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Fig. 1. Schematic of the laser driver (EOM, electro-optic modulator; SF, spatial filter; AMP, amplifier; LA,

lens array).
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Fig. 2. Schematic of SSD.

124204-2


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 66, No. 12 (2017) 124204

2.2 HIRIEMKER

HOCTORAS I AR 5 2R & 7, AR5 P i
T TG S S R R AT RO %, T 9 i T — 5 B A HL
A a7 17 3 LT IR O PR A TRORAS . B
RGBS b TAER N, AME T2 RO g,
NS B TEOR 28 1 9638 L, TROK S BRI IGHRN Tow,
AN EIRFE, TEORE MR 540N

G= Iout/Iin = eXp(gl)' (2)

B 3 BRI UK B 7E 10491057 nm 7 K7E
L /M 5 38 58 R 2, AT L N ORI
SR WAt RTIA, WOk KGR A SSD It E, R
(PR B J B8, eI B B B FBOR B JE K SR A A
AR B A TSOR. K TOR 28 (/M 5 1 2 R B TBOR
BRI MRTRN g(w) 5 G(w), BRTE 1k, &5
HHIEAE T Go, MM (2) AT 43

G(w) = explg(w) In Gol. 3)

X E AT BB BAR TAE 7 28, AN
RRTBOR A E R AT 0 . TBOR 38 B S Br TAR K
FEZETF In Gy

1.0}
2 09}
=
=
3
5 0.8}
~
>
0.96
0.7}
1052.5 1053.0 1053.5

1 1 1 1 1 1 1
1049 1050 1051 1052 1053 1054 1055 1056 1057
A/nm

K3 (MTIR) S IBBORERAE 1049—1057 nm K
Y A — M5 S 0 2l R AL

Fig. 3. (color online) Normalized small signal gain of
the Nd:glass amplifier in the wavelength range from
1049 nm to 1057 nm.
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Fig. 4. (color online) Normalized spectra of the phase-
modulated laser: (a) The symmetrical spectrum before
the amplifier; (b) the asymmetrical spectrum after the
amplifier. The laser is at the central wavelength of
1053 nm with a bandwidth of 1 nm.
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Fig. 5. Configuration of the LA system.
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Fig. 6. (color online) Relative intensity distribution of the target pattern: (a) Two-dimensional intensity

distribution when the amplifier is not included (G = 1); (b) two-dimensional intensity distribution when

the amplifier is included (Go = 107); (c) and (d) are respectively the distributions across the center of the

pattern along the x and y direction, where the blue curve is for the case without the amplifier and the red

curve is for the case with the amplifier. The bandwidth of the 2D-SSD phase-modulated laser is 0.1 nm.
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Abstract

A key issue in developing a high-power laser driver, which can be used for inertial confinement fusion and laser
produced plasma experiments, is to obtain uniform irradiation on the target surface, thus a number of spatial or temporal
techniques have been proposed for laser beam smoothing. A scheme combining a lens array with the technique of
smoothing by spectral dispersion (SSD) is being explored in the SG-II Laser Facility located in Shanghai Institute of
Optics and Fine Mechanics. As the laser system involves a variety of optical elements, their influences have to be
considered in the implementation of such a scheme. The Nd:glass amplifier is one of the most important parts of the
system, and the phase-modulated laser beam will propagate through it along the long light path when SSD is employed.
In this paper, the performance of uniform irradiation of the target pattern is studied based on two-dimensional simulations
when the gain characteristic of the amplifier is taken into account. The major factors, such as the small signal gain profile
of the amplifier, the amplification factor, the bandwidth of the phase-modulated laser beam and the difference between
the central wavelength of the laser and the central wavelength of the amplifier gain curve, are analyzed in detail.

The numerical results show that when the central wavelength of the incident beam is different from the central
wavelength of the amplifier gain curve, intensity distribution of the target pattern will be affected to a degree depending
on the amplification factor; while these two wavelengths are very close to or identical with each other, variation in the
intensity distribution is trivial. The symmetry of the phase-modulated laser spectrum will be destroyed due to the gain
characteristic of the amplifier, especially when the bandwidth is relatively wide. However, the slight asymmetry does not
result in significant influence on the spatial power spectrum nor uniformity of the target pattern, even in the case where
the central wavelength of the incident beam is different from that of the amplifier gain curve. The reasons would be
1) the gain curve of the amplifier is actually quite flat within the laser bandwidth, and 2) with the technique of SSD, all
spectral components contribute to the target intensity distribution within an average time. The analysis indicates that

the performance of uniform irradiation of the target pattern depends mainly on the bandwidth of the phase-modulated
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laser beam. A wider bandwidth can always generate better irradiation when it is within a certain range, say no more
than 0.3 nm, but beyond this range, the nonuniformity tends to remain at a level about 0.25-0.3. Multistage Nd:glass
amplifiers will be employed in the practical laser driver, and the case investigated in this paper involves only one stage
for simplicity. The conclusion obtained in this paper is important for implementing the technique of SSD in the laser

system.

Keywords: inertial confinement fusion, smoothing by spectral dispersion, Nd:glass laser amplifier, gain

characteristic
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