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(57) ABSTRACT

The present invention relates to a method for fabricating a
hollow microneedle having a variable appearance. The
method makes it possible to vary the length of the micron-
eedle, the outer and inner diameters of the upper and lower
parts thereof, the aspect ratio, the sharpness, and the structural
bending rate thereof, in accordance with the purposes of the
same. Accordingly, the appearance of the hollow micron-
eedles according to the present invention can be varied with
flexibility according to various purposes, such as the trans-
ferring of medication and the taking of a blood sample, and to
various factors, such as the target part for the medication
transfer, the depth of the medication transfer, and the amount
and viscosity of the medication. Thus, the microneedle can be
used as a multi-purpose device for transferring medication.

13 Claims, 6 Drawing Sheets

LIFTING
FHAME -

DtAl\iETEiR or

4 s0UD
SOLID—4  {"MICRONEEDLE

MICRONEEDLE |4 1 (INTERNAL
MOD) || | DIAMETZR OF
| MICRONEEDLE)
COATING [l
TFICKNESS |

CCATING THICKNESS
GF 165



US 8,956,545 B2
Page 2

(51) Int.CL
AGIM 37/00 (2006.01)
AGIB 5/1486 (2006.01)
AGIF 9/007 (2006.01)
B29D 23/00 (2006.01)
AGIK 9/00 (2006.01)
BSIC 1/00 (2006.01)
B29C 41/08 (2006.01)
B29C 41/36 (2006.01)
B29C 41/38 (2006.01)
GOIN 33/49 (2006.01)
A61B 5/00 (2006.01)
AGIB 5/145 (2006.01)
B29L 31/00 (2006.01)

(52) US.CL
CPC covoor, AGIF 9/00781 (2013.01); B29D 23/00

(2013.01); A61K 9/0021 (2013.01); B8I1C

1700111 (2013.01); B29C 41/08 (2013.01);

B29C 41/36 (2013.01); B29C 41/38 (2013.01);
A6IM 2037/003 (2013.01); A6IM 2037/0053
(2013.01); GOIN 33/49 (2013.01); AGIB 5/685
(2013.01); 461B 5/14532 (2013.01); B81B

2201/055 (2013.01); B29L 2031/7544 (2013.01)
USPC i 216/11

(56) References Cited
U.S. PATENT DOCUMENTS

2004/0186419 Al 9/2004 Cho

2004/0267205 Al
2008/0157421 Al
2009/0043279 Al*

12/2004 Stemme et al.
7/2008 Mukai et al.
2/2009 Kasparetal. ............... 604/506

FOREIGN PATENT DOCUMENTS

KR 1020040036912 5/2004
KR 1020080074058 8/2008
KR 1020090059971 6/2009
WO 0217985 A2 3/2002
WO 2005049107 A2 6/2005
WO 2006/018642 2/2006
WO 2009072830 A2 6/2009
OTHER PUBLICATIONS

Shawn P. Davis, et al, “Hollow Metal Microneedles for Insulin Deliv-
ery to Diabetic Rats,” IEEE Transactions on Biomedical Engineer-
ing, vol. 52, No. 5, May 2005.

Wijaya Martanto et al, “Mechanism of fluid infusion during
microneedle insertion and retraction,” Journal of Controlled Release
112 (2006) 357-361.

Wijaya Martanto et al, Microinfusion Using Hollow Microneedles,
Pharmaceutical Research, vol. 23, No. 1, Jan. 2006.

Patrick Griss, et al, “Side-Opened Out-of-Plane Microneedle for
Microfluidic Transdermal Liquid Transfer,” Journal of Microelectro-
chemical Systems, 12(3): 296301 (2003).

An extended European Search Report dated Apr. 4, 2014 issued in a
corresponding Furopean application No. 11807001.0-1506.

* cited by examiner



U.S. Patent Feb.17,2015  Sheet 1 of 6 US 8,956,545 B2

FIG.14 FIG. 1B

LIFTING LIFTING

FRAME FRAME
||| DAvCTER oF

SOLID — SOLID-—{| [ MICRONEEDLE

MICRONEEDLE MICRONEEDLE | 1 (INTERNAL

(MOLD) (MOLD) : Y DIAMETER OF

| || MICRONEEDLE)
COATING &
THORNESS THICKNESS |
COATING THICKNESS COATING THICKNESS
QF 7hH um OF 165 im

FIG.24 FIG.2B

LIFTING

LIFTING
FRAME

FRAME

| DIAMETER OF

{ || _—SOLD
SOLID — SOUD — W WICAONEEDLE
MICRONEEDLE MICRONEEDLE | 1 (INTERNAL
(MOLD) (MOLO) | || DIAMETER OF
1 || MICRONEEDLE)
COATING ] 1
THICKNESS |;

K
4 .,:';:\ J' 3

T T s T ] P NI DR Mo

] |4 1]

COATING THICKNESS COATING THICKNESS
OF 200 pm OF 500 fm



U.S. Patent Feb.17,2015  Sheet 2 of 6 US 8,956,545 B2

FIG.34 FIG.3B

LIFTING
FRAME

| DIAMETER OF

5 SOLID
M|CF?8ALJ|EDEEE ‘ SOLID ——f g%RONEEDLE
MICRONEEDLE 1 (INTERNAL

(MOLD) | o) || [ DIAMETER OF
| MOLD) | || MICRONEEDLE)

A LA

TEMPERATURE OF TEMPERATUR= CF
90 DEGREES © 60 DEGREES U

FIG.44 FIG.4B
bttt

LIFT i DIAMETER OF
A | SOLID
SOLID — . ['MICRONEEDLE
MICRONEEDLE | (INTERNAL
DIAMETER OF
ONEEDLE (MOLD) | MICRONEEDLE)
MICRONEEDLE
(MOLD)
IE /*]---.{J,\ 1 N AN

| PR R VN X |
[ 1

LIFTING SPEED OF 5 un/s LIFTING SPEED OF 10 /s



U.S. Patent Feb. 17, 2015

FIG.54

NICKEL~—]

COATING THICKNESS
OF 20 /s

FIG.64

NicKeL—l

HOLLOW —~—*

VERTICAL CUTTING
OF UPPER PORTION

Sheet 3 of 6 US 8,956,545 B2

FIG.5B

COATING THICKNESS
OF 40 /s

FIG.6B

BEVEL

D/ANGL{;

NICKELN@@

I
HOLLOW ——~

CUTTING OF UPPER PORTION
AT ANGLE OF 60 DEGREES




US 8,956,545 B2

Sheet 4 of 6

Feb. 17, 2015

U.S. Patent

HOLO3MNIY | goloarnt|| | wotoarmf] |
mg nv L 7 ;J |
Hommzom_\g_w,_\ TIAIINCHOIN ||| F1A33NCHOIN

L1 L4914 V4 IOIA



US 8,956,545 B2

Sheet 5 of 6

Feb. 17, 2015

U.S. Patent

HOLOAMNI |-

/J..

\|(\
FIGIINOHOIN ||

:

I8 D1

1| P— — —
o

HOLOarNI[] [ HOLO3rNI[

ATAIINOHDIIN
F1d33INCHIIN

8 914 Ve 914



U.S. Patent Feb. 17,2015  Sheet 6 of 6 US 8,956,545 B2

FIG.9

95

BIOMARKER



US 8,956,545 B2

1
HOLLOW MICRONEEDLE HAVING
VARIABLE APPEARANCE AND METHOD
FOR MANUFACTURING THE SAME

TECHNICAL FIELD

The present invention relates to a method for manufactur-
ing a hollow microneedle having a variable appearance and
the hollow microneedle manufactured by the same.

BACKGROUND ART

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 pm to 20 um serving as the
biggest obstacle in skin, and thus are required to have suffi-
cient 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.

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 Lig-
uid Transport, Journal of microelectro-chemical systems,
12(6): 855-862 (2003)). Griss and Stemme of Stanford Uni-
versity in the USA have proposed a side-opened hollow sili-
con microneedle and a cross-type hollow silicon microneedle
(P. Griss and G. Stemme, Side-Opened Out-of-Plane Micron-
eedles for Microfluidic Transdermal Liquid Transfer, Journal
of microelectro-chemical systems, 12(3): 296301 (2003);
U.S. Patent Publication No. 2004-0267205).

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 Insu-
lin Delivery to Diabetic Rats IEEE, Transaction on biomedi-
cal 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 meth-
ods. Also, Prausnitz of Georgia University in the USA pro-
posed a new-type hollow glass microneedle that has a bevel
angle and a length of about 900 pm 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 Con-
trolled 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 vari-
ous viscosities, and the medical application of the hollow
microneedles are limited compared to the existing hypoder-
mic 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
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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.

In the specification, a plurality of papers and patent docu-
ments are referenced, and citations thereof are indicated. The
overall disclosure of each of the cited paper and patent docu-
ment is inserted as a reference into the specification, 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
Technical Problem

In view of the above, the present invention provides a
method for manufacturing a hollow microstructure whose an
external appearance (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
alower 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 mold-
ing a microneedle, a bevel angle for cutting.

Further, the present invention provides the hollow micro-
structure, having various external appearances, manufactured
by the method.

Technical Solution

In accordance with an aspect of the present invention, there
is provided a method for manufacturing a hollow microstruc-
ture having a varied appearance, which includes the following
operations.

The method 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) manu-
facturing 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.

In accordance with another aspect of the present invention,
there is provided a hollow microneedle manufactured by the
above-described method of the present invention.

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 exter-
nal diameter of an upper portion, a diameter, hardness, sharp-
ness, 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



US 8,956,545 B2

3

viscous material, a lifting speed, and a lifting time, a plating
thickness, a cut bevel angle, or combination thereof.

The method of the present invention will be described
below in detail by operation.

Operation (a): Coating a Solution of a Viscous Material on
a Surface of a Substrate

According to the method of the present invention, a solu-
tion of 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.

A material, used for manufacturing the solid microstruc-
ture 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 viscos-
ity at a certain temperature or higher but, when approaching a
glass transition temperature by lowering the certain tempera-
ture, has high viscosity. A viscous material, used in the speci-
fication, includes an acrvl-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.

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 to be suitable for the purpose of the
present invention. When the viscous material of the present
invention becomes a fluid, the viscous material has viscosity
of 200,000 ¢St or less.

Changing a viscous material to a fluid may be performed by
various methods known in the art. For example, when a vis-
cous 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 mate-
rial at a temperature equal to or higher than a melting point
and then lowering the temperature to approach the glass tran-
sition temperature, the viscous material has viscosity. Also,
by dissolving a viscous material in a suitable organic solvent
(forexample, anhydrous or hydrous low alcohol of 1-4 carbon
atoms, acetone, ethyl acetate, chloroform, 1,3-butylene gly-
col, hexane, diethyl ether, butyl acetate, etc.), the viscous
material may become a fluid.

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, semi-
conductor, or the like.

According to an implementation example of the present
invention, a coating thickness of a solution ofa viscous mate-
rial used in the present invention may be adjusted within a
range from 10 um to 500 pum, a range from 50 pm to 200 pm,
or a range from 75 um to 165 um. 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 exter-
nal diameter and internal diameter of a hollow microneedle
increase, an effective length increases, and sharpness
decreases.
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According to an implementation example of the present
invention, a viscous material used in the present invention is
apolymer compound which is removed by an organic solvent.

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.

A polymer compound used in the present invention should
be easily removed after metal-deposition and plating for
manufacturing a hollow microneedle, and thus, the inventors
has removed the polymer compound (which is a component
of a metal-plated solid microstructure) by dissolving the
polymer compound in an organic solvent.

The polymer compound used in the present invention is
acrylonitrile styrene (AS), polyimide, polyethylene, polyes-
ter, polyacryl, polyacetylene, styrene, teflon, polyvinyl chlo-
ride, polyurethane, nylon, sulfonic resin, or epoxy polymer.
For example, the polymer compound may be an epoxy poly-
mer.

The organic solvent used in the present invention includes
benzene, toluene, xylene, hexane, ester, acetone, alcohol, and
amine, but is not limited thereto. All polar or nonpolar sol-
vents, which are commonly used to dissolve a polymer com-
pound, 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 Mate-
rial into Contact with a Frame

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. According to an implementation example of the
present invention, 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 wm to 1,000 pm or adjusted
within a range from 10 pm to 500 pm.

The diameter of the lifting frame affects various appear-
ance 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 sharp-
ness of a solid microstructure, namely, an effective length,
sharpness, external diameter, and internal diameter of a hol-
low microstructure. 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.

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 pm to 2,000
um. As another example, the pitch between the frames may be
100 pum to 1,000 pm.

Operation (c): Lifting the Substrate, the Frame, or the
Substrate and the Frame for the Contacted Frame and Sub-
strate to be Spaced Apart from Each Other to Thereby Manu-
facture a Solid Microstructure

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.

In the present invention, 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 diam-
eter, 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 of a solid
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microstructure and an effective length of a hollow microstruc-
ture. In operation (c), as the viscosity of the viscous material
increases, an effective length of a hollow microstructure
increases.

According to an implementation example of the present
invention, the temperature of the viscous material is adjusted
within a range from a glass transition temperature to 120° C.,
thereby adjusting viscosity of the viscous material.

In the specification, the term “glass transition temperature”
denotes a temperature at which a fluid material having vis-
cosity 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 per-
form a lifting process. As a result, it is unable to manufacture
a solid microstructure.

According to an implementation example of the present
invention, the viscosity of the viscous material which is
adjusted in operation (¢) may be 50 Poise to 10,000 Poise, 80
Poise to 8,000 Poise, or 100 Poise to 6,500 Poise.

In the specification, the term “separation” denotes increas-
ing a distance between contacted elements to broaden a gap
between the contacted elements. The inventors have manu-
factured 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 manufac-
tured by a method that downward moves a substrate to sepa-
rate 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.

According to the present invention, by adjusting a lifting
speed of a polymer having viscosity, various appearance fac-
tors (i.e., an effective length, an internal diameter, an external
diameter, sharpness, an aspect ratio, etc.) of a finally manu-
factured hollow microneedle may be adjusted, and particu-
larly, 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.

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.

The lifting speed used in the specification is 0.1 pm/s to
2,000 pm/s, and for example, may be 1 um/s to 1,000 um/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 (um/s) and lifting time (s) used in the present invention
may be 500 ym to 10,000 pm, 500 pm to 5,000 pm, or 1,000
um to 3,000 pm.

Operation (d): Depositing Metal on the Solid Microstruc-
ture

According to the present invention, metal is deposited ona
manufactured solid microstructure, thus more facilitating a
metal-plating reaction for manufacturing a hollow micron-
eedle after the deposition.

In the specification, the term “deposition” denotes that a
material to be coated is vaporized or sublimated for enhanc-
ing the mechanical intensity thereofin 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. As
the deposition of the present invention, all physical vapor
depositions and chemical vapor depositions which are com-
monly used in the art may be used.
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According to an implementation example of the present
invention, the metal for deposition of the present invention is
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.

In the present invention, Ag which is precipitated through
a reduction reaction using Tollens reagent “Ag,O+NH,OH+
H,0” is deposited on a solid microstructure. The Tollens
reaction does not need a heating process, a pressurizing pro-
cess, 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

In the specification, by plating a solid microstructure, the
base of a hollow microneedle may be provided. According to
the present invention, 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 in the
present invention is 5 um to 100 um, and for example, may be
10 pm to 50 pm.

A plating material used in the present invention, for
example, includes 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 inten-
sity, elastic modulus, and wear resistance, and has anticorro-
sion for enduring a corrosive environment in a body. As the
plating material, all metals known in the art may be used.

According to an implementation example of the present
invention, the plating metal of the present invention is stain-
less steel, Al, Cr, Ni, Au, Ag, Cu, Ti, Co, or an alloy thereof.
For example, the plating metal of the present invention is Ni.

Operation (f) Removing the Solid Microstructure to Obtain
a Hollow Microstructure

After the plating process, by removing the solid micron-
eedle, a hollow microneedle may be manufactured. The solid
microneedle may be removed by dissolving the solid micron-
eedle 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 sol-
vent.

To easily pass through skin, an antifriction such as glycerin
may be coated on a metal microneedle. An anticoagulation
solution such as citrate or EDTA may be coated on a hollow
metal microneedle, for preventing blood coagulation in col-
lecting blood.

According to an implementation example of the present
invention, the method of the present invention may further
include cutting the top of the hollow microneedle of the
present invention through adjustment within a bevel angle of
0 degrees to 60 degrees.

In the specification, by providing the bevel angle of the top
of the hollow microneedle, the internal diameter and sharp-
ness of the hollow microneedle can increase. As a method of
adjusting the bevel angle of the present invention, 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 cuffing. 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
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within a range from 0 degrees to 90 degrees, and for example,
may be adjusted within a range from 0 degrees to 60 degrees.

According to an implementation example of the present
invention, 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 is expressed as Formula.

Y=6000/(x-b)'? [Formula]

where Y denotes the effective length (um) of the hollow
microstructure, X denotes the internal diameter (um) of the
hollow microstructure, and b denotes “(diameter (um) of
lifting frame+coating thickness (um) of viscous material)/
50”.

According to the present invention, a hollow microstruc-
ture 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 vari-
ous conditions so as to build a manufacturing condition for
forming a predictable appearance, and thus established a rela-
tionship 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 sim-
ply adjusting a manufacturing condition for obtaining various
effective lengths and/or internal diameters based on the pur-
pose of production, the microstructure of the present inven-
tion 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.

According to an implementation example of the present
invention, the hollow microstructure of the present invention
is 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.

According to the present invention, by bringing the viscous
material (coated on the substrate of the present invention) 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.

According to an implementation example of the present
invention, the method of the present invention may further
include obtaining a bent microneedle 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.

In the specification, the term “bending” denotes a ratio of a
vertical distance from the top of the microneedle to the sub-
strate 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 inven-
tion, 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,
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the winding speed is 3 um/s to 70 pm’s. For example, the
winding speed may be 5 um/s to 50 pmy/s, or 7 pm/s to 20 pmy/s.

In accordance with another aspect of the present invention,
there is provided a hollow microneedle manufactured by the
method used in the present invention.

One of advantages of the present invention is to enable the
external appearance of the hollow microneedle to be vari-
ously 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 the present invention for manufactur-
ing the solid microstructure. Also, the method of the present
invention may further include sending wind in a specific
direction before the solid microstructure formed in the lifting
operation is hardened, and thus, the bending rate and bending
position of the hollow microneedle may be adjusted.

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.

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 micron-
eedle to the vertical length from the top of the microneedle to
the substrate surface disposed at the bottom of the micron-
eedle.

In the specification, the term “sharpness” denotes a degree
by which a diameter from the bottom to the top of the micron-
eedle decreases. That is, as sharpness increases, a degree of
decrease in the diameter is high.

According to an implementation example of the present
invention, in the hollow microneedle, an effective length is
150 um to 6,000 um, an external diameter of an upper portion
is 40 pm to 200 um, an internal diameter of the top is 10 pm
to 100 pm, an external diameter of a lower portion is 200 pm
to 1,000 um, an internal diameter of the bottom is 150 pm to
950 um, a difference between the internal diameter and exter-
nal diameter of the top and bottom is 10 pm to 50 pm, and an
aspectratio is 1:10 to 1:30. As another example, in the hollow
microneedle, an effective length is 1,000 pm to 2,000 pm, an
external diameter of an upper portion is 30 um to 100 pm, an
internal diameter of the top is 20 um to 90 pm, an external
diameter of a lower portion is 200 pm to 500 pm, an internal
diameter of the bottom is 170 pm to 470 pm, a difference
between the internal diameter and external diameter of the top
and bottom is 20 pum to 30 pm, and an aspect ratio is 1:15 to
1:20. Especially, the aspect ratio may be 1:15 to 1:20.

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.

According to an implementation example of the present
invention, the hardness of the hollow microneedle of the
present invention is 0.1 Newton (N) to 5 N.

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 of the present invention has
a hardness value far greater than 0.06 N, and thereby easily
passes through all skins of a body, thus enabling the admin-
istration of drugs.

In accordance with another aspect of the present invention,
there is provided a microvalve which includes: an internal
microneedle, the internal microneedle being a hollow or solid
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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
microneedle 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 bot-
toms of the external microneedle and internal microneedle
toward the inside and the outside.

A space having a certain volume, which is disposed
between the external microneedle and the internal micron-
eedle, becomes a path through which a fluid flows. A micron-
eedle, which acts as an internal valve by elasticity of the bent
portion, moves according to the pressure intensity ofa 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.

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. According to the present invention, as
described above in the implementation example, the sharp-
ness, 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 vis-
cous material. Therefore, two microneedles having the same
surface curve are manufactured by accurately varying an
external appearance, and, with the two microneedles as an
internal microneedle and an external microneedle, an over-
lapped microneedle having a certain space between the inter-
nal microneedle and the external microneedle may be manu-
factured. 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.

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.
According to the present invention, when the overlapped
microneedle of the present invention 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.

According to an implementation example of the present
invention, the microvalve of the present invention is a glau-
coma drainage device for treating glaucoma. In the specifi-
cation, the term “glaucoma” denotes eye disease in which as
an intraocular pressure becomes higher than a normal pres-
sure (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 deter-
mined 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. According to the present invention, the overlapped
microneedle of the present invention does hardly damage a
film surface, and discharges a fluid surrounded by a film to the
outside in a flow pressure and an amount that are accurately
and finely adjusted. Accordingly, the overlapped microneedle
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of the present invention can be usefully used to treat glaucoma
through the outflow of tail water.

In accordance with another aspect of the present 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 ter-
minal 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.

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. According to the
present invention, the insulator is disposed in the space
between the internal microneedle and external microneedle
of the overlapped microneedle of the present invention, and,
after a distal end of an upper portion of the overlapped
microneedle is implanted into a material to analyze, a voltage
1s applied to the positive terminal and negative terminal con-
nected 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.

According to an implementation example of the present
invention, the biosensor of the present invention 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.

In the specification, the term “biomarker” denotes a mate-
rial that becomes an indicator for determining a biological
condition of a living thing. According to the present inven-
tion, the biomarker is adhered between the distal ends of the
overlapped microneedle of the present invention, 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 of
the present invention is a protein. In detail, when glucose
oxidase (GOx) is used as the biomarker of the present inven-
tion, 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 con-
centration in blood may be measured on the basis of the
measured change in the voltage. Accordingly, the present
invention performs a simple procedure that implants a simple
device into a patient and performs measurement without
blood collection and pain, thereby enabling the high-reliabil-
ity measurement of blood sugar at low cost.

Advantageous Effects

The features and advantages of the present invention are as
follows.

The present invention provides a method that manufactures
ahollow microneedle having various external appearances by
adjusting a coating thickness of a viscous material, a manu-
facturing 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.
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Moreover, in accordance with the present invention, a hol-
low microneedle having a desired external appearance may
be simply and quickly manufactured at the low manufactur-
ing cost.

Moreover, in accordance with the present invention, by
manufacturing a hollow microneedle having characteristics
of various external appearances, provided is a hollow micron-
eedle that may deliver drugs and collect blood irrespective of
species, races, individuals, regions of skin, and the viscosity
and amount of the drugs.

Moreover, in accordance with the present invention, the
hollow microneedle of the present invention may be manu-
factured 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.

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.

Moreover, in accordance with the present invention, by
manufacturing a plurality of microneedles having the same
surface curve in a method of adjusting an external appearance
of the microneedle in accordance with the present invention,
a microvalve and a biosensor having the microneedle type
may be manufactured by a structure in which the micron-
eedles overlap. The microvalve 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.

BRIEF DESCRIPTION OF DRAWING

FIGS. 1A and 1B are views schematically illustrating
detailed implementation examples of microneedles that are
manufactured by adjusting a polymer coating thickness;

FIGS. 2A and 2B are views schematically illustrating
detailed 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 imple-
mentation examples of microneedles manufactured at a distal
end ofaninjector, F1G. 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 ofalong 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 imple-
mentation examples of bent microneedles, FIG. 8A is a view
schematically illustrating a detailed implementation example
ofamicroneedle bent from a distal end of an injector, F1G. 8B
is a view schematically illustrating a detailed implementation
example of a microneedle bent from a central position of a
microneedle structure, and FIG. 8C is a view schematically
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illustrating a detailed implementation example of a micron-
eedle bent at a distal end of a microneedle structure;

FIG. 9 is a schematic view illustrating a microvalve using
an overlapped microneedle structure; and

FIG. 10 is a schematic view illustrating a biosensor using
the overlapped microneedle structure.

BEST MODE FOR THE INVENTION

Hereinafter, the present invention will be described in more
detail through embodiments. The embodiments are merely
for exemplifying the present invention, and it is obvious to
those skilled in the art that the scope of the present invention
is not limited by the embodiments according to the important
point of the present invention.

Embodiment 1

Varying an External Appearance of a Microneedle by
Adjusting a Coating Thickness of a Polymer
Solution

A solid microstructure, i.e., a solid microneedle (a mold) is
formed of an epoxy polymer “SU-8 2050 photoresist (micro-
chem)” that is a polymer having viscosity of 14,000 ¢St. SU-8
2050 is respectively coated on a metal or silicon substrate to
a thickness of 75 um and 165 um 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 3x3 patterned frame having a diameter
of 200 pm While slowly lowering a temperature of the sub-
strate to 70° C. to 60° C., the coated SU-8 2050 has viscosity
enabling lifting. At this point, by lifting a lifiing frame for 5
minutes at a speed of 10 pmy/s, as illustrated in FIGS. 1A and
1B, an initial solid structure i.e., an initial solid microneedle
(an initial mold) having a length of 3,000 pm is formed. By
increasing a second lifting speed or cutting, the initial solid
structure may be spaced apart from the lifting frame.

As aresult, in an initial coating thickness of 75 um, a solid
microstructure is formed to have a diameter of 30 pmin upper
portion thereof, a diameter of 200 pmin lower portion thereof,
and a length of 1,500 pm, and chemical-vapor-deposited in
Tollens reaction. In an initial coating thickness of 165 um, a
solid microstructure is formed to have a diameter of 40 um
upper portion thereof, a diameter of 300 um in lower portion
thereof, and a length of 2,000 pm, and chemical-vapor-de-
posited 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.

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 um/min per 1 A/dm?2
for 75 minutes so that a thickness of the electroplated Ni may
become 20 um. 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 manu-
factured to have an external diameter of 70 um of an upper
portion, an internal diameter of 30 pm in the upper portion
thereof, a diameter of 200 pm of a lower portion, and a length
of 1,500 um from the initial coating thickness of 75 um, and
a hollow microneedle is manufactured to have an external
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diameter of 100 um of an upper portion, an internal diameter
of 60 pm of the top, a diameter of 300 pm of a lower portion,
and a length of 2,000 pm from the initial coating thickness of
165 um. The hardness of the manufactured hollow micron-
eedle 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.

Embodiment 2

Varying an External Appearance of a Microneedle by
Adjusting a Diameter of a Lifting Frame

A solid microstructure is formed of an epoxy polymer
“SU-8 2050 photoresist” that is a polymer having viscosity of
14,000 ¢8t. SU-8 2050 is coated on a metal or silicon sub-
strate to a thickness of 75 um, 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 3x3 patterned frame having a
diameter of 200 pm and a 3x3 patterned frame having a
diameter of 500 pm, respectively. 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 um/s, as illustrated in FIGS. 2A and 2B, an initial
solid structure having a length of 3,000 um 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 pum, a solid
microstructure is formed to have a diameter of 30 um in an
upper portion thereof, a diameter of 200 pm ofa lower portion
thereof, and a length of 1,500 um, and chemical-vapor-de-
posited in Tollens reaction. By a lifting frame having an initial
diameter of 500 pm, a solid microstructure is formed to have
adiameter of 40 um of an upper portion, a diameter of S00 um
of a lower portion, and a length of 2,000 um, 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.

Subsequently, a surface of the solid microneedle whose the
top has been protected is electroplated with Ni. The Ni elec-
troplating is performed by 0.206 um/min per 1 A/dm2 for 75
minutes so that a thickness of the electroplated Ni may
become 20 um. 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 obtain-
ing a hollow microneedle. In the obtained hollow micron-
eedle, ahollow microneedle is manufactured to have an exter-
nal diameter of 70 um in an upper portion thereof, an internal
diameter of 30 um in the upper portion, a diameter of 200 pm
of a lower portion thereof, and a length of 1,500 um from the
lifting frame having an initial diameter of 200 pm, and a
hollow microneedle is manufactured 1o have an external
diameter of 100 pm in an upper portion thereof, an internal
diameter of 60 um in the upper portion thereof, a diameter of
500 um in a lower portion thereof, and a length of 2,000 um
from the lifting frame having an initial diameter of 500 pm.
The hardness of the manufactured hollow microneedle indi-
cates 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.

Embodiment 3

Varying an External Appearance of a Microneedle by
Adjusting a Temperature

A solid microstructure is formed of an epoxy polymer
“SU-8 2050 photoresist” that is a polymer having viscosity of
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14,000 ¢St. SU-8 2050 is coated on a metal or silicon sub-
strate to a thickness of 75 um, 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 3x3 patterned frame having a
diameter of 200 pm. While slowly lowering a temperature of
the substrate to 90° C. (adhesive strength of polymer: 1N,
viscosity: 100 Poise) and 60° C. (adhesive strength of poly-
mer: 2N, viscosity: 6,500 Poise), by lifting a lifting frame for
S minutes at a speed of 10 um/s, as illustrated in FIGS. 3A and
3B, an initial solid structure having a length of 3,000 pm 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 pum in an
upper portion thereof, a diameter of 200 um of a lower por-
tion, and a length of 1,000 um, and chemical-vapor-deposited
in Tollens reaction. At an initial lifting temperature of 60° C.,
the solid microstructure is formed to have a diameter of 30 pm
in an upper portion thereof, a diameter of 200 pm of a lower
portion, and a length of 1,500 um, and chemical-vapor-de-
posited 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
1s electroplated with Ni. The Ni electroplating is performed
by 0.206 um/min per 1 A/dm2 for 75 minutes so that a thick-
ness of the electroplated Ni may become 20 pm. The electro-
plated 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 micron-
eedle. In the obtained hollow microneedle, a hollow micron-
eedle is manufactured to have an external diameter of 70 pm
in an upper portion thereof, an internal diameter of 30 pm of
the upper portion thereof, a diameter of 200 pm of a lower
portion thereof, and a length of 1,000 um at the initial lifting
temperature of 90° C., and a hollow microneedle is manufac-
tured to have an external diameter of 70 um in an upper
portion thereof, an internal diameter of 30 umin the upper
portion thereof, a diameter of 200 um in a lower portion
thereof, and a length of 1,500 pum at the initial lifting tem-
perature 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.

Embodiment 4

Varying an External Appearance of a Microneedle by
Adjusting a Lifting Speed

A solid microstructure is formed of an epoxy polymer
“SU-8 2050 photoresist” that is a polymer having viscosity of
14,000 ¢St. The SU-8 2050 is coated on a metal or silicon
substrate to a thickness of 75 um, 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 3x3 patterned frame having a diameter
of 200 um. While slowly lowering a temperature of the sub-
strate to 70° C. to 60° C., by respectively lifting alifting frame
for 5 minutes at a speed of 5 um/s and a speed of 10 um, as
illustrated in FIGS. 4A and 4B, an initial solid structure
having a length of 1,500 um and an initial solid structure
having a length of 3,000 pm are formed. By increasing a
second lifting speed or cutting, each of the initial solid struc-
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tures is spaced apart from the lifting frame. As a result, in a
case of the speed of 5 um/s, a solid microstructure is formed
to have a diameter of 30 um in an upper portion thereof, a
diameter of 200 um of a lower portion, and a length of 8.00
um, and chemical-vapor-deposited in Tollens reaction. In a
case of the speed of 10 pum/s, a solid microstructure is formed
to have a diameter of 30 um in an upper portion thereof, a
diameter of 200 um of a lower portion, and a length of 1,500
um, and chemical-vapor-deposited in Tollens reaction. Sub-
sequently, the upper portion of each of the solid microneedles
is protected with enamel or SU-8 2050. The reason that pro-
cesses the enamel or SU-8 2050 on the upper portion of the
solid microneedle 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 pm/min per 1 A/dm?2
for 75 minutes so that a thickness of the electroplated Ni may
become 20 um. 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 um in an upper portion thereof, an
internal diameter of 30 pm of the upper portion thereof, a
diameter of 200 pm in a lower portion thereof, and a length of
800 um at the speed of 5 um/s, and a hollow microneedle is
manufactured to have an external diameter of 70 um in an
upper portion thereof, an internal diameter of 30 um of the
upper portion thereof, a diameter of 200 pm ofa lower portion
thereof, and a length 0f 1,500 pm at the speed of 10 pmy/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.

The embodiment in which an external appearance of a
microneedle is varied by adjusting the lifting speed has been
described above, but an external appearance of a microneedle
may also be varied by adjusting the lifting time. Therefore, an
external appearance of the final solid microstructure may be
adjusted with a correlation (multiplication) between the lift-
ing speed and the lifting time.

The inventors fix a lifting speed, a lifting time, and a tem-
perature by using SU-8 2050 photoresist having viscosity of
14,000 ¢St, and thus have established a relationship between
adiameter (um) of a lifting frame, a coating thickness (um) of
a viscous material, and an effective length (um) and internal
diameter (um) 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: IN, 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 um/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.
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TABLE 1

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

Coating thickness
Effective Internal Diameter (um)  (um) of viscous
length (um)  diameter (um) of Lifting frame material
1 4800 15 200 470
2 4500 16 200 500
3 4200 19 500 350
4 3900 21 500 430
3 3600 22 500 460
6 3300 24 700 340
7 3000 26 700 400
8 2700 217 700 400
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
13 600 200 3000 1850

On the basis of the result of Table 1, it has been established
that a relationship between the diameter (um) of the lifting
frame, the coating thickness (um) of the viscous material, the
effective length (um) of the hollow microstructure, and inter-
nal diameter (um) of the hollow microstructure is expressed
as the following Formula 1.

Y=6000/(x-b)"7 [Formula 1]

where Y denotes the effective length (um) of the hollow
microstructure, X denotes the internal diameter (um) of the
hollow microstructure, and b denotes “(diameter (um) of
lifting frame+coating thickness (um) of viscous material)/
507

Embodiment 5

Varying an External Appearance of a Microneedle by
Adjusting a Coating Thickness

A solid microstructure is formed of an epoxy polymer
“SU-8 2050 photoresist” that is a polymer having viscosity of
14,000 ¢St. The SU-8 2050 is coated on a metal or silicon
substrate to a thickness of 75 pm, 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 3x3 patterned frame having a
diameter of 200 pm. 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 pm, an initial solid structure having
alength of 3,000 um 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 um in an upper portion thereof, a
diameter of 200 pm of a lower portion thereof, and a length of
1,500 pm, 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 pro-
cesses 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 pm/min per 1 A/dm?2 for 75 minutes so
that respective thicknesses of the electroplated Ni may
become 20 pm and 40 um (see FIGS. 5A and 5B). The
electroplated structure is put into an SU-8 remover of 60° C.
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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
microneedle is manufactured to have an external diameter of
70 wm in an upper portion thereof, an internal diameter of 30
um of the upper portion thereof, a diameter of 200 um of a
lower portion thereof, and a length of 1,500 pm from the
metal thickness of 20 um, and a hollow microneedle is manu-
factured to have an external diameter of 110 um in an upper
portion thereof, an internal diameter of 30 um of the upper
portion thereof, a diameter of 200 um of a lower portion
thereof, and a length of 1,500 um from the metal thickness of
40 pm. Thehardness 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 micron-
eedle to pass through skin.

Embodiment 6

Varying an External Appearance of a Microneedle by
Adjusting Cutting of a Bevel Angle

A solid microstructure is formed of an epoxy polymer
“SU-8 2050 photoresist” that is a polymer having viscosity of
14,000 ¢St. The SU-8 2050 is coated on a metal or silicon
substrate to a thickness of 75 pm, 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 3x3 patterned frame having a
diameter of 200 pm. 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 pm, an initial solid structure having
alength of 3,000 um 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 um in an upper portion, a diameter of
200 pm of a lower portion, and a length of 1,500 um, 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 um/min per 1 A/dm?2 for 75 minutes and 200 minutes so
that thicknesses of the electroplated Ni may become 20 pm.
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 microneedle that has been finished by
cutting an upper portion of a microstructure at a specific angle
(for example, 60 degrees). In the obtained hollow micron-
eedles, a hollow microneedle is manufactured to have an
external diameter of 70 um in an upper portion, an internal
diameter of 30 pm of the top, a diameter of 200 pm of a lower
portion, and a length of 1,500 um. In this case, an area of the
internal diameter increases by 1.4 times a case in which the
upper portionis 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
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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 micron-
eedle to pass through skin.

Embodiment 7

Manufacturing a Single Microneedle Contacting a
Hollow Injector Structure

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 pum, 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-gauge hollow
injector having a diameter of 400 um. 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 um/s, an
initial solid structure having a length of 7,800 pm 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 um a solid
microstructure is formed to have a diameter of 30 um in an
upper portion thereof, a diameter of 400 um of a lower portion
thereof, and a length of 4,000 pm at a distal end of a hollow
injector, and chemical-vapor-deposited in Tollens reaction.
Subsequently, the upper portion of the single solid micron-
eedle 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
asubsequent process. The single solid microstructure is ovet-
all 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 electroplating
is performed by 0.206 pm/min per 1 A/dm?2 for 75 minutes a
thickness of the electroplated Ni may become 120 um. Sub-
sequently, the upper portions of the plated solid microstruc-
tures 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 hol-
low microneedle has an external diameter of 70 um in an
upper portion thereof, an internal diameter of 30 um of the
upper portion thereof, a diameter of 400 um of a lower portion
thereof, and a length of 4,000 pm. The hardness of the manu-
factured 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. 7A to 7C are diagrams illustrating variously imple-
mented examples of microneedles provided at a distal end of
an injector. F1G. 7A illustrates a short microneedle manufac-
tured at the distal end ofthe 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

A solid microstructure contacting a distal end of a single
hollow injector is formed of an epoxy polymer “SU-8 2050
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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 pum, and then
maintained at a temperature of 120° C. for 5 minutes, thereby
enabling the flux of the SU-8 2050 to be maintained. Subse-
quently, the SU-8 2050 is contacted to a distal end of a
23-gauge hollow injector having a diameter of 400 um. 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 pmy/s, an initial solid structure having a length of 7,800
um is formed. Before the formed initial solid structure is
hardened, by processing the initial solid structure in the wind
of 10 um/s in a specific direction, a bent solid structure whose
a lower portion is spaced apart by a distance of 500 pm 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 um, and an initial solid structure is bent.

By increasing a second lifting speed or cutting, the bent
solid structure may be spaced apart from the lifting frame. As
aresult, a single solid microstructure whose an upper portion
and a lower portion are vertically spaced apart from each
other by a distance of 500 um and which is bent at respective
portions corresponding to a diameter of 30 um in the upper
portion, a diameter of 200 pm in the lower portion, a length of
3,000 um, and a length of 1,500 pm is obtained at a distal end
of ahollow 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. Pro-
cessing the enamel or SU-8 2050 on the upper portion pre-
vents 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 electroplating is performed by
0.206 um/min per 1 A/dm2 for 75 minutes so that a thickness
of the electroplated Ni may become 20 um. Subsequently, the
upper portions of the plated solid microstructures are respec-
tively cut at a vertical angle and an angle 0f 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 contact-
ing 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 um, and the single solid
microstructure is bent at respective portions corresponding to
a diameter of 30 um of the upper portion, a diameter of 200
um ofthe lower portion, alength of 3,000 pm, and a length of
1,500 pm. The hardness of the manufactured hollow micron-
eedle 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 dia-
grams schematically illustrating implementation examples of
bent microneedles. FIG. 8A illustrates a microneedle bent
from a distal end of an injector, FIG. 8B illustrates a micron-
eedle 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.

Embodiment 9

Manufacturing a Microvalve Using an Overlapped
Microneedle Structure

FIG. 9 is a schematic diagram illustrating a microvalve
using an overlapped microneedle structure. A microvalve in
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accordance with an embodiment of the present invention
includes: an internal microneedle 91 that is a hollow or solid
microneedle; an external hollow microneedle 93 that is dis-
posed at the outside of the internal microneedle 91, has the
same surface curve as that of the internal microneedle 91, is
spaced apart by a certain distance from a surface of the inter-
nal 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 micron-
eedle 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 microv-
alve, as described above in the embodiments 1 to 6, a constant
manufacturing condition is first fixed, and two hollow micro-
structures having the same external appearance are manufac-
tured. Subsequently, one of the two manufactured micron-
eedles 1s 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 pm to 10 pm is main-
tained 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 micron-
eedle, 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.

A space having a certain volume, which is disposed
between the external microneedle and the internal micron-
eedle, 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 microv-
alve can simplify glaucoma surgery and increase a treatment
effect compared to the existing glaucoma drainage devices.

Embodiment 10

Manufacturing a Biosensor Using an Overlapped
Microneedle Structure

FIG. 10 is a schematic diagram illustrating a biosensor
using the overlapped microneedle structure. A biosensor in
accordance with an embodiment of the present invention
includes: an internal microneedle 101 that is a hollow or solid
microneedle; an external hollow microneedle 103 that is dis-
posed 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 inter-
nal 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 micron-
eedle 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 micron-
eedle 103.

To manufacture the biosensor, a constant manufacturing
condition is first fixed for manufacturing an overlapped
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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
microneedle, according to protocol of a manufacturer. Sub-
sequently, as in the embodiment 9, the other internal micron-
eedle is inserted into an external microneedle, thereby estab-
lishing 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). In accordance with the present invention, when the
overlapped microneedle of the present invention 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 mea-
sured.

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 biosen-
sor for measuring blood glucose contents of a body.

Accordingly, the present invention directly implants the
hollow microneedle into skin without collecting blood of a
patient, thus enabling the measurement of blood sugar react-
ing with interstitial fluid (ISF) without fear of pain and blood
collection.

While the invention has been shown and described with
respect to the embodiments, the present invention is not lim-
ited 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.

The invention claimed is:

1. A method for manufacturing a hollow microneedle hav-
ing 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 microneedle structure by sending wind of

5 umy/s to 10 pny/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 microneedle structure;

protecting an upper portion of the metal-deposited micron-

eedle structure, and plating metal on a surface of the
microneedle structure;

removing the microneedle structure 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 combi-
nation thereof is adjusted.

2. The method of claim 1, wherein in said coating a solution
of aviscous material, the viscous material is a polymer com-
pound which is removed by an organic solvent.
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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, or 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 (um/s) and lifting time (s) of the substrate, frame,
or substrate and frame is adjusted within a range from 500 pm
to 5,000 um.

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

7. The method of claim 6, wherein said depositing metal on
the microneedle structure is performed such Ag is chemical-
vapor-deposited on the microneedle structure in a silver mir-
ror reaction, or Ag is physical-vapor-deposited on the micron-
eedle structure using sputtering.

8. The method of claim 1, wherein in said protecting an
upper portion of the metal-deposited microneedle structure,
and plating metal on a surface of the microstructure,

the plating thickness is adjusted within a range from 10 pm

to 50 um, 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 micron-
eedle is a single hollow microneedle that is connected to an
upper portion of a hollow injector.

11. 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.

12. The method of claim 1, wherein in the hollow micron-
eedle, a relationship between an effective length, the lifting
speed, a diameter of the lifting frame, and the coating thick-
ness of the viscous material is expressed as an equation

Y=6000/(x—b)1/2

where Y denotes the effective length (um) of the hollow
microneedle, x denotes the internal diameter (um) of the
hollow microneedle, and b denotes “(diameter (um) of
lifting frame+coating thickness (um) of viscous mate-
rial)/50”.

13. 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.
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