WO 02/ 080230 PCT/ US02/ 06648 -1 METHOD OF PLASMA ETCHI NG LOW K DI ELECTRI C
MATERI ALS Field of the Invention The present invention relates to an

i mproved wethoso2Bor pl asma etching organosilicate gl ass ipaTiUse2/0@8 i cati on
of integrated circuits. 5 Background of the Invention A conmon requirenent
inintegrated circuit fabrication is the etching of openings such as
contacts and vias in dielectric materials. The dielectric materials

i ncl ude doped silicon oxide such as fluorinated silicon oxide (FSG,
undoped silicon oxide such as silicon dioxide, silicate glasses such as
boron phosphate 10 silicate gl ass (BPSG-land phosphate silicate gl ass
(PSG, doped or undoped thernally grown silicon oxide, doped or undoped
TECS deposited silicon oxide, etc. The dielectric dopants include boron
phosphorus an A CL‘N{K*I:@I

sem conduct i vg‘/l?g;l;g?ﬁgz%gmé% po ggr@)@ Q%V;ﬁﬁl;? C%ET tals suc a

al um num copper, titanium tungsten, nolybdenumor 15 alloys thereof,
nitrides such as titaniumnitride, metal silicides such as titanium

si licide, coligldofthe BiventioRungsten silicide, nolydenumsilicide, etc.
Various plasma etching techniques for etching openings in silicon oxide are
di scl osed in U. S. THatpegseniNasentionGéRite3 36 an ImPioyed dikthdal, 02 labih,etchif?2, 958;
5,269, 879; 5,529, 657; 5,595,627; 5,611, 888; and 5, 780,338. The pl asna

oLl N9, 20, CPRpsiBait kR Atthe ribrilabH O} AR chEf! 0TS such as the

parallel pl a

5 Background of the Invention

A common requirement in integrated circuit fabrication is the etching of
openings such as contacts and vias in dielectric materials. The dielectric materials
include doped silicon oxide such as fluorinated silicon oxide (FSG), undoped
silicon oxide such as silicon dioxide, silicate glasses such as boron phosphate

10 silicate glass (BPSG) and phosphate silicate glass (PSG), doped or undoped |
thermally grown silicon oxide, doped or undoped TEOS deposited s)ilicon oxide,
etc. The dielectric dopants include boron, phosphorus and/or arsenic. The
dielectric can o§erlie a conductive or semiconductive layer such as polycrystalline
silicon, metals such as alumiﬁum, copper, titanium, tungsten, molybdenum or -

15 alloys therebf, nitrides such as titanium nitride, metal silicides such as titanium
éilicide, éobalt silicide, tungsten silicide, molydenum silicide, etc.

Various plasma etching techniques for etching openings in silicon oxide are
disclosed in U.S. Patent Nos. 5,013,398; 5,013,400; 5,021,121; 5,022,958;
5,269,879; 5,529,657; 5,595,627, 5,611,888;’ and 5,780,338. The plasma etching

20 can be carried out in medium density reactors such as the parallel plate plasma



WD 02/ 080230 PCT/ US02/ 06648 -2 reactor chanbers described in the "398
patent or the triode type reactors described in the 400 patent or in high
density rwedgkos®3such as the inductive coupled reactors aezarsobed4$ n t he
657 patent. Etching gas chemi stries include the oxygen-free, Ar, CHF3 and
optional CF4 gas mxture described in the 121 and 958 patents, the 5
oxygen-free, fluorine-containing and nitrogen gas m xture described in the
879 patent, the C4F8 and CO gas m xture. described in the 627 patent, the
oxygen and CF4 gas m xture described in the 400 patent, the oxygen, CF4
and CH4 gas mixture described in the "6%7 patent, and the Freon and neon
gas mxture described in the 888 patent. 10 U S. Patent No. 5,736, 457
descri bes 'single and dual "damascene" netallization processes. In the

"single damegoeRe chAMOASRib¥d ﬁ?m@“@bafgﬂgx&t?dr%éuic%m@feﬁ&gré dbsSGhaY at e

steps wherein a netallization pattern r either con tors or vias is
etched into a dielectric |ayer netal layer is filled.into the etched
Cooves or vt AEEpdet on i Bieb Bl @apigftsion 45 e S civedotlbd feciare

removed by 15 chem cal nechanical planarization (CVWP) or by an etch back

process. | n déseribeddinahe {ebvepatente Etelpng gascthemisidesrinchide itheaoxyganyeet drns f or
the vias and conductors are etched in a dielectric |ayer and the etched

grooves and @i, aREbpiical @ ghi hiffre WstibdiEihahe F 1213081 ‘098 Bateib adhef 1 1 11 NQ
and excess netal renbval process. Medium density plasma reactors operate at

PN SRR BSuA R Ranials A Ghias. dasBhe abraRs to
patent, the C,F, and Co gas mixture described in the ‘627 patent, the oxygen and
CF, gas mixture described in the ‘400 patent, the oxygen, CF, and CH, gas
mixture described in the ‘657 patent, and the Freon and neon gas mixture
described in the ‘888 patent.

10 U.S. Patent No. 5,736,457 describes single and dual “damascene”
metallization processes. In the “single damascene” approach, vias and conductors
are formed in separate steps wherein a metallization pattern for either conductors
or vias is etched into a dielectric layer, a metal layer is filled into the etched
£rooves or via hbles in the dielectric layer, and the excess metal is removed by

15 chemical mechanical planarization (CMP) or by an etch back process. In the
“dual damascene” approach, fhe metallization patterns for the vias and conductors
are etched ‘in a dielectric layer and the etched grooves and via openings are filled
with metal in a single metal filling and excess metal removal process.

Medium density plasma reactors operate at higher chamber pressures and

20 dissociate etching gas chemistries to a lesser extent than high density plasma

reactors. For instance, in medium density plasma reactors, etching gases such as



reactors. For instance, in nediumdensity plasma reactors, etching gases
such as WO 02/080230 PCT/ US02/ 06648 -3- CAF8 dissociate in stages as

fol |l ows: VWORS/080282F3 - CF2 - CF+F. Due to such gradual dipsTasozodeen, it is
possi ble to achieve a high etch rate of a dielectric layer and a | ow etch
rate of an overlying |layer such as a photoresist or underlayer such as an
etch stop layer. The ratio of such etch rates is referred to as the "etch 5
selectivity ratio" and the high selectivity ratios obtainable in nedium
density plasnma reactors pronote conplete etching of contacts, vias and
conductor patterns. In contrast, in high-density reactors, the

i nst ant aneous di ssociation of etching gases can lead to | ow selectivity
rati os due to the higher etch rates of the nasking |ayer and etch stop

| ayers. For ?%‘I&e‘s;@%:s%gﬁ?‘ltnh'yeﬁgﬁls gﬁﬂﬁfo%é: @Iﬁlassrr@ FeaeEoLSCE 1 F. OphS t@@lﬁ:ﬁgd ates

directly to contenf ‘of frlee F’causes such rapi

etching of the ski ng. and/.or etch stop |ayers.that the.etc electivity
ratio is un&@ég%t‘ﬁﬁp afigRy 1t 1§ Rﬂsﬁ}gtﬁs@ aglfue é{/gi]}gg %&Emtt%@fifl}e?et%ﬁc ﬁ‘?’?rri de
froma nultilayer structure is disclosed in European Patent Publication EP
908940 A2. Asumba timgtchaaterifsiniyepyingilayerisaeh asmplatereaist ojardegleyigirsuehng 4- 20
vol ume % of a fluorocarbon gas, (i.e., CF4, C2F6, C3Fs), 10-30 vol une % of

a hydrogen sgyi€gich siop laferi2 Fehe rafibidF sudi2otch raddtds 46feri@d Yohs/the “chf a weak
oxidant (i.e., CO Q@021 02) is excited to forma high density plasna

ayer 1 avat e par RS ol R RO Y Bl by SRR o b P T O

plasma reactors promote complete etching of contacts, vias and conductor

patterns. In contrast, in high densify reactors, the instantaneous dissociation of
etching gases can lead to low selectivity ratios due fo the higher etch rates of the
masking layer and etch stop layers. For efcample, in high density plasma reactors,
10 C,F; dissociates directly to free F and the high content of free F causes such rapid
etching of the masking and/or etch stop layers that the etch selectivity ratio is
unacceptably low.
A process of plasma etching silicon nitride from a multilayer structure is
disclosed iﬁ European Patent Publication EP 908940 A2. According to this
15 publication, an ‘etchant gas comprising 4-20 volume % of a fluorocarbon gas, (i.e.,
CF,, C,F,, C,Fy), 10-30 volume % of a hydrogen source (i.e, CH,F,, CH,F, H,),
and 40-70 volume % of a weak oxidant (i.e., CO, CO,, O,) is excited to form a |
high density plasma (i.e., above 10! /cm jon density) \and the plasma is used to

etch a nitride layer located between a silicon substrate and an oxide or photoresist

20 - overlayer.



20 overlayer. WO 02/080230 PCT/ US02/06648 -4 U.S. Patent No. 6,153,514

di scl oses a nethod of formng a self-aligned dual damascene structure

whi ch i ncwodesse3d ower conductive | ayer (e.g., copper or PcCofser/o@hs oy), a
first etch stop layer (e.g., silicon nitride), a first dielectric |ayer
(e.g., lowk dielectric material wherein k < 4), a second etch stop |ayer
(e.g., 5 silicon nitride), a second dielectric layer (e.g., lowKk
dielectric material), a hard nmask layer (e.g., silicon nitride), and a
phot oresi st | ayer patterned to provide the feature to be etched into the
second dielectric layer. According to thds patent, the nitride hard mask
| ayer is etched with CHF3/ N2, the second dielectric layer is etched with
N2/ H202 or N2/ H21 the second etch stop layer is etched mﬁth CHF3/ N2 10 and

the first dielectrjg, b@%ﬁmbssqs@fs@@dwcb@es%ﬁ%%a/o@%&%n Aigh&l’ Mo

5,611, 888 discloses a neth of plasma etching silicon n tr| e tsl ng a

t f10-2 Freon 23 70- 110 atent No.
6. 156, 642 di SO SRBRSG i 8@%&%@3@%&598{%0%?@?@?6?&361' i ETLBE or

substrate includes a bottommetallization |ayer (e.g., pper), a 15
t oppi ng | ayerogpsr glloys alfirsiogicin stop layey (e.8., gilison eitride), Iaaﬁr@t dl@bc@m laysrl i con
oxide or other low k material), a conformal |ayer (e.g., titanium titanium

nitride, tan{@gymow K dibleafri¢natetial witoreinUWg4a), @nsebddd étélﬂ;toﬁ QMRF (&1g.,si dewal | s
of a trench and via hole, and a passivation |ayer (e.g., S|I|con nitride

or sili con. C@ﬂl@bﬁﬁ%ﬁégr a? 8&% cﬂéle&lﬁc t1aryur gegg é%]igl kddlgl(él:t?%%atgnﬁy a haramascene

structure I n Clrcul

mask layer (e.g., silicon nitride), and a photoresist layer patterned to provide the
feature to be etched into the second dielectric layer. According to this patent, the
nitride hard mask layer is etched with CHF,/N,, the second dielectric layer is
etched with N,/H,0, or N,/H,, the second_ etch stop layer is etched with CHF,/N,

10 and the first dielectric layer is etched with C,Fg/Ar/O,/CO. U.S. Patent No. B
5,611,888 discloses a method of plasma etching silicon nitride using a mixture of
10-20 sccm Freon 23 (CHF;) and 70-110 sccm O,.

U.S. patent No. 6,156,642 discloses a dual damascene structure wherein a

semiconductor substrate includes a bottom metallization layer (e.g., copper), a

15 topping layer (e.g., silicon nitride), a dielectric layer (e.g., silicon oxide or other
low k material), a conformal layer (e.g., titanium, titanium nitride, tantalum,
tantalum nitride, tungsten nitride) covéring sidg:walls of a trench and via hole, and
a passivation layer (e.g., silicon nitride or silicon carbide). U.S. Patent No.
6,143,641 disclosés a dual damascene structure in an integrated circuit structure

20 which includes an intermetal dielectric material (e.g., SiO,) on an underlying

conductive material (é.g., aluminum or copper), an adhesion layer (e.g., Ti, TiN,



20 which includes an internmetal dielectric mterial (e.g., Si02) on an
underlying conductive material (e.g., alum numor copper), an adhesion

| ayer (e.w0,020802300i N, WO 02/ 080230 PCT/ US02/ 06648 -5 Ta) POM/UESRposes!
sidewal I s of the dual damascene via structure which is filled with copper,
a barrier netal or layer of silicon nitride, and additional |ayers
including a lowk dielectric material, silicon dioxide and silicon
nitride. U S. Patent No. 6,090, 304 discloses a nethod of plasna etching 5
sem conductor substrates in a dual frequency plasna reactor wherein a first
radi of requency (RF) source is coupled to5a top showerhead el ectrode through
an RF matching network and a bottom el ectrode (on which a sem conductor
wafer is ‘supported) is coupled to a second RF source through a second

mat chi ng net %Llﬂn exposed siaelaIN ofNRe dRal’Bfaddbie Vis &hRBESE whitRMBIfRl with

downstream et ching 10 technique 1 ntended to be selective to silicon nitride
over silicon oxide using a F/ CF4/02 reci.pe and .a. CH2FE2/ CF4/ 02 .r eci pe.
ns devi ce. gebiiers URRR Bihel e Pl siifort Rl 200 aadidnba arss TRNAIRER ch
selectivity ratios is even greater in order to achieve plasma etching of

deep and nalavol diglecirin geatenial dsibicancdipxide pag silicom nittideas or ganosi | i cate
gl ass. Accordingly, 15 there is a need in the art for a plasma etching

t echni que whi ch prRSi HaentNEN6,000,304 IRLRSES a/intewoaﬁF)m%mrsdém% whi ch
achi eves deep and narrow openings. Further, it would be highly desirable

to achi eve sych RGN BRRHE! hl Ehal Helifitby B SeRlor WHG R £RNR! 'S Of the

openi ngs.

radiofrequency (RF) source is coupled to a top showerhead electrode through an
RF matching network and a bottom electrode (on yvhich a semiconductor wafer is
supported) is coupled to a second RF-source through a second matching network.

U.S. Patent No. 5,786,276 discloss:s a ghemical downstream etching

10 techniqué intended to be selective to silicon nitride over silicon oxide using a
CH,F/CF,/O, recipe and a CH,F,/CF,/O, recipe.

As device geometries become smaller and smaller, the need for high etch
selectivity ratios is even greater in order to achieve plasma etching of deep and
narrow openings in dielectric layers such as organosilicate glass. Accérdingly,

15 there is a need in the art for a plasma etching technique which provides high etch
selectivity ratios and/or which achieves deep and narrow openings. Further, it
would be highly desirable to achieve such opening geometries without bowing of

the sidewalls of the openings.



WO 02/ 080230 PCT/ US02/ 06648 -6- Summary of the Invention The invention
provi des a process for plasma etching a organosilicate glass |layer with
sel ecti viwg okos@so over |l yi ng and/ or underlying dielectric Payarsp2/oaasmpri si ng
the steps of introducing the sem conductor substrate into a plasma 5

et chi ng chanber, supplying an oxygen-free etching gas to the chanber and
energi zing the etching gas into a plasm state, and etching openings in the
organosilicate glass |ayer by contacting exposed portions of the
organosilicate glass layer with the plasma. The etching gas includes at

| east one nitrogen reactant, at |east ofie fluorocarbon reactant, and an
optional inert carrier gas, the 10 fluorocarbon reactant and nitrogen

react ant being supplied to the chanber at flow rates such that the

f 1 uor ocar bongufimedr§ndf the Mivémitonr 1 s | ess than the nitrogen reactant flow
rate. According to one aspect of the invention, the underlying and/or
overlying dielecky] ri or i i a
silicon nitride f?P%n%ndaeﬁ&%pgo&h%(sz3}%§%er%%?‘§§ﬁ i ”r? tH%igg (%go(%%%g]?ll%%% 41#]& eof .
The openi ngs_can conprise grooves corresponding to a _conductor pattern, via
openi ngs or et With selsetiyinge. anoyerlymgcand/Rundsyng dislettee 13y§Tt he under | yi ng
and/or overlying dielectric |ayers so as to have an aspect ratio of at

| east 3:1. Tbemptisihg g gas ofdntrodicingdde dehjcdndgeor subsindtaiimo agplasngh or a
hydrogen-free fluorocarbon reactant represented by CXFYHZ 20 wherein X is

at leasts 1, Ychfo@halBas sufplfhg #h dx5oERHRL clcRiry gdd't6 MehahdiRPaftt FOT

energizing the etching gas into a plésma state‘, and etching openings in the
organosilicate glass layer by contacting exposed portions of the organosilicéte
glass layer with the plasma. The etching gas includes at least one nitrogen
reactant, at least one ﬂuorocal_'bon react;m?, anq an optional inert carrier gas, the
10 fluorocarbon reactant and nitrogen reactant being supplied to the chamber at flow
rates such that the fluorocarbon reactant flow rate is less than the nitrogen reactant
- flow rate.
According to one aspect of the invention, the underlying and/or overlying
dielectric layer comprises a doped or undoped oxide film a silicon nitride film, a
15 silicon carbide film, or combination thereof. The openings can comprise grooves
correspbnding to a conductor pattern, via openings or contact openings. The
6penings can be etched in the underlying and/or overlying dielectric layers so as to
~ have an aspect ratio of at least 3:1. The etching gas can include a hydrogen-
containing and/or a hydrogen-free fluorocarbon reactant represented by C.F H,
20 wherein x is at least 1, y is at least 1 and z is equal to or greater than 0. For

example, the fluorocarbon reactant can be selected from the group of C,F;, C;F,,



exanpl e, the fluorocarbon reactant can be selected fromthe group of CAFS8,
CSF8, WD 02/080230 PCT/ US02/ 06648 -7 C4F6 and/or CH2F2. The sem conduct or
subst r at ewoan/080260 ude an el ectrically conductive or semn ®cmdsor/veses | ayer
such as a netal -containing | ayer selected from the group consisting of Al,
Al alloys, Cu, Cu alloys, Ti, Ti alloys, doped or wundoped polycrystalline
or single crystal silicon, TiN, TIW Mo, silicides of Ti, 5 W Co and/or
Mo or alloys thereof, etc. The process of the invention can etch openings
whi ch are 0.30,um especially 0.25, umor snaller sized openings using a

fl uorocarbon reactant which conprises GXFyHZ wherein x is 1 to ,5, yis 1
to 8 and z is 0 to 3. As an exanple, the fluorocarbon reactant can
conprise a hydrogen-free fluorocarbon represented 10 by ChFm wherein n is 4

or more and @ FSarfd/& CHOF.S Pidseific Rlut@P Shbsued @aafcludORt areahemy _
f1 uor ocar bon feact ant represent ed by CXFyHZ wherein x Is or nore, y is 1

or nore and z | east The tron carrl as. ca nbes ted from
Che or oup. chendicheg? itispnonEie R RERas  Huceoriin Hhes Safified gk

single wafer plasma etch chamber for processr ng 200 nm wafers, the

f 1 uor ocar bonthgagrowp eousistingtod Adadl plos, Cu, Ewdloys o, t'lhélllm’&,rd@g@fhogas fl ow
rate. For exanple, the fluorocarbon reactant can be supplied at a flow

rate of 3 toyugdbped Polycistallihd 6OGaGe chvsad tsiitonC ANNDETWY Db, Slcilles ¢, pl asma
reactor at a flow rate of 50 to 300 sccm the fluorocarbon reactant can be

suppl i edSto W‘%&Eﬁ&/&?ﬂ@gﬁ&ﬁé Setfm@ &w rate of 15 to 100 sccm and the

optional™ carri’ef gas can €0t he pl asma reactor at a

‘The process of the invention can etch openings which are 0.30um,
especially 0.25um or smaller sized openings using a fluorocarbon reactant which
comprises C,F,H, whereinxis 1to 5, yis 1 to 8 and zis 0 to 3. As an example,
the fluorocarbon reactant can comprise a Itydregen-free fluorocarbon represented

10 by C,F,, wherein n is 4 or more and m is 6 or more and an optional hydrogen-
containing fluorocarbon reactant represented by C,F H, wherein x is 1 or more, y
is 1 or more and z is at least 1. The optional carrier gas can be selected from the
group consisting of Ar, He, Ne, Kr, Xe or mixtures thereof. In a single wafer
plaema etch chamber for processing 200 mm wafers, the fluorocarbon gas flow

15 rate can be 2.5 to 15% of the nitrogen gas flow rate. For example, the
fluorocarbon reactant can be supplied at a flow rate of 3 to 30 sccm, the nitrogen
reactant can be supplied to the plasma reactor at a flow rate of 50 to 300 sccm, the
fluorocarbon reactant can be supplied to the plasma reactor at a flow rate of 15 to
100 sccm, and the optional carrier gas can be supplied to the plasma reactor at a

20 flow rate of 10 to 500 sccm. As an example, C;F;, N, and Ar can be supplied at

flow rates of 10 to 25 sccm, 50 to 300 sccm, and 50 to 300 sccm. In another



20 flow rate of 10 to 500 sccm As an exanple, C5F8, N2 and Ar can be
supplied at flowrates of 10 to 25 sccm 50 to 300 sccm and 50 to 300
sccm | n woarisn23d\O 02/ 080230 PCT/ US02/ 06648 -8 exanpl e, PCARS02/@G6242, N2
and' Ar can be supplied at flowrates of 2 to 20 sccm 2 to 30 sccm 50 to
300 sccm and 50 to 300 sccm During the etching step, the plasma reactor
is preferably maintained at. a vacuum pressure of 5 to 500 niforr,

preferably 150 to 250 niforr in the case of a nediumdensity plasna reactor.
The 5 etching step can be foll owed by additional etching steps and
subsequent filling of the openings wth8retal. The nmethod of the invention
can al so include steps of form ng a photoresist |ayer on the substrate,
patterning the photoresist layer to forma plurality of openings foll owed

by etching ag @E'Czlat mgqueﬁf APEan&?ﬁ%plﬁ LPht fldW Stes Mf@t{??ogﬁﬂﬁ%aw ngs

openings int erfyf ng?o ayer Descrl ption o

Figures |l a-d, show sch re s of vi a-first, dual - dJanascene
structure vvhf%ﬂg %ﬁ?es& ‘5@@’6‘?8‘5 5&83‘?% PHog dhe ‘E)tFﬁIP&étePn ntion,
Figure la showing a pre-etch condltlon Figure | b showing a post-etch -

condi ti on i nplesingheactonis prefasbliemaingstingdet a wcgum @ressurehd\i tocf00meTetry uct ur e
re-patterned for a trench etch 15 and Figure | d showi ng a post-etch

condi tion i npydfes@blyt 159 tbrzsr@cthbﬁanlﬂfeeéhs@bm%dmﬁusﬁﬁi@splzﬁnﬁea&t@w ggRematic

representati ons of "a trench-first dual - danmascene st racture which can be
et ched accor r My u 2a wng a
ot ched acor !k A5 L AS5REA B b RS04 B B RN O
the openings with metal. The method of the invention can also include steps of
forming a photoresist layer oﬁ the substrate, patterning the photoresist layer to

form a plurality of openings followed by etching a metallization pattern of

conductor lines, via or contact openings in the overlying oxide layer.

10 Brief Description of the Drawings
Figures la-d show schematic representations of a via-first dual-damascene
structure which can be etched according to the process of the invention, Figure 1a
showing a pre-etch condition, Figure 1b showing a post-etch condition in which a
via has been etched, Figure 1c showing the structure re-patterned for a trench etch
15 and Figure 1d showing a post-etch condition in which the trench has been etched;
Figures 2a-d show schematic representations of a trench-first dual-
damascene structure which can be etched according to the process of the
invention, Figure 2a showing a pre-etch condition, Figure 2b showing a post-etch

condition in which a trench has been etched, Figure 2¢ showing the structure re-



condition in which a trench has been etched, Figure 2c show ng the
structure re WD 02/ 080230 PCT/ US02/ 06648 -9 patterned for a via etch and
Fi gure 2dwehmsnrgo a post-etch condition in which the viaProagshzedssset ched;
Figures 3a-b show schematic representations of a self-aligned dual -
damascene structure which can be etched according to the process of the 5

i nvention, Figure 3a showing a pre-etch condition and Figure 3b showi ng a
post- etch condition in which a trench and a via have been etched; Figure 4
shows a schematic representation of an inductively coupled high density

pl asma reactor which can be used to carrg-out the process of the invention;
and 10 Figure 5 shows a schematic representation of a nmediumdensity

par al | el 'plate pl asma reactor which can be used to carry out the process

of the inven dfagtaa‘ha &tln &‘Fﬁ £ 0830 QirdeepdsP¥RAoRfitib §n WBY&%EO”

provides a s nlcon tor manu act rrng proc ss wherein openings can be

pl asma etched, i.n ano icate gl ass layers ' while providing 15 desired
selectivity Y@l@ﬁge ﬁﬁLand/or overlying oxide layers such as silicon

di oxide, silicon nitride, silicon carbide and photoresist materials. Such
selectivity is of F'guea%—htshmms‘theimatith@mmmtdtiaus of @ self-aligmedlshiabe struct ures
wherein one or nore organosilicate glass |ayers are incorporated in a

mul tilayer shimgdcericestridaire WhicHBHBAGEREICObrdBiCld thE pHtesY GSthe f €at ures such
as contacts, vias, conductor |ines,
5 invention, Figure 3a showing a pre—etch condition and Figure 3b showmg a post-
etch condition in which a trench and a via have been etched;
Figure 4 shows a schematic representation of an inductively coupled high
density plasma reactor which can be used to carry out the process of the invention;
and

10 Figure 5 shows a schematic representation of a medium density parallel

plate plasma reactor which can be used to carry out the process of the invention.

Detailed Description of the Invention
The invention provides a'semiconductor manufacturing process wherein

openings can be plasma etched in organosilicate glass layers while providing

15 desired selectivity to underlying and/or overlying oxide layers such as silicon
dioxide, silicon nitride, silicon carbide and photoresist materials. Such selectivity
is of great interest in the manufacture of damascene structures wherein one or
more organosilicate glass layers are incorporated in a multilayer structure. During
manufacture of such structures, features such as contacts, vias, conductor lines,

20 etc. are etched in dielectric materials such as oxide and organosilicate glass layers



20 etc. are etched in dielectric materials such as oxide and organosilicate
gl ass layers WO 02/ 080230 PCT/ US02/ 06648 -10 in the manufacture of

i nt egr at edoaR/80234 s. The invention overconmes a probl em wPCh/yso/as4®et chi ng
techni ques wherein the selectivity between the organosilicate glass etch
rate and the underlying and/or overlying dielectric/photoresist |ayers was
too I ow for commercial applications. Such selectivity problens are sol ved
by 5 utilizing an etching gas chem stry which reduces the etch rates of the
di el ectric/photoresist |ayers. According to one aspect of the invention, a
singl e or dual -damascene etch process +9-provi ded wherein organosilicate
gl ass can be etched with 0.25 mor snaller geonetry to an etch depth of at
least 1.8 ,umwi th an organosilicate 10 gl ass: photoresi st etch selectivity

of greater tHafle mahufabfifte BF H%f‘g%?te& RtcREQ VRS RentidbRicdnte] HedleR E | 29,

which can allow nmulti-1eve el ectric etch applications and enable the

2oviacfiror HIRPYRE RO e Rre bR e i SRS TEid B orR R SRUSE G b tho

invention. Figure |la shows a pre-etch 15 condition wherein an opening 10
cor r espondi nglasseteh vateand therundedwiargiand/r oyerdying disleptrierpbatoregist layers 12 whi ch
overlies a stack of a first dielectric layer 14 such as silicon oxide, a

first stop |a¥efoollbwsieE BoResdihll fpplicdtions Sach seleivan Prosiemk afd doleed Byer 18
such as silicon oxide, a second stop layer 20 such as silicon nitride, and

a substrate g HiCh 8Rnfeak chQRisHS Wilich Fdalbisint BichI9ME of i Structure

dielectric/photoresist layers.

* According to one aspect of thé invention, a single or dual-damascene etch
process is provided wherein organosilicate glass can be etchéd with 0.25 um or
smaller geqmetry to an etch depth of at least 1.8 xm with an organosilicate

10 glass:photoresist etch selectivity of greater than 5:1. The process can provide a
low or reversed RIE lag, which can allow multi-level dielectric etch applications
and enable the fabrication of dual-damascene devices.

Figures 1 a-d show schematics of how a via-first dual-damascene structure
can be etched in accordance with the invention. Figure 1a shows a pre-etch

15 condition wherein an opening 10 corresponding to a via is provided in a
photoresist masking layer 12 which overlies a stack of a first dielectric layer 14
such as silicon oxide, a first stop layer 16 such as silicon nitride, a second
dielectric layer 18 such as silicon oxide, a second stop layer 20 such as silicon
nitride, and a substrate 22 such as a silicon wafer. Figure 1b shows the structure

20 after etching wherein the opening 10 extends through the dielectric layérs 14, 18

and first stop layer 16 to the second stop layer 20. Figure 1c shows the structure



20 after etching wherein the opening 10 extends through the dielectric

| ayers 14, 18 and first stop layer 16 to the second stop |ayer 20. Figure
| c shows wbhe2ssnaect ure WO 02/ 080230 PCT/ US02/ 06648 - 11 afPCcarusomeqsad t er ni ng
t he masking layer for a trench 24. Figure Id shows the structure after
etching wherein the first dielectric layer 14 is etched down to the first
stop layer 16. Figures 2 a-d show schematics of how a trench-first

dual - damascene 5 structure can be etched in accordance with the invention.
Figure 2a shows a pre- etch condition wherein an opening 30 correspondi ng
to a trench is provided in a photoresisttl-maski ng | ayer 32 which overlies a
stack of a first dielectric layer 34 such as silicon oxide, a first stop

| ayer 36 such as silicon nitride, a second dielectric |ayer 38 such as

sil'icon oxi dgferde $RAOMISHE AndsRMB Iayt? fo114 freAch 34.! Pt 1d Ghowd fhede, and a
substrate 42 such™as a silicon wafer. Figure 2b shows the structure after

et ching wherein the_openjn 0 extends. thro the, dielectric layer 34 to
the first Sﬁ:g.}?tqrgfgpp%f}mgiv&ffgnéﬁe gﬁﬁ\%ﬁe{cﬁg“h@ﬁrugjﬁreéﬁﬁfltdé’wnrtgﬁeat terning
the masking layer for a via 44. Figure 2d shows the structure after

et chi ng wher@rshstopdaygsdénd dielectric layer 38 is etched down to the
second stop layer 40. 15 Figures 3 a-b show schematics of how a

dual - damascene st Figgtés Pa-dahoasch@hahs df howa gédubHfrssden-damageaer dance with
the invention. Figure 3a shows a pre- etch condition wherein an opening 50

o Lﬁsg\%?: ?%g&cglrgtcgé E@%fbhg& firPEc%\Shgxﬁg? gvgtp%e ORI SERrd B2 W 4 pser 52

I rst ric layer 54

etch condition wherein an opening 30 corresponding to a trench is provided in a
photoresist masking layer 32 which overlies a stack of a first dielectric layer 34
such as silicon oxide, a first stop layer 36 such as silicon nitride, a second
dielectric layer 38 such as silicon oxide, a second stop layer 40 such as silicon

10 nitride, and a substrate 42 such as a silicon wafer. Figure 2b shows the structure
after etching wherein the opening 30 extends through the dielectric layer 34 to thé
first stop layer 36. Figure 2c shows the structure after re-patterning the masking
layer for a via 44. Figure 2d shows the structufe after etching wherein the second
dielectric layer 38 is etched down to the second stop layer 40.

15 Figures 3 a-b show schematics of how a dual-damascene structure can be
etched in a single step in accordance with the invention. Figure 3a shows a pre-
etch condition wherein an opening 50 corresponding to a trench is provided in a
photoresist masking layer 52 which overlies a stack of a first dielectric layer 54
such as silicon oxide, a first stop layer 56 such as éilicon nitride, a second

20 dielectric layer 58 such as silicon oxide, a second stop layer 60 such as silicon

nitride, and a substrate 62 such as a silicon wafer. In order to obtain etching of



such as silicon oxide, a first stop |ayer 56 such as silicon nitride, a
second 20 dielectric layer 58 such as silicon oxide, a second stop |ayer 60
such as swbiocoso23mitri de, and a substrate 62 such as a si [PCxarsowedees . | n
order to obtain etching of WD 02/080230 PCT/US02/06648 -12 vial through
the first stop layer 56 in a single etching step, first stop | ayer 56

i ncl udes an openi ng 64. Figure 2b shows the structure after etching wherein
the opening 50 extends through the dielectric layer 54 to the first stop

| ayer 56 and the opening 64 extends through the second dielectric 58 to
the second stop layer 60. 5 Such an arrd@genent can be referred to as a
"sel f-aligned dual -damascene” structure. The process of the invention is
applicable to etching of various dielectric layers such as doped silicon

oxi de such agjaf hh'@&gﬂ“ﬂ\%?ﬂstsdtéﬂ GO& Whp@smgi&@)ohm eoRe; sthp lagensexi de such

as silicon dioxide, spln on- gl aSs (SOG S|I|cate gl'asses 10 such as boron

phosphate sili ass S Qs . a PS doped
or undoped t]ﬁlgﬁlﬂﬁﬂlg Wégg ﬁ%%% R %SD Eﬁgi:?ﬁ’{(%%é%g E‘%@ q%%posi ted
silicon oxide, lowk dielectrics including or ani c | ymer materials, etc.
The di el ect renﬁnmgpﬁwgemdsdhmehmﬁr@nlectpﬁdmé%dg mmgx&b stoprlayer 56 and iiee
dielectric can overlie a conductive or sem conductive |ayer such as

pol ycrystal | ppeairg 44 eaendskbroigh #hessesoddidRciclI8 touthe secdRdStop 1aydral um
tungsten, nolybdenum or alloys thereof, nitrides such as t| taniumnitride,

rotal ol i ol ey AUERABuE{ AT Rdih U “sBPRRbled el Bhflfcehdn0st on

silici de enum Ssi | Cl

structure.

The process of the invention is applicable to etching of various dielectric
layers such as doped silicon oxide such as fluorinated silicon oxide (FSG),
undoped silicon oxide such as silicon dioxi_%le, spin—on—glass (SOG), silicate glasses

10 such as boron phosphate silicate glass (BPSG) and phosphate silicate glass (PSG),
doped or undoped thermally grown silicon oxide, doped or undoped TEOS
deposited silicon oxide, low-k dielectrics including organic polymer materials, etc.
The dielectric dopants include boron, phosphorus and/or arsenic. The dielectric
can overlie a conductive or semiconductive layer such as polycrysfalline silicon,

15 metals such as aluminum, copper, titanium, tungsten, molybdenum (;r alloys
thereof, nitrides such as titanium nitride, metal silicides such as titanium silicide,
cobalt siiicide, tungsten silicide, molydenuﬁ silicide, etc.

The plasma can be produced in various types of plasma reactors. Such
plasma reactors typically have energy sources which use RF energy, microwave

20 energy, magnetic fields, etc. to produce a medium to high density plasma. For

instance, a high density plasma could be produced in a transformer coupled plasma



The plasma can be produced in various types of plasma reactors. Such

pl asma reactors typically have energy sources which use RF energy,

m cr owavewo2Q/0ener gy, magnetic fields, etc. to produce a mwediusar/o@4hi gh
density plasma. For instance, a high density plasma could be produced in a
transfornmer coupl ed plasma WO 02/ 080230 PCT/ US02/ 06648 -13 (TCPTM
avai l abl e from LAM Research Corporation which is also called inductively
coupl ed plasna reactor, an el ectron-cyclotron resonance (ECR) pl asma
reactor, a helicon. plasma reactor, or the like. An exanple of a high flow
pl asma reactor which can provide a higH3density plasma is disclosed in
commonly owned 5 U. S. Patent No. 5,820,261, the disclosure of which is
hereby incorporated by reference. The plasma can al so be produced in a

paral | el pl afECEMs by 4iRBR! R6mIUEI Résealch € @datibﬁ%ﬁ&ﬁ@)éls@'cﬁﬁéﬂi etch reactor
described in commonly owned U.S. Patent . 6,090, 304, the disclosure of

bo. carred_ oot R gl vl A oo R Rorlheg (TRIMERN 07 TET

100 shown in Figure 4, The reactor 100 includes an interior 102 maintai ned
at a desi r edrepeieramqlicen plasmagpacios, K€ il nn examplecaf achigh flaw Pagmat 104

in alower wall of the reactor. Etching gas can be supplied to a .
shower head areaetog et caneprovide hyhiglodgniy prasmadadisclopgd in cbtndrdy awnpd enum
108 extendi ng around the underside of a dielectric window 110. A high 15

Lo ) 5SSO G ETAe, b GER P I8 O B 0 1o
coil having reference. The plasma can also be produced in a parallel plate etch reactor such as
the dual ffequency plasma etch réactor described in commonly owned U.S. Patent
No. 6,090,304, the disclosure of which is hereby incorporated by reference.
The process of the invention can be car;ied out in an inductively coupled
10 plasmé reactor such as reactor 100 shown in Figure 4. The reactor 100 includeé
an interior 102 maintained at a desired vacuum pressure by a vacuum pump
connected to an outlet 104 in a lower wall of the reactor. Etching gas can be
supplied to a showerhead arrangement be supplying gas from gas supply 106 foa
plenum 108 extending around the underside of a dielectric window 110. A high
15 density plasma can be generated in the reactor by supplying RF energy from an
RF source 112 to an external RF antenna 114 such as a planar spiral coil having
one or more turns outside the dielectric window 110 on top of the reactor. The
plasma generating source can be part of a modular mounting arrangement
removably mounted in a vacuum tight manner on the upper end of the reactor.

20 A semiconductor substrate 116 such as a wafer is supported within the

reactor on a substrate support 118 such as a cantilever chuck arrangement



one or nore turns outside the dielectric window 110 on top of the reactor.
The plasma generating source can be part of a nodul ar nounting arrangenent
renovabl ywomangedo i n a vacuum ti ght manner on the upper emdTafSor/bws48 eact or.
20 A sem conductor substrate 116 such as a wafer is supported within the
reactor on a substrate support 118 such as a cantil ever chuck arrangenent
WO 02/ 080230 PCT/ US02/ 06648 -14 renovably supported by a nodul ar nounti ng
arrangenment froma sidewall of the reactor. The substrate support 118 is
at one end of a support armnmounted in a cantilever fashion such that the
entire substrate support/support arm asskfbly can be renoved fromthe
reactor by passing the assenbly through an opening in the 5 sidewall of the
reactor. The substrate support 118 can include a chucking apparatus such

as an el ectr askRlabfy ﬁ@@e@gg%ﬁgyﬁm Ta@faf &ﬁéhttff‘ong_ﬁfsidé%ﬁ%ﬁth@y a

dielectric focus ring can 1 ncl ud% an RF biasing el ectrode

for' applying an bias to the suhstrate during an etchi ng process. The
et chi ng as TQER 1108 SHOTEAS SRR b Sbal ek et o vRPoR G cRdrRE B et ween
the wi ndow 110 10 and an underlying gas distribution plate 124 and enter
t he interi orcandifevehfashipn syiak thad thel entise substrhte spppare/support arneassemblyagancan
al so include a heated liner 126 extending conically fromthe plate 124 .

The process B rdthéveld TYQAhOFeab@dP bglpagiﬂgemeasgeimﬂiy fHtbugarfoprinl ncthe Pl at e
pl asma reactor such as reactor 200 shown in Figure 5. The reactor 200

| ncl udes, 15800 i bPiHeYeadtd? TRE Mtk %uBort 1 H8EM LB S LATLAAESSUr & by 2

vacuum np

apparatus such as an electrostatic chuck 120 and the substrate can be surrounded
By a dielectric focus ring 122. The chuck can include an RF biasing electrode for
applying an RF bias to the substrate during an etching process. The etching gas
supplied by gas supply 106 can flow throu_gh cpannels between the window 110

10 and an underlying gas distribution plate 124 and enter the interior 102 through gas
‘outlets in the plate 124. The reactor can also include a heated liﬁer 126 extending
conically from the plate 124 .

The process of the invention can also be carried out in a parallel plate

plasma reactor such as reactor 200 shown in Figure 5. The reactor 200 includes

15 an interior 202 maiﬁtained at a desired vacuum pressure by a vacuum pump
connected to an outlet 204 in a wall of the reactor. Etching gas can be supplied to
a showerhead electrode by supplying gas from gas supply 206. A mediﬁm density
plasma can be generated in the reactor by supplying RF energy from RF sources
212 to the showerhead electrode and a bottom electrode or the showerhead

20 electrode can be electrically grounded and RF energy at two different frequencies

can be supplied to the bottom electrode.



connected to an outlet 204 in a wall of the reactor. Etching gas can be
supplied to a showerhead el ectrode by supplying gas fromgas supply 206. A
medi um deweioeyso2pd asna can be generated in the reactor byPsxasoyddwgs RF
energy from RF sources 212 to the showerhead el ectrode and a bottom

el ectrode or the showerhead 20 el ectrode can be electrically grounded and
RF energy at two different frequencies can be supplied to the bottom

el ectrode. WD 02/080230 PCT/ US02/ 06648 -15 In one enbodi nent, the

i nvention provides a process for plasma etching 0.3 mand snaller high
aspect ratio features such as conductor -1§-nes, vias and contacts including
self aligned contacts (SAC) in dielectric layers on sem conductor
substrates. In the process, a gas m xture containing fluorocarbon, 5 oxygen

and optional gasegy 3HeBmBSditchfithe Givelidch pdvilles a?ﬁ&%?é fdrplaner Qimeg 1n a
pl asma etch reactor into a plasma state such that the fldorocarbon and the

oxygen reac t are at .l eas artially dissocjated. ring the etching
process, thet()?%f‘@l Stni‘a(ﬁeF %ﬁpgﬂé%&ﬂ%@ﬁ Y8 2f F?&gﬂﬁ?ﬁé hé’ﬁﬁ it hon
reacts with some free F to thereby reduce the etch rate of the masking 10
and/ or stop eouwiacts including Wibaligoed soniacts ¢SAE in digleciicpaysrs dang a desired
| evel of selectivity between the etch rates of the dielectric materi al

bei ng et ched s@fftoAductdtiBEkAYS " InSthe Précess ial das aiixttird CofiginaRdhrocben,er | ayer
such as a photoresist while at the sane tine bal ancing pol yner buil d-up
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plasma etch reactor into a plasma state such that the fluorocarbon and the oxygen
reactant are at least partially dissociated. During the etching process, the

 dielectric layer is etched by the fluorine and the
carbon reacts with some free F to therebyhredu"ce the etch rate of the masking
10 and/or stop etch layers. The oxygen is effective in providing a desired level of
selectivity between the etch rates of the dielectric material being etched and an
underlayer such as silicon nitride and/or an overlayer such as a photorésist while
- at the same time balancing polymer build-up sufﬁéiently to protect sidewalls of
etched features while avoiding pinch-off and etch stop problems due to éxcessive
15 polymer build-up. Etch stoIS is especially problematic during plasma etching of
deep and narrow openings in dielectric materials such aé silicon oxide using gas
chemistries which form too much polymer, i.e., polymer-build-up in the opening
prevents further etching of the silicon oxide. In thé process of the invention, the
polymer build-up can be reduced by the synergistic effect of breaking up the

20 polymer with the oxygen in the etching gas mixture. Further, in order to preserve

the critical dimension(CD) of the etched feature, the oxygen removes enough of



15 pol yner build-up. Etch stop is especially problematic during plasna
etching of deep and narrow openings in dielectric materials such as
silicon owpde/nseBdng gas chemstries which formtoo nuch poiTyusez/o6cus e.
pol ynmer-build-up in the opening prevents further etching of the silicon
oxide. In the process of the invention, the polymer build-up can be
reduced by the synergistic effect of breaking up the 20 polyner with the
oxygen in the etching gas m xture. Further, in order to preserve the
critical dinmension(CD) of the etched feature, the oxygen renoves enough of
WO 02/ 080230 PCT/ US02/ 06648 -16 the potiper build-up on the sidewal | s of
the etched openings to avoid excessive bui | d-up of polyner on the

si dewal I s ‘'whi ch ot herwi se could cause "pinch-off" of the etched openings

and thus pregRfolaREFPIBIISuFSE e eRfalls BFﬂi&Fb%Heﬂg)pEﬁngé‘R) aviP bxResipept h. 5
According to the |nvent|on oxygen is added in an ampunt effective to

control the e sel ectivit. he etchi as. mstr That
T when s Piah OF Bekich Shalé it Alsaieh stabfuRt EAEA orpw%r%f?’ of

fl uorocar bon gases, the oxygen is effective to scavenge free F di ssoci ated
fromthe fl ubecicheBonenings #l thes REavant umarete eisbing oftthe ereningipthe such as
the masking and etch stop layers 10 resulting in low etch rate selectivity.
However, by deseliydepth. oxygen at a suitable level it is possible to
scavenge a sufficient anmobunt of the free F to thereby increase the .
selectivty ratioy et chi ng
reactor\gl n anmounts e&?g%ﬁgv gégtgcénsengﬁ%gg daﬁltr“gl\#e%ﬁ a{‘%ﬁtg?t op by
reacting

control the etch rate selectivity ratio of the etching gas chemistry. That is, when
using an etching gas containing oxygen and one or mere fluorocarbon gases, the
oxygen is effective to scavenge free F dissociated from the fluorocarbon in the
piasma. Such free F attacks layers such as the masking and etch stop layers
10 resulting in low etch rate selectivity. However, by supplying oxygen at a suifable
level it is possible to scavenge a sufficient amount of the free F to thereby increase
the selectivity ratio. The oxygen is preferably supplied to the plasma etching
reactor in amounts effective to scavenge free F and prevent etch stop by reacting
with polymer at the bottom of the etched openings. For a medium density plasma
15 reactor, the advantageous effects of the in.vention can be achieved by supplying the
oxygen reactant and fluorocarbon reactant to the plasma etching reactor at a flow
rate ratio of oxygen reactant to ﬁuorocarbon reactant of 1.5 or less.
The etching gas mixture may optionally include other gases such as
nitrogen and/or an inert carrier gas. Argon is an especially useful inert carrier gas
20 which aids fluorine in attacking dielectric materials such as silicon oxide.

However, other inert gases such as He, Ne, Kr and/or Xe can be used as the inert



with polynmer at the bottom of the etched openings. For a nediumdensity

pl asma 15 reactor, the advantageous effects of the invention can be

achi eved w9 R08pByi ng the oxygen reactant and fl uorocar b@cTrisazo@mg to t he
pl asma etching reactor at a flow rate ratio of oxygen reactant to

fl uorocarbon reactant of 1.5 or less. The etching gas m xture may
optionally include other gases such as nitrogen and/or an inert carrier
gas. Argon is an especially useful inert carrier gas 20 which aids
fluorine in attacking dielectric materials such as silicon oxide. However,
ot her inert gases such as He, Ne, Kr andipr Xe can be used as the inert WO
02/ 080230 PCT/ US02/ 06648 -17 carrier gas. In order to nmaintain | ow
pressure in the plasnma etching reactor, the amount of carrier gas

i ntroduced igé}ﬂﬁggg&rﬁ? F o Ainkfin Mw pRWsdre AV ﬁﬁnaaepjlnég@as&@% for a

medi um to hi sity plasma reactor, "argon can ‘be supp Intd the
reactor in amounts of 25 t0.300.scem The carrier,  gas preferably aids the 5
di ol ectric ofPAURCRFAnTET 8as iioruged into IEIRART Pk be el HOMHRRSAJH due 1o
sputtering of the oxide. The fluorocarbon preferably conprises C XFYHZ
wher ei n x i simstanceafer amediumdgo high densidy plbsma deactdrs agonrcanlbeseppliedgnto CF4,
C3F6, C3F8, CSF3, C4F81 C2F61 CH2F51 C2HF51 CH3F, CH2F2, etc. Al though

hydrogen conyg iahéi6r fl R6GRLHPEN T 0(Pscet. t BhelCarPiet ¥ABpreleralily alddgnslegr ee of
pol ymeri zing can be controlled to achi eve deep and™ narrow openi ngs through

1o vec 2 2 AR Skah e oD IO IRHARR Ryl B OR iR Gl g
of the oxide. |
The ﬂuo,rdcarbon preferably comprises C,F,H, wherein x is at least 1, y is
at least 1 and z is O or above, e.g., CF,, C;F,, C;Fg, C,F;, C,F;, CF,, CH;FS,
C,HF;, CH,F, CH,F,, etc. Although hyd?ogep containing fluorocarbons are quite
10 . polymerizing, the degree of polymerizing can be controlled to achieve deep and
narrow openings through the use of a synergistic combination of the oxygen
reactant and the fluorocarbon reactant. The amount of fluorocarbon gas to be
supplied to the plésma reactor should be sufficient to achieve the desired degree of
polymerizing. As an example, oxygen and fluorocarbon reactants can each be
15 supplied at flow rates ofs to 100 sccm, preferably 15 to 50 sccm, and more
preferably 20 to 40 sccm. As an example, for 0.25 pm diameter contact openings,
the oxygen reactant flow rate can range from 10 to 50 sccm when C,F.H, is
supplied at 10 to 50 sccm, and argon, if supplied, can range from 50 to 500 sccm.
It wi11 be apparent to those skilled in the art that the flow rates of the various gases
20 will depend on factors such as the type of plasma reactor, the power settings, the

vacuum pressure in the reactor, the dissociation rate for the plasma source, etc.



supplied to the plasma reactor should be sufficient to achieve the desired
degree of polynerizing. As an exanple, oxygen and fluorocarbon reactants
can each we maseapplied at flow rates of 5 to 100 sccm prefrarsabbessds to 50
sccm and nore preferably 20 to 40 sccm As an exanple, for 0.25 m

di anet er contact openings, the oxygen reactant flow rate can range from 10
to 50 sccmwhen CxFyHz is supplied at 10 to 50 sccm and argon, if
supplied, can range from50 to 500 sccm It will be apparent to those
skilled in the art that the flow rates of the various gases 20 will depend
on factors such as the type of plasma reistor, the power settings, the
vacuum pressure in the reactor, the dissociation rate for the plasm
source, etc. WO 02/080230 PCT/US02/ 06648 -18 The process of the invention

is useful for obt %egfgce%f er%%nﬁblggtﬁéﬁ?%r oﬂtép«‘ieﬂélgsa@ienéisy ﬁi%ﬁ%ﬁpe'é the

process bei ng especi use for o alnlng as ratio 10°1 for
openi ngs smal l.er pref er I I 0. and beI ow. For
exanpl o, i1 Tees o af e f b s i aiter BT et tof ohiBE peoeFtRts o5 5 m
di anet er openl ngs at depths greater than 2 1 m In order to provide

ani sot r opi ¢ ap &hilO:g, for opéeringsesmedlier than G. 3 poy ppefprably mrsalhas 0.d8tand
sem conduct or substrate by the substrate support. For instance, an RF

bi asi ng el echglg®e Fax é;daﬁl\%es 4bitposdible 36! BRAIH s%@ﬂanﬁﬁlysﬁfh@éht%hﬂéﬂféﬂmﬂgv‘er on
the order of 50 to 1000 tts to adequately RF bias 6, or even 12 inch

s 39 T8, AR ks Rt I h R vl

reactor pr eseslrlljlggtrocp?g etlcﬁler‘g, it is beneficial to supply an RF bias to the semiconductor
substrate by the substrate support. For instance, an RF biasing electrode in the
substrate support can be supplied with power on the order of 50 to 1000 Watts to
adequately RF bias 6, 8 or even 12 inch V\iafers.

10 The reactor pressure is preferably maintained at a level suitable for
sustaining a plasma in the reactor. In general, too low a reactor pressure can lead
to plasma extinguishment whereas in a high density etch reactor too high a reactor
pressure can lead to the etch stop problem. For high density plasma reactors, the
reactor is preferably at a pressure below 30 mTorr, more preferably below 10

15 merr. For medium density plasma reactors, the reactor is preferably at a
pressure above 30 mTorr, more preferably above 80 mTorr. Due to plasma
confinement at the semiconductor substrate mderéoing etching, the vacuum
pressure at the substrate surface may be higher than the vacuum pressure setting.
for the reactor. -

20 The substrate support supporting the semiconductor substrate undergoing

etching preferably cools the substrate enough to prevent burning of any photoresist



to plasma extingui shnment whereas in a high density etch reactor too high a
reactor pressure' can lead to the etch stop problem For high density

pl asma r eaot0e08023a he reactor is preferably at a pressur e Poghusne/@@4sTor r,
nore preferably below 10' 15 rTorr. For nediumdensity plasma reactors, the
reactor is preferably at a pressure above 30 mflorr, nore preferably above
80 niforr. Due to plasma confinenent at the sem conductor substrate
under goi ng etching, the vacuum pressure at the substrate surface nay be

hi gher than the vacuum pressure setting. for the reactor. 20 The substrate
support supporting the sem conductor subKirate undergoing etching’
preferably cools the substrate enough to prevent burning of any photoresist
WO 02/ 080230 PCT/ US02/ 06648 -19 on the substrate, e.g., maintain the

substrate behpheld@sitate, é‘.ghirﬂilnéﬁfithl%%ﬁ‘i)s‘ﬂf&e E@B‘\%ilhwfé.aﬁﬁﬁigﬁg?&h@dﬁmi t is

sufficient to cool the subBstrate support to a tenperatur -20 to 40 C

The substrate support can include a bottom . elecirode for supplying an RF
bi s Lot ho CEBLY BHSAER: b SubeiRbio et BERILHERE MrRoES e of ol ampi ng
t he substrate. For exanple, the substrate can conprise a silicon wafer
whi ch is el etempszatare @fatd0/tocd0s fpe dhe subsitats s@pbsi cen ppsiydermbditom um at  a
desired pressure between the wafer and top surface of the ESC. In order to

mai ntai n t heeedréde @k s@ppifink M@ RE BHAPES ewubstte dlirig gpsaé@@in@,th&ebpanwo C,
orr

the He can be maintained at a pressure of 10 to 30 in the space

bet ween g he X‘@E@b fo}glaﬁ:[bqné ﬁl% sﬁgéﬁqalfe. For example, the substrate can comprise a

silicon wafer which is electrostatically clamped and cooled by supplying helium at
a desired pressure between the Wafer and top surface of the ESC. In order to
maintain the wafer at a desﬁed temperature of, for example, O to 100° C, the He
can be maintained at a pressure of 10 to 30 Torr in the space between the wafer

- 10 and the chuck.

The process of the invention is especially well suited for etching deep and
narrow openings through silicon oxide to an underlying conductive or
semiconductive layer. This layer can be a metal such as Al, Ti, Cu, Mo or alloys
thereof, a metal nitride such as titanium nitride, doped or undoped polycrystalline

15 or single crystal silicon, a metal silicide such as titanium silicide, tungsten silicide,
cobalt silicide, molybdenum silicide, etc. In the case where the oxygen reactant is
pure oxygen, th¢ underlying conductive material need not exclude materials which
are attached by oxygen such as silicon nitride because the oxygen reactant is
supplied to the reactor at a-rate relative to the ﬂuofocarbon reactant to avoid

20 - excessive attack of silicon nitride.



The process of the invention is especially well suited for etching deep and
narr ow openi ngs through silicon oxide to an underlying conductive or

sem conduwwoiees2ayer. This |ayer can be a nmetal such as APCTRiISP2/@s48 MO or
alloys thereof, a netal nitride such as titaniumnitride, doped or undoped
pol ycrystalli-ne 15 or single crystal silicon, a netal silicide such as
titaniumsilicide, tungsten silicide, cobalt silicide, nolybdenum
silicide, etc. In the case where the oxygen reactant is pure oxygen, the
under | yi ng conductive material need not exclude materials which are
attached by oxygen such as silicon #0ride because the oxygen reactant is
supplied to the reactor at a. rate relative to the fluorocarbon reactant to
avoid 20 excessive attack of silicon nitride. WO 02/080230 PCT/ US02/ 06648
-20 The fol | ophdgh1baRhE TAbIS At s2tsf Ethredift W behis aeéiﬁ&ﬂ‘ﬂiufi’desﬁgércon nitride

| ayer using a dual frequency plasma etch reactor wherein t react or

condi ti ons merelg%t as'HoIIomsh 200 mlorr. r acto%)prg%fure 500 watts 27
MHZ and 10BE GPRlSIeAuEREY PIgsH pich seAciqr Wiiereindiic reacior GRRAHIONS WPLG ST s, 60
second etch time, with variations in 5 etch gas chem stry as listed i'n the
tabl e. Bciollowse20bmTorereactor pressuaadSWkwatts 27AY8B14 anddPe wasts 2uMEZed from

9- poi nt s/ waf er Rudol ph (Ellipsonetry) neasurenents. TABLE 1 Ru CH3F CHF3

02 Ar/ N2powéri R0de 40¢CiglesRodeaebérainiles, 60 seesi@BicH &@eMvith SafMiodssacm
(ANnin) (Amn) Selectivity 10 1 40 30 10 200/ 200 624 910 0.69

5 etch gas chemistry as listed in the table. Etch rates of the nitride and oxide layers

were calculated from 9-points/wafer Rudolph (Ellipsometry) measurements.

TABLE 1
Ru | CH,F CHF, 0, Ar/N, | Nitride [ Oxide Oxide:Nitride
n (scem) (sccm) (sccm) (sccm) (A/min) | (A/min) | Selectivity
10 40 30 10 1200200 | 624 910 0.69
2 0 60 50 0/200 1668 825 2.02
3 0 60 10 0/0 1058 1488 0.71
4 5 60 50 200/0 2300 991 2.32
5 0 60 10 200/200 | 1027 923 1.11
15 6 40 30 10 0/0 dep. Dep. NA
7 40 30 50 200/0 1160 283 4.10
8 - 140 60 10 0/200 dep. dep. NA
9 0 30 10 200/0 1421 728 1.95
10 (20 45 30 100/100 | 984 1418 0.69
20 11 (0 30 50 0/0 1839 1049 1.75
12 |40 60 50 0/0 902 489 1.84
13 |20 45 - 30 100/100 | 985 1434 0.69
14 (0 30 50 200/200 | 458 585 0.78 -
15 |40 60 10 200/0 dep. Dep. NA
25 16 |0 30 10 0/200 833 444 1.88




2 0 60 50 0/200 1668 825 2.02 3 0 60 10 0/0 1058 1488 0.71 4 5 60 50
200/ 0 2300 991 2.32 5 0 60 10 200/200 1027 923 1.11 15 6 40 30 10 0O/ 0 dep.
Dep. NA WO040/082360 200/0 1160 283 4.10 8 40 60 10 0/ 200 prdepisoreqs4s NA 9 O
30 10 200/0 1421 728 1.95 .10 20 45 30 100/ 100 984 1418 0.69 20 11 0 30 50
0/0 1839 1049 1.75 12 40 60 50 0/0 902 489 1.84 13 .20 45 30 100/ 100 985
1434 0.69 14 0 30 50 200/ 200 458 585 0.78 15 40 60 10 200/0 dep. Dep. NA
2S 16 0 30 10 0/200 833 444 1.88 WO 02/080230 PCT/ US02/06648 -21 17 40 30
50 0/200 1026 1158 0.89 18 40 60 50 200/200 1082 1519 0.71 19 0 60 50
200/ 200 922 813 1.13 20 .0 60 50 4840+f0 1648 939 1.76 5 21 40 0 50 200/0
1215 28 43.4

17 {40 30 50 0/200 1026 1158 0.89
18 |40 60 50 200/200 | 1082 1519 0.71
19 |0 60 | 50 200/200 | 922 813 1.13
20 {0 60 - _ |50 450/0 1648 939 1.76
5 21 |40 0 50 200/0 1215 28 43.4
22 140 0 50 200/0 1225 29 42.2
23 |20 0 25 200/0 756 18 42.0
24 |20 0 15 200/0 851 88 9.67
25 |25 0 20 20000 | 865 50  |15.12
10 “dep.” indicates that the process resulted in deposition

Table 2 sets forth results of etching a silicon wafer having successive layers
of 5200 A photoresist masking layer, 600 A ARC, 1500 A oxide, 400 A nitride,
7000 A SilK, and 400 A nitride using a dual frequency plasma etch reactor
wherein the reactor conditions were set as follows: 150 mTorr reactor pressure,

15 | 500 watts 27 MHZ and 160 watts 2 MHZ power, 20 to 40 °C electrode

temperétures, 60 second etch time with variations in etch gas chemistry as follows:
150 mTorr, 200 sccm Ar, 25 sccm O,, 20 sccm CH,F in Run 1, 150 4mTorr, 200
sccm Ar, 13 sccm O,, 20 sccm CH,F in Run 2, 150 mTorr, 200 sccm Ar, 20
sc01:n O,, 25 CH,F in Run 3; 150 mTorr, 200 scem Ar, 20 O,, 25 CH,F, 5 sccm

20 CHF,, S sccm CHF, in Run 4, and 200 sccm Ar, 20 O, 25 CH,F in Run 5.



22 40 0 50 200/0 1225 29 42.2 23 20 0 25 200/0 756 18 42.0 24 20 0 15
200/ 0 851 88 9.67 25 25 0 20 200/0 865 50 15.12 10 "dep." indicates that
t he procewe oe@szBé ed i n deposition Table 2 sets forth reswcrasot/o@ugchi ng. a
silicon wafer having successive |ayers of 5200 A photoresist masking

| ayer, 600 A ARC, 1500 A oxide, 400 A nitride, 7000 A SilK, and 400 A
nitride using a dual frequency plasma etch reactor wherein the reactor
conditions were set as follows: 150 niforr reactor pressure, 15 500 watts 27
WMHZ and 100 watts 2 MHZ power, 20 to 40 'C el ectrode tenperatures, 60
second etch time with variations in etclRpas chem stry as follows: 150
mrorr, 200 sccm Ar, 25 seem 02, 20 seem CH3F in Run 1, 150 niforr, 200 sccm
Ar, 13 sccm 02, 20 seem CH3F in Run 2, 150 nforr, 200 seem Ar, 20 sccm 02,
25 CH3F in Run 3; 150 mTorr, 200 sccmpXBrLgE©® 02, 25 CH3F, 5 seem 20 CHF31 5
seem CHF3 in Run 4, and 200 seem Ar, 20 02, 25 CHBF in Run 5. WO 02/ 080230

PCT/ USQZ/ 06 6@8—T22—TABLETZ— Rt C%’rf} BFN "i te—Oq—deTERPRERSH-H—ER
Ntride to [RGl QO GH® (Aimide (AOnio ERA|BRE/R A ik ERi dd Niefide tb 1. 25
756 18 3194 Pg74 (4wratiol-|qA/mi00 [(APHin} 681 (AAA)- 1¢ (A/min) Oxide Sel

1 |1.25 756 18 3194 2374 42

5 |2 |o.s65 ~1000 | ~100 1681 1308 ~10

3 |08 1149 34 o 33.8

4 |08 1579 | 155 - 10.2

5 |08 851 45 7.6

During processing of a semiconductor wafer it may be desired to carry one
‘10 or more of the following steps: ARC/Via Mask (Nitride) etch wherein it is desired
to maintain the critical dimension (CD)while using a thin photoresist and remove
any oxide, a SilK Via Etch wherein it is desired to leave 1000 A SilK, a Through
Mask Etch (nitride) wherein openings are etched into the nitride with selectivity to
oxide layers, a secc')nd SilK Etch wherein it is desired to‘ maintain CD with a
15 smooth front aﬁd with minimal faceting, and a Nitride Finish Etch Wheriein the
etch is selective to oxide, SilK and copper.
| The fdregoing has described the prinéiples, preferred embodiments and
modes of operation of the present invention. However, the invention should not
be construed as being limited to the particular embodiments discussed. Thus, the
20 above-described embodiments should be regarded as illustrative rather than

restrictive, and it should be appreciated that variations may be made in those



3 0.8 1149 34 33.8 4 0.8 1579 155 10.2 5 0.8 851 45 7.6 During

processi ng of a sem conductor wafer it may be desired to carry one 10 or
nore of twe okoBd2emi ng steps: ARC/ Via Mask (Nitride) etch RaFsonodens i s
desired to nmaintain the critical dinension (CD)while using a thin
photoresi st and renove any oxide, a SilK Via Etch wherein it is desired to
| eave 1000 A Sil K, a Through Mask Etch (nitride) wherein openings are
etched into the nitride with selectivity, to oxide |ayers, a second SilK
Etch wherein it is desired to maintain CDwth a 15 snmooth front and with
m nimal faceting, and a Nitride Finish E28h wherein the etch is selective
to oxide, SilK and copper. The foregoi ng has descri bed the principles,
preferred enbodi nents and nodes of operation of the present invention.
However, the dnbRihéRs b§ RRitkéts RRflled e QR wWitHed cﬁgaﬂﬁﬁg Febrh kHE dcBfke bPthehe
particul ar enbodi nents di scussed. Thus, the 20 above-described enbodi nents
shoul d be re agdeg. as J.l| us(iﬁrjiatarée ra%aulgr .than. restrictive, and it should
be appreci at TR FIVEAHoL,ES e yﬂbeeo J&8 H%%ose WO 02/ 080230 :

PCT/ US02/ 06648 -23 enbodi nents by workers skilled in the art w thout
departing fromthe scope of the present invention as defined by the
followi ng clainms. WO 02/ 080230 PCT/ US02/ 06648 - 24-



WHAT IS CLAIMED 1IS: 1. A process for etching an organosilicate |ayer with
selectivity to an underlying and/or overlying dielectric |ayer, conprising
t he st epswof02/08(284 r oduci ng a sem conduct or substrate intoPaTaiSazm@4&et chi ng
chanber, the sem conductor substrate having an organosilicate |ayer and an
underlying and/or 5 overlying dielectric |ayer; supplying an oxygen-free
etching gas to the plasma etching chanber and energizing the etching gas
into a plasma state, the etching gas conprising at |east one nitrogen
reactant, at |east one fluorocarbon reactant and optional carrier gas, the
fl uorocarbon reactant and nitrogen reacgnt being supplied to the chanber
at a 10 flow rates such that the fluorocarbon reactant flowrate is |ess
than the nitrogen reactant flow rate; contacting exposed portions of the

or ganosi | i ca_g&i%qﬂngWQMQQSpl asma so as to etch openings in the
organosilicate Tayer w e plasma while providing a selectivity etching
ratio of the etchjng rgte of the (ilriq?anOSi | icaje Iftgler ﬁ{ﬁ tﬁ{ge.etchi ng 15
rate of the diel ebtri cAPIQERSS HiT Slehifgan preagesipicate layer Wid sglepitalstod ¢| ai m
1, wherein the dielectric |ayer conprises a doped or- undoped silicon oxide
film a siliwskrlyingrandérfdvertying didlédtrio tayen,rdoinjeising the seps oftnbi nat i on :
thereof. . .20 WD 02/080230 PCT/ US02/ 06648 -25
introducing a semiconductor substrate into a plasma etching chamber, the
semiconductor substrate having an organosilicate layer and an underlying and/or
5 overlying dielectric layer;
supplying an oxygen-free etching gas to the plasma etching chamber and
energizing the etching gas into a plasma state, the etching gas comprising at least
one nitrogen reactant, at least one fluorocarbon reactant and optional carrier gas,
the fluorocarbon reactant and nitrogen reactant being supplied to the chamber at a
10 flow rates such that the fluorocarbon reactant flow rate is less than the nitrogen
- reactant flow rate;
contacting exposed portions of the organosilicate layer with the plasma so
as to etch openings in the organosilicate layer with the plasma while providing a

selectivity etching ratio of the etching rate of the organosilicate layer to the etching

15 rate of the dielectric layer of at least about 5.

2. The process of claim 1, wherein the dielectric layer comprises a
doped or undoped silicon oxide film, a silicon nitride film, a silicon carbide film

or combination thereof, .

.20



3. The process of claim1, wherein the at |east one fluorocarbon reactant
is represented by C ,FYHZ wherein x is at least 1, y is at least 1 and z is
equal to woogoeaser than 0. 5 4. The process of claiml, ROCEFUESIN06648

t he. openings are etched to a depth sufficient to provide an aspect ratio
of at least 3:1. 5. The process of claim1l1l, wherein the at |east one
fluorocarbon reactant conprises CA (C4F3, C4F6, CF2H2, and m xtures
thereof. 10 6. The process of claim1l, wherein the organosilicate |ayer
overlies an electrically conductive or sem conductive |ayer conprising a
nmetal -containing |ayer selected fromtHS-group consisting of doped and
undoped polycrystalline or single crystal silicon, alum numor alloy

t hereof, copper or alloy thereof, titanium 15 or alloy thereof, tungsten or

a1 oy thereof . TBlYbISHY R SexA diint NORAGLin b ARa Te do&bea%or{'tam um

silicide, tungsten silici alt silicide, and enum silicide. 7.

Th f claiml wh 20 sl |
5ol open: nifectpsarisst el o HREb A i yva%‘t%egﬁeadm claim1,

wherein the at | east one fluorocarbon reactant consists essentially of a
hydr ogen- f r eequal toeogrgatsothandhr esent ed by ChFm wherein n is 4 or nore and
inis 6 or nore and an optional hydrogen-contai ni ng

5 4. The process of claim 1, wherein the openings are etched to a depth

sufficient to provide an aspect ratio of at least 3:1.

5. The process of claim 1, wherein the at least one fluorocarbon

reactant comprises C,F;, C,Fg, C,F,, CF,H,, and mixtures thereof.

10
6.. The process of claim 1, wherein the organosﬁicate layer overlies an
electrically conductive or semiconductive layer comprising a metal-containing
layer selected from the group consisting of doped and undoped polycrystailine or
single crystal silicon, aluminum or alloy thereof, copper or alloy thereof, titanium
15 or alloy thereof, tungsten or alloy thereof , molybdenum or alloy thereof, titanium

nitride, titanium silicide, tungsten silicide, cobalt silicide, and molybdenum

silicide.

7. The process of claim 1, wherein the openings are 0.25 micron or

20 smaller sized openings.



fl uorocarbon reactant represented by CXFYHZ wherein x is 1 or nore, y is 1
or 5 nore and z is at least 2. 9. The process of clam 1, wherein the

et chi ng gae ofel2s@les a carrier gas selected fromthe groweTamNFI&HS ng of
Ar, He, Ne, Kr, Xe or mxtures thereof. 10 10. The process of clam1,
wherein the plasma reactor conprises a dual frequency parallel plate

pl asma reactor having a showerhead el ectrode and a bottom el ectrode on

whi ch the substrate is supported, the bottom el ectrode being supplied RF
energy at two different frequencies or the showerhead el ectrode being
supplied RF energy at a first frequency-26,d the bottom el ectrode being
supplied 15 RF energy at a second frequency which is greater than the first
frequency.” 11. The process of claim1l, wherein the flowrate ratio of the

fl uorocarbon reacgant tety6ees bfﬂgﬁﬁllr%&%ﬁflmelaﬂe%& SfeMudr6&bon/\O
02/ 080230 PCT/ USOZ/ 06648 "-27 12. The process of claim 1, wherein the

fl uorocar bon re ant . t he ctor a rate of
1 uor acar bOn 1 2R AR eos Ay o3 Bl R o Rprbmpe b Lot e
at a flowrate of 50 to 300 secm 5 13. The process of claim1, further
conpri si ng apfelding iad ormereasdmpis ¢ nram@&rmcgamqmqnal bxdsxgg@:\a@@tmm t he
etching step. 14. The process of claim1, further conprising filling the

openi ngs Wi t fluofGehfonatictinttrBsresdnedd BYOCH, B whdlein x is 1 or more, y is 1 or

5 more and z is at least 2.

9. The process of clam 1, wherein the etching gas includes a carrier

gas selected from the group consisting of Ar, He, Ne, Kr, Xe or mixtures thereof.

10 10.  The process of clam 1, wherein the plasma reactor cdmprises é dual
frequency parallel plate plasma reactor having a showerhead electrode and a
‘bottom electrode on which the substrate is supported, the bottom electrode being
supplied RF energy at two different frequencies or the showerhead electrode being
supplied RF energy at a first frequency and the bottom electrode being supplied

15 RF energy at a second frequency which is greater than the first frequency.

11. - The process of claim 1, wherein the flow rate ratio of the

fluorocarbon reactant to the nitrogen reactant is 25% or less.



15. The process of claim1l, wherein the etching step is carried out as

part of a process of manufacturing a damascene structure. 16. The process
of cl ai mwp okwsw2ber conprising steps of formng a 15 photrerdsoybechayer as
a masking | ayer, patterning the photoresist layer to forma plurality of

t he openings and the etching step forns via or contact openings in the
organosilicate layer. 17. The process of claim1l1l, wherein the openings are
formed with an 20 aspect ratio of at least 5:1. WO 02/080230

PCT/ US02/ 06648 -28 18. The process of claim1, wherein the etching gas
consists essentially of CAFE, N2 and AR7er CAF8, CF2H2, N2 and Ar. 19. The
process of claim1, wherein the plasnma reactor is at a pressure 5 of 50 to
500 niforr ‘during the etching step. 20. The process of claim1, wherein the

sem conductor subgjiratgpe %%s'o%ec'ialﬁl P'Vbﬁé%@iﬂtﬂ@flﬁéro@%oh*}@ac\fﬁft% s
mai ntai ned at a tenperature of 20 to C during the etching step.

supplied to the plasma reactor at a ﬂow rate of 3 to 30 sccm and the nitrogen

reactant is supplied to the plasma reactor at a flow rate of 50 to 300 sccm.

5 13.  The process of claim 1, further comprising applying an RF bias to

the semiconductor substrate during the etching step.

14.  The process of claim 1, further comprising filling the openings with

metal after the etching step.

10
15.  The process of claim 1, wherein the etching step is carried out as
part of a process of manufacturing a damascene structure.
16.  The process of claim 1, further comprising steps of forming a
15 photoresist layer as a masking layer, patterning the photoresist layer to form a

plurality of the openings and the etching step forms via or contact openings in the

organosilicate layer.

17.  The process of claim 1, wherein the openings are formed with an

20 aspect ratio of at least 5:1.
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28-

18.  The process of claim 1, wherein the etching gas consists essentially

of C,F;, N, and Ar or C,F;, CF,H,, N, and Ar.

19.  The process of claim 1, wherein the plasma reactor is at a pressure

of 50 to 500 mTorr during the etching step.

20.  The process of claim 1, wherein the semiconductor substrate
comprises a silicon wafer and the wafer is maintained at a temperature of 20 to

50° C during the etching step.



