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Theoretical analysis on crystalline Raman amplifier
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Abstract: Crystalline Raman amplifier is an important way to obtain high beam quality, high spectral
purity and high power Raman laser. The normalized transport equations of the external cavity Raman
amplifier were derived by inducing four normalized composite parameters. A set of universal theoretical
curves describing the operation of Raman amplifiers were obtained by numerical solving the transport
equations, and the influence of the complex normalized variables on the performance of the Raman
amplifiers was analyzed. The dependences of the magnification of the Raman pulse peak intensity, pulse
shape of the output Raman laser, and the conversion efficiency from pumping laser to output Raman laser
on the pumping pulse intensity, the relative width of the pumping pulse and Raman seed pulse, and the
time overlap of the pumping pulse and Raman seed pulse were studied in detail. The optimum working
condition of crystalline Raman amplifier was explored. The normalized theory was verified with actual
experimental data. It is indicated that the theoretical results are consistent with the measured data. The
normalized rate-equation model is proved to be precise and feasible.
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Fig.3 Typical pulse shapes of the input pump, residual pump and

output amplified Stokes on 7 for different conditions

P 4 g AN [l D65 B2 | AN ] 2R3 D' ik e 5 B2
4 R E OO bk O E BE U — f R 2 4 AR KL
Gy AR Hop To=30, B T2 T 2 B 7351
FORFMEHI VA — LR P SEEE A 7050 .30, Fh T
(AL BT AT R (M) K T2 VAR AR I R AR (M)

It LARh S ik o 2 i 2 SR RO S ik 9 AR 48
50
40t - =

30 = =

Normalized output Stokes pulse width

P 4 TR i3S B2 AN [) 53 D' K v 5 B2 1 i i 0 46 v A
Yol b 58 B RE G 197421k
Fig.4 Dependences of the normalized output amplified Stokes pulse
width on G, for different seed laser intensities and pumping

pulse widths

i 0O HE v 0T G Ik i v FE B L 2 iR AR S
ALH LU JUA T T8 . — & R A1 G — W) i i
S G B 357 O ok e i R R i S R A 3 DR T 1
K3 20 Ta Gr — 3 HEDEA B R FEIIHT R
K H i R B SE ; = B T — AN E T, TEA
[ FPOaam BT Bk oh 58 BE B G, O3S KA A
[] () AR AR - ST A THAE 2 B (R=10"", G4<10
H Ruu=102 . G<5)HY | Gp #K , M,/M=exp(Gp)lexp(G42)
BB, i L2 K SE R A 5 Ry BX G 38 R 2E
THCHFE 2 WA R, G MR, ZE 0 K vp i o B L5k
ORI, Fiw A2 K 0B 0 5 M AT 5E e
I (Ruw=1 . Gp>4) , iy i H 2O Ik b 58 BEBEE Gy 13
KRB ETHLE , e,

RIS T A O AR 2 A O
GIIEN, SEBR LS Bk i R S bk v TG e
S R — TG 48 77 AR 38 S 43 0 RS OG #
A REHIHRAS BB AN B W DG IR A R I 22 | SE % [ aE i
6 8 15 R ] 25 o= 58 1% 48 FH T LA s/ g ik v i
{BL A B[] SR

B 5. B 6 2 algh 1 X AR A 230 ik i v
FE G 803 Rt L R 2 kv B B B A, B AE AR

1105007-4



ik A

%11 3

www.irla.cn

%47 %

4, Hh RW=1072,Gp=5, To=30, ML YL & Fp
TG Ik b e (P A7 A s TR B SR B, 5 Rl B
(14 2 3R o B 23U 55, PRI U, 7 2 O 8 e 4 s
BEAE AT IR, T 870N, K0P B 5 X B
N, ORI AT O3S KR 0 R R
At BN, FEIHT DK R 2 ' Jik e 1 s 1) 2B
IR BT S Bk e E R BRSO, Y A, K
B, o ' Jok e 1 iV S T AR AN BROR i Hh 2
JEH K h TE FE B Ay, BIBE T K

— T,=50
-—=T,=70

0.12f

Conversion efficiency

0 5 1I0 1I5 2IO 2I5 30
Ar,,,
B 5 Rua=10"2,Gp=5, T=30, T BUA [EI{E I}, F7 8 5 sk R
B At H9721E
Fig.5 Dependences of the conversion efficiency of Raman
amplification on A, for Tp with R,,=107% G,=5,

and Tg=30

30

25F

20r

| —T,=50
-==T,=70

Normalized output Stokes pulse width
O

0 I5 IIO 1I5 ZIO 2I5 30
AT,
6 Ruw=1072, Gp=5, T=30 B, iy i HL 2 5 ok ol 5 2 B A
17E AL
Fig.6 Dependences of the pulse duration of the output Raman
amplified laser on Am,, for Tr with R.=1072, Gp=5,

and Tg=30

3 SCIRIGIE

2014 4F  Wang % Ll a ] BaWO, sHiAAE b Fi S
TS T 1180 nm R rfi &2 RIS e, R TR
45 Tz B IASH, MAEMOLRER Exr=200m]
FhFOLRETE A Eg=8 mJ B, 153 0y K hr 2 i i g

i E=71.5m), JKh 58 )& 1,=17 ns, Y- EFE AR R
31.8%,
1 SEXHEHMNFHSE

Tab.1 Parameters in reference [11]

Parameter Value
tp/ns 35
to/ns 22
l¢/mm 87.8

n 1.81
gp/lcm-GW™! 8.5

Aglem? 0.031
Aplem? 0.071

F LA b 5000 T A A S Ok e %) 0 £ 5
BE Lnomae=Em/ (1A p)=8.0x10"W/cm?, A7 & Fh1 6k
T VAR BE L=/ (f9A5)=1.2x10" W/em?, i K J5
$o7 2 ok o R V(B 5 P L=Es/ (15A5)=1.4x10° W/cm?,
VR TRAG R M=11.7 {5, PRI, PSR a8 iy I —
B8 RW=0.15, Tn=66.4 , Tg=41.7 ,G»=6.0 , ¥ IH—
S ENERALX®) (9D, #iE Er-oti ik
BUARRA 37.8% , $ir 2 ok o (E iR B2 T K AR A 10,3,
iy PRk v RE B A 68.9mT, [RII, UH—fL BRE A5
B PS5 R 5 50 25 R A &, (B T
HAR OGP O A s A R A, Be S
SEUOE RAT PTG 22

4%

=A

SCHHE S T AMEE S S R i Y U3 — R iz s
e, i A — A e S B R % s T R A RO
THUATREWNLGEE S H—RE B —ef 8
VA — A 2 1 £ R ECN A — 4B ) X 5 TR 4 SR i
(GRS R ISR VA=Y O o2 TR RS PANUERT Bl
T ES R R R ML, %%z I B 4L RENS S ir
SO A B AL S i R SR, B R T
PRPL SR AR s e LA, n] DU D ST &R
T BT B TR, SR AL PR

SEH .

[1] Bai F, Wang Q P, Jiao Z, et al. Efficient diode end-pumped
acousto-optically Q —switched Nd:YAG/BaTeMo,O, Raman
laser [J]. Appl Opt, 2016, 55(32): 9265-9269.

1105007-5



ik A

% 11 48 www.irla.cn %47 %
[2] Lin H Y, Pan X, Huang X H, et al. Multi-wavelength safe laser based on Nd:GYSGG/YVO, intracavity stimulated

[3]

[4]

[5]

[6]

[7]

[8]

[91]

passively Q-switched c—cut Nd:YVO, self-Raman laser with
Cr**:YAG saturable absorber [J]. Opt Commun, 2016, 368:
39-42.

Li B, Sun B, Lei P, et al. High-efficiency, high-repetition-
rate Nd:YVO4 self-Raman laser pumped by a wavelength-
locked 913.9-nm diode laser [J]. Appl Opt, 2017, 56(5):
1542-1545.

Guo J H, Duan Y M, Wang H Y, et al. Efficient Nd:
YAG\KTiOAsO,

1.2 pm [J]. Opt Mater, 2017, 71: 66—69.

cascaded Raman laser emitting around
Ding Xin, Zhang Wei, Liu Junjie, et al. High efficiency
actively Q —switched Nd:YVO, self-Raman laser under 880
nm in-band pumping [J]. Infrared and Laser Engineering,
2016, 45 (1): 0105002. (in Chinese)

TRR, dk#, XIERAS, 4F. 880 nm [l AL AY B AR Nd:
YVO, Afr2 oty 1. L4 SHOE TR, 2016, 45 (1):
0105002.

Li Shutao, Dong Yuanjin, Jin Guangyong, et al. Normalized
theoretical analysis of continuous-wave intracavity frequency-
doubled Raman laser [J]. Infrared and Laser Engineering,
2015, 44(1): 71-75. (in Chinese)

kg, FWE, SOUH, & ESEAMEN2 BRI
— LIS (1], AN HOE TR, 2015, 44(1): 71-75.
Zhang H N, Li P. High-efficiency eye-safe Nd:YAG/SrWO,
Raman laser operating at 1 664 nm [J]. Appl Phys B, 2016,
122(1): 12.

Fan L, Zhao W Q, Qiao X, et al. An efficient continuous-
wave YVO4/Nd:YVO,/YVO, self-Raman laser pumped by a
wavelength-locked 878.9 nm laser diode [J]. Chin Phys B,
2016, 25(11): 114207.

Wang Hui, Zhang Huifeng, Guo Tao. Dual-wavelength eye-

[10]

[11]

[12]

[13]

[14]

[15]

[16]

1105007-6

Raman conversion [J]. Infrared and Laser Engineering,
2015, 44(12): 3512-3516. (in Chinese)

TE, fkesei, 5. Nd:GYSGG/YVO, B < A HR % 4k
B 2 Mok As (1], 208N 508 TR, 2015, 44(12):
3512-3516.

Li Wenchao, Zhang Jingru, Sun Yuchao, et al. Design and
typical application of silicon Raman laser [J]. Opftics Precis
Eng, 2013, 21(2): 308-315. (in Chinese)

ZESCH, sRECHT, PNV, S RERLE UL TS R
R, Jb% K% T, 2013, 21(2): 308-315.
Raghunathan V, Borlaug D, Rice R R, et al. Demonstration
of a mid-infrared silicon Raman amplifier [J]. Opt Express,
2007, 15(22): 14355-14362.

Lisinetskii V A, Orlovich V A, Rhee H, et al. Efficient
Raman amplification of low divergent radiation in barium
nitrate crystal [J]. Appl Phys B, 2008, 91: 299-303.

Wang C, Cong Z H, Liu Z J, et al. Theoretical and
experimental

investigation of an efficient pulsed barium

tungstate Raman amplifier at 1 180 nm [J]. Opt Commun,
2014, 313: 80-84.

Zhang Wenhui, Ding Shuanghong, Ding Ze, et al. A PbWO,
solid-state Raman amplifier excited by 1 064 nm nanosecond
pulses[J]. Chinese J Lasers, 2014, 41(5): 0502011. (in Chinese)
K2, TRLL, T#E, 5. 1064 nm 29 B ko 8 & B9
PoWO, [ & 2 K A% [J]. o HEOE, 2014, 41(5):
0502011.

Ding S H, Zhang X Y, Wang Q P, et al. Numerical
optimization of the extracavity Raman laser with barium
nitrate crystal [J]. Opt Commun, 2006, 267: 430-486.

Pask H M. The design and operation of solid-state Raman

lasers [J]. Prog in Quant Electron, 2003, 27: 3-56.



