FOE ¥k
CHINESE JOURNAL OF LASERS

32k HAM

200544 A April, 2005

NXEHRS: 0258-7025(2005)04-0461-05

O B s A Q WE SR 532 nm FHOESS
B1%, BZE, HUF, BAK

EHEREHTFIER, b5 100084)

WE LHATEEMEEHE 106 kHz WEBENEERFR(AO I Q532 nm BN FME M. MEHHER
Nd: YVO, £ R 6 F ik M2 UL AL i KTP o557 d 4 75 680 pT R h I B A 38, 1 A% A R IR sh 88 3K 3, | K
LTIy 7.5 W, BE M A 1 Hz~105 kHz 7, 1/ 1 W REE R E D)3 ,50 kHz BE AT , 152
31 FR3A 224 mW B 532 nm Bk ORRR T T A BOE R R A 22.4 % . REEHMET , ° LIS EKTE
1 17.2 ns, EINE Ry 470 W BABKWFREE N 8.1 W WREZH . BT VHIESEEMBER RN —BAR,HR
H B RTE PO BB R G B BB AR R B A S T L ReF & IR T B RSB RY S BRI .

XKER WORBAR; BARBO6S; BT EWHEZ,; BT ; B Q WIBMR; SEEME

hE4#E TN248.1 RN A

LD-pumped Acousto-optically Q-switched 532 nm
Laser with High Repetition Rate
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Abstract A compact, all solid-state and high repetition rate as up to 105 kHz acousto-optic (A-O) Q-switched
intracavity frequency-doubled 532 nm laser is demonstrated. A Nd: YVOQ, crystal is used as active media and a
type-1I KTP (KTiPO,) as frequency doubler, The Q switcher is made by fused silica and driven by a driver whose
maximal rf output power is 7. 5 W and repetition rate is variable from 1 Hz to 105 kHz, which is made by our own.
224 mW of 532 nm average power at a repetition rate of 50 kHz was generated with a 1 W laser diode (LD) as pump
source, and a high optical-to-optical conversion efficiency of 22. 4% was obtained. Under low repetition rate, steady
operation is achieved with pulse width of 17. 2 ns, peak power of 470 W and single pulse energy of 8.1 uJ. A
general formula of average-power as a function of pulse repetition rate is presented which has good agreement with
the experiment results, Analysis and experimental verification showed that, even in four-level system, the effective
storage time is not equal to the upper state lifetime.

Key words laser technique; solid-state laser; laser diode pumped; storage time; acousto-optics Q switched;

intracavity second harmonic generation; high repetition-rate

Vol. 32, No. 4

1 5 7

b (A-O) i Q Bk vhot 4% B 80 2 M T
FEIBE LRI WO Lt X BT Ot A
By SEOUR . MXTINGAT Az BOBa & . Bt —
B (LD il f B (R ot a8 P 2. B g
A H o AR5 BB R AF 4R U B B A R
Nd* YVO, A7 8 58 i 4152 ¢ 1< T B 1 #R A R 47

Y B . 2004-02-09; WM& H R H 3. 2004-06-23
E4TH.: BXK 863 H R (2001AA311060) KB H .

IR, FE VOB R ST EAA R 28R T #m ,
Wﬁﬁﬁﬁ%ﬂﬁﬂﬁﬁﬁfﬁ@%ﬁ HHAEBOE —RE
1B JiE ARSI O AR R R BT R
WEAESR , i B Nd: YAGH* #1 Nd-YVOJ"‘J i)
M Q I AR E O AR R B T 8 K 8
il Q EOLBOEA A RET . o E A2 b Y B
ST RIFRBOL R E HE M Nd: YVO,-KTP 7=

EEE N BUFEAT4—), B FEREFR T TERE LA, EENFEEBOCEAR RS HFRBI.

E-mail: fenglc97@mails. tsinghua. edu. cn



462 o 5|

" X 32 %

JEE QEOEWOLES BB T R T R SOt BOL
H BT T ROt FE Bk rh A A% 1~30 kHz {EEI A
A1 BB » 45 20 A% B3 Kk b Fr) W A T RAE EE R AR O 10
kHz I B R AH I SR 4528, 76 R R A AR i e
TR STRL7 DA R E MR A IR T
R R R T A RS 5 R T RE SR R R
HFEARRT IR 4t BB A M S R B 9 . A SCBT
FET WO AR A i 42 B9 Nd: YVO,-KTP N A&
Bt Q BUEAR . 7E 1~100 kHz I S H B MR 5
Bl R 2 R L Bk o 56 B2 M (B D1 3R 5 R R
KA HICRLT I RHEAT T BB, I X SE e 45 Rtk
715

2 ZEWEE

TR BME L PR, BHRERETE-MEW,
JESE My H B P 7E Nd: YVO, & 4 1) 4ib 38 i, My 3¢
808 nm Y B &, X 1064 nm Y& F1 532 nm Y & K
Nd: YVO, i ki 75— K KTP @ EME Y Q FF &
A THT 48 0 1064 nmA1532 nmos B4 378 1% 5 4t S 5%
5% M, PEXT1064 nm & [ F X532 nmi& 2 B 4 TR
HWZEHENR 1 WHEOL - HRE, Kbt a gk
B % 3 mm f) F BR 7H % 55 R AR BN YVO, & & I,
Nd: YVO, #fit KTP & R~} 43 %1% 3 mmX 3 mmX
1 mm#3 mmX 3 mmX5 mm,EYs TR E . BOL A
SR b A T A DA — AN, R {5 2 R i ¥ 28
HATRRER . PO TR AR RA R, AR ER K
BER2Z cm, #fEAS TAFMA N 70 MHz, 554 Q TR IR
as N A LI F B W, B A K H 2 A0 3k
7.5 W, B E B F 1 Hz~105 kHz W] ., 19K ) 2%
KRS T FHOGA AT R, 178 T 0L
it BWOLAREMR T H10 cmX 5 emX 3 cm, &5 #43F
HERE,

i F PIN Strg — % 4 #dk 532 nm EOB bk v,

1, HT@808 nm
"HR@1064 nm,532 nm HR@ 1064
- . ) w nm

| focus \ AR@1064 nm Y5535 nm
. system \ AR@S532 nm =
1 T N\ - output
TD | g N LS [power
bt [H PO P
; KTP A-0/) fitel i
LD Naivyo, j0-swilh

Bl 1 A Q532 nm ML REEREE
Fig.1 Schematic of the experimental setup for the A-O
Q switched 532 nm laser

F Agilent 54611A &R 3 #5 M) & 806 bk vb 19 55 B
FMEE R, A6 LP-3A BI85

3 LR Karth
3.1 XB4ER

BN T BOE Y5 TR Bk ooh IR AR
BIRR.MBELRWME 2 fin. ERBEEHRERN
50kHz B}, 75 2 55 K- ¥4 1 2% 210, 4 mW,

250
S 200
5
3= ]
o ~
2= 150 ¢
= D
-
&=
2 g 100
o g
o :
EX 50t « experiment result
z theoretical prediction
0 "

0 20 40 60 80 100
Pulse repetition rate /kHz

B 2 532 nm BOLHH PRIk E EMEHEL
Fig. 2 Average output power of 532 nm laser as a function

of the @ switched pulse repetition rate

PkohSEE S EEMBEHNRRME 3 fin. BERE
W%l Hz B 1 kHz i, BOG Bk b 58 8 A AR, 4
17.2 ns/ihy , BEE AR N100 kHzET , ik vh 58 B A
33 ns, LH L, WOLAFEH B R SR T 5
Fo A i A BB OB BE H 42 K0, 16 mm, R B
X3 mrad, R JGEBHEF M?=1. 42,

B 4 AR AR5 B 532 nm OBk oh TR .
Bl 5% 50 kHz EE M % T, 532 nm i i (2

34 F .
32+ /
30 +
s | /

26 +

Pulse width /ns

[ 35T S T

N S N
T T

0 20 40 60 80 100
Pulse repetition rate /kHz

B 3 532 nm % Bk i 55 FE E 2 AR AL
Fig. 3 Pulse width of 532 nm laser as a function of the

Q- switched pulse repetition rate



434 ByR F BOLTHREMIZFE L QRBERME 532 nm BOLE 463

REWMBYEN LR, £ 50 kH: EREHETF,
532 nmB{EHHZE TR N 200 mW,7E 1 W iz T
RF,532 nmffi I F K 224 mW, NBEOE —RE
H i 808 nm 132 M 3532 nm&R ) B -
BERRK 22.4% BB BRRBE LBETRSE
FIERR RS RERENR R R,

Bl 4 532 nm i Q Bk P iIE
Fig. 4 Pulse shape of 532 nm Q switched laser

250

" 100 ,/

50—/
0 b . )

0.2 0.4 0.6 0.8 1.0
808 nm output power of the LD /W

Average output power of
532 nm laser /mW

Bl 5 532 nm P MESHBMENRR
Fig.5 532 nm average output power as a function of LD

power (50 kHz repetition rate)

3.2 XBWHRHW

P T ik e ) o 1) Ay R A0 R R ) 550, M A
ARG ER P RL RN L, S LIE R
Bk o BB 255 4 4R WO K v 18] R I ) ER SR R
6 BN . SRR, 2 Bk Ta] B ) 282/, B fik e
At B Bl (7] F A 1) 384 o 3% < AR, )RR B[R] OK T
0.1 msi, 5k o BB 5 B Rk b 18] i #y 34 4< pE 2R 19 2
8, B mMmEE, X T HIOE Ik b f8 & BE 7] B
) B A AL MR, AT LT S HE S A5 2. B PURER R
ZPmRARS T REEREDIBIN o, ny e M
s, FREE 1 =0,7, =0, WA

ne +n +n, +n; = n, (D
WEER R G B FRESER BN ER T EERR .
%:_O‘UNZ'Aﬂ_Z—Z+ﬂoW037 (2)

Hrn, ABOL ERRBEEE . an AREEE R 0
AN G5 AR 5 FP 38O I 52 3804 5 8 T A
WO T BOH L v A TAEY R P EOEE, o N
LRER A RIEH . ne NESREERL W, N
ZWBERE LR,

8 b
f— 7 i
o OF
=
2 st
oy
2 gt
.;._’B » experiment result
[3) 3 - . —(1-Tu )T
5 El1-e 1
2 -
1

0.00 0.05 0.10 0.15 0.20

Period of the 532 nm laser pulse /ms

B 6 Bk e B 5 K vl E) R B ] B 56 2R
Fig. 6 Energy per pulse as a function of time between

adjacent pulses

RBAERE N Q JT 58 5K 11 B 447 17 R I, B
WAL HEFIAS R o RFRALMIZHEEE , W AT A3 3

d; —(zH )+ 2 (3)

dz T T T,

H,o, = 1/Wo; = 1/(0,v,N,) 0, FI N, 43518 T
AW T3 %o ik 3 D' 9 52 38508 WSO T R B A s B O
TR 0, N TAEY IR 266 E .

FIASE te H St = U/ +1/c)7 RIE
fERETT 4R If 21 B ¢ = O B, WOL ERB R B JE BUE LA
0, 753 | B2 58 = R bE £ BB IS 1) « AR AL i At X
H

n, = — -n[l—exp<—i)], €Y)

i Teif
HAHTHC 2 BB T REERE » 0, MR
HERRE An SFT n, , MAEBOLIKIPEERS An B3
AR, B LA O ok b i 1 BB B R B 23 A TR P
B AE AR, W BEAT 6 2 ik o BB B TE N

EZEOg[l—exp(—%>], (5)

E, N RBRKMPEEE . A XENNG) XK o 5l
2B RERG F D0 WAL IR AR A, X L e Ry
HITH B L T Lz RE LA U 0 <. B
B o gOE OB SRR R, 75 00 BR A IR A
R EMBRAMBOLHRRITEHA XK, MIEH TAE
R e A s BB ) R DA% B R
BEAT O BRAR L X T 98 Q BOLAS i B I R BB A5 B



464 o 5|

" X 32 %

FOER—-MREANZE.

%5 S8 2 B K o 140 R4 BF 16D 056 0 20, R A3 0 5 Jik
il B2 0K 0 Jk e i 2 4 < 71 SR ) A8 A 20 R R I E)
WA OL K P BR R W IR

ESZEsog[l—exp(—t_TTe)]. (6)

B TPAELRRMIEERRE T, BOE TSR T
BARRE, UMM FGERLHERRIRETE
— BB, 5IASE .. WNE 6 ATLLEH, LR
H5O®ORYEHBET. HPxt R o (HHR23 ps, i
Nd:YVO, F88 R Far 100 ps, —F B 1 A 2288
K TS5 E R BN FIHRER R S HIN: YVO,
FAE QBOEHRMN S » <t

B (6)F,IHHEIH Q BH KL Rd e, o] LI
FEHAE QBOL RN T MBI RS EE M EN

Pag = Eo » f[1—exp(1_r—ff°f)], N
A oo ANEHEN. EWo, WEELRE QXA
BERREIMNKESHE S QFXER MK &2 . %
BB T 4 B 1 42 B 0 I 1 0 AN B 2 s R I A
b ORI EBIKAE QBOLR F IR E
BRI AR I E 2 h SRR TR, T UE S,
HSITRES KBS R A/ R, Kb o M E,
F Xt SE IR BRI LA 75 3, 4 B R 3 psHT7. 8 pl.,

FIFE 6,57 AERE 2 TR LHRIER.
I 20 42 5 R A, ok o ) ) R AR X AR, B2 A BB A
B, 76 T 540 SR AR L, R0 B bk o R B AR
A K, BRI T A5 93 ' 4 ik o B St AR AL RS K, it AP
¥y Ty 2R i B A ARG B0 T OE Lo 3 s W B R AR R AT
FEAT 5545 A 26 ik v R B B B AR A SR 488 hn i R R
Ve, 254 1R P I 45 SR OF 39 Ty 3R o6 21 8 0 3R 1
A TR

ik e 22 S s TR B Jk oo B A R 4 AR AL L
A LF R A

T, = Ko/(N; — Na), (8)
H T, R BkopaiH . N: IB1is R SR8, No HIH
ERHER K, AR XA 5, N, lER
SR /N, 45 (8) =X BIVAT 41 Jik wh iy o b 2 52 4%
RPN ASTE, BN RE R TR D
PH R ] AR A « o ik e AR 8 1) 4, 4 R
PIf BB , BT 25 R A, Bk of A 7= A4 BB B B
FE 6 P REIR B 25 B4 YR 380, AT 3 55 ' ik e 28 B8 » £ 9
Fe kvt bl 2 A5 FE o 107 SCHRL7 145 20 ik v 58 B AR R

ZR7 418 AT ABORE PR LA bk o B R0 R LA
BB R ERZMHR N30 kH2) i,

i P VAR T 2R 5 ) i S 4 0 H) S 2R T LA
ﬁﬂg[g]

P, — (r—l—lnr)Nthhv’ 9)

Hrp r = Ni/Nuoo. REWET F5d5. 0 LIE ), 1§
EHIIRE N, KRBT T N REERHRK
BN T R, 1T DL (D R B R R
B T R

B 7 SR AR S Fp - 34 Sy R R Bk o B B H) S0
HRBERIEEIREERFREMH L. EE
HHAR kHzi , A D R 2412 470 W s 16 {5 0 R b
EAEREMW T M. KRR EBRER b T
ok o B0 R 0 T, A of A5 5 A 75 4 ' B8 Jk v
B0 s SR Tk S B3 B s B LR fE R A AR
J2 W Ty 4% o B R A0 AR 0 B ARG, T SCHIRL 8 1Y
SR, ik w0 {0 1 2R 6 A0 AR S 3 B RO L
HEE R0 kHz B R E, SR8 IX LB &
R, M Q B RR A I R T & ik L eE 4
i, b BEGOR Ty T 5 S O > DA T A5 O
IR ik v R B B 2 /N . Tl (4D ST, SRR
4 5 BB Bk of 6] o e 1) B 4 BRI Ed . 1 7 B
K2k R R R R BT, 532 nmiy i ) I {E D R B E 2R
R IR BT R

T

500 f

400 +

300 F

200 r

100
e

Peak power of 532 nm laser pulse /W

0 20 40 60 80 100
Pulse repetition rate /kHz

B 7 Bk {E Th % Bl B AR AR AR AL
Fig. 7 Peak power of 532 nm pulse as a function of the

Q- switched pulse repetition rate

4 4 B

LR TERERNSAHA Q 532 nm BN A EOE
LSRR 10 emX5 emX3 em, H 1 W
MO R Sz . 78 50 kHz R AR, 15
P 224 mW B F 5 MR, - HMENR



434 ByR F BOLTHREMIZFE L QRBERME 532 nm BOLE 465

22.4% 13T 1~100 kHz T 5 5 R B W, B0
AT BT Rk b R A0 (T R 5 AR K
R, 550 W Bk o 0 {2 6 B 2 SR04 4 44 g 2R 0
TR, A TN FR. B TSk R
FF- ¥ 1y Fe b 25 2 00 SR AR L ) — A X AR A A
KT HAESLRE RS BRI, RS
SEIEGAE T B FE B R R G, RAEAEREHE N
BRAERRE R I A% T LEE S H .

2 % X W

1 Du Chenlin, Liu Junhai, Wang Zhengping & al.. LD-pumped
acousto-optic @ switched Nd: YVO, laser with high repetition
rates and short pulse width [J]. Chinese J. Lasers, 2002, A29
(6): 489~491
RN, XHE, FETY 4. LDHEH N Q BEE MR A Ik
B Nd: YVO.#k# [J]. Bk, 2002, A29(6). 489~491

2 Zhang Hengli, Hou Wei;, Xu Zuyan & al.. Diode pumped high
repetition rate Q-switched Nd : YVO. 1342 nm laser [J].
Chinese J. Lasers, 2000, A27(1): 11~15
KIEHE FH.FEE F. BOETREHE Nd: YVOL Rk
6 Q1342 nm oL EE [J1. Bk, 2000, A27(1): 11~15

3  Yang Chengwei, Huo Yujing, Yin Xiaodong e al.. Experimental
study on LD pumped Nd: YVO, laser passively Qswitched by
Crtt : YAG[J]. Chinese J. Lasers, 2004, 31(1): 1~4
BB EER.FRR % BEZREME Crtt : YAG B3
WQNd: YVO, BAHEMERHALIL + B #KE, 2004,
31(1): 1~4

4  Susumu Konno, Shuichi Fujikawa, Koji Yasui. Highly efficient
68-W green-beam generation by use of an intracavity frequency-
doubled diode side-pumped Q-switched Nd: YAG rod laser [J].
Appl. Opt. , 1998, 37(27); 6401~6404

5 Eric C. Honea, Christopher A. Ebbers, Raymond J. Beach &

10

11

12

13

14

al.. Analysis of an intracavity-doubled diode-pumped Q-
switched Nd: YAG laser producing more than 100 W of power at
0.532 pm [J]. Opz. Letz. , 1998, 23(15): 1203~1205
Yung-fu Chen. High-power diode-pumped @ switched
intracavity frequency-doubled Nd:YVO; laser with a sandwich-
type resonator [J]. Opt. Lezt. , 1999, 24(15) . 1032~1034
Junying Wang, Quan Zheng, Qinghua Xue e al.. Diode-
pumped, Cr: YAG passively @ switched and mode-locked Nd:
YVO,/KTP green laser [J]. Chin. Opt. Lett., 2003, 1(10):
604~605

Li Jian, Lu Xing-qiang, Hou Wei & al.. High-power diode-
pumped high-repetitive acousto-optic Q-switched intracavity
frequency-doubled Nd: YVO,/KTP green laser [J]. Chinese J.
Lasers, 2000, A27(12): 1063~1066

&= f@#, SRR B %. KIWE LD #iiE Nd: YVO./KTP
B Q @tEoks [J1 + &%k, 2000, A27 (12):
1063~1066

John J. Degnan. Theory of the optimally coupled @ switched
laser [J]. IEEE J. Quantum Electron., 1989, 25 (2):
214~220

Anthony E. Siegman. Lasers [M]. Sausalito, CA: University
Science Books, 1986. 1004~1040

Hamid Hemmati, James R. Lesh. High repetition-rate Q-
switched and intracavity doubled diode-pumped Nd: YAG laser
[J]. IEEE J. Quantum Electron. , 1992, 28(4): 1018~1020
Wang Shiyu, Guo Zhen, Wen Jianguo el al.. CW diode laser
pumped @ switched high repetition rate Nd: YAG laser [ J].
Acta Optica Sinica, 2000, 20(11) : 1467~1472

FARE .2 R.XEBEE % EZELE-REHEMNAQER
SR Nd: YAG BB 85T [J]. &% $F 4|, 2000, 20(11):
1467~1472

Tracy S. Kubo, Thomas J. Kane. Diode-pumped laser at five
eye-safe wavelengths [J]. IEEE J. Quantum Electron. , 1992,
28(4): 1033~1040

C. D. Nabors. @switched operation of quasi-three-level lasers
[J]. IEEE J. Quantum Electron. , 1994, 30(12): 2896~2901



