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Antiresonant Ring Interferometer for Laser Cavity' Dumping,
Mode Locking, and Other Applications
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Figure 1. Antiresonant or Cyclic Ring Mirror Configuration

An antiresonant ring interferometer has been
developed which has a number of applications in
lasers. These include coupled laser cavities, variable
laser-output coupling, intercavity harmonic-output
coupling, mode locking, cavity dumping, and pulse
code modulation.

The basic interferometer comprises a beam splitter
and two mirrors M; and M, arranged as shown in
Figure 1. A laser beam incident on the beam splitter is
divided equally into reflected and transmitted
components. The reflected part is incident on M,, and
the transmitted part is incident on M,. This provides a
cyclic interferometer configuration.

The antiresonant ring is particularly suitable for
electro-optic laser mode locking and cavity dumping.
This is done by converting electro-optic phase
modulation inside the antiresonant ring into ampli-
tude or coupling modulation. A phase modulator
giving added phase modulation ¢(t) is placed inside
the ring as shown in Figure 2(a). Waves moving
counterclockwise around the ring are phase modu-
lated by ¢(t) immediately before they recombine at
the beam splitter. At that instant there is a time delay
equal to the ring transit time T before waves with the

same phase modulation traveling in the opposite
direction reach the beam splitter. The recombining of
immediate and delayed phase-modulated signals
leads to a conversion of phase modulation into
amplitude modulation or modulated coupling.

If, for example, the phase modulation ¢(t) is a step
function with a short rise time compared to the
transmission time T around the ring, as shown in
Figure 2(b), the resulting output from the beam
splitter will be a square pulse of duration T-as shown
in Figure 2(c). A phase step of magnitude n will dump
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Figure 2. (a) Antiresonant Ring With Electro-Optic
Phase Modulator, (b) Step Function With
Short Rise Time, and (c) Output of Beam
Splitter. .
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all the energy stored in the ring, after which the
output couplmg will automatically shut itself off. If
the modulator is moved away from the beam splitter
toward ‘the center of the ring, variable pulses of
shorter length can be obtained. If the laser is mode

locked by some other means and the phase modulator

is switched while a mode-locked pulse is inside the
ring, that one mode-locked pulse can easily be
dumped. Repeated switching at a low modulation
level, so as to ‘accomplish” only partial dumpmg of
pulses, might be used to accomplish the pulse code
modulation of a mode-locked laser.
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