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Fig. 1. Schematic diagram of the thickness ¢, tilt angle 6,
and in-plane rotation angle ¢ of the tilted birefringent

platel].
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Fig. 2. Comparison graph of three crystals of BBO, LiNbOs, and quartz: (a) The birefringence curves of three crystals; (b) the

transmittance curves of the three kinds of crystals achieve the same intensity modulation.
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Fig. 3. The curve of transmittance function, total phase of the spectrum, and each order dispersion introduced by the crystal with

0 = 85° ¢ = 30° t = 1.0, 1.5, 2.0 mm: (a) The transmittance function and total phase of spectrum changes with wavelength;

(b) GVD, GDD, TOD, FOD changes with thickness t.

e ARk, BEAh, SRS AR GE B 7 B A
f1 0L, X EFEH T GVD B, A
T k05T 0 X & B AR AL 52 A, X ik S A
PLHEAT R ) R IT, 159 2 S B e i 0 AR fk i O, 4o
K 4(b) Fi7s, #2@ENE 0 PR, GDD, TOD,
FOD MR EI /00 + 10°, + 107, 4+ 101 fsh

[FIREHbL, 37500 26 pR AL A AR 5 | A3 AR
BESEL ¢ WAL NIE] 5(a) FT/R, WLLE Y, Bl
H o AR RS 1 3R R B R R B 2B W ARk,
T | PR TE AN, B o U RIMELS
1A TE BAR AL B X H AT LU 6% AR A
Bl o AL A, X [RIFESE T GVD 2. 4
Kl 5(b) iR, &R amabE ¢ B2k, BB
¢, WnAE ¢ M 25°748 4k 3 35°ad fE P, FOD 484k
T 3 x 10 fst

25 LRTIR, i AR ek B AR TR A2 1T N e
1 @ M, T PO 7 B BTREA 0 45, 3
8 MR ¢ . T BGHE SR L B A A5 B2
AL, HIREEBOR S IR S AR OB, R
0. TN IERE F ¢ XOETE SRR . Ak,
T EL B AT RS ¢ R 6. TN BERE A o Bt
Fraziil, H IR ¢ )28 T B fURR.

2.2 ARG FIXT SRR R B R0 53 4

1 bR A a] LI, FEBOCHORCHE R Hh A
KT S bA, Fai o BE AT BIE A IR, b 22
A BEIAROZ IR R BEE 2 ARSI, XL
K TE A5 LA BT AT BE S A . A SOOI RE
T OB 5 A AR LA B G T R (5 X6 P SR bk
SEMAREST T RAUIIT.

084202-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 70, No. 8 (2021)

(a) 1.5
—0=280° ¢=30°t=1.5 mm | 300
---0=85° ¢=230°t=1.5 mm
— -0=90°% ¢=30°t=1.5mm |9,

100

10

Transmission
Phase

—100

4 —200

4 —300

0 . . . .
1040 1045 1050 1055 1060 1065
Wavelength /nm

4 Mo =30°t=1.5mm, 0= 80° 85° 90°MT, iFEid K KEL . ARG A A GG B K 45 B (0 B Ak A8 Ak il 28

(b)

084202
& —1.14 % 1.0
L —115 2 05
< -1.16 0
g 117 2 —osf
O —1.18 ) ) U —10p ) )
75 80 85 90 75 80 85 90
6/() /(%)
~ 10 F 9
o > 5F
Z 5F Z 0
2 o Q o
o o —10f
B -5} ) . B —15F . /
75 80 85 90 75 80 85 90
0/(%) /(%)

B Ok SRS PR 22 25 (b) GVD, GDD, TOD, FOD KIS 0 1972 1k

Fig. 4. The curve of transmittance function, total phase of the spectrum and each order dispersion introduced by the crystal with

¢ = 30° t = 1.5 mm, § = 80° 85° 90° (a) The transmittance function and total phase of spectrum changes with wavelength;

(b) GVD, GDD, TOD, FOD changes with thickness 6.
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Fig. 5. The curve of transmittance function, total phase of the spectrum, and each order dispersion introduced by the crystal with

0 = 85° t = 1.5 mm, ¢ = 25° 30°, 35° (a) The transmittance function and total phase of spectrum changes with wavelength;

(b) GVD, GDD, TOD, FOD changes with thickness ¢.
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Fig. 6. Third and fourth order phase introduced by birefringent crystal: (a) Third order phase; (b) fourth order phase.
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Fig. 7. Time-domain pulse diagram of third and fourth order phase added to Gaussian signal: (a) Linear coordinate time domain

diagram; (b) logarithmic coordinate time domain diagram.
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Fig. 8. Block diagram of picosecond petawatt laser system and pre-compensation spectrum before injection of Nb:glass amplifier sys-

tem: (a) Block diagram of Shenguang Il high-energy petawatt laser system[; (b) pre-compensation spectrum experiment and simu-

lation diagram before and after intensity modulation before injection of Nb:glass amplifier system.
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Fig. 9. Beam path diagram of phase measurement experi-
ment and phase measurement results: (a) Beam path dia-
gram of phase measurement experiment; (b) experimental
measurement and simulation diagram of the phase intro-

duced by the crystal.
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Abstract

In recent years, chirped pulse amplification (CPA) technology injects vitality into the development of ultra-
strong and ultra-short lasers. However, in the CPA based gain media, the gain narrowing effect limits the higher
output of ultrashort pulse in energy, power, signal-to-noise ratio. In order to compensate for the gain narrowing
caused by the broadband amplification of Nb:glass in picosecond pewter laser system, a method of high-energy
spectral shaping is proposed based on LiNbOj birefringent crystal, and the spectral phase introduced by the
crystal is analysed for the first time. Based on the strict Jones matrix, the transmittance function of birefringent
crystal and the spectral phase introduced by the crystal are obtained. Further, three kinds of birefringent
crystals are compared among each other, and the results show that the higher birefringence and the smaller
thickness are required to achieve the same intensity modulation. For the laser pulse at 1053 nm, LiNbOj is
selected as the spectral shaping crystal due to its high birefringence, large diameter, and non-deliquescent. The
influences of crystal thickness, tilt angle, and in-plane rotation angle on the spectral intensity modulation are
simulated theoretically, and the results show the above parameters affect the modulation bandwidth, center
wavelength, and modulation depth of the shaping. By analyzing the spectral phase introduced by the crystal, it
is found that the dispersion of each order changes with the thickness of the crystal, the tilt angle, and the in-
plane rotation angle, and it is the most sensitive to the change of thickness. In addition, by controlling the
dispersion of each order, the influence on the pulse signal-to-noise ratio can be weakened during spectrum
shaping. On the basis of theoretical analysis, the shaping experiment with a center wavelength of 1053 nm,
modulation bandwidth of 10 nm, and modulation depth of 80% is carried out. And the phase introduced by the
LiNbO; is measured. The experimental results are consistent with the theoretical analysis. For the Shenguang
Il high-energy petawatt laser system, by the above-mentioned shaping scheme, a high-energy broadband laser
output of 1700 J and 6 nm (FWHM) is realized for the first time in China, which is 2 times that at 3.2 nm
when it is not shaped. The research effectively compensates for the Nb:glass gain narrowing effect, and will
provide references for the parameter design, material selection and spectral phase compensation in the

birefringent spectral shaping.

Keywords: high-energy spectral shaping, birefringent crystal, spectral phase, high-energy petawatt laser

system
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