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Abstract 
 
Microstereolithography has been chosen as a means for the creation of 3D tissue 
scaffolds. It offers a unique way to precisely control matrix architecture including 
size, shape, interconnectivity, branching, geometry and orientation, which will yield 
biomimetic structures varying in design and material composition. This paper 
discussed the development of stereolithography apparatus. This allowed some 
understanding of the process to be achieved, with small volumes of test material, 
before moving to a commercialised setup. The equipments developed in this project 
was a UV light engine. This development involved modification of a high power 
ultra-bright LED device, which emits light at wavelengths similar to the Envisiontec 
Desktop projector (365 nm).  
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Introduction	

Rapid manufacture is a process of creating a product or part directly from a CAD 

(Computer Aided Design) file. One technique of rapid manufacture is the additive 

layer process. Here a 3D object is sliced into a series of 2D (cross-sectional) layers 

with each of these layers manufactured one after another, until the 3D part is formed. 

There are a number of technologies that can achieve this, these include 

stereolithography, selective laser sintering, 3-Dimensional printing, and fused 

deposition modelling. Microstereolithography (MSL) has been chosen as a means for 

the creation of 3D tissue scaffolds. It offers a unique way to precisely control matrix 

architecture including size, shape, interconnectivity, branching, geometry and 

orientation, which will yield biomimetic structures varying in design and material 

composition. Currently, biopolymers that are in use are based on polyesters such as 

polycaprolactone (PCL) or polyhydroacids (PHA), copolymer of lactic and glycolic 

acid. These materials are not suitable for the fabrication of scaffolds, by direct or 

indirect methods using stereolithography, as they can only be processed by melting or 

in solution. On the other hands, polyethylene glycol (PEG) with an acrylate group is a 

suitable candidate for this kind of rapid prototyping technique. PEG has useful 

characteristic properties, such as high hydrophilic, good tissue biocompatibility, lack 

of toxicity and availability of reactive sites for chemical modification, whereas 

acrylate monomers are known for their high reactivity and polymerise rapidly in the 



presence of photogenerated free radicals. It produces strong crosslinked bonds 

between acrylate groups and has showed promising biocompatibility from cellular 

tests[1-3]. 

Bioceramics have drawn worldwide interest as a substitute for bone grafts 

materials as they have similar composition to natural bone, osteoinductive and 

osteoconductive properties, low density, and chemical inertness. This paper discussed 

the design and development of a new MSL apparatus, employing the Enfis UNO AIR 

LE also known as “Light Engine”. Here, polymer ceramic formulation was developed 

by mixing hydroxyapatite with polymer acrylate. The designed Light Engine allows 

materials development new resin formulation without the restrictions of light level, 

exposure time, photoinhibitor etc. produced by the Envisiontec Perfactory® Mini, a 

commercial MSL apparatus. In addition, it also allows exploring of materials with a 

lower cross-lining frequency. 

Development of Light Engine 

Enfis Light Engine (Figure 1) is a high power ultra-bright LED device, which 

compromise density array up to 100 LEDs within 0.5cm2 apertures. It emits light 

wavelength similar to the envisiontec Desktop projector, 365 nm. Table 1 explained 

the electro-optical characteristic of the Light Engine 

 

Figure 1 Enfis UNO AIR LE from Enfis, UK or known as Light Engine. 

Table 1 Electro-optical characteristic of Light Engine 

Colour Peak wavelength 
(nm) 

Typical light 
output (mW) 

Total electrical 
power (W) 

SUVA 
UVA 
Violet 
Blue 

365 
375 
405 
465 

600 
1150 
4900 
5750 

18 
18 
38 
38 



Green 
Amber 

Red 
NIR 

Neutral white 

520 
595 
630 
870 

3900-4600K 

1850 
1150 
3890 
1750 

- 

38 
30 
30 
16 
38 

 

The basic requirement for a microstereolithography system is: 

1. Light source 

2. Focusing lens 

3. Resin tray 

4. Elevator/Z-stage 

Figure 2 demonstrated the designed light-engine based microstereolithography 

apparatus used in this project.  

 

Figure 2 Microstereolithography system developed from Enfis Light Engine 

Enfis Light engine requires a focusing lens to control and focus the ultra bright 

LED, thus the typical microscope lens was used and stationed on top of the Enfis 

Light engine, as shown in Figure 3. To determine the focal length of the lens, a piece 

of paper was placed on the glass plate and focused the light through it until the 

smallest possible point of bright light by adjusting the height of the steel framework.  

It was determined that the focal length was 35 cm. 



 

Figure 3 Bottom plate of Enfis Engine light system 

 The Z-stage was designed based on a manual elevating system, where 3 pieces 

of 10mm ratchet stop micrometer heads were mounted on a stainless steel plate 

(Figure 4).  

 

Figure 4 Close-up on the designed Z-stage 

 

 For preliminary study of ceramic polymer resin formulation, only a small 

volume resin vat was used. A 100 × 70 mm ×5 mm rectangular tank was made out of 

Blue Tack and built on top of a glass plate as shown in Figure 5. The ceramic 

suspension was then poured in the self-made resin vat.  

 



 

Figure 5 Ceramic suspension resin vat 

A centrifuge tube was cut and its inner wall covered with aluminium to control 

and direct the projected light to the glass plate for fabrication (Figure 6). To build a 

cylinder structure, a circle shape mould 15mm in diameter was fabricated in an 

aluminium plate and strategically stick onto the bottom part of the glass plate with 

double-sided tape, right on the path of the projection light.  

 

Materials and Methodology for Fabrication of 3D Polymer Ceramic Structure 

All materials were purchased from Sigma-Aldrich, UK. For this preliminary study, 

hydroxyapatite for was chosen as a precursor and mixed with 1, 6 hexanediol 

diacrylate, HDDA and 3 wt% 2-benzyl-2-(dimethylamino)-4’-morpholino-

butyrophenone as photoinnitiator as shown in Table 2. 

Table 2 Recipe of the ceramic suspension. 

  Abbreviation Ratio  
Monomer 1, 6 hexanediol diacrylate HDDA 10 gram 
Ceramic  Hydroxyapatite HAP *70 wt % 
Photoinnitiator 2-benzyl-2-(dimethylamino)-4’-

morpholino-butyrophenone 
PI *3 wt% 

*Weight % was based on the mass of the monomer 

Every 10 wt% of ceramic powders was added to the HDDA and stirred on a 

magnetic stirrer for every 15 minutes. After 70 wt% of HAP was homogenously 

mixed, the ceramic suspension was kept stirring for 24 hour. Photoinnitiator was 

added into the ceramic suspension and stirred 1 hour prior fabrication. 



To study the layer control of polymer ceramic during fabrication, the exposing 

time was vary from 10 to 60 sec and the methodology of fabrication on Enfis Light 

engine has been established as followed: 

1. Ceramic suspension was poured in the resin vat. 

2. The switch was turned on for each curing time.  

3. After each exposing time, the switch was turned off. 

4. After each curing time, the cured resins were removed and cleaned with 

isoproponal in a beaker to remove any uncured resin on its surfaces. 3 samples 

were repeated for each curing time. 

5. The thickness of each cured samples were measured with electronic digital 

calliper ( 	0.01	mm ). 

 

Table 3 Thickness of each cured polymer ceramic 

Time of exposure time 
(sec) 

Thickness (mm) 

5 0.06 
10 0.17 
15 0.25 
30 0.34 
60 0.41 

 

As expected, the thickness increased as the time of curing increased. Figure 6 

shows the disc manufactured by this instrument, showing that the system worked 

correctly and 10 sec curing time was suffice to fabricate a layer of sample as 5 sec 

exposure time was too short and the cured layer was too fragile. For the next step, a 

3D structure in the shape of cylinder with certain height was expected to be 

successfully fabricated with Enfis light engine. 

 



 

Figure 6 Cured layer of 70 wt% HAP fabricated on Enfis Light engine. 

 

Based on the layer controlled determination, the selected curing time and layer 

thickness were 10 sec and 0.20 mm respectively. The methodology for 3D fabrication 

was similar to the methodology for controlled layer determination, but with the 

introduction of designed Z-stage (Figure 4) which plays a major role in fabricating a 

3D structure on Enfis Light engine. Before fabrication, thickness of each layer was 

pre-determined by turning the thimble to desired height. The light engine was 

switched on for 10 sec and switched off after each layer was cured. The first layer of 

polymer ceramic resin was cured and attached onto the Perspex surface, and for the 

next layer, the thimble was turned to determined height, the switch was on and the 

process was continued until a 3D structure was fabricated. Figure 7 shows the 

successfully fabricated 15mm height and 15 mm diameter of 50wt% HAP polymer 

ceramic. 

 

Figure 7 Surface microscopy of 50wt% HAP captured with Veho VMS-001, 

USB Digital Microscope, UK 

 



By adding a 5mm mould, a 3D cylinder with different diameter was also 

successfully fabricated with Enfis Light engine, as shown in Figure 8.  

  

Figure 8 3D cylinder with different size of diameter 

 

This opens the opportunity for other researchers to further manipulate and 

improve Enfis light engine as a microstereolithography system to fabricate a 3D 

scaffolds polymer ceramic composite for hard tissue application. To make the Enfis 

Light engine a proper microstereolithography system, the Z-stage need to be 

automates; to ease the layer by layer fabrication; and Ethernet interface can be 

connected directly to a PC workstation, and integrated in a network to fabricate 

custom-made shape and sizes. Currently, the manually adjustable thimbles were 

tedious to control and affected the shape and size of the 3D structure.  

Conclusion 

Enfis light engine was specifically designed to fabricate a 3D structure from 

formulated photo-curable ceramic suspensions. The Enfis Light engine has shown the 

feasibility to fabricate a 3D structure but with further upgrade on the Z-stage and 

linked with a network, it could be a good microstereolithography system for photo-

curable resin formulation. Nevertheless, Light engine have given abundance of 

knowledge and clear understanding on the principle of microstereolithography 

techniques. 
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