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Injection Locked Single Frequency Self-Q-Switched Lasers
Based on Gain Gratings
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Abstract The interference of space beam in gain medium generates space burning hole phenomenon, and forms the
gain grating. The gain grating formed by the four-wave mixing function has adaptive, self-tuning Q and spatial
filtering capability, and can obtain holographic conjugate output. But all of them start from the spontaneous
emission in the cavity. Spontaneous emission is easily influenced by the pump, and its bandwidth is wide, which will
cause a certain fluctuation in the output frequency. In this paper, a single-frequency Q-switched pulse output locked
in the seed spectrum range is obtained by an external single-frequency narrow linewidth source injection in a self-
starting single-frequency laser based on a gain grating. Comparative experiment shows that in the same observation
time, the spectral stability of the injected output is much higher than the self-starting output. This phenomenon also
proves that the steady {requency output can be obtained by the adaptability of the gain grating formed by external
seed injection.
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Fig. 1 Schematic of the self-starting laser

0914002-2



TR 55 0 B &5 OCAE RG5O A, LSS BLR 3 4 (10
Ha s, R G450 1 00 34578 T 38 25 X 8k e
B AT OGRS T 20 — IR 4 9 R BB TE 43 F
FH 8 25 DB 18 25 5 280 — Ik 4 5 TR RE 25
s A PN BB B 0 AT o O R AR D B B A R — A A
DL $ 1 O TR 0T o 5 3 A 45 ) i A B AR R 4 25 (&Y
109, BT 62K 200 800 mm, 7
PN EERE R 200 mm (9 [7 35 8% S B AL 36 . ff A,
5 A GBER/MHICEL
FE H 22 OB AN e A R 3171 33° s X dsk
18 mmX0.54 mm RIS T . B2 E 2 s/
BAANB A K b BK fsE BE R 8 s, ik b T 4 E
B 5 IS IHGE S F ol 1.08~1.42 W, X i 1 i3
JEHLL N 255~320 AL R H DI R R 45.6 mW,
Bk wpRE iy 0.9 m). R AR B-FIZ (F-P) brifE
HLI R OGRS B F-P bR T B RE
W 2Ch) TR, i BR8£S WA H B4 90
MRS O, SEEe F F-P bpofe B3 i 2 7 K
94%, A G % Bl (RO 2 10 pm, 43 HE FH
0.2 pm, HAEH 20 mm, LFEMITHE AR ATERN
d_ar
AX AL’
A dd R Ax N ERUEE A A R OGRE X
AL R T W IR R BE s AL S AH SR T ¥ 2 81l
B . A FH e far A B DT A4 (CCD) il #2: 5K #F BeamGage
AR T ER AR A 0.119 mm, A8 T35 &
griE g R 1.253 mm, i@ id () XA B I TE dd 24
7 0.95 pm.,

(3

B2 Ca) FR ShEOGE B i bk 58 14 5
(b) FA SO & i F-P T3 E A
Fig. 2 (a) Output pulse width of the self-starting laser;

(b) F-P interference pattern of the self-starting laser
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Fig. 3 Schematic of the laser with seed light injection
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Fig. 4 Spectrum of single frequency seed source
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Fig. 5 Output spectrum of the laser with seed light injection
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Fig. 7 (a) Output pulse width of the laser with seed

light injection; (b) F-P interference pattern of the

laser with seed light injection
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(a) Self-starting laser; (b) laser with seed light injection
TR BE o G R — DR W] TR T8 15 G
S BLAS AU ) AT AT

M6 Hra] LU O i Y b B )
FERR OGSO A L T OGS 5 AR R 7O g
A ERE S P TERIIE b, i T3 45 1
BRI, 7E 1064.135 nm Bff T 34 25 fc i, 5 B A SN
TE A BRI J it A9 0 R i BIR A 7 0k 30 4 T
R/ AR RN N R U BB A DI AT 34 S 1A I[N
T A5 5R 5 BO T 20 B R OE R L B IR S AR S b
TP OBEKERES.

4 ok 1w

CENEDER-IE E PRI Y QUL O/ 3 UE- 2 i o
i 2 AT A A 2 E A T IR X HOA BT
B4 3 O 1 O R R B R Sl O Y e
W BUAT T A I i R PO B R P R G
BT Y HR A 5 T EL AR R ] B L IR ] Y L A
TE A i O3S O R B BB W RN T AL S Sl
i R T D PR B B BT e b R A B
SE U T M) 8 A 6 A S BEAR B AY R AT

A T A I i O T A TR B S Bl O B R B
K82 LUK BR80T — 2P i S0 8 s .

Z % x #

[1] Liu] Q, Bu L B, Zhou J, et al. Optical frequency
discriminator of a mobile direct-detection Doppler
wind lidar[J]. Chinese Journal of Lasers, 2006, 33
(10): 1339-1344.

XUAEATR, DAL, %, 5. AR E HHN £ 5 B
WHOL B3k e s S g (1. T E#OL, 2006, 33
(10): 1339-1344.

[2] Nosu K. Advanced coherent lightwave technologies
[J]. IEEE Communications Magazine, 2002, 26(2):
15-21.

[3] Wieman C E, Hollberg L. Using diode laser for
atomic physics[J]. Review of Scientific Instruments,
1991, 62(1): 1-20.

[4] Goldsmith ] E M, Weber E W, Hinsch T W. New
measurement of the Rydberg constant using
polarization spectroscopy of H, [J]. Physical Review
Letters, 1978, 68(41): 1525-1528.

[5] Nicklaus K, Morasch V, Hoefer M, et al.
Frequency stabilization of Q-switched Nd : YAG
oscillators for airborne and spaceborne LIDAR
systems [ J]. Proceedings of SPIE, 2007, 6451:
64511L..

[6] Tomita A. Phase conjugation using gain saturation of
a Nd: YAG laser[]J]. Applied Physics Letters, 1979,
34(7): 463-464.

[7] Damzen M J, Green R, Crofts G J. Reflectivity and
oscillation conditions of a gain medium in a self-
conjugating loop geometry[J]. Optics Letters, 1994,
19(1): 34-36.

[8] Syed K S, Green R P M, Crofts G J, et al.
Transient modeling of pulsed phase conjugation
experiments in a saturable Nd: YAG amplifier [J].
Optics Communications, 1994, 112(3/4): 175-180.

[9] Damzen M J, Green R P M, Syed K S. Self-adaptive
solid-state laser oscillator formed by dynamic gain-
grating holograms [J]. Optics Letters, 1995, 20
(16): 1704-1706.

[10] Green R P, Udaiyan D, Crofts G J, et al.
Holographic laser oscillator which adaptively corrects
for polarization and phase distortions [J]. Physical
Review Letters, 1996, 77(17): 3533-3536.

[11] Sillard P, Brignon A, Huignard J P. Gain-grating
analysis of a self-starting self-pumped phase-
conjugate Nd: YAG loop resonator[J]. IEEE Journal
of Quantum Electronics, 2002, 34(3): 465-472.

[12] Smith G, Damzen M J. Quasi-CW diode-pumped

0914002-5



ot 2 # 2
self-starting adaptive laser with self-Q switched [16] Damzen M J, Green R P, Crofts G J. High-
output[J]. Optics Express, 2007, 15(10): 6458- reflectivity four-wave mixing by gain saturation of
6463. nanosecond and microsecond radiation in Nd: YAG
[13] Soulard R, Brignon A, Raby S, et al. Diode-pumped [J]. Optics Letters, 1992, 17(19): 1331-1333.
Nd: YAG self-adaptive resonator with a high gain [17] Brignon A, Raffy J, Huignard J P. Transient

[14]

[1

]

amplifier operating at 100 Hz[J]. Applied Physics B,
2012, 106(2): 295-300.

Richard S, Brignon A. Self-injection locking of a self-
adaptive loop resonator[C] /2007 European Conference
on Lasers and Electro-Optics and the International
Quantum Electronics Conference, June 17-22, 2007,
Munich, Germany. New York: IEEE, 2007: 9812066.
Crofts G J, Green R P, Damzen M J. Investigation of
multipass geometries for efficient degenerate four-
wave mixing in Nd: YAG[]]. Optics Letters, 1992,
17(13): 920-922.

(18]

[19]

0914002-6

degenerate four-wave mixing in a saturable Nd: YAG
amplifier: the effect of pump-beam propagation[]].
Optics Letters, 1994, 19(12): 865-867.

Minassian A, Crofts G J, Damzen M J. Spectral
filtering of gain gratings and spectral evolution of
holographic laser oscillators[J]. TEEE Journal of
Quantum Electronics, 2002, 36(7): 802-809.
Vemuri G, Agarwal G S, Roy R, et al. Four-wave
mixing with time-delayed correlated fields of arbitrary
bandwidths and pump intensities[J]. Physical Review
A, 1991, 44(9): 6009-6016.



