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 Nickel microneedles have been fabricated by a sequential process of electroless 
copper and nickel plating and copper wet chemical etching.  An electroless plating 
solution was injected using an external syringe pump and made to flow through the 
inside of a copper base tube.  The temperature gradient along the length of the copper 
base tube brings about different plating thicknesses along its length, resulting in a wide 
inlet and a sharp end with a microaperture.  The diameter of the microaperture could be 
readily controlled by plating time such that microneedles with various diameters could 
be easily acquired.  To verify their applicability, the fabricated microneedles have been 
applied to a probe for cell capturing and to a needle for microdispensing.

1.	 Introduction

 With the rapid development of the microfluidics-based industry, including the 
expansion of the use of microdispensers, drug delivery systems (DDSs), and 
biochips, there has been an increasing demand for microneedles.(1–3)  For decades, 
researchers have sought appropriate materials and fabrication techniques for 
microneedles.(4–9)  To date, glass, silicon, and polymers have provided the primary 
materials for microneedles.(10–14)  While glass and silicon have good surface properties 
and high mechanical strength, polymers offer good biocompatibility, relatively low 
production cost, and ease of fabrication.  Although these materials have numerous 
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advantages, each has respective drawbacks as well.  Glass and silicon are too brittle 
and are thus vulnerable to shock and bending.  Microneedles made with glass are 
therefore usually applied to micropipettes.  However, in spite of concern for applications 
for the human body, NanoPass Technologies Ltd. has succefully developed and is 
now selling hollow microneedles made of silicon for intradermal injections and solid 
microprojections for consmetic enhancement.(13)  Polymers meanwhile lack sufficient 
strength and as such are easily bent.  Microneedles made from polymers have thus 
been mainly exploited as fluidic interconnects or conduits.  Overall, glass and polymer 
microneedles are not readily applicable to areas requiring good mechanical properties.
 In contrast, metals have good mechanical properties such as strength, toughness, and 
thermal conductivity.  Furthermore, they also provide good electrical conductivity.  Thus, 
microneedles made from metals can feasibly be utilized in various applications requiring 
solid mechanical properties, such as injectors, spotters, and nozzles. 
 Minute metal tubes have generally been fabricated by conventional processes such 
as extrusion, drawing, and electrical discharge machining (EDM).(15–19)  Using these 
conventional fabrication processes, however, it is very difficult to fabricate metal 
microneedles with a fine aperture.  Recently, several research groups have developed 
metal microneedles using micromachining technology that involves photolithography 
and electroplating.(20,21)  In particular, Sumitomo Electric Industries introduced a novel 
fabrication concept using electroplating for nickel microneedles, which are currently 
being commercially produced.  These nickel microneedles are fabricated by two 
sequential processes; electroplating on the outer wall of a sacrificial core post and 
etching of the sacrificial core post.  The fabricated microneedles are not only very clean 
and uniform but also retain good mechanical properties.  However, because the inner 
diameter of these microneedles depends on the outer diameter of the sacrificial core 
post, it is also difficult to produce microneedles with a very small inner diameter.  In this 
paper, we present a novel nickel microneedle fabrication method involving sequential 
electroless copper and nickel plating on the inner wall of a sacrificial copper base tube 
and the etching of an outer copper layer.  In addition, the applicability of the fabricated 
microneedles is verified for a cell capturing probe and a microdispensing needle.  Details 
are reported herein. 

2.	 Concept

 Figure 1 shows a fabrication concept for a nickel microneedle.  Copper electroless 
plating solution flows through the inside of the copper base tube, resulting in copper 
deposition onto its inner wall (Fig. 1(a)).  The inner diameter of the copper base tube 
decreases as the copper electroless plating progresses.  Subsequently, nickel electroless 
plating is conducted (Fig. 1(b)).  The nickel electroless plating process similarly reduces 
the inner diameter of the tube (Fig. 1(c)).  A sharp nickel microneedle is thereafter 
exposed by selective copper etching at the end of the tube (Fig. 1(d)).  The outer diameter 
of the nickel microneedle is determined by the thickness of the plated copper.  The 
increase in thickness of the plated copper layer results in a decrease in the outer diameter 
of the nickel tube, thereby yielding a sharp-ended microneedle.
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3.	 Fabrication

 Figure 2 depicts the experimental setup for electroless plating.  The plating and 
washing solutions are injected using a pump.  The outlet part of the copper sacrificial 
base tube is fixed onto a digital hot plate.  Thus, while the inlet part is kept cool, the 
temperature at the outlet part is almost the same as that of the hot plate, if the plating 
solution flows very slowly.  Because of the temperature gradient along the length of the 
copper base tube, the thickness of the plated metal also varies.  Owing to the relatively 
low temperature, very little plating occurs at the inlet part of the tube.  The experimental 
setup was arranged so as to produce a nickel microneedle with a sharp end. 
 Figure 3 illustrates the fabrication process in detail, showing a cross-sectional cut 
along the longitudinal direction of the tube.  The fabrication process starts with the 
cleaning of the copper base tube, whose inner and outer diameters are 65 and 145 µm, 
respectively (Fig. 3(a)).  To remove organic materials adhering to the inside of the 
tube, a degreasing solution mixed with sodium carbonate (Na2CO3, 24 g/L), sodium 
phosphate (NaPO4, 24 g/L), and deionized water was made to flow through the tube.  
The degreasing process was conducted at a solution temperature of 60°C with a flow rate 
of 10 ml/h for 3 min.  To increase the adhesion between the copper base tube and the 
plated copper, the inner surface of the copper base tube was etched with 5% sulfuric 
acid at 30°C for 1 min.  As the final process of cleaning, palladium dichloride (PdCl2) 
solution was made to flow through the tube to enhance the surface activity at a solution 
temperature of 30°C for 1 min.

Fig. 1. Fabrication concept for a nickel microneedle: (a) copper base tube; (b) copper electroless 
plating; (c) nickel electroless plating; (d) copper etching at the tip.
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Fig. 2.   Experimental setup for electroless plating.

Fig. 3. Fabrication process of microneedle: (a) copper base tube; (b) copper electroless plating; 
(c) nickel electroless plating; (d) instant glue coating; (e) copper wet etching; (f) removal of instant 
glue.
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 After the cleaning process, copper electroless plating was conducted, followed by 
nickel electroless plating (Figs. 3(b) and 3(c)).  The copper and nickel plating solutions 
used and their plating conditions are summarized in Table 1.  After each plating 
process, the inside of the tube was immediately and thoroughly rinsed with deionized 
water.  Then, except for the tip region, the outer surface of the tube was coated with 
cyanoacrylic-based instant glue (Fig. 3(d)).  The opened tip part was immersed in a 
copper etching solution composed of 1% acetic acid, 1% hydrogen peroxide, and 5% 
deionized water in volume ratio.  The copper etch rate in the solution was measured to be 
0.5 µm/min at room temperature.  The copper base tube and the electroless plated copper 
were sequentially etched so that a sharp nickel tip was exposed at the end of the copper 
tube (Fig. 3(e)).  The fabrication process was completed with the removal of the instant 
glue using acetone (Fig. 3(f)).

4.	 Fabrication	Results	and	Discussion

 SEM images of a copper base tube and fabricated microneedles are shown in 
Figs. 4 and 5, respectively.  The microneedles shown in Figs. 5(a) and 5(b) were 
obtained using the plating conditions of process condition numbers 1 and 2, respectively, 
in Table 1.  Except for the plating time, the process conditions are identical.  The inner 
and outer diameters of the microneedle shown in Fig. 5(a), which was plated with a 
copper plating time of 10 h and a nickel plating time of 2 h, were measured to be 
19 and 30 µm, respectively.  The inner and outer diameters of the microneedle shown 

Table 1
Electroless plating solutions and their plating conditions.

 

Process condition No. 1 Process condition No. 2

Copper
electroless

plating

Nickel
electroless

plating

Copper
electroless

plating

Nickel
electroless

plating

Solution Copper sulfate Nickel
phosphorous Copper sulfate Nickel

phosphorous

Temperature
(hot plate) 100°C 140°C 100°C 140°C

Plating time 10 h 3 h 2 h 12 h

Flow rate 1 ml/h 1 ml/h 1 ml/h 1 ml/h
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in Fig. 5(b), which was plated with a copper plating time of 2 h and a nickel plating 
time of 12 h, were measured to be 11 and 60 µm, respectively.  These fabrication results 
indicate that the inner and outer diameters of the nickel microneedles can be modified 
by varying the plating time.  A sharp end with a fine aperture can be easily obtained by 

Fig. 4. SEM images of a copper base tube: (a) inner diameter of 65 µm and outer diameter of 145 
µm; (b) interior surface of the copper base tube.

Fig. 5. SEM images of fabricated microneedles: (a) inner diameter of 19 µm and outer diameter 
of 30 µm, obtained using process condition No. 1; (b) inner diameter of 11 µm and outer diameter 
of 60 µm, obtained using process condition No. 2.
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increasing the copper plating time and decreasing the nickel plating time.  Microneedles 
with various diameters can be easily realized through the proposed fabrication method.  
However, as shown in Fig. 5, the surface of the fabricated nickel microneedle is very 
rough.  The reason is that the original inner surface of the copper base tube is rough, as 
shown in Fig. 4.  If the original inner surface were smooth, a nickel microneedle with a 
smooth surface could be obtained.  As the thickness of the plated metal is increased, the 
inner diameter of the microneedles becomes smaller, resulting in higher flow resistance.  
Under the present experiment conditions, owing to the flow resistance, it proved difficult 
to obtain microneedles with an inner diameter smaller than 10 µm.

5.	 Applications

5.1 Microprobe for cell capturing
 The fabricated microneedles have been applied to a microprobe for cell capturing and 
a micronozzle for microdispensing.  The microneedle was connected to a polymer tube 
that was manipulated using a precision xyz stage.  Figure 6 shows microscopic images 
of the fabricated microneedle capturing an oral epithelial cell.  The microneedle was 
successfully used to deliver and release the oral epithelial cell as well.

5.2 Micronozzle for microdispensing
 The fabricated microneedle was installed as a dispensing needle in a commercial 
contact angle meter.  Table 2 shows a comparison of the measured contact angles 
between a 22 G commercial dispensing nozzle with an inner diameter of 483 µm and the 
fabricated micronozzle with an inner diameter of 19 µm.  The micronozzle generated a 
tiny water drop of 0.7 µl, as compared with the 11.6 µl drop formed by the commercial 
needle.  It is well known that, because of the gravity effect, the volume of the water 
drop affects the contact angle.  The measured contact angles for the micronozzle were 
6° higher than those for the commercial needle.  These test results indicate that the 
fabricated microneedles are readily applicable to microsystems including microprobes, 
microdispensers, and microinjectors.

Fig. 6. Images of a microneedle being used to capture an oral epitherical cell: (a) before and (b) 
after.

           (a)     (b)
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6.	 Conclusion

 A novel fabrication method for nickel microneedles has been proposed and realized 
by means of sequential electroless copper and nickel plating on the inner wall of a copper 
base tube and the etching of the outer copper layer.  The inner diameter of the tube 
decreases as the copper and nickel plating progresses.  A sharp nickel microneedle was 
acquired by selective copper etching at the end of the tube.  By applying a temperature 
gradient along the length of the copper base tube, almost no plating takes place at the 
cooled inlet while the hot outlet is well plated, resulting in a wide inlet and a sharp end.  
The diameter of the aperture at the end of the tube can be easily controlled by the plating 
time.  Therefore, microneedles with various diameters can be easily fabricated via the 

Table 2
Comparison of volumes and contact angles of water drops generated by a commercial dispensing 
needle and a fabricated nickel microneedle.

Commercial
dispensing nozzle

Fabricated
nickel micronozzle

Needle size Inner diameter: 483 µm
Outer diameter: 711 µm

Inner diameter: 19 µm
Outer diameter: 30 µm

Drop volume 11.6 µl 0.7 µl

Contact angle 135° 141°

Water drop 
(at the end of needle)

Water drop 
(on the surface)

Commercial
needle

Fabricated
 microneedle
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proposed fabrication method.  To verify the applicability of the fabricated microneedles, 
they were applied to a probe for cell capturing and a micronozzle for microdispensing, 
and an oral epithelial cell was successfully captured and delivered.  The measured contact 
angle for the fabricated micronozzle was 6° higher than that for a commercial needle.  
The fabricated microneedles are readily applicable to various application areas including 
microinjectors, microdispensers, microspotters, microprobes, and micronozzles.
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