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Storage of speckle pattern in real time by means of BijSiOj-crystals will be reported. Applying the double exposure
technique, deformations, displacements as well as tilts can be analysed. The novel speckic technique displays the Young -intes-

ference fringes in quasi real time.

1. Introduction

Speckle photography is becoming an important
method for deformation, displacement and tilt measure-
ments. The technique will be even more attractive to
the engincer when its application is in real time. There-
fore, the developing process of speckle photography and
the subsequent optical Fourier transformation of the
photographs will be replaced.

Bistuth silicon oxyde Bi;,8i05g, has electrical and
electrooptical properties which make it attractive for
dynamic holography and speckle applications. The basic
principle for application of the crystal to holographic
storage, double-exposure and time average interfero-
metry of transparent or mirror like structures was re-
ported [1,2].

Upon readout of the hologram at the same wave-
length the reconstructing light beam erases the stored
information. Therefore, by the double-exposure tech-
nique, the second exposure partially erases the stored
information. By the reconstruction, the resuiting image
with the interference fringes superimposed. can be
stored by means of a video storage device or on film.

For real time holography and holographic interfero-
metry the BSO crystal is biased with a transverse elec-
tric field £ in the 110 crystallographic direction. When
the crystal is illuminated with spatially structured il-
lumination in the 110 direction, a space-charge field is
built up. A photoinduced space-charge density due to
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I'ig. 1. Diffraction efficiency by record ng and erasure.

the difference between the distribution of trapped elec-
trons and holes is generated [1] . The resultant space-
charge field changes the refractive index of the crystal
via linear electrooptic effect. A phase volume hologram
is created. Floading with uniform illumination leads to
the erasure of the stored information by space-charge
relaxation. Consequently, reading out with the record-
ing wavelength is destructive. The diffraction efficiency
n as function of exposure time for one cycle of real-
time holographic exposure is shown schematically in

Y

fig. 1 {1}].

2. Storage of speckle patterns in BSO crystal

Physical mechanisins for speckle pattern recording
and erasure in BSO are drift and trapping of photoelec-
trons under illumination by a randor light pattern field
in the transverse electrooptic configuration. This gives
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rise to a space-charge field which modulates the refrac-
tive index via the lincar electrooptic effect. Erasure is
achieved by space-charge relaxation under uniform il-
lumination. Applying the double exposure technique,
two speckle patterns are recorded whereby the second
is shifted relative to the first due to an object displace-
wment or tilt between the two exposures. Depending on
the optical configuration speckle patterns for inplane
displacement or tilt analysis can be recorded [6] . The
two speckle patterns are separated by at least one speckle
dimension. therefore the intensity of the speckle pat-
terns is considered to perforia a spatial modulation

of energy density in the crystal. The two stored speckle
patterns are illuminated by a plane or converging wave.
In the Fraunhofer plane Youngs’ fringes are modulating
the diffraction halo displayed by the st’ié?tgle speckle pat-
tern. The fringe spacing is inversely proportional to the
displacement.

For the crystals used the absorption coefficient was
ap =2 cem-! for A =514 nm and @, =0.28 cm~! for
A\, =633 nm. The speckle patterns were therefore re-
corded with light of the wavelength X\, = 514 nm and
the Young's fringes displayed with A, =633 nm. The
crystal thickness d was chosen to be 2.6 mm.

The intensity distribution of the speckle pattern
imaged onto the BSO leads to a space-charge field, £,
by drift or diffusion of the photocarriers resulting in a
refractive index variation. For speckles with dimensions
> 2 um the space-charge field is proportional to the
electric field. £y, applied [3]. The refractive index
moduiation at saturation, An, can be written

. = 3 2
An_=n rESC/-.

(1)

with n = refractive index (1 = 2.5 for A = 633 nm),r =
effective electrooptic coefficient, F sc = space-charge
field amplitude which is derived from Poissons equation
(11.

The variation of the refractive index due to the speckle
pattern can be written as

A= An Cl'w)yd'"y (2)

where 7'(u") is the intensity of the speckle pattern and
(I") the mean iatensity. C is a constant taking into ac-
count the absorption in the crystal and reflection at the
interface; it will be neglected. The recorded speckle
pattern will now be illuminated with a wave of ampli-
tude Ay(u'). The field amplitude considered to be im-
mediately in front of the crystal will be written
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A'(W")= A (uyexp[(—i2n/\))d An], (3)

A, is the wavelength of recording and d is the crvstal
thickness. The photoinduced phase shift is small;

d An < Aq (it is of the order of A;/30). The amplitude
can therefore be written as

A'(u')~Ao<u'){1 —ii—’l'd An}, “)

where the terms on the order of An? and higher are
neglected. In eq. (4) it is assumed that the length of the
speckles corresponds at least to the crystal thickness d.
It was found experimentally that this requirement is
not necessary.

In the following section, a short theoretical analysis
of image plane speckle pattern recording in BSO crystals
will be given.

3. Image plane speckle pattern recording in BSO crystals
A short theoretical analysis neglecting the crystal

activity, birefringence and Bragg effect will be given to

explain the fringe pattern obtained. The intensity of the

speckle pattern in the image planc can be written as
follows [6]

100)=23 23 4(x,) ¥ xp)explizm ' (x, - x)1.(5)

To simplify the writing the one-dimensicnal notation
is used instead of a vector notation, according to fig. 2*

Ar-Laser
O\ 2\ _XXp E
le. ~]

Fig. 2. Experimental arrangement for recording speckle patterns
in the image plane and displaying Young’s fringes.
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. r
. n sin
u' = reduced coordinate; u' =———¢'

A

¢' = rectangular coordinate in the image plane

o' = aperture angle in the image space

x=x/h, x'=x'[/h'=reduced coordinates in the en-
trance and exit pupil

h, k' = pupil heights

4’ 1 Xg = reduced coordinate in the entrance pupil plane
x = reduced coordinate in the exit pupile plane

t[/(xp) v (xq) describe the optically rough surface
and represent the angular components of the light
scattered by the optically rough surface.

In the double exposure technique two speckle pat-
terns are recorded in the crystal. The first is stored at
nearly saturation and the second, the shifted, is recorded
incoherently because the speckle separation is greater
than the speckle size. For the second exposure of the
displayed speckle pattern the original speckle pattern
will not be affected very much. The intensity of the two
speckle patterns recorded in the crystal is according to
eq. (5) using one-dimensional notation

1! du'y = CLO 22 U(x,) ¥ ¥(x,)
q 0

x)l+2

X expli2n u'(x

v(x, ) y* (x,)
X expli2a(u’ +Au') (x, ~ xq)]} (6)
or by substituting x, for x, — x

p~ "q

I(u', Au')=C {EE V(x, +x,) dz*(xq)exp(izn u'x,)
q r
+ 2025 U, +x) V7xy)

X expli2n(u' + Au')xr]} . N

The double exposed speckle pattern leads to a refrac-
tive index variation in the crystal volume.

4. Displaying Young’s fringes in the Fraunhofer plane

Illuminating the crystal with a coherent wave of
wavelength \, and absorption coefficient a, the wave-
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front emerging from the crystal can be written by
neglecting Bragg volume effects in accordance with ex-
pressions (4)

A'W)=4,u")C, 1_1-)%!’-da 1(—“7;3-@} ®)

where A (u") represents the incident wave amplitude
and C is a constant, taking also into account the smail
absorption in the crystal for A, and the reflection at
the interface. For the analysis C; will be neglected and
a plane wave of constant amplitude A4, is considered.
The Fourier transform in the focal plane is

[ {1 ~LB7 g an ““"A“')}

a(x})=A4,
crystal }\1 o

X exp(i2mxju’) du’

and the intensity is
2
laax)I2 = Az{a( 1)+( d An )

)
[1 +cos2n x'lAu']}

\)«\I/(x +x, w* (x)
(I)

Ang =(n3rE /2)2

and Z, Y(x] + XV (xq) is the autocorrelation of
the speckle in the pupil of the image forming lens.

The square of the autocorrelation of the exit pupil
of the image forming lens is modulated by Young’s
interference fringes.

The in-plane displacement in the object plane is given

by
At =f" ?\2/M x’
where f] = focal length or the distance from the crystal
to the Fraunhofer-plane, depending on the experimental
arrangement; M = lateral magnification; x/, = fringe
spacing.
For the fully illuminated pupil of the image forming
lens, the radius of the autocorrelation is
- Pt
Py = 2_)‘"1 sina .
Consequently, no fringes can be observed for |xj| >
Iy, .
1
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in the experiment it was found, however, that the
fringe envelope is very often smaller. This may be due
to the ervstal thickness (Bragg effect) [8]. Furthermore,
crystal activity and birefringence may influence the
cnvelope of the Young's fringes.

A similar theory can be developed for tilt analysis
by recording the speckle pattern in the Fourier trans-
form plane of lens L in fig. 2 [6] or in the image of
the light source. In addition, the simplified theory can
be extended to two dimensions.

5. Some experimental results

A tvpical experimental set-up for real time speckle
patters recording is shown in fig. 2 for displacement
analvsis. The optically rough surface was illuminated
with an argon laser (\; = 514 nm). The low aperture
lens (NA = 0.06) formed the image in the crystal. The
power on the crystal to write the speckle pattern was
13 gW cm~2 and the cycle time 1 s.

The BSO crystal was illuminated with a HeNe laser
(1 mW) A\, =633 nm. The Young’s fringes were dis-
played in the Fraunhofer plane where a stop was placed
to eliminate the undiffracted light; the fringes were ob-
served on a TV screen. A dichroic beamsplitter BS
reflects Ay and the analysator A reduces stray light
[<.3]. Further details of the experimental arrangements
wiil be described in a later paper.

in fig. 3 fringe patterns of displacements (fig. 3a)
and tiits (fig. 3b) are observed. The object was a diffuse
reflecting rough surface. The displacements were ap-
plied perpendicular to the applied field £, (4.8 kV)
and tilts in a direction perpendicular to the first (/] =
90 mm}.
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Fig. 4. Speckle halo plotted against the numerical aperture ob-
tained with an arrangement correspondinz to fig. 2.

In our analysis, the Bragg volume effect as well as
crystal activity and birefringence were neglected. The
experiments showed, however, that they can limit the
speckle halo as shown in fig. 4 where the radius of the
speckle halo ry; is plotted against the numerical aper-
ture ot lers Ly in the image space. For small &' the
autocorrelation of the pupil is limiting the halo as pre-
dicted. For larger o'. however, the Bragg volume effect
and the birefringence are probably limiting the field
in which Young’s fringes are observed.

6. Conclusions

Using BSO crystals in the transverse electrooptic-
mode a real time operation of “speckle photography™
techniques is achieved with unlimited recycling. The
fringe analysis can be obtained directly using TV tech-

Fig. 3. Young’s fringes obtained by a) an inplanc displacement of 100 um, b) a tilt of 25 sec of arc.
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niques, as indicated in fig. 3b, where the fringe pattern
is scanned directly. Further studies and applications
are in preparation and will be reported.

We would like to thank J.P. Huignard and his col-
leagues for very helpful advice in handling the BSO
crystals and the DFG for the financial support.
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