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Nd:Glass Amplifier with Repetition Rate Fabricated by Flash-Lamp
Pumping and Liquid Cooling Method
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Abstract A repetition rate laser amplifier is the key component of a repetition rate laser; here, the repetition rate of
the amplifier is determined by precisely controlling the heat produced during pumping and amplifying. To achieve a
repetition rate laser exhibiting kilojoule output energy, a repetition rate laser amplifier prototype with a diameter of
130 mm is developed based on flash-lamp pumping, a neodymium glass gain medium, and liquid cooling. After
ensuring the rational mechanical design and selecting a coolant with suitable properties, the developed amplifier
prototype operates at 1 shot per minute and exhibits a double pass small signal gain of 1.3189. At 1053 nm, the PV
(peak to valley) of 10-shot average double pass wavefronts for the amplifier prototype are 0.27182 and 0.3223A
when the temperatures of coolant are 20 °C and 30 ‘C, respectively.
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Fig. 1 Structural diagram of RAP. (a) Lamp module; (b) slab module;

(c¢) cavity module; (d) side mirror module
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Fig. 2 Diagrams of RAP cooling. (a) Lamp module cooling; (b) slab module cooling
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Table 1 Properties of FC-770 and D, OM*
Parameter FC-770 D, O
Density /(10* kgem *) 1.79 1.10
Water solubility /(mgeL™") 0.0662

Thermal conductivity /
[We(mK) ']
Dynamic viscosity /
[kge(mes) ']
Refractive index 1.27 1.35

6.3X10* 0.595

1.416 <10 * 1.12X10 *°

Temperature coefficient i
—4.2X107" —8X107°
of refractive index
Optical breakdown
threshold /(GWecm ™ ?)
Specific heat capacity /
[J-(kg-"C) ']
Absorption coefficient
(1064 nm) /m™'
Pressure drop-viscosity /kPa 2.859 2.260

100 10
1038 4200

2.0X10" 0.15

Temperature drop along channel /K 0.33 0.13
Price /(dollar-L ") 158.73 374

3.2 FC-770 AR ZRE SN

K H FC-770 W WA Fr HE 45 74 ¥8 HIHE , 7
X W A 2 AR M AT I . 25 TR FIR Y
FHIR BT V8 E0 0 355 oL 5 M T 58 R4 RAP 9 3 25
VSR AE RS R K NS A ST R 1= R S (1B SR 3
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Table 2 Transmissivity and refractive index of the FC-770

before and after flash-lamp irradiation for 200 shots

Before After
Parameter A%
irradiation irradiation
Transmissivity
0.92576 0.90366 2.3
(1053 nm)
Refractive index
1.27437 1.26312 0.8
(1053 nm)

o R R OE  R R T B R AR A
B 2.3 00 0.8% , BI/INT 300, 18 JE v AR 26 AL X
Pr i 3 L i i A E P EOR

W 3(h) iR 1053 nm OG5 I8 5256 4 7 4
T AR GE Y 8.93 J/em”  HEE A 1 Hz, 4% IR A [A]
019 hy SR A3 OGO BE T R i 00 X R B S
1053 nm B FC-770 3 1937 1o A 3 5 4, 45
nk 3 fR.

# 3 1053 nm POLH MR 19 h {5 FC-770 ]

SO S TR
Table 3 Transmissivity and refractive index of the FC-770

before and after 1053 nm laser irradiation for 19 h

Before After
Parameter ) o . o A%
irradiation irradiation
Transmissivity
0.92576 0.91624 1.0
(1053 nm)
Refractive index
1.27437 1.26373 0.8
(1053 nm)

Test of chemical stability of FC-770. (a) Test under flash-lamp irradiation; (b) test under 1053 nm laser irradiation
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Fig. 4 Characteristics of samples 1-7 before and after immersing.

(a) Change rate of mass; (b) change rate of transmissivity
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Fig. 5 Diagram of light path for small signal gain measurement
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Fig. 6 Net gain of RAP double-pass small signal

under different main pump delay
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Fig. 7 Diagram of RAP wavefront measurement system
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