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Abstract² This paper reports on the creation of a novel 

method for monolithic fabrication of out-of-plane polymer (SU-

8) microneedles incorporating sharpness of needle-tips, 

hollowness of needle lumen as well as a platform on which the 

microneedles stand orthogonally with the hollow of the needle 

lumen continuous through the platform. In essence, both the 

microneedle as well as the platform on which it stands, are 

made of the same polymer material, rendering the process 

monolithic. The microneedle tips produced were quite sharp 

with tip diameters ranging between 5 to 10 µm, needle heights 

greater than 1 mm and resulting aspect ratio of 40. Further, 

mechanical tests performed on the fabricated microneedles 

demonstrate a critical compressive failure load of about          

173 mN on average per microneedle, which translates into a 

safety factor greater than one for skin penetration. 

I. INTRODUCTION 

Oral administration of drugs is one of the oldest methods 

of drug delivery prevalent even till date. When ingested 

orally, the drug is absorbed from the gastro-intestinal (GI) 

tract and is transported via the portal vein to the liver which 

metabolizes some of the drug. This phenomenon is called 

the first-pass metabolism effect and is the main reason why 

the drug entering the systemic circulation after this process, 

is of much reduced concentration and therefore has a low 

bioavailability. Bioavailability is the fraction of a drug that 

enters the systemic circulation after being administered via a 

certain route. This is the primary disadvantage of the oral 

route of drug delivery, namely, the incomplete metabolism 

and first-pass metabolism reduce the bioavailability of the 

drug. The easier it is for a particular drug to be metabolized 

by the liver, lower will be its bioavailability. By definition 

only when a drug is administered intravenously, is its 

bioavailability 100% [1]. This factor is kept in mind when 

designing the dosages for drug via non-intravenous 

administration. However, though for conventional drugs this 

may still be an acceptable norm, for hormonal and peptide-
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considerable amounts of the drug is lost via the first pass 

mechanism [2]. Thus, transdermal drug delivery is one of the 

alternative methods of administering these types of drugs. 

Transdermal drug delivery is the delivery of drug molecules 

across the skin barrier layers and into the body. Several 

methods of transdermal drug delivery have been the focus of 

active research namely, liquid jet injection, iontophoresis, 

passive patches, ultrasound, electroporation and 

microneedles. However, the selected method of 

microneedles has several clear advantages over other 

competing methods. One, microneedles are not limited by 

the size of the drug molecule to be delivered. Two, 

microneedles are relatively less painful and thus, more 

patient-friendly to use, resulting in greater patient 

compliance. Three, depending on their design, the said 

microneedle system could be produced in a much more low-

cost manner. Last but not the least, microneedles could offer 

the dual flexibility of usage in both drug delivery as well as 

blood sampling. 

The structural material used for the fabrication of 

microneedles used here is an epoxy-based photopatternable 

polymer, called SU-8 2050 [from MicroChem Inc, US]. The 

photopatternability property of SU-8 is exploited here by 

exposing the SU-8 to UV radiation to cross-link and form 

the hardened structure resulting in the microneedle body 

while the rest of the unexposed SU-8 portions are dissolved 

away. By utilizing this approach, the need for more 

expensive micofabrication steps such as deep reactive ion 

etching (DRIE) is eliminated. In conventional 

microfabrication approaches, DRIE is the more popular 

technique to create deep trenches inside a solid block of 

material. Thus, DRIE is replaced by a more elegant 

lithographic technique instead. This is the underlying 

principle of the fabrication of the microneedle array utilized 

here.   

 

II. DESIGN 

A. Basic mechanical design 

)URP�(XOHU¶V�&ROXPQ�WKHRU\�[4], we know that the critical 

failure force, P, due to buckling, for a fixed-free column of 

length l is given as: 
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of the microneedle and + is the moment of inertia of the 

microneedle cross-section. + about X-X axis through centre 

of gravity (CG), for a triangular cross-section is given by: 
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Fig. 1 illustrates a cross-section of the designed microneedle: 

 

 
Figure 1: A cross-section of the designed microneedle. Both the triangles 

are isosceles with each having the height and base as indicated. 

 
With E = 4.02 GPa for the SU-8 used, and the length H being 
1000 µm, substituting in (1) and (2), the critical failure force 
due to buckling, P can be computed to be 230 mN. 
According to values in literature [5], the skin insertion force 
RI�D�PLFURQHHGOH�RI�WLS�GLDPHWHU�OHVV�WKDQ�����P��UDQJHV�IURP�
5 mN to 100 mN. Assuming the maximum insertion force of 
100 mN, we get: 
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Thus, the microneedle was designed to be mechanically 

stable during the skin insertion process. 

 

B. Basic geometry and dimensions 

 A triangular cross-section of the microneedle lumen was 

selected for the simple reason that the vertex of the triangle 

aids in enhancing the sharpness of the tip. A schematic 

diagram of a single hollow microneedle on a platform is as 

illustrated in Fig. 2.  

 
Figure 2. A 3-D representation of the envisaged fabricated single, hollow, 

triangular cross-section microneedle on a platform. 

  
For intradermal drug delivery, the microneedle design height 
is around 1000 µm and wall thickness around 30 µm. 

  

III. FABRICATION 

The fabrication process as detailed in [3] is fairly 

straightforward. SU-8 is manually coated on a <100> Si 

wafer as in Fig. 3. Following the preliminary pre-bakes as 

described in [3], the SU-8 was exposed to 400 nm 

wavelength UV at a dosage of 300 mJ/cm
2
. Next, a post-

exposure bake was performed at 80
o
C for an hour in an 

oven. After allowing the substrate to cool down slowly 

overnight, it was placed in SU-8 developer solution for 

another hour before the microneedles appear to stand out 

clearly on the wafer substrate. This is the basic fabrication 

process.  

 

 

Figure 3. Basic process flow for demonstrating the principle of SU-8 

microneedle fabrication. The mask topside shape can be changed as per the 

desired cross-sectional shape (triangular) of the microneedles. 

 

However, since the hollow lumens of the microneedles are 
blocked by the wafer substrate itself at the bottom, it would 
not serve any practical purpose, as passage of fluids is not 
possible. Thus, a open feedthrough channel is necessary, 
continuous through the lumen of the microneedle and the 
thickness of the platform. Additionally, the tips of the 
microneedles are sharpened by a molding process whereby a 
<100> Si wafer is anisotropically etched in KOH to create 
pyramidal pits with its planes inclined at an angle of 54.74

o
 to 

the horizontal, and thus to serve as a mold. The microneedles 
are patterned and molded on these pyramidal pits thus, 
transferring the angle to the microneedle tips [3]. As can be 
observed from Fig. 4, the fabrication primarily involves two 
stages of UV exposure: one for forming the microneedle 
body and the second one, for forming the platform. The 
microneedle body is produced by an almost identical process 
as described in Fig. 2, with the only difference that a 1 mm 
thick anti-reflection layer of Cr-black is used to prevent 
undesirable cross-linking of the SU-8 mass during UV 
exposure, caused by reflection off the inclined planes of the 
pyramidal pits. The platform layer is produced by a shallow 
exposure of i-line wavelength of UV at a low dosage of     
210 mJ/cm

2
 to yield a 200 µm thick platform [6]. Thus, the 

salient feature of the process is that no additional material is 
used for making the platform layer and that both the 
microneedle as well as the platform are made of the same 
material thus, rendering the process monolithic. Further, 
alignment of the platform openings with the hollow lumens 
of the microneedles presents a formidable challenge which 
has been overcome by providing for a misalignment tolerance 
of a few microns at the mask design level. After the two 
levels of UV exposure, the SU-8 is subjected to a post-
exposure bake at 80

o
C for 30 minutes. This is followed by 

development in PMGEA developer solution for an hour after 
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which the arrays of microneedles are released automatically 

from the wafer substrate. 

UV Exposure 

11111111 Contact Mask 

SU-8 

Si wafer substrate as master mold 

(making needle-shafts) 

Cross-linked portion 

1.----r-forming microneedle 

J J J J J 

wall 

Mask protecting needle bore 
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cross-link a thin upper layer 

for making platform) 

l'="""'-"= 'J=""""'......,"""11-- Cross-linked portion 

serving as a platform 

PEB, Development 

in PMGEA. 

I F 
Sharp-tipped microneedle 

..------- on platform 

Auto release of micro needle 

arrays on development 

Figure 4. Complete fabrication process yielding hollow sharp-tipped 

microneedles standing on a platform with its hollow lumen continuous 
through the needle shaft and platform thickness. 

IV. RESULTS 

The fabrication results as reported in [3] were still at the 

preliminary stage. The process described in Fig. 3 was 

optimized further and the resulting microneedle structures 

are as depicted in Fig. 5. 

Figure 5. A scanning electron micrograph (SEM) image of the fabricated 

SU-8 microneedle array of triangular cross-sections with sharp tips, 

standing out-of-plane on the SU-8 platform with the hollow lumens 

continuous through the platform thickness. Dimensions: Microneedle height 

~ 1000 µm, average wall thickness ~ 25 µm, Platform thickness ~ 200 µm. 

(Left) The needle bores are closed due to an incomplete development. 

(Right) The needle bores are seen to be clearly open. 

Thus, the above Fig. 5 demonstrates that triangular cross

section microneedles with sharp tips and hollow lumens 

were successfully fabricated with the given process. Further, 

the measured height of 1000 µm with an average wall 

thickness of 25 µm indicates that a high aspect ratio of 40 

has been achieved, which is novel considering the hollow 

nature of the lumens in the out-of-plane structures, and no 

use of DRIE. A close-up view of the sharp tips in Fig. 5 

further proves that the tip sharpening by molding has been 

successful. 

Figure 6. An SEM image of the close-up of fabricated microneedle tips. 

(Left) Tip diameter measuring approximately around 8 µm. (Right) Tip 

diameter measuring approximately less than 5 µm. 

V. MECHANICAL TESTS 

The fabricated microneedle arrays were subjected to 
compressive mechanical testing to determine the critical 

failure load. This is for ascertaining the maximum force that 

can be withstood by the microneedles during skin puncturing. 
For this purpose, a microneedle array comprising 45 needles 
was loaded with a plumber on its sharp-tipped ends, applying 
uniform load increasing incrementally, on the entire needle 

array. The load-displacement graph given in Fig. 7 shows 

that the peak load applied is 10.35 Non the 45 needles after 
which the graph undergoes an explicit drop indicating an 

avalanche of failures of the needles. However, on closer 

inspection, it can be observed that the first failure already 
occurs at the 7. 8 N mark. Thus, on taking 7. 8 N as the 

minimum critical force, the average critical failure load may 
be said to be around 1 73 mN per microneedle in contrast to 
the 230 mN designed critical load. If skin insertion force 

ranges around 100 mN [ 5], the computed safety factor of 1. 73 
is still greater than 1, and thus, should be sufficient. 

VI. DISCUSSION & CONCLUSION 

High aspect ratio, out-of-plane, hollow, sharp-tipped 

microneedles-on-a-platform were fabricated using an elegant, 

repeatable process with a low-cost, monolithic approach. 

Mechanical tests results were encouraging, indicating that the 

microneedles should be strong enough for skin penetration 

without failure. Though several research groups have been 

working on fabrication of polymer microneedles, the work 

presented here is quite novel in terms of the geometrical 

cross-section of the microneedles, the high-aspect-ratios 
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achieved, the use of the Cr-black anti-reflection layer as well 

as the auto release of the microneedles from the wafer  

 

 

Figure 7. Load-displacement graph to determine failure load of the fabricated 
microneedles. Though peak applied load is 10.35 N, the first failure occurs at 
7.8 N (circled in red), resulting in an average failure load of 173 mN per 
microneedle. 

substrate without the need for a sacrificial layer. Wang et al 
[7] used a similar molding-cum-double layer exposure 
approach but employed PDMS molds instead, thereby 
limiting the attainable aspect ratios and the sharpness of tips. 
They achieved tip diameters of around 15 µm and an aspect 

ratio of about 16.  

 Future work includes further optimizing the fabrication 
process and mechanical tests of real skin penetration 
followed by microfluidic characterization and biological tests 
of the microneedles. 
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