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METHOD OF MAKING A NANOSTRUCTURED CYLINDRICAL ROLL  

 

FIELD 

[0001] The present disclosure relates generally to the fabrication of cylindrical rolls having 

predetermined structured surface features, and more particularly to the formation of cylindrical rolls 

having predetermined nano-sized surface features using electrochemical patterning with a solid ionic 

conductor.    

 

BACKGROUND 

[0002] Cylindrical tool rolls are useful in diverse industrial operations, especially in roll-to-roll 

manufacturing.  It is known to be able to produce structured patterns with length scales on the order of 

single micron and above.  For example, diamond turning machines, which use a diamond to cut 

copper on a precision lathe, have been used to create micro-structured tooling.  However, limitations 

with this technique exist because this method is fundamentally a turning operation.   

[0003] Solid-state superionic stamping is an electrochemical patterning process of metallic films.  

The process begins with a solid electrolytic stamp that exhibits high ionic conductivity for a specific 

metal.  When a pattern is to be created, the solid electrolytic stamp and the metallic film substrate are 

placed in contact.  Pattern transfer is accomplished with the application of an electric field. The 

oxidation reaction at the film-stamp interface etches the metallic film through anodic dissolution. The 

resulting metal ions are transported through the solid state ionic conductor stamp to a counter 

electrode (e.g., a base) where the metal ions precipitate out through a balancing reduction reaction.  

 

SUMMARY 

[0004] In one aspect, the present disclosure describes a method of patterning a cylindrical tool, the 

method including providing a stamp comprising a base, a layer of solid state ionic conductor thereon, 

and a window comprised of a space in the base underneath at least a portion of the solid state ionic 

conductor, applying a negative of a predetermined pattern of features on a major surface of the solid 

state ionic conductor, wherein the window exposes the major surface of the solid state ionic conductor 

opposite the negative of the predetermined pattern, providing a cylindrical tool having a metallic 

surface positioned proximate the stamp, and applying an electric field between the metallic surface 

and a cathode, wherein the cathode is either the base or a conductive element positioned adjacent to 

the base, while moving the stamp against the metallic surface in rolling line contact so as to etch the 

predetermined pattern onto the metallic surface, further wherein a portion of the metallic surface is 

oxidized, thereby generating metal ions and free electrons, additionally wherein said metal ions 

migrate through the solid state ionic conductor to the cathode where they are reduced, and 
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is rotated in direction �R� while stamp 30 is translated in direction �D.�  The speed of rotation in 

direction �R� is such that the tangential surface speed of metallic surface 24 equals the speed of 

motion in direction �D� so that there is no slippage at the point of contact.  

[0037] Stamp 30 is supported by a chuck 34, which also transmits electric current from voltage 

source 35 via electrical conduit 38 to stamp 30.  The anode of voltage source 35 is connected via 

electrical conduit 40 to the metallic surface 24, conveniently via the rotation shaft 42 of cylindrical 

roll 22.  In other convenient embodiments, the electrical conduit 40 may directly electrify metallic 

surface 24. 

[0038] Conveniently, chuck 34 is mounted on a force transducer 44 so that the contact force 

between stamp 30 and cylindrical roll 22 can be monitored.  Force transducer 44 is conveniently 

mounted on a tilt platform 46, which is in turn mounted on a foundation 48.  Foundation 48 is slidably 

mounted on a stand 50, with the position of foundation 48 controlled by a pair of actuators 52 (a 

second actuator being hidden on the far side of apparatus 20 in this Figure.)  Pneumatic actuators, 

such as air bearing cylinders are considered convenient for this purpose.  In some embodiments the 

actuators 52 are used for rough positioning, counterbalancing most of the gravitational force, while a 

voice coil is used to make the final contact and fine tune the applied force between the stamp 30 and 

the metallic surface 24.  Stand 50 and actuators 52 are mounted on a linear motion stage 60.  Drives 

are present to move rotation shaft 42 and linear motion stage 60, and these motions are coordinated so 

that the speed of rotation in direction �R� is such that the tangential surface speed of metallic surface 

24 equals the speed of motion in direction �D� so that there is no slippage at the point of contact 

between metallic surface 24 and stamp 30. 

[0039] A distance sensor 62 may be present, measuring the distance from itself to the exterior 

surface 24 of cylindrical roll 22.  This sensor can be used to map the run-out on cylindrical roll 22.  A 

positioning sensor 64 may be present, measuring the parallelism of chuck 34, allowing tilt platform 46 

to be adjusted conveniently. 

[0040] In the illustrated embodiment, linear motion stage 60 is itself mounted on a second linear 

motion stage oriented so as to translate linear motion stage 60 and the rest of the apparatus 20 it 

supports in direction �T,� perpendicular to direction �D� (into the plane of the picture).  This allows 

additional instances of the pattern to be applied in a step-and-repeat fashion onto cylindrical roll 22 

not only circumferentially, but also in a direction parallel with the axis of cylindrical roll 22.   

[0041] This embodiment is more readily illustrated in FIG. 1B, a perspective view of cylindrical 

roll 22 in isolation with nine instances of a pattern 67 laid down in a step-and-repeat fashion in a three 

by three array.  The nine instances in the depicted embodiment are separated by a certain distance in 

either the circumferential direction or the axial direction, or both.  However, it 
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Claims: 

 

1.  A method of patterning a cylindrical tool, comprising: 

 providing a stamp comprising a base, a layer of solid state ionic conductor thereon, and a 

window comprised of a space in the base underneath at least a portion of the solid state ionic 5 

conductor; 

 applying a negative of a predetermined pattern of features to a major surface of the solid state 

ionic conductor, wherein the window exposes the major surface of the solid state ionic conductor 

opposite the negative of the predetermined pattern; 

 providing a cylindrical tool having a metallic surface positioned proximate the stamp; 10 

applying an electric field between the metallic surface and a cathode while moving the stamp 

against the metallic surface in rolling line contact so as to impart the predetermined pattern of 

features onto the metallic surface, wherein the cathode is either the base or a conductive element 

positioned adjacent to the base, and further wherein a portion of the metallic surface is oxidized, 

thereby generating metal ions and free electrons, additionally  wherein said metal ions migrate 15 

through the solid state ionic conductor to the cathode where they are reduced, and the free 

electrons migrate to the metallic surface, thereby imparting a positive of the predetermined pattern 

of features to the metallic surface. 

 

2.  The method of claim 1, wherein the positive of the predetermined pattern of features comprises 20 

a plurality of nano-sized features. 

 

3.  The method of claim 1, wherein the metallic surface has a surface roughness of less than 0.05 

µm. 

 25 

4.  The method of claim 1, wherein the metallic surface comprises one or more metals selected 

from the group consisting of silver, copper, chromium, titanium, gold, and combinations thereof. 

 

5.  The method of claim 1, wherein the predetermined pattern of features comprises a plurality of 

3-dimensional relief structures. 30 

 

 

6.  The method of claim 1, further comprising pressurizing the space to maintain a contact pressure 

of the patterned surface of the solid state ionic conductor against the metallic surface. 

 35 
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7.  The method of claim 6, wherein the cathode defines a portion of the window, and the space is at 

least partially filled with an electrolytic liquid or gel. 

 

8.  The method of claim 1, wherein the solid state ionic conductor is a glassy ionic conductor. 

 5 

9.  The method of claim 1, further comprising measuring the current produced by the electric field 

and adjusting at least one of a speed of the rolling line contact, a force between the stamp and the 

metallic surface, an alignment between the stamp and the metallic surface, and a magnitude of the 

electric field, in response to the measurement. 

 10 

10.  The method of claim 1, wherein applying the negative of the predetermined pattern of features 

on the major surface of the solid state ionic conductor comprises at least one of: laser machining 

the negative of the predetermined pattern of features on the major surface of the solid state ionic 

conductor, patterning and etching the negative of the predetermined pattern of features on the 

major surface of the solid state ionic conductor, or contacting a major surface of a master template 15 

to the major surface of the solid state ionic conductor to emboss or cast the negative of the 

predetermined pattern of features on the major surface of the solid state ionic conductor.   

 

11.  The method of claim 1, further comprising disposing a first conductive interlayer between the 

ionic conductor and the base.   20 

 

12.  The method of claim 11, wherein the first conductive interlayer comprises a conductive foil 

layer and a resilient layer. 

 

13.  The method according to claim 12, wherein the first conductive interlayer comprises multiple 25 

conductive sections.   

 

14.  The method according to claim 13, further comprising disposing a second conductive 

interlayer adjacent to the first conductive interlayer. 

 30 

15.  The method of claim 1, wherein the applying an electric field between the metallic surface and 

a cathode while moving the stamp against the metallic surface in rolling line contact so as to 

impart the predetermined pattern of features onto the metallic surface is performed in a first 

instance at a first position on the cylindrical tool, and in at least a second instance at a second 

position on the cylindrical tool. 35 
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16.  The method of claim 15, wherein the second position is selected from the group consisting of 

a position overlapping the first position, a position adjoining the first position, or a position 

separated from the first position. 

 5 

17.  The method of claim 15, wherein second position is separated from the first position by a 

distance of no more than 2 µm. 

 

18.  The method of claim 1, wherein the solid state ionic conductor is a polymeric ionic conductor. 

 10 

19.  The method of claim 1, further comprising applying a fiducial mark to the metallic surface, 

wherein the fiducial mark has a pre-determined position relative to a position of the pre-

determined pattern, optionally wherein the applying of the fiducial mark to the metallic surface is 

performed by the stamp. 
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