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Abstract A compact and wide-temperature Nd: YAG laser and grazing-incidence amplifier are reported. Fiber-like
Nd: YAG crystal is used as gain medium and a vertical-cavity surface-emitting laser array (VCSEL) is used for the
pump source. Cr'" :YAG is used for passive Q-switch. In continuous-wave (CW) mode, a maximum output power of
1.808 W is achieved at the highest attainable absorbed pumping power of 5.47 W with an optical-optical conversion
efficiency of 33.05% and the slope efficiency of 36.5% . In Q-switched mode, pulse with the shortest pulse width of
7.5 ns, single pulse energy of 87. 1 ;] and peak power of 11.6 kW is obtained. Grazing incidence and double-passes
amplification of laser with single pulse energy of 81 J and pulse width of 13 ns obtained by pulse-pump is
investigated. With the maximum pumping power, the pulse energy of 0.88 m] is obtained with the gain of 10. 86 and
the energy extraction efficiency of 19.44% . After amplification, beam quality turns into M% =1.196 and M’ =
1.307 from M%=1.175 and M% =1.248. This laser system is compact and air-cooled. The fluctuation of output
energy is below 3% when the temperature ranges from 15 C to 31 C.

Key words lasers; fiber-like crystal; vertical-cavity surface-emitting laser array; grazing incidence; multi-pass
amplification

OCIS codes 140.3530; 140.3580; 140.3540; 140.3280; 140.7260

Wim HE: 2013-02-28; WEIMEM A 2013-03-27

EE®N: TEEA9ST ), & -0 A, 384 W SOG4 7 AF5E . E-mail: yuzhenzhen3076 @ sina. com

SUBE A 7 EA975 ) Lo WSO R AR U, SR [ AHOE H R R OO B IR OO T IR S T B .
E-mail: hou_xia@siom. ac. cn GA{EEKHE M)

0602003-1



1 gl a5

B [ A BOEHAR N AR BOCE AR 1) &
6 AR (LD fhiz 1 4 [ 25 306 £ (DPSSL) | T H
FEIE A Y= IREN VNN il € I Y (A WY Rt L]
WOET IR R R G000 o oY Y . SRS T IR
(8RR P X T 8 1 i R R R L AV R 9
BEARSA B RRR K, 3O0 TR BG5S 2
JEHRERIN Y AL B0 T A R G JU L LA AR/
RV AL FE IR OGS A B B X

VER Az I A% G2 30 g LD 5 25 At
MG R G HIL R 5 o0 K B T B I 8
B MR b LD BAA B & 7% 10 256 45 74 A
BEKBCE RS, —HHAF TRUNIEOLR S W
M. TR SO 8 (VCSEL) B 3 3
JGIRTE X B L il BE B2 PEAF AR BUDN 5 T YR AR
ERE S Z BRI 2 e, fiE VCSEL #I4E T
LKA 1 $ R R AU 45 4 0 B, 5 B R VCSEL
B R0 B G R R K AE 808 nm A2 AT Y
VCSEL, B 0 — Ff o 8 g iz 7 . 2002 4,
Lan 25 4758 T # H VCSEL P45 #1325 15 44 Nd:
YVO, iK1 525, 2011 4F, Goldberg 255 38 T
FIH VCSEL B 51 v 1 il 38 Fe R Nd: YAG 4, 3
AT B T R G AR A 3% 2 A R kb P B AT )
FiH Qi . HuiE WA X VCSEL B3 Hiliz iy [#
PRBOE % R W 4R T8, 2 B0 5% 4 v 76 PRy 5B )
VCSEL A% B i) @i b o it 2 5 2 % ) VCSEL 0k
AR A I

AR T VCSEL B 51 7E R ¥k 9 il iz I, LA
PEEWOLR R E R E . SR Nd: YAG 28k 4F
A VRV S 38 25 A 0, SR P -1 18 R s 25 4 K Cr' '
YAG AJ YRR WA R AT B 3 R QIR Gk A
S LD M iE fhiE Nd: YAG Hz 45 f 7k 2 Bk 28
A TR FH I 5 R X . RO R A BN R ]
TE60 mm(}) X 60 mm(FE) X 30 mm () AN, 3% %F
FI O C B L 2L R O R ik R A
H—ENSHME.

2 VCSEL M1 o il i iz Nd* YAG ¥
e
2.1 XWKRE
WOGHR % 10 52 55 24 40 18] 1 () 7« Ay 3 T
1B WS- s g5 44, 133 IR 2% ] Princeton Optronics 2y
RIHE BT VCSEL 51, 2 [ 51 1) 88 1k 4 i 45 1

1.5 mmX 1.5 mm [ IETTE B HHGREHO B A
806 nm iy, R 10: 4B 5 R 48 (iR f=10
mm &S 1 58E /=4 mm &8 2) 7EM28 1015
#) 0.6 mm>X0.6 mm K/NHIEBRE, OGN BN HAAE
1 mm.K 12 mm 7 FE5EHR 0. 5% AR5 Z2 ik
Nd: YAG gy A o b 74000 2 180 98 A 5 4 B A il ot
RE A% 7 S A Y0 52 B4 A AL TR EF, Rk 28
JGEF AR, AR A S i T A 808 nm Y B 1Y 5 i I
HRFT 1064 non 35 B 1) 8 B S R RV V4 1 1 — > i
i » 55— Ui % 45 808 nm Al 1064 nm I Bt (4 & 35 5
. 4 R A6 1064 nm P B SR () g 102011
VIHGE. B8l Q I 5t 5L B bk v AR i) DPSSL i
R A MM FBEZ —, HtsL g R A Gt s
YAG A R A AT B B R Q.

22 mm

@ g - cemn
2E . Cr*:YAG
53 [P M1
2 é 7 pulse
5 g ~a f Nd:YAG rod laser
>0 T
as lens 1 lens 2 output
SE10mm =4 mm coupler
() lens 3

LD bar
10 mm

K 1 () VCSEL #i13E Nd: YAG #0688 R 2 B (DA
WABKRERE
Fig. 1 Sketch of (a) VCSEL pumped Nd: YAG laser

oscillator and (b) grazing-incidence laser amplifier

VCSEL % BB 51) 3 HA 85K & 6T » A
Gy JA% L T FLOG I R HIUA 23 W6 25 3K 20 PR 3L A% Jon K i 34
K s R AT E . Xk, S5 b — J7 R A
i e X G R Gex s e T R A, n] e iR
BT LB S CBEHEAT AR T, 3 — T TR AR B 22 1Y)
FELF b A b iz S Bk B 7E B/ i ROSE P [
PRUEHINZ 634 50 B R TR AR A AR i R BR 38 oR
Mz A RE I LDk 93 % i fhiz el & 2|
WOGAY B I . HL 97, 6 Y0 B Hhiz e a A B i .
2.2 EIHWHER
2.2.1 #HZawmiEtF o

HESEIEAT (CW) T 1% 8 38 Bk FHAS [ W) 4 i
SRR Cr'' s YAG ] 1 A i A 35179k 3 8 Q 51
T T X D R s T R ) AR Ze an il 2B
. [ R A AR Sy s B %2, S B VCSEL &

0602003-2



FILI

3 B T R OSSN SE R Nd: YAG OGRS KA A 20K 35 1 BF 5

2000
1800 = CW M
2 1600 |~ @-switched, T=95% -
= . —a- Q-switched, 7=90% FF
1400 | v Q-switched, T=85% -
5 .
£ 1200 f "
21000 | -
2 800 e
2 600 | " st
o " o at L Y
4007 -.' ...n ",vv'
200 | e ..,eg, v’
[ - AW
% 1 2 3 4 5 6

Absorbed pumping power /W

B2 2 R QLT i T e Bl il 12 R Wi 2h A Ak
i £
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