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A SIMPLIFIED DUAL DAMASCENE PROCESS 

BACKGROUND OF THE INVENTION 

(1) FIELD OF THE INVENTION 

This invention relates to a method of fabrication used 

for semiconductor integrated circuit devices, and more 

specifically to a method whereby Plasma Polymerized Methylsilane 

PPMS, a photosensitive polymer, forms an oxide layer, Plasma 

Polymerized Methylsilane Oxide (PPMSO), when exposed to UV light 

which forms the top insulating layer of a dual .d~scene 

insulating layer structure . 

. (2) DESCRIPTION OF PRIOR ART 

In the fabrication of. semi'conductor integrated circuits 

the dual damascene process is well known in the fabrication 

of multi-level conducting metal lines and interconnects. 

Related patents teach various methods of photolithography 

processes to pattern metal lines both with· and without dual 

damascene processing; but these methods do not cover the 

present invention ~hich consists of using PPMS, a photosensitive 

polymer.with dual damascene CMP processing. 
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U.S. Patent 5,100,7~4 to Paulson et al teaches a method 

whereby sol gel, a colloidal suspension is used to form metal 

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 

~esist to substrate. 

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

of making a semiconductor device having a low permittivity 

dielectric. A fluorinated polymer layer is deposited on 

a metal, semiconductor or nonmetallic ~urface. The fluorinated 

polymer is heat treated and patterned by photolithography to 

form vias and then covered with a metal interconnect 

layer. 

U.S. Patent S,689,14Q.to Shoda describes a method of 

forming studs and interconnects in multi-layered semiconductor 



3 

devices. A dual damascene process is described with adhesion 

l~yers for each conductive layer. 

U.S. Patent 5,635,423 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 dual 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 

ion beams to oxidize amorphous silicon at selected regions. 

The non-oxidized regions are removed by etching in an RF 

excited hydrogen plasma. 

SUMMARY OF THE INVENTION 

It is general object of the present invention to provide an 
I. 

improved method of 1forming integrated circuits in which a 
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simplified dual damascene process uses CMP, chem-mech polish to 

form planarized structures: metal line wiring, interconnects and 

via contacts, with~ut the problem of dishing. 

More specific to the invention is an improved method..of 

forming planarized structures whereby Plasma Polymerized 

Methylsilane (PPMS), photosensitive polymer, forms an oxide 

layer, Plasma Polymerized Methylsilane Oxide (PPMSO), when 

exposed to UV illumination. The oxide layer PPMSO is patterned 

by a photo blockout mask to form the top layer of a dual 

damascene insulating layer structure. Conductive metal, copper, 

is deposited on to trench 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 patterning, interconnects between 

multi-level metal layers, contacts through vias to metal lines 

and source/drain ~evice contacts •. 

/ 
In accordance with the present invention, the above and 
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other objectives are realized by using a method of fabricating a 

planarized structure on a semiconductor substrate, wherein a 

first insulating layer is provided. A second insulating laye~ 

over the first insulating layer is deposited. Patterning and 

etching of the second insulating layer follows to form opening 

in the second insulating layer. A first layer of conducting 

metal is deposited on and into the second insulating layer. Then 

the excess conductive metal layer is polished back by CMP, 

chem-mech polishing. 

A third insulating layer 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 photo blockout mask to form Plasma Polymerized 

Methylsilane Oxide (PPMSO); while blocking 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 chemical formulas and reactions are 

outlined in the following section: 
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Methylsilane, Rf Plasma Deposition: 

). 

CH3 CH3 

I I 
-Si-Si- H 

I I I 
H Si-Si 

I I 
CH3 CH3 

PPMS, Plasma Polymerized Methylsilane 

PPMS, Ultraviolet Exposure in Air: 
CH3 CH3 

I I 
PPMS ) O-Si-0-Si-O 

I I 
OH 0 H 

I I 
0- Si-0-Si-O 

I I 
CH3 CH3 

PPMSO, Plasma Polymerized Methylsilane Oxide 

Next, a conductive barrier layer is conformally deposited 

and it provides a lining for the trench 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 Polymerized Methylsilane 

Oxide, are similar. 
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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 diffusion, interconnection wiring pattern, via and 

conducting metal line, in the fabrication of an MOSFET device. 

Therefore, providing said active elements in said semiconductor 

substrate. A semiconductor substrate is provided with a first 

insulating layer, PE CVD TEOS deposited silicon oxide thereon. 

Patterning and etching of the silicon oxide is performed to form 

via holes for interconnects. At this point in the process, a 

layer of PPMS, photosensitive polymer is deposited by Plasma 

Enhanced CVD method, PE CVD. PPMS is exposed to UV light to form 

PPMSO, while a photo blockout mask blocks out the trench and via 

opening regions. The unexposed PPMS is removed from the trench 

and via openings. A barrier conducting layer, TaN, 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 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 
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described in the description of the preferred embodiments with 

reference to the attached drawings that include: 

Figs. l - 3~ which in cross-sectional representation 

illustrate the prior art method, showing dishing of the metal 

after CMP 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 embodiment of the present inven_tion - where the 

application is contact through a via to a source/drain of an 

MOSFET device. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Prior art is illustrated in cross-sectional drawings in 

Figures 1, 2 and 3. As shown in Figure 1, a semiconductor 

substrate 2 is provided with an insulating layer 3. Two layers 

of dielectric 4 and 8 are patterned with trench and via opening. 

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 the 

resulting dishing structure 11 is shown in Figure 3. 
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In the present invention a simplified dual damascene 

process is described whereby conductive metal lines, 

interconnects, contact vias to metal lines and diffusions are 

formed without the problem of dishing, iri 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 etching of the silicon oxide 4 is 

performed to form via holes for interconnects·. A layer of 

copper 6, first conductive metal, is deposited on the silicon 

oxide 3, first insulating l"ayer. 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 

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 

pla~ma 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 photo blockout mask 16 

blocks out the trench and via opening regions 12. The 
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af orenientioned chemical formulas and reactions are outlined 

below: 

MethylsiJane, Rf Plasma Deposition: 

) 

CH3 CH3 

I I 
-Si-Si- H 

I I I 
H Si-Si 

I I 
CH3 CH3 

PPMS, Plasma Polymerized Methylsilane 

PPMS, Ultraviolet Exposure in Air: 

PPMS > O-Si-0-Si-O 

I I 
OH 0 

I . 
H 

I 
0- Si-0-Si-O 

I I 

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 ·significantly attacking the 

underlying copper layer 6 are: 
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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, a barrier conducting layer 24 of TaN 

is deposited and forms a liner for both the trench and via. A 

thick conducting layer 26 of Cu is deposited and the excies~ 

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 chem-mechanical polish (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 niade to a source/drain diffusion 30, as 

shown in Figure 8. A similar process as described above takes 

place. Figure 8 sketches a simplified variation and application 

of the present invention. An insulating layer 9 is deposited by 

PE CVD 'l'EOS over the substrate 2. Then patterning and etch of 

this insulating layer, sil~con oxide, is performed to form a via 

openings. At this point in the process, a layer of PPMS, 

photosensitive pol~r is deposited by Plasma Enhanced CVD (PE 

CVD) • PPMS is expcu~ed to UV light to form PPMSO 15, while a 

·photo blockout mask blocks out the trench and via opening 
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regions. The unexposed PPMS is removed from the trench and via 

openings. A barrier conducting layer, .TaN 24, is deposited and 

lines both the trench and via. ~his 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 PMMSO and 

Cu CMP back at similar .poli·shing rates. 

As shown in Figure 8, a barrier conducting layer 24, TaN, 

is deposited and lines both the trench and via. This layer of 

TaN acts as diffusion barrier and CMP etch stop. A thick 

conductive lay~r 28 of Cu is deposited and the excess metal 28 

is planarized by CMP without dishing, ·as shown in the figure. 

Key to this process is that.t~e PMMSO 15 and Cu 28, both CMP 

back at similar polishing rates. 

While the invention has been particularly shown and 

described with reference to the preferred embodiments 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. 
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CLAIMS 

1. A method of using the dual damascene technique to 

form a conducti v.e contact to a semiconductor device 

comprising: 

··providing a substrate having a first.insulating layer 

5 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; 

10 · depositing first conductive metal into second 

insulating layer; 

removing the excess conductive metal by CMP; 

depositing a third insulating layer over said second 

insulating layer patternin~ and etching said third 

15 insulating layer to form openings on conducting metal 

lines; 

depositing by a layer of Plasma Polymerized 

Methylsilane lPPMS), a photosensitive polymer; 

This Sheet Ras Been R 
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exposing PPMS of UV light to form Plasma Polymerized 

Methylsilane Oxide (PPMSO), while blocking out the UV light 

in the trench and via openi.ngs; 

removing unexposed PPMS from the· trench and via 

·5 opening; 

depositing a barrier conducting layer which lines 

trench and via region and whereby said layer acts as a 

diffusion barrier and CMP etch stop; 

depositing a conductive metal layer and planarizing the 

10 excess metal layer by CMP without metal dishing. 

2. The method of claim 1, wherein said insulating 

layer is an interlevel dielectric and is PE CVD TEOS 

deposited, plasma enhanced.chemical vapor deposition, 

to form said insulating oxide layer and said silicon oxide 

15 layer is between about 4,000 to 8,000 Angstroms in 

thickness. 
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3. The method of claim 1, wherein the second layer of 

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 

5 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. 

10 6. The method of claim 1, wherein the third layer of 

insulating material is conformal CVD deposited silicon 

oxide in the thickness between about 4,000 to 8,000 

Angstroms. 

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

15 insulating material is patterned- with dimensions, 
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width ranges from about 2,000 to 6,000 Angstroms, and height 

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

8. The method of claim 1, wherein said layer of PPMS, 

photosensitive polymer is plasma e·nhanced cvo deposited 

5 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 seem, and Rf power between about 

400 to 1,000 Watts. 

10 9. The method of claim 1, wherein said UV mask and 

lithography exposure range to pattern sub 250 run line width 

to sub 250 nm line space. 

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

is removed by RIE or High Density Plasma etcher with 

15 chlorine gas flows between about 50 to 200 seem, pressure 

range between.about 1 to 100 mTorr, power between 200 to 
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1,000 Watts, selective etch chemistry to remove"PPMS protect 

the underlayer of copper. 

11. The method of claim 1, wherein said trench and 

via liner, barrier and CMP etch stop is TaN in thickness 

5 range TaN is from about 50 to 500 Angstroms with preferred 

deposition conditions being by Ionized Metal Plasma (IMP) 

sputtering or by Chemical Vapor Deposition (CVD). 

12. The method of claim 1, wherein the conductive 

metal for trench and via fill is copper in thickness range 

10 is from about 4,000 to 10,000 Angstroms. 

13. A method of using the dual damascene technique to 

form a conductive contact to a semiconductor diffusion 

and interconnection wiring pattern, in-the fabrication 

of an MOSFET device comprising: 

15 providing said active device elements in said 

semiconductor.substrate; 
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providing a semiconductor substrate having a 

first insulating layer, PE CVD TEOS deposited, silicon 

oxide thereon; 

providing patterning and etching of the first 

5 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 of UV light to form PPMSO, Plasma 

10 Polymerized Methylsilane Oxide, while blocking out the UV 

light in the trench and via openings; 

removing unexposed PPMS from the trench and via 

openings; 

depositing a barrier conducting layer, TaN, that lines 

15 both trench and via, for a diffusion barrier and CMP etch 

stop; 

depositing a thick conductive metal layer, Cu, and 

planarizing the excess metal layer by CMP without dishing. 
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14. The method of claim 13, wherein said substrate is 

semiconductor material. 

15. The method of claim 13, wherein said contact is 

made to a source/drain diffusion area of ah MOSFET 

5 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 insulating 

10 layer is an interlevel dielectric and is PE CVD TEOS 

deposited, plasma enhanced chemical vapor deposition, 

to form said insulating oxide layer and said silicon oxide 1 

layer is between about 4,000 to 8,000 Angstroms in 

thickness. 
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18. The method of claim 13, 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 

5 range from about 4,000 to 10, o·oo Angstroi:ns, methylsilane 

flow rate between approximately 50 to 200 seem, and Rf power 

between about 400 to 1,000 Watts. 

19. The method of claim l~, wherein said UV mask and 

lithography exposure range to pattern sub 250 nm line width 

10 to 250 nm line space. 

20. The method of claim 13, wherein said unreacted 

PPMS is removed by RIE or High Density Plasma etcher with 

chlorine gas flows between about 50 to 200 seem, pressure 

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

15 1,000 Watts, selective etch chemistry to remove PPMS and 

protect the underlayer of copper • 

• ! 
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21. The method of claim 13, wherein said trench and 

via liner, barrier and CMP ·etch stop is TaN in thickness 

range TaN is .from about 50 to 500 Angstroms with pref erred 

deposition conditions being by Ionized Metal Plasma (IMP) 

5 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 range 

is from about 4,000 to 10,000 Angstroms. 


