\
2
A

A
A
a

THE ROYAL A
SOCIETY

PHILOSOPHICAL
TRANSACTIONS
OF

) \

THE ROYAL
SOCIETY

PHILOSOPHICAL
TRANSACTIONS
OF

Downloaded from rsta.royalsocietypublishing.org

PGSO THE ROYAL

or—— SOCIETY

Guided-Wave Controlled Etalons
D. Sarid

Phil. Trans. R. Soc. Lond. A 1984 313, 371-373
doi: 10.1098/rsta.1984.0121

i i i Receive free email alerts when new articles cite this article - sign up in the box
Email alerti ng service at the top right-hand corner of the article or click here

To subscribe to Phil. Trans. R. Soc. Lond. A go to: http://rsta.royalsocietypublishing.org/subscriptions

This journal is © 1984 The Royal Society


http://rsta.royalsocietypublishing.org/cgi/alerts/ctalert?alertType=citedby&addAlert=cited_by&saveAlert=no&cited_by_criteria_resid=roypta;313/1525/371&return_type=article&return_url=http://rsta.royalsocietypublishing.org/content/313/1525/371.full.pdf
http://rsta.royalsocietypublishing.org/subscriptions
http://rsta.royalsocietypublishing.org/

Downloaded from rsta.royalsocietypublishing.org

Phil. Trans. R. Soc. Lond. A 313, 371-373 (1984) 371
Printed in Great Britain

Guided-wave controlled etalons

By D. Sarip
Optical Sciences Center, University of Arizona, Tucson, Arizona 85721, U.S.A.
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Optical bistability in a nonlinear Fabry—Perot etalon can be controlled by several
optical beams injected through the edges of the etalon. The control beams, which
propagate transversely in the etalon, modify the refractive index, which in turn
switches the etalon between its two stable states. The theory of operation of the device
is presented, possible logical operations are discussed and experimental results from
using an InSb etalon and a CO laser are reported.
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Probably the most promising application of optical bistability is in the area of optical signal
processing (Jewell et al. 1984; Seaton et al. 1983). Switching light by light requires efficient use
of the switching power. Guided waves provide an effective means of applying the intracavity
intensity needed to switch bistable etalons between their states, independent of the Fabry—Perot
resonances. We have proposed and demonstrated experimentally a bistable InSb etalon at
80 K by using a 5.59 pm CO laser beam in which the switching is controlled by a separate
beam endfire coupled through the edge of the etalon (Sarid et al. 1984). Here we report on
the theory and experimental results of the device and present possible applications for the logic
operations basic to signal processing.

When a nonlinear Fabry—Perot etalon is used as a bistable device in reflection together with
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a control beam, as shown in figure 1, the reflected intensity I, is given by
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(1)

Here I, is the incident intensity, .o is the intensity of an edge-coupled control beam, C;,
C,, F and y are constants depending on the geometry and material properties.The detuning
8 can be controlled by angle tuning or by scanning along a slightly wedged etalon.
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Figure 1. Bistable etalon controlled by two injected beams I, and I, make optical logic operations.
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The concept of controlling bistability by using a guided wave was demonstrated with
the experimental arrangement shown in figure 2. The InSb etalon is n-doped with Te
(4 x 10" cm™3), gold-coated on the back face and cooled to 80 K. A beam from a CO laser
tuned to 5.59 um wavelength is split to form the pump and control beams, which are focused
onto the face and edge of the etalon, respectively. The incident, reflected and control beam
powers are monitored by pyroelectric detectors and displayed on an oscilloscope.
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Ficure 2. The experimental arrangement: BS, beam splitter; L, lens; M, mirror; D, detector.

A typical curve showing the reflected power as a function of control beam power from (1)
is given in figure 3. Experimentally, the incident power and detuning can be adjusted to hold
the etalon at the ‘on’ state (point A); by applying the control beam power, the etalon can
be switched to the ‘off” state (point B).

4
\///] /: Iref A Iref
H |
< ,
S E IincJ l\Icl-l’qICz Cl+cz L“CJ LIC|+Icz Cl+02
% E Icorl, Icorl,
= O
E 8 e 1 S [ U ) N e I

f I i S i | 1 I,

0 1Y e O 1 NN e SN

Ficure 3. Theoretical curves of the reflected intensity as a function of the two control beam intensities, showing
operation in reflection as an (a¢) ‘“AND’ or (b) ‘OR’ gate.
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The advantage of using a beam injected through the edge of the device to control the
switching action is that its effect is decoupled from that of the incident beam. As can be seen
from (1), the control intensity /., serves only to change the detuning of the cavity and does
not influence the reflected beam directly, as does the incident intensity ;.. Also, the guided
control beam is not affected by the resonances of the etalon and therefore is used efficiently.
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Ficure 4. Experimental results showing the chopped control beam (upper trace), response of reflected beam to
control beam (lower trace, shown inverted) and constant reflected beam (12 mW) in absence of control beam
(centre trace). The horizontal scale is 10 ms per division.

The etalon displayed a typical bistable response when operated in reflection. The switching
action of the control beam is shown in figure 4, where the upper trace is the modulated control
beam power, the centre trace is the constant reflected power in the absence of a control beam,
and the lower trace (shown inverted) is the reflected power switched between the ‘on’ and ‘off”
states in the presence of a control beam.

By injecting two control beams into a bistable etalon, such as in figure 1, it is possible to
make optical logic operations. With the device used in reflection and biased to the appropriate
operating point by the incident beam and detuning, ‘AND”’, ‘OR’ and ‘XOR’ operations are
possible, as illustrated in figure 3. In transmission, ‘NAND’, ‘NOR’ and ‘NXOR’ operations
can be made. By fabricating arrays of such devices, more elaborate optical signal processing
can be achieved.
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Ficure 4. Experimental results showing the chopped control beam (upper trace), response of reflected beam to
control beam (lower trace, shown inverted) and constant reflected beam (12 mW) in absence of control beam
(centre trace). T'he horizontal scale 1s 10 ms per division.
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