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Coupling of diode laser arrays with photorefractive passive phase conjugate

mirrors
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An experimental study of the coupling of diode laser arrays to various photorefractive phase
cenjugate mirrors is presented. We demonstrate frequency locking of arrays as well as the

control of their emitted light patterns.

Phase-locked laser diode arrays (LDA’s) are the focus
of intensive research, due to their small size and relatively
high power capabilities.'” For many applications, however,
the requirements of high coherence and singie Iobed beams
have not been met satisfactorily. Several approaches have
been taken to realize these goals. Chirping the gain profile
across the device,”” injection locking,®” and coupling to ex-
ternal cavities with a spatial filter or grating'®'* are some of
these techniques. A theoretical analysis of an LDA coupled
to an external cavity is presented in Ref. 13.

in this letter, we demonstrate the coupling of LDA’s to
various photorefractive passive phase conjugate mirrors
(PPCM’s). We present experimental results of locking two
LDA’s, and show ways of controliing the light field and fre-
quency specirum of an zrray.

The use of photorefractive oscillators and PPCM’s, in-
stead of a regular mirror, to form the coupling unit and the
external cavity, allows ease of alignment and better selectiv-
ity of the LDA’s spectrum (due to Bragg selectivity of the
gratings written in the crystal). Moreover, the photorefrac-
tive oscillation, which is a common light (photons) “reser-
voir” of all the emitters, provides a special coupling mecha-
nism.

The PPCM’s used were the double phase conjugate mir-
ror (DPCM), the semulinear PPCM, and the ring
PPCM.'*'5 In one experiment two LIDA’s were mutually
injection locked by the DPCM in a manner similar to that of
our recent work with argon ion lasers.'® In the present work,
hesides the locking of the arrays, we also controlied the out-
put field of the LIJA by introducing a spatial filter inside the
external cavity. Freguency shifts were obtained with the ring
PPCM by slightly changing the mixing configuration. In
other recent works, phase conjugation techniques were em-
ployed te couple single lasers. Two single diode lasers were
coupled via the ring PPCM"” and twe argon ion lasers with
the “cat’ mirror." In another work, Nd:YAG amplifiers
were coupled by stimulated Brillouin scattering (SBS)."°

The arrays used here were commercial, ten-element,
gain-guided devices (Spectra Diode Labs, model SDL-2410-
C) without antireflection coatings operating near 800 nm.
Typical threshold currents of the arrays were about 200 mA
and the output powers for driving currents of 300 mA were
about 100 mW (cw operation). Under regular conditions,
both arrays lased in the preferential highest supermode (an-
tiphase between neighboring emitters) with a twin-lobe far-
field pattern.?®

The setup for the injection locking experiments of two
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LDA’s coupled to the DPCM is shown in Fig. 1. In the
DPCM, two input beams, which can originate from different
lasers, pump a photorefractive crystal. Two other beams,
which are phase conjugates of the pumps, are produced si-
multaneously by an efficient four wave mixing process. As
shown in Fig. 1, light beams from two LD A’s were focused
onto opposite sides of a BaTi0, crystal in a DPCM configu-
ration. The crystal was held in a cuvette and immersed in an
index matching cil. Its dimensions were 7 X 6x 3 mm®. The
basic experimental configuration was the same as described
in Refs. 15 and 16, except for slightly smaller angles between
the two input beams, This maintained the same optimal grat-
ing period despite the longer light wavelength. Both beams
were extraordinarily polarized, and the crystal’s ¢ axis was
along the 2 direction. The spectrum of the LDA was moni-
tored with a2 monochromator, using refiections from the cu-
vette. A beamsplitter, positioned in the left arm between
EDA-1 (which wil! be referred to as the “slave” laser) and
the crystal, was used for recording the far-field pattern of the
slave LDA (with 2 scanning slit) as well as the phase conju-
gation reflectivity. One of the two lobes of LDA-2 (the
“master” laser) was blocked. A variable slit (VS) was posi-
tioned in the left arm between the beamsplitter and the crys-
tal.

We noticed a considerable increase in the phase conju-
gation reflectivity when one of the slave’s lobes was also
blocked. This might be due to the fact that when both lobes
are present, the near field of the LDA is imaged into the
crystal, thus forming an additional grating which competes
for the crystal gain with the self-induced grating (the grating
which is responsible for the two laser’s beam coupling). This
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FIG. 1. Schematic of the experimental setup for the injection locking experi-
ments: LDA—laser diode array, L—lens, BS—beamsplitter, VS—variable
slit, C—crystal, B—blocking unit.
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causes a reduction in the overall diffraction efficiency and
the phase conjugation reflectivity.

In the first experiment, we studied the spectrum of
LDA-1 under the injection of an external beam originating
from LIDA-2. Both arrays had one lobe blocked, as explained
above. The slave was operated at 1.1/, ( ~ 10 mW ) and the
master at 1.37,, (~350mW}. (J, is the threshold current of
the free-running array. After locking, it usually decreased to
about 90% ofits original value. } The intensity of the injected
beam at the facet of the slave was 10 mW. The spectra of both
arrays, prior to and during locking conditions, are shown in
Figs. 2{a) and 2(b), respectively. The slave, operated near
its threshold, had only one longitudinal mode. The broaden-
ing and the fine splitting structure of this single mode indi-
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FIG. 2. Spectra of the two LDA’s (a} prior to tocking and (b} during lock-
ing.

cates that the array lased with a superposition of several
supermodes.?! The master laser had four narrower longitu-
dinal modes, and seemed to lase with only one dominant
supermode (the highest one). Puring locking, the slave’s
spectrum was shifted by 12 A towards the master. The mas-
ter’s spectrum became narrower with only two dominant
modes. The slight shift of the oscillation’s longitudinal
modes is probably due to different internal cavity lengths of
the two arrays. This may be eliminated by using an antire-
flection coated slave laser and single mode master laser.

A basic advantage of our technigue is the complete spa-
tial retrieval of the reflected feedback to the laser array due
to the phase conjugation property. This does not prevent the
mutual intercoupling of the laser channels of the array. The
common PR osciliation of the PPCM provides the needed
photon sharing and coupling mechanism.

A similar configuration to Fig. 1 was used to study the
far-field pattern of the slave LD A under locking conditions.
Here the varisble shit (VS) was used to block symmetrical
portions of the two lobes of LB A-1, thus introducing losses
for the higher supermode.'! We started the DPCM oscilla-
tion with both lobes exposed. The slave operated at
1057 5 (~ 10 mW) and the master ai 1.35F , { ~50 mW).
As explained above, the oscillation was not efficient under
these circumstances, and the injected power at the slave’s
facet was less than ! mW. Gradually narrowing the aperture
of the variable slit (decreasing d in the figure) caused an
efficient osciliation to build up and an increase in the injected
intensity, reaching a point in which the array switched to the
single lobed mode of operation. The far-field patterns prior
to and during locking are shown in Figs. 3(a) and 3(b) re-
spectively. The typical angle full width half-maximum for
the single lobed far-field pattern was 1.5°-3°. This indicates
the possibic cxisterce of several low-order supermodes.'’
The injected intensity at the facet of LDA-1 increased to 5
mW, due to efficient mixing in the crystal resuliec from the
disappearance of the parasitic grating. We stress that in con-
trast to previous reported results,> the single lobe, under
injecticn locking, was centered around the facet’s normal.
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FIG. 3. Far-field pattern of the “slave” LD A for (a) free-running operation
and (b) with external feedback from the DPCM filtered by a variable slit.
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FIG. 4. Schematic of LDA coupled to the {a) semilinear PPCM and (b)
ring PPCM (symbols as in Fig. 1).

Another interesting point is that after efficient oscillation
buildup, it was possible to remove the variable slit (VS) and
stiil have the single lobed far-field pattern. This is due to the
higher gain for that operation mode introduced by the wave
mixing in the crystal. Increasing the LIDA-1 current sus-
tained the locked position till 1.2F,, where the array
switched again to a combination of higher supermodes, with
a twin lobed far field. This may be due to the increase in
evanescent coupling between the emitters, as a result of the
higher current, which then dominates with respect to the
external coupling. We believe that an LDA with weak cou-
pling between the lasing channels should give even better
results.

We also operated the LDA with other self-pumped
PCM configurations, the semilinear and ring PPCM’s, as
shown schematicaily in Fig. 4. These two configurations are
of more reminiscence to an external cavity coupling since
both devices are passive in nature. The phase conjugation
reflectivities were 5% for the semilinear PPCM and 109 for
the ring PPCM. Taking into account the blocking and Fres-
nel reflections, the ratio of the refiected field to the output
intensity of the LD A was less than 3%. For both PPCM’s we
noticed considerable changes in the far-field pattern as a
function of the blocking position, but not a single lobe, We
were able to control, however, the LDA spectra by slightly
changing the ring configuration. Shifts of 15 A were ob-
served. This effect has been reported for regular diode la-
sers.”” We also achieved switching of the LDA from multi-
longitudinal mode operation to a single longitudinal mode.
These results will be reported elsewhere.
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To summarize, we have studied the coupling properties
of laser diode arrays to photorefractive PPCM’s. We suc-
ceeded in locking two different arrays and demonstrated the
control of the array’s light field structure and spectra. Cur
results suggest ways to lock several arrays together and to
contro! their far-field patterns.
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