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Numerical Modeling of Intracavity Yellow Raman Laser by

Using Normalized Rate Equations
Wang Pengpeng Ding Shuanghong Zhang Jun Wang Shumei
Abstract

(Institute of Opto-Electronic Information, Yantai University, Yantai, Shandong 264005, China )

theoretical results from the new rate equations and the curves are compared with the experimental results, and it is
shown that the theoretical study can predict the performance of intracavity yellow Raman lasers.

Zhu Cunguang
The normalized space-dependent rate equations of the intracavity yellow Raman lasers are deduced, and
=]

the formulas of pulse energy and peak output power of the yellow laser are derived. The values of the composite
variables are estimated from the reported experimental parameters. The numerical calculations are carried out to
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illustrate the effects of the composite variables on the performance of the intracavity yellow Raman lasers. The
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different pump powers (P) and pulse repetition rates ( f)

N(0,0) Dy iniee Eyw/p] Eo/p]
f=20 kHz, P=10 W 7.517 2.356 91.78 89
f=20 kHz, P=12 W 9.014 3. 490 135.90 119
=30 kHz, P=14 W 7.250 2.158 84.04 75

1 gy T AR [ o 5 AR FRK b 2 AR B TSR A S 50 I A5 ) i O RY kor BE &L N (0,00
1 (14), (15 GG L i ] 320 il LA H BEI @y FIAEL D 3 () R 24575 T HARA (13) 20T RUAK 3 iy
i BOE R PR oebRE R . E O DA RIS f  BOE R Bk b R Eu, O i SCHRC L2 1 B 2 5245 2 AY
FOCHK b RER . FLACAT A L Bk eb AE R A9 SEIRAE R SRR A R A M) & . 2 fihis PR BUE SR
ST 4G R B SR A RO X 2R TAESC IR P A 02 6 D 3R A3 O A2 5 2 i B S ok A
JEH EAE AL /I s AN BRI B e AR ST B B2 1 T A R 000 I — B T 4E se W e 9 A A e fb . RGBS Ak N i e
BB AR 9 52 BRES A TS B AN L AR 5T L A5 0 2 S0 1 R X 07 B 25 DR IXfE A oo 0 — e 1y 2 ik
Frab B,

B LA 2 AT LUE 78 H M G 5IE S 3 1 12 B 78 S5 A B Y 1R P 81T Sk [ 12 0 i 552 36 o i
T T BAR B OGRS . A B TGRS MO g O AR HE — 2D B T D I A SR O K — B 4B v
S 8 453 L I W R Y 1) 5 BRI el 2 R B RO B R T

5 4k 1w
AR T A X B O B O S 2 T 2 4 A B U — A R 7 A, 9 5 MR O BB 0% 28 LA S

BiAG T 25— A2 5 0 UL R 0 0 — A7 Rt AT 1 B ESR A F HAS T — RAUA L . e T
BT — A R A RO 2 BOC AR R PE R R W 8 BCE R K B A RO O T B B R )T —
PR IR £ A8 IR AR LR 3 OB 3 I B — B {746 590 06 1) B0 ) % e 3003 55 0 — A A5 I 4 2 K00 5 AT
KA — ARG IR 45 AR BB A S i R UL R RIS el 7 — B30T 48 s 07 e R i e 2 i i 8 3O 008 7 808
JE NG AR . T T 45 R 4 B A9 L 8 A Joi o R LA ek 24 M 1) 77 i R AR e U — AT 2 G A AR O A1 A
H B ) L S oL 1 O R o ) T A ) (L T R S 1 D A A R T LA 3R v i O 0 K o RE
L JF G LI AR A RN U RIS DR EUR AT BN A5 R 5 S A R AR IR I W) & . s D R BUE AR
L BLE T R AT R B m TR AR . BEA Az e AR O RGE BB I . L i RO Y AR /)N L SR
Tz 5 HFOE 22 18] A5 R A ] I A B A0 L 6 1 K T PR 45 (o 58 0 ' 200 3R R A+ AT e 26 PR A 2
TEIFE AR . NGB B AN & WOEAR BT 5T 1 2R v K B HOLAR 19 S PR A TSR0 X R R ATEL A
BIRTSE T ) Z— o FERLG AR O 2 7580 507 B BEAE b 2% S8 IAGZ 5 200 - W 58 4% £ E S RO N I B0
SO AR YRR PR 2B 0RO R S 0L AR AL A& 18

Z % 3 Wk

1 Su Fufang, Zhang Xingyu, Wang Qingpu et al.. Output properties of external resonator StWO, Raman laser [J]. Acta
Optica Sinica, 2006, 26(5): 693~696
HEF, WATE, EEFEB . SERX SIWO, fir2 BOb8 n % LR rERr Rl ], & F F 4, 2006, 26(5): 693~696

2 Su Fufang. Zhang Xingyu, Wang Qingpu et al.. Output properties of external resonator KGd(WQ, ), Raman laser [J].
Journal of Optoelectronics & Laser , 2006,17(5): 538~541
HETT. KATR, EHFME F. AMER KGAWOD, fr82#Ot 8w A5 (1], k&5 -850, 2006, 17(5): 538~
541

3 S. Ding, X. Zhang, Q. Wang et al.. Theoretical and experimental study on the self~Raman laser with Nd: YVO, crystal
[J). IEEE J. Quantum Electron. , 2006, 42(9): 927~933

4 Cong Zhenhua, Zhang Xingyu, Wang Qingpu et al.. Actively Q-switched intracavity Nd: YAG/GdVO, Raman laser [J].
Chinese J. Lasers, 2009, 36(1). 19~22
MR, kTR, THFM % 38 Q Wk Nd: YAG /GAVO, fr 2 ot [J1. ¥ Bk, 2009, 36(1): 19~22

081402-6



47,081402 MM SEYBIEHE www. opticsjournal. net

5 Wu Wendi, Wu Fuquan, Su Fufang et a/.. Quartz optical filter based on rotatory dispersion effect used for intracavity
yellow Raman laser [J]. Chinese J. Lasers, 2009, 36(4): 833~835
S, RARA, SE Y XN B B OG EOG AR 2R 4R O A 0 S AR e G IR A [T, F Bk, 2009, 36(4) .
833~835

6 H. M. Pask, J. A. Piper. Efficient all-solid-state yellow laser sourse producing 1. 2 W average power [J]. Opt. Lett. ,
1999,24(21): 1490~1492

7 J. Simons, P. Dekker, J. Piper. Small-scale, all-solid-state, frequency-doubled intracavity Raman laser producing 5 mW
yellow-orange output at 598 nm [J]. Opt. Commun. , 2004, 229(1-6): 305~310

8 T. Omatsu, Y. Ojima, H. M. Pask et al.. Efficient 1181 nm self-stimulating Raman output from transversely diode-
pumped Nd*" : KGd(WO,), laser [J]. Opt. Commun. , 2004, 232(1-6): 327~331

9 R. P. Mildren, H. M. Pask, H. Ogilvy et al.. Discretely tunable, all-solid-state laser in the green, yellow, and red [J].
Opt. Lett. . 2005,30(12): 1500~1502

10 Shutao Li, Xingyu Zhang, Qingpu Wang et al.. Small scale and efficient diode-pumped actively Q-switched intracavity KTP
frequency-doubled Nd: YAG/GdVO, Raman laser [J]. J. Phys. 2008, 41(5): 055104

11 Shutao Li, Xingyu Zhang., Qingpu Wang et al.. Diode-side-pumped intracavity frequency-doubled Nd: YAG/BaW(O, Raman
laser generating average output power of 3. 14 W at 590 nm [J]. Opt . Lett. , 2007, 32(20);: 2951~2953

12 Zhenghua Cong, Xingyu Zhang, Qingpu Wang et al.. Efficient diode-end-pumped actively Q-switched Nd: YAG/SrWO, /
KTP yellow laser [J]. Opt. Lett. , 2009,34(17); 2610~2612

13 Zhang Xingyu, Wang Qingpu, Chang Jun e al.. All solid state intracavity frequency-doubled Nd: YAG/SrWO,/KTP
Raman laser [J]. Chinese J. Lasers, 2009,36(7): 1798~1801
WATE. EFELEF . 4B KR A B Nt YAG/SIWO,/KTP R 8 WOGH (1], Bk, 2009, 36 (7).
1798~1801

14 Xingyu Zhang, Shengzhi Zhao, Qingpu Wang et al.. Modeling of diode-pumped actively Q-switched lasers [J]. IEEE J.
Quantum Electron. , 1999, 35(12).: 1912~1918

15 S. Ding. X. Zhang, Q. Wang e al.. Modeling of actively Q-switched intracavity Raman lasers [J]. IEEE J. Quantum
Electron. , 2007, 43(8) . 722~729

16 Guiqiu Li, Shengzhi Zhao, Hongming Zhao et al.. Rate equations and solutions of a laser-diode end-pumped passively Q-
switched intracavity doubling laser by taking into account intracavity laser spatial distribution [J]. Opt Commun. , 2004,
234(1-6) . 321~328

17 J. J. Degnan. Theory of the optimally coupled Q-switched laser [ J]. IEEE J. Quantum Electron. , 1989, 25(2); 214~220

18 Y. P. Lan, Y. F. Chen, S. C. Wang. Repetition-rate dependence of thermal loading in diode-end-pumped Q-switched
lasers: influence of energy-transfer upconversion [J]. Appl. Phys. B, 2000, 71(1): 27~31

081402-7



