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Rapid Prototyping/ Free Form Fabrication/ 
3D Printing/ Additive Manufacturing

The beginning of Vat Photopolymerization

Vat Photopolymerization
Vat Photopolymerization uses a vat of liquid 
photopolymer resin, out of which the model is 
constructed layer by layer. An ultraviolet (UV) 
light is used to cure or harden the resin where 
required, whilst a platform moves the object 
being made downwards after each new layer is 
cured.



Photopolymerization was developed in 1960s for the use of 
coating and printing. 
In 1979, a professor in Japan published a conference paper 
introducing an automated method to stack material layer by 
layer to form a 3D object. 
In 1981, Hideo Kodama of Nagoya Municipal Industrial 
Research Institute published his account of a functional rapid-
prototyping system using. A solid, printed model was built up 
in layers, each of which corresponded to a cross-sectional slice 
in the model.
Chuck Hull filed in Apparatus for production of three-
dimensional objects by stereolithography ( U.S. Patent 
4,575,330), starts a new company 3D Systems in 1986 focusing 
on system development, and successful sold the first 
commercial (standard machine) 3D Printer in the world in 1989. 
The name of the system is SLA (StereoLithography Apparatus)

The beginning of Vat Photopolymerization

The Principle of VP 
Manufacturing Process



Original of the process
-dimensional objects by stereolithography U.S. Patent 4,575,330

-dimensional objects by stereolithography ( U.S. Patent 4,575,330)



-dimensional objects by stereolithography U.S. Patent 4,575,330

The process



The development of the 
material

Joseph Nicéphore Niépce was a French inventor, usually 
credited as the inventor of photography and a pioneer in that 
field. Niépce developed heliography, a technique he used to 
create the world's oldest surviving product of a photographic 
process: a print made from a photoengraved printing plate in 
1825

UV curing is the process by which ultraviolet light is used to 
initiate a photochemical reaction that generates a crosslinked 
network of polymers. Originally introduced in the 1960s, it is 
adaptable to printing, coating, decorating, stereolithograph, 
and in the assembly of a variety of products and materials.

Curing with UV energy may be considered a low temperature 
process, a high speed process, and is a solventless process.

Polymers: thermoplastic resin, thermosetting resin



Photopolymer https://en.wikipedia.org/wiki/Photopolymer

Photopolymer

An example is shown below depicting a mixture of monomers, 
oligomers, and photoinitiators that conform into a hardened 
polymeric material through a process called curing. 

Most commonly, photopolymerized systems are typically 
cured through UV radiation, since ultraviolet light is more 
energetic; however, the development of dye-based 
photoinitiator systems have allowed for the use of visible light.

Depends on the application, sometimes, we will put additives 
into the resin. For example, pigments, co-initiators, UV 



Monomer

A monomer is a molecule that can be reacted together 
with other monomer molecules to form a larger polymer 
chain or three-dimensional network in a process called 
polymerization.

(Methyl Methacrylate, MMA) 
(Methacrylic Acid, MAA) 

CH2=C(CH3) COOCH3
(PMMA) 

( A) 
A (Bisphenol A diglycidyl ether, 

DGEBA) A 



Oligomer

Oligomer molecule: 
A molecule of intermediate relative molecular mass, the structure of 
which essentially comprises a small plurality of units derived, 
actually or conceptually, from molecules of lower relative molecular 
mass.
It has properties which do very significantly with the removal of one 
or a few of the units.

(Oligomer) (Prepolymers) 

40 50% 

http: //www.cosmiq.de/qa/show/ 1425950/ was-bedeutet-monomer-
und-welcher-kunnstoff-ist-ein-monomer-danke-schon-mal/ 



Photo-initiator

(Photoinitiator) 

Cationic 
polymerization



( -cleavage, Type I) 
(Singlet state)

(Intersystem crossing) (Triplet state)

(Type II)
(Intersystem crossing)
(Co-initiator)



http://product-finder.basf.com/group/corporate/product-finder/en/brand/IRGACURE
http://www.dispersions-pigments.basf.com/portal/load/fid620253/low



Photo initiator
http://3dprinter.wikidot.com/photoactive-resins

http://www.dispersions-pigments.basf.com/portal/load/fid620253/low page 42



Material- Photopolymer
http://www.dwslab.com/materials-range/?v=3d9975706be3

Material- Photopolymer
http://envisiontec.com/3d-printing-materials/



Systems

XY LCD DLP

SLA/Nobel SLP Photonic 
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Smartphone 
3D Printer
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The development of VP systems

Point scan Area mask

Galvanometer XY table Two photon LCD DLP Physical mask

SLA/Nobel SLP Photonic 

Professional GT

Smartphone 3D 

Printer

MiiCraft/CLIP/3

S

SGC

Vat Photopolymerization is curing the resin selectively be control 
the light to expose to the designed area. The polymerization 
process will crosslink the low molecule weight of monomer or 
oligomer together into a huge molecule weight polymer. It will turn 
the liquid form of resin into solid. 
The key of the process is to control the light selectively exposure to 
the resin. We can classify the way of exposure into 2 types: point 
scan and area scan. 
The light can either exposure from the top surface or bottom 
surface of the vat, which we call top-down and bottom-up to the 
process. There is also a method to cure the resin not on the surface 
but inside the resin. 

System-SLA
Images from http://www.3dsystems.com/3d-printers/production/prox-950



System-SLA optical system



System-SLA scanning

Line spacing

Spot size Scan pitch
Scan pitch

Spot size

Line spacing

Curing Depth Curing Depth



System-SLA Process

Laser scanning Down the plate Further down the plate Levering the surface

Upper the plate Levering the surface Scraping the surface

System-SLA level control

Level height sensor

Level height controller



System-SLA Support structure
https://www.youtube.com/watch?v=EKU6RRkjM6E

System- Form1



System-Laser diode

System-Laser diode



End  product

System-Scanning (Galvanometer)



System-forming direction

System-Support design



System-
two-photon photopolymerization

http://www.nanoscribe.de/files/5014/2062/6360/Flyer_PPGT_web.pdf

http://detallesimpresoras3d.blogspot.tw/p/blog-page_11.html

System-
two-photon photopolymerization



http://www.nanoscribe.de/files/5014/2062/6360/Flyer_PPGT_web.pdf

System- Smart Phone



System-Smart Phone LED backlight



System- Smart Phone



System-DLP 



System-DMD Chip

System-DLP engine 



System- Projet 1200

System- Projet 1200



System- Projet 1200 supports

High precision VP resin type 3D 
printer. Bottom exposure design, 
low pulling force, high precision and 
speed. Layer thickness adjustable 
between 0.01-0.2mm, Full-HD 

System-3DT Lab bottom up system



System- CLIP
http://carbon3d.com/



System- CLIP
https://www.youtube.com/watch?v=VTJq9Z5g4Jk

System- CLIP



System- CLIP
http://carbon3d.com/clip-process

System- CLIP separation

2MM



System- CLIP production
http://carbon3d.com/stories/clip-and-the-future-of-additive-manufacturing-in-automotive

Computed Axial Lithography 
(Tomographic reconstruction) 

Kelly, Brett E., et al. "Volumetric additive manufacturing via tomographic reconstruction." Science (2019): eaau7114.
DOI: 10.1126/science.aau7114



System-
3S (Solvent-based Slurry Stereolithograph)

Solvent-based
Slurry
Stereolithography

b ca

d fe g

h i j k

A Very Unique Process to fabricate High-Performance Ceramic



73

The well know high-performance ceramic 3D printing 
process is developed by Lithoz in Vienna

Founder and CEO of EOS starts to invest this company

The drawback of the process by Lithoz is the pulling force and 
the support building up, it limits the freedom of the 3D shape.

Lithoz sample, there is a 
building plate on the bottomfree shape design

Compare to world leading ceramic 3D printing technology

results

Top left: picture from Formatec web site. The shape of the rabbit has to be standing on a plate.
Others are our results. Bottom left are two lions with different material: one is Zirconia, the other is alumina. Bottom right is 
showing the precision and accuracy of the result. 



System-SGC 

SGC(Solid Ground Curing)



Three dimensional modeling apparatus US 5386500 A

SGC
By Zay Yar Myint - Own work, CC BY-SA 3.0, 
https://commons.wikimedia.org/w/index.php?curid=25654462



CLIP
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