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PROCESSING SYSTEMS AND PLATFORMS FOR ROUGHNESS REDUCTION OF

MATERIALS USING ILLUMINATED ETCH SOLUTIONS

RELATED APPLICATIONS

5 [0001] This application also claims priority to U.S. Provisional Patent Application Serial

Number 62/779,604, filed December 14, 2018, and entitled "ROUGHNESS REDUCTION

METHODS FOR WET ETCH OF POLYCRYSTALLINE MATERIALS," and U.S.

Provisional Patent Application Serial Number 62/726,603, filed November 4, 2018, and

entitled "PHOTONICALLY TUNED ETCHANT REACTIVITY," and U.S. Patent

10 Application Serial Number 16/287,669, filed February 27, 2019, and entitled "ROUGHNESS

REDUCTION METHODS FOR MATERIALS USING ILLUMINATED ETCH

SOLUTIONS," U.S. Patent Application Serial Number 16/402,634, filed May 3, 2019, and

entitled "PROCESSING SYSTEMS AND PLATFORMS FOR ROUGHNESS REDUCTION

OF MATERIALS USING ILLUMINATED ETCH SOLUTIONS," each of which are hereby

15 incorporated by reference in their entirety.

BACKGROUND

[0002] The present disclosure relates to methods for the manufacture of microelectronic

workpieces including etch processes for material layers on microelectronic workpieces.

[0003] Device formation within microelectronic workpieces typically involves a series of

20 manufacturing techniques related to the formation, patterning, and removal of a number of

layers of material on a substrate for the microelectronic workpiece. Etch processes are often

used for the removal of material layers from a surface of the substrate. Controlling etch

uniformity at macroscale and microscale is becoming increasingly difficult as the feature size

of to-be-etched materials continues to shrink for the electronic devices formed on the

25 microelectronic workpieces. Traditional wet etch processes that use liquid etch solutions often

lack precise nanoscale control over the etch behavior. This lack of control becomes

problematic where small amounts of materials are to be removed and/or where a smooth

surface finish is desired.

30

[0004] Roughness control during etch processes for polycrystalline materials in particular

is a challenging task. Polycrystalline materials exhibit variable reactivity toward etchants
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depending on the surface crystallographic orientation of the polycrystalline materials.

Polycrystalline materials also exhibit variable reactivity toward etchants at grain boundaries

and defect sites for the polycrystalline materials. This variable reactivity leads to undesired

etch variability and surface roughness in traditional wet etch processes.

[0005] FIGS. 1A-1B (Prior Art) provide diagrams associated with such prior etch solutions

and related problems with variable reactivity and undesired etch variability.

[0006] Looking first to FIG. 1A (prior art), an example embodiment 100 is provided for

the traditional etch approach. A liquid etch solution 106 is applied to a material 104 on the

surface of a substrate 108 for a microelectronic workpiece. For the example embodiment 100,

10 the material 104 being etched is a cobalt (Co), and this material 104 has been previously formed

on the surface of the substrate 108. For the example embodiment 100, the liquid etch solution

106 provides an oxidation-dissolution etch mechanism. For this oxidation-dissolution etch

mechanism, the material 104 is oxidized by the liquid etch solution 106 and then dissolved by

the liquid etch solution 106.

15 [0007] The traditional oxidation-dissolution etch mechanism for cobalt leads to significant

roughening and pitting. For this traditional approach, cobalt etch is driven by an

oxidation/dissolution mechanism where the oxidant (e.g., hydrogen peroxide) oxidizes cobalt

(Co) to form CoOx with an oxidation rate constant of kox as represented by arrow 110. СoOx

is then dissolved into the solution through complexation with etchant molecules (e.g., citrate

20 anions) with a dissolution rate constant of ka as represented by arrow 112. For this traditional

approach, kox is less than ka (kox < ka), and this condition results in non-uniform etch at grain

boundaries for the polycrystalline cobalt leading to pitting and roughening of the surface.

[0008] FIG. 1B (prior art) provides a representative surface image 150 for this pitting and

roughening of a surface due to the undesired etch variability associated with the traditional

25 oxidation-dissolution approach. In contrast, an ideal wet etch process would provide a constant

etch rate independent of the surface chemistry (e.g., grain boundaries) of the material being

etched.
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SUMMARY 

[0009] Embodiments are described herein that use illumination of etch solutions to provide 

controlled etching of materials.  Disclosed processing systems and platforms deposit liquid 

etch solutions over a material to be etched and illuminate the liquid etch solutions to adjust 

reactant levels.  The material being etched can be, for example, a polycrystalline material, a 5 

polycrystalline metal, and/or other material to be etched.  The disclosed embodiments use 

illumination as a tool to control etchant reactivity in the etch solution contacting the material, 

thereby allowing for modifications to the etch behavior.  Chemical composition as well as other 

parameters can also be used in part to control the etch behavior and post-etch surface 

morphology and chemistry.  The disclosed embodiments thereby control and/or reduce surface 10 

roughness during etching of materials, such as polycrystalline materials, both at microscopic 

and macroscopic level.  These results are achieved through illumination of etch solutions 

applied to the material surface to provide point-of-use generation of highly reactive etchants 

that etch the material independent of surface chemistry of the material.  For one example 

embodiment, the liquid etch solution is an aqueous solution including hydrogen peroxide, and 15 

hydroxyl radicals are generated by illumination, such as ultraviolet light, to form highly 

reactive etchants.  Different or additional features, variations, and embodiments can also be 

implemented, and related systems and methods can be utilized as well. 

[0010] According to an aspect of the present invention, there is provided a processing 

system to perform a wet etch process on a substrate, comprising: a wet process chamber 20 

configured to perform a wet etch process, a substrate holder within the wet process chamber 

configured to support a substrate, a delivery system including a dispending nozzle arranged to 

supply a liquid etch solution to the substrate, the liquid etch solution having a first level of 

reactants with respect to a material on a surface of the substrate; an illumination system 

including a light source configured to illuminate the liquid etch solution with spatially resolved 25 

light to cause the liquid etch solution to have a second level of reactants with respect to the 

material that is different than the first level in a region exposed to the spatially resolved light, 

and a controller coupled to the delivery system to control delivery of the liquid etch solution 

and coupled to the illumination system to control illumination of different spatial regions of 

the liquid etch solution by the illumination system.  30 
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[0011] There is disclosed a processing system to perform a wet etch process on a substrate, 

comprising: a wet process chamber configured to perform a wet etch process; a substrate holder 

within the wet process chamber configured to support a substrate; a delivery system including 

a dispensing nozzle arranged to supply a liquid etch solution to the substrate, the liquid solution 

having a first level of reactants with respect to a material on a surface of the substrate; an 5 

illumination system configured to illuminate the liquid etch solution to cause the etch solution 

to have a second level of reactants with respect to the material that is different than the first 

level; and a controller coupled to the delivery system to control delivery of the liquid etch 

solution and coupled to the illumination system to control illumination output by the 

illumination system, where the controller is configured to control the illumination system and 10 

the delivery system to etch the material in a cyclic manner.   

[0012] In additional embodiments, the liquid etch solution, when illuminated, oxidizes the 

surface of the material to form oxidized material as a modified layer.  In further embodiments,  
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a uniform layer of oxidized material is formed as the modified layer, and the liquid etch solution 

further dissolves the oxidized material.  In still further embodiments, the liquid etch solution 

includes an aqueous solution including hydrogen peroxide and citrate.  In further embodiments, 

the delivery system is further configured to deliver an aqueous solution including a complexing 

agent to dissolve the oxidized material.  In still further embodiments, the complexing agent 5 

includes at least one of citrate, ethylene diamine, ethylendiamintetraacetate (EDTA), malic 

acid, oxalic acid, glycine, alanine, or iminodiacetic acid. 

[0013] In additional embodiments, the material to be etched includes a polycrystalline 

material.  In further embodiments, the polycrystalline material includes at least one of 

polycrystalline metal, polycrystalline cobalt, ruthenium, tungsten, titanium, tantalum, titanium 10 

nitride, or tantalum nitride. 

[0014] In additional embodiments, the illumination system is configured to selectively 

illuminate the liquid etch solution.  In further embodiments, the illumination system is 

configured to selectively illuminate the liquid etch solution with ultraviolet (UV) light in one 

or more on/off patterns.  In further embodiments, the illumination system is configured to 15 

selectively illuminate with two or more different colors of light. 

[0015] In additional embodiments, the controller is configured to control the illumination 

system to cause different exposures to different regions of the liquid etch solution to provide 

different amounts of etching for the material within the different regions.  In further 

embodiments, different exposures are based upon measurements of at least one of a topology 20 

for a surface of the material or a thickness of the material. 

[0016] According to a second aspect of the present invention, there is provided a platform 

to etch a substrate, comprising: a dry etch processing system to etch a polycrystalline material 

on a substrate with dry etch chemistry,  a wet etch processing system to etch the polycrystalline 

material to mitigate roughness of the polycrystalline material caused by the dry etch chemistry, 25 

a transfer module coupled to the dry etch module and configured to move the substrate between 

the dry etch processing system and the wet etch processing system, and an isolation pass-

through module coupled between the transfer module and the wet etch processing tool where 

the isolation pass-through module separates an ambient environment of the transfer module 

from an ambient environment of the wet etch processing system and being configured to permit 30 

the substrate to be moved between the transfer module and the wet etch processing tool without 

being exposed to an environment outside of the platform.  For the platform, the wet etch 

processing system includes a wet process chamber configured to perform a wet etch process, a 

substrate holder within the wet process chamber configured to support a  
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substrate, a delivery system arranged to supply a liquid etch solution to the substrate, the liquid 

etch solution having a first level of reactants with respect the polycrystalline material, an 

illumination system including a light source configured to illuminate the liquid etch solution 

with spatially resolved light to cause the liquid etch solution to have a second level of reactants 

with respect to the polycrystalline material that is different than the first level in a region 5 

exposed to the spatially resolved light, and a controller coupled to the delivery system to control 

delivery of the liquid etch solution and coupled to the illumination system to control 

illumination of different spatial regions of the liquid etch solution by the illumination system. 

[0017] In additional embodiments, the controller is configured to control the illumination 

system and the delivery system to etch the polycrystalline material in a cyclic manner.   10 

[0018] In additional embodiments, the liquid etch solution, when illuminated, oxidizes the 

surface of the polycrystalline material to form oxidized material as a modified layer.  In further 

additional embodiments, the liquid etch solution includes an aqueous solution including 

hydrogen peroxide, and the illumination includes ultraviolet (UV) light. 

[0019] In additional embodiments, the dry etch processing system implements one or more 15 

dry etch processes.  In further embodiments, the one or more dry etch processes include at least 

one of a plasma etch process, a reactive ion etch (RIE) process, a chemical vapor etch (CVE) 

process, or an atomic layer etch (ALE) process. 

[0020] In additional embodiments, the dry etch processing system is configured to etch the 

polycrystalline material resulting in a first surface roughness, and the wet etch process chamber 20 

is configured to adjust the first surface roughness to a second surface roughness less than the 

first surface roughness.  In further embodiments, the controller is configured to control the 

illumination system to cause different exposures to different regions of the liquid etch solution 

to provide different amounts of etching for the polycrystalline material based upon 

measurements of at least one of a topology for a surface of the material or a thickness of the 25 

material. 

[0021] Different or additional features, variations, and embodiments can also be 

implemented, and related systems and methods can be utilized as well. 
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BRIEF DESCRIPTION OF THE DRAWINGS

[0022] A more complete understanding of the present inventions and advantages thereof

may be acquired by referring to the following description taken in conjunction with the

accompanying drawings, in which like reference numbers indicate like features. It is to be

noted, however, that the accompanying drawings illustrate only exemplary embodiments of the

disclosed concepts and are therefore not to be considered limiting of the scope, for the disclosed

concepts may admit to other equally effective embodiments.

[0023] FIG. 1A (Prior Art) provides a diagram associated with prior etch solutions that

suffer from problems associated with variable reactivity and undesired etch variability.

[0024] FIG. 1B (Prior Art) provides a representative surface image for the pitting and

roughening of a surface due to the undesired etch variability associated with the traditional

oxidation-dissolution approach of FIG. 1 A (Prior Art).

[0025] FIG. 2A provides an example embodiment where illumination of a liquid etch

solution is used to facilitate control, and preferably real time control, of etch rates and

uniformity for the etch of a material on the surface of a substrate for a microelectronic

workpiece.

[0026] FIG. 2B provides a representative surface image for a smooth surface achieved due

to the increased etch uniformity associated with the illumination approach of FIG. 2A.

[0027] FIG. 3A provides a representative surface image for roughness prior to a cyclic

process mode where oxidation and dissolution reactions are separated.

[0028] FIG. 3B provides a representative surface image for the roughness reduction as

compared to FIG. 3A after the etch processing using a cyclic process mode.

[0029] FIG. 3C provides a representative diagram for AFM (atomic force microscopy)

surface roughness profiles before and after etch processing represented by the surface images

in FIG. 3A and FIG. 3B.

[0030] FIG. 4A provides an example embodiment 400 for a scanner solution where a light

emitting diode (LED) array is used for illumination of a liquid etch solution applied to the

surface of a substrate for a microelectronic workpiece.
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[0031] FIG. 4B provides an example embodiment where illumination of a liquid etch

solution dispensed on the surface of a substrate for a microelectronic workpiece is delivered by

one or more laser sources.

[0032] FIG. 5A is a process flow diagram of an example embodiment where illumination

is used to adjust reactants within a liquid etch solution thereby improving etch uniformity for

an etch of a material on the surface of a substrate for a microelectronic workpiece.

[0033] FIG. 5B is a process flow diagram of an example embodiment where illumination

is used to form hydroxyl radicals within a liquid etch solution having hydrogen peroxide

thereby improving etch uniformity for an etch of a polycrystalline metal on the surface of a

10 substrate for a microelectronic workpiece.

[0034] FIG. 6 is a process flow diagram of an example embodiment where illumination is

used to adjust reactants within an etch solution (e.g., at least one of gaseous etch solution,

liquid etch solution, or a combination thereof) thereby improving etch uniformity for an etch

of a material on the surface of a substrate for a microelectronic workpiece.

a

15 [0035] FIG. 7 is a process flow diagram of an example embodiment where illumination of

an etch solution (e.g., at least one of gaseous etch solution, a liquid etch solution, or a

combination thereof) is used to polish a material.

20

[0036] FIG. 8A is a block diagram of one example embodiment for a wet etch processing

system including a delivery system for liquid etch solutions and an illumination system that

can be used with respect to the disclosed techniques.

[0037] FIG. 8B is a block diagram of an example embodiment for a processing platform

including a wet etch processing system and a dry etch processing system that can be used with

respect to the disclosed techniques.
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[0092] Further modifications and alternative embodiments of the described systems and

methods will be apparent to those skilled in the art in view of this description. It will be

recognized, therefore, that the described systems and methods are not limited by these example

arrangements. It is to be understood that the forms of the systems and methods herein shown

and described are to be taken as example embodiments. Various changes may be made in the5

implementations. Thus, although the inventions are described herein with reference to specific

embodiments, various modifications and changes can be made without departing from the

scope of the present inventions. Accordingly, the specification and figures are to be regarded

in an illustrative rather than a restrictive sense, and such modifications are intended to be

10 included within the scope of the present inventions. Further, any benefits, advantages, or

solutions to problems that are described herein with regard to specific embodiments are not

intended to be construed as a critical, required, or essential feature or element of any or all the

claims.

23



   

 24  

CLAIMS 

What is claimed is: 

 

1.  A processing system to perform a wet etch process on a substrate, comprising: 

a wet process chamber configured to perform a wet etch process; 

a substrate holder within the wet process chamber configured to support a substrate; 

a delivery system including a dispensing nozzle arranged to supply a liquid etch 

solution to the substrate, the liquid etch solution having a first level of 

reactants with respect to a material on a surface of the substrate; 

an illumination system including a light source configured to illuminate the liquid 

etch solution with spatially resolved light to cause the liquid etch solution to 

have a second level of reactants with respect to the material that is different 

than the first level in a region exposed to the spatially resolved light; and 

a controller coupled to the delivery system to control delivery of the liquid etch 

solution and coupled to the illumination system to control illumination of 

different spatial regions of the liquid etch solution by the illumination system. 

 

2. The processing system of claim 1, wherein the liquid etch solution, when illuminated, 

oxidizes the surface of the material to form oxidized material as a modified layer. 

 

3. The processing system of claim 2, wherein a uniform layer of oxidized material is 

formed as the modified layer, and wherein the liquid etch solution further dissolves the 

oxidized material. 

 

4.   The processing system of claim 3, wherein the liquid etch solution comprises an 

aqueous solution including hydrogen peroxide and citrate. 

 

5. The processing system of claim 2, wherein the delivery system is further configured 

to deliver an aqueous solution including a complexing agent to dissolve the oxidized material. 

 

6. The processing system of claim 5, wherein the complexing agent comprises at least 

one of citrate, ethylene diamine, ethylendiamintetraacetate (EDTA), malic acid, oxalic acid, 

glycine, alanine, or iminodiacetic acid. 
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7. The processing system of claim 1, wherein the material to be etched comprises a 

polycrystalline material. 

 

8. The processing system of claim 7, wherein the polycrystalline material comprises at 

least one of polycrystalline metal, polycrystalline cobalt, ruthenium, tungsten, titanium, 

tantalum, titanium nitride, or tantalum nitride. 

 

9. The processing system of claim 1, wherein the illumination system is configured to 

selectively illuminate the liquid etch solution. 

 

10. The processing system of claim 9, wherein the illumination system is configured to 

selectively illuminate the liquid etch solution with ultraviolet (UV) light in one or more 

on/off patterns. 

 

11. The processing system of claim 9, wherein the illumination system is configured to 

selectively illuminate with two or more different colors of light. 

 

12. The processing system of claim 1, wherein the controller is configured to control the 

illumination system to cause different exposures to different regions of the liquid etch 

solution to provide different amounts of etching for the material within the different regions. 

  

13. The processing system of claim 12, wherein different exposures are based upon 

measurements of at least one of a topology for a surface of the material or a thickness of the 

material. 

 

14.  A platform to etch a substrate, comprising: 

a dry etch processing system to etch a polycrystalline material on a substrate with dry 

etch chemistry; 

a wet etch processing system to etch the polycrystalline material to mitigate roughness 

of the polycrystalline material caused by the dry etch chemistry, the wet etch 

processing system comprising: 

a wet process chamber configured to perform a wet etch process; 

a substrate holder within the wet process chamber configured to 

support a substrate; 
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a delivery system arranged to supply a liquid etch solution to the 

substrate, the liquid etch solution having a first level of 

reactants with respect the polycrystalline material; 

an illumination system including a light source configured to 

illuminate the liquid etch solution with spatially resolved light 

to cause the liquid etch solution to have a second level of 

reactants with respect to the polycrystalline material that is 

different than the first level in a region exposed to the spatially 

resolved light; and 

a controller coupled to the delivery system to control delivery of the 

liquid etch solution and coupled to the illumination system to 

control illumination of different spatial regions of the liquid 

etch solution by the illumination system; 

a transfer module coupled to the dry etch module and configured to move the 

substrate between the dry etch processing system and the wet etch processing 

system; and 

an isolation pass-through module coupled between the transfer module and the wet 

etch processing tool, the isolation pass-through module separating an ambient 

environment of the transfer module from an ambient environment of the wet 

etch processing system and being configured to permit the substrate to be 

moved between the transfer module and the wet etch processing tool without 

being exposed to an environment outside of the platform. 

 

15. The platform of claim 14, wherein the liquid etch solution, when illuminated, oxidizes 

the surface of the polycrystalline material to form oxidized material as a modified layer. 

 

16.   The platform of claim 14, wherein the liquid etch solution comprises an aqueous 

solution including hydrogen peroxide, and wherein the illumination comprises ultraviolet 

(UV) light. 

 

17. The platform of claim 14, wherein the dry etch processing system implements one or 

more dry etch processes. 
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18. The platform of claim 17, wherein the one or more dry etch processes comprises at 

least one of a plasma etch process, a reactive ion etch (RIE) process, a chemical vapor etch 

(CVE) process, or an atomic layer etch (ALE) process. 

 

19. The platform of claim 14, wherein the dry etch processing system is configured to 

etch the polycrystalline material resulting in a first surface roughness, and wherein the wet 

etch process chamber is configured to adjust the first surface roughness to a second surface 

roughness less than the first surface roughness.   

 

20. The platform of claim 19, wherein the controller is configured to control the 

illumination system to cause different exposures to different regions of the liquid etch 

solution to provide different amounts of etching for the polycrystalline material based upon 

measurements of at least one of a topology for a surface of the material or a thickness of the 

material. 

  




