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ABSTRACT 

The purpose of this research is to design an illumination apparatus to project high 

quality images and cure them using Ultra violet beam. The developed apparatus is 

based on the concept of Projection based stereolithography in which a Digita l 

Micromirror device (DMD) reflects image to cure the resin. In fields like bio 

engineering for example, the need for parts with high resolution and the existing 

manufacturing techniques do not match every requirement. To overcome this 

challenge and to achieve high speed fabrication, Bottom-up approach is used. The 

design for the developed experimental apparatus used to fabricate parts is 

discussed. The parameters are presented to achieve good quality prints are 

mentioned. Results of the print using Ultraviolet beam on the resin show the 

effectiveness of projection stereolithography. The possible constraints which may 

have an influence in the quality of the image are presented. This indicates that the 

developed model has the capability to print much more complex structures within 

minutes than the usual time consumed by other conventional methods. For the 

production of microstructures biocompatible photo curable material should be used. 

KEYWORDS: Stereolithography, Digital Micromirror Device (DMD), Projection 

based lithography, photo curable. 
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CHAPTER 1 

INTRODUCTION 

1.1 BACKGROUND 

Additive manufacturing (AM) is a very popular technique which uses CAD data to 

build 3D objects. Once the CAD Data is produced, it is then fed into the AM 

equipment which reads the sketch and lays down the material in successive layers 

to obtain the 3D part. According to ASTM International (Previously known as 

American society for testing and materials), Additive manufacturing is defined as 

"The process of joining materials to make objects from 3D model data, usually layer 

upon layer, as opposed to subtractive manufacturing technologies" [1]. The 

development in 3D printing has been tremendous over the past years. From small 

prototypes to the fabrication of functional parts, the development has always been 

on the rise. Complex structures, Scrap elimination, reduced lead time, no tool 

requirements are some of the advantages of Additive manufacturing over the other 

existing manufacturing processes. [2]. 
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Table 1: Classification of additive manufacturing processes defined by the 

AM-Special interests group [3]. 

Classification Technology 

Binder Jetting 3D Printing 

Ink-jetting 

S-Print 

M-Print 

Material Extrusion Fused Deposition 

Modelling 

Material Jetting Polyject 

Ink-jetting 

Thermojet 

Powder Bed Fusion Direct Metal Laser 

Sintering 

Selective Laser Melting 

Electron Beam Melting 

Selection Laser Sintering 

Sheet Lamination Ultrasonic Consolidation 

Laminated Object 

Manufacture 

VAT Stereolithography 

Photopolymerisation Digital Light Processing 

Description 

Creates objects by 

depositing a binding 

agent to join 

powdered 

material 

Creates objects by 

dispensing material 

through a nozzle to 

build layers 

Builds parts by 

depositing small 

droplets of build 

material, which are 

then cured by 

exposure 

to light 

Creates objects by 

using thermal 

energy to fuse 

regions of a powder 

bed 

Builds parts by 

trimming sheets of 

material and binding 

them together in 

layers 

Builds parts by 

using light to 

selectively cure 

layers of material 

in a vat of 

photopolymer. 

Materials 

Metal, Polymer, 

Ceramic 

Polymer 

Photopolymer, 

Wax 

Metal, Polymer, 

Ceramic 

Hybrids, 

Metallic, 

Ceramic 

Photopolymer, 

Ceramic 
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Stereolithography (SLA) uses Light to cure layers of material in a Vat polymer, 

various designs with high complexity and high aspect ratio are achieved. Despite 

the use of resin, the surface finish of SLA has found to be good and also variety of 

designs from smallest to largest up to 2 meters in length are built. Due to these 

advantages, Stereolithography is preferred to print structures with high complexity 

or microstructures which require more detail. 

1.2 STEREOLITHOGRAPHY (SLA) 

SL is a 3D printing process in which a uniquely designed 3D printing machine 

called the stereolithography apparatus is used to convert liquid plastic into solid 

objects. In 1986, Mr Charles Hull, cofounder of 3D Systems Inc., patented SLA as 

a means of Rapid prototyping. 

CAD files are design based representation of an object where the objects created 

can be tested, improved and also 3D printed. The CAD files are converted into a 

language or file type known as STL (Standard Tessellation Language) which are 

understood by 3D printing machines. This format is used in many additive 

manufacturing processes and most widely used in stereolithography. SLA is all 

about printing layer by layer and for this to be carried out, the CAD models are 

sliced or broken up into 2D layers before being printed in 3D in a layer by layer 

fashion. SLA machines have 4 basic parts such as 1. Tank, in which the liquid 

plastic can be filled, 2. A Z stage, that is lowered into the tank, 3. UV (Ultravio le t) 

Laser, which is used to project the image, 4. Computer controlling the platform and 

the laser. 
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In SLA process, a thin layer of the photopolymer is exposed onto the platform 

through which the pattern of the image is displayed on the platform and the UV 

curable liquid hardens as soon as the laser in contact with the resin. After each layer 

is cured, the Z stage lowers and goes up. This process continues until the complete 

structure is fabricated. These objects printed using SLA are said to have a smooth 

finish. 

Fig 1.1 Stereolithography Process 
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1.3 LITERATURE REVIEW 

Laser Lithography and Photomask are the two basic approaches where systems build 

shapes using the light to solidify resins. In Laser lithography, models are defined by 

scanning beam over photopolymer surface. Whereas in photomask systems, system builds 

model by shining a flood lamp through a mask by passing light through it. The latter is 

majorly used in Microlithography. 

In 1971, Swainson [4] tried to build a system in which two intersecting beams of radiation 

would cure a fluid resin to build solid 3D objects. Due to failure in achieving of optimum 

working parameters, adequate materials, and good accuracy of final objects the idea was 

abandoned in 1980s. 

Fig 1.2 Photochemical Machining process [37] 

Kodama [5] suggested a method to fabricate 3D models in layered steps using 

photosensitive polymer. The desired shape was achieved by using a mask and directing 

light onto the surface. 

Herbert [6] later then described about the design to use two sets to fabricate similar solid 

objects, in a layer by layer way using photosensitive polymer. Hull [7-9] formed the idea 
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of modern stereolithogrpahy where a 3D object is formed layer by layer in a stepwise 

function using a material capable of solidification when exposed to Ultra-Violet radiation. 

In the meantime, similar work was performed by Andre in France [10,11]. 

Fig 1.3 Hull’s Stereolithography Process [37] 

Other stereolithographic strategies where the object is being pulled up from the liquid resin 

and into the liquid photopolymeric system was also proposed by Hull [7]. 

The photomask system to produce 3D models was proposed by Pomerantz [12,13]. Also 

known as Solid Ground Curing (SGC), the thin layer is deposited first and an illuminat ion 

through xerographically produced mask having a single cross section. Fudim [14,15] 

developed a technique which involves the illumination of photosensitive polymer where 

the UV radiation through masks and a piece of material transparent to the radiation that is 

in contact to the liquid layer formed. In this process, it is required to manually position 

each mask. 
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Using liquid crystal display (LCD) help in the generation of many masks with precision. 

In this process, the CAD model is converted and LCD mask modulates the light distribution 

accordingly. Due to the presence of large pixel size and low transmission in UV, many 

other stereolithographic systems use Digital Micromirror Device as a mask [16,17]. 

1.4 REFRESHING RESIN 

Refreshing of the resin is necessary for the next layer to be cured. One of the most 

used technique is the free surface technique which uses resin gravity. In this, the 

cured layer from the beam is pushed down by the Z-Stage while the surrounding 

resin fills the gap due to gravity. Viscosity of the resin plays a major role in 

refreshment of the resin. 

To have a low refreshing resin time, a resin with low viscosity is always preferred. 

The Z stage is set at a home position before the initialization of the print and the Z 

stage moves up and down as per the exposure settings and covers each layer when 

cured. Once each layer is pushed down, the remaining resin fills the gap for next 

curing. 
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(:.) Step 1: lnadiation for th~ given time 

(b) Step 2: Fart lllO\'ing do,,nn-ard to cover fabricated layer 

(c) Step 3: S lo,v moving upwud to desired position 

(d) Step 4: Waifing until resin surface become; flat 

Fig 1.4 Z stage movement to refresh resin surface [10] 

1.5 RESEARCH MOTIVATION 

In the past, inventions were possible by dedicated research and meeting objectives 

of the specific disciplinary team to adapt constant change in the world. But recently, 

technological advancements and futuristic requirements have made it even more 

challenging for a research group to work in solitude thus giving a need for cross-

functional expertise. The Best example of such a requirement is when a 

Bioengineering needs special system that can be created only by the combined 

expertise of mechanical and electrical engineering. Thus, multidisciplinary research 

is continuously trending and the effectiveness of such a team forms the foundation 

for a successful invention. 
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Application of structures to Bioengineering, medical science or pharmacology 

involves flexibility in designing and customizing shapes and sizes as per the usage 

across a broad range to apply on real sites. But the existing technology does not 

have the compatibility to meet the complexity and the desired high aspect ratio. In 

contrast, RP, stereolithography technologies has been proven to meet these 

requirements. The application of stereolithography is fundamentally based on the 

high-aspect ratio and complexity of the fabricable part, work volume and 

resolution. In comparison, of stereolithography technology and other technologies, 

which can fabricate structures according to achievable resolution and work volume 

we can say that stereolithography technology can fulfill resolution and work 

volume compared with other technologies, but it needs to cover a broad surface 

with a resolution. In some applications, the fabricated structures may need a 

resolution of a few μm in a range of several tens mm 

1.6 RESEARCH GOAL AND SCOPE 

The research mainly focuses on the development of a mask based projection 

stereolithography apparatus using a Digital micromirror device to generate patterns 

and projecting that image onto the platform to develop a 3D object by curing layer 

by layer. The optical illumination system should be made sure that experimenta l 

apparatus is set up at desired lengths for the light beam to be focused onto the DMD 

and be projected onto the platform to be cured. 

To enhance both the lateral and vertical resolution of fabricated 3D structures using 

the developed apparatus, the curing characterization is examined through a curing 
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SLA CHRACTERISTICS 

Types of SLA 

DMD setup 

Curing Characteristics 

Lateral and V ertical Resolution 

Experimentation and Fabrication 

Pr-ecision 

Fabrication Capabil ity fo r compl e x 3d Structur-es 

Conclusions 

experiment. To verify the performance of the developed system, various parameters 

are set for different trials. To the stereolithography apparatus to be developed, the 

apparatus is added by optics, adding X-Y Stage etc. and a parallel light on the X-Y 

plane is suggested for configuring. 3D structures are then fabricated with the 

desired characteristics to exploit the developed apparatus. 

Fig. 1.5 Project Flow- Methodology 
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CHAPTER 2 

PROJECTION STEREOLITHOGRAPHY 

SYSTEM 

2.1 INTRODUCTION 

Stereolithography can be classified into two types. Scanning, and projection based. 

The scanning based stereolithography also known as the vector by vector process 

is performed by scanning a fine spot with the help of a focused beam or lamp on 

the resin surface. Whereas the projection method works by projecting and focusing 

on the patterned light. This method is also called as an integral process because of 

one irradiation and the light source, a laser or a lamp, is enlarged and illuminated 

to the mask. Fig 1.6 and Fig 1.7 illustrates the schematic representation of scanning 

and projection based stereolithography respectively. Every layer cured is 

customized as per the sliced 2D section generated from the STL file and then 

immersed into resin. The refreshed resin is then covered so that it reaches slicing 

thickness by the Z stage. Thus, the consecutive process in all layers finally produces 

the desired 3D structure. 
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Fig 1.6 Schematic Representation of Scanning SLA [35] 

Fig 1.7 Schematic Representation of Projection Based SLA [36] 
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2.2 PROJECTION STEREOLITHOGRAPHY SYSTEM 

The projection stereolithography apparatus is composed of a DMD (Pattern 

generator), Lamp (Light Source), optics and various 3D Structures are fabricated 

using UV (Ultraviolet) curable resin. A DMD-based Stereolithography apparatus 

consists of the light source part, light delivery part, pattern generation part, image-

forming part, stacking part etc. as shown in Fig.1.8 

Fig 1.8 Projection Based DMD SLA 

In Fig. 1.8, The beam is focused on the pattern displayed in the DMD and it is then 

exposed and cured using resin. And when the resin refreshes, the Z stage is moved 

13 
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upwards. Thus repeating this process, the 3D structure is developed by processing 

all layers consecutively. 

EXPOSURE TIME 
3D STRUCTURES DISPLAYING 

TO BE 
TO STL FILE IMAGE IN DMD 

MAINTAINED 

REMOVING 
SLICING 3D to Z STAGE 

FABRICATED 
2D POSITIONING 

PART 

CONVERTING 
DMD RINSING AND 

TO BINARY 
INITIALIZATION POSTURING 

IMAGES 

Fig. 1.9 Overall processes of stereolithography technology. 

2.2.1 BOTTOM UP APPROACH 

Bottom Up Printing, in which the resin cured through a window in the bottom of 

the vat by a light source from below. In this style of printing, the build platform is 

raised out of the resin vat and a ‘peel’ step is required between each layer in order 

to detach the cured material from the bottom of the vat. This ‘peel’ step is by far 

the slowest part of SLA printing with most modern light sources. 

Compared to lowering the vat, less resin is required if the vat is being pulled out. 

Since a smaller resin vat is needed, bottom up printers can be built smaller and they 

tend to have fewer mechanical parts, such as leveling devices submerged in resin. 
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Manufacturers see the resin vats and windows used for bottom up printers as profit, 

since they will have to be replaced somewhat frequently due to wear and tear. 

Fig 1.10 Bottom Up Approach [34] 
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2.2.2 UV-LAMP 

In SLA, a lamp or a laser as a light source can be used. In this research, a mercury 

lamp is used and the filtered wavelength of the emitted light is found to be 365nm 

to be curable by the resin. 

Fig 1.11 Light Source Part 

Fig. 1.11 show an OmniCureTM S1500 model made by Omnicure, Inc. (USA), To 

calibrate the output power of the lamp, An R1500TM radiometer, periodically 

measures the power of the lamp from the fiber end and the device can be calibrated 

if needed. 

2.2.3 DIGITAL MICROMIRROR DEVICE 

The Digital Micormirror Device (DMD) is a micromechanical system (MEMS). 

The DMD has been used to implement the digital projection display systems. The 

mirror switch between the stable tilted states, according to a binary system, as 

16 



 
 

           

                 

              

           

             

            

            

      

  

 

     

 

     

stored in the memory. When the DMD is illuminated by the light, it projects the 

image in each mirror in such a way that “1” state denotes that the single pixel in the 

image is at full brightness and “0” state represents, that the single pixel is in full 

darkness. During one video frame, large number of memory frames are displayed 

due to the high response rate of the mirrors and good refresh rate of the memory. 

The mirrors are square in shape, with 16 μm on a side, and placed on 17 μm center. 

Each mirror tilts 10-12° from horizontal, and the ‘‘1’’ state and ‘‘0’’ state are 20° 

apart. Resolutions of range 768×576 mirrors up to 2048×1152 mirrors have been 

fabricated. 

Fig 1.12 Digital Micromirror Device (DMD) 

Fig 1.13 Magnified micro mirror array [38] 
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The DMD is said to have better characteristics than the LCD as it is UV compatible 

and a reflection method is used to compare the Transmission method in LCD. The 

modulation efficiency and the pixel size are found to be better in DMD [19,20]. 

2.2.4 BEAM EXPANDER 

A beam expander is attached to the optical fiber at one end. The light passes through 

the optics and strikes the DMD at the desired angle for uniform intensity. For the 

image to form a pattern on the platform surface, the beam from the reflecting mirror 

should cover the entire DMD. A convex lens with focal length of 100mm and a 

diameter of 50mm is used for the magnification of the beam with uniform intens ity. 

An aluminum coated reflecting mirror on a mount is used for steering the beam 

onto the DMD. As shown in Fig 1.14, the Incident angle should be 24o for the beam 

to be reflected in the path of the optical axis with the DMD having tilt angle of +10-

12o 

Fig 1.14 Reflected light path according to the tilt angle [18] 
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2.3 Z-STAGE 

In this method, only the Z stage is necessary when compared to the scanning 

projection method as there is no need for the scanning beam. The Z stage is placed 

on top of a platform on which the patterned beam is focused. The Z stage is lowered 

when printing is initiated. 

Fig 1.15 Z stage 

The features of Z-stage: 

 Compact 50 mm width, with travel to 50 mm 

 Precision ground ball-screw or lead-screw drive 

 Stepper motor 

 Crossed-roller bearings 

 High resolution (0.1 μm), repeatability(±0.75 μm), and accuracy (±1.5 

μm) 

19 
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Scanning and Projection are two types of SLA techniques. The presence of DMD 

makes projection SLA achieve higher resolution than scanning SLA. The DMD is 

a micromechanical device used to implement the digital projection display systems. 

In this research, bottom up approach is used and the light source is from an UV 

Lamp of wavelength ~ 365nm. The beam expander directs the light onto the DMD 

which projects the image on the platform and the layer is cured in the resin with the 

help of the Z stage. 
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CHAPTER 3 

EXPERIMENTAL SET-UP 

3.1 EXPERIMENTAL SET-UP 

The optical design is set up so that the light emitted from the fiber end is focused 

onto the DMD surface with proper size and uniform intensity. Doing so decreases 

the distortion of fabricated structures due to non-uniformity. The distortion is as 

low as possible if the incident light has an angle of 24o. 

The iris reduces beam size and directs it to a collimating lens which reduces the 

diffraction and makes the rays go parallel onto the mirror. The Reflecting mirror 

is positioned to a certain angle for the beam to be incident at an angle of 24o onto 

the DMD. 

There should be no interference of any other component or beam in the path of the 

incident ray to obtain a clear uniformed beam to fall on the DMD with uniform 

intensity. 
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Fig 1.16 Design of the Experimental setup 

Fig 1.17 Angle to be incident on the DMD 

22 



 
 

 

 

            

            

               

           

             

              

        

                

              

           

          

For the image to be projected on the surface, the beam from the reflecting mirror 

travels perpendicular from the DMD due the presence of micro mirrors which are 

titled. It is best to set the focal length of the lens as the distance between the DMD 

and the tube lens. The tube lens and the doublet lens can be kept at a varying length 

from each other. The distance from the platform to the doublet lens is said to be the 

working distance to fit the focal length of the lens [18]. The beam from the DMD 

passes through to form an image on the platform. 

The setup of the optical system can be verified by using a laser source in place of 

the beam expander to check the path of the light source until it reaches the platform 

surface. DMD with 1920x1080 mirrors are used for high resolution of the image. 

Through this, we can determine the optical path of the light. 
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Fig 1.18 Image formation Design 

Fig 1.19 From Left to Right a) Image being displayed on the DMD b) Image 

being projected onto the surface on the platform 
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1) When object is placed beyond 2F. 
The image is: 
• formed between F2 and 2F2 

• real and Inverted 
• diminished 

2) When the object is placed at 2F, 

The image is : 
• formed at 2F 2 

• real and Inverted 
• same size as the object 

Images formed by Convex Lens 

3) When the object is placed between F, and 2F, 
The image is: 
• formed beyond 2F2 

• real and Inverted 
• magnified 

© learnhive.com 

3.2 OPTICS 

From the below image, when the object is placed at the center of curvature of a 

lens, the ray AM which is parallel to the principle axis passes through the focus F 

after refraction. While the other ray AO passes through the optical center without 

any deviation. These two rays meet at a point beyond the focus 2F and image 

formed is found to be real, inverted and in the same size of the object. 

Fig 1.20 Images formed by convex lens [21] 
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3.3 IMAGE FORMATION 

From the above mentioned optics, since we need the image to be in the actual size 

of the display image, the object is placed at the center of curvature. The image 

formation also depends on the distances maintained between the lens and the DMD. 

The patterned light from the DMD is directed to focus on the resin surface with the 

help of a tube lens each with diameter 40mm and focal length of 150mm. The tube 

lens collimates the light from the DMD and directs the beam through an achromatic 

doublet lens with a diameter of 40mm and a focal length of 120mm.The distance 

between the tube lens and the objective lens can vary. The distance between the 

DMD and the tube lens is kept at a distance of the focal length. 

The Experimental setup was designed and the beam from the source was directed 

towards the DMD by passing it through the collimating lens to make the beam 

parallel. The object is kept at the center of curvature for the image to be real, 

inverted and same in size. The lens is kept at a focal length distance from the DMD. 

On focusing the beam on the DMD in this set up, the image would be reflected on 

the platform surface. 
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CHAPTER 4 

FABRICATION OF 3D STRUCTURES 

4.1 TESTING AND TUNING 

Initially, the entire experimental set up was designed in such a way that all of the 

optical illumination system is in a straight line with the reflecting mirror. But when 

light was passed in this setup, the beam did not seem to be travelling on the path of 

the optical axis (perpendicular) due to the tilt in the micromirror. Since the mirrors 

tilt for 12o, the angle of incident should be 24o for the beam to travel perpendicular 

from the DMD to the platform. Hence, the experimental setup of the illumina tion 

system was moved away from the DMD for the beam to be incident at 24o on the 

DMD. 

Projection based stereo lithography apparatus is set up as per the above mentioned 

parameters and is shown in Fig 1.21. For tuning purposes, a laser light passes 

through in place of the beam to calibrate the path of the beam. When the DMD is 

not initialized, the incident laser beam follows the same path and is reflected back, 

as the micromirrors do not tilt and remain flat. 
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Fig 1. 21 Testing of the Illumination System 

An illumination and image formation part is set up as the light from the expander 

goes through the iris, the collimating lens which directs it to the reflecting mirror 

from where it travels at a certain angle to the DMD surface. The patterned light 

falls on the DMD and passes through tube lens and the doublet lens to fall on the 

platform. Using the software, the image or the part to be cured appears on the DMD 

which is reflected onto the surface of the platform where a Z stage is positioned. 

The tank is placed on top of a glass plate where the image is projected. 

The resin is poured into the tank and the Z stage, DMD and the software are synced 

together so that the curing process takes place in a systematic way. Before the 

initialization, the settings such as exposure time, the intensity of the light beam are 

determined. These parameters are decided by trial and error. 

The beam incident on the DMD, is said to take an elliptical shape. The ellipt ica l 

shape is due to the inclination of the reflective mirror. Due to the angle of 
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inclination, the beam takes the shape of an ellipse. If the ellipse is found to be too 

small or too big, the distortion in the image may appear. Sometimes, the ellipse is 

elongated, which indicates that the angle of incident is not at the desired angle. 

The control software, should be connected to the Z stage and the DMD for the print to 

be successful. The Job is loaded into the software using “Load Job” and the print is 

initiated. It is very important for the software to be in sync with the Z stage and the 

DMD as the exposure timing plays a major role in this layer by layer printing process. 

Fig 1.23 Formation of layer after curing. 
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Fig 1.24 Formation of 3D part 

4.2 CONSTRAINTS AND DISCUSSION 

4.2.1 OPTICAL DEFECTS 

In using a lens system to focus an object, there are many errors that could be found 

between an object and the image. Using a proper design of the system, these defects 

could be partially rectified, but they cannot be removed completely. These errors 

are known as Aberration or Diffractions. Some of the aberrations such as spherical 

aberrations could be due to the manufacturing defect of the lens or due to 

imperfection in the shape of the lens. Diffraction affects the resolution of the system 

as per the wavelength of the light. [22,23] 

From the above images we can see that the curing was successful. However, there 

was distortion on one side of the part and that was due to the constraints in the 

system. 
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Fig 1.25 Images of constraints in the developed system 

From Fig 1.25 we can observe that due to the smaller size of the reflective mirror, 

some of the beams from the collimating lens is lost and this decreases the 

uniformity while being incident on the DMD. This also affects the coverage of the 

DMD which results in distortion while printing. 
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CHAPTER 5 

CONCLUSION 

With the help of previous researches, many different trials were conducted to set 

up a projection based stereolithography apparatus as per requirement. The DMD is 

used in this research as a pattern generator. Due to the aberrations in the optical 

system, distortion was observed in the images on the platform. The image on the 

DMD was generated by an algorithm which created binary images from 2D slicing 

sections. 

The illumination part directs the beam to fall on the DMD in a certain angle for 

uniform intensity. Making the necessary changes, the image is displayed on the 

resin surface by using a tube and doublet lens. 

Various parameters can be set for different objectives and microstructures could be 

fabricated. The developed optical system may pave way to develop complex 3D 

structures with better quality and better finish compared to other 3D techniques 

available. 
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5.1 FUTURE WORK 

Since we were not able to find a larger mirror on the market, For Future scope, a 

larger aluminum coated reflective mirror can be replaced to prevent loss of light. 

Decreasing the aberrations and diffractions in the system would result in good 

image quality with very less distortion. 

By using the current designed optical illumination system, Bio materials which are 

photo curable can be used to print bio materials of different shapes and sizes. The 

DMD is capable of displaying images with very high resolution and hence bio parts 

with very high complex designs could be printed using the designed apparatus. 
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[37] Paulo Jorge Ba ŕtolo and Ian Gibson.,2007, History of Stereolithography Processes.

37 

https://www.aerotech.com/productcatalog/stages/linearstage/mps50sl.aspx?search-auto-complete=true
https://www.aerotech.com/productcatalog/stages/linearstage/mps50sl.aspx?search-auto-complete=true
https://www.3ders.org/articles/20160510-tu-wien-researchers-combine-laser
http://www.ldgi.com/omnicure
http://www.aerotech.com
http://www.ti.com


 
 

         

 

 

[38] Piyawattanametha, Wibool & Qiu, Zhen. (2011). Optical MEMS. 10.5772/27612. 

38 


	Structure Bookmarks
	SUBMITTED BY ROHIT NIKESH KESAVAN MAY 2018 
	ACKNOWLEDGEMENTS 
	ABSTRACT 
	CONTENTS 
	ACKNOWLEDGEMENTS…………………………………...………. ii 
	1. INTRODUCTION………………………………………………1 1.1 BACKGROUND……………………..………………………1 


