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RESUMEN. 

 

 

Los avances en la administración transdérmica 

de fármacos, genera nuevas oportunidades para 

el tratamiento de Diabetes Mellitus. El propósito 

de este trabajo fue demostrar un proceso de 

fabricación para un arreglo de microagujas. El 

proceso de microfresado tiene la ventaja de un 

menor costo en comparación  a otros. Por lo que 

es necesario analizar el desempeño del proceso  

de acuerdo a la calidad superficial del mismo. 

Este artículo introduce al diseño y manufactura  

de microagujas utilizando el material PDMS.  

El método de microfresado para microagujas, 

involucra herramientas de grabado y el uso de 

herramientas de corte con un diámetro menor a 1 

mm. Arreglos de microagujas con 500 µm y 

1000 µm de longitud y 500 µm de diámetro 

fueron manufacturados a diferentes ángulos (60° 

y 90°). 

Los resultados indican que la técnica de 

microfresado es una alternativa flexible y de bajo 

costo comparado con otros métodos de 

manufactura.  

 

 

ABSTRACT. 

 

Advances in transdermal drug delivery make 

available new opportunities in Diabetes Mellitus 

treatment.  

The purpose of this paper was to demonstrate a 

manufacturing process for a microneedle array.  

Micromilling process has cost advantages com-

pared to other manufacturing process like laser 

machining, therefore it is necessary to analyze 

the process performance according to surface 

quality. This paper introduces design and manu-

facture of microneedles using PDMS material. 

Micromilling method for microneedles, involve 

engraving tools and the use of end mills with 

cutting diameter less than 1 mm. 

Microneedle arrays with needles of 500 μm and 

1000 μm in length and 500 μm in diameter were 

manufactured with different angles (60° and 

90°). 

The results indicate that micromilling technique 

provides a flexible and cost effective alternative 

compared with other manufacturing methods.  

 

NOMENCLATURE 

 

D Distance along linescan [µm] 

H Height [µm] 

PDMS Polydimethylsiloxane 

PMMA Poly(methyl methacrylate) 

 

 

INTRODUCTION  

 

Over 15 billion injections are given worldwide 

each year, with at least 40 million curative or 

therapeutic injections being administered global-

ly each day. [1]  

Microneedles arrays had been used as medical 

dosage method.  

Actually, almost 285 millions of people have 

Diabetes Mellitus, and by 2030 year around 485  

Millions of people will have it. 

Therefore, the creation of microneedles systems 

that provide continuous drug administration by 

injection is a viable alternative for diseases such 

as Diabetes Mellitus. 

Transdermal drug delivery offers many ad-

vantages, for example it is practical and painless, 

it protects the active compound from gastric 

enzymes, and it avoids the hepatic first pass 

effect.[2] However, the skin is a natural barrier, 

and just some substances with a low molecular 

weight could be transferred into the body.  

Numerous variations in transdermal drug deliv-

ery design had been utilized due to its specific 
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characteristics; no infections, little skin irritation 

and no bleeding. [3]  

There is a variety of methods to manufacture 

Microneedles, including laser machining, 

micromilling, micro-molding and a combination 

of surface and bulk-micromachining techniques. 

Micromechanical cutting is a technology that has 

been widely studied by different fields like 

metrology and precision engineering. This 

process may be seen as an ultra-precision 

material removal process which is able to 

achieve micro-form accuracy and nanometers 

finish. [4]  

Micro-EDM Electro-physical, Chemical micro-

machining, Electrochemical micro-machining, 

and Deposition processes play an important role 

in micromanufacturing due to surface quality in 

Microsystems and micro-parts.  

Other special manufacturing method is micro-

replication techniques like Lithography, micro-

injection-microcasting and micro-embossing, 

which are solutions for mass production.  

Finally, laser technology has been qualified as an 

efficient micro-manufacturing technology 

because of its high resolution and surface quality. 

[5] 

Molding technology for microneedle fabrication 

allows mass production at a low cost for 

potential biomedical applications. [4] 

In this paper, the capabilities of micromilling 

method for microneedles manufacturing were 

evaluated by the analysis of the height and aver-

age roughness of PDMS microneedles. The 

molds were created in PMMA and Stainless 

steel. Since a biocompatible material needs to be 

used for microneedle manufacture. PDMS, PLA 

and PLGA materials have advantages compared 

with a silicon-based material needles, because 

the last one is unsafe for humans due to the pos-

sibility of a broken needle during insertion. [6]   

 

 

RELATED WORK  

 

Microneedles can penetrate the stratum corneum 

and enter into the skin to allow drug 

transportation [7]. A 500 µm length microneedle 

is not capable to get to the nerves in the skin that 

causes pain, which makes them a therapeutic 

alternative to increase patient life’s quality [8].  

Some of the main factors to evaluate the quality 

of microneedle are its length, geometry and 

roughness.  

 

These characteristics determine the grade of 

pain/invasiveness, and the necessary force to 

penetrate the skin. In order to evaluate those 

factors a microneedle is analyzed by a confocal 

microscope system.  

Every manufacturing method, design and 

material represent differences on quality 

characteristics and mechanical properties. 

One of them is micromilling technique, that uses 

cutting tools of less than 1 mm diameter in order 

to create complex geometries like molds. This 

method is a low cost process, due to its capacities 

and it could be scaled for mass production. [9] 

One important property to analyze is the stiffness 

of microneedles, due to forces affecting the 

needles, since these are inserted into the skin. 

Forces applied to microneedles fluctuate between 

0.1 N to 3 N [10]. Stresses are generated in the 

tip of the needle, making microneedle 

manufacture a challenge. 

However, over the past few years, a variety of 

materials and microneedle designs have been 

testing and evaluated.  

These arrays were manufactured through 

micromilling manufacturing process and with 

features sizes range from sub-micrometer to 

millimeters. Figure 1 shows a microneedle array 

design.  

 

 
Figure 1. Microneedle design 

 

EXPERIMENTAL SETUP AND 

METHODOLOGY 

 

In this work, different materials were utilized to 

create molds for microneedle arrays. For the 

molds, the material requires a high melting point 

to be stable. It also needs to be able to resist 

micromilling process. Other important 

characteristics are low toxicity and 

biocompatibility. 
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Molds were manufactured in a Makino F3 using 

micro-tools. Table 1 shows materials used by 

molds and microneedle arrays. 

 
Table I. Materials used for molds 

Materials for molds 

PMMA 

(Polymethyl-

methacrylate) 

Melting point: (200 °C) 

Hardness: ( 95 MHN) 

316 Stainless steel 

(Medical grade) 

Melting point: (1510 °C) 

Hardness: (189 BHN) 

Materials for microneedles arrays 

PDMS 

(Polydimethyl-

siloxane) 

Melting point: (110 °C) 

Hardness: (79 Shore A) 

 

Tungsten Carbide engraving tools with 60° of 

angle were used for micromilling. The tip size 

was 38 µm. 

The process involves a spindle speed from 5000 

to 11,000 RPM, according to material type.  

Cutting parameters are shown in Table 2, 

according to material, stainless steel and PMMA.  

 

 
Table II. Cutting parameters for PMMA and Stainless steel  

PMMA (Polymethyl-methacrylate) 

Parameter  Unit 

Spindle speed   11,000  RPM 

Feed per tooth  5 µm/tooth 

Axial depth  1000 µm 

Stainless steel  

Parameter Unit 

Spindle speed 5,000 RPM 

Feed per tooth 10 µm/tooth 

Axial depth  500 µm 

 

Once the mold was manufactured, a liquid 

PDMS (Dow Corning Sylgard 184 Elastomer 

Base) was mixed with a curing agent (Dow 

Corning Sylgard 184 Silicone Elastomer Curing 

Agent) at a ratio of 10:1 over the mold.  

The mixture was placed in a vacuum chamber to 

remove air bubbles.  

Next, the polymer was poured in PMMA and 

Stainless steel mold, the thickness was estab-

lished in 1mm. In the last step, the polymer was 

cured at 120 °C for 30 minutes.  
 

 

 

 

 

 

 

Finally a PDMS layer was peeled carefully from 

the mold. 

The microneedle array (4x4) molds constructed 

in PMMA and stainless steel are shown in Figure 

2 and Figure 3 respectively. 

 

Figure 4 shows methodology process by 

manufacture microneedles. The stages were: 

a) Mold manufacture (PMMA and 

stainless steel) 

b) Metrology analysis with a confocal 

AXIO 700. (Carl Zeiss) 

c) Curing PDMS material and baking.  

d) Microneedle array (without mold) 
 

 
 
Figure 2. PMMA mold created by micro milling method with 

engraving tools.(3 mm pitch) 
 

 

 

 
Figure 3. Stainless steel mold created by micro milling 

method with engraving tools. (3 mm pitch) 
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Figure 4. Microneedle array methodology 

 
RESULTS 

The first mold studied was a PMMA microneedle 

mold. An AXIO 700 microscope was used to 

evaluate surface quality and surface profile of the 

molds and microneedles arrays.  

Figure 5 illustrates the PMMA mold cavity 

diameter measurement. A line was traced on 

geometry center that goes from the outer radius 

to the tip of 60°. Table III shows the 

measurements of height, length, distance and 

angle for PMMA mold. 

 

 

 

 

For PMMA molds, some burrs were eliminated 

by cleansing the mold with ethanol (90%).  

After profile was measured on needle tip, it was 

obtained a surface measurement of average 

roughness in the needle. A square of 400 µm (see 

Figure 6) was analyzed and a surface roughness 

graph was obtained (see Figure 7).The average 

roughness was around 33.7 µm for PMMA 

material.  

 

 
Figure 5. Measurement of PMMA mold cavity diameter 

 

Table III. Measurements for PMMA mold cavity 

Measure 

Depth: 1032.673 µm 

Length: 581.896 µm 

Angle: 60 deg 

 

 
Figure 6. Surface roughness measurement of a PMMA mold 

cavity  

 

Figure 7. Surface roughness in PMMA material  

Start 

 
MAKINO F3/Engraving tool 

 

 

 
Confocal AXIO  CSM 700 

 
Curing stage  

 

 
Microneedle Array 

End 

MAKINO F3 
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Another examination of surface roughness was 

made to the stainless steel microneedle mold 

(Figure 8). The analysis shows an average 

roughness around 26.2 µm . 

Table IV shows the measurement of stainless 

steel microneedle cavities in the mold, and 

Figure 9 a surface roughness graph for stainless 

steel.  

It can be observed that the surface roughness of a 

metal perforation with a tungsten carbide tip 

generated was lower than the one made out of 

PMMA mold. However, this specific result 

describes a non-uniform pointed shape of mold 

cavity, where the lowest depth of the cavity is not 

located in the middle of the tip. This outcome did 

not generate a perfectly drawn tip of the 

microneedle which was expected. 
 

 

Figure 8. Surface roughness measurement of a Stainless steel 

mold cavity 

 

Table IV. Measurements for Stainless steel mold cavity 

Measure 

Depth: 581.922 µm 

Length: 481.896 µm 

Angle: 60 deg 

 

 
Figure 9. Surface roughness in stainless steel material 

 

 

 

 

Finally, measurements for Ra (Average 

Roughness) and Rz (Ten-point mean roughness) 

were compared in Table V. 

 

Table V. Measurements of cavity roughness  

Surface Roughness 

PMMA material  Stainless steel 

Ra: 33.664 µm Ra: 26.20 µm 

Rz: 416.30 µm Rz: 272.47 µm 

 

 

After analyzing these surfaces of microneedles 

arrays (4 x 4), the polymer was poured into mold. 

The mold was used as machined.  

Then, the polymer  was cured for 30 minutes at 

120° C. Figure 10 shows the PDMS microneedle 

array. 

 

 

Figure 10. PDMS microneedles  

 

 

 

CONCLUSIONS 

 

Miniaturization implicates a new challenge 

especially for complex geometries where new 

manufacture methods are involved. In this paper 

a preliminary study of microneedles fabrication, 

through micromilling of molds, was developed. 

One advantage of this method is its low cost. It is 

possible to change cutting parameters affecting 

surface quality.  

By reviewing the analysis of surface depth from 

the last image of the stainless steel mold it is 

possible to observe that the micromilling process 

needs to be reconsidered in order to obtain a 

centered tip with the lowest depth point.  

This technique is a feasible manufacturing method 

for microneedle fabrication that allows mass 

production at a low cost for potential biomedical 

applications.  
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Due to the differences between the mechanical 

properties of PMMA and stainless steel, it was 

observed a different average roughness between 

surface qualities of microneedle molds. PMMA 

material had a cost advantage, however the 

hardness of stainless steel contribute to obtain a 

better surface roughness of metal cavities. 

Therefore, it is important develop a complete 

analysis of the process for microneedles 

geometries in order to optimize the cutting 

parameters for these arrays.  

The incorporation of these manufacture 

technologies to micro-devices that could help in 

the treatment of diseases is gaining importance 

because of their cost, accessibility and response in 

human body.  
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