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Holographic Laser Oscillator Which Adaptively Corrects for Polarization and Phase Distortions
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A solid-state laser resonator is demonstrated which incorporates a real-time holographic element
that corrects dynamically for both intracavity phase and polarization distortions. The results are
compared with those from a holographic laser which corrects for phase distortions but does not include
polarization correction. In comparison to the latter system the polarization correcting laser displays
superior performance and notably, an output beam quality and energy that is insensitive to changes in
intracavity polarization distortions. [S0031-9007(96)01463-9]

PACS numbers: 42.40.Eq, 42.65.Hw, 42.81.Gs

High average power solid-state laser oscillators ardoeam [E;(r)] which can be of arbitrary, spatially
generally limited in beam quality and efficiency due tovarying polarization. A coherent interaction between
thermally induced phase distortions and depolarizationthe pump and probe beams produces population grat-
in the gain medium [1]. The most common approachings (transmission and reflection [20]) in the gain
to reducing these losses is to have a low power masteanedium. One of these gratings, the transmission
oscillator producing a high quality beam, and to use arating formed by beamg&, and Ej, is illustrated in
power amplifier geometry which includes polarization andFig. 1. The combined Bragg-matched diffraction of
phase corrective techniques to reduce the depolarizatiaradiation [20] from these gratings forms a beafi
losses [2] in the high gain amplifiers. Some of thesewhich is the vectorial phase conjugate of the probe
systems use phase conjugate techniques to correct fér, i.e., E,(r) « [E5(r)]*. The use of two quarter-
the phase distortions present in the amplifiers and avoidiave plates to achieve counterpropagating orthogo-
precise alignment requirements [3—5]. nally circularly polarized beams in laser resonators is a

Phase conjugate techniques have also been incocommon technique to prevent spatial hole burning and the
porated in laser oscillators to compensate for phasassociated mode hopping of the lasing frequency [21,22].
distortions in the resonator [6—8]. This Letter presentdn our system, however, it also provides the necessary
results from a laser resonator which, for the first time toconditions to achieve VPC [9] and thereby correct for
our knowledge, incorporates intracavity vectorial phasepolarization distortions within the loop.
conjugation (VPC). Vectorial phase conjugation is an The two laser amplifiers shown in Fig. 1 were flash-
effective way of eliminating both phase and polarizationlamp pumped N&":YAG rods which were time synchro-
distortions in optical systems [9-11] and has beemized and operated at a repetition rate of 10 Hz. The
performed in several different types of nonlinear mediaholographic amplifier had a single-pass small-signal gain
[12-17]. More recently VPC has been demonstrateaf gy ~ 30 and the power amplifier a larger gain gf ~
in inverted Nd":YAG [18] using a four-wave mix- 70. The nonreciprocal transmission element (NRTE) con-
ing scheme presented by Zeldoviokt al.[10] (see sisted of a Faraday rotator (FR) and half-wave plate
shaded area in Fig. 1). In this work, we demonstratdHW?2) surrounded by a pair of Glan-air polarizers (P1,
the scheme incorporated into an adaptive holographi®2). The purpose of the NRTE is to provide near-unity
resonator [19] that uses the gain medium itself as théransmission in the lasing (anticlockwise direction) and
dynamic holographic element to provide -correctionlow transmission in the clockwise direction. The low
for both polarization and phase distortions which areclockwise transmission ensures that, when the system is
present in the oscillator. The operational requirementtasing, beanE, is similar in strength to the pump beams
for the process of VPC in our system also have thgE,, E,) for optimum grating formation in the holographic
effect of Q-switching the cavity resulting in short amplifier. The high anticlockwise transmission ensures
high peak power pulses, and spectrally narrowing thehat the energy is extracted in the anticlockwise (conju-
laser radiation to give single longitudinal mode (SLM) gate) direction. The output coupler (OC) had a reflectivity
operation [19]. of R = 10%. By placing an aperture in the cavity, near

A schematic of the experimental system is shown into the output coupler, the laser was made to operate on
Fig. 1 with the key component, the VPC four-wave mix- a TEMy, spatial mode. This reduced the accessible gain
ing arrangement, highlighted by the shading. This geomevolume and hence the energy available to the oscillating
try uses counterpropagating pump bea(fs, E,) that mode, but stabilized the fluctuations in the output energy
have orthogonal-circular polarization and a probeon a shot-to-shot basis.
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FIG. 1. Schematic of the VPC holographic laser oscillator. OC: output coupler; QW1, QW2: quarter-wave plates; HW1, HW2:
half-wave plates; FR: Faraday rotator; P1, P2: polarizers; NRTE: nonreciprocal transmission element; PP: phase plate.

The holographic laser operates in the same manneptated. At an angle of zero degrees, the probe bgamn
as a previously reported system [19] which did notpasses through an axis of the wave plate and so is not
include the quarter-wave plates (QW1, QW2). Lasingrotated. Therefore, the probe and pump beams are all
action starts from noise with weak gain gratings beingp polarized resulting in the efficient formation of both
induced by the spontaneous emission. These gratingeansmission and reflection holograms [20] and hence,
weakly diffract radiation in the loop, causing enhancemenbptimal lasing can occur producing an output pulse of
of the amplified spontaneous emission flux. Diffracted40 mJ. This is lower than in a previously reported
intracavity radiation that gives constructive interferenceexperiment [19] due to the lower small-signal gain of
to enhance the growth of the grating will be preferentiallythe two amplifiers. As the polarization state of the
selected. This parametric feedback, involving the mutuaprobe is rotated by the half-wave plate, the component
growth of the grating and the fields, leads to the formatiorof p polarization in the probe beam is reduced. This
of a laser oscillator with spatial and spectral selectivity. results in a lower diffraction efficiency of the holographic
Initially, to quantify the effects of intracavity polariza- gain gratings and a reduction in the output energy.
tion distortion without correction, the quarter-wave platesLasing is inhibited when the half-wave plate is rotated
(QW1, QW2) were removed from the cavity. A half-wave to 45° (beamE; becomess polarized and orthogonal to
plate (HW1) was inserted into the feedback arm to act athe pump beams) and no gain grating can be formed.
a polarization distorting element. Thepolarized radi- Figure 2 also shows the energy of the uncorrected
ation extracted at the output coupler and the returnings-polarized) component @, as a function of the wave
s-polarized (uncorrected) component ejected at polarizeplate angle. The periodic variation in energy with the
P1 were monitored for various angles of the half-wavewave plate angle displays twice the frequency as com-
plate and the results are presented in Fig. 2. It can be se@ared to thep-polarized component. This behavior can
from Fig. 2 that the output of the nonpolarization correct-pe explained by noting that, regardless of the polarization
ing system varies periodically as the half-wave plate isstate of the probe;, the diffracted conjugat&, is al-
e Output encrgy ways p polarized before passing through the half-wave
-+ - s-polarised (uncorrected) polarisation plate (HW1) as a result of being generated by diffraction
/] of the p-polarized pump beams,, E,. The ejected (un-
\ corrected)s-polarized component of beal, minimizes

e
N
30 \ / \ when the half-wave plate is af @r 90° (E; is p polari-
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zed) and also falls to zero when the half-wave plate ap-
proaches 49 since lasing is then inhibited. The ejected
s component maximizes at intermediate wave plate angles
where there is a tradeoff between the overall level of in-
tracavity flux, which reduces as the diffraction efficiency
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Angle of waveplate HW1 The polarization-correcting system was then assembled

by incorporating the quarter-wave plates, as shown in

FIG. 2. The output pg-polarized) energy and ejected r; i i
(s-component) energy as a function of the angle of the.Flg' 1. The presence of two, coaligned polarizing cubes

half-wave plate (HW1) for the nonpolarization correcting holo- " t.he. NR,TE ‘?'eﬁ”es the polarizqtion state (I_inear) of
graphic resonator (without the presence of the quarter-wavéf_"dlatlon n th_'S part of the cavity. To achieve the
plates). circularly polarized pump bearfi,, a quarter-wave plate
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(QW1) was placed between the holographic amplifiedepolarizer (HW1) is rotated and cannot, therefore, be
and polarizer P2 and orientated such that the linearlgorrected for by this system. This depolarization is also
p-polarized radiation from polarizer P2 is 450 the present in the standard holographic resonator which does
wave plate axes. The counterpropagating orthogonallyjot contain quarter-wave plates. The effect of thermal
polarized beamE, was achieved by placing another birefringence in the adaptive element could be minimized
quarter-wave plate (QW2) near the output coupler. Théy using a low gain holographic amplifier which would
double pass of the quarter-wave plate (QW2) results ifiurther improve the fidelity of the VPC. The lasing
an orthogonally circularly polarized pump beam at theefficiency could then be maintained by using a higher gain
Nd**:'YAG amplifier, regardless of its orientation angle. power amplifier and any increase in the depolarization due
The orientation of the wave plate could, however, beto this element would be corrected for.
used to control the angle of the linearly polarized output As with the standard holographic resonator, the VPC
beam from the resonator. The pump beamis @nd holographic resonator also has the ability to correct for
E,) are forced to be orthogonally circularly polarized, phase aberrations present in the loop. Figure 4(a) shows
by the presence of the two quarter-wave plates (QP# typical spatial profile of the output from the laser system
and QP2), as this is a necessary condition for vectorialising a charge-coupled device (CCD) camera. To test
phase conjugation to be achieved in an isotropic mediurthe phase corrective properties of the laser, a glass plate
[9]. The output energy and depolarized-folarized) (PP) that had been etched in HF acid was inserted into
component of the VPC laser were then monitored forthe cavity to provide severe phase distortions. In order to
various angles of the half-wave plate, in an identicalprevent the loss of spatial information from the highly
manner to the non-VPC scheme, and the results ardivergent radiation, the plate was placed close to the
presented in Fig. 3. holographic amplifier rod to provide good spatial overlap
It can be seen that, unlike the non-VPC laser, the outpuwith the pump beams. If an appropriate imaging lens
of the VPC laser did not fall to zero as the wave platewas incorporated in the system, to collect the diffracted
was rotated, demonstrating that the laser system adaptadiation, the plate could then be placed anywhere within
to the depolarizing element (HW1). The output energythe loop. Figure 4(b) shows the spatial output of the VPC
varied from an average of 28 mJ per pulse by a standaréser with the phase plate (PP) present in the loop. It
deviation of24%. It is noted that this output is lower than can be seen that the spatial profile of the output remained
the peak output of 40 mJ from the noncorrecting systemunchanged indicating that the phase distortions introduced
This is due to more efficient grating formation when allby the etched glass plate were compensated for. To
the beams are of the same polarization state. indicate the severity of the phase distortions due to the
Figure 3 also shows that there is only a small level ofglass plate, a TEM beam was passed through it and
ejecteds-polarized component and which was relativelythe distorted spatial profile of the beam recorded on a
insensitive to the wave plate orientation indicating goodCCD camera. An example of the distorted beam shape is
polarization distortion correction. The small level of shown in Fig. 4(c) and can be seen to be highly aberrated
ejecteds-polarized radiation can be accounted for by acompared to Figs. 4(a) and 4(b).
thermally induced depolarization of the pump beams in
the holographic amplifier, which does not alter as the
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FIG. 4. Spatial output of the VPC laser, (a) without distor-

FIG. 3. The output energy and-component energy as a tions, (b) when the phase distortions are placed in the loop, and
function of the angle of the half-wave plate (HW1) polarization (c) is the spatial profile of a Gaussian beam after single passage
distorter for the VPC holographic resonator. through the phase distortions.
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