;e3efl fid4OH 6~ T MJ.,~ ~ DEC 299 . , A NOVEL VETHOD TO FABRI CATE
DI SH FREE COPPER | NTERCONNECTS The present invention rel ates geneﬂaﬁlQEQ (Zu%
fabrication of sem conductor devices, and nore specifically to fabrication
of metal interconnects used with sem conductor devices. 1 14 DEC 2004
BACKGROUND OF THE I'NVENTION Currently, the fabrication of each copper
damascene | evel or layer requires three chem cal nechanical planarization
(CWP) steps with two different slurries. This copper fabrication process is
conpl ex and costly since two end-point detectors and two different slurries
are needed. Further, dishing usually occurs in the copper interconnects
during the second CVMP step which renoves the TaN etch stop layer. This is
mainly due to the fact that TaN is harder and nore inert conpared to

copper, thus dishing of the copper lines is inevitable. U S. Patent No.
6,225,223 Bl to Liu et al. describes a selective copper interconnect
process. U. S. Patent No. 6,184,138 Bl to Ho et al. describes a selective

A NOVEL METHOD TO FABRICATE DISH-FREE COPPER INTERCONNECTS

The present invention relates generally to fabrication of
semiconductor devices, and more specifically to fabrication of metal interconnects

used with semiconductor devices.



i

el ectrol ess copper plating process using a cap 1ayer 18. U. S Patentculﬁ:9
6,180,523 Bl to Lee et al. describes another selective copper intdrg @ﬂ%
formed over an underlying copper interconnect including a barrier |ayer 46.
The Murakam et al. article entitled "Spin-on Cu Filns for ULSI

Metal lization," American Vacuum Society, 1~ International Conference on
mcro electronics and interfaces, Feb. 7 to 11, 2001, Santa C ara,
California Convention Center, describes a spin-on copper (Cu) process. 2

~~ ~ DEC 2~9~ The Rosenmayer et al. article entitled "An Oxi de Cap Process
for a PTFE-based IC Dielectric,” |IEEE, 1998 descri bes a spin-on copper
process to fill trenches and vias down to 0.3um . 3 , ~ ~ DED 209 SUWMARY
OF THE | NVENTI ON BACKGROUND OF THE INVENTION

Currently, the fabrication of each copper damascene level or layer
requires three chemical mechanical planarization (CMP) steps with two different
slurries. This copper fabrication process is complex and costly since two end-point
detectors and two different slurries are needed. Further, dishing usually occurs in
the copper interconnects during the second CMP step which removes the TaN etch
stop layer. This is mainly due to the fact that TaN is harder and more inert

.compared to copper, thus dishing of the copper lines is inevitable.

U.S. Patent No. 6,225,223 B1 to Liu et al. describes a selective copper

interconnect process.

U.S. Patent No. 6,184,138 B1 to Ho et al. describes a selective

electroless copper plating process using a cap layer 18.

U.S. Patent No. 6,180,523 B1 to Lee et al. describes another selective

copper interconnect formed over an underlying copper interconnect including a

barrier layer 46.

The Murakami et al. article entitled "Spin-on Cu Films for ULSI
Metallization," American Vacuum Society, 1** International Conference on micro-
electronics and interfaces, Feb. 7 to 11, 2001, Santa Clara, California Convention

Center, describes a spin-on copper (Cu) process.



Accordingly, it is an object of one or nore enbodi nents of the prese QE
invention to provide an inproved damascene process. O her object SL‘M'Hrh C 2004
appear hereinafter. It has now been discovered that the above and ot her
objects of the present invention nmay be acconplished in the foll ow ng
manner. Specifically, a structure having at | east one exposed conductive
structure is provided. A non-stick material layer is forned over the
structure and the at | east one exposed conductive structure. The non-stick
mat eri al | ayer having an upper surface. The non-stick material layer is
patterned to forma patterned non-stick material |ayer having at |east one
trench therethrough exposing at | east a portion of the at |east one
conductive struct ur€he Rosehalayientetralonstadé ensitledr ed C'Dﬂd%o@a}%qiro%éshf&rhf
exposed portion of the at |east one conductive structure within the at

| east onePTFEriwAsedtlér Blielertric, hBREEL 1998 desqridresi #spirf-ohhemairt sroeess to fill
non-stick material_ |ayer prevent accunul ation of the netal conprising the
metal i nt EeBehnseed vigbAomietp@Brey ned upper surface of the patterned
non-stick material |ayer. The at |east one netal interconnect having an
upper surface. The patterned non-stick material |layer is renoved. A

pl anari zed dielectric layer is forned over the structure exposing the upper
surface of the at |east one nmetal interconnect. 4 ,~ ~ DED 2094 BRI EF
DESCRI PTI ON OF THE DRAW NGS The features and advant ages- of the present
invention will be nore clearly understood fromthe follow ng description
taken in conjunction with the acconpanying drawi ngs in which |ike reference
nuneral s designate simlar or corresponding elenents, regions and portions
and in which: Pigs. 1 to 8 schematically illustrate in cross-sectional
representation a preferred enbodi nrent of the present invention. 5 , =~
DEC 2004 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENT Unl ess ot herwi se
specified, all structures, layers, etc. nmay be fornmed or acconplished by
conventi onal nethods known in the prior art.



Initial Structure Fig. 1 illustrates a cross-sectional view of- a str tﬂﬁﬁ
10 havi ng exposed conductive structures 12 forned therein. Cbnduqﬂi%é]
structures 12 nay be netal plugs or lines, for exanple, and nay include
respective netal barrier layers 14 as shown in the figures. Conductive
structures 12 are preferably conprised of copper (Cu), alum num (Al),
tungsten (W, gold (Au), silver (Ag), an alum num alloy (for exanple an

Al Cu alloy) or a copper alloy (for exanple a Culn alloy) and are nore
preferably conprised of copper. Conductive structures 12 will be consi dered
to be copper lines 12 for ease of illustration hereafter. Structure 10 is
preferably a silicon substrate and is understood to possibly include a

sen conduct or wafer or subSUNRMAREOFEHEWNVaSSIIeNdevi ces formed within
the wafer, conductive layers and dielectric layers (e.g., inter-poly oxide

(PO, tungsten plugs, netal |ines, damascene interconnects, and an
internetal dielectric (IMD), etc.) fornmed over the wafer surface. The term
"sem conduct or st r u€apréingly, itrésaan objeck mfodneder dheve eahddimmat of fHai dfregent
sem conductor wafer and the |ayers overlying the wafer. 6 ,~ = D 2004
It is notBYcRfeR tq REYEde dniBRioved femmseena prasgesr f or med upon the exposed
copper lines 12 as opposed to having, for. exanple, a TaN bottom barrier

| ayer over the exposed copper lines 12. An etch stop layer 15 is forned
over structure 10 . d copper lines 12 to a thickness of
preferably fron1abg§ﬁ“%gﬁvﬁ%§@® 3p8%§HHHF%“F§ferably from about 200 to
1500. Etch stop layer 15 is preferably conprised of silicon nitride (SiN),
silicon oxide (SiQz), silicon oxynitride (SiON) or silicon carbide (SiC
and is nore preferdblhasaonprbaeddBtoséledCoR Rhé ra%@@e(a@id“bthéf%j@it@%f% the
I nvention In a key step of the invention, a non-stick material | ayer S is
formed overesShiNirstenhiost pyayl lay eccdrBiptished thithkfelswehg Rhefeertgpecifamyahout

| 000 to 10,000g and nore preferably from about 3000 %o 9000g. "Non-stick

mat eri al SteydvrelBavingabierst oud eaposdslicontictivesttriattistlistprovRIdE O hoarstickt her
non-stick dielectric naterial and is nore preferably conprised of PTFE

havi ng a Iilﬁteél@i rds formeed pRBY ther stomturoand thoet teastoneetposeddcarstietive
preferably from agphout 3000 to 8000, Non-stick material layer 16 will be
consi der e‘éf%uﬁ% PTER-$tigfe Matgrinb layesshawngi an wgrpest Surfiadee wf nensstick
Formati on 0B¥Trqnches 18 Wt ianTFE La, a As shown in Fig. 2, PTFE | ayer
16 and SiNa&rl 1RYGpis Raltaned tarfarmaa patteered sonmitiekt metrifdddaye having at

< br et or e SRRl o BT BOEDERERLIGRRIE Revbacs! the ot least ane
: conductive structure. A metal interconnect is formed in contact with the exposed
portion of the at least one conductive structure within the at least one trench
wherein the non-stick properties of the patterned non-stick material layer prevent
accumulation of the metal comprising the metal interconnect upon the patterned
upper surface of the patterned non-stick material layer. The at least one metal
interconnect having an upper surface. The patterned non-stick material layer is
removed. A planarized dielectric layer is formed over the structure exposing the

upper surface of the at least one metal interconnect.



7 ,~ ~ DEC 204 that can al so renove any unwant ed copper oxide from e&
copper lines 12 and preferably using one or nore of the follow ngida 4 0d%
NZ, Hz, ammonia, Oz, formng gas (Nz/ Hz), a fluorocarbon, a
fluorine-substituted hydrocarbon, a hydrocarbon, argon (Ar), helium (He),
BCl;, NF, and chlorine. A cleaning step may then be inplenented to renove
any etching residue. Such a cleaning step may enpl oy chem cal s including
sol vents and gases. Spin-on Process to Form Metal Plugs/Interconnects 20 As
shown in Fig. 3, using a spin-on process, a netal is deposited into
trenches 18 over exposed Cu lines 12 to a thickness of preferably from
about 1000 to 10,000 and nore preferably from about 2000 to 8000 and

pref erably bel ow t he t BRIEF DESCRITHONOPTEE DRAWIINGSt 0 form

pl ugs/lines/interconnects 20. Metal plugs 20 are preferably conprised of
copper, alum num tungsten, gold, silver, an alum numalloy or a copper

all oy and are nore preferably conprised of copper and are fornmed by a

spi n-on copper pr chbg feapred aptl iagbvantagescoh e pse@dtinéntien ooilsbdenek t o
be copper plygs/inpterconpects 20 fornmed by a spin-on copper process for
ease of i?lﬁﬁ‘ggr@t StoRer g’&f’% ghe fohpwing dpgcrimion taksn imtomjpnetiopawithr thed
PTFE |l ayer 16' the copper. sol.ution will be confined inside trenches 18
during th%ccé’ﬁfi‘%%’ﬁnéo‘%%&”“@éﬁr W?lbféb earr?gelleé‘a%iwﬁlf?és igsignate semiler or
patterned ' tially free of the copper solution. Thus,
selectiveaggg g?ﬁéﬁég%?FFﬁﬁﬁﬁgmggﬁpé éﬁ%o?gagﬂfﬂﬁﬁ%F " copper residue |eft
on the top surface of patterned PTFE | ayer 16', the thickness or height of
the 8 ,~ ~ DES 200 patterned PTFE | ayer 16' is preferably higher than the
actual thickness orF@sighbSQkh@ﬁﬁ@@ﬁughggﬁxagiﬁg@gﬁggg%%halﬁ%ﬁggﬁhaggna
Patterned PTFE Laver 16" As shown in Fig. 4, the patterned PTFE | ayer 16

i s renovepraferres pogwdimept ofjthefreant ipaethigsmed Si N etch stop | ayer 15
preferably using the sane pl asma-assi sted etching process used to form
trenches 18 with paraneters used to inplenent strict end point detection to
avoi d renoval of the patterned SiN etch stop layer 15 . It-is noted that
the SiN etch stop layer 15" adjacent Cu plugs 20 passivate the edge of the
Cu plugs 20. The SiN etch stop layer |15 also serves as a diffusion
barrier. Deposition of Barrier La_ a As shown in Fig. 5 a barrier |ayer 22
is formed over the exposed




copper plugs 20 and patterned SiN etch stop layer 15 to a thickness of
preferably from about 80 to 4000A and nore preferably from about QOK)&E 200%
800a. Barrier layer 22 is preferably formed of TaN, Ta, Ta/TaN, Ti N or any
other material capable of acting as a diffusion barrier and is nore
preferably conprised of TaN, Ta or Ta/TaN. Again, it is noted that there is
no barrier |ayer between copper lines 12 and copper plugs 20 which provides
for inproved electro-mgration properties. 9 , ~ ~ DEC 2004 Sel ective
Renmoval of Barrier Layer 22 As shown in Fig. 6, barrier layer 22.is
sel ectively renoved form copper plugs 20 and patterned SiN etch stop | ayer
15" to leave only sidewall barrier |ayer portions 22' over the side walls
of copper pl ugDEOATEEDMESCRIPEIORROFSTHE PREFERRED ERRNEHAEReF ab! ¥
usi ng a spacer etch technique, that 1s an anisotropic etching process that
renoves only horizontal portions of barrier |ayer 22. Deposition of
Dielectric La, a As showmn in Fig. 7, a dielectric layer 24 is formed over
the structure at | edstesaothenyhisaspedfipdr alplstrystd@s Alagters, et maby bedoYRledng
copper plugs 20 Ping é% a thickness of from about 3000 to 20, 000A and nore
pr ef er abl §F 3FEMPBISBEE PHowOveptionalgpethasseoropperhapuigsa0. Diel ectric
| ayer 24 is preferably a lowk dielectric |ayer conprised of doped silicon
oxide (e.g. fluorine-doped silicon oxide), fluorinated silica glass (FSG,
Si 02, Corl%lit!z';l'Str@tHgm (from Dow Corning) or another lowk dielectric
material @and is e preferably conprised of fluorine-doped silicon oxide
or FSG Planarization of Dielectric Layer 24 As shown in Fig. 8, dielectric
| ayer 24 is planarized to form planarized dielectric |ayer 24" exposing
copper plugs 20 andrigotl cidnstastesng ckHE-S@RRRIA] OfiefOBPY sBhNES:290 1%&8\%@' !
barrier layer portions 22' prevent interaction between copper plugs 20®and
pl anar i zegkphisetl eondiictivayercides 1 Di@ineed tharelnEndidtive tRR i8Nl hE § by
chem cal nechanical polishing (CWP), for exanple. 10

metal plugs or lines, for example, and may include respective metal barrier layers

14 as shown in the figures. Conductive structures 12 are prefe'rably comprised of
copper (Cu), aluminum (Al), tungsten (W), gold (Au), silver (Ag), an aluminum
alloy (for example an AlCu alloy) or a copper alloy (for example a Culn alloy) and

are more preferably comprised of copper. Conductive structures 12 will be

considered to be copper lines 12 for ease of illustration hereafter.

Structure 10 is preferably a silicon substrate and is understood to
possibly include a semiconductor wafer or substrate, active and passive devices
formed within the wafer, conductive la_yers and dielectric layers (e.g., inter-poly
oxide (IPO), tungsten plugs, metal lines, damascene interconnects, and an
intermetal dielectric (IMD), etc.) formed over the wafer surface. The term
“semiconductor structure” is meant to include devices formed within a

semiconductor wafer and the layers overlying the wafer.



,~ ~ DEC 294 Further processing may then proceed. The nmethod of the %ﬁiﬁiﬂﬁ
i nvention does not suffer dishing of the copper plugs 20 during ,i4 k

pl anari zation of dielectric |layer 24 and that this is the only

pl anari zation step required for each netal |ayer. Even if copper plugs 20

are dished, the recessed region will be filled by the next internetal
dielectric (I MD) |ayer deposition as there is no Ta/ TaN | ayer that nust be
renoved by a CVWP process. The CWP process is nmuch sinpler and dishing of

copper plugs 20 or IMD |ayer 24" is not severe as CVMP renoval selectivity
between Cu and the IMD |ayer 24 is low Further, it has been reported that
copper interconnects (copper plugs 20) without a bottombarrier |ayer such

as TaN such as in tifespice@nthat tHerd iPRo Ho¥ErDBEESEr l%t‘ﬂeﬁleffofrﬁ{ef&?g@%naﬁ%
| ower interconnect resistance. Advantages of the |Invention The advantages

of one orexpmsed enppdi hiers 420k dipospdesdutvihgyittdxamplach A& bdlioBebhsfier
electro-migration (EM performance and | ower interconnect resistance; 2

sel ect i vdapepeértthe gxpesaducappandinepild- on copper; 3) nuch sinpler CWP
process, i.e. only require one step dielectric |ayer CVMP and stop on copper
pl ugs - the conventional CMP danascene process requires three steps,

nanel y: step one - bul opper CMP. and.stop,on Ta/ TaN barrier |ayer; ste
11 ?/~ ~ DEC 200 Rn ektcﬁ s%)p layer 15a is formgd over structure 10 and theyexposed P

copper lines 12 to a thickness of preférably from about 50 to 50004 and more
preferably from about 200 to 1500A. Etch stop layer 15 is preferably comprised of
silicon nitride (SiN), silicon oxide (Si0,), silicon oxynitride (SiON) or silicon carbide

(SiC) and is more preferably comprised of silicon nitride (SilN).

Key Step of the Invention

In a key step of the invention, a non-stick material layer 16 is formed
over SiN etch stop layer 15 to a thickness of preferably from about 1000 to 10,0004
and more preferably from about 3000 to 9000A. Non-stick material layer 16 is
comprised of, but not restricted to, PTFE or any other non-stick dielectric material
and is more preferably comprised of PTFE having a thickness of preferably from
about 1000 to 10,000A and more preferably from about 3000 to 8000A. Non-stick

material layer 16 will be considered to be a PTFE layer 16 for ease of illustration

hereafter.

Formation of Trenches 18 Within PTFE Layer 16

As shown in Fig. 2, PTFE layer 16 and SiN etch stop layer 15 are
patterned to form trenches 18 respectively exposing at least a portion of copper

lines 12. PTFE layer 16 is preferably etched by a plasma-assisted etching process



two - Ta/TaN barrier |ayer CVWP and stop on dielectric |ayer; and step 3 -
buffing on dielectric ; and 4) |ess prone to copper dishing whi chji&;BEC 2004
ot herwi se inevitable during the second step of the conventional CWP
damascene process (the Ta/ TaN barrier layer CWP). Wile particul ar

enbodi ments of the present invention have been illustrated and descri bed,
it is not intended to limt the invention, except as defined by the
following clainms. 12 ,~ ~ DEC 2004 CLAIMS W claim 1. A nethod of

fabricating at | east one netal interconnect, conprising the steps of:
providing a structure having at | east one exposed conductive structure;
formng a non-stick nmaterial |ayer over the structure and the at | east one
exposed cibaduat ials séhuct ahg; utlenfNcsppEkotEeeidb@ ot @Y&Ip VIR 8 aaPer
surface; patterning the non-stick material |ayer to formappatterned

non- st i ckpreétreblyaiisihgyere drawiongofithd fedletwiopepdseend)) Hhanehbhby @), exReiskNg
at least a portion of the at |east one conductive structure; formng a

net al i ntgasc@nndds). rrfluwmweadionniat fluetinesupet bueddritd ronaxfort, kehadird@alson,one
conductive structuyr ,-vviEhi n_the at |east one trench wherein the non-stick
propert i €880 (gﬁ)alf"ﬁgi‘l% Hekl Bhdn NY:ia0d ¢hlpERreal | ayer prevent accumul ation
of the nmetal conprising the netal interconnect upon the patterned upper
surface of the patterned non-stick material |ayer; the at |east one netal

i nt t havi : ; ' h t d - Brick
mterial Tayer. and'1Orerng 4oh Mg nsbbn et P g B REer <fn Sty

structur YRRSH :
i nt erconﬁreegt. ZSG%EQ?&t ho gtgﬁﬁ%iﬁﬁﬁéymﬁrpgﬁé ?ﬁgﬁﬁgﬁgﬁbﬁ ?gd§a§?ﬁ'i con
substrate; the at | east one conductive structure is conprised of a nmateri al
selected fromthe group consisting of copper, alum num tungsten,

gol d. si | v@pin-@anPrdaess touFomh MatabPihes /happehnatis®); the non-strck materi al

| ayer is conprised of PTFE, the nmetal interconnect is conprised of a
material selected fromthe group consisting of copper, alum num 13

As shown in Fig. 3, using a spin-on process, a metal is deposited into
trenches 18 over exposed Cu lines 12 to a thickness of preferably from about 1000 to
10,000A and more preferably from about 2000 to 8000A and preferably below the
top of the patterned PTFE layer 16' to form plugs/lines/interconnects 20. Metal
plugs 20 are preferably comprised of copper, aluminum, tungsten, gold, silver, an
aluminum alloy or a copper alloy and are more preferably comprised of copper and
are formed by a spin-on copper process. Metal plugs/interconnects 20 will be
considered to be copper plugs/interconnects 20 formed by a spin-on copper process

for ease of illustration hereafter.

Due to the non-stick nature of patterned PTFE layer 16' the copper
solution will be confined inside trenches 18 during the spin-on copper (Cu) process
and leaving the top surface of patterned PTFE layer 16' essentially free of the copper
solution. Thus, selective copper deposition is achieved. To eliminate copper residue

left on the top surface of patterned PTFE layer 16', the thickness or height of the



,; ~ DEC 29~~ tungsten, gold, silver, an alum nmum al | oy and a copper @E %
and the planarized dielectric layer is conprised of a material selielt Bk
fromthe group consisting of doped silicon oxide, FSG and SiQZ. 3. The

met hod of claim11, wherein the structure is a silicon substrate; the at

| east one conductive structure is conprised of copper the netal

i nterconnect is conprised of copper; and the planarized dielectric |ayer is
conprised of FSG 4. The nethod of claim1l, wherein the non-stick materi al

| ayer is formed to a thickness of from about 1000 to 10, 000a and the at

| east one netal interconnect is forned to a thickness of from about 1000 to
10,000 ~. 5. The nethod of claiml1l, wherein the non-stick material |ayer is
formed t opattdrhbd TR agkr fL60MpRBRELIZAAOHEOHBR0R ARG, tal
i nter con(r?ect is for rredaqto a tﬁlﬁcknesg of from aboeut 2%%1%é§ggg%9£%épThe
met hod ofcogiper plugs Athseeinhovdje at | east one netal interconnect has a hei ght
and the patterned non-stick material |ayer has a hei ght wherein the netal

i nterconnect height is less than the patterned non-stick material |ayer

hei ght ; d wherein the er. surface of the at | east one netal
i nter con%&%@ﬁﬂm&%ari zed dielectric layer is non-dished.

7. The nethod of claim1, wherein an etch stop layer is fornmed over the
structure and the at | east one exposed conductive structure before

formation of the nofsshHGi 1@15%?&&3 l{%llt%?nec?f}qﬁ‘:‘hgy@r% 34 LK UBY 8 Ie%laosl.eayer

is formed over the etch stop |
Cu plugs 20 and patterned SiN etch stop layer 15' preferably using the same

plasma-assisted etching process used to form trenches 18 with parameters used to
implement strict end point detection to avoid removal of the patterned SiN etch
stop layer 15'. It is noted that the SiN etch stop layer 15' adjacent Cu plugs 20

passivate the edge of the Cu plugs 20. The SiN etch stop layer 15' also serves as a

diffusion barrier.

Deposition of Barrier Layer 22

As shown in Fig. 5, a barrier layer 22 is formed over the exposed
copper plugs 20 and patterned SiN etch stop layer 15' to a thickness of preferably
from about 80 to 4000A and more preferably from about 200 to 800A. Barrier layer
22 is preferably formed of TaN, Ta, Ta/TaN, TiN or any other material capable of

acting as a diffusion barrier and is more preferably comprised of TaN, Ta or

Ta/TalN.

Again, it is noted that there is no barrier layer between copper lines 12

and copper plugs 20 which provides for improved electro-migration properties.



,~ ~ DEC 209 8. The nmethod of claim1, wherein -an etch stop layer is § rgﬁ&
over the structure and the at |east one exposed conductive structdrk
formati on of the non-stick material |ayer, and the non-stick material |ayer
is formed over the etch stop layer; the etch stop |ayer being conprised of
a material selected fromthe group consisting of silicon nitride, silicon
oxi de, silicon oxynitride and silicon carbide. 9. The nethod of claiml1,
wherein an etch stop layer is forned over the structure and the at |east
‘one exposed conductive structure before formation of the non-stick materi al
| ayer; and the non-stick material layer is forned over the etch stop |ayer;
the etch stop | ayer being conprised of silicon nitride. 10. The nethod of

claiml, suetrieRdrhevatofiBRastr g%@nducti ve structure does not have a
barrier layer formed thereupon. 11. The nethod of claim1l1, wherein the

non-stick material layer is patterned using a plasma-assisted etching
process. 12. The nethod of claim1, wherein the non-stick nmaterial |ayer is
patterned using a phashewassifég.dd betmér lagep?diseskctiftthreahceed RITRY ESpdty
oxi de formed over the exposed portion of the at |east one conductive
st ruct ur g3 20! Reftera@dotiN piehtep legrsr B o dény enomly stidetealidtaariealayay er
is patterned usi%rigﬁ]%?ﬁl asnp- assj,sted etching process using one or nore

0

gases selREFHEE5t e PitGovets f SPPRET GiusN- Barriesdnpen 32 ivseleatively
fl hhe-substi t ut ed d bon, d bon, ,
] uor ocar B & LSl te- aWbot futed PYOlQeathon., a iy ocar hon,. argon.

process that removes only horizontal portions of barrier layer 22.

Deposition of Dielectric Layer 24

As shown in Fig. 7, a dielectric layer 24 is formed over the structure at
least as high as copper plugs 20 and preferably covering copper plugs 20 and to a
thickness of from about 3000 to 20,000A and more preferably from about 4000 to
16,000A above copper plugs 20. Dielectric layer 24 is preferably a low-k dielectric
layer comprised of doped silicon oxide (e.g. fluorine-doped silicon oxide),
fluorinated silica glass (FSG), Si0O,, Coral™, SiLK™ (from Dow Corning) or another

low-k dielectric material and is more preferably comprised of fluorine-doped

silicon oxide or FSG.

Planarization of Dielectric Layer 24

As shown in Fig. 8, dielectric layer 24 is planarized to form planarized
dielectric layer 24’ exposing copper plugs 20 and not contacting the copper of
copper plugs 20. Sidewall barrier layer portions 22" prevent interaction between
copper plugs 20 and planarized dielectric layer 24'. Dielectric layer 24 may be

planarized by chemical mechanical polishing (CMP), for example.

10

e



14. The method of claim1l, wherein the non-stick material layer is
patterned using a plasna-assi sted etching process using one or nqﬂé&@ﬁ@éamﬁ
selected fromthe group consisting of: Nz, Hz, amonia and Oz. 15. The

met hod of claim11, wherein the patterned non-Brick material |ayer is
removed by the sanme process used to pattern the non-stick material |ayer.
16. The nmethod of claim1l, wherein a barrier layer is forned over the
structure and the at | east one nmetal interconnect after the patterned
non-stick material layer is renoved and before the planarized dielecttic

| ayer is fornmed. 17. The nethod of claim1, wherein the at |east one netal

i nterconnect has side walls and barrier |ayer portions are fornmed only over
the at | east one netal interconnect side walls after the patterned
non-stick material layer is renoved and before the planarized dielectric
layer is formed. 18Furtheepivedssihg hebs iheatprogeat. | east one copper

i nterconnect, conprising the steps of: providing a stncture having at | east
one exposed conductive structure; form ng.a non-stick PTFE | ayer over the
structure and the at | east aone exposed conductive structure; the non-stick
PTFE | ayer' havi ng ah@ppethoduelt deepresant érveniprt Aeenont stffek diSlERg| alytite t 0
forma patterne stick PTFE,Iaéer aving at | east one trench

t her et hr TIPSR B&Y 28 drgeRknagzg e sliglectritelager Phase thabthisnelthe duly

por i on ofi2tRE2ah S RRbed SnERER R ikt Bre Voo pheseadd Feaenone

trench whgreldtdg ?@élbﬁt\];v(fllf b]e6fi11ed~b}7 HEG T ftermetal dielectric (IMD) layer
deposition as there is no Ta/TaN layer that must be removed by a CMP process.
The CMP process is much simpler and dishing of copper plugs 20 or IMD layer 24'

is not severe as CMP removal selectivity between Cu and the IMD layer 24 is low.

Further, it has been reported that copper interconnects (copper plugs
20) without a bottom barrier layer such as TaN such as in the present invention,

have better EM performance and lower interconnect resistance.

Advantages of the Invention

The advantages of one or more embodiments of the present invention

include:

1) better electro—migra‘tion (EM) performance and lower interconnect
resistance;

2) selective deposition of Cu using spin-on copper;

3) much simpler CMP process, i.e. only require one step dielectric layer CMP
and stop on copper plugs - the conventional CMP damascene process requires three

steps, namely: step one - bulk copper CMP and stop on Ta/TaN barrier layer; step

11
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properties of the patterned non-Brick PTFE | ayer prevent accunulationéE
the nmetal conprising the copper interconnect upon the patterned qﬁdbﬁ 2004
surface of the patterned non-stick PTFE | ayer; the at |east one copper

i nt erconnect havi ng an upper surface; renoving the patterned non-stick PTFE
| ayer; and form ng a planarized dielectric |ayer over the structure
exposi ng the upper surface of the at | east one copper interconnect. 19. The
met hod of claim 18, wherein the structure is a silicon substrate; the at

| east one conducttve stntture is conprised of a material selected fromthe
group consi sting of copper, alum num tungsten, gold, silver, an al um num
all oy and a copper alloy; and the planarized dielectric |ayer is conprised
of a mat efit@l TsEr8qad: i SL1LAY: 0 il Lcon_ oxide,
PG and oG, 50 vt YL SMERAHRGEON bRty dPRAT oBip " BEAERE AR con
subst r at elielehmriatarideast one conductive structure i s conprised of copper;

and the planarized dielectric layer is conprised of FSG 21. The nethod of
cl ai m 18, wher®i less perone e sioppler REBENgaydiich s bohiemeist anavitiblekaes s oOfhef r om
about 1000 to_10, 000A and the at | east one copper interconnect is fgrned to
a t hi ckne$§OR{ §tfPapfoilie copgentienal Bbdamascer®heonetshtiue T8/ Thisi barty ladar ei n

t he non-gﬁ' PTFE | ayer is formed to a thickness of from about 3000 to
8000A an “at | east one copper interconnect is fornmed to a thickness of
from about 2000 to 8000A. 17 ,~ ~ DEC 299 23. The nethod of claim 18,

wherein the at | east one copper interconnect has a height and the patterned

_stick PTEE | . - ei n.th it t Delght i
non-stic ayewhglgs}%%rr%@'tlgc‘&n@% i 'egl>t,sep?ﬁ§$ TR ESe T (EIOR, aY%g’Iegﬁpelrs

| ess than the pattern

surface ofjukh8tedt arl Easdcr®Re, [BE Abt !Igfef;ﬂg% ?& ggr.{it %éa 813%?\#831{ g#&%ttg?erqeii@ed

pl anari zed dielectric layer is non e
wher ei n ady eleCBlisWaRg kRY@E, i s formed over the structure
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and the at | east one exposed conductive structure before formation OfE&hi
non-stick PTFE | ayer, and the non-stick PTFE | ayer is forned overL‘[tlh@ t %B’t
stop layer 25. The nethod of claim 18, wherein an etch stop |ayer is fornmed
over the structure and the at | east one exposed conductive structure before
formati on of the non-srick PTFE | ayer, and the non-srick PTFE |layer is
formed over the etch stop layer; the etch stop | ayer being conprised of a
material selected fromthe group consisting of silicon nitride, silicon

oxi de, silicon oxynitride and silmgihggﬁbide. 26. The nethod of claim 18,
wherein an etch stop layer is for the structure and the at | east
one exposgd £@nductive structure before formation of the non-stick PTFE

| ayer, and the non-stick PTFE | ayer is forned over the etch stop layer; the
etch stop | ayer being conprised of silicon nitride. 27. The method of claim
18, wherein the at. |east one conductive structure does not have a barrier

| ayer forheddmethodaf fibricatg atTenst ona metel dtterconnert, rempylsngdhestepeofion- st i ck

PTFE | ayer is patterned using a.pl asma-assi sted etchin rocess. 18 ,~ =
DEC 200’ 20, THECHE A I RiedimEe ARG DPHE RBAULHF SRUPRAE | ayer i &
patterned using,.a;pl 2$TR-Re! &‘i'al%%é}g@{ RBQ%&EFmi‘@hﬁ@ tﬁé%?l%u@%’f{ees any

oxi de fornmed over e exposed portio he at [east one conductive

st ruct ur eexpdfed condud@iebatictire;ah@hdn-difck miverigllaydr havingrmsaippeksiifdkt | ayer is
patterned using a plasnma-assi sted etching process using one or nore gasses
sel ect ed from paiterging the vonsticktraigrialflayaxio foim a gatternpd nowstickamptegiel ocar bon,

a fluorine-substituted hydrocarbon, .a hydrocarbon,. argon, heli.u BCl a, NFs
and chl or aﬁ"é‘.uﬁ@f.‘g fl“‘hlga oge tgFrﬁfl}'FP’i L exiprsrs ]F?%ganB?f-“QPictf PFEE | ayer

IS patterﬁggOﬂgggggﬁggigﬁﬁﬁh@ssisted et ching process using one or nore

gasses selected e group consisting of: Nz, Hz, ammonia and Qz. 32.
The et hod of @kming 4 Setthiate@tdhnbieinR@dhtRt Rth heexBoscdkpditih Jfafent i S

removed least one conductive structure within the at least one trench wherein the non-stick
properties of the patterned non-stick material layer prevent accumulation of the
metal comprising the metal interconnect upon the patterned upper surface of the
patterned non-stick material layer; the at least one metal interconnect having an
upper surface;
removing the patterned non-stick material layer; and

forming a planarized dielectric layer over the structure exposing the upper

surface of the at least one metal interconnect.

2. The method of claim 1, wherein the structure is a silicon substrate; the at least one
conductive structure is comprised 6f a material selected from the group consisting of
copper, aluminum, tungsten, gold silver, an aluminum alloy and a copper alloy; the
non-stick material layer is comprised of PTFE; the metal interconnect is comprised of

a material selected from the group consisting of copper, aluminum,

13



. by the sane process used to pattern the non-stick material |ayer. BB.QEEi
.method of claim 18, wherein a barrier layer is formed over the styfukt 024
and the at | east one copper interconnect after the patterned non-stick PTFE

- layer is renpved and before the planarized dielectric layer is forned. 34.

- The nmethod of claim 18, wherein the at |east one copper interconnect has

side walls and barrier |ayer portions are fornmed only over the at |east one

' t _S] l.l s .aft th tt d -stick PTFE | i
onbved SHFEIBRE sk AR By b U & PRpEF allavt shsiehe planarized - pec
200 35. , f abricat] . | nt .
conpri s:i%g?%}gqugég of bg?%\k/l% %3“45%21?‘? lﬁ’%ﬁ?@oﬁ%&r‘ ﬁbgﬁﬁgﬁgg‘g}f&ﬁg‘%?ﬁos ed

conduct H@peégm@h‘wﬁde’mlq@sﬁg etch stop | ayer upon the structure and
upon the at |east one exposed conductive structure; forming a non-stick

PTFE | ayer over the etch stop |layer; the non-stick PTFE | ayer having an
~upper surface; patterning the non-stick PTFE | ayer and the etch stop | ayer

‘to fornBallpatrtethodof olaimst, ivherBFhel sty et asiRalt ainechte Gl 5 10R: hayer
having at | east one trench therethrough exposing at | east a portion of the

at’ | eastomdecttentuettiveisstomyotisaceof dappurntheameni peterédtirRice BNARAPris&d ©ONt act
with the exposed portion of the at | east one conductive stncture within the
at | easORPRY; eneéhbeplanarized ditlectmizrages iskoprpmisedtéfBS@f t he patterned
non-stick PTFE | ayer prevent accunul ation of the netal conprising the
copper interconnect upon the patterned upper surface of the patterned
non-sti&k ETFE Ia(%/ér; he at | east one copper_interconnect having an upper
sur f ace*ahte STEEQRIOf Slaim dp g hgreim dhe siarep tidd matiergd ilekePEFfotmagdrtp a

form ng, barrier Jayer .si .l p |.ons _quer the at |east one copper

i Nt er cCORREASS i?ﬁfﬁ%ﬁ‘l ﬁ‘%‘?&r%ﬁitﬁgl%géd&%aﬁa ifgécii‘t st @nermetaldptsrconmecttine
structu n’?e{&o i I I of t | east one copper
intercoflcﬁ‘ec ;@%%%@%&%Qﬁ%gﬁgégf(%&&ﬂ@@ogf the at | east one netal

i nt erconnect exposed through the planarized dielectric |ayer 24 is
non- di shed. 20

5. The method of claim 1, wherein the non-stick material layer is formed to a
thickness of from about 3000 to 8000A and the at least one metal interconnect is

formed to a thickness of from about 2000 to 8000A.

6. The method of claim 1, wherein the at least one metal interconnect has a height
and the patterned non-stick material layer has a height wherein the metal
interconnect height is less than the patterned non-stick material layer height; and

wherein the upper surface of the at least one metal interconnect exposed through

the planarized dielectric layer is non-dished.
7. The method of claim 1, wherein an etch stop layer is formed over the structure

and the at least one exposed conductive structure before formation of the non-stick

material layer, and the non-stick material layer is formed over the etch stop layer.

14



_,~ ~ DEC 2994 36. The nethod of claim35, wherein the structure is a
.silicon substrate; the at |east one conductive structure is corrprﬁs’ecﬂﬁgf 2004
material selected fromthe group consisting of copper, alum num tungsten,
gold, silver, an alum num alloy ‘and a copper alloy; the etch stop |ayer

bei ng conprised of a material selected fromthe group consisting of silicon
nitride, silicon oxide, silicon oxynitride and silicon carbide; and the

pl anari zed. di el ectric |ayer is conprised of a material selected fromthe
gr oup cénﬁ‘% t"’i"‘?FgloéfOfo%i’J’é’a lehezsin axeth stppdagerissioomed3gverTtie stetdtode of

conduct 100 BE REAsh 8% Bt S eSupidite Suibrelamasionol fyenonsting
compr | soir e eetEahdtd AAFRAER s\l FO%E ¢ fitaiel hoer inceth Somparaer | s
Formed Lo Sori ndes CoPa T AP ARRle 10t i Rk Woafabe edde cpufifrene
30 The mbthod of ol ey Se e P R LA e 0
t hi ckness of from about 200 to 1500A; the non-stick PTFE layer is formed to

a thickness of from about 3000 to 8000A and the at |east one copper

i nt er coAn€be mathbdrafedaino Iawhureknes etdf stbpdayabRUorRRRI0TE 8R0QAc1hiPe The
met hod of claim 35, wherein the at | east ohe copper interconnect has a

hei ght and theet east eneesposad iriductREREr Uy béfage forfeitidit oier BbRstibR
copper interconnect height is |Iess than the patterned non-stick PTFE | ayer
hei ght . meferial layer,ppd tpgnarr-stighenatetinblhyet isfaimedbyemtter eich sitye Loyt Br i ck
PTFE | ayer ig ﬁqatgeraﬁd_ using a pl asnma-assisted etching process. 42. The
met hod 51€ EFFHRP3BYeHRSING omiprasashpt sii¢iknibiife | ayer is patterned using a
pl asma- assi sted etching process which al so renoves any oxide forned over

t he exposed portion of the at | east one conducflve stncture. 43. The met hod

of clai KN the non-stick PT'FE | agyer is patterned using a
pl asma- gggﬁé \é}gﬁé&(i: %fr?ga%} gt@’ Aty tﬁﬁ a&ﬁsa%roq‘?o?%‘ WESSERTtEEe dges pein t he
group coRsd sHhRGe0ks ]PI\]FC' EII{—E% 2, Oz, a fluorocarbon, a
fluori ne-suﬁs?f}'?%t ege y rocatrgon, e?'hydrocar bon, argon, helium BC>a, NFa
and chl ori ne.

11. The method of claim 1, wherein the non-stick material layer is patterned using a

plasma-assisted etching process.

12. The method of claim 1, wherein the non-stick material layer is patterned using a
plasma-assisted etching process which also removes any oxide formed over the

exposed portion of the at least one conductive structure.

13. The method of claim 1, wherein the non-stick material layer is patterned using a
plasma-assisted etching process using one or more gases selected from the group
consisting of: N,, H,, ammonia, O,, a fluorocarbon, a fluorine-substituted

hydrocarbon, a hydrocarbon, argon, helium, BCl,, NF, and chlorine.
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44. The nethod of claim 35, wherein the non-stictk PTFE |ayer is patt&ﬁ&eiﬂﬂ%
using a plasma-assisted etching process using one or nore gasses d

fromthe group consisting of; Nz, Hz, ammonia and Oz. 45. The nmet hod of
claim 35, wherein the patterned non-stick PTFE | ayer is renoved by the sanme
process used to pattern the non-Brick PTFE |ayer. 22

CAV.AA A A LA CAAAA LA LCA LA ADA LA AA A A A A L'jBP*{DEk
{vql fa\ V\]ca] cal] ca] c™a] c"a] ca] ca] ca] ca] c a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

ca] cal ca . . i

\c]O }1(5 n} gl ?%h% 'ﬁ%ﬁ‘?ﬁ ﬁﬁ%lgﬁ%? ﬁe n_S]lca c&’]“c?é]aé%] S RRfemeddig 2 a) ca] cn
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E! E/ EEEEQFFF;
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] ca] ca] ca] c%ca] cal ca] ca] ca] ca] ca] ca] ca] ca] c"” t] caJcalc Ajca] ca] ca] ca! 20~-0COPP
PPPPPURRRI 6 The waeapt claim 1, wherein a barrier layer is formed over the structure and

WY WANYh 2tZ | gb a ]c cal.cal ca c"al]c"aU
]c"a]calc Y%]\E(cg]l St]tE:Oa']g'cralca'll t}‘:{ﬁtg%%%% g]’@ ; ﬁ'@aﬁ’%!ff‘?f]ai]? él‘]‘ﬁ%‘]ﬁ%%] Fﬁqur\ "%a) b/ b=
of dde] ev gt nint kel ohteiti b gl gl cal | cal cal cal cal cal cal cal
ca] ca]ca] ca] ca]c"a] ca]ca] ca] ca]ca] ca]cal c cg] c"a] ca] ca] cal ca] c"a] ca] ca]
ca LiK-i=WO0% ()-L!'10%& ()- #10%& () 10%& ()- "109%& ()-

#109%&' () - &10%& )-Vv'jBhli =WLO%&' ()| y109%&Il & () - Z7#10%I & ()

| 1098 & (3 2B o ¢ dm@_ﬂemeg@l(\ eyat(aa3t oneimietal IBOR qst EWM@W@IS*#N‘V&SI &

QRN prime Lonst s oo pose i AU

*{ dYNG =VAQIoA0 }ePthe patterned non-stick material layer is removed and before the

planarized dielectric layer is formed.

18. A method of fabricating at least one copper interconnect, comprising the steps of:
providing a structure having at least one exposed conductive structure;
forming a non-stick PTFE layer over the structure and the at least one

exposed conductive structure; the non-stick PTFE layer having an upper surface;
patterning the non-stick PTFE layer to form a patterned non-stick PTFE layer

having at least ore trench therethrough exposing at least a portion of the at least one
conductive structure;
forming a copper interconnect in contact with the exposed portion of the at

least one conductive structure within the at least one trench wherein the non-stick
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1081 i =101 & ()- 1098l & ()- | 1098l & ()-= z[PE: 10@ 10@

10@ =109%@& ()-! (7#10%@g% ()- ! T#10%@E () -- @OY@E ()- ! #10%ag ()- \ cdEPE:
10@B#10%@E () - | sz10%@& () - YL0%@& () -

SH10%@E () - < #10%@& () - =\ &10%& () - YcO dEPE: 10@10%@ & () -

6HTHL0Y@E ()-|L! 10%@& ()-Z 109%@& ()- 10%@& ()- SH10%@E () - &C

10@#10W@0£))3r'h\3§‘%9 %@f;s@e’rﬁed non-stick PTFE layer prevent accumulation of the metal

comprising the copper interconnect upon the patterned upper surface of the
patterned non-stick PTFEE layer; the at least one copper interconnect having an upper
surface;

removing the patterned non-stick PTEE layer; and

forming a planarized dielectric layer over the structure exposing the upper

surface of the at least one copper interconnect.

19. The method of claimn 18, wherein the structure is a silicon substrate; the at least
one conductive structure is comprised of a material selected from the group
consisting of copper, aluminum, fungsten, gold, silver, an aluminum alloy and a
copper alloy; and the planarized dielectric layer is comprised of a material selected

from the group consisting of doped silicon oxide, FSG and SiOz.

20. The method of claim 18, wherein the structure is a silicon substrate; the at least
one conductive structure is comprised of copper; and the planarized dielectric layer

is comprised of FSG.

21. The method of claim 18, wherein the non-stick PTFE layer is formed to a
thickness of from about 1000 to 10,000A and the at least one copper interconnect is
formed to a thickness from about 1000 to 10,000A.

22. The method of claim 18, wherein the non-stick PTFE layer is formed to a

thickness of from about 3000 to 8000A and the at least one copper interconnect is

formed to a thickness of from about 2000 to 8000A.
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surface of the at least one metal interconnect exposed through the planarized

dielectric layer is non-dished.

24. The method of claim 18, wherein an etch stop layer is formed over the structure
and the at least one exposed conductive structure before formation of the non-stick

PTEE layer, and the non-stick PTFE layer is formed over the etch stop layer.

25. The method of claim 18, wherein an etch stop layer is formed over the structure
and the at least one exposed conductive structure before formation of the non-stick
PTFE layer, and the non-stick PTFE layer is formed over the etch stop layer; the etch
stop layer being comprised of a material selected from the group consisting of silicon

nitride, silicon oxide, silicon oxynitride and silicon carbide.

26. The method of claim 18, Wherein an etch stop layer is formed over the structure
and the at least one exposed conductive structure before formation of the non-stick
PTFE layer, and the non-stick PTFE layer is formed over the etch stop layer; the etch

stop layer being comprised of silicon nitride.

27. The method of claim 18, wherein the at.least one conductive structure does not

have a barrier layer formed thereupon.

28. The method of claim 18, wherein the non-stick PTFE layer is patterned using a

plasma-assisted etching process.
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plasma-assisted etching process which also removes any oxide formed over the

exposed portion of the at least one conductive structure.

30. The method of claim 18, wherein the non-stick PTFE layer is patterned using a
plasma-assisted etching process using one or more gasses selected from the group
consisting of: Nz, H: ammonia, O a fluorocarbon, a fluorine-substituted

hydrocarbon, a hydrocarbon, argon, helium, BCls, NFs and chlorine.

31. The method of claim 18, wherein the non-stick PTFE layer is patterned using a
plasma-assisted etching process using one or more gasses selected from the group

consisting of: N2, Hz, ammonia and O-.

32. The method of claim 18, wherein the patterned non-stick PTFE layer is removed

by the same process used to pattern the non-stick material layer.

33. The method of claim 18, wherein a barrier layer is formed over the structure and
the at least one copper interconnect after the patterned non-stick PTFE layer is

removed and before the planarized dielectric layer is formed.

34. The method of claim 18, wherein the at least one copper interconnect has side
walls and barrier layer portions are formed only over the at least one copper
interconnect side walls after the patterned non-stick PTFE layer is removed and

before the planarized dielectric layer is formed.
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109%@& () -J, K/ KOKIK2ZK@<LnibC 10@10%! & ()-Y 109l & ()-\&10%I & ()-w 10@
10@ exposed conductive structure;
forming a non-stick PTFE layer over the etch stop layer; the non-stick PTFE
layer having an upper surface;
patterning the non-stick PTFE layer and the etch stop layer to form a
patterned non-stick PTFE layer and a patterned etch stop layer having at least one
trench therethrough exposing at least a portion of the at least one conductive
structure;
forming a copper interconnect in contact with the exposed portion of the at
least one conductive structure within the at least one trench wherein the non-stick
properties of the patterned non-stick PTFE layer prevent accumulation of the metal
comprising the copper interconnect upoh the patterned upper surface of the
patterned non-stick PTFE layer; the at least one copper interconnect having an upper
surface and side walls;
removing the patterned non-stick PTFE layer;
forming barrier layer sidewall portions over the at least one copper
interconnect side walls;
forming a planarized dielectric layer over the structure exposing the upper
surface of the at least one copper interconnect; and wherein the upper surface of the
at least one metal interconnect exposed through the planarized dielectric layer 24 is

non-dished.
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\ &10% & (éon\élstmg of copper, alummum, tungsten, gold, silver, an aluminum alloy and a

copper alloy; the etch stop layer being comprised of a material selected from the
group consisting of silicon nitride, silicon oxide, silicon oxynitride and silicon
carbide; and the planarized dielectric layer is comprised of a material selected from

the group consisting of doped silicon oxide, FSG and SiOa.

37. The method of claim 35, wherein the structure is a silicon substrate; the at least
one conductive structure is comprised of copper; the etch stop layer being comprised

of silicon nitride and the planarized dielectric layer is comprised of FSG.

38. The method of claim 35, wherein the etch stop layer is formed to a thickness of
from about 50 to 50001°\; non-stick PTFE layer is formed to a thickness of frorﬁ about
1000 to 10,0004 and the at least one copper interconnect is formed to a thickness of
from about 1000 to 10,000A.

39. The method of claim 35. wherein the etch stop layer is formed to a thickness of
from about 200 to 1500A; the non-stick PTFE layer is formed to a thickness of from
about 3000 to 8000A and the at least one copper interconnect is formed to a thickness

of from about 2000 to 8000A.

40. The method of claim 35, wherein the at least one copper interconnect has a height
and the patterned non-stick PTFE layer has a height wherein the copper interconnect

height is less than the patterned non-stick PTFE layer height.
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exposed portion of the at least one conductive structure.

43. The method of claim 35, wherein the non-stick PTFE layer is patterned using a
plasma-assisted etching process using one or more gasses selected from the group
consisting of: Nz Hz ammonia, O; a fluorocarbon, a fluorine-substituted

hydrocarbon, a hydrocarbon, argon, helium, BCls, NFs and chlorine.
44. The method of claim 35, wherein the non-stick PTFE layer is patterned using a
plasma-assisted etching process using one or more gasses selected from the group

consisting of: Nz, Hz, ammonia and O-.

45. The method of claim 35, wherein the patterned non-stick PTFE layer is removed

by the same process used to pattern the non-stick PTFE layer.
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