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Abstract: The repetitive nanosecond high energy laser plays an important role in scientific inquiry,
industrial manufacturing, military defense and other fields. In this paper, the research progress of
Yb™ or Nd™ rare-earth ion doped laser crystals, laser glasses and laser ceramics, as well as the rep-
resentative results of the corresponding repetitive nanosecond high energy lasers, are introduced in
detail. The influence of the laser gain medium emission cross section, thermal conductivity, upper
level life and other parameters on the laser system is analyzed. We discussed the selective prepara-
tion, thermal management and control of spontaneous emission amplification effect of gain medium
for repetitive nanosecond high energy lasers, and sorted out the solutions. Finally, the prospect of

its future development is discussed.
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Fig. 1 (a) Thermal impact parameters and excited emission cross section of various laser materials, and temperature tuning

characteristics of Yb: YAG. (b)Schematic diagram of the energy levels of Yb ions.
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Fig. 2 The small signal gain recorded at 16 kW/(ms*cm?®) during 2 ms'

). Accumulation of gain can be observed without any

saturation until exponential decay begins when the pump stops. The orange curve is obtained with the cosine-treated ce-

ramics, while the red curve is obtained with the crystallographic measurement. The solid curves are simulated with

(blue) and without(black) an ASE.

K0 BT 3G 25 A0 0T 5% T 2 40 ASE B Y
AR R JEME— R k. Rk B K T 4
(/N5 5 38 25 A, 020 i 0 R 38 25 R R i 3h 2%
DA < 0] 8 1] 550 K ) 8055 #6020t R 0
W58 N DLIA R A 2 2 18 Jin— P A 300 4 B i 5T
P AL 1 [0 A AL R 25 0 HERR T &2 A i
SERAIN T o B Se kB B A D 2 R I
R E A (45 mm 3 00 5] 60 mm) . A H Yb™:

YAG™HY 1 030 nm W e 1 ] ASE K, 52 i R i
FEH0 30 mm HARJEE N . Yb™: YAG [ & / 3E
SEH A LR U 7 A R . Uk B H AT IR R
H BN E 4515 T 90 mm BLAR B fl A, 3% RS T 52
B kI A e 1 D R RO e

4 2% 8K B AR R 3R G 3 A5 Y T fiE
AAAE BRI A R R I T2 B R M. =550
1, CFIYD  YAG B A G5 R B IE B R



1794 K b/

¥R 543 &

220 HBAT AT fu] 3R TR (R R A A4 B . i 3 B
N —A 30 mm ELAR Y ASE B B AR AR 42 2% )
FR AR AR R, AR — A 2102 em® YR
WA YD™: YAG B9 AN X 35K, 60 mm B2 A 38 25 &
RIEFE R 7 mm, XFEERE XA 7. 1 em® 1 10
B BE, SR A ROR AR 6.7 em®s 43 43K 5E
GG K G, B N 60 mm (1) 5 14 F 45
mm 5 G B % (AP & & b il T 5 181 3 s oA
) B 22 5 ) 20 A5 %) 13,7 J AN 13,9 J. 3 25 41 k)
YN 2% B 4% R 58 N 16 kW /em®, 5 & 4T %

Retaining ring

2 He, DG BT WP 4 R .

wE 3 proR A A K T 20 mmx25
mm B A% O L, TEX AN 6.7 em® 36 10 N i 77 B B K
AE & 1T 100 Jo HE DGR B AR 20% , ] L4 B
19 JIAERE . 3X 75 2 WS TG I ASE 400 ] #4452 1) 7K
SRS, B 5 A J5F A O PR T ~24 mmx
29.5 mm. 5 [R5 AT BA Ry S B AE
S, R — Rl QR i P T K AR AR IR
BT, SMA BRSO G &t =
R AT 3K E] 30 JKF.

Yb:YAG  O-ring

Mount

6 cm crystal rlimm-tvnﬂ

3 cm ASE J

management m ‘dh‘k

ASE management mask Cavity
-4

2.6 cm limited

pump height
-2
-

k- 2 cmx2.5 cm

extraction beam footprint

B3 22 B ok AR BB L B ASE 5 B
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Fig. 4  Left panel shows the energy generated when the diode array drive current increases to 150 A. Near-field profile is shown

on the central image, from which a horizontal line is extracted (right panel, in pixels, 8 bits of gray scale)"'”.
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Tab.2 Performance of Yb: YAG ceramics as a gain medium for 10 J and 100 J output
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Fig.7 Amplification curves and performance data for 10 J and 100 J scale systems'™
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Fig .8 (a)Thermal conductivity and emission cross section of gain medium. (b) Absorption bandwidth and upper-level lifetime

of the gain medium.
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(a)Schematic diagram of the Nd: YAG active mirror laser. (b) The output energy and the light-to-light efficiency of the

(b) ASE absorber Nd: YAG slab
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Fig. 10 (a)Distributed activator mirror laser configuration. (b)Operating principle of the ASE absorber"”.
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Tab.3 Laser parameters of the typical gain media

e SRS K Jam Eﬁﬁiﬁi/ ﬂ)&ﬂﬁiﬁ/ ! #LTEH{/ i@%ﬂﬁ%/
(10™ cm?) (10™ cm?) ws (W-m"'-K") (Jeem™)

APG-1 353 1 054 3.3 2.1 385 0. 83 ~6
Nd: LuAG Fij % 1064 9.7 5 304 8 ~2
Nd: CaF, i & 1053 3.7 2.41 337 4.8 ~5

Nd:YAG f & 1 064 28 4 240 8 ~0.6
Yh:S-FAP i {& 1047 6.1 8.6 1100 2 ~3
Yb:YAG 1030 2 0.76 995 7.5 ~9
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