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Multiphysics simulation of quasi-three-level end-pumped laser

CHENG Long,LIU Yang,ZHAO Hong,DING Xiao-kang, WANG Ke, WANG Gang
(Key Laboratory of Solid State Laser Technology , Beijing 100015, China)

Abstract : A new multi-physics simulation model for quasi-three-level slab lasers is reported in the paper. Based on the
absorption characteristics of the pump light, the thermodynamics and the gain characteristics of the laser, the model
complements the traditional quasi-three-level calculation model. The model considers the influence of laser generation
on the internal physical field of the gain medium,and gives a new convergence simulation method based on the cou-

pling relationship between multiple physical fields. This model is suitable for single-ended and double-ended pumped

laser resonators and amplifiers.
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Fig. 1 Schematic of two-dimensional rectangular slab structure
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Fig. 2 Schematic of multiphysics coupling
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Fig. 3 Schematic of model calculation flow chart
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Fig. 4 Schematic of system
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Fig. 5 Relationship between output power and iteration number
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Fig. 6 Extraction power curve

— 0.50
X13
Y1.871 0.45
—— 0.40
Y0.3917 035
030
— saton| |02
effy 0.20
———eff,
0.15
4 6 8 10 12 14 16 18 20
L/em
7 Hh R SR SRR LR A
Fig. 7 Output power, efficiencies versus the length
045
— R
09} i)
off, 0.40
0.8~ err) 10.35

10.30

¥
0.25

0.20

i I kW

0.15
10.10
0.05

" 11 " " " L " L i O
0950 0.55 0.60 0.65 0.70 0.75 0.80 0.85 0.90 0.95 1.00
BRI /R
B8 Hinih D BeR S B AT R Ry CR A
Fig. 8 Output power, efficiencies versus the

reflectivity of the coupling mirror



62 5 RS AN

750 %

WIS R A TR L S B R % R, &%
A, FAVS B4 3 D RO TR E 5 R R K
B KT 55 8, eff, i A YR SR
R, eff, & S it T 58 55 WIS i) 53R ) %2
MILLIE . BEE L5 R, I, fi s D3 3l T 5%
BGOSR, BARAE L =T em (A5, ZE3H
JCHIFEAL R S, (ELIE AR I A 30T it S 8 40
BfKe ML =13 em, R, =0.9 W4y IR E K, 1
IR RCRMEL R o LU BOIZRAS T 13 25 40 ot
HEAT 05 AR B P50 1.855 kW iR
41 %,

5 B &

AR S X = B AR A% SO AR 19 47 TR
1773847, I 82 11 —Fh m R0 AR, 5 I8
B 0 77 A X B 0 W WS R BE 3 4 A I S
K 2 YA B — . B MATLAB 3% K
B P A B RE 7, 1 LA AL ARG BRI [R] A
X AT GEASE TR (1 45 B, 45 3] T O 2 0 S PR S 5 1)
P B2 5 GE B Tz AR ) ] F . B R 0
S50 T o A B WO g DA B B EO0
S

AR PTG K W B AN 5 A2, A 1 LA
GBI 55 A0 T A ER B RN T[] 4G | I 223 A
(]I A AT 2 S A AR AR TR) AL, 3 T B g 45 ) 4 B
SR, B AR TS J A L

S 30k

[1] ZHOU Shouhuan,ZHAO Hong, TANG Xiaojun. High av-
erage power laser diode pumped solid-state laser[ J]. Chi-
nese Journal of Lasers,2009,36(7):1605 - 1618. (in
Chinese )

JEV AR, XS, RN T D R A [ A WO AR [T
O ,2009,36(7) 1605 — 1618.

[2] ZHOU Shouhuan. The heat managements of the solid-state
Lasers [ J ]. Chinese Journal of Quantum Electronics,
2005,22(4) ;497 —498.

Jal A AR PR BEE BT ] & T TR,
2005 ,22(4) :497 —498.

(3]

(4]

(5]

(6]

(7]

(9]

[10]

[11]

LIU Liang,GUO Shaofeng, LU Qisheng, et al. Research on
thermal effect in conduction cooled end-pumped slab am-
plifier[ J]. High Power Laser and Particle Beams, 2009,
21(7) :987 —988. (iin Chinese)
XUz, SR Bl A, A5 A v 0 i AT A 3 AR A% K
AT W A2 BB 5T [T ] 5RO 5 R 5K, 2009,
21(7) :987 -988.
LIU Yang, TANG Xiaojun, WANG Ze, et al. Laser diode
end pumped Nd : YAG surface gain slab lasers[ J]. Chi-
nese Journal of Lasers, 2016, (10):25 - 30. (in Chi-
nese )
XU, e 2, 1%, 45 WOE Z A i w iz Nd
YAG FZ s kot )], hEHEOE, 2016, (10)
25 -30.
M, PLES B, R R 25 R DR AR A fihis Yb ¢
YAG kot as (], WOt 56 7247 ki, 2005, 42
(12):13.
Bourdet G L. Theoretical investigation of quasi-three-level
longitudinally pumped continuous wave lasers [ J ]. Appl
Opt,2000,39(6) :966 - 971.
Rutherford T S, Tulloch W M, Gustafson E K, et al. Edge-
pumped quasi-three-level slab lasers: design and power
scaling[ J ]. IEEE Journal of Quantum Electronics,2000,
36(2):0-219.
Bourdet G L. New evaluation of ytterbium-doped materials
for CW laser applications [ J]. Optics Communications,
2001,198(4 -6) :411 -417.
LIU Liang. Research on thermal effect in conduction
cooled end-pumped slab amplifier[ D]. Changsha; Nation-
al University of Defense Technology,2010:46 - 85. (in
Chinese)
X A T V& 10 THT AT AR A R A RO AFFE [ D ]
Kb EFRHAHOR K #,2010.:46 - 85.
FU Xing. Research on slab lasers nonuniformly pumped
by laser diodes[ D ]. Beijing ; Tsinghua University,2012;
21 -26. (in Chinese)
AR B AR SRR O S PTE [ D] Jat.
EER#,2012.:21 - 26.
Chen B,Dong ], Patel M, et al. Modeling of high-power
solid-state slab lasers[ C]// High-power Lasers & Ap-
plications,2003 ;1 — 10.



