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Abstract: Diode pumped alkali metal vapor laser (DPAL) combines the technical characteristics of both diode
laser and gas laser, with the advantages of high quantum efficiency, large excited emission cross section, small
refractive index perturbation, convenient thermal management and rich output wavelength, which can achieve
high efficiency, high power and high beam quality near infrared laser output, and has important applications in
industrial manufacturing, military, medical and scientific research fields. For closed static DPAL, under the
condition of high power pump, the working gas temperature in the steam pool increases, and the thermal effect is
serious, resulting in the decline of DPAL performance. The circulating flow DPAL uses gas flow to take away
waste heat, which can significantly alleviate the thermal effect of working gas, so as to achieve high-power laser
output. At present, it has become the mainstream technical route to achieve high power laser output. In this paper,
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the principles and current development of the flowing-gas circulation DPAL are outlined, the obstacles and

solutions of high power scaling of DPAL are analysed, and prospects for the future development of high-power

alkali metal lasers.
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0 35l

2 5 UK S B4 B 22 1O & (Diode pumped
alkali vapor laser, DPAL) & —Fh i1 2 SR G 4% (LD)
ZE3H K (). Rb (8, Cs (5) 25 504 Jm 28 P 2040
SMBOEET, DPAL FfEH B AR BOEE 8
P HA R TRORE . JCR TR 256 B o
TR A AN AV B B S 0 0, A R R R I B — AR R
BEEIEP L,

2001 4, 3% [ A 3k 55K 57 16 17 92 5 % 1Y Krupke
U P R S T 4 O AR MRS L ST
75 U, Bl J5 F 2003 4 58 s 7 R E R, 2005 4R,
2 [ 25 4224 ¢ Ehrenreich B YK SEHH 2 SR Cs 78
HEOE RSB R Ihis 51, 2006 4F, 78 ik 2231 Cs 78
I AT, i85 81% M RICE OBERLER 63%)1,
2015 4F, 36 8 25 T 2% B¢ Hurd 55 R F bk o 2230 G
J& K ZRIRBOEE M 2, SEBOEERA 7 MW/em” (1934
ek,

{H_F- 38 DPAL ¥ J& T 5P 1k A, R4 2 S0 g
1o 1 T 3 5 0 A B O B 2 T D R i3 K
VM TAESARIR B B 2 T, BELAS Tt PAT e 11 7Y
DPAL 7 8§03 17 Lk e il 5 30 i i R D R & R i) B
Bro MSZIRUCIS FNERE U Al LIE H, DPAL Hr
XA BE T £ T BURESOR DL RO S ROR BRI 1
b, R Sl ke ik KR, DT 5 | AR VR
b PSR T S S G i AR U L R TR B R X A
A5 2021 5 W O B R 3 AR SO O TR R
I, SR ERLAE Y 1 5 HIE L S A 50 A B 22

5B DPAL (1 i DRt 75 1 2 FAO 28
HAS DA R D B AR X O 8 3 A 67 T S
M, 117547 PR 30 5 28 DPAL A )8 IH S AR AS e, A5
ffR PR R, 2012 4F, (R E BB A% T 0> Boga-
chev P8 4 #2381 XUt 1A 20 T 476 20 3t 8l 8 Cs 287K
DPAL (Cs-DPAL), fE 22 R G T3 2 kW B SE3 T fie
U 1KW1y Cs Z8 1O 11, X J& DPAL
) PR R ) — A E AR, R, S E A
S5 % 19 Hostutler 1) H 41 ¥ i 3 7 K-DPAL, 52 8

T

high power laser

1.9 kW R3Ot Hr P9, 2015 48, 3¢ [ R 3 2LIR 97 18
1 52 86 25 [ A PR 3 35 8 DPAL i H 2l 336 2] 13 kW,
X & DPAL /A & i 38 119 e e i th D 3125200,

AL, PR 3l DPAL & 4% TSR350 TR 5 T
PGB P A, 2 S IR R T R O i T B
PEFR SN AL DPAL 78TOl in T, EB EH %) mA &
TR O A, P T AR ER 3 s A DPAL (9 5%
HAEEE X, e X 3 8 &L DPAL 19 T4
JRH, % JR BUR R AT MR IR 5 A A, I XA 20 0 2 7
DPAL & R H i  TRH ,

1 T1E[RIB

DPAL K3 25/ Jii & K. Rb, Cs 2508 4 J& 757K,
AMNERA A, A WE 9 ETR ) = Re g4l
o 1Sy, WILEHED, n’Ps, Al n’Py ), & LT H E-
B AH BAE A R OR S RESL (K. Rb, Cs 4351 %)
L n=4. 5. 6). W4 )& 5T WICRE &N E=hop, IR
THOGF NS BEYL 1n°S )y 17 5 TH L REGL n°Py), MY ERAE
J AR (D, ) TERE RN Ep=hop, 196G T3
T, R4 R T n’Pyy 18] m?S 1 BR AT by 38 5 o
(D £8); B4 J& Jii+ DN ZE I L BB Py, BN L B
K n'Py, MBS R S A BE L 5 A st iR ot AR, FEA
T Y AR (He 5/ BEGERRSUR) 1T 538 48 o5 il it
CliiNE STz

n’Py,
M
*v. Collsional relaxation
= n*P,,
Pump
(D, line)
Laser

(D, line)

n*S,

1 B S T A RE BRI
Fig.1 pump energy level transition diagram
1A T R IR O R S
KGANRELR IR Fa L) B it 1 4. ph bl D, s Jes Dt

20201080-2



s Gk A2

%1244 www.irla.cn % 49 %
®1 WERETFHHEXSH
Tab.1 Reference data for different alkali lasers
Atom Pump wavelength/nm Lasing wavelength/nm AE/cm™ Quantum efficiency (Epi/Ep,)
K 766.70 770.11 57.7 0.44%
Rb 780.25 794.98 237.5 1.9%
Cs 852.35 894.59 554.1 4.7%
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Tab.2 Barmashenko's group on theoretical study of flowing alkali metal vapor lasers
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