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An Intermittent Oscillation Dual-Wavelength Diode Pumped Nd: YAG Laser
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Abstract A dual-wavelength diode side-pumped Nd:YAG laser is generating intermittent laser action at the
wavelengths of 1064 nm and 1319 nm was demonstrated. By this means, the population inversion is distributed
efficiently, mode competition of both laser lines can be avoided, the effect resulted from the accuracy of the coating
process can be reduced and the stable output of dual-wavelength is easily obtained. Furthermore, under different
operation conditions, the ratio of the output powers can be controlled by changing the delay time. For the input
current 22 A, the pulse repetition rate 4 kHz and the delay time 10 ps, the output powers are 6.2 W for 1319 nm and
5.1 W for 1064 nm, respectively. The numerical simulation of the performance of the dual-wavelength laser has been
considered basing on the rate equations of intermittent oscillation dual-wavelength laser and the theoretical analysis

corresponds to the experimental result.

Key words lasers; dual-wavelength; intermittent oscillation; diode-side-pumped; Nd: YAG crystal

1 5 5

— PO 5[] I i S U K B2 K 0T
TEVF 2 U T Z iR Y I RSB0 R
N/ R I R U 5 A e SN P N7 S|
RIPAT 5 AR AR A, T B A v A 3 Al P R AL e S B
B AL A S AL RO R T ]
o S BN WO A 2 0 SOk A
XL PO AR S B O I A TR 1RO B RE
POt HIFI iz e, IL ] op = A7 il A B RE G Y S ki 1
B0 R R38N T gl B O S BRI K s e

IFORS BN IR i 1R 1 2R 4 DI A L XU K
(38 A PR FE . SC8 A BRAE R HOE AR A B
WK AT WS RS R R e ) L A
I TV 2 Ik, 18 3% 2208 e SRR WOG A ok
I = A5 45 K AT L R K 4 o RO i ) g e
TEI Q iz oL b » RS HOL & B L i 32 Pk
Sl TR 108 5 A0 J5 52 A S O A R 3R P
P A JEE K 22 FE O - A T 38 1 1Y) 5 4 E 7 A i 3
g Bt PR B AR AR Al 2k B BT R 11
R JE ARATAGE (9 BUB IO it 75 1 4 1R X i L

HETH: B ARB¥ES (60478009) FIZE 11 2 % %% B R 8 ,
EEB N WHAHEQ77T—) B IR N 0FIE A, 55N T4 [ A OGR4 7 A ISR .

E-mail: xwfansdnu@163. com

SImE A MR 1957 ) B RN B2 A i, BN R 2 ESROEEAR R ARL MOt 2 55 05 T AT 52

E-mail; jlhe@sdu. edu. en GE{FHE R )



31 i I b ot 35 %
WA SIS S T IRIE e NEIE Y S TR i

AR SCHR T — B A B R v R RS S
UL AR T BRI 7 e S SO L AR O A
I REHE PR T 1] &R 7 (19 BUB S BOE AR 19 DY BE
G R T7 ARAERL I BEAT T AT R A 4
5 LA

2 AR IR P 1 IR

Nd: YAG & K 52 — F0 A0 B 59 3806 a0k, Xt
808 nmifiiz Jt B A K By Wil & % m i i & &
BOERERN ST 132 pm Ml 1,064 pm B 45K
IR A R 2 MOk SR TE L X R R TR
o T AR A0 AR 7 A e A S FEE R v DI Al B 21
SO, FIEIRATEESE Nd: YAG S IRFE ok

TESL S R R R IE A s 1 s, il —
AN A SO AR Y AL PR R — R
Nd: YAGE A SZHE1319 nm (4,) F1 1064 nm (A, ) %W
BRI IR« 3 25 A B0 Nd: YAG AR 5078 9 38
Ky A b B — S A0 BIR FH — A OE (AO) H6
SEPBCR A R A BIE Q WOBH . My Al M, 4y
B PEAS X0 F A, R I 0 i B . M Ry — T T 43 R
B 18 iR S A B S - OC S —F- T 4 5%, X
Bk A Q. MR35 31k 89 00 F1 8206, TEIKHR
i B P SR 3 ol 4 N — A A 3T R e BP, A BP, AT
I3 LB A A IAROGH . Ak TEM,,
FEAS i AT A R AL B A /NLOG R Dy A D,

R1:_750 mm G M1
4|+ D,
AOQ driver
[\ A0, T=18% (1.06 pm) 4 1-30 pm
N T=11% (1.30 pm)
R,=-500 mm N BP
— |l A
L Z
- 7 | IN— / 1.06 um
M, D, AO, BP, M, module oC

F1 Ot TR M I AIE Nd: YAG AR ] BIOIR 5 BGRB8 52 55 25 R 2 1

Fig. 1 Experimental setup for intermittent oscillation dual-wavelength diode side-pumped solid-state laser
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Fig. 2 Relation of the two acousto-optic Q-switch functions
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Fig. 3 Dependences of the average output powers at

1064 nm and 1319 nm on the delay time Az when

the input current and the repetition rate are fixed
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TEF N EE MM AR N 4 kHz, Il & T 78 & /D 1€ R
1] 10 s AR CHE SR BN ] 130 s 165, B 46
Ty Bl E A A A 6 AR L S5 R 4 PR . W
AT 2K o) 236 B il 3 v O 1 14 T S
ST ] 245 K L 1319 nm 3K A4S KL T 1064 nm
PR BEARA K, FERB B 19 A ERZHR N
4 kHz, $ER I} [E] 30 ps B, U £5 J% K 1319 nm 1 ik
ML 260 ns, P 1064 nm 1 ik #h 58 Bl 90 ns,
FERZ 40 min [ [E] Y P A% 1319 nm A1 1064 nm %
DG Bkt D B Sl 4y B 3. 620 B 2. 600, Bkih

T BEAN & 5 B 7R o

—— 1064 nm A¢=10 ps
——1064 nm At=130 ps
——1319 nm A¢=10 ps
——1319 nm A¢=130 ps

—
[\

—
(=]
T

(o]
T T

Average output power /W
= (=)
v T of T

[\
T T

(=]
T

1 1 " 1
16 17 18 19 20 21 22
Input current /A

B4 FEOGIE RIS ] 5350 7 10 s F1 130 ps B, WK
SF- Xy i1 B S s R I 0 AR A OC B
Fig. 4 Dependences of the average output powers at
1064 nm and 1319 nm on the input current for

10 ps and 130 ps delay time, respectively

35 LI T T 7 T LA L B | T
r fluctuation at 1064 nm: 2.6% 1
R e R AT P
e L ]
fluctuation at 1319 nm: 3.6%

QZO' MWM&W%

00 | 1 n 1 " 1 L 1 1 1 L 1 2 1 2 1 1 1 I
0 5 10 15 20 25 30 35 40 45
Time /min

&5 X I it AR E
Fig. 5 Pulse stability of dual-wavelength

4 HIs
X DU B 2 2R 45« 1 BIAR 355 0L K O % R
IR e

YW, b fobd)— (D)
t T
% _ N b ny B
dt 6710‘1751 L/l o (Z‘) TL o ’ (2)
dg, o Li b, ny, 3
dt - o ¢Z L/g T (f) T ’ (3)

Horp W, O B ARz s AR G 7 /) e R L
S EEE  n  BO R R R B R T R
CAfL.m ) o by S HIRAE AN ERIE For — "L
HEFyy —" Lo PR MO FROE E CRA.m 7)),
o100 XA B Ay Ay 152 R S T o 2
B 23 BT L RE R A i+ o ) o 0 01 o8 O 7 BR O B
REH ISt - L I B L LY L L i
MIA B 7o s 7o PRI B IEOE T 75 460710 72



36 2l 5]

oo e 35 %

O AR SR B R B B F R B B I PTRER
T H o . MERARERK L)L, Tk
RHA

A g SR g A0 RIS L Ly 2 O 38K 1y 4y B
.
BEH QPG A IR AR D — B BR B B e (1), L

L'=L+—DIl, i=1,2 4
JSS% (Z<Oork;l

0(Q(f>: » i
L 3L
1 0 (f 3

<t

t <<

<£_3 ’
f ) k= 19273a"' (5)
k
)

Ho f O E AR WAL pso POIPIADE AO Fl AO, Z 8] A SE R R[] L P SE 3R 10 ) Az % Q TF 5%
BFE AW WG T . T RIERDET A 70 7o 1T 5 AL

72L/1
. = — 6
@ = =T a1 —aa ) )
e (1) = —2L, 7

cn{(1—T)H—a)[1—apt—AD 1}’

HoA a s 43X REPER A FI A, Y Y AR HEE
58] TS S5 0 RE 2% SO W WS B S 450 AR R T RS AR
T F T, 43 BIREREBAS A FiA, % AR %

X FOE TR T S s RO S SRR
Uiz 3R W (o) ]k A BE I [R]) ¢ A8 1k i o 6
B 76 3 AN A A Is R BN il s 2 A1, IR 4
W, () a] 5 i

W, (0 :n% 1 (8)

o Vo
Horp g 9 B B R Py s Ry, iz
PL T S REE Vil B LA

E ] (A SO i il R PRy R 0B T B A Bk
O AR EOR T S5 G R B S0 4 R T IR T
{1 R E 1 ANAE i A i R T A 9 i R R A2
o it AR 1) PR B TT SRR ot

f‘lh - T;:;KC<% %‘—FaTcr.'ﬁng)! (9)
abs

2 & R IR, P2 WO S A IR I 9 52 O g
L Ko RO IR AL T3, dn/dT 2 S ROk
RBar RIS I R B C.y 20 BXT B 30O & 14
FEAR )R9I ] 19 6 3 R 5

FEHCE AR B0 0 3 A S (5N 0o = 1. 82,
£=0.35,dn/dT=7.3X10 " K ',K.=13 W/(m*K),
ar=7.5X10"° K ',5,=0.92X 107" em’ .0, =2. 8 X
10" em’, op = 230 ps, B =0. 14,8 =0.6,C, =
0.017,C,=—0.0025, LI FS& KLmSBaA
R FE VAT A AL . X R S L 19 AL
JEE MR 4 kHz B, H0(E AR 000 4K 34 it o
2 55 98 3R ) 1) AR X AR 1606 R AN &l 6 B . i ARk

6 ——1319nm el 4
E ——1064 nm P s
g A
S 4T e i
& oo, s
2 [
% 2 i “/ \\(\'\ i
3 ‘k:\\\
z

0+ N0 o

1 1 1 1 1 1 1 1 1 1 n 1 L
0 20 40 60 8 100 120 140

Delay time At /us

& 6 fETEEWHE 4 kHz, T, =18 Y6 I, B B B2 10 XU &
i HH Ty 3R 5 4 SR ) A R 56 R
Fig. 6 Computed average output powers at dual-
wavelength as a function of the delay time when

repetition rate was 4 kHz and T, =18%

WL S0 45 R AHAT . B 7 R X s
19 AL DG AR 4 kHz, P A 1 i 5 5
O 1106 7O ) FE IR B ] 53550 R 10 118230 15460 pus
Ip SR P R 5 WK A, RS R T, mAH
X AR SC R R BB ZE R . NI 7 R AT DU B
& T, BRI A B2 i D AR g L T
P Ao F-F- 2kt 2 A e 1 Ok, R S /) o BIVRE
Pl 2. TS FAAE— B fEfm A & . X2 VK
AP A B RS R E O PR 4 MR B E
FER WA Ao B K e i S 4 i A BRI AR 1 S e R
TR R A Pz IR R  A S e kL B
ENS) RNIUE SO RIS N

Fe PR A, i AR A R E Ry 3000, X I iliE
B 19 AL TR R AR 4 kHz i B (e A5 00 X



WHEME. FOLTHRAEIE Nd: YAG 4 18] 8RR 35 XU K B8O 37

55 T T T T X T X T

50k —e—1319nm (10 pss) ]

< —a—1319 nm (30 ps)

E 45F Vel T~ ——1319 nm (60 ps) ]

8 40F 4 N ]
§ 35F
530
S5t
= L
© 20
o7 ot

5 L5 : 1

© 10F  ——1064 nm (10 ps) N A\ 7

< 0.5F ——1064 nm (30 ps) N\ N A

L ——1064 nm (60 s) AN

00F Ty Ly, e

0 0.05 0.10 015 020 025 0.30

2

K7 B S i DB T, KRR
Fig. 7 Dependences of the average output powers at

1064 nm and 1319 nm on T,
P2y ) 2 3R 5 E R [R] R X AR A S R AN T 8
Jios . 1R 6 AR L, BE SE IR I E] A4 28 Al XU G F 1
i b D R A A AT R AE R LY IR [E] 70 s 1
XA WOt a2 AT AURH 5 AR LG T, S 18001
SR R  o3 AT R T TR E S B s B Ok
P+ BV R A 5 B IR A 38 B T SR v Ay
JE ATy R AT LASE Ao 98 15 AR O 1] 4 2 3 IR I) o AR A
I AU B i R Z L

——1319 nm i
——1064 nm v

Average output power /W
— Do w N Ut
T L T ol T € T b T ]

(=]
—

" " 1 L 1 " 1 " 1 L
0 20 40 60 80 100 120 140
Delay time A¢ /us

8 FEFME MR 4 kHz, T, =30 Y0 I, B fi B #0080 i
i 4 T 2 5 R I T ) A X G R

Fig. 8 Computed average output powers at dual-

wavelength as a function of the delay time when

repetition rate was 4 kHz and T, =30%

5 4 e

352 T e R 3 B AR ok 5 BB A 1 L
R 1 B . 08 AR % 1 AR SR R — OOk
e L A7 I 6 52 B R K Ok IR AR % . T
O 7 S ) 0 3L I ) 3 8 T 9 9 L AR 5 5 3 A
S 019 1) B 355 WU WOk . E TS By T
R 355 W K SO 52 19 10 i 2 ok 5 7 R L O
1T T SR B B4 5 52 B 45 S A4

1

[SS)

8}

S

(21

o

-3

[oe]

©

11

12

15

16

17

s & X #
Y. F. Chen, Y. S. Chen, S. W. Tsai. Diode-pumped Q
switched laser with intracavity sum frequency mixing in
periodically poled KTP[J]. Appl. Phys. B, 2004, 79 (2);
207~210
H. Y. Shen, Y. P. Zhou. W. X. Lin et al.. Second harmonic
generation and sum frequency mixing of dual wavelength Nd :
YAIO; laser in flux grown KTiOPO, Crystal [J]. IEEE J.
Quantum Electron. , 1992, 28(1): 48~50
Yung-Fu Chen, S. W. Tsai. Diode-pumped Q-switched Nd :
YVO, yellow laser with intracavity sum-frequency mixing[ ] ].
Opt. Lett., 2002, 27(6): 397~399
H. Y. Shen, W. X. Lin, R. R. Zeng et al.. Second-harmonic
generation and sum-frequency mixing of double-wavelength Nd:
YAIO; Laser to 413. 7-nm violet coherent radiation[J]. J. Appl.
Phys. , 1992, 72(9) . 4472~4473
Jingliang He, Jun Liao, Hui Liu e al.. Simultaneous cw red,
yellow, and green light generation, “traffic signal lights”, by
frequency doubling and sum-frequency mixing in an aperiodically
poled LiTaO;[J]. Appl. Phys. Lett. , 2003, 83(2); 228~230
J. Liao, J. L. He, H. Liue al.. Red. yellow, green and blue
four-color light from a single, aperiodically poled LiTaOs; crystal
[J]. Appl. Phys. B, 2004, 78(3): 265~267
Jun Liao, Jingliang He, Hui Liu ez a/.. Simultaneous generation
of red, green, and blue quasi-continuous-wave coherent radiation
based on multiple quasi-phase-matched interactions from a single,
aperiodically-poled LiTaO; [ J]. Appl. Phys. Lett., 2003,
82(19) . 3159~3161
H. Y. Shen, R. R. Zeng., Y. P. Zhou e al.. Comparison of
simultaneous multiple wavelength lasing in various neodymium
host crystals at transitions from *Fj5 —*I11/2 and *Fs2 — 1132
[J]. Appl. Phys. Lett. , 1990, 56(20); 1937~1938
H. Y. Shen, W. X. Lin, R. R. Zenget al.. 1079. 5- and 1341.
4-nm: larger energy from a dual-wavelength Nd: YAIO; pulseed
laser[J]. Appl. Opt. . 1993, 32(30); 5952~5957
J. L. He, J. Du, J. Sune al.. High efficiency single- and dual-
wavelength Nd: GdVO, lasers pumped by a fiber — coupled diode
[J). Appl. Phys. B, 2004, 79(3): 301~304
Y. F. Chen. CW dual-wavelength operation of a diode-end-
pumped Nd: YVO, laser[J]. Appl. Phys. B, 2000, 70 (4):
475~478
Li Haifeng, Zhou Rui, Zhao Puet al.. 1386 nm continuous wave
output from laser diode end pumped 1386 nm Nd: YVO, laser[]J].
Acta Optica Sinica, 2006, 26(7): 1069~1072
L BB BE . MOE RS E S Nd: YVO, 528
1386 nm L P WOGHI B LI ], b5 F 4, 2006, 26(7): 1069~
1072
Wenxiong Lin, Hongyuan Shen. A configuration of the laser
cavity for simultaneous dual wavelength Q-switch pulsed Nd :
YAIO; laser[J7. J. Appl. Phys. » 1999, 86(6): 2979~2982
Wenxiong Lin, Shouqun Lin, Jianhong Huang. Cavity
configuration for a @ switched simultaneous dual-wavelength Nd:
YAIO; laser with the characteristic of polarization-dependent
emission cross section[J]. J. Opt. Soc. Am. B, 2003, 20(3):
479~483
Zhang Qiang, Yao Jianquan, Wen Wuqi et al.. High power laser
diode pumped Nd: YAG continuous wave dual-wavelength laser
[J]). Chinese J. Lasers, 2006, 33(5): 577~581
ik R BhERE . R . S RO A EE Nd: YAG
HESWARBOERO]. P Bk, 2006, 33(5); 577~581
George A. Henderson. A computational model of a dual-
wavelength solid-state laser[J]. J. Appl. Phys., 1990, 68(11):
5451~5455
W. Koechner. Solid-State Laser Engineering [ M ]. Berlin;
Springer-Verlag, 1999. 363~365



