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Holography with evanescent reference wave*

Mariusz Szyjer, Matgorzata Sochacka
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Holograms obtained by interference of a typical object wave arid an evanescent refe-
rence wave are described. Tbin films of AZ-1350 photoresist covering an SF 11 glass
prism were used as recording layers. Total internal reflection producing an evanescent
wave took place at the photoresist layer and the glass prism interface. In the recon-
struction process evanescent waves of two lengths were involved. Dependence of the
holographic image on reconstruction conditions was examined.

1. Introduction

A considerable interest in evanescent wave fields and their involvement in opti-
cal processes has been recently observed. A few theoretical and experimental
papers were devoted to holography with evanescent waves [1-4, 6, 7]. All the
authors considered holograms occupying very thin area in comparison to the
thickness of the recording film. This work gives the account of an experiment
in which thin films of absorbing phase material (e.g., photoresist AZ-1350)
were used. The holograms obtained occupied the whole volume of the recor-
ding medium. The experiment was carried out in order to investigate the pro-
perties of photoresist as a material for recording evanescent wave holograms
in further work. Method of determining the angle of incidence of reference wave
is described and some features of reconstructed images are examined.

2. Evanescent waves and their properties

Evanescent waves are solutions of an inhomogeneous Helmholtz equation
(V2+ U = 8 (1)

where U is a scalar function describing the total field distribution, &is a wave-
number, and 8 —a distribution function of the light source. These waves vanish
on a wavelength’s distance from the point of their origin, and their planes of
constant phase are not parallel to these of constant amplitude. In areas where
light sources do not exist, evanescent waves are generated in optically thinner
medium by a totally reflected beam incident from a denser medium, as well
as in some other optical processes [5].

* This work was carried on under the Research Project PR-3.20.
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Let us consider a plane, s-polarized wave of wavelength A= A% (A0 is
its wavelength in vacuum) striking a boundary of two media their refraction
indices being %, % (% > n2. The wave emerging from optically denser medium
(Fig. 1) is incident at an angle a greater than the critical angle ac of total inter-
nal reflection determined by equation

sinac = % /%. (2)

Fig. 1. Total internal reflection of a light beam in a
medium optically denser («j) at its boundary with
optically thinner medium (n2). The angle of incidence
a is greater than critical angle ac

In thinner medium (Fig. 1) an evanescent wave of wavelength Aeand penetration
depth d [5]

o — nxsma ©)
2nnx r sin2a—sin2ac “)

is generated. Its distribution is described by
Ee — EOexp( —zld)exj>(ikysina). (5)

This wave travels along the boundary. Planes of constant amplitude are per-
pendicular to these of constant phase. The value of Poynting vector is the
same as in the incident wave but it is attributed to the boundary plane. Very
small fraction of energy penetrates to the thinner medium. At the distance d
the energy density is e"1 of its value at the reflecting interface.

If an evenescent wave generated in total internal reflection is superimposed
with a plane homogeneous wave

Ep = 7~ exp(—&) (6)
the energy density results from interference
I = 17+ 2ip|2 = Floexp(—2z/d) + E2+ 2E(E lexp( —z/d)*cos(Jcysiaa + kz).
(7)
The first term of this expression vanishes rapidly and the second one is constant,

so mainly the third term determines the structure of interfence pattern. The
resulting interference fringes are inclined against the interface at the angle ¢
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satisfying the equation

% % % = Sina. ()
As the third term of Bq. (7) includes an exponential factor the contrast
of interference fringes dies away with the same constant d as the evanescent
wave constant of energy decreases.
If the medium with refraction index n2is photosensitive then the energy

density (7) can be recorded in it. In this way evenescent wave holograms can
be obtained.

3. Experimental set-up and recording of holograms

Let us consider a glass prism, with the refraction index ng, one face of which
is covered with a thin layer of photoresist with the refraction index nr(nr < ng) -
see Fig. 2. The hologram resulting from interference of a typical object wave

Fig. 2. Total internal reflection in a glass prism at its
boundary with optically thinner photosensitive layer.
An evanescent field is generated in the layer

with an evenescent one is recorded in the photoresist. The reference wave strikes
the photoresist-glass boundary from within the prism at the angle greater
than ac, producing an evanescent field inside the layer. The object wave incident
on the photoresist comes from the air.

Such a prism of SF-11 glass (ng = 1.825 for X0 = 0.436 fxmand ng = 1.777
for X0 = 0.644 (xm) was placed in the experimental set-up shown in Fig. 3. The
photoresist AZ 1350 was used to form the layer I — 0.3 (xm thick. The He-Cd
laser (X0= 0.441 (xm) was used as a light source.

Fig. 3. The experimental set-up for
hologram recording. L - He-Cd
laser, B8 - beam splitter, D - dif-
fuser, TO - transparent object, P -
glass prism with photosensitive layer

The critical angle calculated for total internal reflection of the reference wave
was ac = 61.85°. Holograms were recorded for the angle of incidence a = 62.92°
chosen experimentally. For this angle a minimum energy density of wave
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reflected from tlie boundary (Fig. 12) and a maximum fluorescence of photo-
resist were observed. The penetration depth for evenescent field was d = 0.31
pm. That means that the evanescent wave existed within the whole volume of
photoresist. The wavelength of the evanescent wave was ?e = 0.272 pm.

4. Reconstruction of holograms and properties of images

The holograms obtained were reconstructed with a He-Cd laser wave its direc-
tion of propagation being the same as in the recording process and a reverse
one. In the first (case two conjugate wave fields (I, 11) and in the second one
two true fields (111, 1V) were reconstructed — see Figs. 4 and 5. Image TV was
also observed while reconstructed with the waves incident at angles a different
from that of the recording reference wave. Aberrations were not noticed (Fig. 6).

Fig. 4. Hologram reconstruction: A - with a beam
incident from the same direction as in recording
step, B - with a beam incident from opposite
direction, BB - reconstructing beam

Real images were moreover reconstructed with a He-He laser beam (10
= 0.633 pm), incident at various angles. In this case image 111 was also aberra-
tion-free (Fig. 7), but image IV was highly aberrational. These aberrations
decreased with the increasing angle of incidence of the reconstructing wave
(Figs. 8, 9), that is with the decreasing of the wavelength of the reconstructing
evanescent beam (Eg. (3)). The wavelengths of evanescent fields generated
by beams of He-Cd and He-He lasers incident at various angles are given in
Table 1. For He-Cd laser the wavelengths Ae are slightly different from the

Table 1. Wavelengths of evanescent fields Ae generated in the photoresist
by beams of He-Ne and He-Cd lasers incident at various angles a

Angle of incidence a [°] 61.85 62.92 72.46 80.0 85.0

Beam of the He-Cd laser
K I>m] 0.274 0.272 0.254 0.246 0.245

Beam of the He-Ne laser
K [>m] 0.404 0.400 0.374 0.362 0.359

recording one, if compared with those for the He-He laser. Then for reconstruc-
tion with the He-He beam the aberrations should be much greater and they
should decrease as the wavelength Ae approaches the recording one.
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The dependence of reconstructed wave direction on the angle of incidence
of reconstructing field was also examined (Figs. 10, 11). Angle of diffraction /9
on the hologram depends on the diffracted wave length. As  for both recon-
structing laser beams approaches a constant value for a near 90° then the
angle /9 grows to a constant value too.

Pig. 9. Image 1V recon-
structed with a He-Ne laser
beam incident at an angle
a = 79.75° - less aberra-
tional

Pig. 10. The experimental set-up for measurements
of energy densities and reconstructed wave direction
dependences on the angle of incidence of recon-
structing wave

Pig. 11. The angle /9 of reconstructed
wave direction vs. the angle of incidence
a of reconstructing beam for reconstruc-
tion with He-Cd and He-Ne lasers

Figure 12 displays energy density plots vs. the angle of incidence of recon-
structing beam at the photoresist-glass interface. 1 0is the energy density pf the
beam reflected outside the hologram area (Fig. 10). This energy reaches its
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minimum in the neighbourhood of the critical angle and then it slowly rises
while the energy penetrating the photoresist as an evanescent field decreases.
The energy density | f of a beam reflected at the photoresist-glass interface
in the hologram area is smaller than 10 as a part of energy is taken away by
the diffracted beam. For large values of a both 10and | f approach the same
value, when very small fraction of energy of incident wave penetrates into the

Fig. 12. Energy density vs. angle incidence a of laser beam
at the glass-photoresist interface. 1d - energy density of
diffracted beam, 10 - energy density of a beam reflected
outside the hologram area, Iff - energy density of a beam
reflected in the hologram area

photoresist. 1 Dis the energy density of the diffracted beam, it reaches its maxi-
mum near the critical angle and then rapidly decreases as the penetration depth
of the evanescent reconstructing wave grows smaller (Eq. (4)). The values of
the penetration depth of an evanescent wave generated by a He-Cd laser beam
incident at various angles are given in Table 2. For great angles the reconstruc-
ting field exists in a small fraction of the hologram volume.

Table 2. Penetration depth of evanescent field generated
in photoresist by He-Cd laser beam incident at various angles a

Angle of incidence a [°] 62.92 72.46 80.0

Penetration depth d [j-m] 0.311 0.111 0.08
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5. Conclusions

Photoresist AZ 1350 proved to he an efficient recording material for evanescent
wave holograms. Possibility of forming very thin photoresist films allows to
record holograms occupying the whole volume of photosensitive medium. In
such-a case an absorbing and scattering modulation-free area of recording ma-
terial does not exist in the neighbourhood of the hologram. The holograms ob-
tained can be reconstructed by waves of different wavelengths. Reconstruction
by waves of the same wavelength as the recording beam but incident at different
angles does not impose any aberrations.
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Fonorpacdua c 3BaHeCUEHTHOW BOJIHOW OTHeceHus

OnucaH 3KCNepUMEHT MO MOYYEHUIO roslorpamm, hUKeupytowmx apeKT Kiaccnyeckor nHTepgepeHLmn
n306pa3nTesibHOM BOJIHbI C 3BAHECLEHTHOW BOJSIHOW OTHeceHUs. ToHKue criom doTtope3mcta A r—1350
npeacTasnsann cobor rosorpaduyeckuini matepmasn. OBaHeCcLeHTHas BOJSIHA reHepupoBasiacb C MOMOLbIO
MOJ/IHOTO BHYTPEHHEro OTPaKeHUs Ha rpaHuue pesncT — cTekno. [osiorpaMmmbl BOCCTaHaBMBAINCH
npy NCNosib3oBaHUW ABYX CBET/IbIX BOJIH Pas/IMYHOM A/MHBLI. ViccnefgoBaHa 3aBUCMMOCTb KavecTBa U30-
6padkeHns OT yCN0BUI BOCCTaHOB/IEHUS.



