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Description

TECHNICAL FIELD

[0001] The present invention relates to a method for manufacturing a hollow microneedle having a variable appearance
as defined in claim 1 and the hollow microneedle manufactured by the same.

BACKGROUND ART

[0002] Unlike the existing needles, micronneedles pass through skin without pain and do not leave an external injury.
In order to implant a microneedle into skin without pain, a diameter of an upper portion of the microneedle is important
for the minimum sharpness. Also, the microneedles needs to pass through a stratum corneum of 10 mm to 20 mm serving
as the biggest obstacle in skin, and thus are required to have sufficient physical hardness. However, since the thicknesses
and elasticity of skins, efficiency of transdermal drug delivery, the viscosities of drugs, and the amount of administered
drugs differ according to species, races, individuals, and skin regions, a method for manufacturing a microneedle having
a variable appearance is required.
[0003] A hollow silicon microneedle having a bevel angle was developed by Nanopass company in a secondary etching
method which is an advanced etching method (WO 0217985; WO 2005049107; Gardeniers, Han J.G.E, et al., Silicon
Micromachined Hollow Microneedles for Transdermal Liquid Transport, Journal of microelectro-chemical systems, 12(6):
855-862(2003)). Griss and Stemme of Stanford University in the USA have proposed a side-opened hollow silicon
microneedle and a cross-type hollow silicon microneedle (P. Griss and G. Stemme, Side-Opened Out-of-Plane Micro-
needles for Microfluidic Transdermal Liquid Transfer, Journal of microelectro-chemical systems, 12(3): 296301 (2003);
U.S. Patent Publication No. 2004-0267205).
[0004] Prausnitz of Georgia University in the USA proposed a method that forms a mold with a laser and manufactures
a hollow microneedle by using deposition and electro-plating (Prausnitz, M.R. et al., Hollow Metal Microneedles for
Insulin Delivery to Diabetic Rats IEEE, Transaction on biomedical engineering, 52(5): 909-915 (2005)). However, the
hollow microneedle manufactured by the method has problems in diameter and length similarly to the above-described
methods. Also, Prausnitz of Georgia University in the USA proposed a new-type hollow glass microneedle that has a
bevel angle and a length of about 900 mm formed by lengthening a glass micropipette at a high temperature ("Microinfusion
Using Hollow Microneeldes", Pharmaceutical Research, Vol. 23, No. 1, January 2006 and "Mechanism of fluid infusion
during microneedle insertion and retraction", Journal of Controlled Release, 2006, 357361). As described above, various
hollow microneedles have been developed. However, since the hollow microneedles are manufactured as standardized
products to have uniform appearances in length, diameter, aspect ratio, sharpness, and bevel angle, it is difficult for the
products of currently standardized hollow microneedles to deliver drugs through various regions of a human body and
perform efficient conversion according to drugs having various viscosities, and the medical application of the hollow
microneedles are limited compared to the existing hypodermic needle. Therefore, it is continuously required manufac-
turing technology in which the strength, sharpness, bevel angle, and bending of a hollow microneedle necessary for
passing through skin may be adjusted depending on regions of skin, the for passing through skin may be adjusted
depending on regions of skin, the length of the hollow microneedle may be adjusted according to a degree by which the
hollow microneedle passes through skin, and, by adjusting the diameter of the hollow microneedle according to the
change in the viscosity and administration amount of treated drug, the external appearance of the hollow microneedle
may be flexibly adjusted according to the application method of drug delivery and body material sampling including blood
collection.
[0005] WO 2009/072830 A2 discloses a hollow microneedle array which includes a needle part having a plurality of
hollow microneedles and a substrate part supporting the needle part. The needle includes an upper portion inserted into
a skin and a base portion communicated with an upper portion and supporting the upper portion. An upper end of the
upper portion has such an outer diameter that reduces pain upon penetration into the skin. A diameter of the upper
portion smoothly increases as it goes to the other end thereof so as to reduce pain upon penetration of the skin. An
aspect ratio of the diameter of the upper end of the upper portion to a length of the needle is high to enable deep
penetration into the skin. A diameter of the base portion generally exponentially increases as it goes to a lower end of
the base portion so as to increase total strength of the needle in both longitudinal and lateral directions. Further, the
needle is made of biocompatible metal having good mechanical properties.
[0006] WO 2006/018642 A1 discloses a method of manufacturing microneedles, the method comprising (i) depositing
a substance onto a first surface and (ii) forming a solid needle-like shape from the substrate. The substance may be
deposited in non-solid form and subsequently solidified. A method of providing an array of such microneedles is also
described.
[0007] In the specification, a plurality of papers and patent documents are referenced, and citations thereof are indi-
cated. The overall disclosure of each of the cited paper and patent document is inserted as a reference into the speci-
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fication, and thus, the level of the technical field of the present invention and the configuration and function of the present
invention are clearly described.

DISCLOSURE

[0008] The present invention is as set out in the independent claims.

TECHNICAL PROBLEM

[0009] In view of the above, examples of the present disclosure seek to provide a method for manufacturing a hollow
microstructure whose an external appearance (for example, an effective length, an internal diameter and external di-
ameter of an upper portion, a diameter, hardness, sharpness, bevel angle, and aspect ratio of a lower portion, and
bending of lower portion) may be varied by adjusting a thickness of a substrate, a diameter of a lifting frame, a lifting
speed, a lifting time, a temperature for molding a microneedle, a bevel angle for cutting.
[0010] Further, examples of the present disclosure seek to provide the hollow microstructure, having various external
appearances, manufactured by the method.

TECHNICAL SOLUTION

[0011] In accordance with an aspect of the present disclosure, there is provided a method for manufacturing a hollow
microstructure having a varied appearance.
[0012] Certain embodiments, which do not form part of the invention but represent background art that is useful for
understanding the invention, provide a method that includes: (a) coating a solution of a viscous material on a surface of
a substrate; (b) bringing the solution of the viscous material into contact with a frame; (c) lifting-the substrate, the frame,
or the substrate and the frame for the contacted frame and substrate to be spaced apart from each other to thereby
manufacture a solid microstructure; (d) depositing metal on the solid microstructure; (e) protecting a top of the metal-
deposited solid microstructure, and metal-plating a surface of the microstructure; (f) removing the solid microstructure
to obtain a hollow microstructure; (g) manufacturing a microneedle manufactured at a distal end of an injector; and (h)
manufacturing a bent microneedle, wherein a coating thickness of the viscous material, a diameter of the frame, a
temperature of the viscous material, a lifting speed, a plating thickness, or combination thereof is adjusted.
[0013] In accordance with other embodiments, which do not form part of the invention but represent background art
that is useful for understanding the invention, there is provided a hollow microneedle manufactured by the above-
described method.
[0014] The inventors have made an effort to develop an improved process that can manufacture a hollow microneedle
having a variable appearance. As an result, the inventors have realized that a hollow microneedle having characteristics
(for example, an effective length, an internal diameter and external diameter of an upper portion, a diameter, hardness,
sharpness, bevel angle, and aspect ratio of a lower portion, and bending) that are more simply and quickly adjusted at
lower manufacturing cost, when adjusting a coating thickness of a viscous material, a diameter of a frame, a temperature
of the viscous material, a lifting speed, and a lifting time, a plating thickness, a cut bevel angle, or combination thereof.
[0015] The method of certain embodiments, which do not form part of the invention but represent background art that
is useful for understanding the invention, will be described below in detail by operation.

Operation (a): coating a solution of a viscous material on a surface of a substrate

[0016] A viscous material is first coated on a surface of a substrate, for manufacturing a solid microstructure that is a
mold of a hollow microneedle.
[0017] A material, used for manufacturing the solid microstructure that is the mold of the hollow microneedle, is a
viscous material. In the specification, the term "viscous material" denotes a material that has a fluid type which has low
viscosity at a certain temperature or higher but, when approaching a glass transition temperature by lowering the certain
temperature, has high viscosity. A viscous material, used in the specification, includes an acryl-based polymer, an amide-
based polymer, an acetyl-based polymer, a vinyl-based polymer, an epoxy-based polymer, a silicon-based polymer, a
sulfonic resin, a polycarbonate-based polymer, or a copolymer thereof, but is not limited thereto. All viscous materials
which are commonly used in the art may be used.
[0018] The viscous material used in the specification has viscosity when the viscous material becomes a fluid. The
viscosity may be variously changed according to the kind, concentration, and temperature of viscous material and an
organic solvent, and may be adjusted. When the viscous material becomes a fluid, the viscous material has viscosity of
200,000 cSt or less.
[0019] Changing a viscous material to a fluid may be performed by various methods known in the art. For example,
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when a viscous material is a liquid polymer, an operation of changing the viscous material to a fluid is not needed. When
a viscous material is a thermoplastic resin, by heating the viscous material at a temperature equal to or higher than a
melting point and then lowering the temperature to approach the glass transition temperature, the viscous material has
viscosity. Also, by dissolving a viscous material in a suitable organic solvent (for example, anhydrous or hydrous low
alcohol of 1-4 carbon atoms, acetone, ethyl acetate, chloroform, 1,3-butylene glycol, hexane, diethyl ether, butyl acetate,
etc.), the viscous material may become a fluid.
[0020] In the specification, the term "coating" denotes that a layer of a specific material having a certain thickness is
formed on a target surface. A substrate providing a surface is formed of polymer, organic chemical material, metal,
ceramic, semiconductor, or the like.
[0021] A coating thickness of a solution of a viscous material used may be adjusted within a range from 10 mm to 500
mm, a range from 50 mm to 200 mm, or a range from 75 mm to 165 mm. The coating thickness affects various appearance
factors (i.e., an effective length, an internal diameter, an external diameter, sharpness, an aspect ratio, etc.) of a finally
manufactured hollow microneedle, and particularly, acts as a variable that changes an effective length, diameter, and
sharpness of a solid microneedle, namely, an effective length, sharpness, external diameter, and internal diameter of a
hollow microneedle. In the range of the coating thickness, as a coating thickness increases, an external diameter and
internal diameter of a hollow microneedle increase, an effective length increases, and sharpness decreases.
[0022] A viscous material used may be is a polymer compound which is removed by an organic solvent.
[0023] In the specification, the polymer compound removed by the term "organic solvent" is a natural or synthetic
compound having a molecular weight of 5,000 or more, and denotes a compound having solubility to an organic solvent.
[0024] A polymer compound used should be easily removed after metal-deposition and plating for manufacturing a
hollow microneedle, and thus, the inventors have removed the polymer compound (which is a component of a metal-
plated solid microstructure) by dissolving the polymer compound in an organic solvent.
[0025] The polymer compound used may be acrylonitrile styrene (AS), polyamide, polyethylene, polyester, polyacryl,
polyacetylene, styrene, teflon, polyvinyl chloride, polyurethane, nylon, sulfonic resin, or epoxy polymer. For example,
the polymer compound may be an epoxy polymer.
[0026] The organic solvent used may include benzene, toluene, xylene, hexane, ester, acetone, alcohol, and amine,
but is not limited thereto. All polar or nonpolar solvents, which are commonly used to dissolve a polymer compound,
may be used. For example, when an epoxy polymer is used as the polymer compound, N-methyl pyrrolidine (NMP) may
be used as a solvent.

Operation (b): bringing the solution of the viscous material into contact with a frame

[0027] In the specification, after coating a viscous material (for example, a polymer compound) changed to a fluid, a
lifting frame is brought into contact with an interface of the viscous material. A diameter of the lifting frame may be
changed, in which case the diameter of the lifting frame may be adjusted within a range from 1 mm to 1,000 mm or
adjusted within a range from 10 mm to 500 mm. The diameter of the lifting frame affects various appearance factors (i.e.,
an effective length, an internal diameter, an external diameter, sharpness, an aspect ratio, etc.) of a finally manufactured
hollow microneedle, and particularly, acts as a variable that changes an effective length, diameter, and sharpness of a
solid microstructure, namely, an effective length, sharpness, external diameter, and internal diameter of a hollow micro-
structure. As the diameter of the lifting frame increases, an external diameter and internal diameter of a hollow microneedle
increase, an effective length increases, and sharpness decreases.
[0028] A frame used in the specification may be patterned. In this case, the pattern may be formed from a single array
to a multi-array, and a pitch between frames may be 1 mm to 2,000 mm. As another example, the pitch between the
frames may be 100 mm to 1,000 mm.

Operation (c): lifting the substrate, the frame, or the substrate and the frame for the contacted frame and substrate
to be spaced apart from each other to thereby manufacture a solid microstructure

[0029] The term "solid microstructure" used in the specification denotes a microstructure that is manufactured as one
body without a hollow space and a mold of a hollow microneedle.
[0030] By lowering a temperature of a viscous material (for example, polymer material) changed to a fluid to approach
the glass transition temperature, viscosity increases. In operation (c), the viscosity affects various appearance factors
(i.e., an effective length, an internal diameter, an external diameter, sharpness, an aspect ratio, etc.) of a finally manu-
factured hollow microneedle, and particularly, acts as a variable that changes an effective length of a solid microstructure
and an effective length of a hollow microstructure. In operation (c), as the viscosity of the viscous material increases,
an effective length of a hollow microstructure increases.
[0031] The temperature of the viscous material may be adjusted within a range from a glass transition temperature to
120 °C, thereby adjusting viscosity of the viscous material.
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[0032] In the specification, the term "glass transition temperature" denotes a temperature at which a fluid material
having viscosity is solidified. Therefore, it is impossible to perform a lifting process on a solidified material at a temperature
lower than the glass transition temperature. When a temperature is too high, viscosity decreases, and thus, it is difficult
to perform a lifting process. As a result, it is unable to manufacture a solid microstructure.
[0033] The viscosity of the viscous material which is adjusted in operation (c) may be 50 Poise to 10,000 Poise, 80
Poise to 8,000 Poise, or 100 Poise to 6,500 Poise.
[0034] In the specification, the term "separation" denotes increasing a distance between contacted elements to broaden
a gap between the contacted elements. The inventors have manufactured a solid microstructure by lifting (moving
upward) a frame contacting a viscous material, but is not limited thereto. As another example, the solid microneedle
may be manufactured by a method that downward moves a substrate to separate the substrate from a frame when the
frame is fixed, and a method that upward and downward moves a frame and a substrate simultaneously to separate the
substrate from the frame.
[0035] By adjusting a lifting speed of a polymer having viscosity, various appearance factors (i.e., an effective length,
an internal diameter, an external diameter, sharpness, an aspect ratio, etc.) of a finally manufactured hollow microneedle
may be adjusted, and particularly, an effective length of a solid microstructure and an effective length of a hollow
microneedle may be adjusted. As the lifting speed increases, the effective length of the hollow microneedle increases.
[0036] In the specification, the term "lifting speed" includes an upward or downward moving speed of a frame or a
substrate and moreover a relative speed at which the frame and the substrate is spaced apart from each other when
the frame and the substrate simultaneously move upward and downward.
[0037] The lifting speed used in the specification is 0.1 mm/s to 2,000 mm/s, and for example, may be 1 mm/s to 1,000
mm/s. A length of the final solid microstructure may be adjusted by a correlation (multiplication) between a lifting speed
and a lifting time. For example, the multiplication of the lifting speed (mm/s) and lifting time (s) may be 500 mm to 10,000
mm, 500 mm to 5,000 mm, or 1,000 mm to 3,000 mm.

Operation (d): depositing metal on the solid microstructure

[0038] Metal is deposited on a manufactured solid microstructure, thus more facilitating a metal-plating reaction for
manufacturing a hollow microneedle after the deposition.
[0039] In the specification, the term "deposition" denotes that a material to be coated is vaporized or sublimated for
enhancing the mechanical intensity thereof in a physical method or a chemical method, and thus coagulated on a
substrate surface in units of an atom or a molecule, thereby forming a film. All physical vapor depositions and chemical
vapor depositions which are commonly used in the art may be used.
[0040] The metal for deposition may be stainless steel, Al, Cr, Ni, Au, Ag, Cu, Ti, Co, or an alloy thereof. For example,
Ag may be chemical-vapor-deposited in Tollens reaction.
[0041] Ag which is precipitated through a reduction reaction using Tollens reagent "Ag2O+NH4OH+H2O" may be
deposited on a solid microstructure. The Tollens reaction does not need a heating process, a pressurizing process, and
a separate cooling process unlike physical vapor deposition using sputtering, and thus is more favorable to metal
deposition on a target surface.

Operation (e) protecting an upper portion of the metal-deposited solid microstructure and metal-plating a surface of
the microstructure

[0042] In the specification, by plating a solid microstructure, the base of a hollow microneedle may be provided. Various
appearance factors (i.e., an internal diameter and hardness) of a finally manufactured hollow microneedle may be varied
by adjusting a plating thickness. As the plating thickness increases, an external diameter and hardness of the hollow
microneedle increase, an effective length increases. The plating thickness used may be 5 mm to 100 mm, and for example,
may be 10 mm to 50 mm.
[0043] A plating material used, for example, may include Ni, stainless steel, Al, Cr, cobalt-based alloy, Ti, or an alloy
thereof, but is not limited thereto. The plating material is metal applicable to a body, and is metal that does not have
toxicity, carcinogenicity, and rejection to a body, is good in mechanical properties such as tension intensity, elastic
modulus, and wear resistance, and has anticorrosion for enduring a corrosive environment in a body. As the plating
material, all metals known in the art may be used.
[0044] The plating metal may be stainless steel, Al, Cr, Ni, Au, Ag, Cu, Ti, Co, or an alloy thereof. For example, the
plating metal may be Ni.

Operation (f) removing the solid microstructure to obtain a hollow microstructure

[0045] After the plating process, by removing the solid microneedle, a hollow microneedle may be manufactured. The



EP 2 594 313 B1

6

5

10

15

20

25

30

35

40

45

50

55

solid microneedle may be removed by dissolving the solid microneedle in an appropriate organic solvent or by burning
the solid microneedle, or may be removed physically. The solid microneedle is removed using the appropriate organic
solvent.
[0046] To easily pass through skin, an antifriction such as glycerin may be coated on a metal microneedle. An anti-
coagulation solution such as citrate or EDTA may be coated on a hollow metal microneedle, for preventing blood
coagulation in collecting blood.
[0047] The method may further include cutting the top of the hollow microneedle through adjustment within a bevel
angle of 0 degrees to 60 degrees.
[0048] In the specification, by providing the bevel angle of the top of the hollow microneedle, the internal diameter and
sharpness of the hollow microneedle can increase. As a method of adjusting the bevel angle, all precise cutting methods
which are commonly used in the art may be used, and for example, a laser or a microsaw (dicing saw) may be used for
cutting. By adjusting the bevel angle, various cross-sectional areas of an internal diameter and sharpness suitable for
use may be provided. The bevel angle is adjusted within a range from 0 degrees to 90 degrees, and for example, may
be adjusted within a range from 0 degrees to 60 degrees.
[0049] In the hollow microstructure, a relationship between an effective length, the lifting speed, a diameter of the
lifting frame, and the coating thickness of the viscous material may be expressed as Formula. 

where Y denotes the effective length (mm) of the hollow microstructure, x denotes the internal diameter (mm) of the
hollow microstructure, and b denotes "(diameter (mm) of lifting frame + coating thickness (mm) of viscous material)/50".
[0050] A hollow microstructure having various appearances may be manufactured by adjusting an effective length, a
lifting speed, a lifting frame, and a coating thickness, manufacturing temperature, coating thickness, and bevel angle
cutting of a viscous material. The inventors have repeatedly performed an experiment in various conditions so as to
build a manufacturing condition for forming a predictable appearance, and thus established a relationship between an
effective length and internal diameter of a hollow microstructure, a diameter of a lifting frame, and a coating thickness
of a viscous material. Accordingly, by simply adjusting a manufacturing condition for obtaining various effective length
and/or internal diameters based on the purpose of production, the microstructure may be manufactured to have a desired
appearance. By using Formula, a microstructure having various appearances and uses may be manufactured depending
on the necessary using the same production line. Accordingly, economical and efficient manufacturing may be enabled.
[0051] The hollow microstructure may be a single-type hollow microneedle that is connected to a top of a hollow
injector. In the specification, the term "hollow injector" denotes a hollow injector, having on bevel angle, which is commonly
used to deliver drugs or collect a fluid sample in the art.
[0052] By bringing the viscous material (coated on the substrate) into contact with the distal end of the top of the hollow
injector instead of the lifting, frame, a hollow microneedle connected to the top of the hollow injector may be manufactured.
When the hollow microneedle is manufactured by the method, an injector for delivering drugs and collecting a bio sample
through transdermal administration may be produced simply and efficiently.
[0053] According to an implementation example of the present invention, the method includes obtaining a bent micro-
needle structure by sending wind in a specific direction before the solid microneedle which is formed in operation of
lifting the contacted substrate and frame to be spaced apart from each other is hardened.
[0054] In the specification, the term "bending" denotes a ratio of a vertical distance from the top of the microneedle to
the substrate surface disposed at the bottom of the microneedle and a distance in which the center of the microneedle
maximally deviates from on a vertical line from the top to the bottom of the microneedle. A bending rate is 20:1 to 2:1,
and for example, may be 10:1 to 2:1. According to the present invention, the bending rate and bending position of the
microneedle may be variously varied by adjusting a winding speed, a winding time, a winding direction, and a winding
position in the lifting operation. In the method of the present invention, the winding speed is 3 mm/s to 70 mm/s. For
example, the winding speed may be 5 mm/s to 50 mm/s, or 7 mm/s to 20 mm/s.
[0055] In accordance with certain embodiments of the present invention, there is provided a hollow microneedle
manufactured by the method used in the present invention.
[0056] One of advantages of certain embodiments, which do not form part of the invention but represent background
art that is useful for understanding the invention, is to enable the external appearance of the hollow microneedle to be
variously varied so as to be suitable for each use. The sharpness, top diameter, bottom diameter, length, and aspect
ratio of the solid microstructure may be adjusted through operations (a) to (d) of the method of certain embodiments,
which do not form part of the invention but represent background art that is useful for understanding the invention. The
method of embodiments of the present invention includes sending wind in a specific direction before the solid micro-
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structure formed in the lifting operation is hardened, and thus, the bending rate and bending position of the hollow
microneedle may be adjusted.
[0057] In the specification, the term "top" denotes one distal end of the microneedle having the minimum diameter,
and the term "bottom" denotes an under distal end of the microneedle contacting the substrate.
[0058] In the specification, the term "effective length" denotes a vertical length, from the top of the microneedle to the
substrate surface disposed at the bottom of the microneedle. In the specification, the term "aspect ratio" denotes a ratio
(height to diameter at base) of the maximum diameter of the microneedle to the vertical length from the top of the
microneedle to the substrate surface disposed at the bottom of the microneedle.
[0059] In the specification, the term "sharpness" denotes a degree by which a diameter from the bottom to the top of
the microneedle decreases. That is, as sharpness increases, a degree of decrease in the diameter is high.
[0060] In the hollow microneedle, an effective length may be 150 mm to 6,000 mm, an external diameter of an upper
portion is 40 mm to 200 mm, an internal diameter of the top is 10 mm to 100 mm, an external diameter of a lower portion
is 200 mm to 1,000 mm, an internal diameter of the bottom is 150 mm to 950 mm, a difference between the internal
diameter and external diameter of the top and bottom is 10 mm to 50 mm, and an aspect ratio is 1:10 to 1:30. As another
example, in the hollow microneedle, an effective length is 1,000 mm to 2,000 mm, an external diameter of an upper
portion is 30 mm to 100 mm, an internal diameter of the top is 20 mm to 90 mm, an external diameter of a lower portion
is 200 mm to 500 mm, an internal diameter of the bottom is 170 mm to 470 mm, a difference between the internal diameter
and external diameter of the top and bottom is 20 mm to 30 mm, and an aspect ratio is 1:15 to 1:20. Especially, the
aspect ratio may be 1:15 to 1:20.
[0061] The external diameter and internal diameter of the top, the internal diameter, thickness, length, sharpness, and
aspect ratio of the bottom, the bending degree, and the bending position may be freely varied according to purposes.
[0062] The hardness of the hollow microneedle may be 0.1 Newton (N) to 5 N.
[0063] In the specification, the term "hardness" denotes a force that resists to the change in a shape when an external
force is applied to the solidified hollow microneedle. A hardness value enabling a microneedle to pass through skin is
about 0.06 N. The hollow microneedle has a hardness value far greater than 0.06 N, and thereby easily passes through
all skins of a body, thus enabling the administration of drugs.
[0064] In an embodiment that does not form part of the invention but represents background art useful for understanding
the invention there is provided a microvalve which includes: an internal microneedle, the internal microneedle being a
hollow or solid microneedle; an external microneedle disposed at outside of the internal microneedle, spaced apart by
a certain distance from a surface of the internal microneedle to surround the surface of the internal microneedle, and
having the same surface curve as the internal microneedle, the external m icroneedle being a hollow microneedle; and
a clipping device formed by bending a distal end of a lower portion of the external microneedle toward inside, bending
a distal end of a lower portion of the internal microneedle toward outside, or respectively bending the distal ends of the
respective bottoms of the external microneedle and internal microneedle toward the inside and the outside.
[0065] A space having a certain volume, which is disposed between the external microneedle and the internal micro-
needle, becomes a path through which a fluid flows. A microneedle, which acts as an internal valve by elasticity of the
bent portion, moves according to the pressure intensity of a fluid to thereby obstruct or prevent the flow of the fluid, and
thus acts as a fluid adjustment valve that adjusts a flow speed and a flow pressure.
[0066] In the specification, the term "valve" denotes a device that adjusts the flow or pressure of a fluid by blocking
an open/close or partial path. The sharpness, top diameter, bottom diameter, length, aspect ratio, bending rate, and
bending position of the microstructure may be varied by adjusting the coating thickness, manufacturing temperature,
lifting speed, lifting time, plating thickness, bevel angle, winding speed, and winding position of the viscous material.
Therefore, two microneedles having the same surface curve are manufactured by accurately varying an external ap-
pearance, and, with the two microneedles as an internal microneedle and an external microneedle, an overlapped
microneedle having a certain space between the internal microneedle and the external microneedle may be manufac-
tured. The space between the microneedles becomes a path of a fluid, and the flow of the fluid is adjusted by a clipping
device disposed at a distal end of a lower portion of each of the two microneedles.
[0067] In the specification, the term "microvalve" denotes a device that is disposed in a moving path of a fine fluid,
and accurately adjusts a flow pressure and an amount of moved fluid by overall or partially blocking the flow of the fluid.
When the overlapped microneedle is implanted into a film surrounding a fluid, the fluid inside the film may flow along
the space of the overlapped microneedle, and the microvalve may accurately adjust the discharge of the fluid.
[0068] The microvalve may be a glaucoma drainage device for treating glaucoma. In the specification, the term "glau-
coma" denotes eye disease in which as an intraocular pressure becomes higher than a normal pressure (21 mmHg or
more), the intraocular pressure presses an optic nerve to damage or destroy the optic nerve, and thus, sight is reduced
or lost. The intraocular pressure is determined by equilibrium between production of tail water and a resistance to the
outflow of the tail water. Generally, the rising of the intraocular pressure is caused by the increase in a resistance to the
outflow of the tail water. Therefore, the smooth outflow of the tail water is important for treating glaucoma. The overlapped
microneedle does hardly damage a film surface, and discharges a fluid surrounded by a film to the outside in a flow
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pressure and an amount that are accurately and finely adjusted. Accordingly, the overlapped microneedle can be usefully
used to treat glaucoma through the outflow of tail water.
[0069] In accordance with another embodiment that does not form part of the invention but represents background
art useful for understanding the invention there is provided a biosensor which includes: (a) an internal microneedle, the
internal microneedle being a hollow or solid microneedle; (b) an external microneedle disposed at outside of the internal
microneedle, spaced apart by a certain distance from a surface of the internal microneedle to surround the surface of
the internal microneedle, and having the same surface curve as the internal microneedle, the external microneedle being
a hollow microneedle; (c) an insulator coated on an outer surface of the internal microneedle or an inner surface of the
external microneedle; (d) a positive terminal connected to a distal end of the internal microneedle; a negative terminal
connected to a distal end of the external microneedle; and (e) a measurement device for measuring a resistance, a
current, or a voltage which is generated across the positive and negative terminals.
[0070] In the specification, the term "insulator" denotes a material that shows a resistance to the flow of a current, and
thus has properties difficult to transfer electricity. The insulator is disposed in the space between the internal microneedle
and external microneedle of the overlapped microneedle, and, after a distal end of an upper portion of the overlapped
microneedle is implanted into a material to analyze, a voltage is applied to the positive terminal and negative terminal
connected to a distal end of a lower portion of the overlapped microneedle. At this point, by measuring a generated
voltage or resistance, the electrical characteristic of a material to measure may be detected.
[0071] The biosensor may further include a biomarker connected to a distal end of an upper portion of the internal
microneedle and a distal end of an upper portion of the external microneedle.
[0072] In the specification, the term "biomarker" denotes a material that becomes an indicator for determining a bio-
logical condition of a living thing. The biomarker is adhered between the distal ends of the overlapped microneedle, and,
after the biomarker is implanted into skin, by measuring a voltage generated across the two terminals, a biological
condition of a living thing can be detected. For example, the biomarker is a protein. In detail, when glucose oxidase
(GOx) is used as the biomarker, the overlapped microneedle with the glucose oxidase adhered thereto is implanted into
skin of a target thing, and then, by measuring the change in a voltage, a glucose concentration in blood may be measured
on the basis of the measured change in the voltage. Accordingly, a simple procedure may be performed that implants
a simple device into a patient and performs measurement without blood collection and pain, thereby enabling the high-
reliability measurement of blood sugar at low cost.

ADVANTAGEOUS EFFECTS

[0073] The features and advantages of certain embodiments, which do not form part of the invention but represent
background art that is useful for understanding the invention, are as follows.
[0074] Certain embodiments, which do not form part of the invention but represent background art that is useful for
understanding the invention, provide a method that manufactures a hollow microneedle having various external appear-
ances by adjusting a coating thickness of a viscous material, a manufacturing temperature, a lifting speed, a lifting time,
a plating thickness, and cutting of a bevel angle in a manufacturing process. Such a method has not been employed at all.
[0075] Moreover, in accordance with certain embodiments, which do not form part of the invention but represent
background art that is useful for understanding the invention, a hollow microneedle having a desired external appearance
may be simply and quickly manufactured at the low manufacturing cost.
[0076] Moreover, in accordance with certain embodiments, which do not form part of the invention but represent
background art that is useful for understanding the invention, by manufacturing a hollow microneedle having character-
istics of various external appearances, provided is a hollow microneedle that may deliver drugs and collect blood irre-
spective of species, races, individuals, regions of skin, and the viscosity and amount of the drugs.
[0077] Moreover, in accordance with certain embodiments, which do not form part of the invention but represent
background art that is useful for understanding the invention, the hollow microneedle may be manufactured in an array
type, and manufactured as a single type microneedle that is coupled to a distal end of an injector compatible with a syringe.
[0078] Moreover, in accordance with the present invention, a microneedle in which the degree and position of bending
may be adjusted is manufactured by the method of the present invention.
[0079] Moreover, in accordance with an embodiment that does not form part of the invention but represents background
art useful for understanding the invention by manufacturing a plurality of microneedles having the same surface curve
in a method of adjusting an external appearance of the microneedle, a microvalve and a biosensor having the microneedle
type may be manufactured by a structure in which the microneedles overlap. The mircovalve in which a flow pressure
is finely adjusted in a simple structure and at low cost and the biosensor that reliably detects a target material from a
body may be usefully used.
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BRIEF DESCRIPTION OF DRAWING

[0080]

Figs. 1A and 1B are views schematically illustrating detailed implementation examples of microneedles that are
manufactured by adjusting a polymer coating thickness;
implementation examples of microneedles that are manufactured by adjusting a diameter of a lifting frame;
Figs. 3A and 3B are views schematically illustrating detailed implementation examples of microneedles that are
manufactured by adjusting a temperature of a polymer;
Figs. 4A and 4B are views schematically illustrating detailed implementation examples of microneedles that are
manufactured by adjusting a lifting speed;
Figs. 5A and 5B are views schematically illustrating detailed implementation examples of microneedles that are
manufactured by adjusting a plating thickness;
Figs. 6A and 6B are views schematically illustrating detailed implementation examples of microneedles that are
manufactured by adjusting a bevel angle of an upper portion;
Figs. 7A to 7C are views schematically illustrating implementation examples of microneedles manufactured at a
distal end of an injector, Fig. 7A is a view schematically illustrating a detailed implementation example of a short
microneedle manufactured at the distal end of the injector, Fig. 7B is a view schematically illustrating a detailed
implementation example of a long microneedle manufactured at a distal end of an injector, and Fig. 7C is a view
schematically illustrating a detailed implementation example of a microneedle, having a bevel angle, manufactured
at a distal end of an injector;
Figs. 8A to 8C are views schematically illustrating implementation examples of bent microneedles, Fig. 8A is a view
schematically illustrating a detailed implementation example of a microneedle bent from a distal end of an injector,
Fig. 8B is a view schematically illustrating a detailed implementation injector, Fig. 8B is a view schematically illustrating
a detailed implementation example of a microneedle bent from a central position of a microneedles structure, and
Fig. 8C is a view schematically illustrating a detailed implementation example of a microneedle bent at a distal end
of a microneedle structure;
Fig. 9 is a schematic view illustrating an example that does not form, part of the invention but represents background
art useful for understanding the invention, namely a microvalve using an overlapped microneedle structure; and
Fig. 10 is a schematic view illustrating an example that does not form part of the invention but represents background
art useful for understanding the invention, namely a biosensor using the overlapped microneedle structure.

BEST MODE FOR THE INVENTION

[0081] Hereinafter, certain embodiments, which do not form part of the invention but represent background art that is
useful for understanding the invention, will be described in more detail. It is obvious to those skilled in the art that the
scope of the present invention is not limited by the described embodiments.
[0082] Embodiment 1 (which does not form part of the invention but represents background art that is useful for
understanding the invention): varying an external appearance of a microneedle by adjusting a coating thickness of a
polymer solution.
[0083] A solid microstructure is formed of an epoxy polymer "SU-8 2050 photoresist (microchem)" that is a polymer
having viscosity of 14,000 cSt. SU-8 2050 is respectively coated on a metal or silicon substrate to a thickness of 75 mm
and 165 mm, and then maintained at a temperature of 120 °C for 5 minutes, thereby enabling the flux of SU-8 2050 to
be maintained. Subsequently, the SU-8 2050 is contacted to a 333 patterned frame having a diameter of 200 mm. While
slowly lowering a temperature of the substrate to 70 °C to 60 °C, the coated SU-8 2050 has viscosity enabling lifting. At
this point, by lifting a lifting frame for 5 minutes at a speed of 10 mm/s, as illustrated in Figs. 1A and 1B, an initial solid
structure having a length of 3,000 mm is formed. By increasing a second lifting speed or cutting, the initial solid structure
may be spaced apart from the lifting frame.
[0084] As a result, in an initial coating thickness of 75 mm, a solid microstructure is formed to have a diameter of 30
mmin upper portion thereof, a diameter of 200 mmin lower portion thereof, and a length of 1,500 mm, and chemical-
vapor-deposited in Tollens reaction. In an initial coating thickness of 165 mm, a solid microstructure is formed to have
a diameter of 40 mmin upper portion thereof, a diameter of 300 mm in lower portion thereof, and a length of 2,000 mm,
and chemical-vapor-deposited in Tollens reaction. Subsequently, the top of each of the solid microneedles is protected
with enamel or SU-8 2050. Processing the enamel or the SU-8 2050 on the top prevents the top from being plated in a
subsequent process. The solid microstructure is overall plated with metal and then cut by a laser and a microsaw, thereby
forming a hollow microstructure.
[0085] Subsequently, a surface of the solid microneedle whose the top has been protected is electroplated with nickel
(Ni). The Ni electroplating is performed by 0.206 mm/min per 1 A/dm2 for 75 minutes so that a thickness of the electroplated



EP 2 594 313 B1

10

5

10

15

20

25

30

35

40

45

50

55

Ni may become 20 mm. The electroplated structure is put into an SU-8 remover (microchem) of 60 °C to 100 °C for one
hour to remove the solid microstructure of SU-8 2050 and sealed enamel, thereby obtaining a hollow microneedle. In
the obtained hollow microneedle, a hollow microneedle is manufactured to have an external diameter of 70 mm of an
upper portion, an internal diameter of 30 mm in the upper portion thereof, a diameter of 200 mm of a lower portion, and
a length of 1,500 mm from the initial coating thickness of 75 mm, and a hollow microneedle is manufactured to have an
external diameter of 100 mm of an upper portion, an internal diameter of 60 mm of the top, a diameter of 300 mm of a
lower portion, and a length of 2,000 mm from the initial coating thickness of 165 mm. The hardness of the manufactured
hollow microneedle indicates a value of 1-2N, which is a value far greater than 0.06 N that is a hardness value enabling
the hollow microneedle to pass through skin.
[0086] Embodiment 2 (which does not form part of the invention but represents background art that is useful for
understanding the invention): varying an external appearance of a microneedle by adjusting a diameter of a lifting frame.
[0087] A solid microstructure is formed of an epoxy polymer "SU-8 2050 photoresist" that is a polymer having viscosity
of 14,000 cSt. SU-8 2050 is coated on a metal or silicon substrate to a thickness of 75 mm, and then maintained at a
temperature of 120 °C for 5 minutes, thereby enabling the flux of the SU-8 2050 to be maintained. Subsequently, the
SU-8 2050 is contacted to a 333 patterned frame having a diameter of 200 mm and a 333 patterned frame having a
diameter of 500 mm, respectively. While slowly lowering a temperature of the substrate to 70 °C to 60 °C, the coated
SU-8 2050 has viscosity enabling lifting.
[0088] At this point, by lifting a lifting frame for 5 minutes at a speed of 10 mm/s, as illustrated in Figs. 2A and 2B, an
initial solid structure having a length of 3,000 mm is formed. By increasing a second lifting speed or cutting, the initial
solid structure is spaced apart from the lifting frame. As a result, by a lifting frame having an initial diameter of 200 mm,
a solid microstructure is formed to have a diameter of 30 mm in an upper portion thereof, a diameter of 200 mm of a
lower portion thereof, and a length of 1,500 mm, and chemical-vapor-deposited in Tollens reaction. By a lifting frame
having an initial diameter of 500 mm, a solid microstructure is formed to have a diameter of 40 mm of an upper portion,
a diameter of 500 mm of a lower portion, and a length of 2,000 mm, and chemical-vapor-deposited in Tollens reaction.
Subsequently, the top of each of the solid microneedles is protected with enamel or SU-8 2050. The reason that processes
enamel or SU-8 2050 on the top is the same as the embodiment 1.
[0089] Subsequently, a surface of the solid microneedle whose the top has been protected is electroplated with Ni.
The Ni electroplating is performed by 0.206 mm/min per 1 A/dm2 for 75 minutes so that a thickness of the electroplated
Ni may become 20 mm. The electroplated structure is put into an SU-8 remover of 60 °C to 100 °C for one hour to remove
the solid microneedle of SU-8 2050 and sealed enamel, thereby obtaining a hollow microneedle. In the obtained hollow
microneedle, a hollow microneedle is manufactured to have an external diameter of 70 mm in an upper portion thereof,
an internal diameter of 30 mm in the upper portion, a diameter of 200 mm of a lower portion thereof, and a length of 1,500
mm from the lifting frame having an initial diameter of 200 mm, and a hollow microneedle is manufactured to have an
external diameter of 100 mm in an upper portion thereof, an internal diameter of 60 mm in the upper portion thereof, a
diameter of 500 mm in a lower portion thereof, and a length of 2,000 mm from the lifting frame having an initial diameter
of 500 mm. The hardness of the manufactured hollow microneedle indicates a value of 1-2N, which is a value far greater
than 0.06 N that is a hardness value enabling the hollow microneedle to pass through skin.
[0090] Embodiment 3 (which does not form part of the invention but represents background art that is useful for
understanding the invention): varying an external appearance of a microneedle by adjusting a temperature
[0091] A solid microstructure is formed of an epoxy polymer "SU-8 2050 maintained at a temperature of 120 °C for 5
minutes, thereby enabling the flux of the SU-8 2050 to be maintained. Subsequently, the SU-8 2050 is contacted to a
333 patterned frame having a diameter of 200 mm. While slowly lowering a temperature of the substrate to 90 °C
(adhesive strength of polymer: 1 N, viscosity: 100 Poise) and 60°C (adhesive strength of polymer: 2N, viscosity: 6,500
Poise), by lifting a lifting frame for 5 minutes at a speed of 10 mm/s, as illustrated in Figs. 3A and 3B, an initial solid
structure having a length of 3,000 mm is formed. By increasing a second lifting speed or cutting, the initial solid structure
is spaced apart from the lifting frame. As a result, at an initial lifting temperature of 90°C, the solid microstructure is
formed to have a diameter of 30 mm in an upper portion thereof, a diameter of 200 mm of a lower portion, and a length
of 1,000 mm, and chemical-vapor-deposited in Tollens reaction. At an initial lifting temperature of 60 °C, the solid micro-
structure is formed to have a diameter of 30 mm in an upper portion thereof, a diameter of 200 mm of a lower portion,
and a length of 1,500 mm, and chemical-vapor-deposited in Tollens reaction. Subsequently, the upper portion of each
of the solid microneedles is protected with enamel or SU-8 2050. The reason that processes the enamel or SU-8 2050
on the upper portion of the solid microneedles is the same as the embodiment 1. Subsequently, a surface of the solid
microneedle whose the upper portion has been protected is electroplated with Ni. The Ni electroplating is performed by
0.206 mm/min per 1 A/dm2 for 75 minutes so that a thickness of the electroplated Ni may become 20 mm. The electroplated
structure is put into an SU-8 remover of 60 °C to 100 °C for one hour to remove the solid microstructure of the SU-8
2050 and sealed enamel, thereby obtaining a hollow microneedle. In the obtained hollow microneedle, a hollow micro-
needle is manufactured to have an external diameter of 70 mm in an upper portion thereof, microneedle, a hollow
microneedle is manufactured to have an external diameter of 70 mm in an upper portion thereof, an internal diameter of
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30 mm of the upper portion thereof, a diameter of 200 mm of a lower portion, thereof, and a length of 1,000 mm at the
initial lifting temperature of 90 °C, and a hollow microneedle is manufactured to have an external diameter of 70 mm in
an upper portion thereof, an internal diameter of 30 mm in the upper portion thereof, a diameter of 200 mm in a lower
portion thereof, and a length of 1,500 mm at the initial lifting temperature of 60 °C. The hardness of the manufactured
hollow microneedle indicates a value of 1-2N, which is a value far greater than 0.06 N that is a hardness value enabling
the hollow microneedle to pass through skin.
[0092] Embodiment 4 (which does not form part of the invention but represents background art that is useful for
understanding the invention): varying an external appearance of a microneedle by adjusting a lifting speed
[0093] A solid microstructure is formed of an epoxy polymer "SU-8 2050 photoresist" that is a polymer having viscosity
of 14,000 cSt. The SU-8 2050 is coated on a metal or silicon substrate to a thickness of 75 mm, and then maintained at
a temperature of 120 °C for 5 minutes, thereby enabling the flux of SU-8 2050 to be maintained. Subsequently, the SU-
8 2050 is contacted to a 333 patterned frame having a diameter of 200 mm. While slowly lowering a temperature of the
substrate to 70 °C to 60 °C, by respectively lifting a lifting frame for 5 minutes at a speed of 5 mm/s and a speed of 10
mm, as illustrated in Figs. 4A and 4B, an initial solid structure having a length of 1,500 mm and an initial solid structure
having a length of 3,000 mm are formed. By increasing a second lifting speed or cutting, each of the initial solid structures
is spaced apart from the lifting frame. As a result, in a case of the speed of 5 mm/s, a solid microstructure is formed to
have a diameter of 30 mm in an upper portion thereof, a diameter of 200 mm of a lower portion, and a length of 8,00 mm,
and chemical-vapor-deposited in Tollens reaction. In a case of the speed of 10 mm/s, a solid microstructure is formed
to have a diameter of 30 mm in an upper portion thereof, a diameter of 200 mm of a lower portion, and a length of 1,500
mm, and chemical-vapor-deposited in Tollens reaction. Subsequently, the upper portion of each of the solid microneedles
is protected with enamel or SU-8 2050. The reason that processes the enamel or SU-8 2050 on the upper portion of the
solid microneedle is the same as the embodiment 1.
[0094] Subsequently, a surface of the solid microneedle whose the upper portion has been protected is electroplated
with Ni. The Ni electroplating is performed by 0.206 mm/min per 1 A/dm2 for 75 minutes so that a thickness of the
electroplated Ni may become 20 mm. The electroplated structure is put into an SU-8 remover of 60 °C to 100 °C for one
hour to remove the solid microstructure of SU-8 2050 and sealed enamel, thereby obtaining a hollow microneedle. In
the obtained hollow microneedle, a hollow microneedle is manufactured to have an external diameter of 70 mm in an
upper portion thereof, an internal diameter of 30 mm of the upper portion thereof, a diameter of 200 mm in a lower portion
thereof, and a length of 800 mm at the speed of 5 mm/s, and a hollow microneedle is manufactured to have an external
diameter of 70 mm in an upper portion thereof, an internal diameter of 30 mm of the upper portion thereof, a diameter of
200 mm of a lower portion thereof, and a length of 1,500 mm at the speed of 10 mm/s. The hardness of the manufactured
hollow microneedle indicates a value of 1-2N, which is a value far greater than 0.06 N that is a hardness value enabling
the hollow microneedle to pass through skin.
[0095] The embodiment (which does not form part of the invention but represents background art that is useful for
understanding the invention) in which an external appearance of a microneedle is varied by adjusting the lifting time.
Therefore, an external appearance of the final solid microstructure may be adjusted with a correlation (multiplication)
between the lifting speed and the lifting time.
[0096] The inventors fix a lifting speed, a lifting time, and a temperature by using SU-8 2050 photoresist having viscosity
of 14,000 cSt, and thus have established a relationship between a diameter (mm) of a lifting frame, a coating thickness
(mm) of a viscous material, and an effective length (mm) and internal diameter (mm) of a hollow microstructure. That is,
the SU-8 2050 is coated on a metal or silicon substrate to various thicknesses, and then maintained at a temperature
of 120 °C for 5 minutes, thereby enabling the flux of the SU-8 2050 to be maintained. Subsequently, the SU-8 2050
contacts a lifting frame having various diameters. While slowly lowering a temperature of the substrate to 90 °C (adhesive
strength of polymer: 1 N, viscosity: 100 Poise) and 60 °C (adhesive strength of polymer: 2N, viscosity: 6,500 Poise), by
lifting a lifting frame for 5 minutes at a speed of 10 mm /s, a solid structure is formed. Subsequently, an operation of
forming the hollow microstructure is as described above. Through such operations, a hollow microstructure having an
external appearance shown in the following Table 1 is obtained.

[Table 1]

An effective length (mm) and internal diameter (mm) of a hollow microstructure according to a diameter (mm) 
of a lifting frame and a coating thickness (mm) of a viscous material

Effective length (mm) Internal diameter 
(mm)

Diameter (mm) of lifting 
frame

Coating thickness (mm) of 
viscous material

1 4800 15 200 470

2 4500 16 200 500
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[0097] On the basis of the result of Table 1, it has been established that a relationship between the diameter (mm) of
the lifting frame, the coating thickness (mm) of the viscous material, the effective length (mm) of the hollow microstructure,
and internal diameter (mm) of the hollow microstructure is expressed as the following Formula 1. 

where Y denotes the effective length (mm) of the hollow microstructure, x 

where Y denotes the effective length (mm) of the hollow microstructure, x denotes the internal diameter (mm) of the
hollow microstructure, and b denotes "(diameter (mm) of lifting frame + coating thickness (mm) of viscous material)/50".
[0098] Embodiment 5 (which does not form part of the invention but represents background art that is useful for
understanding the invention): varying an external appearance of a microneedle by adjusting a coating thickness.
[0099] A solid microstructure is formed of an epoxy polymer "SU-8 2050 photoresist" that is a polymer having viscosity
of 14,000 cSt. The SU-8 2050 is coated on a metal or silicon substrate to a thickness of 75 mm, and then maintained at
a temperature of 120 °C for 5 minutes, thereby enabling the flux of the SU-8 2050 to be maintained. Subsequently, the
SU-8 2050 is contacted to a 333 patterned frame having a diameter of 200 mm. While slowly lowering a temperature
of the substrate to 70 °C to 60 °C, by lifting a lifting frame for 5 minutes at a speed of 10 mm, an initial solid structure
having a length of 3,000 mm is formed. By increasing a second lifting speed or cutting, the initial solid structure is spaced
apart from the lifting frame. As a result, a solid microstructure is formed to have a diameter of 30 mm in an upper portion
thereof, a diameter of 200 mm of a lower portion thereof, and a length of 1,500 mm, and chemical-vapor-deposited in
Tollens reaction. Subsequently, the upper portion of the solid microneedle is protected with enamel or SU-8 2050. The
reason that processes the enamel or SU-8 2050 on the upper portion of the solid microneedle is the same as the
embodiment 1. Then, a surface of the solid microneedle whose the upper portion has been protected is electroplated
with Ni. The Ni electroplating is performed by 0.206 mm/min per 1 A/dm2 for 75 minutes so that respective thicknesses
of the electroplated Ni may become 20 mm and 40 mm (see Figs. 5A and 5B). The electroplated structure is put into an

(continued)

An effective length (mm) and internal diameter (mm) of a hollow microstructure according to a diameter (mm) 
of a lifting frame and a coating thickness (mm) of a viscous material

Effective length (mm) Internal diameter 
(mm)

Diameter (mm) of lifting 
frame

Coating thickness (mm) of 
viscous material

3 4200 19 500 350

4 3900 21 500 430

5 3600 22 500 460

6 3300 24 700 340

7 3000 26 700 400

8 2700 27 700 400

9 2400 29 700 510

10 2100 32 700 490

11 1800 37 800 500

12 1500 45 900 550

13 1200 66 1500 550

14 900 98 2000 700

15 600 200 3000 1850
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SU-8 remover of 60 °C to 100 °C for one hour to remove the solid microstructure of the SU-8 2050 and sealed enamel,
thereby obtaining a hollow microneedle. In the obtained hollow micro.needle, a hollow microneedle is manufactured to
have an external diameter of 70 mm in an upper portion thereof, an internal diameter of 30 mm of the upper portion
thereof, a diameter of 200 mm of a lower portion thereof, and a length of 1,500 mm from the metal thickness of 20 mm,
and a hollow microneedle is manufactured to have an external diameter of 110 mm in an upper portion thereof, an internal
diameter of 30 mm of the upper portion thereof, a diameter of 200 mm of a lower portion thereof, and a length of 1,500
mm from the metal thickness of 40 mm. The hardness of the manufactured hollow microneedle indicates a value of 1-2N,
which is a value far greater than 0.06 N that is a hardness value enabling the hollow microneedle to pass through skin.
[0100] Embodiment 6 (which does not form part of the invention but represents background art that is useful for
understanding the invention): varying an external appearance of a microneedle by adjusting cutting of a bevel angle.
[0101] A solid microstructure is formed of an epoxy polymer "SU-8 2050 photoresist" that is a polymer having viscosity
of 14,000 cSt. The SU-8 2050 is coated on a metal or silicon substrate to a thickness of 75 mm, and then maintained at
a temperature of 120 °C for 5 minutes, thereby enabling the flux of the SU-8 2050 to be maintained. Subsequently, the
SU-8 2050 is contacted to a 333 patterned frame having a diameter of 200 mm. While slowly lowering a temperature
of the substrate to 70 °C to 60 °C, by lifting a lifting frame for 5 minutes at a speed of 10 mm; an initial solid structure
having a length of 3,000 mm is formed. By increasing a second lifting speed or cutting, the initial solid structure is spaced
apart from the lifting frame. As a result, a solid vapor-deposited in Tollens reaction. Subsequently, the upper portion of
the solid microneedle is protected with enamel or SU-8 2050. The reason that processes the enamel or SU-8 2050 on
the upper portion of the solid microneedles is the same as the embodiment 1. Then, a surface of the solid microneedle
whose the upper portion has been protected is electroplated with Ni. The Ni electroplating is performed by 0.206 mm/min
per 1 A/dm2 for 75 minutes and 200 minutes so that thicknesses of the electroplated Ni may become 20 mm. Subsequently,
the upper portions of the electroplated solid microstructure are respectively cut at a vertical angle (angle of 0 degrees),
an angle of 45 degrees, and an angle of 60 degrees by a laser. Then, each of the structures is put into an SU-8 remover
of 60 °C to 100 °C for one hour to remove the solid microstructure of the SU-8 2050 and sealed enamel, thereby obtaining
hollow microneedles illustrated in Figs. 6A and 6B. Fig. 6A illustrates an example of a hollow microneedle that has been
obtained by vertically cutting an upper portion of a microstructure, and Fig. 6B illustrates an example of a hollow micro-
needle that has been finished by cutting an upper portion of a microstructure at a specific angle (for example, 60 degrees).
In the obtained hollow microneedles, a hollow microneedle is manufactured to have an external diameter of 70 mm in
an upper portion, an internal diameter of 30 mm of the top, a diameter of 200 mm of a lower portion, and a length of 1,500
mm. In this case, an area of the internal diameter increases by 1.4 times a case in which the upper portion is cut at an
angle of 45 degrees, and increases by 2 times a case in which the upper portion is cut at an angle of 60 degrees. Also,
sharpness increases according to a cut bevel angle. The hardness of the manufactured hollow microneedle indicates
a value of 1-2N, which is a value far greater than 0.06 N that is a hardness value enabling the hollow microneedle to
pass through skin.
greater than 0.06 N that is a hardness value enabling the hollow microneedle to pass through skin.
[0102] Embodiment 7 (which does not form part of the invention but represents background art that is useful for
understanding the invention): manufacturing a single microneedle contacting a hollow injector structure
[0103] A solid microstructure contacting a distal end of a single hollow injector is formed of an epoxy polymer "SU-8
2050 photoresist" that is a polymer having viscosity of 14,000 cSt. The SU-8 2050 is respectively coated on a metal or
silicon substrate to a thickness of 165 mm, and then maintained at a temperature of 120 °C for 5 minutes, thereby
enabling the flux of the SU-8 2050 to be maintained. Subsequently, the SU-8 2050 is contacted to a distal end of a 23-
guage hollow injector having a diameter of 400 mm. While slowly lowering a temperature of the substrate to 70 °C to 60
°C, the coated SU-8 2050 has viscosity enabling lifting. At this point, by lifting a lifting frame for 13 minutes at a speed
of 10 mm/s, an initial solid structure having a length of 7,800 mm is formed. By increasing a second lifting speed or
cutting, the initial solid structure may be spaced apart from the lifting frame. As a result, in an initial coating thickness of
75 mm, a solid microstructure is formed to have a diameter of 30 mm in an upper portion thereof, a diameter of 400 mm
of a lower portion thereof, and a length of 4,000 mm at a distal end of a hollow injector, and chemical-vapor-deposited
in Tollens reaction. Subsequently, the upper portion of the single solid microneedle is protected with enamel or SU-8
2050. Processing the enamel or SU-8 2050 on the upper portion of the single solid microneedle prevents the upper
portion from being plated in a subsequent process. The single solid microstructure is overall plated with metal and then
cut by a laser and a microsaw, thereby forming a hollow microstructure. Subsequently, a surface of the solid microneedle
whose thickness of the electroplated Ni may become \20 mm. Subsequently, the upper portions of the plated solid
microstructures are respectively cut at a vertical angle and an angle of 45 degrees. Then, each of the structures is put
into an SU-8 remover of 60 °C to 100 °C for one hour to remove the solid microstructure of the SU-8 2050, thereby
obtaining a hollow microneedle contacting a hollow injector. The obtained hollow microneedle has an external diameter
of 70 mm in an upper portion thereof, an internal diameter of 30 mm of the upper portion thereof, a diameter of 400 mm
of a lower portion thereof, and a length of 4,000 mm. The hardness of the manufactured hollow microneedle indicates
a value of 1-2N, which is a value far greater than 0.06 N that is a hardness value enabling the hollow microneedle to
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pass through skin.
[0104] Figs. 7A to 7C are diagrams illustrating variously implementated examples of microneedles provided at a distal
end of an injector. Fig. 7A illustrates a short microneedle manufactured at the distal end of the injector, Fig. 7B illustrates
a long microneedle manufactured at a distal end of an injector, and Fig. 7C illustrates a microneedle, having a bevel
angle formed at the distal end of the injector, manufactured by the above-described method.

Embodiment 8: manufacturing a bent microneedle contacting a hollow injector structure

[0105] A solid microstructure contacting a distal end of a single hollow injector is formed of an epoxy polymer "SU-8
2050 photoresist (microchem)" that is a polymer having viscosity of 14,000 cSt. The SU-8 2050 is respectively coated
on a metal or silicon substrate to a thickness of 165 mm, and then maintained at a temperature of 120 °C for 5 minutes,
thereby enabling the flux of the SU-8 2050 to be maintained. Subsequently, the SU-8 2050 is contacted to a distal end of a
[0106] 23-gauge hollow injector having a diameter of 400 mm. While slowly lowering a temperature of the substrate
to 70 °C to 60 °C, the coated SU-8 2050 has viscosity enabling lifting: At this point, by lifting a lifting frame for 13 minutes
at a speed of 10 mm/s, an initial solid structure having a length of 7,800 mm is formed. Before the formed initial solid
structure is hardened, by processing the initial solid structure in the wind of 10 mm/s in a specific direction, a bent solid
structure whose a lower portion is spaced apart by a distance of 500 mm from a distal end of a contacted injector is
manufactured. As the same bent effect, the lower portion of the solid structure from the distal end of the contacted
injector is spaced apart by a distance of 500 mm, and an initial solid structure is bent.
[0107] By increasing a second lifting speed or cutting, the bent solid structure may be spaced apart from the lifting
frame. As a result, a single solid microstructure whose an upper portion and a lower portion are vertically spaced apart
from each other by a distance of 500 mm and which is bent at respective portions corresponding to a diameter of 30 mm
in the upper portion, a diameter of 200 mm in the lower portion, a length of 3,000 mm, and a length of 1,500 mm is obtained
at a distal end of a hollow injector, and chemical-vapor-deposited in Tollens reaction. Subsequently, the upper portion
of the single solid microstructure is protected with enamel or SU-8 2050. Processing the enamel or SU-8 2050 on the
upper portion prevents the upper portion from being plated in a subsequent process. The single solid microstructure is
overall plated with metal and then cut by a laser and a microsaw, thereby forming a hollow microstructure. Subsequently,
a surface of the solid microneedle whose the upper portion has been protected is electroplated with Ni. The Ni electro-
plating is performed by 0.206 mm/min per 1 A/dm2 for 75 minutes so that a thickness of the electroplated Ni may become
20 mm. Subsequently, the upper portions of is performed by 0.206 mm/min per 1 A/dm2 for 75 minutes so that a thickness
of the electroplated Ni may become 20 mm. Subsequently, the upper portions of the plated solid microstructures are
respectively cut at a vertical angle and an angle of 45 degrees. Then, each of the structures is put into an SU-8 remover
of 60 °C to 100 °C for one hour to remove the solid microstructure of the SU-8 2050, thereby obtaining a hollow microneedle
contacting a hollow injector. The upper portion and lower portion of the single solid microstructure are vertically spaced
apart from each other by a distance of 500 mm, and the single solid microstructure is bent at respective portions corre-
sponding to a diameter of 30 mm of the upper portion, a diameter of 200 mm of the lower portion, a length of 3,000 mm,
and a length of 1,500 mm. The hardness of the manufactured hollow microneedle indicates a value of 1-2N, which is a
value far greater than 0.06 N that is a hardness value enabling the hollow microneedle to pass through skin. Figs. 8A
to 8C are diagrams schematically illustrating implementation examples of bent microneedles. Fig. 8A illustrates a micro-
needle bent from a distal end of an injector, Fig. 8B illustrates a microneedle that is manufactured by the above-described
method and bent from a central position of a microneedle structure, and Fig. 8C illustrates a microneedle bent at a distal
end of the microneedle structure.
[0108] Embodiment 9 (which does not form part of the invention but represents background art that is useful for
understanding the invention): manufacturing a microvalve using an overlapped microneedle structure.
[0109] Fig. 9 is a schematic diagram illustrating an embodiment that does not form part of the invention but represents
background art useful for understanding the invention, namely a microvalve using an overlapped microneedles structure.
The microvalve includes: an internal microneedle 91 that is a hollow or solid microneedle; an external hollow microneedle
93 that is disposed surface of the internal microneedle 91, and surrounds the surface of the internal microneedle 91;
and a clipping device 95 that is formed by bending a distal end of a lower portion of the external microneedle 93 toward
the inside thereof. A distal end of a lower portion of the internal microneedle 91 may be bent toward the outside, or the
distal ends of the respective bottoms of the external microneedle 93 and internal microneedle 91 may be respectively
bent toward the inside and the outside, thereby forming the clipping device 95. To manufacture the microvalve, as
described above in the embodiments 1 to 6, a constant manufacturing condition is first fixed, and two hollow microstruc-
tures having the same external appearance are manufactured. Subsequently, one of the two manufactured microneedles
is an external microneedle, and the other is inserted into the external microneedle and is an internal microneedle, thereby
establishing an overlapped microneedle structure in which a constant internal interval of 5 mm to 10 mm is maintained
between the two microneedles. Then, a distal end of a lower portion of the internal microneedle is fixed by bending a
distal end of a lower portion of the external microneedle toward the distal end of the bottom of the internal microneedle,
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and thus, the internal microneedle becomes an internal valve adjustment device, thereby enabling a fluid to flow into a
portion which is not covered by the bent portion.
[0110] A space having a certain volume, which is disposed between the external microneedle and the internal micro-
needle, becomes a path through which a fluid flows. The bent portion moves by elasticity according to the pressure
intensity of a fluid to thereby obstruct or prevent the flow of the fluid, and thus serves as a fluid adjustment valve that
adjusts a flow speed and a flow pressure. Therefore, for example, when the microvalve is used as a glaucoma drainage
device for treating glaucoma caused by a high intraocular pressure, the pressure. Therefore, for example, when the
microvalve is used as a glaucoma drainage device for treating glaucoma caused by a high intraocular pressure, the
microvalve can simplify glaucoma surgery and increase a treatment effect compared to the existing glaucoma drainage
devices.
[0111] Embodiment 10 (which does not form part of the invention but represents background art that is useful for
understanding the invention): manufacturing a biosensor using an overlapped microneedle structure
[0112] Fig. 10 is a schematic diagram illustrating an embodiment that does not form part of the invention but represents
background art useful for understanding the invention, namely a biosensor using the overlapped microneedle structure.
The biosensor includes: an internal microneedle 101 that is a hollow or solid microneedle; an external hollow microneedle
103 that is disposed at the outside of the internal microneedle 101, has the same surface curve as that of the internal
microneedle 101, is spaced apart by a certain distance from a surface of the internal microneedle 101, and surrounds
the surface of the internal microneedle 101; an insulator 105 that is coated on an outer surface of the internal microneedle
101; a positive terminal 107 that is connected to a distal end of the internal microneedle 101; a negative terminal 109
that is connected to a distal end of the external microneedle 103; and a measurement device (not shown) that measures
a resistance, a current, or a voltage which is generated by a power source. The insulator 105 may be coated on an inner
surface of the external microneedle 103.
[0113] To manufacture the biosensor, a constant manufacturing condition is first fixed for manufacturing an overlapped
microneedle, and thus, two hollow microstructures having the same external appearance are manufactured. Parylene
(KISCO, diX N in Japan) is chemical-vapor-deposited (CVD) on a surface of a microneedle, used as an internal micro-
needle, according to protocol of a manufacturer. Subsequently, as in the embodiment 9, the other internal microneedle
is inserted into an external microneedle, thereby establishing an overlapped microneedle structure. A positive power
source and a negative power source are connected to respective distal ends of the internal microneedle and external
microneedle of the overlapped microneedle structure, and a voltmeter and an ohmmeter (Yokogawa 3201 tester, Japan)
are connected to the overlapped microneedle structure (see Fig. 10). When the overlapped microneedle is implanted
into skin and connected to the power source, by measuring a resistance value generated by the power source, a meridian
point can be found, and a resistance value which is changed due to the change in a health state can be continuously
measured.
[0114] Furthermore, the inventors adheres a biomarker such as glucose oxidase (GOx) to a distal end in an upper
portion of the overlapped microneedle, thereby manufacturing a biosensor for measuring blood glucose contents of a
body.
[0115] Accordingly, the hollow microneedle may be directly implanted into skin without collecting blood of a patient,
thus enabling the measurement of blood sugar reacting with interstitial fluid (ISF) without fear of pain and blood collection.
[0116] While the invention has been shown and described with respect to the embodiments (certain of which does
not form part of the invention but represents background art that is useful for understanding the invention), the present
invention is not limited thereto. It will be understood by those skilled in the art that various changes and modifications
may be made without departing from the scope of the invention as defined in the following claims.

Claims

1. A method for manufacturing a hollow microneedle having a varied appearance, comprising:

coating a solution of a viscous material on a surface of a substrate;
bringing the solution of the viscous material into contact with a frame;
lifting the substrate, the frame, or the substrate and the frame for the contacted frame and substrate to be
spaced apart from each other to thereby manufacture a solid microstructure;
obtaining a bent solid microstructure by sending wind of 5 mm/s to 10 mm/s in a specific direction before the
solid microstructure which is manufactured in said lifting the substrate, the frame, or the substrate and the frame
is hardened;
depositing metal on the bent solid microstructure;
protecting an upper portion of the metal-deposited bent solid microstructure, and plating metal on a surface of
the bent solid microstructure; and
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removing the bent solid microstructure to obtain a hollow microneedle,
wherein a coating thickness of the viscous material, a diameter of the frame, a temperature of the viscous
material, a lifting speed, a plating thickness, or combination thereof is adjusted.

2. The method of claim 1, wherein in said coating a solution of a viscous material, the viscous material is a polymer
compound which is removed by an organic solvent.

3. The method of claim 2, wherein the polymer compound is one of acrylonitrile styrene (AS), polyamide, polyethylene,
polyester, polyacryl, polyacetylene, styrene, teflon, polyvinyl chloride, polyurethane, nylon, sulfonic resin, and epoxy
polymer.

4. The method of claim 1, wherein the temperature of the viscous material is adjusted within a range larger than a
glass transition temperature and smaller than 120 °C, thereby adjusting viscosity of the viscous material.

5. The method of claim 1, wherein multiplication of a lifting speed (mm/s) and lifting time (s) of the substrate, frame, or
substrate and frame is adjusted within a range from 500 mm to 5,000 mm.

6. The method of claim 1, wherein said depositing metal on the bent solid microstructure is performed such that stainless
steel, Al, Cr, Ni, Au, Ag, Cu, Ti, Co, or an alloy thereof is deposited on the bent solid microstructure.

7. The method of claim 6, wherein said depositing metal on the bent solid microstructure is performed such that Ag is
chemical-vapor-deposited on the bent solid microstructure in a silver mirror reaction, or Ag is physical-vapor-de-
posited on the bent solid microstructure using sputtering.

8. The method of claim 1, wherein in said protecting an upper portion of the metal-deposited bent solid microstructure,
and plating metal on a surface of the bent solid microstructure,
the plating thickness is adjusted within a range from 10 mm to 50 mm, and the plating metal is stainless steel, Al,
Cr, Ni, Au, Ag, Cu, Ti, Co, or an alloy thereof.

9. The method of claim 1, wherein an upper portion of the manufactured hollow microneedle is cut by adjusting a bevel
angle within a range from 0 degrees to 60 degrees.

10. The method of claim 1, wherein the hollow microneedle is a single hollow microneedle that is connected to an upper
portion of a hollow injector.

11. The method of claim 1, wherein in the hollow microneedle, a relationship between an effective length, the lifting
speed, a diameter of the lifting frame, and the coating thickness of the viscous material is expressed as an equation 

where Y denotes the effective length (mm) of the hollow microneedle, x denotes the internal diameter (mm) of the
hollow microneedle, and b denotes "(diameter (mm)of lifting frame + coating thickness (mm) of viscous material)/50".

12. The method of claim 1, wherein the adjusted external appearance of the hollow microneedle is at least one appear-
ance factor selected from a group consisting of an effective length, an internal diameter and external diameter of
an upper portion, a diameter, hardness, sharpness, bevel angle, and aspect ratio of a lower portion, a degree of
bending, and a bending position.

13. A hollow microneedle manufactured by the method of any one of claims 1 to 12.

Patentansprüche

1. Verfahren zur Herstellung einer hohlen Mikronadel mit variablem Erscheinungsbild, umfassend:

Auftragen einer Lösung von einem viskosen Material auf eine Oberfläche eines Substrates;
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In Kontakt bringen der Lösung des viskosen Materials mit einem Rahmen;
Anheben des Substrates, des Rahmens, oder des Substrates und des Rahmens, um den kontaktierten Rahmen
und das Substrat voneinander zu beabstanden, um dadurch eine feste Mikrostruktur herzustellen;
Erhalten einer gekrümmten festen Mikrostruktur durch das Aussenden von Wind von 5 mm/s bis 10 mm/s in
einer bestimmten Richtung, bevor die feste Mikrostruktur, die durch das genannte Anheben des Substrates,
des Rahmens, oder das Substrat und des Rahmens hergestellt ist, ausgehärtet ist;
Ablagern von Metall auf der gekrümmten festen Mikrostruktur;
Schützen eines oberen Abschnittes der metall-belegten gekrümmten festen Mikrostruktur, und Metallisieren
von Metall auf eine Oberfläche der gekrümmten festen Mikrostruktur; und
Entfernen der gekrümmten festen Mikrostruktur, um eine hohle Mikronadel zu erhalten, wobei eine Beschich-
tungsdicke des viskosen Materials, ein Durchmesser des Rahmens, eine Temperatur des viskosen Materials,
eine Anhebe-Geschwindigkeit, eine Metallisierungsdicke oder eine Kombination hiervon eingestellt ist.

2. Verfahren nach Anspruch 1, wobei beim genannten Auftragen einer Lösung von einem viskosen Material, das
viskose Material eine Polymerverbindung ist, die durch ein organisches Lösemittel entfernt wird.

3. Verfahren nach Anspruch 2, wobei die Polymerverbindung eine ist von: Styrol-Acrylnitril (SAN), Polyamid, Polye-
thylen, Polyester, Polyacryl, Polyacetylen, Styrol, Teflon, Polyvinylchlorid, Polyurethan, Nylon, Sulfonharz und Ep-
oxidharzpolymer.

4. Verfahren nach Anspruch 1, wobei die Temperatur des viskosen Materials innerhalb eines Bereiches eingestellt ist,
der größer als eine Glasübergangstemperatur und kleiner als 120°C ist, wodurch die Viskosität des viskosen Ma-
terials eingestellt wird.

5. Verfahren nach Anspruch 1, wobei die Multiplikation einer Anhebe-Geschwindigkeit (mm/s) und Anhebezeit (s) des
Substrates, des Rahmens, oder des Substrates und des Rahmens innerhalb eines Bereiches zwischen 500 mm bis
5,000 mm eingestellt ist.

6. Verfahren nach Anspruch 1, wobei das genannte Ablagern von Metall auf der gekrümmten festen Mikrostruktur so
durchgeführt wird, dass rostfreier Stahl, Al, Cr, Ni, Au, Ag, Cu, Ti, Co oder eine Legierung davon auf der gekrümmten
festen Mikrostruktur abgelagert wird.

7. Verfahren nach Anspruch 6, wobei das genannte Ablagern von Metall auf der gekrümmten festen Mikrostruktur so
durchgeführt wird, dass Ag auf der gekrümmten festen Mikrostruktur in einer Silberspiegelreaktion chemischgas-
phasen-abgeschieden wird, oder Ag auf der gekrümmten festen Mikrostruktur unter Verwendung von Sputtern
physikalisch-gasphasen-abgeschieden wird.

8. Verfahren nach Anspruch 1, wobei während des genannten Schützens des oberen Abschnittes der metall-belegten
gekrümmten festen Mikrostruktur und des Metallisierens einer Oberfläche der gekrümmten festen Mikrostruktur mit
Metall, die Metallisierungsdicke in einem Bereich von 10 mm bis 50 mm eingestellt ist, und das Metallisierungsmetall
ein rostfreier Stahl, Al, Cr, Ni, Au, Ag, Cu, Ti, Co oder eine Legierung davon ist.

9. Verfahren nach Anspruch 1, wobei ein oberer Abschnitt der hergestellten hohlen Mikronadel beschnitten wird, indem
ein Fasenwinkel in einem Bereich zwischen 0 Grad bis 60 Grad eingestellt wird.

10. Verfahren nach Anspruch 1, wobei die hohle Mikronadel eine einzelne hohle Mikronadel ist, die mit einem oberen
Abschnitt einer hohlen Einspritzdüse verbunden ist.

11. Verfahren nach Anspruch 1, wobei in der hohlen Mikronadel, eine Beziehung zwischen einer effektiven Länge, der
Anhebe-Geschwindigkeit, einem Durchmesser des Anheberahmens und die Beschichtungsdicke des viskosen Ma-
terials als eine Gleichung
Y=6000/(x-b)1/2 ausgedrückt ist,
wobei Y die effektive Länge (mm) der hohlen Mikronadel bezeichnet, x einen Innendurchmesser (mm) der hohlen
Mikronadel bezeichnet, und b "(Durchmesser (mm) des Anheberahmens + Beschichtungsdicke (mm) des viskosen
Materials)/50" bezeichnet.

12. Verfahren nach Anspruch 1, wobei das eingestellte äußere Erscheinungsbild der hohlen Mikronadel mindestens
ein Erscheinungsbild Faktor ist, der aus einer Gruppe ausgewählt ist, die aus einer effektiven Länge, einem Innen-
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durchmesser und einem Außendurchmesser eines oberen Abschnittes, einem Durchmesser, Härte, Schärfe, Fa-
senwinkel, und Längenverhältnis eines unteren Abschnittes, einem Krümmungsgrad, und einer Krümmungsposition
besteht.

13. Eine hohle Mikronadel, hergestellt nach einem Verfahren gemäß Anspruch 1 bis 12.

Revendications

1. Procédé de fabrication d’une micro-aiguille creuse ayant une apparence variable, comprenant les étapes suivantes :

l’application d’une solution d’un matériau visqueux sur une surface d’un substrat ;
la mise en contact de la solution du matériau visqueux avec un cadre ;
le soulèvement du substrat, du cadre ou du substrat et du cadre pour que le cadre et le substrat en contact
soient espacés l’un de l’autre pour fabriquer ainsi une microstructure solide ;
l’obtention d’une microstructure solide courbée en envoyant un vent à une vitesse allant de 5 mm/s à 10 mm/s
dans une direction spécifique avant que la microstructure solide qui est fabriquée dans ledit soulèvement du
substrat, du cadre ou du substrat et du cadre soit durcie ;
le dépôt de métal sur la microstructure solide courbée ;
la protection d’une partie supérieure de la microstructure solide courbée à dépôt de métal et le placage de métal
sur une surface de la microstructure solide courbée ; et
le retrait de la microstructure solide courbée pour obtenir une micro-aiguille creuse,
dans lequel une épaisseur d’application du matériau visqueux, un diamètre du cadre, une température du
matériau visqueux, une vitesse de soulèvement, une épaisseur de placage ou leur combinaison est ajusté(e).

2. Procédé selon la revendication 1, dans lequel dans ladite étape consistant à appliquer une solution d’un matériau
visqueux, le matériau visqueux est un composé polymère qui est retiré par un solvant organique.

3. Procédé selon la revendication 2, dans lequel le composé polymère est un composé parmi le styrène d’acrylonitrile
(AS), le polyamide, le polyéthylène, le polyester, le polyacryle, le polyacétylène, le styrène, le téflon, le polychlorure
de vinyle, le polyuréthane, le nylon, une résine sulfonique et un polymère époxy.

4. Procédé selon la revendication 1, dans lequel la température du matériau visqueux est ajustée dans une plage
supérieure à une température de transition vitreuse et inférieure à 120 °C, ajustant ainsi la viscosité du matériau
visqueux.

5. Procédé selon la revendication 1, dans lequel la multiplication d’une vitesse de soulèvement (mm/s) et d’un temps
de soulèvement (s) du substrat, du cadre ou du substrat et du cadre, est ajustée dans une plage allant de 500 mm
à 5 000 mm.

6. Procédé selon la revendication 1, dans lequel ladite étape consistant à déposer du métal sur la microstructure solide
courbée est réalisée de telle sorte que de l’acier inoxydable, de l’Al, Cr, Ni, Au, Ag, Cu, Ti, Co ou un alliage de ceux-
ci soit déposé sur la microstructure solide courbée.

7. Procédé selon la revendication 6, dans lequel ladite étape consistant à déposer du métal sur la microstructure solide
courbée est réalisée de telle sorte que de l’Ag soit déposé de façon chimique en phase vapeur sur ladite microstructure
solide courbée dans une réaction en miroir à l’argent ou que l’Ag soit déposé de façon physique en phase vapeur
sur la microstructure solide courbée par pulvérisation.

8. Procédé selon la revendication 1, dans lequel dans ladite étape consistant à protéger une partie supérieure de la
microstructure solide courbée à dépôt de métal et à plaquer du métal sur une surface de la microstructure solide
courbée,
l’épaisseur de placage est ajustée dans une plage allant de 10 mm à 50 mm et
le métal de placage est l’acier inoxydable, l’Al, Cr, Ni, Au, Ag, Cu, Ti, Co ou un alliage de ceux-ci.

9. Procédé selon la revendication 1, dans lequel une partie supérieure de la micro-aiguille creuse fabriquée est coupée
par ajustement d’un angle de biseau compris dans une plage allant de 0 degré à 60 degrés.
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10. Procédé selon la revendication 1, dans lequel la micro-aiguille creuse est une micro-aiguille creuse unique qui est
reliée à une partie supérieure d’un injecteur creux.

11. Procédé selon la revendication 1, dans lequel dans la micro-aiguille creuse, une relation entre une longueur effective,
la vitesse de soulèvement, un diamètre du cadre de soulèvement et une épaisseur d’application du matériau visqueux
est exprimée sous la forme d’une équation 

où Y représente la longueur effective (mm) de la micro-aiguille creuse, x représente le diamètre interne (mm) de la
micro-aiguille creuse et b représente le " (diamètre (mm) du cadre de soulèvement + l’épaisseur de l’application
(mm) du matériau visqueux)/50 ".

12. Procédé selon la revendication 1, dans lequel l’apparence externe ajustée de la micro-aiguille creuse est au moins
un facteur d’apparence choisi dans un groupe constitué d’une longueur effective, d’un diamètre interne et d’un
diamètre externe d’une partie supérieure, d’un rapport diamètre, dureté, tranchant, angle de biseau et aspect d’une
partie inférieure, d’un degré de courbure et d’une position de courbure.

13. Micro-aiguille creuse fabriquée par le procédé selon l’une quelconque des revendications 1 à 12.
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