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Method To Deposit A Seeding Layer For Electroless Copper Plating 

Background of Invention 

l) Field of the Invention 

This invention relates generally to the electroless 

5 depositing of Copper plating for semiconductor devices and 

10 

particularly to a method f.or forming a seeding layer for Cu 

electroless plating for a semiconductor device and more 

particularly to a method for forming a Pd/Pd acetate seeding 

layer for a Cu plug for a interconnect. 

2) Description of the Prior Art 

With continual decrease in semiconductor device 

dimensions and rapid increase in packing density, parallel 

development of multilayer interconnect technology cannot be 

15 overemphasized. Related issues like RC delay, cross talk, etc. 

become more important as the dimensions constantly scaled down 

to the deep submicron regime. Thus, advanced metalization 

materials are required. Copper has been very much envisioned to 
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be the next potential candidate and deposition by the 

electroless approach appears to be an attractive one based on 

factors like low cost of ownership, complete via interconnect 

fill, etc. In general a catalytic seeding layer like CVD Cu or 

5 Pd/Pt deposited on a diffusion barrier like TiN and TaN is 

required. However, such process are either too costly or 

contain counterions. 

us 5674787 (Zhao )Selective electroless copper 

deposited interconnect plugs for ULSI applications - shows a 

10 selective Cu electroless deposition in a via hole using a seed 

layer. A contact displacement technique is used to form a 

thin activation layer of copper on a barrier metal, such as TiN, 

which is present as a covering layer on the underlying metal 

layer. An electroless copper deposition technique is then used 

15 to auto-catalytically deposit copper in the via. 

US 4574095 (Baum): Selective deposition of copper -

teaches a process for selectively depositing copper by first 

selectively depositing palladium seeds by irradiating a 

palladium compound with light. Following the deposition of the 

20 palladium seeds, copper is deposited by an electroless process. 
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US 4,282,27l(Feldstein) shows another method of 

electroless depositing Cu. 

However, an improved method of Cu electroless is 

needed. 

Summary of the Invention 

It is an object of the present invention to provide 

a method for using a palladium (Pd) acetate seed layer (with 

optional thermal decomposition) for electroless copper plating. 

It is an object of the present invention to provide 

:o a method for using a Pd acetate seed layer {with/with out 

optional thermal decomposition) for electroless copper plating 

to form interconn·ect structures in semiconductor chip. 

It is an objective of the present invention to 

provide a method to thermally treat Pd acetate (e.g., Pd metal) 

15 to form a seeding layer. 

It is yet another objective of the present invention 

to form a Pd passivation cap layer over a Cu plug to minimize 

the oxidation of the Cu plug. 
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To accomplish the above objectives, the present 

invention provides a method to deposit a seeding layer for 

electroless copper plating to form an interconnect or conductive 

line. The invention has two preferred embodiments. The first 

5 embodiment forms an important seed layer 13 composed of Pd 

acetate by a spin-on or dip process for the electroless plating 

of a Cu fill 16. See figs lA - lD. 

The second embodiment forms a Pd passivation layer 

cap 17B over the Cu fill 16 to prevent the Cu fill from 

10 oxidizing. See figs 2A to 2C and Fig 3. 

15 

20 

The method for the first embodiment involves the 

following steps: 

a) ~.n insulating layer 11 having an opening 14 is 

formed over a substrate 10; the insulating layer 11 

having a top surface llA. 

b) A diffusion barrier layer 12 is formed over the 

insulating layer 11. 

c) In a key step, a seeding film 13 composed of a 

combination of Palladium (Pd) and palladium acetate 

over the diffusing barrier layer 12. The seeding 

film 13 is formed by dip coating or spin-on. 
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d) In an optional thermal decomposition step, the 

seeding film 13 to form a seeding film is 

thermally decomposed to change the Pd acetate into 

Palladium or a combination of Pd acetate and Pd. 

5 e) Next, w~.-- chemical-mechanical polish and remove the 

seeding film 13 and the diffusing barrier layer 12 

from over the top surface llA of the insulating 

layer 11. 

f) Now, we electrolessly plate Cu over the seeding 

10 film 13 forming a copper fill 16 (plug) filling 

the hole 14. 

g) The copper fill 16 is chemical-mechanical polished 

to planarize the copper fill (copper plug} 16 to a 

level even with the top surface llA of the 

15 insulating layer 11. 

The second embodiment forms a Pd passivation cap 17B 

over the cu fill 16 by a process involving the same steps as the 

first embodiment up to the electroless Plating of Cu. See figs 

20 2A - 2C. The Second embodiment's Cu fill 16 only partially 

fills the hole 14. Next, a key passivation layer composed of 

a combination of Pd/Pd acetate is formed on the Cu plug and at 

least fills the hole. The passivation layer is formed by a 
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process of dip coating or spin-on. The passivation layer is then 

chemical-mechanical polished. 

The invention's first embodiment application of 

thermal I non-thermal treated Pd acetate film 13 as a 

5 catalytic/seeding layer for electroless copper plating has 

several advantages: 

0 the kinetics/rate of plating is either comparable or faster 

than that of the conventional approaches. 

0 In the seed bath, undesirable counter ions like Cl- may be 

10 excluded with the present invention where by no such species 

is present. 

u The seeding bath comprises mainly two components: CD Pd 
acetate and ® a suitable solvent, unlike conventional seed 
baths whereby three or four toxic and corrosive components are 

15 required. 

0 The present invention has lower cost of ownership. 

The second embodiment of the present invention forms 

a Pd cap passivation layer 17B over the Cu fill 16. The Pd cap 

passivation layer 17B prevents the Cu fill 16 from oxidizing. 
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The present invention achieves these benefits in 

the context of known process technology. However, a further 

understanding of the nature and advantages of the present 

invention may be realized by reference to the latter portions of 

5 the specification and attached drawings. 

Brief Description of the Drawings 

The features and advantages of a semiconductor 

device according to the present invention and further details of 

a process of fabricating such a semiconductor device in 

10 accordance with the present invention will be more clearly 

understood from the following description taken in conjunction 

15 

with the accompanying drawings in which like reference numerals 

designate similar or corresponding elements, regions and 

portions and in which: 

Figures lA through lD are cross sectional views for 

illustrating a first embodiment of a method for using a Pd 

acetate seeding layer for electroless depositing of a 

semiconductor filling according to the present invention. 
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Figs 2A, 2B, 2C show a second embodiment of the 

invention that forms a Palladium (Pd) passivation layer 17B over 

the Cu plug 16 to prevent the copper(Cu) plug 16 from oxidation. 

Fig 3 is a flow chart outlining the steps for the 

5 second embodiment of the present invention. 

Detailed Description of the Preferred Embodiments 

The present invention will be described in detail 

with reference to the accompanying drawings. The present 

invention provides a method of forming a thermal or non-thermal 

10 treated Pd acetate film as a catalytic /seeding layer for 

electroless copper plating 16. The invention can be used to 

form metal patterns, metal lines, interconnects etc. using 

damascene, dual damascene or other processes and is not limited 

to the configuration shown in the figures. 

15 In the following description numerous specific 

details are set forth such as flow rates, pressure settings, 

thicknesses, etc., in order to provide a more thorough 

understanding of the present invention. It will be obvious, 

however, to one skilled in the art that the present invention 

20 may be practiced without these details. In other instances, 
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well known process have not been described in detail in order to 

not unnecessarily obscure the present invention. 

Substrate 10 is understood to possibly include a 

semiconductor wafer, active and passive devices formed within 

· .- 5 the wafer and layers formed on the wafer surface. The term 

~substrate" is meant to include devices formed within a 

semiconductor wafer and the layers overlying the wafer. The 

term ~substrate surface" is meant to include the upper most 

exposed layers on a semiconductor wafer, such as a silicon 

10 surface, insulating layer and metallurgy lines. 

ist Embodiment - Pd Acetate/Pd Seed Layer For Cu Electroless 
Plating 

As shown in Fig lA, an insulating layer 11 is formed 

having an opening 14 over a substrate 10. The substrate can 

15 represent a semiconductor substrate (e.g., Silicon) and 

conductive regions and isolating regions therein and conductive 

layers and insulating layers over the substrate. In figure lA, 

the substrate 10 preferably represents a conductive (e.g., 

metal) line preferably composed of copper (Cu), tungsten (W), 

20 AlKCuy, tantalum nitride (TaN), titanium nitride, tantalum (Ta), 

Palladium (Pd), Silver (Ag), or Gold (Au). 
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The insulating layer 11 has a top surface llA and 

sidewalls llB defining the opening 14. The insulating layer is 

preferably composed of silicon oxide; polyimide, or low K­

dielectrics (such as Flare) . The insulating layer preferably 

5 has a thickness in a range of between about 500 and 10,000 A. 

Next, a diffusion barrier layer 12 is formed over 

the insulating layer 11. The diffusion barrier layer 12 is 

preferably formed by Physical Vapor Oeposition (PVD) titanium 

nitride, CVD titanium nitride (TiN), Physical Vapor Deposition 

10 (PVD) tantalum nitride (TaN), chemical vapor deposition (CVD), 

tantalum nitride (TaN), CVD tungsten nitride (WN) and CVD 

tantalum and is most preferably composed of tantalum nitride 

(TaN) . The diffusion barrier layer 12 preferably has a 

thickness in a range of between about 50 and 5000 A. 

15 The opening 14 preferably has a width in a range of 

between about 0.1 and 1.0 µm. 

Still referring to Fig lA , in a important step, a 

seeding film 13 composed of Pd and palladium acetate is formed 

on the diffusion barrier layer 12. The seeding film 13 is 

20 formed by dip coating or spin-on. The invention's dip coating or 

spin on process is less expensive and less dangerous than 
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conventional vapor coating processes. The composition of the 

palladium acetate bath and suit solvent is preferably Pd acetate 

solvents, chloroform, or methylene chloride with a concentration 

between about 0.2 M and lM. To improve the solubility of Pd 

5 Acetate, acetic acid can be added. 

10 

Before the dip coating or spin process, we 

preferably clean the diffusion barrier layer using NH4F /HF and 

then rinse in DI water. 

The seeding film is composed of Pd or a combination 

of Pd acetate and Pd. The seeding fil~ 13 preferably had a 

thickness in a range of between about 100 and 1000 A. The 

seeding is performed for a time in a range of between about 

0.25 and 2 Min and at a temperature in a range of between about 

1 S 2 S and 3 O 0 c . 

Next, in an optional process, the seeding film 13 

composed of a combination of Pd and palladium acetate is 

thermally decomposed to form a seeding film 15 composed of 

Palladium. The seeding film 13 is preferably heated using a 

20 Rapid thermal tool or furnace or a laser. The wafers are 
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preferably heated to a temperature in a range of between about 

250 and 400 °C for a time in a range of between about 1 milli-

second and 5 minutes. 

5 As shown in Fig lB, the seeding film 15 {or seeding 

10 

layer composed of a combination of Pd and Pd acetate if not 

thermally decomposed) and the diffusing barrier layer 12 over 

the top surface of the insulating layer 11 are chemical-

mechanical polished and removed. 

As shown in Fig lC, Cu is electroless plated only 

on the seeding film 13 to form a copper plug (fill) 16 filling 

the hole 14. 

A preferred CU bath for electroless plating is shown 

below: 
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Chemical Concentration range 
-

CuSo4 5H20 0.5 - 0.1 M 

EDTA 0.1 - 0.5 M 
-

TMAH/TEAH ** 
Ethylene Glycol 0.5 - 5% 

Glyoxylic acid 0.01 - 0.1 M 

** (tetramethly ammonium hydroxide) or ammonium hydroxide) to 

adjust final pH > 12.5 . 

The inventors have found surprisingly and 

unexpectedly high quality Cu interconnects formed using the 

5 invention's Seeding layer bath and the electroless Cu bath 

above. 

Fig'lD shows the step of chemical-mechanical 

polishing the copper fill 16 to planarize the copper fill 16 to 

10 a level even with the llA top surface of the insulating layer 

11. 

Next, insulating and conductive layers are formed 

thereover to complete a semiconductor device. 
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2nd Embodiment - Pd Passivation Cap Layer 17B over Cu Plug 16 

Figs 2A, 2B, 2C and flow chart Fig 3 show the second 

embodiment. The second embodiment forms a Pd passivation layer 

17B over the Cu plug 16 to prevent the Cu plug 16 from 

5 oxidation. The inventors have found that electroless plated Cu 

fill's sometimes oxidize which increases resistance and lower 

device performance. 

The processing starts as described above and shown 

in Figs 1 A and lB. 

10 Referring to Fig 2A, When the Cu fill 16 is 

electroless plated into the hole 14, the Cu only partially fills 

the hole 14. See Fig 3, step 201. 

In a key step shown in Fig 2B, a Pd acetate layer 

17A is formed over the Cu fill 16 and over the insulating layer 

15 11. The Palladium (Pd) acetate layer is formed using the 

invention seeding bath and dip or spin on process described in 

the first embodiment. 

Next, the Pd acetate layer 17A is thermally treated 

as described above to form a Pd layer 17B. See step 203. 
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As shown in Fig 2C, the Pd layer 178 is chemical-

mechanical polished (CMPed) to remove the Pd layer over the 

insulating layer 11 and leave a Pd cap passivation layer 17B 

over the Cu plug 16. The Pd cap passivation layer 17B prevents 

5 the Cu plug 16 from oxidation. In contrast to US 5,674,787(Zhao 

et al.) the invention's Pd cap layer 17B is an oxidation barrier 

and not necessarily a Cu diffusion barrier. 

Next, insulating and conductive layers are formed 

thereover to complete a semiconductor device. 

10 

Advantages Of The Invention's 1st And 2nd Embodiments 

The invention's first embodiment application of 

thermal I non-thermal treated Pd acetate film 13 as a 

catalytic/seeding layer for electroless copper plating has 

15 several advantages : 

D the kinetics/rate of plating is either comparable or faster 
than that of the conventional approach. 

D In the seeding bath, undesirable counter ions like Cl- may be 
excluded with the present invention where by no such species 

20 is present. 
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0 The seeding bath comprises mainly two components: CD Pd 

acetate and ~ a suitable solvent. In contrast, conventional 
seeding baths contain and require three or four toxic and 
corrosive. 

5 0 The present invention has lower cost of ownership. 

The Second embodiment of the present invention forms 

a Pd cap passivation layer 17B over the Cu fill 16. The Pd cap 

passivation layer 17B prevents the Cu fill 16 from oxidizing. 

10 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. 

15 - ·' 
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CLAIMS 

1. A method to deposit a seeding layer for electroless copper 

plating for a semiconductor device; comprising the steps of 

a) forming an insulating layer having an opening 

over a substrate; said insulating layer having a 

top surface; 

b) forming a diffusion barrier layer over said 

insulating layer; 

c) forming a seeding film composed of Palladium (Pd) 

and palladium acetate over said diffusion barrier 

layer; said seeding film formed by a process 

selected from the group consisting of dip coating 

and spin-on; 

d) chemical-mechanical polishing and removing said 

seeding film and said diffusing barrier layer form 

over said top surface of said insulating layer; and 

e) electroless plating Cu over said seeding film 

forming a copper plug at least filling said hole. 

2. The method of claim 1 wherein Step {e) further includes 

electroless plating Cu over said seeding film to form a 

copper plug only partially filling said hole; and 

\ \\\\\\) \\\\~ \\\~\\\\~\I\\\\ 
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forming a passivation la-yer composed of Pd acetate 

on said copper plug at least filling said hole; said passivation 

layer formed by a process selected from the group consisting of 

dip coating and spin-on; and 

polishing said passivation layer. 

3. The method of claim 1 wherein Step (e) further includes 

electroless plating Cu over said seeding film forming a 

copper plug totally filling said hole; and 

chemical-mechanical polishing said copper plug to 

planarize said copper plug to a level even with said top 

surface of said insulating layer. 

4. The method of claim 1 wherein said diffusion barrier layer 

is composed of a material selected from the group consisting 

of TiN, TaN, WN and Ta. 

5. The method of claim 1 wherein said diffusing barrier layer 

has a thickness in a range of between about 50 and 5000 A; 

6. The method of claim 1 wherein after step (C) but before 

step (d) which further includes: 

thermally decomposing said seeding film transform at 

said Palladium acetate to Palladium (Pd) . 

I lllllll llllll lllll lllll II llll 
* C L M S * 
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7. The method of claim 1 wherein said insulating layer is 

composed of a material selected from the group consisting of 

silicon oxide, polyimide, and low-k dielectric; and said 

insulating layer has a thickness in a range of between about 

500 and 10,000 A. 

8. The method of claim 1 wherein said seeding layer is formed 

using a seed bath comprised of Palladium acetate, acetic acid 

chloroform, and a solvent of a material selected from the 

group consisting of chloroform and methylene chloride with a 

concentration between about 0.2 Mand 1.0 M. 

9. A method to deposit a seeding layer for electroless copper 

plating for a semiconductor device; comprising the steps of: 

a) forming an insulating layer having an opening 

over a substrate; said insulating layer having a 

top surface; 

bl forming a diffusion barrier layer over said 

insulating layer; 

c) forming a seeding film composed of Palladium (Pd) 

and palladium acetate over said diffusion barrier 

layer; said seeding film formed by a process 

selected from the group consisting of dip coating 

and spin-on; 

111111111111111111111111111111 
* C L M S * 
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d) thermally decomposing said seeding film transform 

at least a portion of said Pd acetate to Pd; 

e) chemical-mechanical polishing and removing said 

seeding film and said diffusing barrier layer over 

said top surface of said insulating layer; and 

f) electrolessly plating Cu over said seeding film 

to form a copper plug filling said hole; 

g) chemical-mechanical polishing said copper plug 

to planarize said copper plug to a level even with 

said top surface of said insulating layer. 

10. The method of claim 9 wherein said diffusing barrier layer 

is composed of a material selected from the group consisting 

of TiN, TaN, WN and Ta. 

11. The method of claim 9 wherein said diffusing barrier layer 

has a thickness in a range of between about 50 and 5000 A. 

12. The method of claim 9 wherein said seeding layer is formed 

using a seed bath comprised of Palladium acetate, acetic acid 

chloroform, and a solvent of a material selected from the 

group consisting of chloroform and methylene chloride with a 

concentration between about 0.2 M and 1.0 M. 

I lllllll llllll lllll lllll II llll 
* C L M S * 
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13. A method to deposit a seeding layer for electroless copper 

plating; comprising the steps of 

a) forming an insulating layer having an opening 

over a substrate; said insulating layer having a 

top surface; 

b) forming a diffusion barrier layer over said 

insulating layer; 

c} forming a seeding film composed of palladium 

acetate over said diffusion barrier layer; said 

seeding film formeq by of a process selected from 

the group consisting of dip coating and.spin-on; 

d) thermally decomposing said seeding film transform 

at least a portion of said Palladium acetate to Pd; 

e) chemical-mechanical polishing and removing said 

seeding film and said diffusing barrier layer over 

said top surface of said insulating layer; and 

f) electrolessly plating Cu over said seeding film 

forming a copper plug only partially filling said 

hole; and 

g) forming a passivation layer composed of palladium 

(Pd} and palladium acetate at least filling said 

hole; said passivation layer formed by a process 

111111111111111111111111111111 
* C L M S * 
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selected from the group consist.ing of dip coating 

and spin-on; and 

h) polishing said passivation layer. 

14. The method of claim 13 wherein said diffusing barrier layer 

is composed of a material selected from the group consisting 

of TiN, TaN, WN and Ta. 

15. The method of claim 13 wherein said diffusing barrier layer 

has a thickness in a range of between about 50 and 5000 A. 

16. The method of claim 13 wherein said seeding layer is formed 

using a seed bath comprised of Palladium acetate, acetic acid 

chloroform, and a solvent of a material selected from the 

group consisting of chloroform and methylene chloride with a 

concentration between about 0.2 Mand 1.0 M. 

I !DI/!$~ JI~ ff~IHID 
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