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(57) ABSTRACT

An embodiment of the present application provides a man-
ufacturing method of a microneedle biosensor, and relates to
the technical field of medical instruments. The method
includes: providing a mold, where a microneedle array is
formed on the mold; casting a liquid polymer material on
the mold, and drying and then demolding to form a sensor
substrate, where a hollow microneedle array is provided on
the sensor substrate; penetrating through a tip of each micro-
needle in the hollow microneedle array; and forming a
working electrode and a counter electrode on the sensor sub-
strate, where the working electrode and the counter elec-
trode each cover a part of the hollow microneedle array.

Provide a mold, where a microneedle array pattern or a
microneedle hole array pattern is formed on the mold

\4

100
4
Cast a liquid polymer material on the mold, and dry and
then demold to form a sensor substrate
101
Penetrate through a tip of each microneedle in the hollow
microneedle array
102

Form a working electrode and a counter electrode on the
sensor substrate

103



Patent Application Publication Oct. 19, 2023 Sheet 1 of 11 US 2023/0330403 A1

Provide a mold, where a microneedle array pattern or a
microneedle hole array pattern is formed on the mold
100
4
Cast a liquid polymer material on the mold, and dry and
then demold to form a sensor substrate
101
Penetrate through a tip of each microneedle in the hollow
microneedle array
102
v
Form a working electrode and a counter electrode on the
sensor substrate
103

FIG. 1



Patent Application Publication Oct. 19, 2023 Sheet 2 of 11 US 2023/0330403 A1

Treat a molding template with ultraviolet ozone for 5
minutes to form a hydrophilic surface on the molding
template
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Incubate the molding template with 5%
octyltrichlorosilane in benzene vapor for 16 minutes at
60°C
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Pour a liquid material for manufacturing a mold into a
modified molding template, and heat in an oven for 2
hours at 80°C
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After the mold is solidified, separate the mold from the
molding template
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Dissolve 7% chitosan in 2% acetic acid, stir for 24 hour,
and then remove foam in the chitosan solution by an
ultrasonic cleaner
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Inject the chitosan solution into a mold, and heat in an
oven for 30 minutes at 60 °C
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After drying is completed, separate a formed sensor
substrate made of chitosan from the mold
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Form an electrode layer on a sensor substrate by means
of a vapor deposition or sputtering process

y

Form a Prussian blue layer on a side of the electrode
layer far away from the sensor substrate

Form an enzyme layer on a side of the Prussian blue
layer far away from the electrode layer

v

Form a biocompatible polymer layer on a side of the
enzyme layer far away from the Prussian blue layer
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MANUFACTURING METHOD OF
MICRONEEDLE BIOSENSOR

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This patent application claims the benefit and
priority of  Chinese  Patent  Application  No.
202210393852.6, filed with the China National Intellectual
Property Administration on Apr. 15, 2022, the disclosure of
which is incorporated by reference herein in its entirety as
part of the present application.

TECHNICAL FIELD

[0002] Embodiments of the present application relate to
the technical field of medical instruments, and in particular,
to a manufacturing method of a microneedle biosensor.

BACKGROUND

[0003] A microneedle array biosensor is implemented by
depositing a layer of biological recognition molecules on the
surface of a microneedle array. When the microneedle array
biosensor penetrates into a human body, the biological
recognition molecules on the microneedle array react with
biological molecules in interstitial fluid to generate elec-
trons, so as to express a target concentration as an electrical
signal. The microneedle array biosensor does not come into
contact with a subcutaneous pain nerve when detecting the
human body, and has the advantages of being painless, sim-
ple to operate and safe, causing no infection, etc.

[0004] However, a current microneedle sensor is not ideal
in biodegradability or biocompatibility.

SUMMARY

[0005] Anembodiment of the present application provides
a manufacturing method of a microneedle biosensor, aiming
to improving the biodegradability or biocompatibility of a
microneedle sensor.

[0006] According to a first aspect of embodiments of the
present application, a manufacturing method of a micronee-
dle biosensor is provided, the method including:

[0007] providing a mold, where a microneedle array
pattern or a microneedle hole array pattern is formed
on the mold;

[0008] casting a liquid polymer material on the mold,
and drying and then demolding to form a sensor sub-
strate, where a hollow microneedle array is provided on
the sensor substrate, and the liquid polymer material is
a biodegradable material or a biocompatible material;

[0009] penetrating through a tip of each microneedle in
the hollow microneedle array; and

[0010] forming a working electrode and a counter elec-
trode on the sensor substrate, where the working elec-
trode and the counter electrode each cover a part of the
hollow microneedle array.

[0011] Optionally, the liquid polymer material is selected
from the group consisting of chitosan, polylactic acid, silk
fibroin and thermoplastic polyurethane.

[0012] Optionally, in a process of forming the working
electrode and the counter electrode on the sensor substrate,
the method includes:

[0013] forming the working electrode and the counter
electrode on a protruding side of the hollow micronee-
dle array on the sensor substrate; or
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[0014] forming the working electrode and the counter
electrode on a recessed side of the hollow microneedle
array on the sensor substrate.

[0015] Optionally, the working electrode includes an elec-
trode layer, a Prussian blue layer and an enzyme layer that
are stacked on the sensor substrate; and in a process of form-
ing the working electrode on the sensor substrate, the
method includes:

[0016] forming the electrode layer on the sensor sub-
strate by means of a vapor deposition or sputtering pro-
cess, so that the electrode layer covers a part of the
hollow microneedle array;

[0017] forming the Prussian blue layer on a side of the
electrode layer far away from the sensor substrate;

[0018] forming the enzyme layer on a side of the Prus-
sian blue layer far away from the electrode layer; and

[0019] forming a biocompatible polymer layer on a side
of the enzyme layer far away from the Prussian blue
layer.

[0020] Optionally, a partition area is provided between the
working electrode and the counter electrode. Before form-
ing the working electrode and the counter electrode on the
sensor substrate, the method further includes:

[0021] forming a water-proof layer on the sensor
substrate.

[0022] Optionally, in a process of penetrating through the
tip of each microneedle in the hollow microneedle array, the
method includes:

[0023] penetrating through the tip of each microneedle in
the hollow microneedle array by means of a metal needle
array, where steel needles of the metal needle array are in
a one-to-one correspondence with microneedles of the hol-
low microneedle array.
[0024] Optionally,  the
polydimethylsiloxane.
[0025] According to a second aspect of embodiments of
the present application, use of a microneedle biosensor is
provided, including a microneedle sensor manufactured by
means of the manufacturing method of a microneedle bio-
sensor according to the first aspect, the microneedle sensor
including a sensor substrate and a hollow microneedle array
formed on the sensor substrate, where

[0026] the hollow microneedle array is used as an injec-
tion channel for drug injection.

[0027] Beneficial effects:

[0028] The present application provides a manufacturing
method of a microneedle biosensor, including: casting a
liquid polymer material on a mold with a microneedle
array pattern or a microneedle hole array pattern, drying
and then demolding so as to form a sensor substrate with a
hollow microneedle array, then penetrating through a tip of
each microneedle in the hollow microneedle array, and
forming a working electrode and a counter electrode on
the sensor substrate, so that the manufacture of a micronee-
dle sensor is completed; by forming the sensor substrate
with the hollow microneedle array directly by means of
the mold, the sensor substrate may be made of a biodegrad-
able material or a biocompatible material, so that the biode-
gradability or biocompatibility of the microneedle sensor
can be effectively improved.

mold is made of

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] To describe the technical solutions in the embodi-
ments of the present application more clearly, the following
briefly describes the accompanying drawings required for
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describing the embodiments of the present application.
Apparently, the accompanying drawings in the following
description show merely some embodiments of the present
application, and those of ordinary skill in the art may still
derive other accompanying drawings from these accompa-
nying drawings without creative efforts.

[0030] FIG. 1 is a flowchart of steps of a manufacturing
method of a microneedle biosensor according to an embodi-
ment of the present application;

[0031] FIG. 2 is a flowchart of steps of manufacturing a
mold in a manufacturing method of a microneedle biosensor
according to an embodiment of the present application;
[0032] FIG. 3 is a flowchart of steps of manufacturing a
sensor substrate in a manufacturing method of a micronee-
dle biosensor according to an embodiment of the present
application;

[0033] FIG. 4 is a flowchart of steps of manufacturing a
working electrode in a manufacturing method of a micro-
needle biosensor according to an embodiment of the present
application;

[0034] FIG. S is a scanning electron microscope (SEM)
image of one side of a microneedle biosensor according to
an embodiment of the present application;

[0035] FIG. 6 is an SEM image of the other side of a
microneedle biosensor according to an embodiment of the
present application;

[0036] FIG. 7 is a schematic structural diagram of a micro-
needle biosensor according to an embodiment of the present
application;

[0037] FIG. 8 is a schematic structural diagram of a cross-
section taken along line a-a' in FIG. 7,

[0038] FIG. 9 is a schematic structural diagram of another
microneedle biosensor according to an embodiment of the
present application;

[0039] FIG. 10 is a schematic structural diagram of a
cross-section taken along line b-b" in FIG. 9;

[0040] FIG. 11 is a schematic structural diagram of
another microneedle biosensor according to an embodiment
of the present application;

[0041] FIG. 12 is a schematic structural diagram of
another microneedle biosensor according to an embodiment
of the present application;

[0042] FIG. 13 is a time-varying curve graph of a current
generated by a microneedle biosensor according to an
embodiment of the present application when detecting glu-
cose concentrations in simulated interstitial fluids having
different concentrations; and

[0043] FIG. 14 is a calibration curve graph showing a
change in current amplitude generated by a microneedle
biosensor according to an embodiment of the present appli-
cation with a glucose concentration when detecting glucose
concentrations in simulated interstitial fluids having differ-
ent concentrations.

[0044] Description of reference numerals: 1. Sensor sub-
strate; 2. Hollow microneedle array; 3. Working electrode;
4. Counter electrode; 5. Reference electrode; A. Partition
area.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0045] The technical solutions in the embodiments of the
present application are clearly and completely described
below with reference to the accompanying drawings in the
embodiments of the present application. Apparently, the
described embodiments are merely some rather than all of

Oct. 19, 2023

the embodiments of the present application. All other embo-
diments obtained by those of ordinary skill in the art based
on the embodiments of the present application without crea-
tive efforts should fall within the protection scope of the
present application.

[0046] FIG. 1 is a flowchart of steps of a manufacturing
method of a microneedle biosensor. As shown in FIG. 1, the
present application provides a manufacturing method of a
microneedle biosensor, including the following steps.
[0047] Step 100: Provide a mold, where a microneedle
array pattern or a microneedle hole array pattern is formed
on the mold.

[0048] Specifically, before the mold with the microneedle
array pattern or the microneedle hole array pattern is manu-
factured, a molding template with a negative pattern needs
to be provided first, where the negative pattern refers to a
pattern set for forming the microneedle array pattern or the
microneedle hole array pattern. The molding template with
the negative pattern may be a purchased existing template or
be made by using a laser cutting machine.

[0049] FIG. 2 shows a method for manufacturing a mold
with a microneedle pattern array according to an embodi-
ment of the present application, the method including the
following steps.

[0050] Step 1001: Treat a molding template with ultravio-
let ozone for 5 minutes to form a hydrophilic surface on the
molding template.

[0051] Step 1002: Incubate the molding template with 5%
octyltrichlorosilane in benzene vapor for 16 minutes at
60° C. to silanize the surface of the molding template.
[0052] Step 1003: Pour a liquid material for manufactur-
ing a mold into a modified molding template, and heat in an
oven for 2 hours at 80° C.

[0053] Step 1004: After the mold is solidified, separate the
mold from the molding template to obtain a mold with a
microneedle array.

[0054] In the specific application, the mold and the mold-
ing template may be both made of polydimethylsiloxane,
which can reduce required costs of the mold and the mold-
ing template, thereby further reducing the manufacturing
cost of the microneedle biosensor. In addition, in the above
steps, the heating temperature and heating time for manufac-
turing the mold can be adjusted according to the material of
the mold or the molding template.

[0055] Step 102: Cast a liquid polymer material on the
mold, and dry and then demold to form a sensor substrate
1, where a hollow microneedle array 2 is provided on the
sensor substrate 1, and the liquid polymer material is a bio-
degradable material or a biocompatible material.

[0056] Specifically, the liquid polymer materials may be a
biodegradable material, such as chitosan, polylactic acid and
silk fibroin, or may be a biocompatible material, such as
thermoplastic polyurethane. When a biodegradable material
is used, the microneedle sensor has degradability and can be
naturally decomposed after use. When a biocompatible
material is used, the microneedle sensor has high biocom-
patibility, thereby avoiding damage to a human body during
use.

[0057] FIG. 3 shows a method for manufacturing a sensor
substrate made of chitosan, the method including the follow-
ing steps.

[0058] Step 1011: Dissolve 7% chitosan in 2% acetic acid,
stir for 24 hours by using an electromagnetic stirrer, and
then remove foam in the chitosan solution by means of ultra-
sonic wave.
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[0059] Step 1012: Inject the chitosan solution into a mold,
and heat in an oven for 30 minutes at 60° C.

[0060] Step 1013: After drying is completed, separate a
formed sensor substrate 1 made of chitosan from the mold.
[0061] In this way, as shown in FIGS. § and 6, a sensor
substrate 1 with a hollow microneedle array 2 is formed. As
shown in FIGS. 7 and 9, each microneedle of the hollow
microneedle array 2 may be in the shape of a pyramid or a
cone.

[0062] In addition, when the sensor substrate 1 is made of
another material, the heating time and the heating tempera-
ture for the sensor substrate can also be adjusted based on
the material.

[0063] Step 102: Penetrate through a tip of each micronee-
dle in the hollow microneedle array 2.

[0064] Specifically, a metal needle array may be selected
for penetration, and the metal needle array needs to be
aligned with the sensor substrate 1 in size and position,
that is, metal needles in the metal needle array are in a
one-to-one correspondence with microneedles in the hollow
microneedle array 2.

[0065] In specific application, a stainless steel needle
array may be selected to penetrate through tips of each
microneedle array in the hollow microneedle array 2, so
that an obvious hole is formed in the tip of each micronee-
dle, and thus when the microneedle biosensor is used for
detection, effective substances in the tested solution can
flow into the hollow microneedles through the holes in the
tips of the microneedles. In another embodiment, a needle
array made of another hard material may also be selected to
penetrate through the hollow microneedle array 2.

[0066] Step 103: Form a working electrode 3 and a coun-
ter electrode 4 on the sensor substrate 1, where the working
electrode 3 and the counter electrode 4 each cover a part of
the hollow microneedle array 2.

[0067] Specifically, as shown in FIG. 8, the working elec-
trode 3 and the counter electrode 4 may be manufactured on
a protruding side of the hollow microneedle array 2 on the
sensor substrate 1; and as shown in FIG. 10, the working
electrode 3 and the counter electrode 4 may also be manu-
factured on a recessed side of the hollow microneedle array
2 on the sensor substrate 1. In addition, when the working
electrode 3 and the counter electrode 4 are manufactured on
the protruding side of the hollow microneedle array 2, it is
optional not to penetrate through the hollow microneedle
array 2, because in this case, the microneedles only need
to be in contact with the tested solution, and the tested solu-
tion does not need to flow into the hollow microneedle array
2.

[0068] In addition, the working electrode 3 includes an
electrode layer, a Prussian blue layer, an enzyme layer and
a biocompatible polymer layer that are stacked on the sensor
substrate 1, where the electrode layer may be made of Au.
The counter electrode 4 usually includes an electrode layer.
[0069] In specific application, as shown in FIG. 11, the
counter electrode 4 may include only one counter electrode
4. In this case, the counter electrode 4 may have functions of
connecting a circuit and stabilizing a voltage. The counter
electrode 4 may be made of Ag/AgCl. As shown in FIG. 12,
the electrode 2 may also include a reference electrode 5 and
a counter electrode 4. In this case, the reference electrode 5
has a function of stabilizing a voltage, and the counter elec-
trode 4 has a function of connecting a circuit. The counter
electrode 4 may be made of Au or Pt. The reference elec-
trode 5 may be made of Ag/AgCl.
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[0070] FIG. 4 shows a method for manufacturing a work-
ing electrode according to an embodiment of the present
application, the method including the following steps.
[0071] Step 1031: Form an electrode layer on a sensor
substrate 1 by means of a vapor deposition or sputtering
process, so that the electrode layer covers a part of a hollow
microneedle array 2.

[0072] Specifically, when the electrode layer is formed by
means of the vapor deposition or sputtering process, a mask
plate with holes needs to be selected for vapor deposition or
sputtering, so as to implement the patterning of the electrode
layer.

[0073] Step 1032: Form a Prussian blue layer on a side of
the electrode layer far away from the sensor substrate 1.
[0074] Specifically, the Prussian blue layer is formed on
the sensor substrate 1 by means of an electroplating process.
[0075] Step 1033: Form an enzyme layer on a side of the
Prussian blue layer far away from the electrode layer.
[0076] Specifically, the enzyme layer is formed by cover-
ing the Prussian blue layer with liquid enzyme solution, and
then heating and drying the liquid enzyme.

[0077] Step 1034: Form a biocompatible polymer layer on
a side of the enzyme layer far away from the Prussian blue
layer.

[0078] Specifically, the biocompatible polymer layer is
formed by covering the enzyme layer with a liquid biocom-
patible polymer, and then heating and drying the liquid bio-
compatible polymer. The biocompatible polymer layer may
be made of perfluorosulfonic acid, and the biocompatible
polymer layer can prevent the Prussian blue layer from
damaging the human body.

[0079] In this way, when the working electrode 3 comes
into contact with the tested solution, the enzyme can react
with corresponding analyte in the tested solution, and a pro-
duct is generated from the enzymatic reaction. The product
undergoes oxidation or reduction reaction on the working
electrode 3 to generate a change in the electrical signal.
[0080] The finally formed microneedle biosensor is shown
in FIGS. 7 and 9. The manufacture of the microneedle sen-
sor is completed by casting a liquid polymer material on a
mold with a microneedle array pattern or a microneedle hole
array pattern, drying and then demolding so as to form a
sensor substrate 1 with a hollow microneedle array 2, then
penetrating through a tip of each microneedle in the hollow
microneedle array 2, and forming a working electrode 3 and
a counter electrode 4 on the sensor substrate 1; by forming
the sensor substrate 1 with the hollow microneedle array 2
directly by means of the mold, the sensor substrate may be
made of a biodegradable material or a biocompatible mate-
rial, so that the biodegradability or biocompatibility of the
microneedle sensor can be effectively improved.

[0081] In addition, as shown in FIGS. 7 and 9, in order to
prevent short circuit caused by an excessively small distance
between the working electrode 3 and the counter electrode
4, a partition area A is provided on the sensor substrate 1 and
between the working electrode 3 and the counter electrode
4, that is, the hollow microneedle array 2 located in the par-
tition area A is not covered with the working electrode 3 or
the counter electrode 4. In addition, as shown in FIG. 11, the
hollow microneedle array 2 may not be formed in the parti-
tion area A.

[0082] In an embodiment, when the sensor substrate 1 is
made of chitosan, in order to prevent the damage to the hol-
low microneedle array 2 caused by the proneness of the chit-
osan to water absorption and expansion, a water-proof layer
may be further formed on the sensor substrate 1 before the
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working electrode 3 and the counter electrode 4 are formed,
so as to prevent the sensor substrate 1 from coming into
contact with the solution.

[0083] In specific application, the water-proof layer may
be made of parylene.

[0084] In addition, when the sensor substrate 1 is made of
a water-insoluble material, the water-proof layer may not be
provided.

[0085] FIG. 13 is a time-varying curve graph of a current
generated by a microneedle biosensor according to an
embodiment of the present application when detecting glu-
cose concentrations in simulated interstitial fluids having
different concentrations. It can be seen from FIG. 13 that a
higher glucose concentration in a simulated tissue fluid indi-
cates a higher current generated by the microneedle
biosensor.

[0086] Based on current values at different concentrations
obtained in FIG. 13, a coordinate system shown in FIG. 12
can be obtained by taking a glucose concentration in a simu-
lated interstitial fluid as an abscissa axis and a current ampli-
tude increasing with the glucose concentration as an ordi-
nate axis. In addition, current amplitudes at different
concentrations are marked in the coordinate system, that
is, a plurality of coordinate points in FIG. 14 are marked,
and these coordinate points are connected by using a straight
line, to finally obtain a calibration curve in FIG. 14.

[0087] Finally, based test data, an expression between the
current amplitude and the glucose concentration can be
obtained as follows: y=0.117x-0.166,

[0088] where y represents the current amplitude, and x
represents the glucose concentration.

[0089] Based on the above expression, when the micro-
needle sensor according to the embodiment of the present
application is used to measure the glucose concentration in
an interstitial fluid to be tested, the glucose concentration in
the interstitial fluid to be tested can be calculated according
to the formula after the measured current value is obtained.
[0090] An embodiment of the present application further
discloses use of a microneedle biosensor, including a micro-
needle sensor manufactured by means of the manufacturing
method of a microneedle biosensor according to Embodi-
ment 1, the microneedle sensor including a sensor substrate
and a hollow microneedle array formed on the sensor sub-
strate, where the hollow microneedle array is used as an
injection channel for drug injection.

[0091] By forming holes in the microneedles of the hollow
microneedle array 2, when the microneedle sensor is used in
practice, for example, when the microneedle sensor is used
to measure the glucose concentration in the human tissue
fluid, the hollow microneedles with the holes in the hollow
microneedle array 2 can be used as injection channels to
inject a drug into the human body, and a type of an injected
drug, a drug injection rate, etc. can be selected based on the
glucose concentration tested by the microneedle sensor,
thereby making the use of the microneedle sensor more con-
venient. This is also the main reason why the microneedle
sensor needs to form a sensor substrate 1 with a hollow
microneedle array 2 in the present application.

[0092] 1t should be noted that, the embodiments in the
description are described in a progressive manner. Each
embodiment focuses on the difference from other embodi-
ments, and the same and similar parts between the embodi-
ments may refer to each other.

[0093] Orientations or position relationships indicated by
terms “center”, “upper”, “lower”, “left”, “right”, “vertical”,

25 e

“horizontal”, “inner”, “outer”, etc. are orientation or posi-
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tion relationships shown in the accompanying drawings,
and these terms are only intended to facilitate description
of the present application and simplify the description,
rather than indicating or implying that the referred apparatus
or element must have a specific orientation and be con-
structed and operated in a specific orientation, and therefore
should not be construed as limiting the present application.
In addition, relational terms such as “first” and “second” are
merely used to distinguish one entity or operation from
another entity or operation without necessarily requiring or
implying any actual such relationship or order between such
entities or operations, and also should not be construed as
indicating or implying relative importance. Moreover, the
terms “include”, “comprise” or any other variants thereof
are intended to cover non-exclusive inclusion, so that a pro-
cess, method, article or terminal device including a series of
elements not only includes those elements, but also includes
those elements that are not explicitly listed, or also includes
elements inherent to this process, method, article or terminal
device. Without more restrictions, the elements defined by
the sentence “including a ...” do not exclude the existence of
other identical elements in the process, method, article, or
terminal device including the elements.

[0094] The technical solutions of the present application
are described in detail above. Specific examples are used
herein to illustrate the principle and implementations of
the present application, and the description of the above
embodiments is only intended to help understand the present
application. The content of the description should not be
construed as limiting the present application. In addition,
for those of ordinary skill in the art, different forms of
changes may be made to the specific implementations and
application scope according to the present application, it is
not necessary and impossible to exhaust all the implementa-
tions herein, and the obvious changes or modifications aris-
ing therefrom still fall within the protection scope of the
present application.

What is claimed is:
1. A manufacturing method of a microneedle biosensor,
comprising:
providing a mold, wherein a microneedle array pattern or a
microneedle hole array pattern is formed on the mold;

casting a liquid polymer material on the mold, and drying
and then demolding to form a sensor substrate, wherein a
hollow microneedle array is provided on the sensor sub-
strate, and the liquid polymer material is a biodegradable
material or a biocompatible material;

penetrating through a tip of each microneedle in the hollow

microneedle array; and

forming a working electrode and a counter electrode on the

sensor substrate, wherein the working electrode and the
counter electrode each cover a part of the hollow micro-
needle array.

2. The manufacturing method of a microneedle biosensor
according to claim 1, wherein

the liquid polymer material is selected from the group con-

sisting of chitosan, polylactic acid, silk fibroin and ther-
moplastic polyurethane.

3. The manufacturing method of a microneedle biosensor
according to claim 1, wherein in a process of forming the
working electrode and the counter electrode on the sensor
substrate, the method comprises:
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forming the working electrode and the counter electrode on
a protruding side of the hollow microneedle array on the
sensor substrate; or

forming the working electrode and the counter electrode on

a recessed side of the hollow microneedle array on the
sensor substrate.

4. The manufacturing method of a microneedle biosensor
according to claim 1, wherein the working electrode com-
prises an electrode layer, a Prussian blue layer, an enzyme
layer and a biocompatible polymer layer that are stacked on
the sensor substrate; and in a process of forming the working
electrode on the sensor substrate, the method comprises:

forming the electrode layer on the sensor substrate by

means of a vapor deposition or sputtering process, so
that the electrode layer covers a part of the hollow micro-
needle array;

forming the Prussian blue layer on a side of the electrode

layer far away from the sensor substrate;

forming the enzyme layer on a side of the Prussian blue

layer far away from the electrode layer; and

forming the biocompatible polymer layer on a side of the

enzyme layer far away from the Prussian blue layer.

5. The manufacturing method of a microneedle biosensor
according to claim 1, wherein

a partition area is provided between the working electrode

and the counter electrode.

6. The manufacturing method of a microneedle biosensor
according to claim 1, wherein before forming the working
electrode and the counter electrode on the sensor substrate,
the method further comprises:

forming a water-proof layer on the sensor substrate.

7. The manufacturing method of a microneedle biosensor
according to claim 1, wherein in a process of penetrating
through the tip of each microneedle in the hollow microneedle
array, the method comprises:

penetrating through the tip of each microneedle in the hol-

low microneedle array by a metal needle array, wherein
metal needles of the metal needle array are in a one-to-
one correspondence with microneedles of the hollow
microneedle array.

8. The manufacturing method of a microneedle biosensor
according to claim 1, wherein

the mold is made of polydimethylsiloxane.

9. Using method of a microneedle biosensor, comprising a
microneedle sensor manufactured by the manufacturing
method of a microneedle biosensor according to claim 1, the
microneedle sensor comprising a sensor substrate and a hol-
low microneedle array formed on the sensor substrate,
wherein
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the hollow microneedle array is used as an injection channel

for drug injection.

10. The using method according to claim 9, wherein

the liquid polymer material is selected from the group con-

sisting of chitosan, polylactic acid, silk fibroin and ther-
moplastic polyurethane.

11. The using method according to claim 9, wherein in a
process of forming the working electrode and the counter
electrode on the sensor substrate, the method comprises:

forming the working electrode and the counter electrode on

a protruding side of the hollow microneedle array on the
sensor substrate; or

forming the working electrode and the counter electrode on

a recessed side of the hollow microneedle array on the
sensor substrate.

12. The using method according to claim 9, wherein the
working electrode comprises an electrode layer, a Prussian
blue layer, an enzyme layer and a biocompatible polymer
layer that are stacked on the sensor substrate; and in a process
of forming the working electrode on the sensor substrate, the
method comprises:

forming the electrode layer on the sensor substrate by

means of a vapor deposition or sputtering process, so
that the electrode layer covers a part of the hollow micro-
needle array;

forming the Prussian blue layer on a side of the electrode

layer far away from the sensor substrate;

forming the enzyme layer on a side of the Prussian blue

layer far away from the electrode layer; and

forming the biocompatible polymer layer on a side of the

enzyme layer far away from the Prussian blue layer.

13. The using method according to claim 9, wherein

a partition area is provided between the working electrode

and the counter electrode.

14. The using method according to claim 9, wherein before
forming the working electrode and the counter electrode on
the sensor substrate, the method further comprises:

forming a water-proof layer on the sensor substrate.

15. The using method according to claim 9, wherein in a
process of penetrating through the tip of each microneedle in
the hollow microneedle array, the method comprises:

penetrating through the tip of each microneedle in the hol-

low microneedle array by a metal needle array, wherein
metal needles of the metal needle array are in a one-to-
one correspondence with microneedles of the hollow
microneedle array.

16. The using method according to claim 9, wherein

the mold is made of polydimethylsiloxane.

% % % % W%



