#) 32 2 3R Acta Phys. Sin. Vol. 73, No. 16 (2024) 164206

PYMNIERATENRER RIEMERFRIRIA SN

Rt

ERE A&

WNEx EHR O EAE

(P20 T RZEDUM SR S U8R TRE2ERE, V% 710048)

(2024 4 5 A 28 AH; 2024 4E 7 A 1 HYLEIEMR)

PO TR T 1 A F) 35 4 I A6 37 45 4 722 A i 8 0 3 10 TRE O A ) — A QB ) . AR SCHE ST T 3R IR
AW R PO i R A 85 2 3 S R AT SR g SO 150 2 A DA SR I A3 S B3 T A B9 B, 9 Ak
O XoF 38 75 25 A B B R L. BRI ST T Nd:YAG, Nd:-YLF il Nd:YVO, # H 18 I O #1045 57 25 4 i
BRI SRR B SRR R AR AR, BF SR A R AR, PRV T O AR ARG 7 A AR ) R BT, A
Al R W S DR MR, T B AR B FE O, B S5 MR . S D R T R, Nd:-Y VO, OB
ARSI 1 T e, Nd:YAG O A% RS Ji 58 fre /1N b A e 28 IR R, 335 i 3 ™ B JBO0E i AR R JE D/

IR, AL U L 1 T

KGR FEARROEA, e, PN, 121 B R

PACS: 42.55.Xi, 42.60.Jf, 42.60.Da, 42.60.Lh

1 5

BEEHRAEICE AR . H AR R
TG OLARER OLA R BAL B GUS R A+
G307 R B R . PUIE A S S AT R
F, BERORAE Rl 5 A0, IG5 el A E R
¢ LV RN 2 AR 1y ST Bri X vy (WS |3
fiob o DO B 1) I L R B i L A A T A
BEHRIN, 3 nT BRI 43 ARG ROk b7,
TAN, WBECHAEAK | RAEFRBUH | i Ji 5 i
15 TR H AR, 2B T REUE A B9,
W& e O A A . FAREI S5 P SE Y
AWITRA, XHRBECIRBASE T mAYECR, W
A=A iE DR | R Bk EL Al v B A s e R A
D U PA R A R ) S BB AR [ AT 10131,

T EE AR 7 AR B S b 23 S A7 A 7
TEANEE N 7 AR 07 5. I A0 A T3 1 S SR 32

ail%

* K A RRHERAS (S 61805196, 51875455) ¥ B

t BIEYE#H. E-mail: tianhongl@126.com
© 2024 FEYIEZS Chinese Physical Society

DOI: 10.7498/aps.73.20240757

GTONER 1 By il | B N o S 1 | RN S v R A A= D
TR 8 by 3R JE TR 4161, Jpis A 2 A T e R 2K
AR, HAZATHAS 00 AR BRG], Prigis
S L) 27K ME LA 2 TS B 25 MDA | IR T
TR AR A5 I X YEIR T K. I N AR iR
T IS M R, RO LA R PR B
5 /R- 7 (Laguerre-Gaussian, LG) #&, B #2724
WHEG. T RN AE DR L, e
[ AT A 3 JUAE A T O G H AR ST ) — bt

ST T i A T VR BB B AR S B U H AT
A TARKAYZAE 0.

TE i IR AT RO CHOCAS 1, BEE A TIR
fde i, POLS T BRSO 1 5% . FMIE A3 2
FRIR IR 207 A Y PN e 25 5 BIAR B Y
DR ZEAFAEAR A 2. X PR BEAR AL 25 701 Hs
SPEOEIRIER LG AR 08 8 O S B AT
KR ISR AR TE SR BB, ATA X —
AR A TR &, R R T

http://wulixb.iphy.ac.cn

164206-1


http://doi.org/10.7498/aps.73.20240757
mailto:tianhongl@126.com
mailto:tianhongl@126.com
http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 73, No. 16 (2024) 164206

ZAHABB ) LG X, B S 2ot i
P R e, Aol BRI A58 O AR T
TR A 4 F 10 A A ML BAT 2 SEBRA (E
IF1 AT 14 AR A B 2 SCHRHZ L TR ABTSE. 5
S, WA IR BECHOLAR O T SN £ 5 P R
ey ST ASE T il 1) ) 24 TR DT, 3 4 A B2 R FH B
(O A, 7] A o 48 A A 9 42 2 A3
e 0 ARG A MR B, SRR B A R G e
RO o DAL T AR TR R FE Y
TR R DR R I B O S B9F 5T Hh A B ) AL
PR, ASSCEEST MEOEARAM T RO A AR AL E
Yy KB AR RO A5 a5 s A
TR G TR, BRI e AR T A i
M MAT 2R it A TR B 5 X VOIS 3 45 A 1 52 W)
AL

2 B ThE W B R AR

THEAE A
2.1 IHEREERRERREEN

IRIE S i e SOt A B g5 R an sl 1
7R VR SRR /DN, i A M T AN RE A T AR
A T LA R g AR B — i 1 4 BRI ik
SEIRAL SRR, (RIS A 3% T 2 't v S B
A5 OC M BHOEIEIR K. JCL #5350t
T (LD) fan th SRR G B L i R G AR
RINE SR, 28 SRR A O AR SE B R
FH. R T SR 45 5 IR AR 1 25 ] = 4
VT, S CA RS T ) 51RO RE AT
B RN 2 G RE B — B i o G 51
AL AR T TR ST R A A
BT 5 R AR BIE AR RN A Y TR VIR P B
T —8 AR AR R T, TR S R
LER PR AR, R SO SO AR TR b S A

A

—

LD

RLCg i
RL ‘ _
LC )
HS ocC

LD: Laser diode
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HS: Heat sink

RLCS: Ring light conversion system
LC: Laser crystal
OC: Output coupling
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Fig. 1. Schematic of an annular beam end pumped thin-disk

vortex laser.
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Table 1.  Parameters of laser crystals®!.
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Nd:YAG 4560 317 0.25 7.5x106 14 7.3x10°¢
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Nd:YVO, 4220 133 0.33 4.43x10° 5.2 8.5x10°6
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2 NA:YAG L RAIBAS  (a) ZHRRIEA: (b) =B ATE A5 (c) Bl ITELE: () B TR A5
Fig. 2. Temperature and thermal deformation of Nd:YAG crystal: (a) 3D temperature distribution; (b) 3D deformation distribution;

(c) temperature in the section plane; (d) deformation in the section plane.
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Fig. 3. Temperature and thermal deformation of the three laser crystals under different pump power: (a) Temperature of Nd:YAG;
(b) deformation of Nd:YAG; (c) temperature of Nd:YLF; (d) deformation of Nd:YLF; (e) temperature of Nd:YVOy; (f) deformation
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Fig. 4. Variation of temperature and thermal deformation with pump power: (a) Maximum temperature; (b) difference between the

maximum temperature and the center temperature; (c) maximum thermal deformation; (d) difference between the maximum

thermal deformation and the center thermal deformation.
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Fig. 6. Variation of the modal purity with pump power.
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Fig. 7. Temperature and deformation of the three laser crystals under different absorption coefficient: (a) Temperature of Nd:YAG;
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Abstract

Optical vortex beam has wide applications in areas of optical communication, lidar detection and optical
trapping. To increase the operating distance, a high-power vortex laser source is necessary in these applications.
However, the purity of the output vortex beam decreases with the pump power increasing due to the thermal
effect of the laser medium. Therefore, modal field degeneration induced by thermal effect of laser medium has
become a key problem in high-power vortex solid-state laser. To investigate this modal field degeneration, the
heat transfer and thermal deformation model of an annular beam end pumped thin-disk vortex laser (Fig. (a)) is
established. The phase difference of the thermal effect is calculated based on this model. Then, the quadratic
term is separated from the phase difference. The non-quadratic term, as a small perturbation, is substituted into
the diffraction integral equation of the laser cavity. The modal field structure is obtained by using the
perturbation method. The variations of the modal structure with pump power, absorption coefficient and crystal
thickness are investigated for three kinds of laser crystals, i.e. Nd:YAG, Nd:YLF and Nd:YVO,. The results
show that the modal field under thermal effect presents obvious deviation from the ideal mode at high power,
and the modal structure shows that it contains many higher-order radial modes, with the angular mode order
unchanged. Hence, the radial modal spectrum is broadened by the thermal effect. For an ideal vortex laser
without thermal effect operating on the radial mode order 0 and angular mode order 1, Fig. (b) shows the
modal structures with thermal effect under different pump power values with a laser crystal thickness of 1 mm.
The ratio of the higher-order modes increases and the modal structure becomes more and more complex with
the pump power increasing. The ratios of the ideal mode are 0.99, 0.97, 0.90, 0.79 and 0.61, under the pump
power of 10 W, 20 W, 40 W, 60 W and 100 W, respectively. Moreover, the Nd:YVO, laser has the largest and
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the Nd:YAG laser has the smallest modal spectrum broadening under the same pump power. Figure (c) shows
the variation of the modal purity with the pump power. The modal purity of the Nd:YVO, and the Nd:YLF
laser decrease to 0.35 and 0.44 at the pump power of 100 W, respectively. We also investigate the modal
structures under different absorption coefficients and crystal thickness values. A larger absorption coefficient or
a smaller crystal thickness leads to a larger radial modal spectrum broadening and a smaller modal purity.
These results indicate that in the design of high-power thin-disk vortex laser, it is necessary to comprehensively
optimize the disk thickness and the absorption coefficient, and consider modal spectrum broadening as well.

Keywords: solid-state laser, vortex beam, thermal effect, radial modal spectrum broadening
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