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The present paper proposed a simple method using a double softlithography 

process for the fabrication of microneedles (MNs) arrays. A biocompatible UV 

curable polymer, Norland Optic Adhesive-NOA63 was selected to fabricate the solid 

hydrophilic microneedles. The geometry and the penetration capabilities of the 

newly fabricated microneedles were evaluated by optical imaging and microCT. The 

results evidenced that the length of the newly created MNs was acceptable for the 

intended purpose. The insertion tests evaluated the sharpness and robustness of the 

NOA63 MNs: the MNs were able to pierce the skin samples. These tests also 

highlighted the influence of the insertion force upon the penetration capability. The 

NOA63 MNs proved compliant with the general requirements. Moreover, they 

presented the advantage of a low-cost fabrication process. Therefore, the newly 

created MNs are promising alternative devices able to disrupt effectively the 

cutaneous barrier. 

Keywords: transdermal drug delivery, microneedles, biocompatible polymer, 

microCT, softlithography  

1. Introduction 

Medicine and pharmacy have a common goal: to alleviate and/or cure 

patients’ conditions with the help of methods which deliver therapeutic agents to 

the specific target, at the right moment, at the right concentration level, in a safe 

and reproducible manner. A wide range of therapeutic modalities and 

formulations permitted individualized therapeutic schemes. Alternatives to the 

oral route, the preferred method developed in order to address the impossibility of 

adequate administration and the related low bioavailability of peptide or protein 

drugs [1]. Out of the valid modalities for drug administration currently used in the 

medical field, the transdermal drug delivery (TDD) [2] advanced to improve drug 

transport across the skin with the help of chemical enhancers [3], iontophoresis 
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[4], electroporation [5], sonophoresis [6], mechanical enhancers (microneedles 

arrays) [7-9], or their combinations [10, 11]. 

The advances of the emerging microfabrication techniques [12-17] 

introduced novel and trustable drug delivery systems such as microfabricated 

nanoparticles, [18-21] microfluidic chips [22, 23], and microneedles-MNs [24-

26]. All expressed superior structural, mechanical, electronic properties [12, 27] 

as well as cost-effectiveness for mass production [28]. The significant feature of 

MEMS products [29] and of microneedles in particular, is that they can be 

specifically designed for minimal invasiveness and for programmed drug release. 

The first MNs were made of silicon using microfabrication techniques [30, 

31], and the procedure developed further using stainless steel [32], palladium [33], 

titanium [34], nickel [35], glass, ceramics, zeolite [36]. However, the 

technological advantages such as the well-controlled microfabrication processes 

methods, the precise and controllable 3-dimensional structures [37], and the 

affordable mass production were outshined by the major biological side effects 

caused by the brittleness and biohazardous sharpness with risk of local 

inflammation or blood borne diseases [38]. Since the only biocompatible metal 

MNs were of porous silicon [39, 40], the implementation of new biomaterials 

became imperious. Various polymers including polyvinyl acetate [41], poly-

etherimide [42], polycarbonate [43], poly-ethylene glycol [44], and poly-lactide-

co-glycolide [45] have been used. Sugars and sugar derivatives such as dextrose 

[46], maltose [47], or galactose [48] have also been considered. These materials 

are biocompatible, cost-effective, generate no biohazardous waste and the 

fabrication involved micromoulding techniques [45]. However, limitations 

remained: high temperature processing, quick dissolution of the MNs, resulting in 

less control over drug release, instability under humid conditions, UV crosslinking 

requirements, and drug materials/process incompatibility that can impact the 

potency of the compounds to be delivered. 

The present work discusses the use of one biocompatible polymer, NOA63 

and the soft lithography in fabrication of MNs in accordance with the clinical 

purpose. The processed MNs were characterized using optical and X-ray imaging 

modalities, and their penetration capability in pigskin was assessed.  

2. Materials and methods  

2.1. Polymers 

Two polymers were employed: PDMS (Sylgard® 184 - Polydimethyl 

siloxane, Down Corning, USA) and Norland Optic Adhesive-NOA63 (Norland 

Products, NJ, USA). NOA63 is an UV curable, clear liquid adhesive with density 

>1. None of the ingredients of this UV Curing Adhesive (Mercapto-ester, Triallyl 

Isocyanurate) are listed as carcinogens in NTP, IARC, OSHA, RoHS, REACH or 
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any state's list of chemicals known to cause reproductive toxicity. Therefore, 

NOA63 is a biocompatible polymer. 

 

2.2 Skin Tissue Processing for Imaging  

Full thickness porcine cadaver skin with adipose layers was used. Skin 

tissues were kept frozen at –20°C until used. The skin tissue was prepared by 

removing the fat layer (using a surgical blade) and thawed completely (for 30 

min) to room temperature. The skin sample was flattened onto a wooden block 

with 10 to 12 layers of Kimwipes underneath. The final sample was 1-1.5mm 

thick.  

 

2.3 Scanning electron microscopy  

(SEMs) images were taken using a JEOL SEM (JSM-6701F Field 

Emission Scanning Electron Microscope). Samples were prepared by coating with 

a thin layer (a few nanometers) of gold and mounted onto sample holders (JFC-

1600 Auto Fine Coater). Images were retrieved at various magnifications.  

 

2.4 MicroCT 

MicroXCT400 (XRadia) was used to image the MNs during the 

penetration test into the pigskin. MNs were applied onto the skin sample and 

mounted onto the sample holder. MN patches were applied on the flat skin surface 

for 1 min using weights equivalent to 4.5N, 10N, 13N and 22N. Controls 

consisted of skin not treated with MNs. The imaging procedure used exposure 

parameters for soft tissues.  

 

2.5. Optical Imaging 

For the insertion test, the skin sample was covered with Methylene Blue 

(tissue dye used in histology) and MNs were applied. The application of the MNs 

onto the skin was similar to the X-ray imaging procedure. The number of the 

entry points was observed after the MNs and the excess of dye (ethanol 70%) 

were removed.  Bright field images of the tissue samples were taken using a 

dissection microscope (Zeiss Stemi DV4). A digital camera (Canon) was used to 

take the digital pictures of the moulds, MNs and of the entry points MNs 

produced on the skin samples. 

 

3. Microneedles design and fabrication 

 

3.1 Fabrication of the Si mould with array of microneedles 

The Si microneedles array used as mould was fabricated on a 4” silicon 

wafer, 1mm-thick, double polished, with <100> crystallographic orientation using 

microfabrication techniques (Fig. 1a). A 2μm-thick low stress SiNx layer was 
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deposited on the surface of the Si wafer using a PECVD reactor [49, 50]. A 

second deposition -Al- (2μm-thick) was processed using an e-beam evaporator 

(Fig. 1b). A 6μm-thick photoresist mask (AZ4620- Clairant) was developed on Al 

surface for patterning of Al and SiNx layers (Fig 1c). The etching of Al layer was 

performed with commercially available Al wet etching solution while for SiNx 

layer a plasma process in a RIE reactor using CHF3/O2 chemistry was performed 

(Fig 1d). A 500μm deep isotropic etching was performed through the above 

mentioned created mask using a deep RIE system and SF6/O2 process (Fig. 1e). 

The process continued till the mask was self-removed. The isotropic process and a 

Teflon coating in plasma were performed for an easily demoulding process (Fig. 

1f). 

 

 
Fig. 1. Main steps of the fabrication process of the Si mould: a) Si wafer; b) deposition of the SiNx 

and Al; c) photoresist mask; d) etching of the Al and SiNx; e) isotropic etching of the Si; f) Teflon 

coating 
 

 3.2. The double softlithography process 

The moulding process described in Fig. 2. is a double softlithography- 

based process. It had Silicon (Si) MNs as first hard master (Fig. 2a). Each plate 

consisted of 60 MN arrays of 1cm2 and 1mm thickness each. Each array 

comprised a matrix of 9x9 Si MNs. The average length of Si MN was 500μm. The 

steps comprised soft lithography which helped form the necessary patterns by 

polymerization templated by the hard masters. First, PDMS was utilized as a 

molding material to produce the second master. The embedding elastomer was 

mixed according to supplier specifications and degassed in vacuum for 45min. 

The mould patterns of Si MNs were transferred onto PDMS by casting the 

Sylgard® 184 (silicon elastomeric base and curing agent mixed in 10:1 ratio) onto 

the Si MN array and allowed to cure and dry to solidify at 125oC for 30min. Fig. 

2b depicts the Si MNs plate covered by PDMS after curing. Fig. 2c shows the 

final PDMS MNs replica. Attention was paid to remove the gas bubbles existing 

in the master mix, prior the curing. The next step used NOA63 and the PDMS 
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MNs replica. The MNs pattern was transferred into NOA63 by casting the 

elastomer. It was poured onto PDMS template and degassed in vacuum. After the 

PDMS mould was filled with NOA63 gel the excess of NOA63 gel was removed. 

(Fig. 2c) This step was followed by polymerization via UV exposure (Polylux 500 

UV Curing oven) which allowed NOA63 to cure and dry to solidify (Fig. 2d). 

 
Fig. 2. The process of fabrication of polymer MNs: a) Si MNs fabricated using MEMS 

technology; b) processing PDMS replica; c) deposition of NOA63 on the PDMS mold; d) NOA63 

MNs array after UV curing using PDMS 

The NOA63 replica was then detached from its PDMS master. Images 

with the main step of the fabrication are presented in Fig. 3. 
 

a  b  c   d  

Fig. 3. The steps taken to fabricate the solid, hydrophilic biocompatible MNs: a. The Si MNs plate; 

b. The Si MNs master covered with PDMS; c. The PDMS MNs replica; d. The PDMS replica 

covered with NOA63  

 

Both methods relied on the physical contact of the stamp/probe with the 

substrate. Physical contact is the key mediator of pattern transfer and is, in 

principle, limited only by van der Waals contact and the inherent atomic and 

molecular granularity of matter. Therefore, desiccation was one essential step in 

the process. 
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4. Results and discussions  

Microneedles design and fabrication 

Soft lithography has had recognized practical advantages in the field of 

biology as one alternative to photolithography, and an unconventional approach to 

nanofabrication and pattern transfer. [52]. The use of soft lithography principles 

allowed the micromoulding of Si MNs into NOA63 biocompatible, solid, 

hydrophilic MNs. The process comprised two steps, which proved rapid, easily 

controllable and consistent. Both polymers proved capable of polymeric (usually 

elastomeric) stamps bearing relief features to transfer micropatterns. Moreover, it 

didn’t require special training, was easily repeatable, safe and cost-effective. Such 

characteristics matched the general description of microtechnology well known 

for its mass production potential. Fig. 4. macroscopically describes the NOA63 

MNs. NOA63 allowed the production of thin, much flexible than Si MNs, and 

resistant MNs arrays.  

a    b  
Fig. 4. a. The compared Si and NOA63 MNs; b. A matrix of NOA63 MNs 

 

Imaging 

Since 1979 when the concept of micron scale arrays able to transiently 

breach the stratum corneum emerged, the fabrication of MNs evolved from the 

sharp tips 150µm model of Henry et al [30] to a multitude of geometries to 

address the specific applications. The imaging procedures permitted the 

assessment of the NAO63 MNs microscopic structures and penetration functions. 

SEM imaging evidenced the geometry of the newly fabricated MNs. Fig. 5 

presents various aspects of the geometry of the newly created NOA63 MNs 

compared with their Si counterparts.  

Since the length of MNs accepted for successful painless drug 

administration varies from 50µm to 1000µm, [51] the length of the new NOA63 

MNs (average 320 µm) can also be acceptable for the intended purpose. This 

evaluation concluded the ability of the method to deliver NOA63 replica 

geometrically similar to the Si masters. Compared with metal which is highly 

malleable and relatively easy to be shaped into sharp, narrow and long MNs, 

polymers are less tractable. The geometry obtained proved the potential of 

NOA63 in this area due to the possibility to obtain stability, length, and sharpness. 
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Moreover, the nontoxic propriety of NOA63 is one essential feature to support the 

NOA63 MNs’ potential as no biological hazards in TDD. The microCT imaging 

tests visualized the capacity of NOA63 MN to penetrate the superficial layer of 

skin (stratum corneum) at various application forces (4.5N, 10N, 13N, 22N).  

a  

b  
Fig. 5. The SEM images of MNs to evidence the geometry at 20x and 100x magnification: a. the 

Si MNs geometry; b. the NOA63 MNs geometry 
 

The MNs-skin interface was assessed for Si and NOA63 MNs. At that 

location, due to the various densities of the materials exposed to X-ray, X-ray 

photons were absorbed differently. The area in the microCT image which 

evidenced less contrast (lighter grey) due to low density material and lower 

absorption of X-ray photons corresponded to the air gaps at the MNs - skin, and 

the MNs - plastic holder interfaces. The area with increased contrast (intense grey) 

due to higher density material represented the MNs inserted into the skin.  

The superposition of the MNs’ and tissues’ densities explained the 

increased contrast. To further enhance the contrast at the MNs – skin border we 

applied Iodine as contrast agent. The air gap at the interface between the skin and 

the MN array was observed to decrease with the increase of the insertion force 

(Fig. 6). The insertion of MNs proved to be better at higher insertion force 

applied. The results of insertion test showed the densities of the micropores 

created by the NOA63 MNs (Fig. 7). 
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a.   b. c.  
Fig. 6. The results of the micro-CT imaging test show how MNs pierced the superficial layers of 

the skin samples: a. Si MNs at 4.5N applied force with a visible air gap between the MNs array 

and the skin surface and b. NOA63 MNs at 4.5N applied force with a visible air gap between the 

MNs array and the skin surface; c. NOA63 MNs at 22N applied force with a better contact surface 

between the MNs and the skin 

It was observed that the area treated with MNs had well defined margins 

and also rows of micropores with a regular distribution. This pattern corresponded 

to the MNs array and showed the MNs capability of penetrating the skin surface.  

The patterns produced by MNs applied onto the skin added to the natural aspect of 

the skin. However, the area adjacent to the MNs contact area was not treated with 

MNs, and presented an irregular distribution of the micropores corresponding to 

the natural aspect of the skin (Fig. 7). Such results evidenced the NOA63 

sharpness and robustness. The counting of the entry points visible at the surface of 

the skin sample showed how the insertion of NOA63 MNs took place at various 

insertion forces applied (4.5N force corresponds to a light thumb pressure, 10N to 

a medium thumb pressure, 13N to a normal thumb pressure, 22N to high thumb 

pressure). Fig. 8 depicts the correlation between the insertion forces applied and 

the penetration capacity of the MNs (the density of the micropores created).  

 

Fig. 7. The image of entry points created by the MNs into the skin colored with Methylene Blue 
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Fig. 8. The percentage of entry points correlated with the insertion force applied  

The positive correlation (r= 0.94) indicated the increase in density of the 

entry points with the insertion force applied. 90% was achieved with 13N force 

and 100% insertion at higher force. 

4. Conclusions 

The current work addressed the geometry and the insertion capability of 

newly created biocompatible solid NOA63 MNs.  

The results indicated the potential of NOA63 MNs from both perspectives. 

First, the length of the new NOA63 MNs (average 320 µm) can be acceptable for 

the intended purpose. Moreover, the imaging and insertion tests indicated the 

ability of the NOA63 MNs to pierce skin samples. The results highlighted the 

influence the insertion force has on the penetration capability, and indicated the 

positive correlation between the piercing capability of the MNs and the force 

applied for their insertion into the skin samples used. The normal thumb pressure 

may facilitate the successful insertion of the MNs. Consequently, the NOA63 

MNs have the advantage of being compliant with the general requirements and 

produced with a low-cost fabrication process. This will further support the MNs 

as recognized and promising alternative to introduce medicine into the human 

body.  
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