé%ﬁsaﬁ%ﬁw"‘*%@nm {5 b S dHRE alle

radual |y he tHaBwdd Gk RS

gpprom mgt el ;‘/‘i’ggt@i’ego 0C hiﬁ{l& ﬁg%atgé?r at e 'su por ’i“??‘l“&ﬂe off the

tenperature, HeRROEid R chﬁkﬁbé}rveﬁﬁ%ssccﬁi glh& hﬁlﬁﬁqu)g-cb@a%ﬂg GBilaffls flop! L e

substrate surface tenperature was tplca aro ng no of our

experiments. sHaqmy whichele %a&&ﬁxﬁwmgef&ﬁmedhaﬂﬂer@ '@escr*ygﬁ%@éﬁ@@d at

about 80 [err][C using the cooling condults previous

EXAVPLES OF Tidmitoiatb i BRrhO donblloy ST J%Ee B2 hor! 25

etch chem stry has been denonstrated to provid et chi ng

of a nunber cé}edbgml dhdTiiviig Rélium BaiR decdnmdls firmBa Bﬁﬂfe%ﬂ?ﬂfﬁn&%ﬁﬁshe eﬁ%da“

etch back technique) and patterned etching for feature sizes int nge

of 0.25 , [ er rgrobvesdnbteshowdporths peddstatl 16 $igace! The REIRMM Bid ¥ ubdd BIRGHa hehPe

use of chI orine and oxygen plasna species in conbinatron. Prom sing etc

rates, etch stednsfiribeiwegn tesubstthtearithe podestal. aDaringhe eRl GRddey) theaubltrds Of i | €

have been obt ai ned. As previously described, the
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 the cooling conduits

previously described,

III. EXAMPLES OF THE ETCHING OF LOW K
DIELECTRIC MATERIALS

A particular plasma etch cheiistry 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
plasina 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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etching process was carried out in a 200 nm DPS Centura Metal .Etch system

The 13 %Q%Qﬁsterrperature was set at about 30 0C, which plfRisoahTi%:
resulted in an'etch substrate surface tenperature of about 75 'C. Substrate

tenperature was mai ntai ned using heliumgas as a heat transfer agent to the
backsi de of the substrate, with the helium pressure between the cathode and
t he substrate backstde being about 7 Torr. Four {ow:k dielectric materials

whi oh 1 agaiod atiEb Ao s BBt S SRR el Resie R e
ot oo ERRPRHR b 5L Si ks sl 3.
W e oo et 138 bt B wabitelhacht (M bRIBIde R subified, st fhe RefIGR preUR0E 1

I al | ' s £QNE A [.ne; and, Fl ' d
ol y1 e, ERIEIRY fetnddesolE sopsese pRBie W dholt HORTPL 0T T Bl e
The latter two r@gfmvak%iawm@hﬁt ssdvér'be%u téﬁid‘@éd&phfgk\ﬁnﬁ%xaﬁé bislerrl,

FLARE 2. 0w, and are discussed 1 n detai ereln, re "are numerous

ot her | 0w ieflh@lygibiefic (BEBY, viich Wvilatlé & CYPEOTHNER dghMeDbw. 2 i | ar

manner when e ed in a danpe with the nmetho the present invention,
using the edtyehhi6d) €. Widlakls Michidga J18 cEhtlins ABSRS ALRRY %l Moh; IgRIKERIri C
material s include Poly(arylene)ethers; Poly(arylene)ether oxazoles;

FI uor i nat edylideh is(atdoydvatlable fivad the(dvABEmidARCY ), ek isNery similaP REBEB, but does
Paryl ene- AF; Paryl ene- AF4; Pol yi m des; Pol ynapt hal ene-N; Pol ynapF‘ut hal ene- F;
Per f | uor oc yiek edntiiandicoR FLAREQ.¢ ¢ hvalabledroae ili¢ESignil Advanced .

Pol yphenyl - Qui noxal i nes (PPQ) ; Pol ybenzoxazol es; Polyi ndane; Pol ynorborene;

Pol yst ylr enaviicisdlsanlonivyMatesials) Sennyaley€alifiptris avhiCloisyyropridtaryanatarial aadm | ar
mat eri al s.

despite its name, does not contain fluorine; and, Fluorinated polyimide, FPI-136M,
available from DuPont Company of Wilmington, Delaware. The latter two materials
contain no silicon.

Although the BCB, SILK™, FLARE 2.0™, and FPI are discussed in detail
herein, there are numerous other low k dielectric materials which are expectéd to behave
in a similar manner when etched in accordance with the method of the present invention,
using the etch chemistry described herein. These other low k dielectric materials include
Poly(arylene)ethers; Poly(arylene)ether oxazoles; Fluorinated poly(arylene)ethers
(FLARE); Parylene-N; Parylene-F; Parylene-AF; Parylene-AF4; Polyimides;
Polynapthalene-N; Polynaphthalene-F; Perfluorocyclobutene (PFCB);
Polytetrafluoroethylene (PTFE); Polyphenyl-Quinoxalines (PPQ); Polybenzoxazoles;
Polyindane; Polynorborene; Polystyrene; Polyphenyleneoxide; Polyethylene;
Polypropylene; and similar materials.

The four low k dielectric materials which were evaluated in detail were etched as
a single layer upon a thermal oxide substrate. The thickness of the dielectric material
was about 10,000 A.
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The four l.ow k dielectric materials which were evaluated in detail were
etched as a $y¢@H13ayer upon a thermal oxide substrate. The pif/pkdpges2of
the dielectric material was about 10,000 A 14 EXAMPLE 1 During the
devel opment of the proper etch chem stry, that is, the proper plasma 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
pl asma sourc Bv@s mai ntai ned at about 100 sccm The RF plasma source
power was about 1200 W The bias power was about 200 W The process chanber

bout i
pressure was aboutDdsngthe dbeklépifent Upﬁx%%gef ié%ﬁﬁ%rﬁlsg*,?hﬁ@s,% asma

tenperature was naintal ned at "about 307 e tiI'nme

appr oxi mat el Ysogfbepas odtdent fJ:aé?élﬁnngCBehﬁ‘%ﬂ%??E%g%s?ﬁ;t:ﬁﬁsu s kiibiin E@ﬁdve'ﬁe and

the uniformty of etch rate across the BCB as a function
of the pl asnegredtest effe@dn ethitaeere Aell cnstarfe] The total flowrdte of the plasrﬁgso(uéce
ccm

CHF3 Etch Rate 1 a (seem (sccm (sccm

(A /min) (%gasés was maintaffed at about 100 sccm. The RF plasma source Opower@vaz @Bout 1280
4.57 60 25 15 6, 00 3.92 60
25 W. The bias powkbwas about 200 %/. 0D process chamlfr pResiffe was about 19T
700 4,52 80 20 400 7.68

The data in Tenditke substratesugpestplater (vatholé)aehpahugd whs main®imdrat ahsRB0eC.
results for BCB were obtained when chl orine and oxygen al one were used as

the pl asma sdlhemstchytime svas dpproxdidniisly 8hseebndd? or CHF3 reduced the etch rate
slightly, but resulted in an
Table 1, below shows the etch rate results, and the uniformity of etch rate across

the BCB substrate surface, as a function of the plasma source gas content.

Table 1

cl, 0, N, CHF, Etch Rate lo I!
(com) | (seom) | Goom) | (seem) | (A/min) %)
I e0 40 6,700 4.57
60 25 15 6,000 3.92
60 25 15 6,000 4.16
60 40 700 4.52
80 20 400 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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I mprovenent in etch rate uniformty across the etch substrate surface. It

I's expect 598%%%‘33“ addition of limted amounts of N2 or GsEgukeydrie

Cl12/ 02 so Ses would assist in profile and critical dinension control
during the etching of patterned substrates. The etch rate obtained for
[err] chem stry was extrenely low. This was a 15 surprising result,
because dielectric etchers .showed good results. using this chem stry. Upon

s gt he. SRR relh, belande dicREh i I bR pbdFr AR AP Chefiile) D00
fluorine iwgﬁmaqﬁ%ﬁgm?ﬂwasm&wrmm d eSS WbtaidddiRidg e f r OM

the prior et process used for the mask openi ng process step. EXAVMPLE

2 Based Oncsh@,a{eﬁh'&paefexacslﬁl@osam@aﬂe&uigbme@ﬁes@&ﬁ%mfoﬁhem@!pr §ix

was designecfto ook for trendS resulting fromthe change 1n critica

process parfabé SFhe! fluoPe wds¥esidual RusidSRo e %rfmféﬁgx é'g?ésg aved R tRIarFt ON

etch rate of BCB attributable to change in the 2 02 unetric ratio of

the pl asma U, gnigg?g&'esggt@p.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 2B, 3B, and 4B, show the non uniformty of the BCB etch rate as a
functi on ofEXABMPIEB® process variables, respectively. Wth reference to
Fi gures 2A and 2B: Curve 202 of Figure 2A shows the etch rate for BCB as a
function of the Baskdontle preliminany d4ta flsowr ini Tabld b, 40l Ixborthoponalaratgir was The
etch rate is shown in A/ mn. on scale 204, and the Cl12 02 ratio is shown on
scal e 208. desighed todadk for teepdsiresnlting tfioer theichamgede critical process pazametets. dat e
with an increase in the ratio, over the range evaluated. In addition, as
will be di partisdat, Figures2d, détand 4A shoyr theteffectrant étch mte ¢fBCB mttsibutabledar ef ul | y
bal anced for optimzing the etch rate of BCB rel ative

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 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 o 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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to adjacent materials such as substrate etch stops and barrier |ayers. The

variation i npygyoiseragity of the etch rate over the substrate surfeosvenyis:z
shown in Figure 2B. Scale 214 shows the %of the 1 a variation (standard

vari ati on based on a 49 point neasurenent) in the thickness difference
bet ween the pre-etched and post etched wafer. It is desirable to maintain
the variation in . etch rate uniformty at a mnimm 16 WD 99/52135

PCTI US99/ 07 1 frittubty #ahaatdStypiany equir Riat SchWaFiRioH Beheld'Bdlow 4bbut\s?% at i on be
hel d bel ow about@% % Wtﬁﬁ’gr ef egeglnce to Fi gurles 3A and 3?3: CurtﬁZBZ in

Fi gure 3A shows tWﬁﬂeﬁ&éTeﬁo%ttGFfﬁesmﬁiSBEe Cuﬁ&tﬂg'ihPfgu%ﬁﬁov% tﬁéei%ﬁ}Ner to

t he substrate support platen. e etch rate is shown I'n . on scale

234, and t herdié &t BUBAS a fitnctibwethe RFSBias PoweiGo thd fibktrate SippoRtpla&s CThd et as
Power over the range shown has a very significant effect "on the etch rate

of the BCB. gite isthotviri®d/mi b Babs2 3y ahd'he Blas Mivast i HoWn daaalb D36 MORdarly
significant effect on etch rate. The variation in etch rate uniformty”over

the BCB subsii icfeassiniBias Rowersvepthe riizeRhawn Rayevery Sighifivant dffecFbdike@tchB.  as
curve 242. The %1 a variation in the thickness difference between the pre

etched and peaé ofthe BECB.WOf the three vhdubles@valugRl BiddPowsy Hall thd o Sisimiffane
shown on scale 246. An increase in the Bias Power over the range shown,

from 150 W t effét%@n\éfchrratel [The dariationrin eteh r&t8 [fiformifdver theBTB kibstate ok ae

" etched substrate surface fromabout 4 %to about 5.6% Wth reference to

. Fi gures 4A afihctién ofhe BiasPfver is shogmrie Fighrs 3By cuhe 240c IThe 8 ¢ of variafféBinas a
function of the RF Source Power to the plasma. The etch rate is shown in

A min. on sctheghigkuess differenise bSween theRoeeichedsamiiposietchred swaftrds Sbvn dinscale

i ncrease in Source Power over the range shown clearly results in a

si gni fi cant 24k vattsthe BiastBowes shawn on scalsef 246h cArBiBBreasein theeBias Power over tec h
rate uniformty as a function of RF Source Power is shown in Figure 4B. The
% 1 a vari at fagge showmdronh i 3k Welo 2581 Wi cesuliebintzatingrease ithgorpymiformity of the

etched substrate surface from about 4 % to about 5.6%.

With reference to Figures 4A and 4B: Curve 252 in Figure 4A shows the etch
rate for BCB as a function of the RF Source Power to the plasma. The etch rate is shown
in A/min. on scale 254, and the Source Power is shown on scale 256. An inérease in
Source Power over 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,: O, increased over 1:1 (over 50 sccm of Cl, to 50 sccm of O,), we decided to
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etched and post etched wafer is shown on scale 264, with the Source Power

shown on W@Iﬁ, égg An increase in the Source Power over thgctRReF7IEOWN,
from 800 of W resulted in an increase in non-uniformty of the

etched surface fromabout 4.2 %to about 5.4% EXAMPLE 3 In view of the
decrease in etch rate of the BCB observed as the volunetric ratio of [err]
increased over 1:1 (over 50 sccmof Clerr] to 50 sccmof O, we deci ded to

17 i :
i nveqhb&ﬁhﬁte%lbﬁfﬁ@lzlg% rathy? W@Te'vﬂuatw a@{ @altaﬁg of ﬂ 1.0067()r dﬁbh‘at when

0.7: 1.0 (70 sccm of scom of 02) cove

a sufficienty, ymmemomghmMeaawawcseers&ﬁmt &h&%&%fﬁ%ﬁﬁﬂ&%%naﬂm of the
etched surfaée may becong unaccept able. Figure 5 shows a sthehatic of the

three di menghontdoutdei8ss tﬁatépagﬁgay@ﬂﬂﬁ%heiaﬁrf%elxﬁawﬁédoﬁk' on was 33.6

% A careful inspection of the et surface showed that etch did not
occur at sqfRciepabld. Figu's shdts Bebhamdticaehe thiee dimpAlibmAl %ﬂ:hEJI‘BCB’WE

reacts with silicon inthe BCB filmto form an OXIde hard mask which stops

the etch priegsed. EXOMPLE véridivmovasd3.6 % Aleie Eétivh dffihd etdRedstAgs - i ch
pl asma coul'd present problens in the etching of BCB, a decision was nmade to

eval uat e sedhowed that ¢tchdidadt oovarat gbme locations drothe BCB surfaks Its beevad Gat © 02
ratio of 1:1. Figures 6A and 6B show schematics of the three dinensional

et ched BCB miygémreastswhiticsilivueria thd BOBfilusioform ah exide haat inaskowhithGtops tie (60
scam of Cl2 to 60 scorn of 02). OQther process conditions were as ftollows:
Sour ce Powsstchnprocdss200 W Bi as Power was 350 W process vessel pressure was
12 nil; helium heat transfer pressure on the backside of the substrate was 7
T, the tenperature of the cathode upon which the BCB substrate was
supported was about 30

EXAMPLE 4

Based on the determination that an oxygen-rich plasma could present problems in

the etching of BCB, a decision was made to evaluate selectivity to BCB over other

substrate materials using a Cl, : O, ratio of 1:1. Figures 6A and 6B show schematics of

the three dimensional etched BCB surfaces which were etched using a Cl, : O, ratio of

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 o 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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"C. The etch tipme was about 40 seconds. The % of 1 a variation is shown on
the scal e togidRsshRkt side of the etch surface profile shown gdrnidegnyiez 6A
~and 6B. Adjustnents in process chanmber gas flow patterns led to the

i nprovenent in etch rate uniformty shown between Figure 6A and Figure 6B.
This etch chem stry was evaluated not only for its effect on the etched
surface uniformty, but also for its effect on etch rate and etch

selectivity for the BCB conpared with t y deposited silicon oxide,
silicon nitride, and I-line photoresist.: -This data is presented below in
Table 2. 18 TABLE [F=Sestrate————ttr Rt 1M . )
(% BCB | 200 Substrate BichiBatexi de lo 22(

6.22 Nitride 680 11.12 I-Lijne PR 7,900
2.67 Using this etch |chemistry, we dchi &Mednh hi gh|BCB d€¥9h rateland

si mul t aneously a hi gl BCB—SerectTvitfy over_pottrsrircom oxrde army silicon
nitride. It should bd notedBCBat thd etcB208te patfern 1"-§9skewed bei ng

| ower at the punping |port S¢d8 of TTje progcess chanper . nar awar §

modi fi cation is beind made ¥Y8%ol ve fthis iciency. E E5 1y order to
| mprove BCB sel ectivilffy ovey. paitriddg, and ch surface ormty, the
p?gcess chanber pressure V\g\iml' fcr eaded to6€¢1 nl. _Since gﬂhéncreae I n
chanber pressure was jobseryed. aat | i frpact 2P efich rate,
RF bi as power was i notessed =350\ = apee-—ctranaly dat t ract

ions toward the BCB substrate.

Using this etch chemistry, we achieved a high BCB etch rate and simultaneously
a high BCB selectivity over both silicon oxide and silicon nitride. It should be noted that
the etch rate pattern is skewed, being lower at the pumping port side of the process

chamber. A hardware modification is being made to solve this deficiency.

EXAMPLE 5

In order to improve BCB selectivity over nitride, and etch surface uniformity, the
process chamber pressure was increased to 14 mT. Since an increase in chamber
pressure was observed to have a negative impact on BCB etch rate, RF bias power was
increased from 350 W to 450 W to more strongly attract ions toward the BCB substrate.
The other process variables were maintained at the values given above with reference to
Table 3. The performance data for this modification in process variables is presented

below in Table 3.
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The ot her process vari abl es were mai ntai ned at the val ues given above with

ref erence 3. The performance data for this nodific rocess
vari abl es ‘&@ gr eSented below in Table 3. 19 TABLE 3 Subs‘t?"tr:1(;1,'9%'9'”:’15a
Etch Rate |0 (A/mn.) (% BCB 8, 700
3.75 xide : 220 . 5.12 Nitride 160
. 13.84 | -Line PR - 7,900 _ . 3.26 BGB selectivity over .

silicon nitride (Nitride) was i mpr oveq dA.E?,Ee_?peCt ed. Based on the experience
in etching BCB, two additional lowk die ric materials were etched.
These materials SHERare— 7 -
show data for the| et Substatsl LK Ilow kEth®aetri d drticul ar
Figures 7A, 7B anfl 7C show the dffect,on etch rlate of SI LK attri butable to
change in the [erfl] volunetric ratlo(b'fmlnae pl dsma @0k ce gased; the effect
on etch rate of ajftha g& N 1ne |RF B POWET - (jO N upstrat € support

pl aten; and, the ‘Lffec Bn etchirated 0a change I n e RF Sourfce Power to
the plasma, respegtiv Cor r e4pondi Fi gur es and 7F [show t he non
uniformty of theﬁSI Lf‘é’é%h ratgq as aag%nction of th%ll:%ams progess

vari abl es, respect I vel yth referen&goto Figures %44 gnd 7D Qurve 702 of
Fi gure 7Ash0m5t&etr rate fdr SIIK as a function-of the fl rati o of

[err] in the pl asffa spyﬁlg@Rgas The qtgd@ rate ifjs showmpgin A/ m on scale
706, and the [err ratro—rs=showr—or—Scorc—ror

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 7 10. 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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Curve 704.of Figure 7A shows the %of the 1 a variation, as a function of
the d2: 02 %é’&gﬁith the % of 1 a being shown on scal e 710pcHi@sdoRr152
readi |y apparent, % ere is a decrease in both the etch rate and inthe | a
variation with an increase in the ratio, over 20 t he range eval uat ed.
Curve 712 of Figure 7D shows the selectivity ratio of SILK in preference
over Silicon Dioxide as a function of the ratio of [err], with selectivity

LQ?’LE?? ity i85 e £pRak Ol 717 oTRlelec o S e B B JESILTHS, o
30: : 1d etV . Fi

78 and 7E areiHeTbs bt Siidiniofideds AR 02 R rad 41, P07 Selliy 01 °°

The ot oh 1 at GRERephaSIE T Find €1, OF citiRhi o ARAE 7R RACERHINNZL

shown on scal ( 4 kQ 0, 1

vari ation, asﬁlg ﬁﬂg %%%sgo %%UUIE{ES B?’g@%@pg@{oﬁﬁeﬁo %%OE)IP%E 'éqgg{ %18

shown on scalg 739.; riu%ersﬁ@\%.'y apparent, there is an increase in both
n the

the etch rate &nd i a variation with an increase in the Bias Power

over the range ev tr@f@ren&'fovﬁgzrég 78%anfl i7%::” ﬁ%‘;ﬁ‘fgﬁggBﬁbﬁrg?ﬂeﬁﬁgym

ratio of SILK in preference ove I'l'1con oxl unction o

Bi as Power, Walcfop SIIQChd yhﬁ%ﬁwdfmemﬁﬁpéﬁaltsa?di%bm ﬁi’f@%n%%i{ bei ng

shown on scale 736. The selectivity Iis shown to rease fromabout 75: 1

(SILK: Sili C%a@b@?i 4Rk ctch rate 93'$hoPd in A/RNE bn sbie 16, Bhdthe RV BIas PaNGL1sS hown.
Wth reference to Figures 7C and 7F; Curve 742 of Figure 7C shows the etch

rate for Sl LKhaGmanfseatet720N Cafvel 124 JRFigtr@ FBBhow the @4 BPURI1 o VhkatRinCis 4 ate is
shown in AAmn. on scale 746, and the Bi as Power is shown on scal e 748.

Curve 744 of fapetidreofihe RE®iAs Pdervith the ¥ of 13 beitig sholwlon sesle F30.UAGHS on of
the RF Source Power, with the % of | a being shown on scale 750. As is

readi | y apparmeadily dpparent, itlierais anrincresss én bothitkd étch fa€e 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 ¢ variation, as a function of the RF Source Power, with the %
of 1 o 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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etch rate and in the | a variation with an increase in the Soutce Power

over the rg@% | uated. Curve 752 of Figure 7F shows the sggl Mﬁlg,y
ratio of S Slsgl\é%r ef erence over Silicon Dioxide as a funct ?onﬁjg t he

Source Power, with selectivity indicated on scale 754 and Source Povver

bei ng shown on scale 756. The selectivity is showm to remain relatively

- constant over-the RF -Source Power range shown. 21 EXAMPLE 7 Fi gures 8A
through 8F hammigif for the etch of FLARE 2.0 low k dielectric material .
In particular, Figures 8A, 8B and 8C show the effect on etch rate of FLARE

2.0 attributabl CFigards B @Roigh §F \hobRdtd o‘f‘ﬂ]né’ﬁaﬁ bf ?“Liﬁ%]%? Oaéwéhcﬁgl@%gg@g? to

source gases; the effect onetch rate o a change’in

the substr ahfe$AlPPRphrtiehiat, ¥ %@@&'A ﬁﬂ‘ﬁn@ié@ﬁéw% e%t‘oﬁéﬁcﬁ f‘gﬁgg{tge i n

t he RF Source Power to t hé respectively rrespon s 8D,

8E, and 8F xihaituisble & \chan Féﬁfﬂﬂbbl a0, {'dilﬁm'e:’aﬁ'?ﬁuﬁ ﬂggﬁ n[aasfoﬁrc% fH{éC“O”

of the sanme process variab respec Ively. Wt rence to fes 8A

d 8D Cu
an leffectiiietet rdte G Ehahfe ENAVRE Bias Pbﬁ/@t 0he silifdfra é'sﬁggotg;fl%te é?l?dh fate

function of the flowratio of [err] in the plasma source

I s shown i Rhééfiféch on efthsar!of a&ﬁ&ge&ﬁ%&l@?Sbﬁfc&]Po%H&hb%la%ﬁ@,%s 8 | e 808.
Curve 804 of Figure 8A shows the %of the 1 a variation, as a on of

the C12: OZormspending Figutds@DYBES arid 8F ﬂﬁimﬂle&bﬁmfﬁﬁnﬁﬁéfﬁe &LQ;RE\Q.O' etch
readily apparent, there is a decrease in the etch rate over the range

shown, and raie as admpmtiohef thesameqrecesnivariublel, mespeetivelyl on. Al t hough BCB showed
an increase in the 1 a variation with a decrease in the ratio of [err] BCB
contai ns about S¥ithyeferenghito Kighies 8A and @D Gétfve 30D of Bigued 84 shewstheietsn.
Curve 812 of Figure 8D shows the selectivity ratio of FLARE 2.0 in
pr ef er ence refedor HLAREGHO & ohungtiomef the flomatationf a1, t Og in titeiplashia Jofvergas. Wi t h
selectivit ﬁl i ndi cated on scale 814 and [err] ratio bei ng shown on scal e
816. The sdheetdhanteyis shovsningdymin. on scale 806, and the Cl, : O, ratio is shown on scale

808. Curve 804 of Figure 8A shows the % of the 1 o 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 1o

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 C, : 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, as a

function of the RF Bias Power, with the % of 1 ¢ being shown on scale 830. Asis
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decrease from about 125: 1 (FLARE 2.0: Silicon D oxide) to about 30: 1 over

the [err] ra,;vb%,rsﬁgge showmn. Wth reference to Figures 8B angcimissdimise 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/lmn. on scale 826, and the RF Bias Power is shown on scale 828. Curve 824
of Figure 8B shows the % of the 1 a variation, as a.function of the RF Bias

Pover, with thgiveaiardnt ahERiidesi m&lt(?ﬁbréééélir?thﬁ%ﬁh ahd a ffinor inbreadd th Yhe

apparent, there 1s 'a significant I1ncrease In the etch rate and a m nor

increase in §5akfbnidith 2 intfeald fthéBiak Poler dver the & e@ﬁﬁa’cg&?%eg’.’!f?ft he

range eval uated. Curve 832 of Figure 8E shows the sefectivity ratio o

PLARE 2.0 | NFRAE SE SRS B Slectivity GATD HITARE 23Rin drditifite (s SilichfDidliad! as

Power, with selectivity indicated on sca as Power being own

on scale 836asmﬁmﬁeﬁs%'bwﬂiaéPo@aew&htseneaﬁgﬁgﬁ&ieatx&ws&hé g4 dng Wiuer the

range shown. Wth reference to Figures SC an F. Curve 842 of Figure SC

shows the et phwerbding SHownlo¥¥ealé 886 FFhesefediivity RIh&\im td eci¥asdVeas SHghoRLves
Power. The etch rate is shown in Am n. on scale 846, and the RF Bi'as Power

i's shown on ggakRssh@wnCurve 844 of Figure SC shows the %of the 1 a
variation, as a function of the RF Source Power, with the %of | a being

shown on scal e 85Witlteférence@aBiguyesBIP@IdBE: , CUrte 842 b Fidfurd 8C ERAGLthe Btchhe
etch rate and an unexpected decrease in the 1 a variation as a result of an

i ncrease in tdte fSRUARE POvasa fanation tolff he RN plasiay Souieé PowerCFheetdidteds Fi gure
8F shows the selectivity ratio of FLARE 2.0 in preference over Silicon

Di oxi de as aslowrcini AMminfort scale RA6,SmdrtheRPBisy Powdr i shoehnantscale 848 Gdivediddd on
scal e 854 and Bi as Power being shown on scale 856. The selectivity is shown
to increase bf Bigueh®Cishads the 26 ofthaRMo fariitiofyj dsiadonctivnafithkeR F SoumbPotveD0: 1
over the RF Source Power range shown.

with the % of 1 ¢ 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 accomi:anying
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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EXAMPLE 8 The data presented above was for a single |layer of BCB, or. SlLK,
or FLARE 2y kagsst hermal oxi de substrate surface. The next pgafsodgfiss O
eval uate patterne5 etching of a low k dielectric |layer surface. Figures 9A
t hr ough 9C show schematics of a BCB substrate and acconpanyi ng etch stack
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 et ' ] s ' . .6 490 Y | yi ng
subst rat o op5 IEFaNInAuduiet B Sidayes S Parieined SR S19) ThE BaultgIgR ' "¢

thi ck | ayersefés ¢FatdnBhele WheRAhOFeanirs §izO dfa trditd: P abdi rorzsidé.z gjxﬁigﬂ&%gd of

trenches, where the feature size of a trench 1s about erlying

phot or esi styhBfogesist 932 §s #6.07 1 thickHayer b€ hn Bfgadit-HsCPANtE: ctive
coating (AIEC) 910. Underlyi rpltg ARCa%lo S ggo. 1 uthi ci&?g%r@g?h%(@*:?con

di oxi de hargd O/ RiderIgingARC 920 i908.1 LLiMitk 1hyedr ¥ alsliRof Qidkede 1kd nfx8SikE NI
material 908 is a 1.0 ,u thick layer of BCB 906. Underlying the B | ayer
906 is a O.rhatefigl/90B. UndeHying Yits oxide Hirdm£LRihg niitekial 9084 Y.0NOthidkdaydz@f | ayer
904 is a silicon wafer substrate 902. Since the ARC |l ayer 710 and oxi de
hard mask |BGB190808ndentying dic BEB lyee 006 xn@.d . thidkdayer of TEOS J4a AR, SOUr ce
gas chemstry is used to etch through these two | ayers, producing the
struct ure sinderlying tlid TEOS 18@r 90his adiicomawafer tubsteate 902.08imceiecARS laydr| ows:
50 sccm of CHF3 and 30 sccmof [err] Source Power 1400 W Bias Power 100 W
process chditfend pxistehardmask layer 708 havemotzysit beencopened; atCHF/ELshased plasaa
backside of 7 Torr, cathode tenperature 30 'C, and, etch tine of 65
seconds. Fisguice gapchamisiry issedttB:tehithrougix thesedwodtyess, prddaciBeile stikhurpl| asm
etch, where overlying |layers of oxide hard mask 908 and ARC 910 have been
patt er ned. ssgwgérqﬁmm 98. The pRema etohsondisionsweteas followsy FthsscmtofiCHRamdst r y

of the present .
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 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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I'nvention. The particular etch conditions used were as follows: 60 sccm d 2
and 60 sccm Qi gomesce Power 1200 W Bias Power 350 W procesgcRtsysheisz
pressure 10 nT; helium back pressure to the substrate backside of 7 Torr;
cat hode tenperature 30 'C, and, etch tinme of 60 seconds. The resulting

- structure is shown in Figure 7C, where patterned BCB | ayer 906 overlies

- TEGS | ayer 904 which is supported upon a silicon wafer. Figure 10Ais a
schemati c r epsveadort0.29) . tfesturl3iveo The el hopunitbrmiiReacesss arwiteBis abbavthe Saphd)
nore detail the etch profile achieved for patterned BCB densely | ocated

t renches nearasvthitdor xblatle BCBIdubstedte.hed BCB i s | abel ed 1006 and the
underlying substrate TECS is | abeled 1004 in Figure 10A. Vertical profiles
were achi eved at aFigingH OBtis b sclneatic 2¢presentiiviethe iphotothictbgraph 6ftheletched BEB, The
etch non-uniformty across the wafer is about the sane as that for a blank
BCB subst r at eshofinginenéredetail the atclnprofile schiewpd frajattaged BEBikolarditRhclgheuph

of the etched BCB, showing in nore detail the etch profile achieved for a
patt erned BCBwafententerd Aigaimpthe etohad BEE isiatelodt 1006 add tie TEOS sutstratedsilaBRd i s

| abel ed 1006 and the TECS substrate is |abeled 1004 in Figure |0OB. An

excel | ent verlQ0dan Figuné 10 AMasxcallentwestical piofilewas avhieved.ch rates and the
mcro |oading data for the dense trench pattern and for the isolated trench
are shown i n Tabl eThe vasious\etclr rettsrand tiesmicrelvaling @BtaHoOHe RATE tefch patfery and

TRENCH AT DI FFERENT LOCATI ONS Location Dense Trenches | sol at ed
Tr ench A-Toptheiispjated trenchare shosymim Tablemt bglowrat e (A/nin.) (% Top
7, 300 8, 200 11. 6 Center 7, 500

© 8,300 10. 1 TABLE 4

PATTERNED BCB ETCH RATE OF 0,25  TRENCH AT DIFFERENT LOCATIONS

e

Location Dense Trenches Isolated Trench ;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
Il Right 7,700 8,400 8.7
| Max-Min (%) 12 72 Ave. 9.0

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

The Max-Min (%) = _Max. etch rate - Min. etch rate 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 % by weight

silicon. In order to test the etch chemistry of the present invention on an organic-based
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Bott om '8, 200 8, 800 7.1 Left

7, 800 8, 400 | 7.4 Right TR 07152

8, 400 WOBIS3S g 7 Max-M n (%) 12 7.2

Ave. 9.0 A-loading refers to the etch rate difference between an isol ated
trench and a dense trench. The Max-Mn (% = WMx. etch rate - Mn. etch

rate . X 100 (Max.- etch rate + Mn. -etch rate)-/ 2 where the etch rates are

measur ed a s . ' Yo )| MPLE 8
cont ai ned g’é’gggﬁ&ﬁ?%‘ﬁ@“f y%%ﬁ?n{g? 7 igl%ﬁ#l%&g&é%ﬁ]gﬂpg& e etch .
chem str stb'd]é’ | %f%mﬁ : k

di el ect r%/ca‘%%ié\??%gpﬁ%%;l | conﬁ%%t?]ltegﬁét}?maghgé ched a f g%%‘fwlg%?‘y?nn‘% de | ow
k dielectrjg. (Wedls) ; t hs t N
e St et el Xl AT 6 bR b et et S,

| ayers Wer&e&ansﬁfn%%meaﬁs@&dg%é&mﬁﬁh PSS OHR ShdPIRCBROf
conditions: 50 sccmof CHF3 and 30 scem of Cl12; Source Power 1400 Bi as

Power 100 W . B6@ee Power PAUTEW; BiATowe? 180 Wrlprockas &mﬁagkesmrsqwﬁ'& to the
substrate backside of 7 Torr; cathode tenperature 30 0C, and, etch tinme of

67 secondshelfuhh baskRBésuve totthe sttistrate belsideasT 7etsifadttiodt BnperguRi30°Cheni stry
of the present invention. The particular etch conditions used were as

fol l ows: 6gndemmtings 6f 6Psedoftds. sccm 02; Source Power 1200 W Bi as Power 350
W process chanber pressure 10 ml; helium back pressure to the substrate

backsi de of 7 TSubseqaaitlyyde ARG aias ekh&Dusihg thedtchadhemistiyaf thé pfeSesteconds.
Figure 11 is a schematic representing the photom crograph of the etched

FPI, 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 50 seconds.

Figure 11 is a schematic representing the photomicrograph of the etched FPI,
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 sui)strate is
labeled 1014. Vertical profiles were achieved at a high etch rate, even for 0.25 y 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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showi ng i,n nore detail the etch profile achieved for patterned FPI densely

| ocat ed trew@gﬁsﬁ%‘ar waf er center. The etched FPlI is |abel edctigdmangd t he
TECS substrate 1s [abeled 1014. Vertical profiles were achieved at a high

etch rate, even for 0.25 jI feature size. The FPI etch rate is faster than
BCB, apparently because FPI filmis |ess dense. The above descri bed
preferred enbodinents are not intended to limt the scope .of the present.

i nvention, as one skilled in the art can, in view of the present disclosure
expand such embodi ments to correspond with.the-subject matter of the

i nvention clained below. 26 Attorneglmmt No, 2649. ETCME W claim 1.
A method for selectively plasma etching a |ow k di el ectric materija

relative to an adjacent oxide or nitride or conbinati aﬂlﬁ“ﬂ mﬂumﬁ“mat | od
conprising contacting said low k dielectric materi al

generated frWeadaipl:asma source gas conprising oxygen and

hal ogen-conprisitg gas where said hal ogen is not quorlne, and wherein an
etch selectivity is at least 10: 1 for said low k dielectric materi al
relative to said adsacent oxide or nitride or conbination thereof. 2. The
Tnet hod of Cl aiAnméthodierptasmastihihgsolemclemgtesial, tied mekhsd eorhpdishgethe wsapfd si ng
gas selected fromthe group consisting of [err] [[err] and conbi nations

f hereof . 3. plasmaseurceigasiwieren thelprinoipalGteliant Speciek eomprisesalialogealotipe thans
chlorine. 4. The nethod of Claim2, wherein said source gas includes an
oxygen- conpr flueting apdoxyeenect ed from t he group consisting of [err] and
conbi nati ons thereof.

2. The method of Claim 1, wherein a source of said halogen species is selected from the
group consisting of Cl,, Br,, 1,, IC}, IBr, BrCl, HCI, BCl,, CHCI,, CH,Cl,, CCl,,
C,H,Cl, C,H,Cl,, SiCl,, HBr, CH;Br, C,H,Br,Cl, HI, CCLO, CCI,NO,, ora

combination thereof which does not react in 2 manner which is impractical.
3. The method of Claim 1, or Claim 2, wherein said halogen is chlorine.

4, The method of Claim 1, wherein a source of said oxygen species is selected from the
group consisting of O,, CO, CO,, CH,0, C,H,0, N,0,NO,, O, H,0, or a combination
thereof, wherein said source of said halogen species does not react with said source of

said oxygen species in a manner which is impractical.

5. The method of Claim 1, or Claim 2, or Claim 4, wherein an additive is used in
combination with said principal etchant species, 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

\—\
\
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5. The nmethod of Claim1l. or daim2, or Claim4, wherein an additive is
used in co wth said oxyger‘r-'an‘d’sara’hal ogen- conpr i s¢HsrTiszand
wherein salncg a%i ?I ve is less than “mm percent of the total
pl asma source gas supply. 6. The maa mu m erein said additive
is selected fromthe group consisting-2# t of [&rr]and conbinations
thereof, where x is less than about 3 and y is less.than about S.- 7..-The
met hod of VWIFF@NF%&MM&Y& 168 i

consi sting of’lfnérf‘ i Um “heon argor? E*ry&?gﬁm%egﬁlgrllésg n{)?gﬁ%yons

t her eof , §Eihin Xbdyt 81 €SS than about 3, and y is Iess than about 8. 8. The
met hod of alm1, wherein said low k dielectric material is a

pol ymer - based material. 9. The nethod of Claim8, wherein said
pol ynmer-based material is an organi c-based material. 10. The met hod of

Caiml, wher ?hé‘m%thoﬁtdl'ﬂlﬁn{ etw&rah said &Nint1dSA eBiufii HOGH) afggmges from
about 1 20 to about 20: 1. . The net of Caim 10, whérei i said atomc
ratio of s ﬁ,hl mdmoho sai d oxygen ranges firomabout |: 10 to about 5:I

12. The me od of Claim1l, wherein said plasnma source gas contains an
additive in the amount of 15 %or less in vol ume, which additive inproves
selectivity for etching said low k dielectric nmaterial over an adjacent
materi al, 08. Thenetiod of Claitc], whiepéinlsaid 10w ki mgteialds a polyhiepbasedanaterigll i t i cal
etched di mension. 13. The nmethod of Claim 12, wherein said additive
| mproves selectivity for etching said low k dielectric material relative to
an oxi dc which contains at |east 30 atom c percent 28

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 about 1 : 20 to about 20 : 1.

- 11. The method of Claim 3, wherein the atomic ratio of said chlorine to said oxygen

ranges from about 1 : 10 to about 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 the 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 over an oxygen-

comprising material which contains at least 30 atomic percent oxygen.

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

—_—
—_—
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14. The method ,of Caim 13. wherein said oxide is an oxide of silicon, 15.
The nmethod gfo Q, {39 12, wherein said additive inproves sel ecpcwus”/uhmz
etching said | ow k di electric material relative to &nitride which contains
at |east 30 atornic percent nitrogen. 16. The nethod of C aim 15, wherein
said nitride is a nitride of silicon. 17. The nethaod of daim1l, wherein
said conmbi nation of oxide and nitride is m,%o% Tﬁ/nltrlde | 8. The net hod

of Claiml ogliddnai m 12, wherein said | ow k i al does not
contain silicon. 19. The nethod of O aim 3 rate for said
|l ow k dielectric material using said source gas corrprl S| ng chlorine and
oxygen is at |east about 8,000 A/mn. 20. The nmethod of Claiml or Claim

12, wherei n B5iThd raethld df €lairatln] whereinasaidaddditivembRveSstidotioly bider atifugen-
consisting of Poly(aryl ene)ethers; Poly(atyl ene)ether oxazol es; Fluorinated

pol y(aryl enegomigifsirg; mitesiyll vehiich bntdias yleaye3batohie pdresie nit¥dgeiar yl ene- AF4;
Pol yi m des; Pol ynapt hal ene-N; Pol ynapht hal enc-F; Perfl uorooycl obut ene;

Pol yt et raf | uor oet hyl ene; Pol yphenyl - Qui noxal i nes; Pol ybenzoxazol es;
Pol yi ndane; Pol ynorborene; Pol ystyrene; Pol yphenyl eneoxi de; Pol yet hyI ene;
Pol ypr opyl enH]. Eieahethod af Glaia ;15 Svhéteinrsajd nicrogenecomprisingi mataridl he naxtdide 89
21. The nethod of CAaiml or Caim12, wherein said |low k dielectric
material is sii¢amcted ftomthe group consisting of BCB, PPlI, SILKTh, FLARETM
2.0. and conbi nati ons thereof:

17. The method of Claim 15, wherein said nitrogen comprising material is silicon

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 1, wherein an etch rate for said low k dielectric material using

said source gas comprising chlorine and oxygen species is at least about 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

\

—
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22, The nmethod of Caiml, wherei ectric material is.

uni formy aééagaythl n 10 % or Ilmlm II@ EI'E ﬂ'la waf er spciraseo@dsz A

met hod for fvely plasma etchi*ngca ectric material relative
to an adjacent oxide or nilride or conbination thereof, the method
conprising contacting said low k dielectric material wth a plasm
generated froma non-fluorine-containing. source gas conprising chtorine and

oxygen, andejhRl Fom M gedscotlisAng b HOB,'FPI, STRK] FIARE 20,%k @@bfibinatioher i al

relative to an a acent oxi de or nitride or conbi nation thereofls at | east
10: 1. 24. tﬂ'é}gofrret hod of C aim 23, wherein said source gas includes a

chl orine-conprising gas sel ected fromthe group consisting of [err] [err]
and conbi nations thereof. 25. The nethod of C aim 23, wherein said source
gas includes an oxygen-conprising gas selected fromthe group consisting of

[err] and coithealetiyacosidiaine of wRéein Fhid lowtkdicleokic@ aiforady ewhedvithin T4, or
Claim?25, wherein an additive is used in conbination with said

non- f | uor i ng-of Q3k 8f Nb BerosPa Wafer gafacepnpr i si ng oxygen and chlorine, and
wherein said additive is |less than about 15 volunetric percent of the total

pl asma souroe gas supply. 30 27. Th nethod of C aim 26, wherein said
additive is selected fromthe group consisting of [err]: and conbinations
thereof, WS, eA snetlsod fos plasinactching & lo®s lamdteyial, shd method comprisingthesisezfa The
met hod of Claim 26. wherein said additive is selected fromthe group

consi sti ng plasrhesoukce gusiwherein theprincipaletoharit apgsiesrcompaise ehlotinelardeaygent i ons
thereof, wherein x is less than about 3, and y is | ess than about 8. 29.
The met hod of O aim 23, wherein said low k dielectric material is a
ol yner -
Pt 24. The method of Claim 23, wherein a source of said chlorine species is selected from
the group consisting of Cl,, ICl, BrCl, HCI, BCl;, CHCl;, CH,Cl,, CCl,, C,H,Cl,,
C,H,Cl,, SiCl,, C,H,Br,Cl, CCl,0, CC;NO,, or a combination thereof which does not

react in a manner which is impractical.

25. The method of Claim 23, wherein a source of said oxygen species is selected from
the group consisting of 0,, CO, CO,, CH,0, C,H,0, N,0, NO,, O; H,0, ora
combination thereof, wherein said source of said chiorine species does not react with

said source of said oxygen species in a manner which is impractical.

26. The method of Claim 23, or Ciaim 24, or Claim 25, wherein an additive is used in
combination with said principal etchant species, and wherein said additive is less than

about 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 Ny; Hy; C.H,; CF4; NF;; and combinations thereof, where X is less than about 3 and

y is less than about 8.
is Sheet Has Been Replaced
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based material .. 30.. The nmethod of C aim 29, wherein said pol yner-based

mat eri al isvﬁpgﬁgzgggni c- based Wﬂ’et hod of O gerRugssnTisher ein
an atomic ratio of said chlorine to sai Xygen.in said source gas ranges
from about 1: 20 to about 20: T Th \“ﬁ( %f Cl ai m 31, wherein said
atom o ratio of said chlorine t W\W es fromabout 1: 10 to
about 5: 1. 31 O\W\ VS _ .
* c
28. The method of Claim 27, wherein said group further includes helium, neon, argon,

krypton, and xenon.
29. The method of Claim 23, wherein said low k material is a polymer-based material.

30. The method of Claim 29, wherein said polymer-based material is an organic-based

material.

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

ranges from about 1 : 20 to about 20 : 1.

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

ranges from about 1 : 10 to about 5 : 1.

\
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