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# 1 Er, Yb: YALy(BO,), F1iti3 HBsER th TN T 1 RE bb 3
Tab.1 Comparison of properties of Er, Yb: YAlL;(BO;), and co-doped phosphate glass
Thermal conductivity/ Emission cross section/ Absorption cross section/ Phonon energy/
Wm K cm- cm’! cm’!
YAL(BO;), 4.70 1.7 3.0 1400
Glass 0.85 0.8 1.0 1200
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Fig.2 Theoretical simulation results. (a) Simulated light spot when the
polarizer angle is —10°% (b) Simulated light spot when the
polarizer angle is 10° (Define the minimum power Glan-prism

angle as 0°)
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Fig.3 Experimental device diagram = g: :
22 THER T
S VO Y 2 D Bk R R A S i 4R T DOE F 270°
(PER) 7TE ﬁ ’ﬂﬁ o ﬁu /A :Tit (6) F)f /T\‘ ) WE EHI:Q /‘ﬁ 7“6 Hﬁ /THE X j‘j Linear polarization
P TE S R 7 ) L 9 Y0132 L, S0 dB. " e
PER = 10 X1 (Pyax/ Prin) (6) 10
0.8 1
WA 4(a) iR, SR IS ST R ME IS, OB a3 0.6 1 150°
A B K DR (7 A B TR, E i R £ 049
Z 02 -
OB BRI g ok r ) £ ]
)5 R 0°, 3 B 7 17 4 90°), AT L Hi il H 6 R % :@) 02 -
I ] 09 (AR, 1 PER {4 2 dB, J#B4> Eodqy
0.6 1
. 7 SO AEHE I7 1 = i, 5o A 7 .
AR T AP TR ey ~PPTET o 20 X v R R A B Y 1.0 A

FRE, (A ARG B x-y T S IR ME A, R L
OGRS AT R MR AT . W&l 4(b) Fiw,
SCEL T WA R IR ) A2 AR G . AR L AR A
SRR A, B8 UE T 3K 9 2 i 41 5 14 D B ) 40 51 A
40°F1 130°, #1 H.1E 3¢, HIH PER #2421 dB,

B S R T 2440 ARG B & %l 6% i), &
PRS2 e bR, WA ELEAR IR T B R s i R
PRARAERBOCTERE . 76 A2 R 10%, B A MR
100 Hz 1 e 7 22 8 W M 45 1, 280 1 T3 T &
1.9 W OGS S R TR e o 8 I (o Ak
ST A SRR AR P PO G BN, SF- 2o ) e i A 2R
WUPRE LR, W& STTLUE 1, BB H H
i e B M T A3 O IR TG AR T ) R R
3.5 W i, Hoh &k 135 mW., 1 X T 18 i i s s
PRI 40°F0 130°Z RO, 78 RIS YI R T,
Hy &350 127 mW AT 125 mW ., XF T R R
] A R A IR AR A, e K Hh D 3843 SR B s RS
T EAEYI R 93.3% F1 92.5%, 1 B0 1 51 ARy
PAFEAR /N

270°
[l 4 (a) H ABHEFN (b) LAniRiz Fe i I3 — 16 A 5T D2 BEAS it 5 £ 1
Y PRI
Fig.4 Normalized transmission power as a function of polarizer angle

for (a) free running operation and (b) linear polarization operation
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Fig.5 Relation between output power and pump power for free

operation and linear polarization operation
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Fig.6 (a) Spectrum in free-running operation; (b) Spectrum of linearly

polarized
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Fig.7 Laser spot at different angles of the Glan-prism. (a) Glan-prism

angle is —10°; (b) Glan-prism angle is 10° (Define the minimum

power Glan-prism angle as 0°)
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Polarization manipulation in a quasi-continuous
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Abstract:

Objective By constructing a resonant cavity model, the theoretical calculations reveal the spot singularity
feature after coherent superposition of two intrinsic modes in an isotropic solid-state laser. And it is
experimentally verified for the first time that the polarization state of the 1.6 um output laser can be effectively
manipulated in diode-pumped quasi-continuous c-cut Er,Yb: YAI;(BOs), lasers without using any specific
intracavity optical polarization selector element. The transformation from a partially polarized state to a stable
line-polarized state with a switchable orthogonal special case of line polarization direction is achieved, all with a
polarization extinction ratio of 21 dB. It is also verified that the line-polarized output of the laser originates from
the coherent superposition of two orthogonal eigenmodes by spot comparison. This thesis provides a reliable
scheme for the direct output of line-polarized light from c-cut Er,Yb: YAl;(BO;), lasers with the modulation of

polarization states.

Methods The resonant cavity model is shown (Fig.1), where 6 is denoted as the angle between the coordinate
systems of the intracavity loss anisotropy Ag and the phase anisotropy At. The experimental principle diagram of
the c-cut Er,Yb: YAIl;(BOj3), polarization controlled laser is shown (Fig.3). The laser cavity has a length of
approximately 32 mm, and the laser crystal is mounted on a water-cooled copper heat sink at 288.1 K. The output
laser beam is split into two paths using a beam splitter (Splitter). In one of these paths, a Glan-Laser prism is
employed as a polarizer, and a laser power meter (Thorlabs, Inc.) is used to measure the laser power after passing
through the polarizer. Both measurements are utilized to determine the polarization state of the laser output. The
other output laser uses an infrared camera and a spectrometer to detect the beam quality and emission wavelength
of the output laser with different polarization states. In the experiment, by re-aligning the resonator, the output
coupling mirror is slightly tilted, and the polarization state of the output laser is transformed from unbiased to

linear polarization state, and the maximum polarization extinction ratio of linear polarization output is up to 21 dB.

Results and Discussions By re-aligning the resonator, the output coupling mirror is slightly inclined, and the
output laser polarization state is linearly polarized, and the polarization direction can be a set of orthogonal
directions, and the polarization extinction ratio can reach 21 dB (Fig.4). Measurement of output laser wavelengths

in different polarization states is carried out by spectrometer. When the polarization state changes, the center
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wavelength of the output laser fluctuates around 1 602 nm, with a maximum variation of less than 1 nm (Fig.6).
The laser spot is detected after passing through the analyzer. When the angle of the Glan-prism is 0°, the laser
power through the Grand prism is minimum. And when it is rotated and shifted by 0°, the line polarized light
passes through the Glan-prism and the spot shows an elliptical distribution. And when the offsets are equal but in
opposite directions, the ellipsoid-like spots can be observed, whose long axes are orthogonal to each other. The
essence is that two orthogonally polarized eigenmodes undergo coherent superposition to produce a linearly
polarized light output (Fig.7). Measurement of the beam quality factor M* of different polarization states of the
output laser is carried out by beam quality analyzer. The beam quality factor M of the partially polarized laser
output when the laser is running freely and the linearly polarized laser output in two different polarization
directions is maintained at about 2.0, and there is no obvious difference in beam quality degradation when the

laser output linearly polarized laser (Fig.8),

Conclusions In this study, theoretical calculations are performed by constructing a resonant cavity model to
simulate the singular features of the spot profile after coherent synthesis of the intrinsic mode. And it is
experimentally verified for the first time that in a quasi-continuously pumped c-cut Er,Yb: YAl; (BO;), laser
operated at 1.6 um, the polarization state of the output laser can be switched from a partially polarized state to a
stable linearly polarized state by adjusting the degree of tilt of the output coupling mirror, and the polarization
extinction ratio reaches 21 dB, with a pair of orthogonal linear polarization directions that can be switched. In the
process of adjusting the angle of the output coupling mirror, the output band of the output light is not changed,
and the loss of output power of the generated linearly polarized beam is around 7%, while the quality of the beam
in different polarization states does not change significantly. By spot comparison, it is verified that the direct
output of line-polarized light from the laser is achieved by coherent synthesis of two orthogonal eigenmodes. This
method provides a reliable solution for the direct output and modulation of line polarization of c-cut Er,Yb: YAl

(BO3), and other isotropic lasers.

Key words: solid-state laser;  polarization manipulation;  c-cut Er,Yb: YAl;(BOs),;  quasi-continuous
pump;  beam profile
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