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The combined use of the photoelectric and electro-optic properties of the B1;,510,, (BSO)-crystal leads to a new possibility
of reahzing a spatial hght modulator Under certain geometrical condrtions, which will be discussed, 1t 1s possible to realize,
that the BSO-crystal becomes birefringent depending on the local iluminance, the physical connection between the
distributions of birefringence and 1lluminance will be shown The BSO-crystal combined with a polarizer setup works as a
spatial light modulator or as an incoherent to coherent converter

1. Introduction

To avoid speckling and other phase disturbences
in coherent optical image processing it 1s recom-
mendable to use a two dimenstonal incoherent to
coherent (IC)-converter working in real time A spa-
tial ight modulator (SLM) working in real time,
which converts illuminance nto transparence, works
as such an IC-converter

Most of the currently existing spatial light modula-
tors work according to the following principle A
photoconductive material modulates an applied elec-
tric field (or alternating field) along the optical axes
in dependence on the local (incoherent) illummance,
Another electrooptic material converts the modula-
tion of the applied electric field into a modulation of
birefringence A suitable polarizer setup converts the
modulation of birefringence into a modulation of
transmission The complete optical setup therefore
works as an incoherent to coherent (IC)-converter

Some SLM’s use liquid crystals as the electrooptic
material and CdS [1,2] or B113810,, (BSO) - crystals
[3] as the photoconductive material, they are rather
expensive and their response time s not satisfying
Other concepts working with two materials are the
microchannel spatial ight modulator (MSLM) [4]
and the DKDP-converter [5,6] The hmit of spatial
resolution of the MSLM and the response time of the
DKDP-converter do not satisfy the need for most of
the applications
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Several concepts of holographic IC-conversion
have been realized up to now The deformable surface
spatial light modulator [7] 1s hmited to 10 lines/mm
spatial resolution and works with two matenals

Another principle of holographic IC-conversion
[8] requires only one material, which 1s able to store
a holographic grating 1n real time such as the BSO-
crystal The intensity of the incoherent illumination
deforms the grating accordingly The main disadvan-
tage of the holographic IC-conversion 1s the necessity
of a holographic optical setup in order to write the
grating

Our aim therefore was to find a material working
as well photoconductively electrooptically. Bulk
monocrystalline BSO 1s a suitable material [9—-11].
If the optical axis and the applied electric field are
mutually perpendicular, the crystal will become bare-
fringent depending on the local illuminance [12,13]

2, Spatial light modulation in BSO-crystals

Physical mechanisms for light pattern recording
and erasure m BSO are drift and trapping of photo-
electrons under llumination by incoherent (or co-
herent) light 1n the transverse electrooptic configura-
tion Thus gives rise to a space charge field modulating
the refractive index via the linear electrooptic effect
[14] Erasure can be achieved by uniform fllumina-
tion of the crystal
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The modulation of the refractive index by the

space charge field £ 1s described by the following
equation

n=ny—05 ngrﬂEsc,

= -\ 1N— r{t11y 71N\
Fg=o A 107" ¢ 111j) 1)
Fig. 1 shows the orientation of the crystal’s major op-
tical axes Local birefringence resp polarization

change 1s the result of two different physical effects
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(1) The linear electrooptic effect leads to an aniso-
tropac spatial modulation of the refractive index,
which 1s described by the following equations (see fig

1)
Ry = ng — 0.5 cos(45°)ndry E,

sc?

ny=ng+05 cos(45°In3r 41 Ec- ?)

(u) The electrogyratory effect,1e the dependence

of optlcal actwvity w1th the space cha:ge fleld.

The space charge field induced by the illumination
needs to be calculated In the case of a sinusoidal
grating I(x) = Io(l + m cos kx) of high intensity
(Iy> 1 mWjcm?) and low modulation (m < 1) the
steady state value of the space charge field 1n the dnift

dominant recaordine made 15 owven 1n raf 1151
aommnani recorging moege isgaven mn ref 157

Ey(x)=Egm cos kx. 3)

For the more general case 0 < m < 1 the crystal re-
sponse 1s no longer linear and the space charge field 1s
given by the following formuia (15)
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m 1s the reduced modulation given by formula (5)

where p_ 15 tha carrar concentration in the darlk and
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78 means the carrier concentration under mcident
tlumination J,

ml = m‘rgol(‘rgo + nD). (5)
Combining eqs (2) and (4) leads to
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Thas result shows, that the crystal’s birefringence 1s
modified depending on the local lilumination Com-
bined with an appropriate polarizer setup the crystal
works as a enafml hohf modulator or ag an incoherent
to coherent converter

The physical mechanisms can be summarized as
follows The BSO-crystal, a cubic electrooptic crystal,
becomes birefringent when a voltage 1s applied be-
tween the (110)-faces for instance If the incident
light 18 plane, polarized and onentated to bisect the

hirafrinoant avas +ha licht laaving tha RQN _~ructal
Ull\dllula\tllt MVO, tilw ll&llt xuavxus lll\l UD\J'\/I] olal

will be elliptically polarized. If we project an nco-
herent image into the crystal, the hight intensity dis-
tribution leads to the appropriate absorption, carriers
are generated 1n the light struck areas These photo
generated carriers move 1n the electric field in a direc-
tion to neutralize the apphed field thereby reducing
the eleciric field and hence the birefringence. This
leads to the spatial light modulator with the appro-
priate polarizer arrangement,

When the crystal was placed between crossed po-
lanizers combined with a quarter wave plate compen-
sating the natural birefringence [13] of the crystal, 1t
was possible to convert a modulation of birefringence
into a modulation of transmission Fig. 2 shows the
optical setup used.

Ry chanoina tha anols hatwean nolarizer and ana.
Sy changing tne ang:e oeiween poianzor and ana

lyzer a positive or negative image can be selected
Figs 3 and 4 show this clearly. Fig 5 shows the spec-
trum of an incoherently dlluminated grating after IC-
conversion

The spatial resolution 1s very often not only lim-
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Fig 2 Optical setup used B § Beamsplhtter, A/4 quarter-
waveplate, A analyzer, P polarizer, L, lens for incoherent
image formation, L, Fourier transform lens,

ited by the crystal’s properties but also by the crys-
tal’s geometry Because of the thickness d of the crys-
tal a shightly defocussed image occurs

The hight sensitivity of the crystal depends on the
crystal’s absorption, namely

i

Fig 3. ICconverted picture of a lattice with a spatial fre-
quency of 10 lines/mm

22

OPTICS COMMUNICATIONS

1 May 1986

Fig. 4 IC-converted and contrast reversed picture of an elec-
trical shaver’s blade

S =const [1 — exp(—ad)] )

Here « 15 the absorption coefficient of the crystal
Therefore a very thin crystal 1s not appropnate for
our application

The optical transfer function D(R), on the other
hand, depends on the aperture ratio, the lateral mag-
nification § of the incoherent image formation and
the thickness d of the crystal The complete optical
transfer function D (R, z), where z represents the
amount of defocussing, 1s given by

D(R, z) = Dpgo(R) Dpt(R) Dye(R, 2) 8)

where Dgo(R) 1esp Dopt(R) are the OTF’s of the
BSO-crystal resp the optical system used Dyee(R, 2)
represents the OTF due to defocussing

When reading out the BSO with a plane wave with

Fig 5 Fourer spectrum of the lattice shown mn fig 3 after
IC-conversion
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Fig. 6. Modulation transfer function D(10 lines/mm) (apez-
ture ratio 1 4) and sensitivity S i dependence on the crystal’s
thickness d

the assumption of small absorption one will get

df2
2
D(R) =Dpso®Dopt®) 5 [ Daet®R,2)dz  (9)
0
Dyes(R, 2) 15 given by the following formula

Dye¢(R, z) = Jy(2nRz tan ¢')/(2nRz tan o) (10)

o' represents the aperture angle 1n the BSO-crystal
Combining formulas (9) and (10) gives
D(R) = Dggo(R) Dopy(RX(2/d")

X [(@d'/2)Jo(d'[2) +T(0) —Jy(d'[2)

+(d'[2)J(d'[2) H(d']2) - (d'[2)]o(d'/2) Hy(d'[2)},

(11)

where d’' = d 2nR tan ¢’

For practical applications a compromise between
maximum optical transfer function and maximum
sensitivity 1s needed Fig 6 shows a good compromise
for d between 1 mm and 5 mm thickness Our experi-
ments were carried out with crystals of a thickness of
27 mm

3. Experimental results
According to eq (6) the electrooptic effect linear-

ly depends on the applied electric field The sur-
rounding atmosphere hmaits the posstble electric field
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Fig 7 Pressure chamber used The chamber 1s able to endure
10 bar pressure and more than 10 kV/cm

to about 5 kV/cm, otherwise electrical ightnings
could damage the crystal

Because of the small currents (110 A 1n our ex-
permments) 1t 1s not very difficult to produce higher
applied fields To avoid crystal damage in this case
the crystal was put into a pressure chamber capable
to endure a pressure of up to 10 bar. Our experiments
were carried out with a pressure of 3 bar which made
1t posstble to apply an electric field of 10 kV/cm for
further increase of contrast, fig 7 shows the pressure
chamber we used Operation 1n a vacuum of less than
10 ubar should be possible too, the technical realiza-
tion of a pressure of 3 bar seems to be easter,

Figs 8 and 9 show the difference in modulation
caused by different apphed electric fields E, (see for-
mula (6))

Fig 8 Stored picture of a lattice Extant electric field 10
kV/ecm
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Fig. 9 Stored picture of a lattice. Except for the size of the extant electric field (2 kV/cm mstead of 10 kV/cm) all physical con-

ditions are the same as n fig. 8

The response time mainly depends on the illumi-
nance, the applied electric field, and on the wave-
length of the light By illummating the crystal with
an electronic flash we achieved a response time of
about 1 ms

The crystal 1s sensitive mainly to blue-green hght
When using the crystal as an incoherent to coherent
converter this 1s an advantage. The information can
be stored by using blue or green light and can be read
out with red or infrared ight without erasure of the
information

4. Characterization

The new BSO-spatial light modulator 1s charac-
terized by

— High spatial resolution mamnly limited by geomet.-
rical optics due to the thickness of the crystal.

— Response time 100—1 ms, depending mainly on
the illuminance.

— The application of a pressure chamber allows
the use of high electric fields without the risk of
damaging the crystal.

— Maximum contrast 1s limited by the relation be-
tween dark- and photocurrent.

— One material, which 1s as well photoconductive
as electrooptic

— Contrast can be easily reversed.
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