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layer to build a 3D object

(57) A method for exposing a photo polymerizable
material (405) for solidification of material layer by layer
to build a 3D object comprisesthe following steps dividing
the image (303) to be exposed into a number of sub im-

L

ages (304, 305, 306, 307) with an internal distance (302)
of at least one pixel, and exposing the sub images (304,
305, 306, 307) sequentially onto the photo polymerizable
material (405) by means of a light projector (402).
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Description

[0001] The invention regards a method for exposing a
photo polymerizable material, for solidification of the ma-
terial layer by layer, in order to build a 3D object from the
polymerizable material.

BACKGROUND:

[0002] Various 3D printers using space modulator
electronic projectors (utilizing e.g. DLP technology) are
well known in the market. The light energy from the pro-
jectors is used to cure light sensitive materials in layers
to form a 3D object. Such methods are described in "Au-
tomatic Fabrication-Improving Productivity in Manufac-
turing" of Marshall Burns, 1993 (ISBN 0-13-119462-3)
[0003] This process is traditionally using a nominal 1:1
relationship in resolution from projected image to the so-
lidificated X and Y resolution. Hence, large building areas
are either obtained by increasing the pixel size using e.
g. magnification in the optics or moving the projector in
a flash and step mode where a static exposure image is
moved after exposure of each image (FIGURE#1) in a
patternto coveralargerbuilding area. Similar 3D printers,
also known as SLM machines, using laser a beam as
electronic light source will have maximum resolution de-
termined by the shape and form of the laser beam.
[0004] Even though the demand for larger building ar-
easisincreasing, the requirement for obtaining the same
high resolution (small pixel size), as is the case for small
building areas, or even increased resolution is present.
Some methods are developed, such as use of mechan-
ical high frequency motion of either the exposure unit or
the table to create higher resolution, but the building area
size is still not increased.

OBJECT OF THE INVENTION

[0005] Theinvention relates to a process and a device
for exposing a photo polymerizable material for solidifi-
cation of material layer by layer to build a 3D object. Typ-
ical usage will be in 3D printers, rapid prototyping ma-
chines, rapid manufacturing machines and similar layer
by layer build process equipment.

[0006] The object of the invention is to provide a proc-
ess capable of increasing the resolution of the solidificat-
ed material compared to the static image of projected
light, delivered by an electronic light projector, by using
image scrolling while the light projector is in motion rel-
ative to the exposed material. The image scrolling tech-
nique enables the possibility to enhance the resolution
beyond what is limited by the native pixel size (FIG-
URE#2). Several methods for the subpixelation are
present, as e.g described in patent by Robin Pagan/MIVA
technologies. The use of image scrolling light projectors
for building 3D objects is described in pat no.
EP1344633/JP03792168). The image scrolling is syn-
chronized by a trigger signal coming from the motion con-

troller.

[0007] The object of the invention is achieved by
means of the features of the patent claims.

[0008] The projected image on the material will during

5 motion be scrolled over the material in a way that the
image pattern exposed on the material will be similar to
the data strip stored in the machine computer. Such data
strip will contain multiple images, each image similar to
one instant image exposed from the projector, stitched

10 together forming a continues image strip, similar to a

seamless film strip (FIGURE#3)
[0009]
which is not solved by other known techniques:
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nigue, more advantages are gained:
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« In order to speed up the building process even fur-
ther, one can add multiple light projectors (FIG-
URE#8 and FIGURE#9) assembled on the machine

so that their motion is parallel along the x axis.
55

e The pixel resolution can be increased even further
than the native pixel size in the projected image by
utilizing subpixelation methods as e.g. the method
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This technique will solve the main problem

The building area can in theory be infinite, as itis no
longer limited by the image size, but of the size
(length along the x axis) of the machine on where
the light projector is assembled. This will enable the
possibility to exposure multiple small 3D objects or
one large 3D object. The light projector will be moved
relative to the material along the x axis back and forth
over the material to be solidificated (FIGURE#4).
This technique can be utilized for machines where
the electronic light projector is placed at the top or
at the bottom, so that the material can be photo po-
lymerized from both above and below depending on
the application and the machine concept (FIG-
URE#5). As the instant image of the light projector
is kept small, the pixel size is also kept small. Hence,

In addition, by utilizing image scrolling tech-

The building area (the distance along the x axis) can
be user programmable (FIGURE#6) through the SW
control of the machine and the data file, and thus the
x distance and hence the building speed can be dy-
namically adjusted to fit the size of the 3D object to
be build. This will imply that the building speed will
increase compared to light projectors that only have
a static image size and thus have a static building
area independent of the actual 3D object to be build

In order to increase the building area even further,
an y-axis can be added to the machine (FIGURE#7),
so that the light projector moves along the y axis in
steps relatively to the material after having scrolled
along the axis, making the building area even larger.
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patented by Robin Pagan/MIVA technologies tech-
nigue. The sub-pixelation feature can only be utilized
when image scrolling is implied. The Optical Multi-
plexing technique described by Robin Pagan ena-
bles the functionality of a dynamic resolution (level
of optical multiplexing level) adjustment through the
SW interface of the machine

¢ Implementing the dynamic resolution described
above will not affect the exposure time, as higher
resolution will only require more image data to be
presented to the light projector. Thus the building
time of the 3D object will not be increased even when
the resolution is increased. This is a very important
issue, as traditional step and repeat machine con-
figurations will need to have less resolution and thus
a smaller static image size to achieve higher reso-
lution.

[0011] The invention will provide a user selectable
building area and a user defined resolution through SW
commands and data files. No change of HW is required
to obtain these important functionalities.

DETAILED DESCRIPTION OF THE FIGURES

[0012] The invention will now be described in more de-
tail by means of examples shown in the accompanying
figures.

Figure lillustrates an example of a prior art exposure
technique.

Figure 2 illustrates a sub-pixelation technique.
Figure 3 illustrates a step of dividing an image to be
exposed into sub-images.

Figure 4 shows an example of a setup for a scrolling
electronic light projector according to the invention.
Figure 5 shows two different examples of exposing
images on a polymerizable material.

Figure 6 illustrates controlling the relative motion of
the electronic light projector and the photo polymer-
izable material.

Figure 7 shows examples of embodiments for in-
creasing the building area along the y direction of
the photo polymerizable material.

Figure 8 shows another embodiment of a method
and apparatus according to the invention.

Figure 9 shows a further example embodiment of a
method and apparatus according to the invention.

[0013] Figure 1 describes how alarge exposed pattern
image 106 is divided into (in this example) 3 images
103,104,105, where each of the images are exposed se-
guentially using "step and flash" procedure by an elec-
tronic light projector with a providing an image with a
define image height certain image height 102. Reference
number 101 indicates the direction of the relative motion
between the electronic projector and the exposed mate-
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rial between exposure of each image

[0014] Figure 2 describes the sub-pixelation levels that
are available in a scrolling projector using optical multi-
plexing technology. 201 shows how a 45 degrees angled
object will be described using 4 native pixels, while 202
describes how the same object will be described when
each of the 4 pixels are divided into 4 subpixels. 203
describes how the same object will be described when
each native pixels is divided into 16 (4x4) sub pixels. It
is clear from this illustration, that the sub-pixelation tech-
nique provides better resolution.

[0015] Figure 3 describes how a large exposed pattern
image 303 is divided into multiple images (shown as
304,305,306,307 in this figure) having an internal dis-
tance of one pixel row 302. In opposite to the "step and
flash" procedure, the electronic light projector is moving
relative to the exposed material in a continuous way,
while a new image is exposed by the projector each time
the relative motion has reached 1 pixel. A motion con-
troller provide synchronization signals to the projector
each time a new image is to be set up.

[0016] Figure 4 describesthe setup forascrolling elec-
tronic light projector 402 providing a light beam 403 and
an exposed pattern to the light sensitive material 405
placed on the table 406. The electronic light projector
402 moves relative to the exposed material 405, while a
synchronization signal 401 is provided by the motor con-
troller to enable the projector to set up the next image in
a image sequence.

[0017] Figure 5 describes two different machine con-
cepts where the electronic light projector 502 provides
an exposed image 501 to the light sensitive media 504.
The light sensitive media can either be placed at on top
of the support material 505 as shown in the upper part
of Figure 5, or the light sensitive media 504 can be placed
at the bottom of the support material 505 as shown in the
lower part of Figure#5. In this case the projector will be
placed at the bottom of the machine providing a light
beam pointing upwards. The projector will move relative
to the light sensitive media in a one dimensional way 503.
[0018] Figure 6 shows how the motion provided by the
relative motion of the electronic light projector 602 and
the light sensitive media 604 can be programmable by
changing the motion area and the image data. The PC
607 controls the motion controller 606 and thus the mo-
tion area 603 operated by the motor 605. In the same
way, the corresponding pattern image provided by the
electronic light projector can have a programmable size
so that the motion area is not larger than the exposed
pattern image size, thus saving exposure time.

[0019] Figure 7 describes two different machine con-
figurations that can be supported using a scrolling elec-
tronic light projector 701 with relative motion over a light
sensitive media 705. The upper image shows how a con-
figuration where the motion is initially in x direction 702,
then a shift in y direction 704, before the motion is along
the negative x direction 702 again. This will enhance the
building area along the y direction and can be further
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increased by adding more shifts in y direction if required.
The lower image shows a configuration where there is
noy direction, butthe electronic light projector 701 moves
back and forth along the x axis 703 relative to the light
sensitive media 705. This will provide a simpler and more
cost effective solution for smaller building areas

[0020] Figure 8 shows a third configuration where mul-
tiple (in this example two) scrolling electronic light pro-
jectors 801 move relative to the light sensitive media 803
back and forth along the x axis 802. This configuration
will decrease the building time (exposure time) compared
to using only one electronic light projector as shown in
Figure 7

[0021] Figure 9 shows a fourth configuration where
multiple (in this example two) scrolling electronic light
projectors 901 move relative to the light sensitive media
904, first along the positive x axis 902, then a shift along
the y axis 903 while there is no exposure , and then along
the negative x axis 902. This configuration will both in-
crease the build area and decrease the building time (ex-
posure time) compared to configurations with single
scrolling electronic light projectors and single axis (x axis

only).
ABBREVIATIONS
[0022]
DMD

DLP
SLM

Digital Micromirror Device
Digital Light Processing
Spatial Light Modulation

Claims

1. Method for exposing a photo polymerizable material
for solidification of material layer by layer to build a
3D object, comprising the following steps:

- dividing the image to be exposed into a number
of subimages with an internal distance of atleast
one pixel,
- exposing the sub images sequentially onto the
photo polymerizable material by means of a light
projector.

2. Method according to claim 1, where the photo po-
lymerizable material can be moved relative to light
projector, and further using a synchronization signal
to control the relative movement.

3. Method according to claim 2, where the next sub
image in the sequence is exposed when the relative
movement exceeds one pixel.

4. Method according to claim 2, where the movement
is provided by a motor, and the synchronization sig-
nal from the motor or a motorcontroller triggers the

sub image shift.

5. Method according to claim 1, comprising moving the

photo polymerizable material along an x-axis.

5
6. Method accordingto claim 5, wherein ay-axis is add-
ed, so that the light projector moves along the y axis
in steps relatively to the material after having scrolled
along the x-axis.
10
7. Method according to one of the preceding claims,
using multiple light projectors with parallel motion.
8. Method according to claim 1, comprising increasing
15 resolution by utilizing sub-pixelation methods.
20
25
30
35
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45
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55
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FIGURE#1
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FIGURE#2
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FIGURE#3
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FIGURE#4
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FIGURE#5
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FIGURE#6
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FIGURE#7
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FIGURE#8
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FIGURE#9
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