OXYGEN DOPED Si C FOR Cu BARRI ER AND ETCH STOP LAYER I N
DUAL DAMASCENE FABRI CATI ON FI ELD OF THE | NVENTI ON The
invention relates to the field of fabricating
integrated circuits and other electronic devices and
in particular to a dual damascene structure with high
performance and inproved reliability and a nmethod for
form ng the same. BACKGROUND OF THE | NVENTI ON The
manufacture of an integrated circuit in a

sem conduct or device involves the formation of a
met@kyGapneror PatSit Vit el IBARFIERANG ETOM $TOB LPMEFEMNDUAL
which is overl ai d opaAVBUHNE FABRIULTIONE pattern. This
process is repeated several times to produce a stack
of nmetal layers. Metal interconnects which form

hori zontal and vertgigab gt egEnNgaNTIRt hways in the
devi ce are separated by insulating or dielectric
materials to prevent crosstalk between the netal
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circuit speed. A popular nethod of form ng an
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whi vias and trenches are filled with netal in the

:rﬁéﬂé@eéff&’@bmtﬁan%f'a'}%ﬁogméﬁﬁuﬁ‘@tr%rms is also
comonly enployed to forma netal pattern in one or

nore dielectric |ayers- The nost frequently used dual

damascene approaghhdicGGROVNG OF THE INVEREESN i n which a
viais formed in a stack of dielectric |ayers and then

a trench is forned above the via. Recent inprovenents

| b GaOBRCA NS iIREQRERBRM Mg %&q%onélﬁ\'ﬁrdeoﬁeﬁ%lves the
resistivity of the netal i1nterconnect by sw tching
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constant (k) i nsul"ating materials to avoid
aﬁ@ﬁ@@bémaﬁve mém.l Tids BRIUEER rbP&utdBE&erd BHREGOPRRIES a stack
of metal layers. Metal interconnects which form horizontal and vertical electrical
pathways in the device are separated by insulating or dielectric materials to prevent
crosstalk between the metal wiring that can degrade device performance by slowing
circuit speed. A popular method of forming an inferconnect struciure is a dual
damascene process in which vias and trenches are filled with metal in the same step. A
single damascene process is also commonly employed to form a metal pattern in one or
more dielectric layers. The most frequently used dual damascene approach is a via fir_st
process in which a via is formed in a stack of dielectric layers and then a trench is
formed above the via. Recent improvements in dual damascene processing include
lowering the resistivity of the metal interconnect by switching from aluminum to copper

and reducing the dielectric constant (k) of insulating materials to avoid capacitance

coupling between the metal interconnects.




Current manufacturing practices involve formng vias
and trenches that have sub- m cron di nensi ons which
can be less than 0.25 microns in width. One of the
nore promsing low k dielectric naterials is
organosilicate glass (OSG also known as Si COH which
is a silicon oxide that is doped with carbon and
hydrogen atonms. Silicon oxide which has been
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densitication O I nproves resi stance
p%v‘fdréalm:l%a%%fﬁaraﬁe&%or a subsequent chemical mechanical polish (CMP) step
and then the SiCOH layer is annealed for improved mechanical properties and a lower k
value. An amorphous carbon cap layer on a low k dielectric layer is described in U.S.
Patent 6,541,397 and serves as an eich mask and as a CMP stop layer.

In some cases, densification after annealing is desirable. A well known method of
densifying a porous SiICOH layer is to perform a plasma treatment such as the No/NH;

plasma process described in U.S. Patent 6,436,808. Besides stabilizing the dielectric

constant, the densification also improves SiCOH resistance to etchants such as O;




2 plasma during renoval of a photoresist mask that is
used to transfer a trench pattern into the damascene
stack. The integration of anorphous silicon carbide
(a-SIiCH) as a barrier/etch stop layer in a copper
damascene fabrication schenme has been suggested as a
possi bl e solution to the problens of parasitic
capaci tance and RC delay in ultra-large scale
integration. Although the a-SiCH filmhas a | oner
dielectric constant (k - 4.5) than silicon nitride (k
plsmaaduBn§rémbnas oba phghesist braske titat isaadedge trhasfet a trader pattern
hi gh bias and a | ower breakdown field than silicon
imé thd dienadybhd oigeln doped Si C (SiCN) has been used as a
barrier layer in a damascene structure as nentioned
| NTHd iflegfZ@ibe Bt aBorpBBudgficonWiirbige &-ENC EiRAs albapiedetht 16b layer in
| eakage performance, trace anmounts of amines in SiCN
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expensive rework process. In addition, the dielectric constant of SICN (k ~ 4.9) is higher
than the desired value of less than 4 and preferably less than 3 for a low k dielectric
material. Therefore, an improved batrier layer or etch stop layer is required for new
technologies which has a higher breakdown field and lower dielectric constant than
current materials and which does not coqtain nitrogen that can have a deleterious effect
on photoresist patterning.

One prior art method that mitigates the poisoning effect of a SiCN etch stop fayer is
described in U.S. Patent 6,455,417 where a composite etch stop comprised of an upper

carbon doped oxide (SiCOH) is formed over a lower SiCN layer on a substrate. The

lower layer acts as a buffer to keep the oxide layer from oxidizing the underlying




| ower | ayer acts as a buffer to keep the oxide |ayer
from oxidi zing the underlying 3 conductive netal while
the Si COH | ayer prevents the photoresi st poisoning

i ssue. However, this prior art does not address the
issue of a relatively high k value for SICN and a
thick SiCOH | ayer may be necessary to prevent am nes
in SiICN fromdiffusing through the porous upper
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density also implies a higher porosity that can lead to water absorption and higher k
value in subsequent processing steps.

An oxygen or nitrogen doped SiC layer is employed as an etch stop layer in U.S.
Patent 6,486,082. However, the concentration of the dopant is not described.

.A method of incorporating a SICOH layer with a low oxygen content, hereafter
referred to_aé oxygen doped silicon carbide, as an eich stop or barrier layer in a dual
damascene scheme is desirable so that a reduction in dielectric constant and a higher
breakdown field can be achieved without compromising Cu barrier capability or a

photoresist processing step. An oxygen doped silicon{carbide etch stop layer should




breakdown field can be achieved w thout conprom sing
Cu barrier capability or a photoresist processing
step. An oxygen doped silicon carbide etch stop |ayer
should 4 have good etch selectivity to other |ow k
dielectric layers including Si COH | ayers |ike Bl ack
Di anond TMrom Applied Materials or CORALTM avai |l abl e
from Novel | us. SUMVARY OF THE | NVENTI ON An obj ective
of the present invention is to provide a nmethod of
form ng a dual damascene structure with a
hbvar gocer dtelt edlecivip td atrer lowdnghielested laybrsoryigeing Sajpeid layers like
silicon carbide that has a dielectric constant of
Badok Wiardorat’ " fressAppliet! idtdvinis ob@an Veawdiabladropr Neeus.
invention is to provide an oxygen doped silicon
carbide barrier/etch stop |ayer that has a better
breakdown fiel d t haeioMai Y OFOPHE IMENIEION ayer. A still
further objective of the present invention is to
I ntegrate an oxygen doped silicon carbide
bater dtgedties ohthetppgsdnalreentiontio tapdaidasartitos bf faghitg @ kel
that oxidation of an wunderlying netal |ayer is
damascted.stnfefuranat hearrahblettdioelagér ddrtpriseesBdMygen doped silicon
invention is to provide an oxygen doped silicon
cardldei tdgt Haayedielbbiait chasagaddbeltchordgdsectivity to ot her
low k dielectric filns including Black D anondTM and
CORAKRM sujskiivd at thease GO MvEeMRPAS tdBOVIHE an RPN ddded silicon
These obj ectives are achieved by providing a substrate
civdldengirderfatdrsdtopreiyal thhalyey a batdrbrédkdewp ®8@dhdro® silicon carbide
surface. The first netal |ayer may be forned in an
la@pening that is lined with a diffusion barrier |ayer.
In one enbodi ment, the first nmetal |ayer and diffusion
bay stillenrthed e ecRfeCofapd badsBednidhtian id tbSrﬁtegﬂaﬁi &ebYyigen doped
| ayer that has an overlying silicon carbide (SiC cap
silieyretarbtie ehrrieye b BtdNayerihtbld ddieadcens btridbralsoltidat @kidation of an
second Si C | ayer may be
underlying metal layer is avoided.

Yet another objective of the present invention is to provide an oxygen doped silicon
carbide layer that has good etch selectivity to other low K dielectric films including Black
Diamond™ and CORAL™ and that has good copper barrier capability.

These objectives are achieved by providing a substrate having a first metal layer
with an exposed top surface. The first metal layer may be formed in an opening that is
tined with a diffusion barrier layer. In one embodiment, the first metal layer and diffusion
barrier layer are contained in a first dielectric layer that has an overlying silicon carbide
(SiC) cap layer which is coplanar with the first metal layer. A second SiC layer may be
formed on the substrate to form a protective etch stop barrier over the first metal layer.

Next, a first oxygen doped SiC layer is deposited on the SiC barrier layer by a plasma




formed on the substrate to forma protective etch stop
barrier over the first netal layer. Next, a first
oxygen doped Si C layer is deposited on the SiC barrier
| ayer by a plasma 5 enhanced chem cal vapor deposition
(PECVD) process and also functions as a barrier/etch
stop layer. The first oxygen doped Si C | ayer may be
further processed by treating with a plasm conpri sed
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EllboC)\OgI:[he \pla pattern. The exposed first etch stop layer comprised of the second SiC
layer and first oxygen doped SiC layer is removed to expose a portion of the surface of
the first metal layer. A second diffusion barrier metal layer is deposited on the sidewalls
and bottom of the trenches and via holes. Next, a second metal layer is deposited to fill
the via and trench openings to a level above the cap layer. A planarizatibn method
such as a chemical mechanical polish (CMP} process is then employed to lower the

second metal layer to a level that is coplanar with the cap layer on the damascene stack

1o complete the damascene sequence.




second netal layer to a level that is coplanar wth

the cap | ayer on the danascene stack to conplete the
damascene sequence. 6 The invention is also a

damascene structure that is formed on a substrate that

may contain a first netal |ayer with an exposed top
surface. The damascene structure has a first

barrier/etch stop layer that is a conposite of a |ower

SiC layer and a first oxygen doped SiC |ayer on the

SiC layer. There is sequentially forned on the first
oxXpraganvertdiop é&0kaiSh €dbapecere sechna tHadis fhrntidedres substrate that may
| ayer, a second oxygen doped etch stop layer, a third

coomirka fhiseetd iyer Witty em ex@used docapfdcay @he damaegenef sttubiire has a
damascene stack. The damascene stack has a trench in

fith®aspelcayserp laps thatiis d cdinebsitet sfiadovay®iC labdrandiasfirst oxygen
aligned over a via that extends fromthe second etch

dobe® Siaweer drithe Byb ldyee Siewodsatjuehtaily formed caytae fiesdxygen
first barrier/etch stop |ayer. There is a confornal

cﬁbFécﬂ BR} RRet@sddoad Idvay elelavrid hger, & sdewal dxggandoriset dtchstop layer,
of the trench and via openings and a second net al
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dRAWENES it lGSis dltrendh iatie: eapdsgers@athianaiklevirie Wser which is aligned
depi cting a nethod of enploying an oxygen doped SiC
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damascene process. FIG 6 is a plot show ng density
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by a nethod of the present invention. FIG 8 is a

pl ot showi ng dielectric constant as a function of

oxygen flow rag|#PDESCRIPTION OF THE DRAWINGS

FIGS. 1 - 5 are cross-sectional views depicting a method of employing an oxygen
doped SiC layer as a barrier and etch stop layer in a dual damascene process.

FIG. 6 is a plot showing density vs. sputter time during an ESCA analysis of an
oxygen doped SiC layer that was deposited by a method of the present invention.

FIG. 7 is a plot showing breakdown field vs. oxygen flow rate for oxygen doped SiC
layers that were deposited using different conditions by 'a method of the present
invention.

FIG. 8 is a plot showing dielectric constant as a function of oxygen flow rate for

oxygen doped SiC layers that were deposited using different conditions according to a

method of the present invention.




oxygen doped Si C layers that were deposited using
different conditions according to a nethod of the
present invention. 7 DETAILED DESCRI PTI ON OF THE

I NVENTI ON The present invention is particularly useful
in formng a dual damascene structure wth high
performance and good reliability. Although a via first
dual danmascene process i s described, the nethod of

i ncorporatin Fﬁqc yer into
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damascene approaches |nclud|ng a si ngl e damascene
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or a spin-on net Two l.ar for of
cgmprlseg of three con uctlverl]lnes tsQOrmed on thg ngstrate 8. Aitemat:ve!y, a first

conductive layer may be formed with a different patiern. However, the conductive layer
should have an exposed top surface.

A first dielectric layer 10 that is preferably comprised of a low k dielectric material
selected from a group including fiuorine doped SiOs, carbon doped SiO., hydrogen
silsesquioxane (HSQ), methyl silsesquioxane (MSQ), fluorinated polyimide,
poly(arylether), or benzocyclobutene is deposited by a chemical vapor deposition
(CVD), plasma enhanced CVD (PECVD), or a spin-on method. Two popular forms of
carbon doped SiO, are Black Diamond'™ from Applied Materials and COREL™ from
Novelius. Additional processing of the first dielectric layer 10 may include a high

temperature cure or anneal at temperatures of up to 600°C. A passivation layer 11




carbon doped SiO2 are Bl ack D anond TM from Appl i ed
Materials and CORELTM from Novellus. Additiona
processing of the first dielectric layer 10 nay
include a high tenperature cure or anneal at
tenperatures of up to 600C. A passivation layer 11 8
preferably conprised of silicon carbide is deposited
by a CVD or PECVD technique and has a thickness

bet ween about 0 and 1000 Angstroms. A conventiona
method is used to formopenings in first dielectric
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Initially depositing a second SiC [ayer 14 having
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first dielectric layer 10 between conductive lines 13a and 13b and between conductive
lines 13b and 13c¢ is not necessarily drawn to scale and could be larger or smaller in
width than the width of the conductive lines 13a —13c.

Referring to FIG. 2, a damascene stack of layers is fabricated by initially depositing a
second SiC layer 14 having a thickness from about 50 to 150 Angstroms on the
passivation layer 11 and on the conductive lines 13a —13¢ by a CVD or PECVD
method. In the preferred embodiment where the passivation layer 11 is SiC, the second
SiC layer 14 is not distinguishable from first SiC layer 11 and the combined SiC layers

11, 14 in FIGS. 3 - 5 will be referred to as SiC barrier layer 15.




passi vation layer 11 and on the conductive lines 13a
-13c by a CvD or PECVD nethod. In the preferred
enbodi mrent where the passivation layer 11 is SiC, the
second Si C layer 14 is not distinguishable fromfirst
SiC layer 11 and the conbined SiC |layers 11, 14 in
FIGS. 3 - 5wl be referred to as SiC barrier |ayer
15. 9 Returning to FIG 2, a first oxygen doped SiC
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tral onstant and prevent water uptake. For
oég’ ffrﬂé first oxygen doped SiC |ayer 16 may be
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and preferably from 150 to 350 Angstroms. In one embodiment, the first oxygen doped
SiC layer 16 is subjected to a plasma treatment known to those skilled in the art to
stabilize the dielectric constant and prevent water uptake. For example, the first oxygen
doped SiC layer 16 may be subjected {0 a plasma generated from N, He, or Ar to
densify thé layer. The plasma treatment is preferably performed in the same process
chamber in which the previous PECVD process was carried out.

A second dielectric layer 17 having a thickness of from 2000 to 10000 Angstroms is
deposited on the first oxygen doped SiC layer 16 by a CVD, PECVD or spin-on method.

The second dielectric tayer 17 is preferably comprised of a low k dielectric material and
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density the |layer. The plasma treatnment is preferably
perfornmed in the sane process chanber in which the
previ ous PECVD process was carried out. A second
dielectric |ayer 17 having a thickness of from 2000 to
10000 Angstrons is deposited on the first oxygen
doped Si C | ayer 16 by a CvD, PECVD or spin-on nethod.
The second dielectric layer 17 is preferably conprised
of alowk dielectric material and 10 is selected
fromthe same group of materials previously described
if fledtbefrbinnisd sahelgasiprdf enatbryeprelBusifdesmipentranalirst dielectric
cure or anneal process is typically perforned to

14y@PPY € AldoagentioBAMURS &r AfnesPbroestsSs §Rttal beform@wio remove trace
nol ecul ar wei ght conpounds fromthe second dielectric

ahayiffs of Bolvbits ARE o sl MRRculal RRighasBRERM s Hoatke isBcond
conpleted at this point. In the exenplary enbodi nent,

eI SRR ferorry g6 Bnd epRddimhdat | tBY BamiscdnBatadk UNEdrhSIBRd Ashis point.
an etch stop is preferably formed on the second

diighRCéNdntplargeeibodidy, 4 SeconaBygdreddped RORIyRY €8l tHa® functions
formfirst oxygen doped Si C layer 16 and has a

s RiInGEHBESSD ighreReably RAEEd eh tthlsd®@nd @%oﬁ‘ﬁﬁ&térqrf%y th&same

one enbodi nent, the second oxygen doped SiC |ayer 18

methdd ﬁﬂbl@?ed%otfbrn@fn"ézoxﬂd%n RhedGi®l96MPs 4 KRS thknb&EIn the
| ayer and stabilize its dielectricC constant during

rEHRSAGEREH 000 RRGSHERTe. M dill EFbSHIRERCTHE fcbRY 8%ygbl doped SiC
having a thicknéss from 1000 to 10000 Angstroms is

| p¢§ tstte&htwwﬁregmdﬂexarg@rblé%%e@ RinGify) R¥yel Bnd¥tabilize its
D, PECVD, or spin-on nethod. The t'hird dielectric

dicB®ic dohstat BUEH LA BREYUGRBRICESRE. of the same | ow k
dielectric materi al used in the second dielectric

| 3y Birakifel8AEC la§eld ¥PhSMJ ¥ tFikness %mﬂ@ﬁ@@d esboonsty@s is
off trace anpbunts of solvent and | ow nol ecul ar "wei ght

d%BH&?i‘éH %%ecﬂhﬁo%@ﬁ%@ﬁékﬁsﬁ RGK: 1978Ya BYDC PERNEL, 8 shiM-on method.

deposition of a cap |ayer 20 with a thi ckness between

T@le%ﬁlﬂi é@!@@trlcﬁsﬂ/ﬁﬁﬁg AWrefeldfly 6GRpARYN tt‘%%dnﬁa BRANRiLIBEGC material
a material 'such as SiC, sil | con nitrid
used in the second dielectric layer 17 and is typically cured or annea!ed to drive off
trace amounts of solvent and low molecular weight compounds. The damascene stack
may be completed by deposition of a cap layer 20 with a thickness between 0 and 1000
Angstroms. The cap layer 20 is comprised of a material such as SiC, silicon nitride,
silicon oxide, fluorine doped SiOs, or silicon oxynitride which is deposited by a CVD or
PECVD technique. The cap layer 20 is selected for its low removal rate in a
subsequent CMP step and for its resistance to scratch and dishing defects during the
polishing process.

Referring to FIG. 3, a via pattern comprised of vias 21a — 21c¢ is formed in the

damascene stack. Vias 21a, 21b, 21¢ are aligned above the conductive lines 13a, 13b,
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silicon oxide, fluorine doped SiQ2, or silicon
oxynitride which is deposited by a CVvD or PECVD
techni que. The cap layer 20 is selected for its |ow
renmoval rate in a subsequent CWVP step and for its
resi stance to scratch and di shing defects during the
pol i shing process. Referring to FIG 3, a via pattern
conprised of vias 2la -21c is fornmed in the danascene

B8 P Bl VS BR y oves

f?r)ZBn%g'Fllsotyeﬁ ﬁ@%‘%\(jate%ho??rg?%i Eﬁéer\-l;-he a;t féggh%qcarﬁ‘%&%?% or on the top

B el gsaawasp%i/ﬁe?ta%? 4 %E%ﬁﬁﬁ% @ﬂenéh:ifefsa' s finager e

p@E?f&ﬁBﬁt@hﬁ% Rnstyipd J?&'%Fsa%%’ glafazel %Qﬁ%ssetﬁa‘htﬁ‘ﬁﬁ%gsé‘wp'e

st J6E webse %ﬁ; Prﬁgeﬁ ST PR Bt agred Z%ysiéﬁ and the
2 .

P GL e it e 21 Besr PO Tarte o i EBh L e bing

line a preferred enbodi nent, the first oxygen

C&Bﬁ‘é“&"’%?'@?l ayer 16 has enough sel ecti vi ty to the

B Sk B0 4 e e T R AR
b5 1B ) S P R SR B e oo
LS e T TRV Fﬁf%ownegf?& lagiportion of
Bt R O 5 S s%&oﬁl@e
;ghgti“@ﬁgtg{)g(?qr%@gt yunggrng Fntflqri] \é%??;g?cﬁélﬁﬁec rzﬁ% t1 2 re.moved
S el SR e % St

c{I) 4 %&g{i ger 167 in the vrag t21 22 2t1rc]:%t13tiatre n;ae? d r?s%darrsa?/l n(wegyt be dl%fgrent than
in an isolated via (not shown) in the same via pattern. The first oxygen doped SiC layer
16 is deposited in the preferred embodiment so that it has good selectivity towards
carbon doped SiO; materials in the second dielectric layer 17 such as Black Diamond™
and COREL™ when a plasma etch generated from C4Fg and Ar gases is employed.
Optionally, other fluorocarbons may be used in place of C4Fs. Those skilled Eﬁ the art
will appreciate that the gas composition of the plasma etch through the second and third

dielectric layers 17, 19 may be different than in the plasma etch through the cap layer

20 and through the second oxygen doped SiC layer 18.
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carbon doped SiO2 materials in the second dielectric

| ayer 17 such as Black Dianond TM and CORELTM when a

pl asma etch generated from C4F5 and Ar gases is

enpl oyed. Optionally, other fluorocarbons nmay be used

in place of C4F8. Those skilled in the art wll

appreci ate that the gas conposition of the plasm etch

t hrough the second and third dielectric |ayers 17, 19

may be different than in the plasma etch through the

cap layer 20 and through the second oxygen doped Si C

| dy @ne EghbodiPndnh, toe Brse atd seavad toxygdreddpedSiC dayers €8, di8chre formed
oxygen doped Si C layers 16, 18 are forned wth a

witl rabeab@ocdngatt obfrohridno P3% and&Voagen aoniexygdnncdnd b, In
of from5 to 15% In conparison, Black D anondTM or
coinberison, Badk Didmandi¥ne vkt $i0GH éinss garckaly havateatbafcontent of
10 to 15% and an oxygen content of 25 to 35% As a

10@6 ubY, arainredxyben abdeesielf @6td Bbtey /af a rdsak varedicibidle aaidctivity of
10:1 is achieved for SiCOH relative to the oxygen

bemrea 651 end agensachi®edlitr SICCHNradtivd P G gehaypardSi layers
pl asma chem stry based on C4F8 and Ar. Referring to

16] {8 indan @cli peRess ipdiiEd plabinatchemidiydesed beaghesndla,

22b is formed in cap layer 20 and in the third

dirdteeihg ite Fi@yer idb8ch phtterh Hien ot 228 tiedcltdd Zmed2BROdBned in cap
the via 21 a and nay be formed above one or nore other
latieB20 GO TN BB aVR) diviBtthie 1dyee 19 1 ene freddh224 is afdricangdve the via
above via 21 ¢ and may be forned above one or nore

2¥h add infhyaie faghacaiive dnedir eibr@ biHel @iap atdt@howh hatild the R@hich 22b
pictured. This is only one possible enbodi nent for a
i4ldned aPBRLHA 216 ahe MaydRdomtdieiabAleDngns mdle Wak @ha@adjacent
trench pattern is overlaid on a via hole pattern are
r@fiorabl Ve paténdlthdiis hdtgiRnese MhisiinvaRNtone PoashbiaRpREIREReor a
by those skilled in the art. The trenches 22a, 22b
dahleddntiseBte ByheteCARVENET @RRns SCAHRACArdrRAhattie@ieBldraid on a

i nvol ves patterning a photoresist |ayer (not shown) on
viah®l€ pittdraar edllip0sefuanhayeBghtimenphrob oS bShtedDyahose
mask while the trench openings are plasma etch

skilled in the art. The trenches 22a, 22b are formed by a conventional sequence that

normally involves patterning a photoresist layer (not shown) on the cap layer 20 and
employing the photoresist as a mask while the trench openings are plasma etch
transferred through the cap layer 20 and third dielectric layer 19. The photoresist
remaining on the cap layer 20 and any organic malerial in vias 21a — 21c¢ including the
first oxygen doped SiC layer 16 and second SiC layer 15 are fhen removed by a plasma
etch so that conductive lines 13a — 13¢ are exposed. Preferably, the SiC layer 15 is
removed by a soft etch known to those skilled in the art that does not damage the

underlying conductive lines 13a —~ 13c and does not deform the sidewalls of the second
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transferred through the cap layer 20 and third
dielectric layer 19. The photoresist renmining on the
cap layer 20 and any organic material in vias 21 a -
21 c including the first oxygen doped SiC |ayer 16
and second Si C |l ayer 15 are then renoved by a plasma
etch so that conductive lines 13a - 13c are exposed.
Preferably, the SiC layer 15 is renoved by a soft

SRS B 8 M 3830k o

o) formthe sidewalls of the second 13 and
ﬁ?%g%d{lséﬂgbt ric layers 17, 19 or the sidewalls of the

AR PO AR B 5788l e ogmascome
S50 LRl Y B AP RERE o e P E b B e over
Ao R PR g PL 2L,

SOk s ST PP Rl Psrosg. Prrra o
S AT B D5 SR ST e 2 e
kR s 0 ABRRAIS A0S I o Mgy n e
B SBT3 e
SRS CSR%E LA, R0 A b BB ae ikl PGy
S AR 5, L S0P PR L 200 v
B SE e PR B A B B8 eyl b

A R e T LR S N
l%{%zﬁ‘ggpfqéﬁ%gh\gﬁgﬁ% c(%;gﬁ:aylfe?ég r01§ gwlegtpg)%) th%aa/aemaasc!er%)é/vgtgck.

An advantage of the damascene method of the present invention is that the first and
second oxygen doped SiC layers 16, 18 have a lower dielectric constant (k ~ 3.7 to 4.3)
than convention eich stops such as SiC (k ~ 4.5} or SiCN (k ~ 4.9). Furthermore, there
is no nitrogen content in the oxygen doped SiC etch stop layers 16, 18 which eliminates
any concern about contamination of photoresist in via holes during the trench definition
step. Other performance advantages are realized because the oxygen doped SiC layer
of the present invention has a higher breakdown field (6 mV/cm) than SiC (3.7 mV/cm)
while exhibiting a similar Cu barrier capability to SiC and SiCN. The relationship

between breakdown field and O, flow rate during the deposition of oxygen doped SiC
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t han convention etch stops such as SiC.(k - 4.5) or
SICN (k - 4.9). Furthernore, there 1is no nitrogen
content in the oxygen doped SiC etch stop | ayers 16,
18 which elimnates any concern about contamni nation
of photoresist in via holes during the trench
definition step. O her performance advantages are
real i zed because the oxygen doped SiC |layer of the
present invention has a higher breakdown field (6
rmﬂcn) than SIiC (3.7 mV/cm) while exhibiting a
!a?ef@ &M 8% dBREEH F@@abRbEr&XeﬁtQtw% \%llﬂé%cbr%tg%tng'a@nstants of the
el at

Ionship between breakdown field and 02 flow rate

oqgééd%ptee%lé PRSI ﬁ"fo%e@é’y\gﬁﬂug eRedwhiss aﬂé‘sﬂ(ﬁ%ﬁﬁsr: IG. 8.

i's depicted in . Représentative val ues

f the%r%ée,erﬁ&rg)eﬁn&ﬂ@ i<y éarﬁésctelﬂg 858?‘%0\,\/ rn?}S?E@S‘ ofbie or more

| ayer forrre at vari ous tes are s

o'x?k%éﬁ' $pel SiCREHPLES %g%rs' 43\ (f‘ég%témn' G2 SRd ﬂ)fﬁ’l@%ﬁ %gﬂ&hod of the
stf¥ucture conprised one Or nore oxygen dope
fifdh %Enbgﬁﬂﬁbr{t ﬁéﬁﬁ Sat mngg@?‘%%éﬁ? Slt:'kﬁu e'soﬁéﬁgwfw,gcﬁg?rdda‘?%sﬁene
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ng a“sin anmascene structure and a secon

SgH&bredﬁ GEPes first G0 HHFnﬁfséén%céfr%gtuf@%l% a{léJ %Lm;?#ﬁle with the

amascene structure are also co

irintggrggcgr%f c?ﬁpgrf\ dORPSIC 16 IQ&P@ ﬂ)ozf'd%nkéé’e Sstédilru"f‘th‘??ﬂ‘@ér%ﬂe

t he
;{%&%Hﬂ@ gﬂ{&%kfih%&%ﬁ a"i‘m& NN g;zl na &%e sigpciyres that

ructure ude arlous c ons o

rkr &gﬂa‘?\!}mB@% F%an?t}ﬁoq{s dcﬁ aqre%'ah ?amf o[\zfghé 80l a via gaitern Additionally,

I ona amascen may 1 nc | y
gLy ST IOSE 536 B 1

O?fegﬁ_%,&'rﬁﬁ' %raa@t ggﬁyg?% ystalline si I i con but optionally

By ase i con- ger mani um _

o A LGOS 3Ll A BERER ABRLSENNES Sl bl e
b%rbatsgg ofi lém&sﬁ~8«5rﬂ1a§1|Jnl?,a§|ilcoﬁ~o%QHQIlét8P, %r 8{her semiconductor materials
used in the art. There is a first dielectric layer 10 on the substrate 8 that is comprised of
a low k dielectric material such as fluorine doped SiO., carbon doped SiO», hydrogen
silsesquioxane {HSQ), methyl silsesquioxane (MSQ), fluorinated polyimide,
poly(arylether), or benzocyclobutene having a thickness in the range of 1000 to 10000
Angstroms. Within the first dielectric layer 10 there is a first conductive layer comprised
of the conductive lines 13a — 13c¢. The first conductive layer is formed on a conformal
diffusion barrier layer 12 that is Ta, TaN, TaSiN, Ti, TiN, W, or WN, for example, that

lines the sidewalls and bottoms of the openings in the dielectric stack. The conductive
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a lowk dielectric material such as fluorine doped

Si 02, carbon doped Si 02, hydrogen sil sesqui oxane
(HSQ, nethyl silsesquioxane (MsSQ), fluorinated
pol yi m de, poly(arylether), or benzocycl obutene having
a thickness in the range of 1000 to 10000 Angstrons.
Wthin the first dielectric layer 10 there is a first
conductive | ayer conprised of the conductive lines

36 e TP PR SRRPHELI Aol B G EROAREAR pjgp ot i
O§%§| glalﬁﬁhe ﬂ];Jt B%le%éénc%yéwo for exanple, that lines the

s and of 't he openings in the
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a6 Seleren ‘#@nf% Bl rl o RaEia1S o Uedorlo2h 81Re fifel Blotectric layer
10 and have a thickness in a range of 2000 to 10000 Angstroms. The cap layer 20 is
from 0 to 1000 Angstroms thick and is SiC, silicon nitride, silicon oxide, fluorine doped
SiO,, or silicon oxynitride.

In the exen;lplary embodiment, the damascene stack has trenches 22a, 22b in the
cap layer 20 and third dielectric layer 19 that are aligned over the vias 21a and 21c¢,
respectively, which extend through the first and second oxygen doped SiC layers 16,

18, the second dielectric layer 17, and through SiC layer 15. The via 21a is aligned

over the conductive line 13a while the via 21c¢ is aligned over the conductive line 13¢c. A
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10 and have a thickness in a range of 2000 to 10000
Angstronms. The cap layer 20 is fromO to 1000
Angstroms thick and is SIiC, silicon nitride, silicon
oxi de, fluorine doped SI02, or silicon oxynitride. In
t he exenpl ary enbodi ment, the damascene stack has
trenches 22a, 22b in the <cap layer 20 and third
dielectric layer 19 that are aligned over the vias 2la
and 21c, respectively, which extend through the first
and second oxygen doped Si C | ayers 16, 18, the second
tHfaeh£218 baeh@y®Foubh.th@bsh heRyBe&Irg draRird dilecifid@aparat7, 19,
2la is aligned over the conductive line 13a while the

ad rdddh $iE 1aldraseshdararantiRecsneiyebh epéd i€ hdss 16, 188bove
third via 21 b extends through the cap | ayer 20,

cSRRRAE At 3] Othedireh®et hé viad¥edysbdlgresd in thethmascene stack
through Si C | ayer 15 and first and second oxygen doped

aShe dUREEES 8Lt atSnalPedn. FOREKKHhbIY &k iBBcH2Eh mEY Beormed over
trenches and vias may be present in the damascene

offleRGls HBDAYSViE YREhALIR: BelW2 RafBé fcvh@WRvel®ifer vias in addition
exanpl e, the trench 22a may be forned over other vias

PG IS MoréneL AndRsihe il WeBE B t2Abh PBYerR®s dvkBRIb Oy @k
other vias in addition to via 21 c. Moreover, other

pERSh N Snticibadl &hdéschib&nsiavieakiyern is overlaid on a via
pattern is anticipated as described previously. There

| Srir S RGO AN bfitSioRBaRRE TdyeF 23 A¥E L tRiBkiMsk Bf 80 to 300 Angstroms
thi ckness of 50 to 300 Angstrons forned on the

fothd8 MR the s@BHaROAAPHGs diiee LEREEeDa 2208 ardlha PP —~ 21c that
21 a - 21 c that I f

Vi as is selected fromthe sanme group

iAol dmdEhrbidliSe 3smBBAlUpUIGhi&RId bemeh®nddR@rife ¥t tine first diffusion
diffusion barrier layer 12. A netal layer 24 is

bgﬁgeg%qei ’f%t Alidihidajdi@atd RARBE a2 Al thd Aenand Ma?ﬁQ@&ﬁ% vias 21a

¢C and is coplanar with the cap layer 20 and wt

~the draRs LhpiaeG A 18k EApIRl NP e thel t8Y BF se23nd BMBsion barrier
netal layer 24 is preferably conprised of copper but

82900 e A Bt o A A iy o
Al/et, AD8rw  Although the invention is not limited to a specific size of width for the
first conductive layer and metal layers, the invention is especially effective in improving
the performance of a device where the width of the first conductive layer and metal layer
is less than about 0.25 microns.

An advantage of the damascene structure of the present invention is that the first
aﬁd second oxygen doped SiC layers 16, 18 have a lower dielectric constant (k ~ 3.7 to
4.3) than conventional etch stops including SiC (k ~ 4.5) or SICN (k ~ 4.9). Other
performance advantages are realized because the oxygen doped SiC layer of the

present invention has a higher breakdown field (6 mV/cm) than SiC (3.7 mV/cm) while

exhibiting a similar Gu barrier capability to SiC and SiCN. The relationship between
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first conductive |ayer and netal |ayers, the invention
is especially effective in inproving the perfornmance
of a device where the width of the first conductive

| ayer and nmetal |layer is less than about 0.25

m crons. An advantage of the damascene structure of
the present invention is that the first and second
oxygen doped Si C layers 16, 18 have a lower dielectric
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Si C layer 16 18 formed at various 02 flow rates are
S'Clayer is deposi ted o UBHENr are  according Lo

t he present invention is provi ded in Exanple 1.
Eﬁ%emté‘#pm i 0l s S SRB B0l e P on EOP

Bo&i'aé% & %Ca;?o% %%q S0y W e Byt aEe R fhostoms
Wik 8pposied %ﬂf}ﬁx%gwr O HRRISs @%E@JUHW?P@? Rgle rom Applied
abEas A ol Retyd $f%ﬁ’%§°srfb?<§%i9%ﬂa SRidgh Patia ot o8t 200
Fiioh 1T B Vale L R G ?aé@ﬁ“&'ﬁvﬁa%ﬁo%%‘é&ﬂ%ﬁ@c@m ata
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frequency of 13.56 MHz and with a chamber pressure of 3.5 Torr. The deposition rate
is about 900 Angstroms per minute. The films were annealed by baking at 400°C for
four hours in a nitrogen ambient.

As shown in FIG. 6, a SIMS analysis of the resuiting films was plotied as copper
concentration or density in terms of atoms/cm?® vs. sputter time during the analysis.
Curve 40 represents a SiC film deposited with no oxygen flow rate. Curve 41
represenis an oxygen doped SiC film deposited with a 40 scem flow rate of O, while
curves 42 and 43 show the results from oxygen doped SiC films deposited with O, flow

rates of 75 scem and 200 scem, respectively. The films deposited at the three lower O,

flow rates (curves 40, 41, 42) tend to have a fairly low copper out-diffusion into the
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i s about 900 Angstrons per mnute. The filns were
anneal ed by baking at 400C for four hours in a
nitrogen anmbient. As shown in FIG 6, a SIMS anal ysis
of the resulting filnms was plotted as copper
concentration or density in terns of atons/cnB vs.
sputter time during the analysis. Curve 40 represents
a SiCfilmdeposited with no oxygen flow rate. Curve
41 represents an oxygen doped SiC filmdeposited with
a 40 sccmflow rate of 02 while curves 42 and 43 show
ok Pl tifnd. r aeneuey 3R odaRedopb &SI |ayer depesiviied 200tsacm O,
02 flow rates of 75 sccmand 200 sccm respectively.

fidR fatbidxA®itsl  pashtieWerabsibiaacd [ 186cd mvebpE ouf-tigvsibat e
(curves 40, 41, 42) tend to have a fairly | ow copper

irhofd hdvesd@diniimddthbieh 38 gex vewnatdaped td 75 BEcm Hoeneed at
t he oxygen doped SiC layer fornmed with a 200 sccm 02

tds@WohditisnE¥dtalid thede Gty fiRWREYE 8 FidH SHdEEh Fésiddhieko block the
the copper out-diffusion. The inventors have

cHsisom-p@dsibhat an oxygen flow rate of 20 to 75 sccm
I's preferred at these conditions because the

r efal drb Bdiolin! ik W@nﬁofhhgbwﬁ WPed S&I SN fulciInasto, flow
the copper out-diffusion. The breakdown field (M/cm

b dhhtg% XY SR ARRESHindd by ASdR I-WUREIduPEMEHt D2569Wnich is

rate ring deposition was ‘determ ned by an Al dot IN

wEs ?(ﬁ?\‘v?r i os@bkitRDE tihbgh FIa. 7 Weds thAOWR th@akdBRABield improves
skilled 1nthe art. FIG 7 shows that the breakdown
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rate to 75 sccmand then has a further slight

ithPRVEMERER L B0 R, RMEMD2 At DOVIoF 84t8s bekveBA bW 75 scem,
rates between 20 and 75 sccm the oxygen doped SiC

. b _ -
t%{){z&%eﬁ SIESS%@S@' RAKIRVE o Hr@él@o{s%if\ gggdiq??‘g?éatéﬂﬁéh 4 nhEeWhich is

etter than a pure m Referring to

pElt&R th8n alddfe dicefigctric constants of the various filns
were neasured at 1

Referring to FIG. 8, the dielectric constants of the various films were measured at 1
MHz {Curve 51) by an Al dot I-V test at room temperature which indicates that the
dielectric constant becomes lower as the oxygen flow rate increases and changes from
about 4.3 at 0 sccm O, to 3.7 for a 75 scem O; flow rate.

The results obtained from the three different types of analyses demonstrate that an
oxygen doped SiC film deposited at O, flow rates between about 20 and 75 scecm has
an advantage over a conventional SiC layer (0 Oy flow rate) in termé of a lower
dielectric constant and a higher breakdown field. Furthermore, the oxygen doped SiC
film of the present invention has an equivalent capacity to function as a copper out-

diffusion barrier.
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MHz (Curve 51) by an Al dot |-V test at room
tenperature which indicates that the dielectric
constant becones | ower as the oxygen flow rate

i ncreases and changes from about 4.3 at 0 sccmO02 to
3.7 for a 75 sccm 02 flow rate. The results obtained
fromthe three different types of anal yses denonstrate
that an oxygen doped SiC fil mdeposited at 02 fl ow

r 0
ogfre,PE G %% & eﬁﬂgtyéﬁv S RAR e LY [ Ece 1o, ne
a.lower Lec n

PistedRBaRoT el B et nShbs fﬁ@@@y@ L B el an ha

vg%‘%cq?\ay&?sgm (&rﬁri%nc&ﬂetg elﬁtalg S&a‘?d% u%{ho%gg?qa%r? n1‘{‘0m the spirit and
arri 9 Waile this invention has been part|cularly

3§W$Wﬂﬁgﬁg}88§HPlbed with reference to, the preferred

enbodi nents thereof, it will be understood by those

skilled in the art that various changes in form and

details may be nmade wi thout departing fromthe spirit

and scope of this invention. 20 W claim 1. A

damascene net hod, conprising: (a) providing a

substrate; (b) depositing a conposite barrier/etch

stop |l ayer conprised of a |lower silicon carbide (SiC

| ayer and an upper oxygen doped SiC | ayer on said

substrate; (c) formng a first dielectric |ayer on

sai d upper oxygen doped SiC |ayer; (d) form ng an

opening with sidewalls and a bottomin said first

dielectric layer; (e) renoving said conposite

barrier/etch stop |ayer that is exposed at the bottom
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of said opening; (f) depositing a conformal diffusion
barrier layer on the sidewalls and bottom of said
openi ng; and (g) depositing a netal |ayer on the
conformal diffusion barrier layer that fills said
opening. 2. The nethod of claim1 wherein the
substrate is conprised of a conductive layer wth a
top surface and sai d openi ng exposes a portion of the
We@d@ntur f ace of the conductive layer. 3. The nethod of
claim2 wherein the conductive | ayer and the netal
ayk damascenpmethas dooforistigper. 4. The nmethod of claim
1 wherein the diffusion barrier layer is conprised of
Ta,(aTaNvidif@SiNbsFate; TiN, W or WN and has a thickness
in the range of about 50 to 300 Angstrons. 21 5. The

et (pydepbsith dgata r&bﬂnp@%&é darticsaitch Etop sdyedicehaeised of bayeer silicon
|s corrpri sed of Black D anondTM CORALTM fl uorine

3 es %% *amghe%%mp%éf PRIGEH QXRRLSIC B orﬁ@hiﬂ)’éu bstrate;

xane , a fluorinated pol y| m de,

|
p° -?n*%h‘mﬂ?i'fsr%%{%'%&f‘éi’@é‘:%.ﬂ%%f Eiferitnyd FEF‘I’"E?’@%?VGF
f b t 50 to. 150, Angst ,
déﬁ@ Tditing ) gpofing Vit ﬂﬁéw%@é'%@%%&g ’ﬁﬁ%ﬁ fis feliyic taver,
D8 TRy YER Sais A e BT 516 SRV ey SXROpEghe bottom
pr ocess that includes an oxygen flow rate from about
20 seigl GEOING andard cubic centineters per minute

(sccm), a heliumflow rate of about 700 to 1000 sccm
a (fy depositing a conformal diffusion barrier layer on the sidewalls and bottom of

said opening; and
(g) depositing a metal layer on the conformal diffusion barrier layer that fills said
opening.

2. The method of claim 1 wherein the substrate is comprised of a conductive layer
with a top surface and said opening exposes a portion of the top surface of the
conductive layer.

3. The method of claim 2 wherein the conductive layer and the metal layer are
comprised of copper.

4. The method of claim 1 wherein the diffusion barrier layer is comprised of Ta, TaN,
TaSiN, Ti, TiN, W, or WN and has a thickness in the range of about 50 to 300

Angstroms.
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trinmethylsilane or tetranethylsilane flow rate of

about 280 to 350 sccm a substrate tenperature of

from 300C to 400C, a chanber pressure of 2 to 8 Torr,

and a RF power of about 100 to 1000 Watts that is

generated with a RF frequency of 13.56 MHz. 8. The

nmet hod of claim7 wherein the substrate tenperature is

350C, the RF power is 460 Watts, chanber pressure is

3. Bhaarethod peclaim fl|\véverela waid §red Binlgctnolayst iy comprisedeof Black

flow rate is_about 800 sccm and the trinethylsil ane
Diahtand' ' aCORAL Y pituarine2®mpedcHi0:t hydgogen sifsessyigeane p8Q). methyl

Si C deposition rate in the range of 850 to 950
silsABgEibxams(NIBQ), arlunrirate®polYinsiders bolgapiethbmiombénzocyclobutene.

wherei n the upper oxygen doped SiC | ayer has a silicon

GOMmheMethb@ BT aBANY vAferbh tBE IGVENSIT MPeidids dthiekreRE B about 50
content of about 17 to 25 atomc w. % an oxygen

to FRPAR ttr(ﬁls 3R We @pﬁeg 6)1(%@?1 gﬂbéd e Ia?ﬁa.r ﬁ?g ahi¥QELISRween about

conte om about atom c % 22 10. The

50 Eﬁéqgeﬂ%@%{rg}n@ 7 wherein the upper oxygen doped SiC
e

good etch selectivity to Black Dianond TM

r LTM of 6. 1:10 in I h . .
Zorigh Dethog ot Sg biherkin Db udperpoSahEBRET o er is deposited by
claiml further conprised of treating sajd uiJ er

a Phiye Rrefsise dhatdn@ugies,ap oxyeen Bowpateiiiom gpou (ﬁﬁoa%%standard
before said first dielectric layer is fornmed. 12. The

culie cartiimeters peli minutd (socABr 2 belipniflovdratd ofatuhé f0Bdp 1000 scem, a
mechani cal polish process to planarize said netal

trimetipgsilark3or tétrdmathytaioas feweatretohazhut 286 BSD sgem( a)ubstrate
providing a substrate with a conductive |ayer forned

temvidrhiuve af frbms300di0etoeOP TS a drayeier peaistre oh2ite8iToer, and a RF

| ayer has an exposed top surface that is coplanar with
pow&eoft4Rdbut 100 to 1000 Watts that is generated with a RF frequency of 13.56 MHz.

8. The method of claim 7 wherein the substrate temperature is 350°C, the RF
power is 460 Watts, chamber pressure is 3.5 Torr, the O, flow rate is about 30 scem,
the He flow rate is about 800 sccm, and the trimethylsilane flow rate is about 320 scoem
to give an oxygen doped SiC deposition rate in the range of 850 to 950 Angstroms per
minute.

9. The method of claim 7 wherein the upper oxygen doped SiC layer has a silicon
content from about 25 to 35 atomic weight %, a carbon content of about 17 to 25 atomic

wt. %, an oxygen content of about § to 15 atomic wt. %, and a hydrogen content from

about 20 to 40 atomic wt. %.
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surface of said substrate; (b) depositing a

barrier/etch stop | ayer conprised of a |ower silicon

carbide (SiC) layer and an upper first oxygen doped

Si C layer on said substrate; (c) form ng a second

dielectric layer on said first upper oxygen doped SiC

| ayer; (d) depositing a second oxygen doped SiC et ch

stop layer on said second dielectric Iayerswé

1 or thehgiethachefr daien Emdereindhe Hpeer fyJeaidePse Soade sk ygera good

doped Si C layer; (f) formng an_opening conprised of a
stchisaldctiaity EJXWGSEQI&’HOUdTéA(IITCﬁZI@RNLéM bhgleoutanglto & 10riemcplasma etch

al i gned above said via wherein the via has sidewalls
corﬁﬁﬁis@i St iramrengk gasdsends t hrough sai d second and

ird dielectric layers, second oxygen doped SiC

wa%e rRE ol i eleh 1 FURhECERABISR mféatm@/s@td:lhwérmygen doped
| ayer and wherein the trench has wal I s and

Sl@%&&@@tﬁ%)q\lgdep d;ﬁ??\?%lés'?né B@ffowéélﬁ fﬁjét‘ﬂfa%ﬂllb? e‘?‘Y?formed

g a conformal difrusron barrier

7% T dfabgfel bR RPERoRESRR R el pERlpANsbish

dlffu5|on barrlg I@)éer that fills said trench and
progegs tQLBfanEﬁ‘l%eﬁ%‘ ROHAOPYRT ai m 13 further conprised of

formng a | ayer on the third dielectric |ayer and
\lﬁer“elﬁtiﬁttdﬁ@%tsﬁ@ﬁ%ﬁ]qﬂéo%lqoﬁ"r%@'%ove a via that exposes

the conductive layer and said trench is fornmed in the
cap(d) pyevidiagd subistratedivith econdoctiveysyer fesned ehinea fitsd dielectric
of claim 13 wherein said conductive |ayer and netal

liayeer said eondodtiveilsys hefs arogpased 16p sUtfecatbhisccopfanar with the top
claim13 wherein the diffusion barrier layer is

GOPBEE 8edaidfsubatrateTaN, TaSiN, Ti, TiN, W or WN and
has a thickness in the range of about 50 to 300

(b) depositing a barrier/etch stop layer comprised of a lower silicon carbide (SiC)
layer and an upper first oxygen doped SiC layer on said substrate;

(c) forming a second dielectric layer on said first upper oxygen doped SiC layer;

(d) depositing a second oxygen doped SiC etch stop layer on said second
dielectric layer;

(e} forming a third dielectric layer on said second oxygen doped SiC layer;

(f) forming an opening comprised of a via that exposes said conductive layer and
a trench aligned above said via wherein the via has sidewalls and a bottom and
extends through said second and third dielectric layers, second oxygen doped SiC

fayer, and through the composite barrier/etch stop layer and wherein the trench has

sidewalls and a bottom and is formed in the third dielectric layer; and
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Angstrons. 17. The nethod of claim 13 wherein said
first, second, and third dielectric layers are a |ow
k dielectric material conprised of Black D anondTM
CORALTM fluorine doped Si 2, hydrogen sil sesqui oxane
(HSQ, nethyl silsesquioxane (MsSQ,a fluorinated
pol yi m de, a pol yaryl ether, or benzocycl obutene. 18.
The method of claim 13 wherein said second and third
di e ceppaitinapecaiaiae difusion; keakhesiayeon We sidewyalsoand bottom of
about 1000 to 10000 Angstrons. 19. The nethod of claim
Bhidvnenai and hie drovepositingcometa tdyied @ n(sBidSporfagreal diffigsion barrier
t hi ckness from about 50 to 150 Angstrons and the upper
flayertthavdiigenidiepech Sdvieayer and second oxygen doped
Si C | ayers have a thickness between about 50 and 1000
Angshé ABho®BE cldine 18 8hMag contisat Bf Ihnihie B &b |8@&irén the third
upper first oxygen doped SiC |layer and second oxygen
) ; ot
BRI SIPRERAT CORIELI N pRoTEDD PesERina

I nclu rom about 20 to 2

SCCIY I ; ) .
cofiiiue freTrrtine LTl Indisd Al sl oyl ghdfo SRFBCrayer.

0 280 t 0.s¢ccm a . substrafe .tenperature of

ABohhafinidohdae 14 MslipaPpraBhius BReh B hiptggpyer are

and a RF power of about 100 to 1000 Watts that is
cogprieehPbePRA®h a RF frequency of 13.56 MHz. 21. The

met hod of claim 20 wherein the substrate tenperature

i16. 360 aictherd oRstainp ddarheareindBe difsion barrHanigeer isrcesyised of Ta,

is 3.5 torr, the 02 flowrate is 30 sccm the He flow
TaNaffaSin, BODINs ¥¢,nar Valhidarichiead a ithiekriesissin tenenbeeivabatieb0 & 300

320 sccmto give an oxygen doped SiC deposition rate
AngBtréie. range of 850 to 950 Angstroms per nminute.

17. The method of claim 13 wherein said first, second, and third dielectric layers are
a low k dielectric material comprised of Black Diamond™, CORAL™, fluorine doped
Si0,, hydrogen silsesquioxane (HSQ), methyl silsesquioxane (MSQ),a fluorinated
polyimide, a polyarylether, or benzocyclobutene.

18. The method of claim 13 wherein said second and third dielectric layers have a
thickness in the range of about 1000 to 10000 Angstroms.

19. The method of claim 14 wherein the lower silicon carbide (SiC) layer has a
thickness from about 50 to 150 Angstroms and the upper first oxygen doped SiC layer
and second oxygen doped SiC layers have a thickness between about 50 and 1000
Angstroms.

20. The method of claim 13 wherein said upper first oxygen doped SiC layer and

second oxygen doped SiC layers are deposited by a PECVD process that includes an
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22. The nethod of claim 20 wherein the upper first
oxygen doped Si C | ayer and second oxygen doped SiC

| ayers have an etch selectivity to Black D anond TM or
CORALTM of about 1:6 to 1:10 in a plasna etch
conprised of C4AF8 and Ar gases. 23. The nethod of
claim 21 wherein the conposition of the upper first

oxy%en doped SiC |ayer and second oxygen do e% SiC

OXY QR yv Freg frans apoLt t@&ﬁoe?ﬁcm»rad?ﬁ"éﬂﬁb%‘?w?@etcga ggt 700 to 1000
atom c weight % a carbon content of about 17 to 25

scen onfringihyisitgneaer tefrpgethylglenediew rete abamut 28pdo B§0 scem, a
atomic w. % and a hydrogen content from about 20 to

sudratatanpeatre o¥rogv300 R tond Y& aodharhtzérmraSsireof Aeo 8 Torr, and
conprised of treating the upper first oxygen doped

a F¥ folvayefrabaut hoa tdl2008WVatey theeispeaer@edWitbra RE frequency of 13.56
depositing the second dielectric layer and treating

mHAe second oxygen doped SiC layer with a N2, Ar, or He
plasma prior to depositing the third dielectric |ayer.

33 The method of claim 20 wherein the substrate temperature is 350°C, the RF
power is 460 Watts, chamber pressure is 3.5 torr, the O; flow rate is 30 sccm, the He
flow rate is 800 sccm, and the trimethylsilane flow rate is 320 sccm to give an oxygen
doped SiC deposition rate in the range of 850 to 950 Angstroms per minute.

22. The method of claim 20 wherein the upper first oxygen doped SiC layer and
second oxygen doped SiC layers have an etch selectivity to Black Diamond™ or
CORAL™ of about 1:6 to 1:10 in a plasma etch comprised of C4Fs and Ar gases.

23. The method of claim 21 wherein the composition of the upper first oxygen doped
SiC tayer and second oxygen doped SiC layers has a silicon content from about 25 to
35 atomic weight %, a carbon content of about 17 to 25 atomic wt. %, an oxygen
content of about 5 to 15 atomic wt. %, and a hydrogen content from about 20 to 40
atomic wt. %.

24. The method of claim 13 further comprised of treating the upper first oxygen doped
SiC layer with a N, Ar, or He plasma prior to depositing the second dielectric layer and
treating the second oxygen doped SiC layer with a Ng, Ar, or He plasma prior to

depositing the third dielectric layer.
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