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Research Development of Laser Diode Pumped Alkali Lasers
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Changsha, Hunan 410073, China)

Abstract By contrast with solid and chemical laser, the laser diode pumped alkali laser (DPAL) has shown great
predominance and potential because of its extremely high quantum efficiency, outstanding heat dissipation ability, high
beam quality, no limit of single aperture power scaling and safe operation. The basic principle and recent research
development of DPAL are introduced, the obstacles and solutions of high power scaling of DPAL are analysed, and the
expectation of DPAL development is made.
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Table 1 Alkali D; and D, transition wavelengths, laser wavelengths, energy level separations and quantum efficiency

Atom Apump(D2) /nm Ataser(D1) /nm AECP,, >’ P,,) /cm™ Q-efficiency /%
K 770.11 766.70 57.7 99.5
Rb 780.25 794.98 237.9 99.4
Cs 852.35 894.95 554.1 95.2

DPAL (1) 47 2% S L5 BEMf o = AN D7 1) o) /. — 2 0 8 i 111 D, 46 2 1% ) 4% i 4 1 % (K
1.64x107° nm; Rb, 1.16x10° nm; Cs, 1.02x107° nm, 7 =373 K), &R S0 2 3E 56 4F 0.2~2 nm,
M LLSEIUAT Rz o A T RRIXAN L, AATT—J7 TN A 2 = AT o e n ik 1) 77 28 A0 e
JEF HIMBOERE, I 2.0265 X 10° Pa BT LUK I 42 8 Jr 1 e 2k 9 JE 98 1 0.5 nms 53— J7 TR
A bk G TT AR P SO S 3 SE AT IR AR . O R G s g5 K AT AS s re A AT
RO, X JE DPAL 13 DLis B0 AT 4 Wi s 10 et 38 AT 0K W ok, PRLER R A~
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Table 2 Summary of end-pumped DPAL experimental results to date

Year Institute Atom Buffer gas M pymp /M Py W Pou /W Nsiope /%0
2006 LLNL Rb ethane He 0.3 13 1 10
2007 Hamamatsu Cs ethane He 0.3 50 7 14
2007 UAFA Cs ethane 0.027 16 10 68
2007 UAFA Rb ethane 0.027 18 8 60
2007 UAFA Rb ethane 0.027 37 17 53
2008 Newport Rb methane He 0.25 64 7.8 15
2008 UAFA Cs ethane He 0.027 96 48 52
2009 Hamamatsu Cs ethane He 0.3 23.1 12.1 33
2009 LLNL Rb 100
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Fig.4 Structure of four channels end-pumped Cs laser Fig.5 Experimental results of four channels end-pumped Cs laser

i [F01 4113 4546 T DA e i JB 28 ORI S e, 7E— e R B RERE R AN Y AN i 1
e ANVC B o) J . EAE i h 24 T (R T-100 KW)3ii TS S5 M EAEAE — E BRI R 25— 2 IR A 4b
B, AR TR H T L 20 SO RO s R m . s B B,
iz CEIAT Z B ARG DURBOE S GILRD o, BRI ORI B K
3.2 MEMEH EEES B SR

N TR DR A i T S5 A W] BRAEAE I BRI, St T R Sh e O TR 12 TR 4 28 O AR
BAR, nE 6N . IR & H S VEREA TN B SRS, 02 S A IE YR 3 SR KK B AR (/N T 1/103
HH13Z), 26 S HOCA L RERE 762 0TI 540 GBS TSI N e, H X — 77 28 S ok i
ZRINATR G . SEE A A A SE 0 % 0 T-2009 4 538 H I 1 F AL R 48 A A 2511 T 66 )7 56 Ta )4 [ e
Th RN i s 6l 4 25 O %% o Zhdanov 5 PYF-20084F 1 VRHEAT 7 184 Bt % I T ki 1) S 9
WK T7HTR

laser beam
pump arrays cylindrical lens
. . output = __.'3 -
. 'V flow direction coupler'— _ "
°® %
Cs vapor cell £
inside diffuse =)
reflector E
2
laser resonator axis
HR mirror
Kl 6 il EHs s sh v A JE 25 oI s B E [l 7 T s e 28 SO LR a5 i s =
Fig.6 Flowing medium DPAL configurations with Fig.7 Schematic diagram of the transverse pumped
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Fig.8 Experimental results of transverse pumped Cs laser (T=120 C)
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Table 3 Fine-structure mixing rate and collisional broadening rate of alkali atoms with He

K Rb Cs
He °P mixing rate /(10%'.Pa™) 8.0 0.044 0.0005
He P, broading rate /(10 nm.Pa) 0.034 0.044 0.072
He ?P;,, broading rate /( 10~ nm.Pa) 0.026 0.036 0.069
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Fig.12 Optical-optical efficiencies and waste heats (X 10) of potassium, rubidium, and cesium DPAL
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