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A PROCESS-WITHOUT.POST-ETCH CLEANING - CONVERTING POLYMER AND 

BY-PRODUCTS INTO AN INERT LAYER 

BACKGROUND OF THE INVENTION 

(1) Field of the Invention 

The invention relates to a method of 

metallization in the fabrication of integrated circuits, and 

more particularly, to a'method avoiding post-etch cleaning of 

vias and trenches by converting etch residue to an inert 

layer in the manufacture of integrated circuits. 

(2) Description of the Prior Art 

As device geometry shrinks, it becomes more 

and more difficult to remove the post-etch polymer from deep 

submicron vias and trenches. The residue remaining in vias 

and trenches will affect the subsequent barrier deposition 

and metallization causing via poisoning, high contact/line 

resistance, and reliability issues. The small geometry vias 

and trenches also cause difficulty in metallization because 

too thin a barrier may lead to leakage and copper diffusion 

while too thick a barrier may cause a problem in gap-filling. 

In the case of organic low dielectric constant or porous low 
• 

dielectric constant material's being used as dielectric 

materials, the post-etch cleaning (polymer and copper) is a 
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challenge for both wet· and. dry cleaninq processes. It would 

be·desirable to avoid the necessity for cleaning the post­

etch residue from deep submicron vias and trenches and, at 

the same time, provide a more robust diffusion barrier. 

u.s~ Patent 5,824,234 to Jou et al teaches a 

method of removinq a fluorocarbon polymer from a via. U.S. 

Patent 5,970,373 to Allen shows a method of removinq a 

polymer within an opening. U.S. Patent 5,985,762 to Geffken 

et al describes a barrier layer on the sidewalls of a via. 

The barrier layer may comprise silicon nitride or a metal or 

metal nitride. 

SUMMARY OF THE INVENTION 

A principal object of the present invention is 

to provide an effective and very manufacturable method of 

metallization without requirinq post-etch cleaning in the 

fabrication of inteqrated circuit devices. 

Another object of the invention is to provide 

a dual damascene copper. meta-llization process without post­

etch cleaninq in the fabrication of an integrated circuit 

device. 
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Yet another object of the invention·is to 

provide a dual damascene copper metallization process without 

post-etch cleaning wherein etch residue is converted to an 

inert layer. 

A further object of the invention is to 

provide a dual damascene copper metallization process without . 

post-etch cleaning wherein etch residue is exposed to a 

fluorinating agent and converted to an inert layer. 

In accordance with the objects of this 

invention a new method to avoid post-etch cleaning in 

a. metallization process is achieved. An insulatinq layer is 

formed over a first metal line in a dielectric layer 

overlying a semiconductor substrate. A via openinq is etched 

through the insulating layer to the first metal line whereby 

a polymer forms on sidewalls of the via opening. The polymer 

is treated w~th a fluorinatinq agent whereby the ·polymer is 

converted to.an inert layer. Thereafter, a second metal line 

is formed within the via opening wherein the inert layer acts 

as a barrier layer to complete the metallization process in 

the fabrication of an integrated circuit· device. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying drawings forming a 

material part of this description, there is shown: 

Figs. 1 through 6 schematically illustrate in 
, 

cross-sectional representation a process of the present 

invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention provides a metallization 

method.where post-etch cleaning is avoided. The etch residue 

is exposed to a f luorinating agent and thereby converted to 

an inert layer which can remain within the via opening. The 

process of the present invention is illustrated in the 

following Figs. l through 6 using a dual dam.ascene copper 

metallization process. It will be understood by those 

skilled in the art that the process of the present invention 

should not be limited to the application illustrated in the 

figures, but may be applied and extended in any application 

in which a post-etch polymer is generated. 

Referring now more particularly to Fig. 1, 

there is illustrated a portion of a partially completed 
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inteqrated circuit device. There is shown a semiconductor 

substrate 10, preferably composed of monocrystalline silicon. 

An intermetal dielectric (IMD) or interlevel. dielectric (ILD} 

layer 18 is deposited on the substrate wafer. Semiconductor 

devices structures, such as qate electrodes, source and drain 

regions, or metal interconn~cts, not shown, may be formed in 

and on the semiconductor substrate and covered by the IMD or 

ILD layer 18. 

For example, a tungsten plug 22 and overlyinq 

copper line 24 may be formed in openings through a second ILD 

layer 20, as she~. A passivation layer 26·, typically 

silicon nitride, is formed over the copper line 24. 

Further dielectric layers 28 and 32, optional 

etch stop layer 30, and optional cap layer 34 are formed as 

is conventional in the art. 

Referrinq now to Fig. 2, a dual damascene 

opening 35 is patterned into the dielectric layers 28 and 32. 

The patterning may be done by any conventional method, 

including via first, trench first, or embedded via. The 

etching stops at the passivation layer 26. 
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A post-etch polymer 39 forms on the sidewalls 

pf.the opening 35. The post-etch polymer contains mainly 

carbon, fluorine, oxygen, and silicon. The polymer 

composition depends upon the etch chemistry and the 

dielectric materials. The etch chemistry usually contributes 

carbon, fluorine, and oxygen. Silicon oxide dielectric 

materials provide silicon and oxygen. Other low dielectric 

constant dielectric materials will provide other polymer 

components, depending upon the composition of these 

mate.rials. 

In the prior art, a post-etch cleaning step 

would now be employed to remove the post-etch polymer 39 from 

the via opening. However, as noted above; this removal is 

difficult especially in deep submicron vias and trenches. 

The· process of the present invention eliminates the necessity 

of removing this post-etch polymer. 

As illustrated in Fiq. 3, the polymer is 

treated with a fluorinatinq agent 42. The fluorinating agent 

can be, but is not limited to, Fz. Other possible 

fluorinatinq agents are fluorinated alkanes such as CHF3, 

CH2F2, CHF3, CF,, etc., fluorinated alkenes such as CH2CHF, 

C2F4, etc., and other fluorinated organic compounds. The 

fluorinatinq agent reacts with the polymer and by-products to 
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form. a "Teflon-like" polymeric 44, shown in Fiq. 4. 

Th~ process conditions for the treatment. can 

be similar to a conventional plasma enhanced chemical vapor 

deposition (PECVD) process. The reaqent for the PECVD 

process can be fluorine alone, or a mixture of fluo.rinated 

carbons, fluorine, and unsaturated hydrocarbons. Examples of 

unsaturated hydrocarbons. include acetylene, alkene, 

fluoroalkene, and fluoroacetylene. 

The "tef lon-like 11 polymeric 44 is an inert 

layer. It provides a thin, useful copper barrier with low 

dielectric constant. Using the process o~ the present 

invention, post-etch cleaninq has been eliminated. At the 

same time, barrier metal thickness can be minimized. 

Increasinq th• treatment time increases the thickness of the 

inert layer 44. If the inert layer 44. is thick enough, it 

can totally replace the barrier metal layer. 

Now, referring to Fiq. 5, the passivation 

layer 26 is etched through to expose the underlying copper 

line. Duri~g .the etching of the passivation layer 26, 

part of the inert layer 44 at the bottom of the trench 

will be removed. Thus, the etch stop layer 30 can be 

used as part of the buffer/barrier layer for the 
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integrated structure. 

Now, a copper layer 48 is formed within the 

opening by any of the conventional means, including physical 

or chemical vapor deposition, electrochemical plating (ECP), 

or electroless plating, and so on.. The excess copper layer 

is polished off by chemical mechanical polishing (CMP), for 

example. 

Processing continues as conventional in the 

art with further levels of metallization, if required. 

Passivation layer 50 completes the integrated circuit device. 

The process of the present invention provides 

a method for converting the post-etch polymer into a useful 

thin layer which is left on the sidewalls of the via and 

trench openings. The present invention allows the 

elimination of post-etch cleaning, minimization or 

elimination of the barrier metal layer, and reduction of 

effective dielectric constant value. 

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 
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made without departinq from the spirit and scope of the 

· · invention. 

What is claimed is: 
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1. A method of metallization in the fabrication of an 

integrated circuit device comprisinq: 

forming an insulating layer over a first metal line 

in a dielectric layer overlying a semiconductor 

substrate; 

etching a via opening throuqh said insulating 

layer to said first metal line whereby a polymer 

forms on sidewalls of said via openinq; · 

treating said polymer.with a fluorinatinq agent 

whereby said polymer is converted to an inert layer; and 

thereafter forming a second metal line within said 

via opening wherein ·said inert layer acts as a barrier 

. layer to complete said metallization in the fabrication 

of said int~qrated circuit device. 

2. The method according to Claim l wherein said first 

metal line comprises copper. 

3. The .method according to Claim l wherein said 

insulating layer comprises multiple layers of dielectric 

materials. 

4. The method according to Claim l wherein said via 

opening is a dual damascene opening. 
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5. The method according to Claim 1 wherein said polymer 

comprises·carbon, fluorine, oxygen, and silicon. 

6. The method according .to Claim 1 wherein said step of 

treating said polymer comprises a plasma enhanced 

chemical vapor deposition process. 

7. The method according to Claim l. wherein said 

f luorinating aqent comprises one of the group containing 

Fa, fluoroca~bons, fluorinated alkanes, and fluorinated 

alkenes. 

8. The method according to Claim l wherein said inert 

layer comprises a "teflon-like" polymeric. 

9. The method according.to Claim l wherein said second 

metal line comprises copper. 

10. A method of dual damascene copper metallization in 

the fabrication of an integrated circuit device 

comprising: 

forming a passivation layer over a first copper 

line in a dielectric layer overlying a semiconductor 

substrate; 

depositing a dielectric.layer overlying said 
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passivation layer; 

etchinq a dual d~scene openinq throuqh said 

dielectric layer to said first copper line wherein said 

passivation layer remains over said first copper line 

and whereby a polymer forms on sidewalls of said dual 

damascene openinq; 

treating said polymer with a f luor·inating agent 

whereby said polymer is converted to an inert layer; 

thereafter etchinq through said passivation layer 

to said first copper line; and 

filling said dual damascene opening with copper 

wherein said inert layer acts as a-barrier layer to 

prevent-copper diffusion to complete said metallization 

in the fabrication of said integrated circuit device. 

11. The method according to Claim 10 wherein said 

dielectric layer comprises multiple layers of dielectric 

materials. 

12. The method according to Claim 10 wherein said 

polymer comprises carbon, fluorine, oxygen, and silicon. 

13. ·The method according to Claim 10 wherein said step 

of treating said polymer comprises a plasma enhanced 

chemical vapor deposition process. 
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·14. The method accordinq to Claim 10 wherein said 

f luorinatinq agent comprises one of the group containing 

F2, fluorocarbons, fluorinated alkanes, and fluorinated 

alkenes. 

15. The method accordinq to Claim 10 wherein said inert 

layer comprises a "teflon-like" polymeric. 

16. A method of-dual damascene copper metallization in 

the fabrication of an integrated circuit device 

comprising: 

forming a passivation layer over a first copper 

line in a dielectric layer overlying a semiconductor 

substrate; 

depositing a dielectric layer overlying said 

passivation layer; 

etching a dual damascene opening through said 

dielectric layer to said first copper line wherein said 

passivation layer remains over said first copper line 

and whereby a polymer forms on sidewalls of said dual 

damascene opening; 

treating said polymer with a fluorinating agent 

whereby said polymer is converted to a "teflon-like" 

polymeric layer; 

thereafter etching through' said passivation layer 
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to said first copper line; and 

filling said dual damascene opening with copper 

wherein said "tef lon-like" polymeric layer acts as a 

barrier layer to prevent copper diffusion· to complete 

said metallization in the fabrication of said inteqrated 

circuit device. 

17. The method according to Claim 16 wherein said 

dielectric layer comprises multiple layers of dielectric 

materials. 

18. The ~ethod according to Claim 16 wherein said 

polymer comprises carbon, fluorine, oxygen, and silicon. 

19. The method according to Claim 16 wherein said step 

of treating said polymer comprises a plasma enhanced 

.chemical vapor. deposition process. 

20. Th&method according to Claim 16 wherein said 

f luorinating agent comprises one of the group containing 

F2, fluorocarbons, fluorinated alkalies, and fluorinated 

alkenes. 
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