October 1988 / Vol. 13, No. 10 / OPTICS LETTERS

889

Optical thresholding and switching using a fiber-coupled

phase-conjugate mirror
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A fiber-coupled-ring passive phase-conjugate mirror is used to achieve mutual thresholding free of bistability effects
and to obtain switching among several mutually incoherent light beams.

Progress in optical computing and data processing has
created a demand for all-optical switching and thresholding devices.

Among the possible applications are

beam steering and routing of optical signals in fiber
communication networks and holographic associativememory systems. 1'

2

Several thresholding configurations using photore-

fractive crystals have been reported. 3 - 6 These systems are limited to one signal beam and usually exhib-

y) polarized, with no difference in the thresholding
characteristics between the cases and with good recovery of the input polarization for the reflected phaseconjugate beam (because of the small input N.A., the
fidelity of the restoration is ensured; see Ref. 7 and
references therein for more details on this issue).
The mode-scrambled depolarized light diverging
from the output end of the fiber passes through a
horizontal polarizer (p) and is focused into a BaTiO 3 -

it hysteresis behavior (bistability).
Recently it was shown7 that a multimode-fiber-coupled phase-conjugate mirror (PCM) can phase conjugate any input field of limited N.A., restoring the input
polarization state,8 in the presence of both reciprocal

ring self-pumped PCM,13 with a beam diameter of 1
mm at the crystal. The phase-conjugate beam propagates backward through the fiber and then is detected

for channeling temporal information among several
mutually coherent inputs.11
In this Letter we propose and demonstrate that a

It is seen that at intensities (I,) smaller than approximately 2 mW/mm2 the reflectivity is not saturated
(owingto the effect of large dark conductivity).
The threshold behavior is demonstrated in Fig. 3.

and nonreciprocal (e.g., magnetic 9 and amplitude 1 0 )
distortions. We also demonstrated how it can be used

similar configuration can be used for an all-optical
thresholding purpose, in which each of the (possibly

many) input beams that are coupled to the fiber can
play the role of either a signal beam or an erasure
beam. The phase-conjugate signal is free of hysteresis
effects, and such a device can also be used for steering

(or switching) the output to different directions.1 2
The experimental

setup is shown in Fig. 1. Two

mutually incoherent input beams are focused into a
multimode graded-index fiber (length >40 cm); each
beam has an incidence angle between 00 and 100 and a
separation angle 0 < 200. The fiber N.A. is 0.3. The
N.A. of each of the input beams is approximately 0.03.
The input beams are either x polarized or cross (x and
BS3

Ar+ion laser

Beam 1

by either of detectors D1 or D2 . Detector D 3 monitors

the input power at the crystal. The fiber transmittance is identical for both beams (40%).
The reflectivity of Beam 1 alone is shown in Fig. 2.

The input power of Beam 1 is held fixed (Pi = 3 mW),
while the power of Beam 2 (P2) is increased, starting
from zero. We see that as long as P2 <<P1 , only Beam
1 is phase conjugated. When P 2 >>Pi, only Beam 2 is

phase conjugated. The reflected output field is a true
phase conjugate of the stronger input beam, free of
cross talk from the second beam. It should be emphasized that there is no a priori distinction between the
two beams as far as the threshold

beam or a signal beam, depending on the specific ap-

plication. It is therefore also possible to use this con-
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cerned; the roles of Pi and P 2 are interchangeable, and
each of them can be regarded as either an erasure
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Fig. 1. Experimental setup of a two-beam thresholding device. BS's, beam splitters; L's, lenses; M's, mirrors.
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Figure 5 shows the dependence
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Fig. 2.

of (P2/Pl)th (the

point where the reflectivity drops to 10%of the maxi-

Measured reflectivity of Beam 1 as a function of the

input intensity to the crystal. Beam 2 is closed in this case
(P2 = 0)-

1.0

0.8

(P1 ). It is seen that the threshold ratio tends to saturate to a fixed value beyond 5-mW input power to the
crystal.
The experiment was repeated with three mutually
incoherent beams simultaneously coupled into the fiber. When P1 > P 2 + P 3, only Beam 1 was reflected
back with a full recovery of its properties, while P2 and
P3 , being below threshold, were not reflected.
When one or more of the input beams carry spatial
information, the thresholding acts globally on the
whole spatial profile. Only if the total power exceeds
the threshold value is this picture phase conjugated in
its entire spatial structure. (The fidelity of reproduction is limited, however, by the input N.A.14 High
fidelity could be obtained by using a polarization-preserving phase conjugator'5 after the fiber.)
The basic features of the results shown above can be
explained by a phenomenological model, according to
which each beam serves as an erasure beam for the
other. In the case of one uniform (plane-wave) beam,
we can show that the reflectivity of a ring self-pumped
PCM is given by
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Fig. 3. Reflectivities of Beam 1 (RD) and Beam 2 (R2 ) as
functions of (P 2 - P1 ). R1 is normalized to 1 when P 2 = 0,
and R2 is normalized to 1 when PI = 0.

figuration for switching purposes; the output of the
system can be steered from the direction of Beam 1 to
that of Beam 2 simply by changing the input ratio of
the two beams. A further advantage is that it is the
input power ratio, not the intensity ratio, that is important. Both beams, after propagation and intermodal scattering in the fiber, occupy the same modes, so
that the interaction in the crystal is independent of the
initial conditions. For example, the input beams can
be of different diameters, incident from different angles, and spatially modulated. We emphasize that
these properties are a direct consequence of the use of
a multimode fiber, which permits the complete overlap of the different inputs while preserving the original
initial conditions on reflection.
Figure 4 shows the experimental results of Beam 1
reflectivity (Rl) for several fixed values of input power
PI as a function of the input power ratio P2/P1 . These
results were achieved independently of the direction
of change of P2 and the initial condition. We notice
that for each P1 there is a threshold

ratio beyond

as

0.8
P2 /P,

Fig. 4.

Experimental results of the reflectivity of Beam 1 as

a function of the input power ratio of Beam 2 to Beam 1 for
several values of Beam 1 input powers (P1 ). The results are
normalized to 1 when P 2 = 0.
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Fig. 5. Dependence of the threshold power ratio (defined in

R, is almost linear in most of the cases.

the text) as a function of Beam 1 input power (P 1).
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the theoretical predictions as given by Eqs. (1)-(3)
(with I2 #=0). By comparing Fig. 4 with Fig. 7 we can
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To conclude, we have shown how a simple all-optical
thresholding and switching device can be obtained by
using a fiber-coupled PCM.
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Fig. 7. Theoretical curves for the normalized reflectivities
of Beam 1 as functions of Beam 1 to Beam 2 power ratio, with
M = 0.65, 'yol= 2.4, and Ud/Up (P 1 = 1 mW) = 0.5.

R =

T 2 (1 + M)2 [1 + M1/2(1 - T2 + MT 2 )112 ]
4 t
(1 + MT 2 )2

-(l-M)2 ,

(1)

where M is the feedback parameter (total round-trip
loss) and
T = tanhl /2-yol[4Rj + (1

-

2 1

M) ] /2/(1 + M)}.

(2)

We assume that Beam 2 erases the grating created by
Beam 1 and reduces the effective coupling,
Yeff= YI(A1 + I211 +
Ud
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2.
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is the dark conductivity

(3)

ud/up)-

and

Up

(c<I) is the

photoconductivity induced by the signal beam. Figure 6 shows the theoretical reflectivity of a ring selfpumped PCM1 3 as a function of -yol, when M = 0.65
and Ud << Up. It is seen that if yol is smaller than
approximately 3, a decrease of -yleads to a decrease of
the reflectivity, and the threshold value is lYth = 1.12.
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