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Single-Frequency)-Switched Cr—Nd:YAG
Laser Operating at 946-nm Wavelength

Hua Liu, Osmany Hornia, Y. C. Chen, and Shou-Huan Zhou

Abstract—Single-frequency Q-switched operation in 946-nm HR@946rm  R=98% @ 946 nm
wavelength has been demonstrated by application of a mono- frefime Hreim
lithic Cr—Nd:YAG cavity. In this device, the Cr—Nd:YAG laser . /f\

material performs the functions of light modulation, frequency

stabilization, and polarization selection. The conditions for the o6
. . . . - nm
single-frequency operation and maximum degree of polarization 808 nm
. DIODE .
are discussed. LENS Cr,Nd:YAG

LASER

Index Terms—Passive Q-switching, Q-switching, single fre- Fig 1. Schematic of the experimental setup.
quency.

) . .. saturable absorbers have also been demonstrated by Braun
-SWITCHED lasers are widely used in applicationg; 5| [6] and Zayhowskiet al. [8].
such as laser .rem.ote sensing, laser §ate||ite petworkingm this paper, we report the operation of a diode-pumped
laser communication, and many nonlinear optical exp&ts,nojithic ()-switched Cr-Nd:YAG laser emitting at 946-

iments. Most of the applications require additional propertieg,, \ ayelength. The 946-nm laser has attracted consider-
of the (-switched lasers, such as single longitudinal mOOIg{ble interest for the usefulness of its blue—green second-

single transverse mode, stable pulse shape and pU|SeW'dtrh£Imonic emission in underwater imaging and communication

ultra-compact gnd rugggd pscﬂlators with Some, or a[l, of t plications [9]-[12]. Previously, Fasat al. [9] have done
above properties. In principle, these additional requireme tensive study on the quasi-three-level 946-nm Nd:YAG

can be satisfied by adding intra-cavity components to perforI ers. Room-temperature continuous-wave (CW) operation in
light modulation, frequency selection, polarization selectiog| ' R ; L

" ngle frequency by injection locking [10], by application of a
and transverse-mode control. Each additional component 19 g y by Inj g [10], by app

: o . : ... composite-cavity nonplanar ring cavity [11], and by resonant
vanaply causes additional system complexny and .mStab'“tyéxcitation [12] have also been reported. The effect of aperture-
A simpler approach would be to use a multifunctioned Ias%g

material to perform the functions that are normally done by t iding in a three-level laser has also been studied [5]. The
op : . Y PY Ul 0ad-band saturable absorption of €in YAG covers a wide
conventional laser cavity. An example of this multifunctione

material is the Cr and Nd codoped host crystals in Whic’ﬂaectral range from 900 to 1200 nm [2], [13]. It is of interest to

the tetravalent Cr ions behave as the saturable absorber'%’re stlgate the smgI.e—frequen@-gw!tched- operation at 946
nMm using a much simpler monolithic cavity.

inducing ¢)-switching at 1064 nm [1}-{5]. The distributed sat- The schematic of the experimental setup is shown in Fig. 1.

urable absorber also stabilizes the longitudinal mode throuq;ne output of a 2-W diode laser emitting at 808-nm wave-
the self-induced loss granting [3], provides transverse-mop%gth is imaged onto the Cr—Nd:YAG rod and is absorbed
ol :

control through the aperture guiding [5], and defines the an gt ] . 0
of polarization through the polarization-dependent saturatigiiﬁlr\]a S'lee r;ass. Tr}-fe' ('Zr—tN(iIc.ngt%rzlgtal c_on(t)ainss %n‘lm_l_/o Nd.
power [4], [6]. Indeed, the monolithic Cr—Nd:YAG lasers € absorption coetlicient 0 a nmis 4.1o cm. 10
have been demonstrated to gener&ewitched pulses in reduce the effect of the ground-state absorption ch_lsed_ by the
single longitudinal mode and single transverse mode witht ermally populated lower state of the laser transition in the

high degree of polarization at 1064-nm wavelength [3], [44. 9/2 Manifold, the.lengt.h of the crystal is chosen to be 3 mm.
he laser crystal is polished to form a flat—flat Fabry—Perot

Passively@-switched microchip lasers based on solid-state ™ ; . :
ye P cavity. The mirror facing the pump beam is coated #80%
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Grant N0O0014-96-1-5018, Quantum Electronics Technology, Inc., the N o .
York State Center for Advanced Technology (CAT) on Ultrafast Photon(i;gv46 nm and>50% transmission at 1064 nm.

Materials and Applications at the City University of New York, and the NASA The lasing threshold is reached at a pump power of 1 W

'”S:'”“Lt'_on%' Rﬁsea_mh A‘é"a;d-c h i the New York State G tunder CW pumping. The output power versus pump energy
. Liu, O. Rornia, an . C. en are wi e New Yor ate Center P . . .

for Advanced Technology on Ultrafast Photonic Materials and Applicationg,hf"w."’mtensucS is shown in F'Q- 2'.Above the threshold, the §|0p

Department of Physics and Astronomy, City University of New York (CUNY)gfficiency of energy conversion is 12%. The output consists

Hunter College, New York, NY 10021 USA. _ _of a train of Q-switched pulses. The pulse duration is 4.6 ns.
S.-H. Zhou is with the North China Research Institute of EIectro—Optlcsl, .. . .
Beijing, P.R. China. he repetition frequ_ency is 3.5 kHz when the output power is
Publisher Item Identifier S 1077-260X(97)03765-9. 25 mW, corresponding to a pulse energy qiJ per pulse. As

1077-260X/97$10.00] 1997 IEEE



LIU et al: SINGLE-FREQUENCYQ-SWITCHED Cr—-Nd:YAG LASER 27

35 r 35
] Beoeennn A

30 4 : - 30
] o
] [ =
g s 3
E 5
o o
<

20 ] L 20
g 5
a m
= 15 F1s =
=2 m
E 3
3 104 i <
t E
53 Fs

0- T T T T T 0

05 06 07 08

PUMP POWER (W)

Fig. 2. CW output power (circles) and quasi-CW pulse energy (tri-
angles) versus pump-power characteristics of a monolitiswitched
Cr—Nd:YAG laser operating at 946 nm. The single-frequency (solid lines)
and two-frequency (dotted lines) regions are indicated. The triangles are
experimental points.

the pump power increases, the repetition rate increases, while
the pulse energy and pulse duration remain nearly constant.

The smallest spot size of the pump beam in the laser crystal
is approximately 10Q:m (vertical) x 150 zm (horizontal). A
close examination of the cross section of the pump beam in the
laser crystal using a video camera reveals that the size of the
excited region in the vertical direction remains nearly constant
throughout the cavity, while the size in the horizontal direction
varies from 15Q:m at the input end to 30m at the opposite
end of the 3-mm-long cavity. Despite the rectangular-shaped
excited region, the laser oscillating mode is nearly circular with
a full-width-at-half-maximum (FWHM) beam diameter of 150
pm. The laser operates in a Gaussian-like Tggivhode at all
pump powers.

The experimentally measured degree of polarization varies
from O to 1, corresponding to linearly polarized light, as the
Cr—Nd:YAG crystal is rotated about the [100] axis. For a
given crystal orientation, the polarization does not chan@®. 3. Interferograms of single-frequency (upper) and two-frequency
from pulse to pulse. When the degree of polarization {$§Wwer) lasing spectra.

1, the electric field is parallel to the junction plane of the

diode laser. We have also observed that the highest degreeftitient of the saturable absorption is 0.15 Tm which
polarization also corresponds to the lowest lasing threshottirresponds to an imaginary refractive index ofx110-°.

This phenomenon suggests that the laser cavity contains tWien the laser reached the threshold, the refractive-index
polarization-defining mechanisms. One of the mechanismiep between the bleached and unbleached regions creates a
already known to us is the anisotropy in the saturation powemaveguide. A computer simulation for a rectangular-shaped
of the CEt absorption reported by Eilerst al. [6]. The gain—loss waveguide with a cross section of 100 x 200z m
absorption coefficient of Cr:YAG at 1064-nm wavelengtland an index step of ¥ 10~ reveals that the modal indices of

is isotropic at low powers and becomes anisotropic withhe TE and TM modes differ by ¥ 10~1°, which is too small

a fourfold symmetry about the [100] axis at high powerdo cause any polarization rotation during a nanosecond pulse.
This effect promotes a linearly polarized lasing mode whodée nature of the second polarization-defining mechanism is
electric field is parallel to the direction of minimum saturatiomstill being investigated.

power. There exists a second mechanism of unknown natureThe lasing spectrum is monitored using a 5-mm-thick glass
whose preferred axis is parallel to the junction plane of thetalon with a finesse of 60. When the laser is pumped by a CW
diode lasers. When the axes of the two polarization-definimipde laser, th&)-switched laser output consistently operates
mechanisms coincide, the laser output has the highest degrea single longitudinal mode, without pulse-to-pulse mode
of polarization. hopping for pump powers up to 20% above the threshold.

We have estimated the magnitude of birefringence causéfthout any active temperature regulation for the laser rod, the
by the rectangular-shaped excited region. The absorption é@quency shift at room temperature is less than 1 GHz over
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a 1-min period. A single-frequency interferogram recordesklection. The conditions for single-frequency operation and a

using a charge-coupled device (CCD) camera is shown rimaximum degree of polarization are also discussed.

Fig. 3. The single-frequency operation is attributed to the
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