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A microneedle array device and its fabrication method are 
provided. The microneedle array device comprises a sup 
porting pad and plural of microneedles. Each microneedle 
has a top portion With a via thereon, thereby the micro?uid 

(21) A 1 NO _ 10 /99 4 10 5 may How in or out. The intersection betWeen the top portion 
pp ' " ’ and the inner tube of a microneedle forms a convex needle 

- _ structure, and is almost perpendicular to the upper surface. 
(22) Flled' NOV‘ 19’ 2004 For each microneedle, a holloW closed tube is formed 

(30) Foreign Application Priority Data betWeen the top portion and the supporting pad. The fabri 
cation method uses the substrates With high transmittance 

Jul. 16, 2004 ...................................... .. 093121337 and Plural of Convex area thereon as the upper and lower 
caps, and applies a photolithography process to fabricate a 

Publication Classi?cation microneedle array mold. It then sputters or electroplates 
metal material on the mold. The microneedle array is formed 

(51) Int. C]. after having taken off the mold. It is a simple fabrication 
A61B 17/20 (2006.01) process. 
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MICRONEEDLE ARRAY DEVICE AND ITS 
FABRICATION METHOD 

FIELD OF THE INVENTION 

[0001] The present invention generally relates to a micron 
eedle array structure, and more speci?cally to a microneedle 
array device, and a method of forming the same. 

BACKGROUND OF THE INVENTION 

[0002] The current microneedle array may be made of 
silicon (Si substrate), metal or polymer. The manufacturing 
methods of Si substrate microneedle array can further be 
categorized as using Wet etching or dry etching. The manu 
facturing process of metal microneedle array can further be 
categoriZed as using electroplating or deposition. The manu 
facturing process of polymer microneedle array can be 
further categoriZed as using molding or photolithography. 

[0003] Among the methods of microneedle array, the most 
Widely adopted is using Si substrate to fabricate the holloW 
needles or mold. HoWever, the fabrication process of using 
Si substrate is more complicated, as disclosed in 
WO0217985, and requires many steps of Wet/dry etching 
and thin ?lm deposition. As it takes a longer time to 
fabricate, the yield rate is loW and the cost is high. US. Pat. 
No. 6,334,856 disclosed a method of fabricating a micron 
eedle array having ?at needle tips and tapered tube, as 
shoWn in FIG. 1. This type of design limits the Width of the 
?oW channel and the ?exibility of the needle. To fabricate 
the needle higher than 100 um, the needle density must be 
restricted in compromise for an appropriate siZe of aperture 
and strength of needle structure. The restriction of loW 
needle density further causes the problem of insufficient 
sampling. In addition, the Si substrate microneedles are 
brittle and break easily. 

[0004] The tip of the holloW microneedle in most prior arts 
is designed as ?at, eXcept the design disclosed in 
WO0217985 (see FIG. 2), Which is a slant. This is because 
a slant tip is easier to penetrate the human skin for micro 
sampling than the ?at tip, as the human skin is ?exible. 

[0005] Kim et al. disclosed a method for fabricating metal 
microneedle array in Journal of Micromechanics and Micro 
engineering in 2004. They spread tWo layers of SU-8 on a 
glass substrate and used a back eXposure to separately bake 
the tWo layers of SU-8. They also used reactive ion etching 
to obtain an SU-8 pillar array structure, and then used 
sputtering, electroplating, planariZation and polishing to 
fabricate a tapered metal holloW microneedle array, as 
shoWn in FIG. 3. HoWever, the method requires multiple 
layers of SU-8 to achieve the layered effect and the high 
aspect ratio of the pillar is prone to slant or tWist. The 
fabrication process is di?icult to maintain the quality. 

[0006] US. Pat. No. 6,663,820 disclosed another method 
of using lithography and photolithography to fabricate poly 
mer microneedle array, as shoWn in FIG. 4. This method has 
the advantages of rapid fabrication of micromold and 
microneedle, and loW fabrication cost of the material and 
process. HoWever, the ?at-tip microneedles are still limited 
in the application. In addition, the polymer microneedles of 
this method do not have microchannels or reservoirs, and 
require additional fabrication process to attach the micro 
channels and reservoirs, if necessary. It is, therefore, di?icult 
to have this method applied for mass production. 
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[0007] Numerous methods of fabricating microneedle 
array have been proposed. Regardless of the material used, 
the object of the microneedle array includes the capability to 
penetrate the human skin for micro-injection or micro 
sampling painlessly, easy to fabricate, loW in fabrication cost 
and safe to use. 

SUMMARY OF THE INVENTION 

[0008] The present invention has been made to overcome 
the aforementioned draWback of conventional bonding 
methods of fabricating microneedle array. The primary 
object of the present invention is to provide a microneedle 
array device, including a supporting pad and a plurality of 
microneedles. The supporting pad has an upper surface. 
Each microneedle has a slant or concave top portion With a 
via thereon, thereby the micro?uid may ?oW in or out. The 
intersection betWeen the top portion and the inner tube of a 
microneedle forms a conveX needle structure. Each micron 
eedle stands on the upper surface of the supporting pad and 
is almost perpendicular to the upper surface. AholloW closed 
tube is formed betWeen the top portion and the supporting 
pad. 

[0009] The supporting pad further includes a bottom por 
tion and at least a layer of reservoir. The reservoir is located 
above the bottom portion and beloW the microneedle. The 
reservoir can be further divided, if necessary, into a plurality 
of reservoir units, With reservoir units separated from one 
another to prevent the micro?uid ?owing from one unit to 
another. The monolithic metal structure of the present inven 
tion includes conveX needle structure formed by the inter 
section of the slant or concave top portion of each micron 
eedle and the inner tube of a microneedle. The main feature 
of the present invention includes the safety of use and the 
improvement of pain. Furthermore, the rigidity and the slant 
uniformity of the microneedle With slant top portion are both 
improved so that it is suitable for molding and mass pro 
duction. 

[0010] Another object of the present invention is to pro 
vide a method of fabricating a microneedle array device, 
including the steps of: (1) providing a substrate, and forming 
a plurality of concave areas on a surface of the substrate; (2) 
spreading a layer of photo-sensitive material on the substrate 
and covering a layer of light transmission material on top of 
the photo-sensitive material; (3) using a patterned mask for 
eXposing and lithography of the light transmission material 
to obtain a polymer holloW microneedle array mold based on 
the light transmission material; and (4) using the polymer 
holloW microneedle array mold to form a microneedle array 
device. 

[0011] According to the present invention, there are sev 
eral techniques to be used in step (1) of forming a plurality 
of concave areas, including etching, X-ray photo-etching, 
ultra-violet etching, ion beam etching and eXcimer laser 
micromachining. Step (4) of the method further includes the 
folloWing substeps: (4a) coating a layer of metal on the outer 
surface of the polymer holloW microneedle array mold and 
the light transmission material to form a microneedle array; 
and (4b) removing the polymer holloW microneedle array 
mold from the microneedle array. In step (4), the techniques 
for coating metal to the surface of the polymer holloW 
microneedle array mold include electroplating, electroless 
plating, evaporation, and sputtering. The metal used can be 
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Cu, Cr, Ni, Fe, Au, Pt, Pd, stainless steel and their alloys. The 
present invention uses the coating of photo-sensitive poly 
mer on the concave areas of the substrate and covering With 
a light transmission material, Which is exposed to de?ne an 
outline of the microneedle and using lithography to obtain a 
polymer holloW microneedle array mold using the high light 
transmission material as the base for further fabrication of a 
metal microneedle array. The advantages of the fabrication 
method of the present invention are simple process and loW 
in cost. 

[0012] The foregoing and other objects, features, aspects 
and advantages of the present invention Will become better 
understood from a careful reading of a detailed description 
provided herein beloW With appropriate reference to the 
accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] FIG. 1 shoWs a conventional ?at-top microneedle 
array made of Si substrate. 

[0014] FIG. 2 shoWs a conventional slant top microneedle 
array made of Si substrate. 

[0015] FIG. 3 shoWs a conventional ?at-top microneedle 
array made of metal. 

[0016] FIG. 4 shoWs a conventional ?at-top microneedle 
array made of polymer. 

[0017] FIG. 5A shows a cross-sectional vieW of the ?rst 
embodiment of a microneedle array device of the present 
invention. 

[0018] FIG. 5B shoWs a schematic vieW of the concave 
top of a microneedle of the present invention. 

[0019] FIG. 5C shoWs a schematic vieW of the ?rst 
embodiment of a microneedle array device of the present 
invention. 

[0020] FIGS. 6A and 6B shoW respective top vieWs of the 
microneedles having different inner tube shapes. 

[0021] FIGS. 7A-7J shoW the fabrication method of the 
?rst embodiment of a microneedle array device of the 
present invention. 

[0022] FIGS. 8A and 8B shoW respective top cross 
sectional vieWs of the different shapes of concave areas of Si 
substrate of the present invention. 

[0023] FIG. 9A shoWs a cross-sectional vieW of the sec 
ond embodiment of a microneedle array device of the 
present invention. 

[0024] FIG. 9B shoWs a schematic vieW of the second 
embodiment of a microneedle array device of the present 
invention. 

[0025] FIG. 9C shoWs a top vieW of FIG. 9B. 

[0026] FIG. 10A shoWs a cross-sectional vieW of the third 
embodiment of a microneedle array device of the present 
invention. 

[0027] FIG. 10B shoWs a schematic vieW of the third 
embodiment of a microneedle array device of the present 
invention. 

[0028] FIG. 10C shoWs a top vieW of FIG. 10B. 
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[0029] FIGS. 11A-11K shoW the fabrication method of 
the second embodiment of the present invention. 

[0030] FIGS. 12A-12L shoW the fabrication method of 
the third embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0031] FIG. 5A shoWs a cross-sectional vieW of a micron 
eedle array device 50 of the present invention. As shoWn in 
FIG. 5A, microneedle array device 50 includes a supporting 
pad 51 and a plurality of microneedles 52. Supporting pad 
51 includes an upper surface 511. For the purpose of safety 
and effective skin penetration, the top portion of each 
microneedle 52 includes a convex needle structure 521. The 
top portion of microneedle 52 can be a slant 523 or a 
concave surface 523a, as shoWn in FIG. 5B. The top portion 
of microneedle 52 intersects With tube Wall 524 to form 
convex needle structure 521. In addition, top portion 523 or 
523a includes a via 522, Which alloWs the folloW of a 
micro?uid, for example, a medicine to How out or a blood 
to How in. According to the present invention, the micron 
eedle array is a monolithic metal structure With each micron 
eedle 52 standing on and perpendicular to the upper surface 
511 of supporting pad 51, and a holloW closed tube being 
formed betWeen top portion 523 (523a) and supporting pad 
51. 

[0032] FIG. 5C shoWs a schematic vieW of the structure 
of microneedle array device 50 of the present invention. The 
top portion 523 of each microneedle 52 is a slant, and the 
cross-section of tube Wall 524 forms a closed oval, circular, 
or triangular shape, as shoWn in FIG. 6A and FIG. 6B, 
respectively. The metal for fabricating microneedle array 
can be Cu, Cr, Ni, Fe, Au, Pt, Pd, stainless steel, or their 
alloys. The range of the aperture of each microneedle is 
10-70 um, the outer circumference is 80-250 um, and the 
height is 100-600 um. 

[0033] FIGS. 7A-7J shoWs the fabrication method of the 
?rst embodiment of the present invention. First, a substrate 
is provided, Which including a plurality of concave areas on 
the surface. According to the present invention, there are 
several techniques for forming a plurality of concave areas, 
including etching, X-ray photo-etching, ultra-violet etching, 
ion beam etching and excimer laser micromaching. The 
present embodiment uses an anisotropic Wet etching for 
explanation. 

[0034] As shoWn in FIG. 7A, a single crystal silicon With 
a grainorientation [1,0,0] is used as a substrate 700, and a 
protective layer 702 is deposited on the surface. Protective 
layer 702 can be made of Si3N4. The Wet etching areas 705 
are de?ned, as shoWn in FIG. 7B, folloWed by Wet etching. 
The solution commonly used in silicon anisotropic Wet 
etching includes potassium hydroxide (KOH) and Tetra 
methyl-ammonium hydroxide (TMAH). After etching the 
silicon, a plurality of concave areas 710 are formed. Each 
concave area 710 has tWo slants 711, as shoWn in FIG. 7C. 
Slant 711 de?nes a slant top 523 of each microneedle. The 
shape of the plurality of concave areas can vary in accor 
dance With the fabrication process, for example, a V-shape 
710a or U-shape 710b, as shoWn in FIG. 8A and FIG. 8B, 
respectively. In other Words, a U-shaped concave area 710 
de?nes a concave curvy top portion 523a of a microneedle. 






