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We have proposed two schemes of all-optical polarization control with optical
nonlinearity of chiral media. One is the nonlinear polarization change caused by circular
anisotropy of the nonlinear refractive index. The other is the nondegenerate scheme of all-optical
polarization control by combination of linear optical rotatory dispersion and nonlinear refractive
index. Both methods underlie an optical Kerr shutter which is operable by colinearly polarized
two beams. We demonstrate optical Kerr shutter and optical XOR using a solution of chiral
materials. We also show the device structure could be very simple, and show the idea of devices
which could be called all-optical spatial processing plate.

LINTRODUCTION

Conventional Optical Kerr shutter(OKS)
system has three directional polarization
beams, vertical probe, 45 ° pump and
horizontal signal beam. Intensity dependent
polarization self rotation must use the
elliptically polarized beam?. Chiral material
has circular anisotropy (optical activity)
which causes the optical rotatory power and
its wavelength dispersion(ORD). We have
researched different two schemes which are
all-optical polarization control with colinearly
(same directional linearly) polarized lights by
combination of the chirality and the nonlinear
refractive index. If OKS were operable with
colinearly polarized pump and probe beam,
device structure could be made very simple.
First scheme is using the circular anisotropy
of the nonlinear refractive index (Chiral
nonlinearity)?. Second is a nondegenerate
scheme with the combination of ORD and
nonlinear refractive index(ORD-NLO)®. In
this paper we report the principles and the
demonstration results of the OKS using the
solution of chiral materials about each
method. We also discuss the device
applications.
2.CHIRAL NONLINEARITY

A chiral molecule has the optical isomer.
We have (+), (-) media at the chiral media, and
also have racemic media(*) which contains
the equal amount of (+) and (-) molecules. The
optical rotational angle is,
n=(z 1L~ 2)(L—-nr). 2.1)
where 1 is path length , A is wavelength and
n. and nr are the refractive indices for left (1)

and right (R) polarization component. (+) and
() media have optical activity, and (-)
molecule is the mirror image of (+) molecule.
Optical activity is kept even in a medium
composed with random directional molecules
such as liquid or doped polymer. The
relationship of refractive indices are,

nL®=nrO#ng®=nL" (2.2)
and,

nH=—n0 (2.3)
therefore, racemic media are optical inactive.

When linearly polarized intense beam

irradiate the sample, refractive indices are
changed, and magnitude of the change for L
and R polarization 1is different. Then
nonlinear rotational angle is

SN a= (1.7 A) n2chinp, (24)
where ngchi = (n2n. — ner), nz is nonlinear
refractive index, subscript, L, R means for L
and R polarized light respectively, Ipp is pump
intensity. In optical active media ns.7 ner and
OKS is operable with colinearly polarized
beams, and also intensity-dependent-self-
polarization-rotation can be occurred by
linearly polarized light.

We have demonstrated OKS with colinearly
polarized beams using the solution of some
helicenes. In this paper we show the
experimental result using the 0.05wt/vol%
(bmg/10ml) THF  solution of thia-
undecahelicene ( TH[11] ) at the resonant
region. The solution of (+), (-) isomer or (%)
mixture is used with 2mm path. To avoid an
ellipticalization of probe beam and to detect
the polarization change sensitively, we set the
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Fig.1 [Hustration of structure (a) and CD spectrum (b)
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Ih !*‘ ' @ SIGNAL
PROBE SAMPLE l

N w

T T
»om
"313

\.\

‘\\

. ®
1 PR

st
T
&
L

SIGNAL INTENSITY

(sighg) 2 x103

T 4y | L
5 10
PUMP INTENSITY { MW/cim? )

Fig.2 Pump intensity dependence of Isig of THF
solution of TH[11]s.

wavelength 444.5nm at which CD spectrum
cross to zero.

Detail of experimental setup is the same as
that reported in ref.2 except for wavelength.
Ilustration of colinear OKS is shown in fig.2.
The signal intensity Isig is expressed with
nonlinear rotation angle & 7 a as,

(Lsig/To)2=[sin| & n n | |. (2.5)
where I, is the total intensity of the
transmittable probe beam. Fig.2 shows the
result of pump intensity dependence of signal
intensity. OKS signal is clearly observed in (+)
and (-) media. (but signal is not observed in
recemic media.) This is the evidence of chiral
nonlinearlity. The nonlinear refractive indices
effective for chiral nonlinearity nahi is the
order of 10-14(cmZ/W) (a=12cm'). We also
examine some more helicenes, but all «a
normalized nzchi are the order of 10-15(cm3/W)
which containes at largest few percent of OKS
effective ns.
3.0RD-NLO

Optical rotatory power has a wavelength
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Fig.3 Schematic diagram of ORD Kerr shutter.
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Fig.4 | Anoldependence of R of 4% optically active (6]
solution in CSz. Solid curve is calculated value. Probe
wavelength is fixed at 450nm.
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dispersion. When colinearly polarized two
beams each having a different wavelength are
introduced into optical active medium, the
angle © between two polarization planes is
generated while both beams are traveling
through the medium. If this medium has a
nonlinear refractive index, OKS could be
operated. Schematic diagram of the ORD-
Kerr shutter is shown in fig.3. In this case
pumping angle 0 is in propotional to z position
(z=0 at the entrance of sample). Then
perpendicular component intensity of probe
beam Isig can be expressed using OKS
effective nz2 as (see ref.3),

|(eiglo) 2T Jorn =7 1/ A o* R In2l, (3.1)

where
R=[(1—cos2Ano) 2An,l, 3.2)
where A7 o=7 probe — 77 pump is the difference of
angles at the exit. Let’s compare eq.(3.1) with
the equation of 45° OKS.

[(Isig/Io)”2/Im ]45° = 1/4q ing|. (33)
The eq.(3.1) means ORD-OKS utilizes |nzl
with the efficiency of R.

Detail of experimental setup is reported in
ref.3. We use CS: solutions of hexahelicene
( [6]) of 4wt/vol% with a path of 2cm as the
sample. Solution of optical active (+),(-)-[6] is
used for ORD-OKS, optical inactive (*)-[6] 1s
used for 45° OKS for comparison. We measure
the pump intensity dependences of Isg on
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ORD-OKS signal is ¥
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eqs.(3.1) and (3.3).
Probe wavelength is
fixed at 450nm, then
A7 ocan be determined Fig.5 Definition of axes.
from pump wavelength
(see fig.3). We measure the A7
dependence for R varying the pump
wavelength, Results is shown in fig.4. The
solid curve shows calculate value. Theoretical
analysis show the maximum R value of 0.72
at | Ano.1=66.5", and the experimental result
shows good agreement with calculated value.
After all, the ORD-OKS is comparable to the
conventional 45° OKS having 0.72 times of the
Inz| value.
4. APPLICATIONS OF DEVICE
4.1 ORD-XOR

OKS 1is useful not only simple switching
device but various all-optical signal
processing. For example G.Jonusauskas et al.
demonstrated a very fast OKS in which Kerr
signal was canceled by delayed pump beam?¥.
OKS with the plural pump beams enable the
all-optical operation. If we set the threshold
correctly, logical operation could be realized.
Before the subject, let's consider the OKS
with two pump beams which have +45° and
-45° polarization from probe polarization
respectively (fig.5). Then x and v components
of the electric field are
Ex=1/2( £2e1"2t5in45" - € 1e1"1'sin45" +c.c.).
Ey=1/2( € oei®ot+ £9e1°2tcos4h’

+ &1e-11tcos45° +c.c.). 3.D
where subscripts 0,1,2 mean for probe, pump1
and pump2 respectively. Then x component of
nonlinear electrical polarization at the
nonresonant region in isotropic medium is

Px(w0)=3/2] x @ xxyy(—wo; w2,— @z, woy | €212
= X Oxxyy(—wo; W1,— 1, o) | €1]7]
X 1/2( peit+c,c.). (3.2)
When we can ignore the wavelength
dispersion of nonlinearity, perpendicular
component intensity of probe beam is ex-
pressed by using pump intensities It and Iz as
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Fig.6 Experimental setup of XOR operation using ORD-
OKS P:polarizer,A:analyzer, F:color filter.
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Fig.7 Signal of ORD-XOR output. 1-4 are shiftted
respective 2ns to avoid to overlap the waveform

Tx(wo) =< (11-12)2 3.3)
The output is the result of XOR operation
between pumpl and pump2 on a condition of
Ii=Is. These polarization state can be realized
with very simple set up by using the ORD-
NLO. Where pump 1,2 and probe wavelength
are selected as Ani=—A7:, where Ani1=7:
-n0.An 2=n 210 When linearly polarized
three beams having same polarization are
traveling through the medium, polarization of
pumpl and 2 are to make angle from probe
polarization, which are same magnitude and
opposite sign. We can imagine the scheme of
ORD-XOR by adding the one more pump
beam to fig.3.

Experimental setup is shown in fig.6. We
use for pump beams the signal (490nm) and
idler (1288nm) beams of OPO laser (GWU
BBO-OPO) pumped by THG of Nd:YAG laser
(Lumonics Y400). and use for probe beam
the dye laser (558nm). Pulse width is 7ns and
repetition rate is 10Hz. Two pump beams and
probe beam are overlapped by dichroic
mirrors M1 and M2, and linearly polarized to
same orientation by polarizer P. The beams
are traveling through the sample, and pump



ORD-NLO material
Pump cut Filter plate
Polarizer ~ Analyzer

Probe o
0 Pumpl A,
— Pump2 A,
 —

Fig 8 lllustration of all-optical spatial XOR system.

beams are cut by color filters F1 and F2.
Probe beam is blocked by analyzer A under no
pump beam. The signal beam passing
through A is detected by photomultiplier PD1
(Hamamatsu R955) and digital oscilloscope
(HP54502A). Sample is 3.45% CS2 solution of
(+)-16] with path of bem. The rotational angle
is 70=90" at 558nm, is 7:=158" (A72=68") at
490nm, and 71 is about 22°(A7n 1=-68°) at
1288nm. Output signals are shown in fig.7.
Intensity of pump2 is adjusted by ND to make
the same signl level on pumping with pump1.
On the pumping of both pump1 and 2, signal
level is decrease to less than half. This is
considered to be XOR operation although it is
imperfect. We confirm that this decrease is
caused by polarization change on the
measurement with elliptical polarization bias
in probe beam. Then imperfection of XOR
operation can be thought to be caused by bad
profile of pump beams.
4.2 APPLICATION OF DEVICE

We have demonstrated OKS with the
colinearly polarized beams. We show in this
sub section why colinear scheme is
advantageous by showing the idea of device
applications. Fig.8 shows the illustration of
the ORD-XOR system. Colinear polarization
scheme make possible only one polarizer
system for input beams. This means the parts
from polarizer to analyzer can be united in
one device, which could be called all-optical
spatial processing plate. This structure
cannot be realized without colinear
polarization scheme. ORD-NLO is also
possible to another applications. If this plate
is introduced into laser cavity, logical

operating results will function as Q-switch.
Then the device is added threshold and
amplifier function to the basic operation. The
spatial analogical subtraction device is
obtained by adding the elliptical polarization
bias to this plate. And optical FM-AM
converter is obtained by using the frequency
modulated pump beam, in which pumping
angle is changed according to the frequency
modulation. Thus these device are
constructed with plate structure which could
be called all-optical spatial processing plate.
5.CONCLUSION
We confirmed the OKS and XOR operation
with colinearly polarized beams by using the
nonlinear media having chirality. We showed
the devices could be constructed with very
simple plate structure by using colinear
polarization scheme. But to realize these
device, we need the more efficient material for
nonlinearity and optical rotatory power. It is
also subject that we study to induce the
chirality in efficient nonlinear material.
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