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 . Диффракционные структуры поверхностного рельефа для массового производства 
прозрачных голографических экранов 

С. Захаровас, Р. Баканас, А. Никольский 
Geola Digital uab, Вильнюс, Литва 

Прозрачные экраны уже применяются в автомобильной промышленности для проецирования информации важной для авто-
водителей. Большинство таких экранов изготавливаются голографическими методами, с использованием фотополимеров в 
качестве регистрирующей среды. В результате стоимость производства таких экранов является высокой, что, в свою очередь 
вызывает применение таких экранов только в автомобилях высшего ценового диапазона. В результате нового подхода к ре-
шению проблемы, прозрачный голографический экран был изготовлен как прозрачный поверхностный рельеф на прозрачной 
подложке, обладающий свойством направлять проецируемое на него цветное изображение в угол обзора достаточный для его 
восприятия водителем автомобиля, и, в то же время, не мешающий ему воспринимать происходящее за экраном. Экран был 
напечатан на пилотном Оригинаторе Геолы Blue Phoenix DIWO- на фоторезисте как поверхностный рельеф воспроизводя-
щий ахроматическую голограмму плоского экрана. Голограмма была записана разработанным Геолой методом Прямой За-
писи Голограмм. В статье объяснен метод производства мастер-голограммы прозрачного голографического экрана пригодной 
для тиражирования методом тиснения. 
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Diffractive surface relief structure for the see-through screens mass replication 

S. Zacharovas, R. Bakanas, A. Nikolskĳ 
Geola Digital Ltd., Vilnius, Lithuania  

The automotive industry is already using see-through screens to project onto them various information important to the drivers. 
Majority of such screens are manufactured holographically, employing photopolymers as a medium. As a result, the costs to produce 
said screens are rather high which limits their applications to higher priced cars only. A novel approach to produce such a screen as 
surface relief hologram was used and the holographic optical element behaving as see-through screen with viewing angle covering 
the driver's seat was manufactured. The screen was printed with Geola's Blue Phoenix DIWO- pilot hologram originator on pho-
toresist as achromatic surface relief hologram employing direct hologram write method. Article explains said direct hologram write 
method and the diffractive see-through surface relief production. Such surface relief then can be mass-replicated by embossed ho-
lography means. 

Keywords: Automotive industry, See-through screen, Holographic optical element, Embossed hologram origination, 
Achromatic hologram. 

Introduction 
There are several approaches to produce see-

through displays for car drivers. Some of them employ 
holographic methods to produce screens diffracting visual 
information towards desired direction [, ], others em-
ploys transparent LCD displays, or even transparent me-
dium embedded with nanoparticles that selectively scat-
ter light at the projected wavelength and on which mono-
chromatic images are projected []. See-through screens 
which are mass-produced employing holographic light di-
recting methods are produced using photopolymers as 
photosensitive media. Photopolymers perform well in this 
domain, but photopolymeric mediums itself have rather 
higher price tags and production of see-through screens 
with those photomaterials requires their exposure with la-
ser radiation as well as pre- or post- exposures with non-
coherent visible or UV light; sometimes also additional 
heating is required after photopolymer exposure []. 

Photopolymer layer on photopolymeric medium is 
usually protected with polyester film, which shall be re-
moved before the exposure — that makes hologram re-
cording process on this medium more complicated than 
that on conventional Silver Halide photomaterials. Nev-
ertheless holograms on photopolymers can have diffrac-
tion efficiency of up to  % [] and, once polymerized, 
photopolymer does not change its volume, nor is affected 
with direct sunlight. Holograms on panchromatic Silver 
Halide photomaterial can reach  % diffraction efficiency 
[] but, since this photomaterial is Gelatine-based, are 
sensitive to humidity and temperature changes which 
make them not really good choice for the outdoor applica-
tions. But there is another medium where diffraction effi-
ciency of the diffractive structures can reach  % — this 
medium is a high quality embossed holograms []. Such 
embossed holograms also can be transparent and that 
would make them a perfect medium for low-cost see-
through screens for outdoors applications.  
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SLM pixel changes laser light intensity and objective di-
rects modulated laser light towards photosensitive me-
dium under different angles. The holographic optical ele-
ment — hogel, recorded at the place of objective's waist, 
while illuminated will diffract light to the direction from 
where the laser light came to it during recording and with 
intensity defined by SLM pixel (Fig. ). 

. Pixel swapping  
Fig.  illustrates the principles of the pixel swap pro-

cess which is described in details in []. From the se-
quence of digital parallax-related images all the pixels 
with the same coordinates are taken and a new composite 
image is combined from them. This image is projected on 
the SLM and a hogel with the same coordinates. For ex-
ample, if we have an image sequence with image resolu-
tion of  ×  pixels, we can print a hologram from it 
having  ×  hogels too, i. e. if our hogel has a size of 
. mm, the resulting hologram will be  ×  mm. The 
hogel with coordinates (, ) will contain all the pixels 
with coordinates (, ) from all images in sequence. The 
hogel with coordinates (, ) will contain pixels with coor-
dinates (, ) and so on. And when observer will change 
his viewpoint in front of the hologram, he will perceive the 
pixel with coordinates (, ) as it was on the image of the 
D scene taken from this particular angle. Similarly, the 
hogel with coordinates (, ) will show him all the pixels 
with coordinates (, ), and so on. Thus the whole direct-
write digital hologram viewed from different angles will 
show to observer the images of the D scene taken from 
different angles. 

If the hogel has size . × . mm, the final resolution 
of the hologram will be  dpi, which seams lower than 
resolution of desktop photo printers which use for photo-
graphs at least  dpi, but that is not exactly true. Each 
hogel contains several hundred basic pixels. When we 
view the holographic print, our eyes and head perform in-
voluntary movements, so we perceive several views at a 
time and our brain integrates them. Each adjoining par-
allax-related image contains only a small variation in the 
detail of the scene, so the difference is not perceptible, but 

our brain integrates and notes those details, which would 
be lost if this were a D print with  dpi. Thus a holo-
graphic print with . × . mm hogels will be observed as 
if it had a resolution of – dpi. 

. Pixel swapping for achromatic hologram 
Surface relief holograms that can be used for mass-

replication with existing hologram embossing equipment 
actually are White-light transmission (WLT) holograms. 
When those holograms are produced by classical ana-
logue holography means, first the H master-hologram is 
produced, and then H–H holographic image transfer is 
performed as it is shown on Fig. .  

H master hologram for the Rainbow WLT hologram 
is just a narrow strip of  mm []. When H transfer hol-
ogram is lit by white light, the holographic image of it is 
viewed through the real image of the slit. And when ob-
server moves his head vertically he is looking through the 
real image of the slit as formed by a different part of the 
spectrum, and as a result, he will see the image in a dif-
ferent color; in fact the whole spectrum is spread out 
along a sloping plane tilted to an angle called achro-
matic (Fig. ) []. 

If the H master hologram is recorded while the pho-
toplate is tilted at the same achromatic angle and during 
the transfer not the slit, but whole master hologram sur-
face is used — the H transfer hologram will disperse the 
white light in such a way, that there will be a viewing zone 

 
H — master hologram, H — photosensitive medium where 

White light transmission hologram will be recorded, BE- 
spatial filter–cylindrical lens combination, CM — collimating 

mirror, VBS — variable beam splitter, M–M — mirrors. 
Fig. . Standard table arrangement for a H–H holographic 

image transfer 

Fig. . For white-light replay the images of the slit are formed 
at different heights and distances from the H hologram, lying 

on a line at the achromatic angle to the horizontal 

Fig. . The master hologram H

 is made at the achromatic 

angle, for final reconstruction at ° (a). The reference beam is 
shown as orthogonal to the object beam; The flipped master H



is used to make an image-plane transfer hologram H (b); 
transfer hologram H


 is flipped and illuminated by a white-light 

point source (c) 
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. Equipment 
For achromatic WLT holograms recording on photo-

resist we have used Geola’s pilot Blue Phoenix series 
WLT holograms printer DIWO-. Principal scheme of the 
printer is shown on the Fig. . 

In DIWO- holographic printer is employed Geola's 
BlueBird series pulse laser ( ns pulse duration,  nm 
emitting radiation wavelength,  Hz repetition rate, mJ 
pulse energy). Because of the pulse laser employment 
there is no need to stop photoplate for its stabilization be-
fore each hogel recording. The laser is flashing continu-
ously, the photoresist plate is moving continuously and 
one hologram line is recorded. Then the photoresist plate 
is shifted for the distance of . mm (size of the hogel) and 

next hologram line is recorded. Before the hologram 
printing, the photoplate distance from objective is ad-
justed in such a way that object and reference beams 
would be overlapping at the photoresist layer. During the 
printing this distance is kept automatically by shifting the 
photoresist plate in y direction.  

 
Hogels produced by this printer have size 

. × . mm. Maximum size of photoresist plate handled 
is  ×  mm and the maximum hologram size is 
 ×  mm (×). Printing speed is ≈  minutes for 
one square centimeter and it takes only  hours to print 
this maximum size hologram which makes this printer the 
fastest one amongst master-originals Originators in em-
bossed holography domain. 

 
Fig. . Projector and screen setup and images sent to LCD projector 

 
a) b) c) 

 

d) 
 

e) 
Fig. . Photographs of achromatic hologram acting as projection screen. White road sign projected onto the achromatic hologram 

front views (a), (b) and side view (c). Colour image projected onto the achromatic hologram front view (c) and side view (d). 
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Pixel-swap process in this Originator is separated 
from hologram printing process. The sequence of paral-
lax-related images is submitted to PC with Windows  
operating system running proprietary Geola's software 
which performs pixel-swap and stores images for each ho-
gel. Parallax-related images for the screen were  iden-
tical images of white rectangle in size of  ×  pix-
els. Pixel-swap process took two minutes and then in  
hours hologram of the screen in size of  ×  mm was 
printed. 

For the image projection on the printed screen hol-
ogram we have used LED projector LG HS . 

. Results 
The exposed and processed photoplate with achro-

matic hologram of white screen was placed vertically in a 
universal plate holder. The video projector connected to 
the laptop was placed on a tripod in such a way that light 
from it would be coming to the hologram at an angle sim-
ilar to the reference beam angle used in DIWO- origina-
tor for its recording. Images that were showed on a laptop 
screen were white image of a turn side on a black back-
ground and colour photograph of one of our poster-sized 

colour volume hologram printed on our other DWDH 
printer (Fig. ). 

On the Fig.  are shown photographs of the screen 
with projected image. Since the hologram acting as 
screen is achromatic — all projector's LED wavelengths 
are replayed correctly with right intensity and into the 
viewing angle defined by printers hardware and software. 

As it is seen from photographs above, the achro-
matic hologram of white screen imprinted at the image 
plane indeed can act as see-through screen. And since it 
is surface relief hologram — it can be easily replicated 
and become a cheaper alternative to the photopolymer 
see-through screens. 

Conclusions 
– Achromatic surface relief hologram of the white 

screen was produced employing Direct-Write Digital 
Holographic printing technique. 

– This hologram can be used as a master-hologram 
for the see-through screens manufactured with embossed 
holography methods. 

– Producing the see-through screens employing 
embossed holography methods shall significantly reduce 
costs of their production. 
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