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Photopolymerization

3Solid part

Liquid part

Liquid mixture

Light Irradiation
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Historical perspective
October 3, 1974

David E. H Jones
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Historical perspective

𝜆1

𝜆2
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First experimental demonstration of a 3D printing object

Historical perspective

Review of Scientific Instruments, 

Vol. 52, Issue 11, Nov. 1981

August 2, 1981
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Historical perspective
Top-bottom

Bottom-up

Point by Point
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1980: First patent by Japanese Dr. Kodama for Rapid Prototyping : “a vat of 
photopolymer material is exposed to a UV light that hardens the part and 
builds up the model in layers”.

Not enough                       f           … the full patent was not filed within the 1-year deadline ! 

1984: 3 French scientists at CNRS independently discover the same thing, file 
at patent application on July 16, 1984. 

Alcatel – Cilas drop the application “for lack of business perspective” !!

1984: In the US, Chuck Hulls independently discovers the same thing, file a 
patent application on Aug. 8, 1984.
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0.5 um

10 um

Interference Lithography
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Holography? 

11



MICRO-722

From imaging to printing objects
▪ Optical Imaging

▪ Printing with light

cameraobjectlight

camera
objectlight

The goal is different, the problem is reversed, physics is the same

Final Image

Target Object

12
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2 Photon imaging

1 photon
2 photon

Denk W., Strickler J., Webb W.
Two-Photon Laser Scanning Fluorescence Microscopy
Science, 248, 4951, 1990

Light Sheet

Voie A.H, Burns D.H, Spelman F.A
 Orthogonal-plane fluorescence optical sectioning:
 Three-dimensional imaging of macroscopic
 biological specimens, Journal of Microscopy, 1993

Tomography

A detour to 3D imaging
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Xolography

Regehly et al. 2020. Xolography for 
linear volumetric 3D printing. Nature, 
88, 620–624 (2020)

2 Photon printing

Maruo S., O. Nakamura,  Kawata S., 

"Three-dimensional microfabrication with

 two-photon-absorbed photopolymerization," 

Opt. Lett. 22, 132-134 (1997)

Bernal, et al.,  Volumetric bioprinting of 

complex living‐tissue constructs within 

seconds. Adv. Mat. (2019)

Kelly, et al.. Volumetric additive 

manufacturing via tomographic 

reconstruction. Science (2019)

Tomographic Printing

Loterie, et al.. High-resolution 

tomographic volumetric additive 

manufacturing. Nat Com. (2020)

Volumetric true 3D printing
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Principle of Tomographic printing
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Computed Tomography imaging

2D + θ
measurements

3D reconstruction

θ
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x
angle

yy

object Sinogram

Tomography:  principle
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Filtered
Projection
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Tomography:  reconstruction principle
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Illustration of the Radon transform in 3D printing

19

3D object
(3DBenchy by Creative Tools, license CC BY ND 4.0)
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Reverse tomography for 3D printing
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Feedback assisted volumetric printing

Delrot et al . High resolution volumetric additive 
manufacturing, Nat. Comm.,11,852 , 2020
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2mm

(4 cm3)

∝ 𝑛3

∝ 𝑛

PRINTING SPEED
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MATERIALS & APPLICATIONS
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Silicone

Main cavity

Side vent

Soft hearing aid shell Arterial junction model
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Ceramic

https://arxiv.org/abs/2109.12680

https://arxiv.org/abs/2109.12680
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Glass

35%

12% shrinkage

Barbera et al Multimaterial Volumetric 
Printing of Silica-Based Glasses, Adv 
Material Technol. 2024

Toombs et al , Volumetric 
additive manufacturing of 
silica glass with microscale 
computed axial lithography,
Science, 376, 2022
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500 m

Webber et al, Micro-optics fabrication 
using blurred tomography, Optica,11,5 
2024

Optical Components in polymer
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Volumetric Bioprinting 
with soft hydrogels
Synthetic Biology 
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Volumetric printing of cell seeded structures
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MSC cells in GelMATrabecular Bone construct

Bernal P.N,et al. “Volumetric Bioprinting of Complex 
Living-Tissue Constructs within Seconds”, Adv. Materials, 
2019
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