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Investigation of thermal stability of holographic plate
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1. Introduction

Holography is a unique method of recording and
reconstruction of all the amplitude and phase information
contained in the light that is scattered from an illuminated
body [1-4]. This method is based on diffraction and inter-
ference of coherent light wave. Hologram contains all the
information about surface deformation of the object [5-7].

A hologram is a record of the interaction of two
beams of coherent light, in the form of microscopic pattern
of interference fringes. It is a photographic registration of
the interference pattern formed by two laser beams of co-
herent light. One beam goes straight from the light source
and the other is scattered from the object. A holographic
film or plate is exposed by two laser beams and is proc-
essed in such a way that when illuminated properly a
three-dimensional image is produced [8-11].

Holography was invented in 1947 by Hungarian
physicist Dennis Gabor. In our days holography is used for
data storage [12], as a holographic memory, protection of
documents [13], as well as for art, holographic interfer-
ometry [14-18], interferometric microscopes [19], electron
holography, acoustic holography, and etc. [20-23]. Inde-
pendent from application area it is important to ensure sta-
bility of the holographic system during recording process
[24-25]. Interference image must be stable, i.e. interference
lines shift must be less than one-tenth of the interference
line. This means a very narrow tolerances area. Thermal

conditions can affect the length of the optical way of ob-
ject and reference beams at the time of exposure, and thus
influence the phase difference. Since the thermal deforma-
tion can affect quality of the hologram it is important to
test thermal deformation of holographic plate.

The aim of this paper was to determine the level
of systems sensitivity to thermal conditions and analyse
how fixing type of the holographic plate can reduce ther-
mal deformations.

2. Experimental setup for recording of master
hologram

The making of rainbow hologram can be divided
into two processes: making of a master hologram and mak-
ing of a rainbow hologram [26-28]. The scheme of master
hologram recording is presented in Fig. 1. He-Ne laser
(A =632.8 nm) was used for the recording of master holo-
gram. Laser beam is divided by splitter into two beams:
object and reference. Object beam goes through expanding
lenses and illuminates the object of investigation, and fi-
nally, the reflected light from the object illuminates the
holographic plate. The reflected by the splitter and mirror
reference beam goes trough the expanding lenses and re-
flected by the mirror illuminates the same photoplate as the
object beam. Interference pattern of both beams is re-
corded.
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Fig. 1 Recording scheme of master hologram

Both processes of recording of master and rain-
bow holograms are very sensitive to external factors: tem-
perature changes, vibrations, chemical developers and oth-
ers [29]. Micro- or nanorelief is produced during recording
of rainbow hologram, so it is important to assess the possi-
ble factors which may influence stability of the holo-
graphic system. If holographic recording scheme is fixed
and there are no changes before the experiment, then the
stresses, deformations and vibrations of optical elements

and system are well established and do not affect the qual-
ity of the hologram. Then stability of holographic plate has
the greatest impact on the quality of hologram. Generally,
the holographic plates are stored in a cold place to increase
the durability. Before recording process of a hologram the
holographic plate must be placed in ambient temperature.
When the holographic plate is heated, it expands. If this
happens during exposure, the hologram may lose some
information. So it is important to determine possible



changes of temperature and deformations of holographic
plate.

3. Calculations of thermal deformation of holographic
plate

When the holographic plate expands during expo-
sure, it impacts the length of the optical way. This could
have an influence on quality of the hologram. Movement
of the holographic plate in the range of more than 10 % of
the wavelength (He-Ne laser, 1 = 632.8 nm) will create a
reduction of quality of the hologram image. This means
that a movement of the holographic plate for more than

63.28 10" m will disturb the hologram.
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Fig. 2 Thermal expansion of the holographic plate

The main types of deformation of holographic
plates are shown in Fig. 2. Variation of temperature of the
holographic plate can change length L, width W or thick-
ness d of the plate. Thermal expansions of the plate are
marked as AL, AW and 4d according to temperature
changes AT, when coefficient of thermal expansion of
holographic plate is a, and laser wavelength - 4, then, ther-
mal expansion of the plate can be written [30, 31]

AL=a L, AT (1)
AW =a W, AT )
Ad=ady AT 3)

Maximum temperature changes during exposure
of holographic plate could be calculated from formulas
(1)-(3), when movement of the holographic plate (4L, AW
and 4d) could not exceed 10 % (63.28~10_9 m) of the
wavelength.

AT < AL _ AW _
al, oW,
28-107
_ 032810 ho0c @)
7-10°/0.1
-9
AT < ad 63.%;3 107 520C )
ad, 7-107/0.002
Holographic plate of L=10cm length,
W=10cm width, d=02cm thickness, and

a =7-107° coefficient of thermal expansion was used for
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recording of master hologram. Because the length and
width in our case are the same 0.1 m., then maximum AT
will be the same and the temperature variation could not
exceed 0.09°C (Eq. 4). Thickness of holographic plate is
50 times smaller (d =0.002m) than its length or width
and that means that the variation of temperature could bee
much higher to 4.52°C (Eq. 5).

From the calculations we see that holographic
system is very sensitive to thermal conditions, so it is im-
portant to make stable system for maximum brightness of
the hologram.

4. Numerical modeling of thermally deformed
holographic plate

Holographic plate is very sensitive to thermal
conditions, so three fixation types of the plate were ana-
lyzed numerically using finite element method (FEM) by
means of software Ansys. Thermal deformations of holo-
graphic plate fixed on one side using universal holder
(Fig. 3) are presented in Fig.4. In this case thermal
changes of the length are the biggest (Fig. 5), but this type
of fixation decreases thermal deformations 12 times. It
means that temperature variation could not exceed 1.1°C.

Fig. 3 Photo of universal holder of holographic plate
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Fig. 4 Thermal changes of length (@), width (b), thickness
(¢) and total deformation (d) of holographic plate
fixed on one side using universal holder
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Fig. 5 Maximum changes of length (), width (2) and
thickness (3) according to the changes of tempera-
ture, when holographic plate is fixed on one side us-
ing universal holder

Thermal deformations of holographic plate fixed
on two adjacent sides using multiple holder (Fig. 6) are
presented in Fig. 7. In this case thermal changes of the
length and width are the biggest and they are presented by
curve | in the Fig. 8. The changes of length and width are
the same, because holographic plate and fixation was sym-
metric. This type of fixation decreases thermal deforma-
tions 14.5 times. It means that temperature variation could
not exceed 1.3°C.

Fig. 7 Thermal changes of length (a), width (b), thickness
(¢) and total deformation (d) of holographic plate
fixed on two adjacent sides using multiple holder

57

120
100 f— ==

80

60 f e T
T e -

-2

04t -

Maximum deformation, nm

AT deg

Fig. 8 Maximum changes of length and width (/) and
thickness (2) according to the changes of tempera-
ture, when holographic plate is fixed on two adja-
cent sides using multiple holder

Thermal deformations of holographic plate fixed
on two opposite sides using angular fine adjustment mount
(Fig. 9) are presented in Fig. 10. In this case thermal
changes of the width are the biggest (Fig. 11), but this type
of fixation decreases thermal deformations 23 times. It
means that temperature variation could not exceed 2°C.

Fig. 9 Photo of angular fine

graphic plate

adjustment mount of holo-
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Fig. 10 Thermal changes of length (a), width (b), thickness
(c) and total deformation (d) of holographic plate
fixed on two opposite sides using angular fine ad-
justment mount
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Fig. 11 Maximum changes of length /, width 2 and thick-
ness 3 according to the changes of temperature,
when holographic plate is fixed on two opposite
sides using angular fine adjustment mount
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Fig. 12 Maximum changes of length of holographic plate
according to the changes of temperature, when
holographic plate is fixed using universal /, multi-
ple 2 and angular fine adjustment 3 holders
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Fig. 13 Maximum changes of width of holographic plate
according to the changes of temperature, when
holographic plate is fixed using universal /, multi-
ple 2 and angular fine adjustment 3 holders
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Fig. 14 Maximum changes of thickness of holographic
plate according to the changes of temperature,
when holographic plate is fixed using universal /,
multiple 2 and angular fine adjustment 3 holders

If we compare all these three methods of fixation
of holographic plate, we get the smallest changes of the
length (Fig. 12) when the plate is fixed using angular fine
adjustment mount (Fig. 9). We get the smallest changes of
the width (Fig. 13) when the plate is fixed using universal
holder (Fig. 3), and the smallest changes of the thickness

(Fig. 14) appear when the plate is fixed using universal
holder, too. Different holders reduce different deforma-
tions. From the calculation and modeling it is clear that
length and width are most sensitive to temperature
changes. So according to that for the fixation of holo-
graphic plates it is recommended to use angular fine ad-
justment mount, witch fixes the plate on two opposite
sides.

5. Experimental investigation of thermal deformed
holographic plate

A number of experimental studies are needed in
order to ensure high stability of the optical system used for
recording of rainbow holograms. In most cases the vibra-
tions or deformations in optical scheme are measured in
micrometers. Therefore, the holographic method was ap-
plied for the analysis of stability of optical scheme, and for
visual comparison of modeling and experimental results.
The tests used the PRISM system (Fig. 15). The PRISM
system is a two beam speckle pattern interferometer. The
laser beam from illumination head 3 directed at the object
4 is the object beam. Scattered laser light from the object is
collected by the camera /. The reference beam goes di-
rectly to the camera, usually in an optical fiber. Shape
changes that occur between a reference and a stressed state
of the object produce fringes on top of the image of the
object, which is displayed on the monitor.

Fig. 15 PRISM system: [ -camera; 2 -control block;
3 - illumination head of the object; 4 - object

Fig. 16 shows the pattern of holographic interfer-

ence fringes on the surface of thermally (7+2°C) de-
formed holographic plate fixed using universal (Fig. 3),
multiple (Fig. 6) and angular fine adjustment (Fig. 9) hold-
ers. White areas in the hologram and small number of in-
terference lines correspond to very small field of deforma-
tion of the holographic plate. This means that the smallest
ther-
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Fig. 16 Holograms of thermally deformed holographic
plate fixed using universal (a), multiple (b) and an-
gular fine adjustment (c¢) holders

mal deformations appear when the plate is fixed on two
opposite sides (Fig. 16, c).

6. Conclusions

Thermal deformation of the holographic plate, in
the range of more than 10 % of the wavelength, could re-
duce the quality of a hologram. Because L and W in our
case are equal to 0.1 m, then the maximum variation of
temperature A7 during recording process could not ex-
ceed 0.09°C.

Since any changes of thermal conditions during
recording of a hologram could reduce brightness, we re-
commend to use the plate holder which fixes the plate on
two opposite sides and prevents the hologram from ther-
mal deformations. This type of holder increases thermal
stability of holographic plate 23 times.

Numerical results were verified using holographic
PRISM system. The minimum thermal deformations were
determined when the plate is fixed on two opposite sides.
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G. Janusas, A. Palevicius
HOLOGRAMOS TERMINIO STABILUMO TYRIMAS
Reziumé

Holografija yra naujas informacijos jraSymo, sau-
gojimo ir atkiirimo metodas, kuris naudojamas dokumen-
tams ir duomenims apsaugoti, makro- ir mikro mechani-
néms sistemoms tirti, 3D vaizdams uzrasyti ir atkurti ir t. t.
Informacija apie bangos amplitudg ir fazg yra saugoma
hologramoje. Tai labai jautrus metodas, todél ypac svarbu
uztikrinti sistemos stabilumg informacijos uzraSymo metu.
Siame straipsnyje pateikti hologramos terminio stabilumo
skaitmeninio tyrimo rezultatai.

G. Janusas, A. Palevicius

INVESTIGATION OF THERMAL STABILITY OF
HOLOGRAPHIC PLATE

Summary

Holography is quite a new information recording,
storage and recovery method that is used for documents
and data protection, for the analysis of macro- and micro-
mechanical systems, recording and reconstruction of 3D
images, and etc. The information about the wave ampli-
tude and phase is stored in holograms. It is very sensitive
method, and for the stability of the system during re-
cording process it is very important. Therefore, the aim of
this paper was numerically to analyze the thermal stability
of holographic plate during recording process.

I'. fAnymac, A. Ilanssuuroc

HNCCIIEJOBAHUE TEPMOCTABUJIBHOCTU
I'OJIOTPAMMBI

Peszome

Tonorpadust 3TO HOBBI METOJ| 3aIIMCH, XPaHESHUSI
W BOCCTaHOBIICHUSI MH(pOPMAIMH, WUCIIOIB3YEMbIi 1 3a-
IIUTHl JOKYMEHTOB M JaHHBIX, JUIS aHAJIH3a MaKpO- U MHUK-
PO MEXaHWYECKUX CHCTEM, PETUCTPALUK U PEKOHCTPYKIUH
3D-uzo0paxenuit 1 1. 1. Uudopmauus o ammmryae u
(haze BOJHBI COXPAHIETCS B royiorpaMme. JTO OYCHb HyB-
CTBUTENBHBIA METOJA, W MO3TOMY OYEHb BaXKHO CTaOWIIb-
HOCTBH CHCTEMBI BO BpeMs IpoLecca 3anmucu HHGOopMaIum.
Takum 00pa3oMm, 1IeIbI0 CTAThU SIBISIETCS aHAIM3 TEPMU-
YEeCKOW CTaOMJIBHOCTH TOJIOTpaHUYecKOl IUIaCTUHBI BO
BpEMsI Iporiecca 3aIicH.
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