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Fig. 1
(a): Xenon lamp pumped Er : YAP crystal;
(b): 962 nm LD pumped Er ¢ YAP crystal

Laser experimental setups
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Fig. 2 Polarization absorption spectrum of Er : YAP crystal

(Illustration: polarized absorption spectra at 940 ~

1 040 nm)
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Fig. 3 Laser output characteristics of xenon
lamp pumped Er : YAP crystal
(a): Total laser output energy and the laser energy pass through the
Glan-laser polarizer with polarization orientation of P || @ and P | ¢;

(b): Laser output energy of different wavelength after monochromator

F 1 Er: YAP Bt R EIE & 4R IR %0 H 45 ik

Table 1 Polarization output characteristics of different spectral lines of Er : YAP laser
Output energy/m]

Input 2 710 nm 2 728 nm 2 795 nm 2 918 nm

energy/J Total Plla Pl ¢
Plla Pl ¢ Pl a Pl ¢ Plla Pl ¢ Pla Pl ¢

13.5 0.158

17. 34 1. 34 0. 807 0. 456 0 0.11 0.41 0.15

22.82 4.16 2.75 0. 95 0 0.12 1. 36 0. 445 0 0.115

29. 04 10. 37 4.03 5.7 0 0.1 1.71 1. 435 0 1.54

36.015 20.6 4.62 14. 81 2.1 1. 563 0 4.5 0. 25 0
43. 74 37.9 8.5 21.75 2.145 1. 57 0 5.92 2.42 0
52. 215 56. 8 18. 95 24. 06 2. 406 1. 32 0 6.53 6.75 0

FAME 1) PiRLEE T, BamA JGSHER . =
BE R K9 8% 5 G B M OO b A7 5286, RIS T 2 710,
2728, 2795, 2 821, 2 837, 2 862 Ml 2 918 nm 25t 7 &4k
B . = AR I A #E 2 500~3 100 nm i [l 4
gt RN 4 BFR . JGS A3 A 7E 2 650~2 850 nm 7 [l
DA A B R A s A 2 D B R P R T R R AR AR AT
BAWH] AL AL T 2 918 nm — &SR 19K
Stk s W, A BB &M, 2 720~2 800 nm {5 [
TSR g i, 53] T 2 710, 2 821, 2 837 1 2 862 nm %

4 ROt L s A K9 B &M, 2 730~3 000
nm BRI PADH] AR F T 2 710 nm — KL 0 HOG
o T=15%, 5 Hz Z 05 AU 0 A0 IR 0 AS [ 35 426 1 0 ke
5 BEOL G Tl FLSP 920 28600 1% #4703, 40 &
5. Hidr, 352k 2 862 nm 7R i G 1 S0 S B AR B A
B, R AE AT IO S0 50 i A B R A P R

I E 1Ca) JT 7R (1 52 36 25 B AT T 2R SE5 43 3] 3R AE
TRFEL M miRtERE ., 25 R E 2 Fin. Rk 2 710 #
2 795 nm b, 4k 2 821, 2 837 il 2 862 nm [m] £ J& AW 4R 75 1]
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Fig. 4 Transmittance of JGS piezoid, mica sheet and K9 optic
in the waveband of 2 500 ~3 100 nm
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Fig. 5 Laser spectrum of Er :

YAP crystal pumped by xenon

lamp under different selective absorption conditions
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Table 2 Polarization degree of different laser lines
Wavelength Output energy/m] P=(Inux—Inin)/
/nm Polarizer || a Polarizer || ¢ U max T Truin)
2710 <0. 06 5.18 =>0.977

<0.06 3.46 0. 966
2728 2.46 1. 32 0.292
2795 0. 06 5.33 =>0.977
2 821 <0. 06 1. 263 =>0.91
2 838 <20. 06 1.762 =>0.934
2 862 <20. 06 2.15 =0. 945
2918 5.52 0. 06 =>0.978
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Er: YAP A2 i WO 09 fhi i 5 1 . 5296 % B 4R 40 O
OGS T AR B . (HE T A e Ja R K /Y
i D A S AR (AT B S TR A % 0T B ik b B B . 4y
IrGIE R T — A MERDD . DA I S Hp SRS R Y SO e o AT
TR PR, 25 R 7 BTN, RO L AT T
AR ¢ BB D AR 06 . T LA E % DU 2% % 2 1R D 4R O 1] AT
ERGEE (TR

B 6 LDZRi# Er: YAP BB B KE
Fig. 6 Laser spectrum of LD pumped Er : YAP crystal

B 7 LD Er: YAP & R R 50 H 45 1
Fig. 7 Polarization output characteristic
of LD pumped Er : YAP crystal
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Fig. 8 Absorption spectrum of Er : YAP crystal at 8 K

(a); “I11/2 energy level; (b): *Iy3,5 energy level
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Fig. 9 Diagram of laser spectral line transitions
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Investigation on the Multiwavelength Laser Operation and Polarization
Characteristics of Er : YAP Crystal
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2. Science Island Branch of Graduate School, University of Science and Technology of China, Hefei 230031, China

3. Science and Technology on Solid-State Laser Laboratory, North China Research Institute of Electro-Optics, Beijing 100015,
China

Abstract In this paper, the polarization absorption and output characteristics and the multi-wavelength laser operation charac-
teristics of 10 at. % Er: YAP crystal are studied. The polarization absorption spectra of Er : YAP crystal is measured for the
first time, the result indicated that the maximum absorption coefficients of crystal to linearly polarized light parallel to axis a and
axis ¢ in the absorption peak corresponding to the ' I,;,, energy level are 4. 606 3 cm ™' (at 975. 2 nm) and 2. 936 6 cm™ ' (at 967. 6
nm) , respectively. Therefore, the absorption efficiency of Er ¢ YAP crystal to pump light can be improved by choosing linearly
polarized pump light with properly wavelength, which is conducive to improving the laser performance. In the xenon lamp
pumped laser expeiments, four spectral lines of 2 710, 2 728, 2 795 and 2 918 nm are realized laser output under the free opera-
tion condition, the polarization and threshold characteristics of each spectral line are studied respectively. The laser output of
single wavelength of 2 918 nm, four spectral lines of 2 710, 2 821, 2 837, 2 862 nm and single wavelength of 2 710 nm are a-
chieved by adding JGS quartz plate, mica plate and K9 lens selective absorber respectively in the resonator cavity. The laser
spectra are measured under the conditions of free operation and different selective absorbers, As well by contrasting with the
transmittance spectra of different selective absorbers and the previously reported fluorescence spectra, it is proved that the oscil-
lation is starting spectrum lines in Er : YAP crystal could be selected by adjusting the resonator cavity. The experimental results
show that the polarization direction of 2 918 nm spectral line is parallel to axis ¢ and the polarization direction of 2728 nm spectral
line sometimes parallel to the axis ¢ and sometimes parallel to the axis a, besides, the polarization direction of all other spectral
lines like 2 710, 2 795, 2 821, 2 837 and 2 862 nm are parallel to the axis c. The four laser spectral lines of 2 710, 2 728, 2 750

and 2 795 nm are obtained under LD end-pumping condition, in which the spectral line of 2 750 nm is realized laser output in Er
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: YAP crystal for the first time. All these four spectral lines are linearly polarized light with polarization direction parallel to the
¢ axis of the crystal. In addition, the absorption spectrum of Er : YAP crystal is measured in 8 K low temperature, the spectrum
was peak fitted by Gauss function, according to the fitting results the stark level of the upper and lower level are identified. And
combining the laser spectra and fluorescence spectra, the possible laser spectral line transitions are also recognized. In this
paper, the research of the Er : YAP crystal polarization characteristics and multi-wavelength laser operating characteristics have
instructive significance for the realization of Er : YAP crystal Q-switching technique and the selection of electro-optic

Q-switching crystal.

Keywords Er: YAP crystal; Polarization characteristics; Multi-wavelength laser operation; Energy levels identify
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