2 3 SEP 2003 1 A SI MPLI FI ED DUAL DAMASCENE PROCESS BACKGROUND OF TH P 2003
"INVENTION (1) FIELD OF THE I NVENTION This invention relates to a t310$£012
fabrication used for sem conductor integrated circuit devices, and nore
specifically to a method whereby Plasnma Pol yneri zed Methyl silane PPMS, a
phot osensitive polymer, forns an oxide |ayer, Plasma Polynerized

Met hyl si |l ane Oxi de (PPMSO), when exposed to W light which forns the top
insulating | ayer of a dual danmascene insulating |ayer structure. (2)

DESCRI PTION OF PRIOR ART In the fabrication of sem conductor integrated
circuits the dual danmascene process is well known in the fabrication of

mul ti-level conducting | JJ ipterconnects. Related patents teach
vari ous net hods of photgf%ﬁﬁ%%iréﬁy%%gr“o égéﬁgmﬁ) Pméﬁn metal |ines both
wi th and without dual danmascene processing; but these nethods do not cover

t he present invention which consists of using PPM5, a photosensitive

pol ymer with dual damascene  CVP rocessing.
BACKGROUND OF THE INVENTION

(1) FIELD OF THE INVENTION
This invention relates to a method of fabricatién used
for semiconductor integrated circuit devices, and more
1 ) 'specifically to a method whereby Plasma Polymerized Methylsilane
PPMS, a photosensitive polymer, forms an oxide layer, Plasma
Polymerized Methy;silane Oxide (PPMSO), when exposed to UV light
which forms the top insulating layer of a dual damascene

insulating layér structufe.

(2) DESCRIPTION OF PRIOR ART
In the fabrication of semiconductor integrated circuits
the dual damascene process is well known in the fabrication

fj 7 of multi-level conducting metal lines and interconnects.

Related patents teach various methods of photolithography
procésses to pattern metal lines both with and without‘dual
damascene processing; but these methods do not cover the
present invention which consists of using PPMS, a photosensitive

polymgr with dual damascene CMP processing.



2 3 SEP 2003 ti.
wher eby sol gel, a colloidal suspension is used to formnetal |ines.
thin filmof sol gel containing titanium which is UV photo active,

exposed to UV activating the photo active
pattern the metal lines. U S. Patent 5,487,967 to Hutton et al descr
phot ol i t hography process using a silylated resist that
exposed or unexposed regions of resist. The silylated resist is exposed to
RIE and forns an "in situ" silicon dioxide etch mask, for precise inage

patterning from resist to substrate. U S. Patent 5,591,676 to Hughes et al
teaches a nethod of naking a sem conductor device having a |ow permttivity
dielectric. Adlgiopheaheds prio,mea ltay ehuiSol@osilt @dagRed detilthod
sem conductor or nonnetallic surface. The fluorinated polynmer is heat
treated apgeRaly &idiedely PNS1AIdildaagEappyndion fiQr Ms¥laso anskdt hartaover ed
with a netal interconnect |ayer.

lines. A thin film of sol gel containing titanium, which is
UV photo active, is exposed to UV activating the photo active

compound which is then used to pattern the metal lines.

U.S. Patent 5,487,967 to Hutton et al describes a
photolithography process using a silylated resist that
reacts with either exposed or unexposed regions of resist.
The silylated resist is exposed to RIE and forms an "in situ"
silicon dioxide etch mask} for precise image patterning from

resist to substrate.

U.S. Patent 5;591,676 to Hughes et al teaches a method

of making a semiconductor device having a low permittivity
dieléctric. A fluorinated polymer layer is deposited on

a metal, semiconductor or nonmetallic surface. The fluorinated
polymer is heat treated and patterned by photolithography to
form vias and then covered with a metal interconnect

layer.

U.S. Patent 5,689,140 to Shoda describes a method of

forming studs and interconnects in multi-layered semiconductor

2 U S Patent 5,100,764 to Paul son et al teaches aln®t$kPd 2003

A
is

conmpound which is then used to
bes a
reacts with either



U S. Patent 5,689,140 to Shoda describes a nmethod of form ng studs azci3 SEP 2003
interconnects in nulti-layered sem conductor 2 3 SEP 2003 3 devices. A dual
damascene process is described with adhesion layers for each conductive

| ayer. U.S. Patent 5,635,423 to Huang et al describes a dual damascene
process to formnultilevel netallization and inter- connect structures. An
etch stop is described between the first and second insulating |ayers for

via and trench patterning. U S. Patent 5,705,849 Zheng et al teaches a

met hod for manufacturing an antifuse structure. A dual danmascene process

is descri er fr | S i feral i
I's ' S?ﬁc@@. Eust Idinhubene COPREd Y NG QbsarPRLd vﬂcj'.vl\} Chgﬁ@?%%\?g

| ayers of icon nitride and anorphous silicon are san ween two

dual danaqgg,%gscggpe%&{ %onngtiEQtfﬂfeIS’ 041, 361 to Tsuo describes an
It

oxygen i on- "beam ogr aphi ¢ patternlng nethod using | owenergy oxygen
ion beans to oxidize anorphous silicon at selected regions. The
non- oxi di zed regions are renoved by etching in an RF excited hydrogen

pl asma. SUMVARY OF Pated NENBERL 3 to Huang et al describes a dual

damascene process to form multilevel metallization and inter-
connect structures. An etch stop is described between the first

and second insulating layers for via and trench patterning.

U.S. Patent 5,705{849 Zheng et al teaches a method for
manufacturing an antifuse structure. A duval damascene process is
described whereby structures comprising of a pair of alternating
layers of silicon nitride and amorphous silicon are sandwiched

between two dual damascene connectors.

U.S. Patent 5,041,361 to Tsuo describes an oxygen ion-
beam lithographic patterning method using low-energy oxygen
iqn beams to oxidize amorphous silicon at selected regions.
The non-oxidized regions are removed by etching in an ﬁF

excited hydrogen plasma.
SUMMARY OF THE INVENTION

It is general object of the present invention to provide an

improved method of form;ng integrated circuits in which a



It is general object of the present invention to provide an inprov2F3 SEP 203
x} 3

met hod of formng integrated circuits in which a 2 3 SE 2WB 4 sinp
dual damascene process uses CMP, chenical -nmechanical polish to form

pl an&ri zed structures: netal line wiring, interconnects

wi.t hout the problem of dishing. More specific to the invention is an
i nproved nmethod of formng planarized structures whereby Plasm

Pol yneri zed Methylsilane (PPMS), photosensitive polyner, fornms an oxide
layer, Plasma Pol ynerized Methylsil ane Oxjde (PPMSO), when
illum nation. The oxjde Layer PPMBO is pa by nenPNat QiEskidq formthe

{hﬁé)dﬁiﬁa cess F%gér Structure. Conductlve net al ,

top | ayer S5FPH St uc ‘
ipldelbowi fouk planagiredsthuchvdesi mebzleddne GNPLRBNBYATcPMRECER CESS

copper,

dERCTIR HTG

metal and plAQR ipRcadile hEACEns! foB1id e FEMEGhaNd copper -can have

simlar CVP polishing rates. The process fornms structures w thout dishing
when PPMSO and copper -are polished back at

More specific to the invention is an improﬁed method .of
forming planarized structures whereby Plasma Polymeriied
Methylsilahe (PPMS) , photosensitive polymer,»forms an oxide
layer, Plasma Polymerized Methylsilane Oxide (PPMSO), when
exposed to UV illumination. The oxide layer PPMSO is patterngd
by a photomask - to form the top layer of a dual
damascene insulating layer structure. Conductive metal, copper,
is deposited on to tfencﬁ and via‘areas. CMP removes the excess
metal and planarizes the surface since the PPMSO and copper can
have similar CMP polishing rates. The process forms structures

without dishing when PPMSO and copper are polished back at

approximately the same rate.

Another object of the present invention is to provide
planarized structures on.semiconductor substrates to form:
metal lines for wiring patterniﬁg, interconnects.between
multi-level mefal layers, contacts through vias to metal 1lines

and source/drain device contacts. -

In accordance with the present invention, the above and

and vi a contacts,

exposed to W

approxi mately the sane rate.



Anot her obj ect of the present invention is to provide planarized 23 SEP 200

structures on sem conductor substrates to form netal lines for wring
patterni-ng, interconnects between multi-level netal |ayers, contacts
through vias to netal lines and source/drain device contacts. In

accordance wth the present invention, the above and 2 3 SEP 200 5 other
obj ectives are realized by using a nethod of fabricating a planarized
structure on a sem conductor substrate, wherein a first insulating |ayer
is provided. A second insulating |ayer over the first insulating |ayer is
deposited. Patterning and etching of the second insulating |ayer follows

to form Ogﬁﬂ-épgotr:jé‘btti%ssﬁfgnpeifﬁgcﬁtﬁynglsﬁﬂﬁeé-meotlfcid’ of | g¥Bri®@dting a

conducting netal”1s deposited on and into the second insulating | ayer.

Then  t he Sxgess, SouGKeerBA Al diRloridbcheki shak rate DynEMin o

chem cal - anical polishing. Athird insulating |layer is then deposited

over the %*iggedinémi@. | AGVLAYEL - pRAIRIN RY 886biRd GhisRid a®f ng NBayldti T d
insul ating ayer 1s pe forXed to formopenings on and over conducting
metal lines, WOl AG AALLEETatTHS M ayed AKCT dBboPDALRS §AitkirkenpOdndTer |
etching of the second insulating layer follows to form opening
in the second ihsulat_ing layer. A first layer of conducting
") metal is de'posited on and into the second insulating layer. Then

the excess conductive métal layer is polished back by CMP,

chemical-mechanical polisﬁing.

A third insulating 1aye£ is then deposited over the second
insulating layer. Patterning and etching of the third insulating
layer is performed to form openings on and over conducting metal
lines, wiring pattern. Then, a layer of photosensitive polymer,
Plasma Polymerized Methylsilane (PPMS) is deposited by Plasma

) Enhanced Chemical Vapor Deposition (PE CVD). PPMS is exposed to
UV light using a photomask to form Plasma Polymerized
Methylsilane Oxide (PPMSO); whilé l;locking out the UV light in
the trench and vias openings. Unexposed PPMS is removed from the

trench and via openings.

The said PPMS and PPMSO chémical formulas and reactions are

outlined in the following section:



Pl asma Pol ynmerized Methylsilane (PPMS) is deposited by Plasma Enhanc@d3 SEP 200;
Chem cal Vapor Deposition (PE CVD). PPM5 is exposed to UV light using a

phot omask to form Plasma Pol ynerized Methylsilane Oxide (PPVMSO) ; while

bl ocking out the UV light in the trench and vias openings. Unexposed PPMB

is renoved fromthe trench and via openings. The said PPM5 and PPMSO

chem cal fornulas and reactions are outlined in the follow ng section: 2 3

SEP 2003 Met hyl silane, Rf Plasma Deposition: 6 CHL CH3 | | CH3Si H3
-Si-Si- HI Il HSI-S 1 1 CH3 CH PPMS, Plasma Pol yneri zed
Met hyl si | ane Piidhylsilane; B{/Plesma DepepQlire in Air: PPMS -~
CH, CH,
o
CH,SiH, —_— —Si—Si— H
I .
H Si—Si
P
CH, CH,

PPMS, Plasma Polymerized Methylsilane

)
PPMS, Ultraviolet Exposure in Air:
CH, CH,
I !
PPMS ——> 0—~Si—0—~Si—0
' l |
OH O H
I I
O0—Si—0—-S8i—0
I l
CH, CH,
PPMSO, bPlasma Polymerized Methylsilane Oxide
=)

:Next, a conductive barrier layer is conformally deposited
and it provides a lining for the treﬁch and via regions. This
layer acts as diffusion barrier and CMP etch stop. A conductive
metal layer is deposited and the excess metal is planarized by
CMP without dishing when the CMP polishing rate of the
conductive metal and the PPMSO, Plasma Polymetized Methylsilane

Oxide, are similar.



CH3 CH3 O0Si-OSi-Ol'l OHOHI O0- Si-0Si-0I C%(H3WMQIW@@&PM$
Pol ymeri zed Met hyl silane Oxide 'Next, a conductive barrier layer is

conformal |y deposited and it provides a lining for the trench and via

regions. This |layer acts as diffusion barrier and C etch stop. A

conductive netal layer is deposited and the excess netal is planarized by

CWP wi t hout di shing when the CWP polishing rate of the conductive netal

and the PPMSO, Plasma Pol ynerized Methylsilane Oxide, are simlar. 2 3 SEP
203 7 In a second enbodi nent of the present invention, the above and

ot her objectives are realized by using a sinplified dual danmascene

technique to forma conductive contact to %

In a second embodiment of the present invention, the above
and other objectives are realized by using a simplified dual
damascene technique to form a conductive contact to a
semiconductor doped region interconnection wiring pattern, via and
conducting metal line, in the fabrication of an MOSFET device.

; Therefore, providing said active eleménfs in said semiconductor
substrate. A semiconductor substrate ié pr9vided_with a first
insulating iayer , PE CVD('_l‘etra—Ethyl—Ortho—Sili_cate)'l‘EOS'_ deposited.
éilicc;n oxide thereon. Patiéming and etchiug of the silicon o_xide is
performed to forﬁ via holes for 'intergonnects. At this point in the process,

" a layer of PPHS,photosensivtive polymer is deposited by Plasma
Enhanced CVD method, PE CVD. PPMS is exposed to UV light to form
PPMSO, while a photon;sk blocks out the trench and via
opening regions. The unexposed PPMS is "removed from the trench

-3 and vi.a openings. A barrier conducting layer, (Tantalum Nitride)TaN:,

is deposite& and lines both the trench aﬂd via. This layer of TaN acts as
A .diffusion barrier and CMP etc_h stop. A thick gonduct'ive layer of (Cogger )

Cu. is deposited and the excess metal is planarized by CMP

-~

without dishing. Key to this process is that the PMMSO and Cu

CMP back at similar polishing rates.

BRIEF DESCRIPTION OF THE DRAWINGS

The object and other advantages of this invention are best



sem conduct or doped region interconnection wiring pattern, via and ?é‘# 2003
conducting netal line, in the fabrication of an MOSFET device. The JEE,
provi ding said active elenents in said sem conductor substrate. A

sem ¢onduct or substrate is provided with a first insulating |ayer, PE CVD
(Tetra-Ethyl -Ortho-Silicate) TECS. deposited silicon oxide thereon.

Patterning and etching of the silicon oxide is perforned to formvia hol es
for interconnects. At.this point in the process, a |layer of PPHS,

phot osensitive polynmer is deposited by Plgsma Enhanced CVD net hod, PE CVD.

PPMS is exposedq to WV light to.form PP whi |l e a phot omask bl ocks. out the
trench an W%‘dbecfgé‘rﬂ e &sgﬁé.p%‘]’ﬁg ﬁg/sgﬁ%s%ﬁew(*s ﬁ&?@&"&oﬁfhe
trench and_via openings. A barrier conducting |ayer, (Tantalum

Ni t ri de) TERf 9Fenge; fdbﬁg%ﬁ F&&aé’ﬁ?&dl ARBYIRgE nthAe FUHUE®And via. This |ayer
of TaN acts as diffusion barrier and CHP etch stop. A thick conductive

| ayer of (Copper) ,Cu' is deposited and the excess netal is planarized by
CHP wi t hout dishing. Key to this process is that the PMMSO and Cu CWP back
at simlar polFidsnd rattes vhBRhERNDESCRE PIeCN @R ITHEPDRARNNGSiFhe obj ect

and ot her advantages of this invention are best 2 3 SEP 2003 8
illustrate the prior art method, showing dishing of the metal

after CMP back.

Figs. 4 - 7, which in cross-sectiénal representation

illustrate the method of the present invention.

Fig. B8, which in cross-sectional representation illustrates
another embodiment of the present invention where the
application is contact through a via to a source/drain of an

MOSFET device.

-3 DESCRIPTION OF THE PREFERRED EMBODIMENTS

Pfior art is illustrated in cross-sectional drawings in
Figures 1, 2 and 3. As shown in Figure 1, a semiconductof
substrate 2 is provided with an insulating layer 3. Two layers
of dielectric 4 and 8 are patterned with trench and via openiné.
A metal conducting line 6 is patterned and provided with said
structure. In Figure 2 conductive metal 10 is deposited over the
structure. The excess metal is polishing back by CMP and fhe

resulting dishing structure 11 is shown in Figure 3.



described in the description of the preferred enbodi nents with refzpnﬁg tﬁm
the attached draw ngs that include: Figs. 1 - 3, which in cross-se o] E
representation illustrate the prior art method, show ng dishing of the
metal after CWMP back. Figs. 4 - 7, which in cross-sectional representation
illustrate the method of the.present invention. Fig. 8, which in
cross-sectional representation illustrates another enbodi nent of the
present invention where the application is contact through a via to a
source/drain of an MOSFET devi ce. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS
Prior art is illustrated in cross-sectional drawings in Figures 1, 2 and
3. As shown in Figure 1, a sem conductor substrate 2 is provided mnth an
insulating layer 3. Two layers of dielectri® 4 and 8 are patterned with
trench and via opening. A netal conducting line 6 is patterned and

provided w th sgi ke inbBnEiBH 8 2iMSNLEIcdd \GiaTPtcRimak®ehs deposited
over the struc uﬁg“§%ﬁggéxceég ngta is polishing back by CvP and the '

resulting dishing Strictuli@ehl herahgWBohBubt S ndtal? BAnds, 2003

interconnects, contact vias to metal lines and doped regions are
formed without the problem of dishing, in the fabrication of
MOSFET devices. As shown in Figure 4, a semiconductor substrate
2 is provided with a first insulating layer 3 and a second
insulating layer 4 is deposited, which is PE CVD TEOS deposited
silicon oxide. Patterning and etchingvof the silicon oxide 4 is
performed to form via holes for interconnects. A lafer of
copper 6, first conductiye metal, is deposited on the silicon
oxide 3, first insulating layer. The excess metal is removed by
CMP. A third insulating layer 8 is deposited by PE CVD TEOS over
the second insulating layer 4. Then patterning and etch of this
f‘) third insulating layer 8; silicon oxide, is performed to form

trench and via openings.

At this point in the process, a layer of Plasma Polymerized
Methylsilane (PPMS), photosensitive polymer 12 is deposited by
plésma enhanced CVD, in a thickness range from approximately
4,000 to 10,000 Angstroms . PPMS is exposed to UV light 18,
wavelengths of 248 nm or 193 nm, to form Plasma Polymerized

‘Methylsilane Oxide (PPMSO) 14; while a photomask 16

blocks out the trench and via opening regions 12. The



9 In the present invention a sinplified dual damascene process is

descri bed whereby conductive netal lines, interconnects, contact viad SEP 2003
metal |ines and doped regions are formed w thout the problem of dishing,
in the fabrication of MOSFET devices. As shown in Figure 4, a

sem conductor substrate 2 is provided with a first insulating |ayer 3 and
a second insulating layer 4 is deposited, which is PE CvD TECS deposited
silicon oxide. Patterning and etching of (¢he silicon oxide 4 is perforned
to formvia holes for interconnects. A layer of copper 6, first conductive
netal , i safiepeaentiongd (emiiqdlcdermytpgdeand Fepctiomsdee ioutliaedr. The
excess nmetal is renoved by CHP. Athird insulating |layer 8 is deposited by
PE CVD TE®Slower the second insulating |layer 4. Then patterning and etch
of this third insulating layer 8, silicon oxide, is perfornmed to form
trench and vi avRpfilagsSRf PlasthdiDepdeRioat in the process, a |ayer of Plasma
Pol ynmerized Methylsilane (PPMS), photosensi tidﬁ p&l{ymer 12 i s deposited by
pl asma enhanced CVD, in a thickness range from approXi mately 4,000 to

10, 000 Angstrons . PPM5 is exposed.to W Iight| 18,1 wavel engths of 248 nm

or 193 nm to form Pl as€H;$8} ynerzep —Si—Si— H
| I
H Si—Si
L
) CH, CH,

PPMS, Plasma Polymerized Methylsilane

PPMS, Ultraviolet Exposure in Air:

CH, CH,
| |
PPMS ——> 0—Si—0—Si—O0
I |
OH 0 H

I I
O— Si—0—Si—0

) S | ! '
CH,  CH,

PPMSO, Plasma Polymerized Methylsilane Oxide

The unexposed PPMS 12 is removed from the trench 22 and via
20 openings, as shown in Figure 5, by the following processes,
either by Reactive Ion Etch (RIE) or a by High Density Plasma
(HDP) etcher. Typical process conditions for the selective
removal of unreacted PPMS without signifiéntly attacking the

underlyi}ng copper layer 6 are:



Met hyl si | ane Oxide (PPMSO) 14; while a photomask 16 bl ocks out the {rench N
and via opening regions 12. The 2 3 SEP 2003 10 aforenentioned chem SEP 2003
formul as and reactions are outlined below Methylsilane, Rf Plasna

Depodition: CH3 CH3 CH3SiH3 | | -Si-Si- HI I | HSi - Si CH3 CH3 PPMB,
Pl asma Pol ynerized Met hyl silane PPMS, U traviolet Exposure in Air: CH3 CH3
l I PPM5S OSi-OSi-Ol I OHOH

11

Chlorine gas flow of approximately 50 to 200 scccm, power of
approximately 200 to 1000 watts, chamber pressure of

approximately 1 to 100 milli-Torr.

As shown in Figure 6, é barrier conducting layer 24 6f TaN
is deposited and forms a liner for both the trench and via. A
'} _thickA conducting layer 26 of Cu is deposited and the excess
metal is planarized 28 by CMP without dishing, as shown in
Figure 7. Key to this process is that the both the PPMSO 14 and
the Cu 28 chemical-mechanical polisk (cMP) back at a similar
polishing rate, in the range of approximately 1,000 to 4,000

Angstroms per minute.

In another embodiment of the present invention, electrical
contact through a via is made to a source/drain doped region 30, as
f\) shown in Figure 8. A similar process as described above takes
place. Figure B sketches a simplified variation and application
of the present invention. An insulating'léyer 9 is deposited by
PE CVD TEOS over the substrate 2. Then éatterning and etch of
this insulatihg layer, silicon oxide, is performed to form a via
6penings. At this point in the process, a layer of PPMS,
photosensitivé polymer is deposited by Plasma Enhanced CVD’(PE
CVD). PPMS is exposed to UV light to form PPMSO 15, while a

~ photomask blocks out the trench and via opening




Il I 0- SI-OSi-O1 | CH3 CH3 PPMSO, Pl asma Pol ynerized Met hyl si l ani??%ﬂg 2003
The unexposed PPMS 12 is renoved fromthe trench 22 and via 20 openl ngs,
as shown in Figure 5 by the follow ng processes, either by Reactive |lon
Etch‘(RIE) or a by High Density Plasma (HDP) etcher. Typical process
conditions for the selective renoval of unreacted PPVM5S w t hout
significantly attacking the underlying copper layer 6 are: 2 3 SEP 20QQJ 11
Chlorine gas flow of approximately 50 to 200 scccm power of approxinmately
200 to 1000 watts, chanber pressure of approximately 1 to 100 mlli-Torr.
As shown in Figure 6, a barrier conducting layer 24 of TaN is deposited
and forms a liner for both the trench and via. A thick conducting |ayer 26
of Cu is degdsnsed ThadunexpesedsBPMEt & rempysdy o dhe28 thgnclvrand thicut
di shing, . as. shown in Figure 7. Key to this process is that the both the
PPMSO 14 ap@nings. A barrier conducting layer, TaN 24, is deposited and
lines both the trench and via. This layer of TaN acts as
diffusion barrier and CMP etch stop. A thick conductive layer of
Cu is deposited and the excess metal 28 is planarized by CMP
without dishing} Key to this process is that both the PPMSO and

Cu CMP back at similar polishing rates.

As shown in Figure 8, a barrier conducting 1ayef 24, TaN,
is deposited and lines béth the trench and via. This layer of
TaN acts as diffusion barrier and CMP etch étop. A thick
conducﬁive layer 28 of Cﬁ is deposited and the excess metal 28
is planarized by CMP without dishing, as shown in the figure.
Key to this process is that the PPMSO 15 and Cu ' 28, both CMP

back at similar polishing rates.

While the invention has been pa#ticulérly shown and .
described with reference ﬁo the preférred émbodiments thereof, it
will be understood by those skilled in the art that various
changes in form and details may be made without departing from

the spirit and scope of the invention.



the Cu 28 chem cal - nechani cal polish (CVp) back at a simlar poli shizg SEP 2003
rate,.in the range of approximtely 1,000 to 4,000 Angstrons per m nute. '
I n anot her enbodi ment of the present invention, electrical contact through
aviais nade to a source/drain doped region 30, as shown in Figure 8. A
simlar process as descri bed above takes place. Figure 8 sketches a
sinplified variation and application of the present invention. An
insulating layer 9 is deposited by PE CVD TECS over the substrate 2. Then
patterning and etch of this insulating |ayer, silicon oxide, is perforned
to forma via openings. At this point in the process, a | ayer of PPM5,
phot osensitive polyner is deposited by Pl asna Enhanced CVvD (PE CVD). PPMS
is exposed to Wlight to form PPMSO 15, while a photonask bl ocks out the
trench and via opening 2 3 SEP 2003 123regi ons. The unexposed PPMS is
removed fromthe trench gpAIx@ openi ngs. A barrier conducting |ayer, TaN
24, is deposited and |ines both the trench and via. This |ayer of TaN acts
as diffusion barrier and CWP etch stop..A thick conductive |ayer of Cu
is deposited and the excess netal 28 is planarized by CW

1. A method of using a dual damascene technique to

form a conductive contact to a semiconductor device
comprising:
) providing a substrate having a first insulating layer
thereon;
depositing a second insulating layer over said first
insulating layer;
patterning and etching of said second insulating
layer to form openings through said second insulating layer;
depositing a first conductive metal layer into
- second insulating layer;

removing the excess first conductive metal layer by
Chemical Mechanical Polish’ (ae);

depositing a third .insulating layer over said second
insulating layer patterning and etching said third

insulating layer to form openings;
depositing a layer of Plasma Polymerized
Methylsilane (PPMS), a photosensitive polymer;



wi t hout dishing. Key to this process is that both the PPMSO and Cu 2003
back at simlar polishing rates. As shown in Figure 8, a barrier con ﬁﬁg
| ayer 24, TaN, is deposited and lines both the trench and via. This |ayer
of 'TaN acts as diffusion barrier and CVMP etch stop. A thick conductive

| ayer 28 of Cu is deposited and the excess netal 28 is planarized by CW

w t hout dishing, as shown in the figure. Key to this process is that the
pp so 15 and Cu 28, both CMP back at simlar polishing rates. Wile the

i nvention has been particularly shown and described with reference to the
preferred enbodi nents thereof, it wll be understood by those skilled in
the art that various changes in formand details nay be made w t hout
departing from the spirit and scope of the invention. 13 CLAIMS 1. A

met hod of using a dual damascene tecHfique to forma conductive contact to

e o o e oo PPN to B R kO Forth PRI FurddfiELRO 2 11!
Methylsilane Oxide (PPMSO), while blocking out the UV light
in the openings;
removing unexposed PPMS from the trench and via
opening;
depositing a barrier conducting layer which lines
‘trench and via region and whereby said layer acts as a
diffusion barrier and a CMP etch stop;

depositing a second conductive metal layer and planarizing the

excess second metal layer by a CMP without metal dishing.

2. The method of claim 1, wherein said first insulating layer
is an interlevel dielectric and is PE CVD Tetra-Ethyl-Ortho—Silicate
.(TEOS) deposited, plasma enhanced chemical vapor depositionm,
\ to form said first insulating oxide layer and is a silicon oxide
| layer between about 4,000 to 8,000 Angstroms
in thickness.



depgsiting a second insulating |ayer over said first insulating Iaﬁfr;
patterning and etching of said second insulating |ayer to form ope ngEP 2003
t hrough said second insulating | ayer; depositing a first conductive netal

| ayer into second insulating layer; renoving the excess first conductive
metal |ayer by Chem cal Mechanical Polish. (CW); depositing a third

i nsul ating | ayer over said second insulating |ayer patterning and etching
said third insulating |layer to form openi ngs; depositing a |ayer of Plasm
Pol ynmeri zed Methylsilane (PPM5), a photosensitive polyner; 2 3 SEP 2001 14
exposing PPM5s to W light to form Plasma Pol ynerized Met hyl sil ane Oxi de
(PPMSO), while blocking out the UV light 1in the openings; renoving
unexposed PPM5 fromthe trench and via opening; depositing a barrier
conducting |ayer which lines 15

3. The method of claim 1, wherein the second layer
of the insulator is conformal CVD deposited silicon oxide and has a

thickness range between about 4,000 to 8,000 Angstroms.

4. The method of claim 1, wherein the second layer of
insulator is patterned with a line width or space of

less than about 250 nm.

5. The method of claim 1, wherein the first conductive
metal is copper, deposited in a thickness range from

about 4,000 to 10,000 Angstroms.

) 6.  The method of claim 1, wherein the third layer of
insulating material is conformal CVD deposited silicon
oxide and has a thickness between about 4,000 to 8,000
Angstroms.

7. The method of claim 1, wherein the third layer of

insulating material is patterned with dimensions,



trench and via region and whereby said | ayer acts as a diffusion bafzangP 2003
and a CWP etch stop; depositing a second conductive netal |ayer and

pl anari zing the excess second netal |ayer by a CVMP wi thout netal dishing.
2. The nethod of claiml1l, wherein said first insulating layer is an
interlevel dielectric and is PE CVD Tetra-Ethyl-Otho-Silicate , (TEOS)
deposi ted, plasma enhanced chem cal vapor deposition, to formsaid first

i nsul ating oxide layer and is a silicon oxide |ayer between about 4,000 to
8,000 Angstronms in thickness. 2 3 SEP 2003 15 3. The nethod of claim1,
wherein the second | ayer of the insulator is conformal CVD deposited
silicon oxide and has a thickness range between about 4,000 to 8, 000
Angstrons. 4. The method of claim 1, wherein the second |ayer of insulator
is patterned with a line width or spadé of |ess than about 250 nm 5. The

" & thi cknees 1 NS IS Hifabhlohoo0R YIhoRn st ohd seeRer ceposttes

ranges from about 4,000 to 8,000 Angstroms.

8. The method of claim 1, wherein said layer of PPMS,
photosensitive polymer is plasma enhanced CVD deposited
under the following conditions: chamber pressures from
about 200 mTorr to 10 Torr, thickness range from about 4,000
to 10,000 Angstroms, methylsilane flow rate between
approximately 50 to 200 sccm, and Rf power between about
400 to 1,000 Watts.

9. The method of claim 1, wherein exposing PPMS to
UV light, uses a UV mask and lithography exposure range to pattern

B | sub 250 nm line width to sub 250 nm line space.

10.  The method of claim 1, wherein said unexposed PPMS

is removed by Reactive Ion Etching (RIE) or High Density Plasma
etcher with chlorine gas flows between about .50 to 200 sccm,

pressure range about 1 to 100 mTorr, power between 200 to



6. The nethod of claim1, wherein the third layer of insulating matg%a%gp 2003
is conformal CVD deposited silicon oxide and has a thickness between abo
4,000 to 8,000 Angstroms. 7. The nethod of claim1, wherein the third

| ayer  of insulating material is patterned with dinmensions, 2 3 SEP 2003 16
wi dt h ranges from about 2,000 to 8,000 Angstrons, and height ranges from
about 4,000 to 8,000 Angstroms. 8. THe method of claim 1, wherein said

| ayer of PPMS, photosensitive polyner is plasnma enhanced CVD deposited
under the follow ng conditions: chanber pressures from about 200 niforr to
10 Torr, thickness range from about 4,000 to 10,000 Angstrons,

met hyl silane flow rate between approximately 50 to 200 sccm and Rf power
bet ween about 400 to 1,000 Watts. 9. The nethod of claim 1, wherein

exposi ng P (%SVE i vt MS A Spshfsi t hography exposure range
to patterlhda su Riggxﬁ%e%eet%%}%ﬁtgr\/ﬁ%ﬁggo nmline space. 10. The net hod
of claim1, wherein said unexposed PPMS
11. The method of claim 1, wherein said trench and via liner, barrier and CMP
chemical-mechanical polish etch stop is TaN in thickness ranging from about 50 to

500 Angstroms with preferred deposition conditions being by lonized Metal

) Plasma (IMP) sputtering or by Chemical Vapor Deposition (CVD).

12. The method of claim 1, wherein the second conductive metal for trench and via

fill is copper in thickness ranging from about 4,000 to 10,000 Angstroms.

13. A method of using a dual damascene technique to form a conductive contact to
a semiconductor doped region or to an interconnection wiring pattern, in the

fabrication of an MOSFET device comprising:

providing active device elements in a semiconductor substrate ;



is renoved by Reactive lon Etching (RIE) or H gh Density Pl asma etche|23/isEp 200
chlorine gas fl ows between about.50 to 200 sccm pressure range about 1 to
100 mforr, power between 200 to 2 3 SEP 2003 17 1,000 Watts, and sel ective
etch.chemistry to renove PPMS. 11. The nethod of claim 1, wherein said
trench and via liner, barrier and CMP chenical - mechani cal polish etch stop
is TaN in thickness ranging fromabout 50 to 500 Angstronms with preferred
deposition conditions being by lonized Metal Plasma (I MP) sputtering or by
Chem cal Vapor Deposition (CVD). 12. The nethod of claim1l, wherein the
second conductive nmetal for trench and via fill is copper in thickness
rangi ng from about 4,000 to 10,000 Angstronms. 13. A nethod of using a dual
damascene technique to forma conductive contact to a sem conductor doped
region or to an interconnection mﬁring pattern, in the fabrication of an
MOSFET devi ce conprising: providing a five device elenments in a

sem conduct or substrate ; vi ding said sem conduct or substrate with

;.18 pr. ) i
having a first insul PRGN a,semecmcfpe@sb%f&w Wik paMingat ho- . silicate

deposited, silicqfPtliuhf HANPEREOY FH0Y PELLELLT.ANY et ching of the

.silicate deposited, silicon oxide thereon;

providing patterning and etching of the first
insulating layer, silicon oxide, to form via holes for

) interconnects;

depositing by Plasma Enhanced CVD a layer of PPMS,
Plasma Polymerized Methylsilane, photosensitive polymer;

exposing PPMS to UV light to form PPMSO, Plasma
Polymerized Methylsilane Oxide, while blocking out the UV
light in trench and via openings;

removing unexposed PPMS from the trench and via
openings;

depositing a barrier conducting layer, TaN, that lines
both trench and via, for a diffusion barrier and CMP
chemical meéhanical polishing etch stop;

dépositing a thick conductive metal layer, Cu, and
planarizing: any excess metal layer by CMP chemical

mechanical polishing without dishing



insulating layer, silicon oxide, to formvia holes for inter connectsg3 SEP 2003
depositing by Plasma Enhanced CVD a | ayer of PPM5, Plasma Pol ynerize

Met hyl si | ane, phot osensitive polyner; exposing PPM5sto UV light to form
PPMSO, Pl asma Pol ymeri zed Met hyl sil ane Oxi de, while blocking out the WV
light in trench and via openings; renoving unexposed PPMS fromthe trench
and via openings; depositing a barrier conducting |ayer, TaN, that |ines
both trench and via, for a diffusion barrier and CMP chem cal nechani cal
pol i shing etch stop; depositing a thick conductive netal |ayer, Cu, and

pl anari zing , any excess netal layer by CWP chem cal nechanical polishing.
w thout dishing 2 3 SEP 2003 19 14. The nmethod of claim 13, wherein said
sem conductor substrate is a single cr; stal of sem conducting silicon. 15.
The met hod of claim 13, wherein said contact is .made to a source/drain

diffusion area of an NI[?FETI‘he method of claim 13, wherein said semiconductor

substrate is a single crystal of semiconducting silicon.

15. The method of claim 13, wherein said contact is
made to a source/drain diffusion area of an MOSFET

device on a semiconductor substrate.

16. The method of claim 13, wherein said contact is made to a

metal line in a multi-level wiring pattern connecting semiconductor devices.

17.  The method of claim 13, wherein said first insulating
layer is an interlevel dielectric and is PE CVD TEOS tetra-ethyl

} -ortho-silicate deposited, plhsﬁa enhanced chemical vapor
deposition, to form said first insulating oxide layer and is
a silicon oxide layer between about 4,000 to 8,000 Angstroms

in thickness.



device on a sem conductor substrate. 16. The nethod of claim 13, \A,her2i31 SEP
said contact is nade to a netal linein a multi-level wiring pattern 2003
connecti ng sem conductor devices. 17. The method of claim 13, wherein said
first insulating layer is an interlevel dielectric and is PE CVD TECS
tetra-ethyl -ortho-silicate deposited, plasma enhanced chem cal vapor
deposition, to formsaid first - insulating oxide layer and is a silicon

oxi de | ayer between about 4,000 to 8,000 Angstrons in thickness. 20 18.

The nethod of claim 13, wherein said | ayer of PPM5, photosensitive polyner

is Plasma Enhanced CVD deposited under the foll ow ng conditions: chanber
pressures from about 200 niforr to 10 Torr, thickness range from about

4,000 to 10,000 Angstrons, nethylsilane flow rate between approxi mtely 50

to 200 sccm and RF power between abdt 400 to 1,000 Watts. 19. The nethod

of claim 13, wherein exposi nge PPIVBQ{io uv Iigh%l, uses a WV nmask and

|i t hogr aphy exposure rbhge 1 pithed of claim 135whsran s#d layer®f to 250 nm 1ine

space. 20. The nef’plg&,%fl‘nogolsgrilsmi%g ’pow]n?érelis ri’lz?s%gadEHan)ére)g %G\QD
deposited under the following conditions:

chamber pressures from about 200 mTorr to 10 Torr, thickness
range from about 4,000 to 10,000 Angstroms, methylsilane
flow rate between approximately 50 to 200 sccm, and RF power

between about 400 to 1,000 Watts.

19.  The method'of claim 13, wherein exposing PPMS to
UV light, uses a UV mask and lithography exposure range to pattern

sub 250 nm line width to 250 nm line space.

20.  The method of claim 13, wherein said unexposed

) PPMS is removed by RIE - reactive ion etch or High Demsity

~ - -

Plasma etcher with chlorine gas flows between about 50
‘to 200 sccm, pressure range between about 1 to_ 100 mTorr,
power between 200 to 1,000 Watts,and selective etch

chemistry to remove PPMS.



PPVMS is renoved by RIE reactive ion etch or H gh Density Plasnma etchm\rfgﬁh
chlorine gas fl ows between about 50 to 200 sccm pressure range bet 2003
about 1 to 100 nfTorr, power between 200 to 1,000 Watts, and sel ective etch
chemistry to renove PPMS. 2 3 SEP 2003 21 21. The nethod of claim 13,
wherein said trench and via liner, ?afrri er and CVP chem cal - nechani cal
polish etch stop is TaN in thickness'ranging from about 50 to 500
Angstronms with preferred deposition conditions being by lonized Mtal
plasma (1 MP) sputtering or Chem cal Vapor Deposition (CVD). 22. The met hod
of cl ai m213Theunethedf thenddndhetimsaiditetneh ahdriatimendarreendnd CMR i | | i s copper
in thickness ranging from about 4,000 to 10,000 Angstrons.
chemical-mechanical polish etch stop is TaN in thickness ranging from about 50

to 500 Angstroms with preferred deposition conditions being by Ionized Metal

plasma (IMP) sputtering or Chemical Vapor Deposition (CVD).

22. The method of claim 13, wherein the conductive metal for trench and via fill is

copper in thickness ranging from about 4,000 to 10,000 Angstroms.



	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21

