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EMBOSSING ASSEMBLY AND METHODS OF PREPARATION

BACKGROUND OF THE INVENTION

Field of the Invention
The invention is directed to an embossing assembly and methods for its
preparation.

Description of Related Art
US Patent No. 4,923,572 (hereinafter referred to as the ‘572 patent) discloses
a generally cylindrical image embossing tool that can be used for embossing a

material on a web. The method for the manufacture of the image embossing tool
involves multiple steps, including (1) placing an embossable material around the
surface of a rigid cylinder, followed by coating a thin metal, such as silver, over it, (2)
stamping a desired image or pattern onto the embossable layer with a stamper, (3)
electroforming to form a nickel electroform on the outer surface of the embossable
layer, (4) applying a reinforcement layer over the electroform, (5) removing the rigid
cylinder; (6) stripping the embossable layer to form a plating mandrel, (7) forming a
second electroform on the interior of the plating mandrel and (8) separating the
plating mandrel from the second electroform. According to the ‘5672 patent, multiple
copies of the second electroform can be prepared in the same manner and then be
placed over a carrier cylinder or a plurality of rollers to form an embossing tool to
allow continuous embossing. This embossing tool and its manufacturing process,
however, suffer several disadvantages. For example, the process requires the
stamping surface of the stamper to have a curvature same as that of the embossable
material on the rigid cylinder. This is difficult to accomplish in practice. Secondly, if
there are defects on the stamper, the defects will be carried over to copies of the
electroforms prepared from the same stamper. Thirdly, it is also difficult to achieve
defect-free joint lines between two adjacent stamps.

US Patent 5,327,825 (hereinafter referred to as the ‘825 patent) discloses a
method for making a die through embossing or microembossing. More specifically,
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the method involves embossing a pattern or design onto a silver layer coated on a
cylindrical surface, via the use of a concave-shaped stamping surface which carries
the pattern or design to be imparted onto the silver layer and has a radius matching
the radius of the cylindrical surface. This microembossing step is carried out multiple
times so that the die prepared from the method has a repeated pattern or design
from the concave-shaped stamping surface. This method has disadvantages similar
to those of the process of the ‘572 patent, e.g., difficulty in matching the curvature of
the stamping surface and the cylindrical surface; repeated defects resulted from an
imperfect stamping surface; and difficulty in achieving defect-free joint lines between
adjacent stamps.

US Patent No. 5,156,863 (hereinafter referred to as the ‘863 patent) discloses
a method for manufacturing a continuous embossing belt. The method involves
combining a series of “masters” or “copies” in a cluster to provide a desired pattern in
a fixture and an electroform strip made of the cluster. The embossing belt is formed
after multiple electroforming steps starting from a master cluster fixture. One of the
drawbacks of this method is the difficulty to generate individual masters or copies for
the cluster with same thickness. Therefore, there will be height differences between
adjacent masters or strips that will result in formation of defect lines on the final
embossed product. In addition, it is also difficult to avoid damage on the sleeve-type
mandrel and the shim during their separation, particularly when a complicated
microstructure with a deep 3D profile is involved.

US Patent No. 5,881,444 and 6,006,415 disclose a method for forming print
rolls bearing holograms. The hologram pattern is formed by laser etching on the
surface of a photoresist coated on a piece of flat glass or metal substrate. Mother
shim and subsequent sister shims are electroformed as a flat plate. Then, a sister
shim is mounted on the print roll to obtain an embossing tool. The disadvantages of
the method include formation of defective joint lines resulted from rolling and welding
a flat shim to a cylinder, and the difficulty in the adjustment of concentricity of the
sister shim and the print roll. If the shim and roll are not concentric, the embossing
pressure will not be uniform which will produce embossed microstructures with poor
fidelity.
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SUMMARY OF THE INVENTION

The present invention is directed to an embossing assembly and methods for
its manufacture.

The first aspect of the present invention is directed to a method for preparing
an embossing drum or embossing sleeve having a three-dimensional pattern formed
on its outer surface. The method, combining photolithography and deposition (e.g.,
electroplating, electroless plating, physical vapor deposition, chemical vapor
deposition or sputtering deposition), produces an embossing drum or embossing
sleeve which has no repeating defective spots, no defective joint lines and no
separation defects because the three-dimensional pattern is formed directly on the
drum or sleeve.

The second aspect of the present invention is directed to an embossing
sleeve having a three-dimensional pattern formed on its outer surface which
embossing sleeve may be used in an embossing assembly.

The third aspect of the present invention is directed to an embossing
assembly which comprises an embossing sleeve having a three-dimensional pattern
formed on its outer surface, an expandable insert and a drum having the embossing
sleeve and the expandable insert mounted thereon.

The fourth aspect of the present invention is directed to electroplating
mechanisms that can provide a uniform deposit thickness on an embossing drum or
sleeve.

BRIEF DESCRIPTION OF THE DRAWINGS .

Figure 1 (A-F) illustrates a method for forming a three-dimensional pattern on
an embossing drum or sleeve.

Figure 2 shows an electroplating mechanism that includes a non-conductive
thickness uniformer inserted between a cathode and an anode.

Figure 3 shows an alternative electroplating mechanism that includes a small-
sized anode.

Figure 4 illustrates a chart of ampere x hour vs. position in the L-direction.
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Figure 5A shows an array of micro-posts on the outer surface of an
embossing drum or sleeve.

Figure 5B shows an array of micro-bars on the outer surface of an embossing
drum or sleeve.

Figure 5C illustrates a photomask which may be used in a stepwise or
continuous exposure process.

Figure 6 shows stepwise exposure of a photosensitive material.

Figures 7A and 7B illustrate alternative light sources for the exposure
process.

Figure 8A shows an embossing drum or embossing sleeve having micro-
posts on its outer surface, where the y-axis of the micro-posts has a projection angle
of 45° from the longitudinal axis of the drum or sleeve.

Figure 8B shows an embossing drum or embossing sleeve having micro-
posts on its outer surface, where the y-axis of the micro-posts has a 0° projection
angle from the longitudinal axis of the drum or sleeve.

Figure 8C illustrates angled exposure of a photosensitive material.

Figure 9 shows a photolithography method using a mask material.

Figures 10A and 10B show expandable inserts.

Figure 10C illustrate an embossing assembly of the present invention in a
three-dimensional view.

DETAILED DESCRIPTION OF THE INVENTION

L. Method for Formation of a Pattern on an Embossing Drum or Sleeve

The method is illustrated in Figure 1. The method produces embossing
drums or sleeves which have a three-dimensional pattern formed on their outer
surface.

While only the preparation of an embossing sleeve is demonstrated in Figure
1, it is understood that the method can be used for the preparation of an embossing
drum as well. The term “embossing” drum or “embossing” sleeve refers to drums or
sleeves which have a three-dimensional pattern on their outer surface. The term
“embossing drum” or “embossing sleeve” is used so as o distinguish it from a plain
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drum or a plain sleeve, which does not have a three-dimensional pattern on its
outer surface. When the embossing drums or embossing sleeves are applied to a
surface to be embossed, three-dimensional patterns complementary to the three-
dimensional patterns on the outer surface of the embossing drums or embossing
sleeves are formed on the embossed surface

The embossing drum may be used directly as an embossing tool (also
referred to as an embossing assembly). When the embossing sleeve is used for
embossing, it is usually mounted on a plain drum to allow rotation of the embossing
sleeve.

The embossing drum or embossing sleeve (11) is usually formed of a
conductive material, such as a metal (e.g., aluminum, copper, zinc, nickel,
chromium, iron, titanium, cobalt or the like), an alloy derived from any of the
aforementioned metals, or stainless steel. Different materials may be used to form a
drum or sleeve. For Example, the center of the drum or sleeve may be formed of
steel and a nickel layer is sandwiched between the steel and the outermost layer
which may be a copper layer.

Alternatively, the embossing drum or embossing sleeve (11) may be formed
of a non-conductive material with a conductive coating or a conductive seed layer on
its outer surface. Further alternatively, the embossing drum or embossing sleeve
(11) may be formed of a non-conductive material without a conductive material on its
outer surface.

Before coating a photosensitive material (12) on the outer surface of a drum
or sleeve (11), as shown in the step of Figure 1B, precision grinding and polishing
may be used to ensure smoothness of the outer surface of the drum or sleeve.

In the step of Figure 1B, a photosensitive material (12), e.g., a photoresist, is
coated on the outer surface of the drum or sleeve (11). The photosensitive material
may be of a positive tone, negative tone or dual tone. The photosensitive material
may also be a chemically amplified photoresist. The coating may be carried out
using dip, spray, drain or ring coating. The thickness of the photosensitive material
is preferably greater than the depth or height of the three-dimensional pattern to be
formed. After drying and/or baking, the photosensitive material is subjected to
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exposure as shown in Figure 1C. Aliernatively, the photosensitive material (12) can
be a dry film photoresist (which is usually commercially available) that is laminated
onto the outer surface of the drum or sleeve (11).

In the step of Figure 1C, a suitable light source (13), e.g., IR, UV, e-beam or
laser, is used to expose the photosensitive material (12) coated on the drum or
sleeve (11). A photomask (14) is optionally used to define the three-dimensional
pattern to be formed on the photosensitive material. Depending on the pattern, the
exposure can be step-by-step, continuous or a combination thereof, the details of
which are given below.

After exposure, the photosensitive material (12) may be subjected to post-
exposure treatment, e.g., baking, before development. Depending on the tone of the
photosensitive material, either exposed or un-exposed areas will be removed by
using a developer. After development, the drum or sleeve with a patterned
photosensitive material (15) on its outer surface (as shown in Figure 1D) may be
subjected to baking or blanket exposure before deposition (e.g., electroplating,
electroless plating, physical vapor deposition, chemical vapor deposition or
spuitering deposition).

A variety of metals or alloys (e.g., nickel, cobalt, chrome, copper, zinc, iron,
tin, silver, gold or an alloy derived from any of the aforementioned metals) can be
electroplated and/or electroless plated onto the drum or sleeve. The plating material
(16) is deposited on the outer surface of the drum or sleeve in areas that are not
covered by the patterned photosensitive material. The deposit thickness is
preferably less than that of the photosensitive material, as shown in Figure 1E. The
thickness variation of the deposit over the whole drum or sleeve area can be
controlled to be less than 1%, by adjusting plating conditions, e.g., the distance
between the anode and the cathode (i.e., drum or sleeve) if electroplating is used,
the rotation speed of the drum or sleeve and/or circulation of the plating solution.

Alternatively, in the case of using electroplating to deposit the plating material
(16), the thickness variation of the deposit over the entire surface of the drum or
sleeve may be controlled by inserting a non-conductive thickness uniformer (20)
between the cathode (i.e., the drum or sleeve) (21) and the anode (22), as shown in
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Figure 2. The uniformer (20) may be of a flat or curved layer or of a circular shape
(i.e., in the shape of a sleeve), depending on the layout of the cathode and the
anode. The uniformer has a narrow opening or openings (23). During the
electroplating step, the uniformer moves in the longitudinal direction of the drum or
sleeve back and forth while the drum or sleeve rotates. Since the uniformer is
formed of a non-conductive material, e.g., PVC (polyvinyl chioride), only the areas of
the drum or sleeve that are directly exposed to the anode almost vertically through
the openings (23) are electroplated. In other words, the outer surface areas of the
drum or sleeve that are not covered by the patterned photosensitive material (15 in
Figure 1) continuously take turns to be electroplated. By using such a uniformer
(20), the current distribution over the entire surface of the drum or sleeve is
homogenized, thus ensuring a uniform deposit of the plating material.

Further alternatively, an anode (30) of a relatively small size as shown in
Figure 3 may be used to homogenize the deposit thickness. The anode is covered
with a non-conductive material (31) except the side facing the cathode (i.e., the drum
or sleeve) (32). Alternatively, only two sides of the anode are covered with the non-
conductive material and in this case the side facing the cathode and its opposite side
are not covered by the non-conductive material. During the electroplating step, the
anode moves together with the non-conductive material in the longitudinal direction
of the drum or sleeve back and forth while the drum or sleeve rotates. The anode
may have a flat or curved side facing the cathode.

Figure 4 shows a monitoring chart the data of which are received from an
ampere-hour meter and an anode position gauge or transducer during electroplating.
For the electroplating process, the value of the ampere-hour is proportional to the
deposit thickness. The monitoring chart is continuously updated during
electroplating; therefore the thickness uniformity over the entire drum or sleeve may
be monitored in situ and adjusted, if necessary. For example, Figure 4 indicates that
the plated deposit in zone1 and zone3 is thicker than that of zone2. When such a
situation is detected, the uniformer (20 in Figure 2) or the anode (30 in Figure 3)
used in the two processes may be adjusted to move faster in zone1 and zone3
and/or to move slower in zone2 to homogenize the deposit thickness over the entire
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drum or sleeve.

It is understood that the plating can be carried out on a drum or sleeve that is
made of a conductive material or a non-conductive material with a conductive
coating or a conductive seed layer on its outer surface. For a non-conductive drum
or sleeve, the three dimensional paitern may be prepared by a method combining
photolithography and eiching, the details of which are given below.

After plating, the patterned photosensitive material (15) can be stripped by a
stripper (e.g., an organic solvent or aqueous solution).

A precision polishing may be optionally employed to ensure acceptable
thickness variation and degree of roughness of the deposit over the entire drum or
sleeve.

Figure 1F shows a cross-section view of an embossing drum or embossing
sleeve with a three-dimensional pattern formed thereon. If the plated material is
relatively soft or susceptible to humidity, e.g., copper or zinc, a relatively wearable or
inert layer, e.g., nickel or chrome, may be subsequently deposited. The deposition
of the second layer may be carried out by electroplating, electroless plating, physical
vapor deposition, chemical vapor deposition or sputtering deposition, over the entire
outer surface of the drum or sleeve.

Alternatively, if the height (or thickness) of the three-dimensional pattern on
the outer surface of an embossing drum or embossing sleeve is relative small, e.g.,
less than 1 microns, the plating step of Figure 1E may be replaced by physical vapor
deposition, chemical vapor deposition or sputtering deposition. The deposition is
performed on the entire outer surface of the drum or sleeve. Since the deposit is sO
thin, the material deposited on top of the photosensitive material may be removed
together with the photosensitive material in the stripping step.

Further alternatively, the embossing drum or embossing sleeve may be
prepared by a method combining photolithography and etching instead of
photolithography and deposition. After coating, exposing and developing (i.e.,
removal of selective areas of the photosensitive material) of a photosensitive
material, an etching step is subsequently performed in areas not covered by the
photosensitive material. The depth of etching may be controlled by the
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concentration of the etchant used, if a liquid type etchant is used (such as a ferric
chloride solution to etch a copper drum or sleeve) or by etching flux intensity, if dry
etching (chemical plasma etching, synergetic reactive ion etching or physical ion-
beam etching) is used. The depth of etching may also be controlled by temperature
and etching time. Alternatively, the depth of etching may be controlled to be uniform
by using a selective etching method. For example, in such a method, a nickel layer
is plated on the sleeve or drum first and then a copper layer with a desired thickness
is plated on the top of the nickel layer. Since nickel will not be attacked by any of the
copper etchants, e.g., ferric chloride, the etching depth can be well controlled. After
the etching step, the remaining photosensitive material is removed by using a
stripper, and subsequently a relatively wearable or inert layer, e.g., nickel or chrome,
may be optionally deposited, as described above, over the entire outer surface of the
drum or sleeve.

In practice, a three-dimensional pattern on the embossing drum or embossing
sleeve prepared from the process as described above involving an additive (i.e.,
electroplating, electroless plating, physical vapor deposition, chemical vapor
deposition or sputtering deposition) step would be structurally complementary to a
three-dimensional pattern prepared from the process as described above involving a
subtractive (i.e., etching) step.

As mentioned above, the exposure step of Figure 1C may be carried out step-
by-step, continuous or a combination thereof. To simplify the drawings, the
curvature of the outer surface of the drum or sleeve is not shown in Figures 5A and
5B. Figure 5A shows an array of micro-posts on the embossing drum or embossing
sleeve. To fabricate the micro-posts on the embossing drum or embossing sleeve, a
photomask as shown in Figure 5C may be used to stepwise expose the
photosensitive material coated on the outer surface of the drum or sleeve. There are
a number of ways for stepwise exposure.

One of the methods involves the use of a pulse type light source. In this
method as shown in Figure 6, the photomask (60) remains stationary throughout the
process. The drum or sleeve (not shown), however, rotates in a stop-and-go
fashion. The exposure of the photosensitive material (61, curvature not shown)
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coated on the outer surface of the drum or sleeve, through the photomask occurs
when the drum or sleeve is in the “stop” mode and the pulse type light source is on.
As a result, the areas (1a)-(1d) on the photosensitive material are exposed
corresponding to the openings (a)-(d) of the photomask. The drum or sleeve is then
rotated to allow exposure of (2a)-(2d). However, during the interval when the drum
or sleeve is moving (i.e., rotating) from the position where the openings (a)-(d) of the
photomask are aligned with column 1 (i.e., (1a)-(1d)) to the position where the same
openings of the photomask are aligned with column 2 (i.e., (2a)-(2d)), the puise light
source is off. Following the cycle of stop-and-go of the drum or sleeve in conjunction
with the on and off states of the pulse light source, the photosensitive material is
stepwise exposed.

If the light source can not cover the openings (a)-(d) of the photomask at the
same time, scanning of the light source may be implemented for exposure while the
pulse type light source is on.

Alternatively, a shutter may also be used to control the on and off states of the
light source.

If the pattern on the drum or sleeve is parallel micro-bars as shown in Figure
5B, the same photomask of Figure 5C may be used for exposure. However, in this
case, the exposure is continuous while the embossing drum or embossing sleeve is
rotating.

While micro-posts and micro-bars are shown in the figures, it is understood
that the three-dimensional pattern on the embossing drum or embossing sleeve may
be of any shapes or sizes. A wide variety of sizes may be achieved for the elements
(such as the micro-posts) on the three-dimensional pattern, ranging from sub-
microns to much larger.

In addition to the methods mentioned above, there are several combinations
of light source and photomask which may be used to more precisely control the
dimension of the three-dimensional pattern. If a collimated light source (73A) (e.g.,
laser) is used for exposure as shown in Figure 7A, an opaque patterned thin layer
(75) (e.g., chrome) on one side of a transparent substrate (74) (e.g., glass) may be
employed. [f the shape and spot size of the collimated light source (73A) can ‘be
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controlled by the combination of mirrors and lenses, there will be no need to use a
photomask for exposure of the photosensitive material (72) coated on the drum or
sleeve (71). If the light source (73B) is divergent, the transparent substrate (74) may
be sandwiched between two opaque patterned thin layers (75A and 75B) to collimate
the impinging light as shown in Figure 7B. The photomask may also be made of a
single opaque layer with suitable openings to allow the light to go through.

When the three-dimensional pattern is micro-posts, it is also possible to form
the micro-posts on the outer surface of a drum or sleeve by “angled” exposure. In
the case of micro-posts prepared by “angled exposure”, the y axis of the micro-posts
has a projection angle from the longitudinal axis (L) of the drum or sieeve. The
projection angle () is an oblique angle, preferably about 10° to about 80°, more
preferably about 30° to about 60° and most preferably about 45°.

Figure 8A shows micro-posts having a projection angle of 45°. in contrast,
Figure 8B shows micro-posts having a projection angle of 0° (i.e., the y axis of the
micro-posts is parallel to the longitudinal axis of the drum or sleeve).

The angled exposure is illustrated in Figure 8C. In the figure, a continuous
spiral line (81) is formed on a photosensitive material coated on the outer surface of
a drum or sleeve via exposure of the photosensitive material to a light source (80).
The photosensitive material is preferably of a negative tone. When a photosensitive
material of a negative tone is used, the subsequent step of developing the
photosensitive material will remove the areas which are not covered by the spiral
line. In other words, the area of the spiral line corresponds to the groove between
the micro-posts eventually formed. Therefore, the width of the spiral line (81) should
be substantially equal to the width of the grooves between the micro-posts.

In contrast to the formation of micro-posts having protruding elements by
“angled exposure”, it is also possible to form micro-cavities by using a photosensitive
material of a positive tone. When a photosensitive material of a positive fone is
used, the step of developing the photosensitive material will remove the areas which
are covered by the spiral lines. In other words, the areas of the spiral lines
correspond to the partition walls between the cavities eventually formed on the
embossing drum or embossing sleeve.
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It should be noted that the steps of Figures 1E and 1F may be modified. In
some cases, the thickness of the plating material (16) may exceed the height of the
photosensitive material (15). In such a case, the top area of the plating material
beyond the photosensitive material may be wider than the bottom area because in
the top area there is no photosensitive material to limit the width of the plating
material. A structure prepared from such a method is useful for other applications,
such as cell wells on a gravure cylinder to transfer printing ink to a substrate.

As an example, the continuous spiral line (81) in Figure 8C has a 45°
projection angle from the longitudinal axis (L) of the drum or sleeve. In one of the
methods for forming the spiral line, the light source (80) steadily moves in the
direction of the longitudinal axis (either left to right or right to left) of the drum or
sleeve and the drum or sleeve simultaneously rotates (either clockwise or counter
clockwise). In an alternative method, the exposure can be accomplished by moving
the drum or sleeve in the direction of the longitudinal axis of the drum or sleeve and
simultaneously rotating the drum or sleeve while the light source (80) is kept
stationary. In a further alternative method, the light source may be rotating around
the sleeve or drum while the drum or sleeve moves in the direction of the longitudinal
axis.

For the formation of the second or subsequent spiral line (81a) in the same
direction, the starting point of exposure is shifted one pitch distance away from the
previous spiral line (81) already exposed. After ali the spiral lines in one direction
are exposed, the spiral lines (82 and 82a) in an opposite direction (minus 45° from
the longitudinal axis of the drum or sleeve) are formed by exposure in a manner
similar to the process for the exposure of lines 81 and 81a, except that the light
source or the drum or sleeve moves in an opposite direction during exposure. The
lines 82 and 82a are perpendicular to the lines 81 and 81a.

As an example, the spiral lines 81 and 81a may be exposed by moving the
light source in one direction, left to right, at a certain speed and simultaneously
rotating the drum or sleeve, counter clockwise, at a certain speed and the spiral lines
82 and 82a may then be exposed by changing the moving direction of the light
source (from “left to right “ fo “right to left”); but maintaining the same rotation
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direction of the drum or sleeve (counter clockwise). Alternatively, the spiral lines 82
and 82a may be exposed by changing the rotation direction of the drum or sleeve
(from counter clockwise to clockwise); but maintaining the moving direction of the
light source (left to right).

In the above process, if the spot size of light source is smaller than the width
of the grooves between adjacent micro-posts, the spiral lines may be exposed by
several overlapping light scans. If the spot size of light source is larger than the
width of the grooves, a photomask may be needed to confine the exposure.

In any case, if a photomask is used, the movement of the photomask must be
synchronized with the movement of the light source.

An embossing drum or embossing sleeve having micro-posts prepared by
angled exposure has the advantage that the angle assists the flow of the
embossable composition used in the embossing process, thus eliminating trapped
air on cross web directions.

In addition to using a single layer of a photosensitive material as mentioned
above, an additional layer of a mask material (90) may be placed over the
photosensitive material (91), as shown in Figure 9A, by using ring coating, drain
coating, spray coating, physical vapor deposition, chemical vapor deposition or
sputtering deposition. The photosensitive material (91) is coated over the surface
(92) of the drum or sleeve (curvature not shown). The mask material may also be a
photosensitive material that, on the one hand, can be imaged by using a light source
with a wavelength different from that needed for the exposure of the photosensitive
material (91), and on the other hand, has a high optical density at the wavelength
range used to expose the photosensitive material (91). After exposing and
developing of the mask material, the patterned mask material (90a) serves as a
photomask to expose the photosensitive material (91) underneath. A silver-halide
coating and an i-line photoresist may be used together as the mask material (90) and
the photosensitive material (91), respectively. The silver-halide coating can be
imaged using a laser diode with a wavelength of 670 nm, and the i-line photoresist
can only be imaged using UV light with a wavelength of 365 nm. After exposure and
development, the silver-halide coating is transferred to a patterned metallic silver
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layer that is opaque and can be used as a photomask for the exposure of the i-line
photoresist underneath. Alternatively, the mask material may be a laser ablatable
material (90 in Figure 9A) that includes a polymeric matrix having a carbon pigment
and an ultraviolet absorbing dye. The patterned ablatable material (90a) is used as
a photomask for the exposure of the photosensitive material (91) underneath. The
examples of possible materials useful for the process are disclosed in US patent
6,828,067, the content of which is incorporated herein by reference in its entirety.
After the development of the photosensitive material, a plating material (93) is
deposited on the outer surface of the drum or sleeve in areas that are not covered by
the patterned photosensitive material (91a).

In some instances, a barrier layer may be coated between the photosensitive
material (91) and the mask material (90). The purpose of the barrier layer is to avoid
the possible attack on the photosensitive material (91) by the solvent in the mask
material (90) during the coating process. For instance, a layer of PVOH (polyvinyl
alcohol) that is water-soluble may be used as a barrier layer to prevent the attack of
the mask material on the photosensitive material, because the solvent in the mask
material solution is not miscible with PVOH. In this case, the solvent in the mask
material cannot penetrate the barrier layer to attack the photosensitive material.

Il Embossing Sleeve
When the embossing sleeve is used for embossing, it is usually mounted on

a plain drum to allow rotation of the sleeve. Therefore the embossing sleeve
preferably has an inside diameter which is slightly larger than the outside diameter
of the plain drum in order to allow the sleeve to be mounted on the drum.

The fact that the 3-dimensional pattern is formed on an embossing sleeve
has many advantages over having the pattern directly formed on an embossing
drum. First of all, the sleeve is much lighter than a drum, only about one tenth or
less of the weight of a drum,; therefore it is much easier to handle. Secondly, there
may be electrical heating coil or fluidic heating tube inside an embossing drum in
order to provide a suitable high temperature to the surface of the embossing drum
when it is used for embossing. If the three-dimensional pattern is formed directly on
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the outer surface of the embossing drum, the electrical heating coil or fluidic heating
tube would need to be protected during preparation of the embossing drum.
Another advantage of using an embossing sleeve is that different sleeves may be
fitted to be used on the same plain drum, which effectively reduces the number of
drums required, thus saving manufacturing costs.

The thickness of the embossing sleeve preferably may range from 1mm to
100 mm, more preferably from 3mm to 50 mm.

When an embossing sleeve is used for‘embossing, the sleeve must be snugly
fitted over the plain drum. The tight fitting may be accomplished by pressure fit
involving different materials having different thermal expansion coefficients.
Alternatively, the tight fitting may be accomplished by mechanical taper fit.

li. Embossing Assembly
An expandable insert may be used to ensure tight fitting and concentricity

between an embossing sleeve and a drum. Figures 10A and 10B illustrate such an
expandable insert (100). The insertis a layer of a circular shape which may have
one or multiple gaps (101) as shown in the figures. At both ends of the insert, there
are tightening means (102), such as screws, to secure the insert over the drum. By
tightening or loosening the screws, the diameter of the insert may be adjusted to
ensure tight fitting of the embossing sleeve over the insert and simultaneously the
concentricity of the embossing sleeve over the drum. For best results, there are at
least 3 screws spreading around the circle, preferably having an equal distance
between each other.

The insert is formed of a material, such as a metal (e.g., aluminum, copper,
zing, nickel, iron, titanium, cobalt or the like), an alioy or metal oxide derived from the
aforementioned metals or stainless steel. If the insert material is relatively
susceptible to humidity or chemical, e.g., copper or iron, & relatively inert layer may
be employed to protect it. The deposition of the inert material may be carried out by
electroplating, electroless plating, physical vapor deposition, chemical vapor
deposition or sputtering deposition, over the entire surface of the insert.
Alternatively, the insert may be formed of a plastic material, e.g., PVC (polyvinyl
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chloride) or ABS (acrylonitrile butadiene styrene).

The thickness of the expandable insert preferably may range from 1mm to
100 mm, more preferably from 3mm to 50 mm.

The insert (100) is placed between a plain drum (103) and an embossing
sleeve (104) as shown in Figure 10C. The insert (100) and the sleeve (104) may be
sequentially mounted onto the drum (103). As also shown in Figure 10C, the
embossing sleeve is shorter than the insert so that the sleeve will not cover the
areas on the insert where the screws (102) are present.

The expansion of the insert is controlled by the adjustment of screws (102),
preferably with a torque wrench, to ensure proper tightness of the screws. When the
screws are tightened (i.e., screwed down), the insert will expand to cause more
contact between the inner surface of the sleeve and the outer surface of the insert,
thus tightly holding the sleeve in position. The tightness of all of screws must be
carefully oriented so that the concentricity of the embossing sleeve over the plain
drum (103) may be simultaneously maintained. As explained earlier, the
concentricity of the embossing sleeve over the plain drum is critically important to the
quality of the embossed microstructures prepared from the embossing assembly.

Although the foregoing invention has been described in some detail for
purposes of clarity of understanding, it will be apparent that certain changes and
modifications may be practiced within the scope of the appended claims. It should
be noted that there are many alternative ways of implementing both the process and
apparatus of the present invention. Accordingly, the present embodiments are to be
considered as illustrative and not restrictive, and the invention is not to be limited to
the details given herein, but may be modified within the scope and equivalents of the
appended claims.
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WHAT IS CLAIMED IS:

1. An embossing assembly, which comprises:

a) an embossing sleeve having a three-dimensional pattern formed
thereon;

b) an expandable insert; and

c) a drum over which said sleeve and said expandable insert are
mounted.

2. The embossing assembly of Claim 1 wherein said embossing sleeve is
prepared by a method of photolithography in combination with deposition.

3. The embossing assembly of Claim 1 wherein said embossing sleeve is
prepared by a method of photolithography in combination with etching.

4. The embossing assembly of Claim 2 wherein said deposition is
electroplating, electroless plating, physical vapor deposition, chemical deposition or

sputtering deposition.

5. The embossing assembly of Claim 2 wherein said embossing sleeve is
prepared by stepwise exposure or continuous exposure.

6. The embossing assembly of Claim 1 wherein said three-dimensional
pattern has micro-posts.

7. The embossing assembly of Claim 6 wherein the y-axis of said micro-
posts has a projection angle from the longitudinal axis of the embossing sleeve.

8. The embossing assembly of Claim 7 wherein the projection angle is
about 0°.
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9. The embossing assembly of Claim 7 wherein the projection angle is
about 10° to about 80°.

10.  The embossing assembly of Claim 7 wherein the projection angle is
about 45°.

11.  The embossing assembly of Claim 1 wherein said expandable insert
has at least one gap.

12.  The embossing assembly of Claim 11 wherein said expandable insert
has multiple tightening means.

13. A method for preparing an embossing drum or an embossing sleeve,
which method comprises:

a) coating or laminating a photosensitive material over the outer surface
of a drum or sleeve;

b) selectively exposing the photosensitive material;

c) removing the photosensitive material either in areas that are exposed
or in areas that are not exposed;

d) depositing a metal or alloy onto the outer surface of the drum or sleeve
where there is no photosensitive material present; and

e) removing the photosensitive material remaining between the metal or
alloy.

14.  The method of Claim 13 wherein said photosensitive material in step
(a) is of a positive tone, negative tone or dual tone.

15.  The method of Claim 13 wherein said photosensitive material is a
chemically amplified photoresist.

16.  The method of Claim 13 wherein said exposing of step (b) is carried
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out stepwise or continuous.

17.  The method of Claim 13 wherein said exposing of step (b) is carried
out by IR, UV, e-beam or laser.

18.  The method of Claim 13 wherein said metal or alloy is nickel, cobalt,
chrome, coppetr, zinc, iron, tin, silver, gold or an alloy derived therefrom.

19.  The method of Claim 13 wherein step (e) is carried out by a stripper.

20. The method of Claim 13 wherein step (b) is carried out by coating a
mask material over the photosensitive material, patterning the mask material to form
a patterned mask material and exposing the photosensitive material through the
patterned mask material.

21.  The method of Claim 20 wherein said patterning is carried out by
photolithography or ablation.

22.  The method of Claim 20 further comprising coating a barrier layer
between the mask material and the photosensitive material. '

23. A method for controlling the thickness of a plating material over the
surface of a drum or sleeve in an electroplating process, which method comprises:

a) inserting a non-conductive thickness uniformer between the drum or
sleeve and anode(s) wherein said uniformer has at least one opening;

b) moving the uniformer in the longitudinal direction of the drum or sleeve
and simultaneously rotating the drum or sleeve; and

c) electroplating only the areas of the drum or sleeve that are directly
exposed to the anode(s) through the opening(s) of the uniformer.

24. A method for controlling the thickness of a plating material over the
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surface of a drum or sleeve in an electroplating process, which method comprises:
a) providing at least an anode each of which is covered with a non-
conductive material except the side facing the cathode or the side facing the cathode
and its opposite side; and
b) moving the anode(s) in the longitudinal direction of the drum or sleeve
back and forth and simultaneously rotating the drum or sleeve.
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