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Abstract Based on optical architecture of LIFE laser driver in USA, Nd:glass, Yb: YAG, Yb:S-FAP, Yb:CaF, are
chosen as the laser material candidates. And with their material properties, the pump and energy storage process of
the main-amplifier is simulated. According to the results, the influence of media aperture, pump intensity, pump
pulse width and media temperature on the performance of laser driver are analyzed, and optimal design parameters of
the main-amplifier with each laser materials are acquired. After judging the feasibility of application of those materials
to a laser driver required for inertial fusion energy. the qualification of an ideal material is presented, supplying basis
for searching the suitable laser materials.
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Table 1 Property of laser materials

Property Nd glass (APG-1)t1-12] Yb: YAGH? 14 Yb:S-FAPL-18] Yb: CaF, "™
Temperature /K 300 175 300 300 150
Level structure Four-level Quasi-three-level Quasi-three-level = Quasi-three-level = Quasi-three-level
7, /ms 0.33 0.95 0.95 1.14 2.4
0./(10°* em®) 1.5 0.85 0.76 8.6 0.9
A./nm 872 941 941 900 980
6./(107% em?) 4.3 4.9 2.3 7.3 0.4
A./nm 1053 1030 1030 1047 1032

2 HEHTE SRR

Table 2 Parameter range of simulation

Laser material Nd glass Yb: YAG Yb:S-FAP Yb: CaF,
Temperature /K 300 100~300 100~300 100~200

Size /cm 10~50 10~50 20~50 10~40

Pump intensity /(kWeem %) 20~50 5~30 5~30 5~20
Pump pulse width /ms 0.1~0.5 0.3~1.0 0.3~1.0 0.5~2.0

3 MU 4 B A 1 S B A2 AL A
Fh 45 R 45 L A5 A B S A AT B0 A5 B0 Y s YAG By 01 0 7 156 9 45 51 0 £t Ak 16 4 )
5 A 10 9 B A S B A B L 3.
3 LA L PR B A 2% S B AL A L

Table 3 Variation of optimized selection criterion with single condition parameter

Condition parameter Energy storage of Conversion oL val Small signal Ficur
(increase) single amplifier head E,, efficiency 7 gl vaiue gain G gure
Size(D) Increase Decrease Increase Decrease Fig. 4
Pumping Intensity(P) Increase First increase and Increase Increase Fig. 5
pmg ity - then decrease - « g
Pump pulse width (T},) Increase Decrease Increase Increase Fig. 6
Temperature (1) First increased and First increase and Decrease Decrease Fig. 7

then decreased then decrease
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Fig. 4 Variation of optimized selection criterion with size D (pumping intensity of 10 kW/cm?, pumping pulse width

of 0.5 ms, temperature of 200 K)
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Fig. 5 Variation of optimized selection criterion with pumping intensity P (size of 30 cm, pumping pulse width

of 0.5 ms, temperature of 200 K)
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Fig. 6 Variation of optimized selection criterion with pumping pulse width T, (size of 30 cm. pumping intensity
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Fig. 7 Variation of optimized selection criterion with temperature T(size of 30 cm, pumping intensity of 10 kW/cm?®,

pumping pulse width of 0.5 ms)
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Table 4 Optimization selection results

Laser material Nd glass Yb: YAG Yb:S-FAP Yb:CaF,
Temperature /K 300 200 300 150
Size /em 24 24 26 22
Pumping intensity /(kWecm %) 40 22.5 15 10
Pump pulse width /ms 0.164 0.3 0.3 0.8
Stored energy E. /kJ 4,532 4,124 3.100 % 4.820
Conversion efficiency 7 0. 600 0.530 0.509 0.623
gL value 2.962 2.972 3.382 0.319
Small signal gain G 5. 730 5.765 6.294 1.23 %
Energy storage flux /(Jecm ™ ?) 7.87 7.16 4.59 9.96
LD total power of single head /kW 23040 12960 10140 4840
TSR AT DL B R B R BACR.

DPSSL Z 48 T UK & O A R 2K

D EREGFF A K DLz P 55K

2) REZLEEH O U BE 2. il iz 't RO B 4
AT AT BR T BO6RE SR A & R/ 1 5 451, 32 71

3) KSPBUIE L AE /N ASE 5 R TE B R /)N
T A P IO LA A i B A B B 7 T Y

0702008-6



A

R 7AE RE WO IR 3l ke EAY IO B R %

5 4k e

HEF LIFE 38 (0 8, g6 7 Nd 335, Ybs
YAG.Yb:SFAP, Yh: CaF, JU b 17 4132 % £
SRR A0 T AR 1148 D % P
MEZRKTE T, A BB T % 2 500 3 B 2 ik 9 3%
WA E T AR AL BT 8

T S T L3S % B 7 T HEAT % L Nd
B Yb: YAG bR AT BH T LIFE %5 58 H 5 F
9 SRR B8O B R, Yhe SFAP, Yb: CaF, 43 51 i
Tt e 1 8 25 B DR A3 P T H 2

W45 SR M5 o B R 2 L R 5 A g
AR %07 R T A 9 SR 8 fE DPSSL R % F i
MO AR BR Ol 484 5 06 B RHE
TR

5 F X

1C. A. Haynam, P. J. Wegner, J. M. Auerbachet al.. National
ignition facility laser performance status[J]. Appl. Opt. . 2007,
46(16): 3276~3303

2 E. 1. Moses. Ignition on the national ignition facility: a path
towards inertial fusion energy[J]. Nuc. Fus., 2009, 49 (10):
104022

3 A. M. Dunne. Timely delivery of laser inertial fusion energy
(LIFE)[J]. Fus. Sci. Tech.. 2011, 60(1). 19~27

4 J. F. Latkowski. R. P. Abbott, S. Aceves et al.. Chamber
design for the laser inertial fusion energy (LIFE) engine[J]. Fus.
Sci. Tech., 2011, 60(1): 54~60

5 T. Anklam., A. Simon, W. Meier e al.. LIFE. the case for
early commercialization of fusion energy[J]. Fus. Sci. Tech. ,
2011, 60(1) . 66~71

6 A. Bayramian, S. Aceves, T. Anklame al.. Compact, efficient

laser systems required for laser inertial fusion energy[J]. Fus.
Sci. Tech. ., 2011, 60(1). 28~48

7 J. C. Chanteloup, D. Albach, A. Lucianetti et al.. Multi kJ
level laser concepts for HiPER facility[ C]. J. Phys. Conf. Ser. .
2010, 244(1). 012010

8 J. Kawanaka, N. Miyanaga, T. Kawashima et al.. New concept
for laser fusion energy driver by using cryogenically-cooled Yb:
YAG ceramic[C]J. J. Phys. Conf. Ser., 2008, 112(3); 032058

9 E. I. Moses. The national ignition facility and the promise of
inertial fusion energy[J]. Fus. Sci. Tech. 2011, 60(1): 11~18

10 Yan Xiongwei, Yu Haiwu, Cao Dingxiang et al.. Research on
ASE effect in pulsed energy-storage rep-rated Yb: YAG disk laser
amplifier[J]. Acta Phys. Sin., 2009, 58(6): 4230~4238
FEREM, IR, TR S Bk if AR R E R Yb: YAG i
RIBOLHCKR 4% ASE 2 B W5 (1], 4 2 5 4R, 2009, 58(6):
4230~4238

11 Data sheet for APG-1 laser glass, (Schott North America, Inc. ,
2011). http://www. schott. com/advanced _ optics/english/
download/catalogs. html

12 J. H. Campbell, J. S. Hayden, A. Marker et al.. High-power
solid-state lasers: a laser glass perspective[ J]. Int. J. Appl.
Glass Sci. , 2011, 2(1): 3~29

13 J. Dong, M. Bass, Y. Mao et al.. Dependence of the Yb®"
emission cross section and lifetime on temperature and
concentration in yttrium aluminum garnet[J]. J. Opt. Soc. Am.
B, 2003, 20(9): 1975~1979

14 T. Y. Fan, D. ]J. Ripin, R. L. Aggarwal e al.. Cryogenic
Yb* T -doped solid-state lasers[J]. IEEE J. Sel. Top. Quantum
Electron. , 2007, 13(3): 448~459

15 L. D. DeLoach, S. A. Payne, L. K. Smith e al.. Laser and
spectroscopic properties of Sr; (PO, )sF: Yb[J]. J. Opt. Soc.
Am. B, 1994, 11(2). 269~276

16 A. J. Bayramian. Development of Trivalent Ytterbium Doped
Fluorapatites for Diode-Pumped Laser Applications [ D ].
California: University of California at Davis, 2000

17 M. Siebold, S. Bock, U. Schramm e al.. Yb: CaF;-a new old
laser crystal[J]. Appl. Phys. B, 2009, 97(2) . 327~338

EBERE: R4

0702008-7



