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Abstract The frequency conversion performance of a large scale rapid growth KDP crystal is studied. Using the
orthogonal polarization interferometry (OPI) technique. the spatial refractive-index non-uniformities which prohibit
the attainment of phase matching at all locations in the crystal is measured. Then third harmonic generation (THG)
experiments with the large scale rapid growth KDP doubler on the prototype of SG-III laser facility to estimate the
influence of refractive-index non-uniformities on conversion efficiency and 3w beam near-field are conducted.
According to the experimental results, this large scale rapid growth KDP crystal meets the basic requirements. But
for specific applications. other aspects such as the stimulated Raman scattering gain coefficient and laser-induced

damage threshold should be further considered.
Key words

OCIS codes 190.4223; 190.4400; 140.3515

1 5l E

5 P 24 T R AR SR, R O R SO AT ]
DLAR A RE R B R0 . D RO IR Sl A% dn 58 [ Y
NIF %8k By LMJ % B DL & 3% b
TIT 4 B0 S0 0 A B B R R 44 7 A 1 e = 5 03
(THG) SR A i 558 85 8 I A WO A48 7 4ot g I
R SOt B R ORI AR . OB IR S #E i
JE B S %  HH RE ) 1R LA I A B X 1 2k R
L3R, WA S AT RE D K i b D6 o F AR, i NTF 3¢
B HOEH 0488 360 mm X 360 mm, Sy A 42 KT
400 mm, HHEIHA KDP & {kfil DKDP § {4 fg %

YRS EHA: 2011-08-01; Y EIME TR HHEA: 2011-09-06

laser optics; rapid-growth technology; large-scale; KDP crystal; third harmonic generation

AR RS R RSE . BRI AL e 07 1 A K i A Y
HEAEFE AR IR OB RETE 1~2 1
(6], I HLAE 7™ AR 5 ME R 2 R BLOG IR 3 45 19
Ko REM TR LEELE 20 ML 80 SERAE T
BIFFE it AR A PR A A HOR L H AT AR AR AT PR A
(19K H AR TF 56 S AR A5 A (SHG) ik, Fk 1
3 e R PR A AR o T B R Ik M 42
KDP @A FF7E /N AR 25 AF TR X P A= 4 A i 4
TRREVE LA R AR 3 R S5O J T 9 e

HT T PR A R AR 114 5% S IR A B AR
Pk 351 nm B9 = AR50 B0 BB . H AT

EERBN: £ I57(1983—) A BYBWIE 6t BB & D R EABOUEOAR Iy A BFJE . E-mail: wioowf@ yahoo. com. cn

* BEBEZE A, E-mail: tonyhan2000@163. com

s106005-1



H |

PR A Ty 1 O T A 7 AR AR A = A A
3R AL G L R TT LR ARAT . ASCRAPRE AR
ULt 15 1 8 A A = AE 0L A K 1) O T e T
PR AE K KDP (4R 1) P BE 56 1E 52 56

2 PREAE R SRR OREN S S0 B

i MR A K AR A 5 ) TR B B 2 B 4 11

25 50 R AR SR A B op R AN TR DA R AR K

F AN — 30, B AT e S B0 1R PN R Y Dt il 1) kAR
N ISR e ST AR B . X B B A A
NN EIR A 5 e I N P X R e
BRSO BT iR Ak . Ol 4 5k 2 i 2 Pk
A K AR TEREM FHE AR —
2.1 EXRIRTHE

1E B 4 T80 COPD Jy ik v] 0 & 4 1R 1 o'
B AT Ay AR R AR T B R R R AR Y X
PropFE e S AROGH J m 4E 3h KGR e Jed it A2
AT AT o SEI A A, 38 5 43 0 e JEH o By
BEHTTHIE T LAHE S e St 9 40 3l 43 A, B
Ao A

T

P one N e SEI TSR B &L A0 G TN O I
K.Ap e M o ST S 25 L S AR R B2
R SRR N R AR I A A0 SR TR AR O il Y SR S
A WA

on. = (D

o One
A) = CENEN /06), (2)

o 0 = A A A G AR A UG S S5 R 6 T 1/
£ R T = N ey I O R B a3 )
FAA SR BE P F AT LR R
Absuc (x53) = Qaw/) [ (In./90),, 1AO(xsy)s  (3)
Ak (x5y) =(w/)[3In./30) s, — 2(In./I0),, —

On. /30, 100z, y) 4)

A o EBOEHER ¢ i
2.2 REHMEAMNELER

fE 4 R WGS0910-KDPRI-1 [ 37 5 5% 15 49 1
Sy A AN 1 iR AT S 00 A B AT AE I AL By
T A8 i 1A O Tl 24 5 1 O3 A I 4 (PVOE S 12X
10, R (RMSME R 1. 716 X 10 °, 5465 4 K
Al R Y o AR SRR A B A — e ST T
KK 2 R, 68 7E +100 prad 2 (8] 4 35 RMS
{25k 30 prad,
2.3 WEAEKREXE S = ERNENZME

K I BE A T VAR 98 T PR A K A A

b4 it
_15
g 4
~10
2
5
8 0
(]
=
o
)
-4
-6

-15 -10 -5 0 5 10 15

Scale /cm

PR A A AT S R B ST A3 A
Fig. 1 Measured 8n, distribution for the rapid
growth KDP doubler

121

1.0F
0.8F
0.6

0.4r

Relative occurrence

0.2F

—(1)50 -100 —E;O 0 5IO 100 l;’)O
Equivalent detuning angle /urad
P 2B A R PR A O R 0 A
Fig 2 Histogram of equivalent internal detuning angle
SAEIRCRI R L A E 3 R o THE AR A
fﬁljjﬁﬁf_ij GW/cem?, St K M 42K 29 em X
29 e BKFE AT ns . IR E] A1 A5 ] S T60 A3 75 A =
A & A SRR 2350 9 12 mm A1 11 mm, 25 JE PR
A K AR STl 2 S M IR AR AR AR e £ DT C £ i 7
20~30 prad, 5 2. 2 515 B {9 & A S5 R AR
RMS {EAH Y . AR T FHAR R DR AR 1 A R 108
By SV B RCR T Y 700 R 1 B2
1’%%75/21%&5’3 s PR LG Al X S M K K-t A T R K

—— without dn,
with on,

0.8r

0.6

0.4r

THG efficiency

0.2+

100 200 300
Detuned angle /urad

0 L L 1 L
-300 -200 -100 0

PR3 g A K P O H 18y A 4 X = A A R 1 5
Fig. 3 Influence of dn, distribution on THG efficiency

s106005-2



+*

J5AE . RHARRMRE

K KDP f & = 55 P REDF 52

FIFRAIRAS . B A 8 o AL SR R B B K B R
P 28 X AR O ) 0 25 2 L o AT DA RE IR I 48 A X
= AR AT R,

3 R = A IS B Y
3.1 ZREE

R R BE A AR L S A O TIT Ji BB g T RS2
Ui 7R G0 T R JE B % Ol B K 1053 nm., Ot B4R
290 mm X290 mm.JJk 7 1 ns/3 ns [ 25 4 - T0 bk of
£=300 mm

3w nearfield CCD

500 mm

f=1800 mm

+

S=1200 mm

650 mm
60 mm X 60 mm

415 mm 703 m

sampling mirror
/=2500 mm

3w energy

4000 mm

PR AR AR AR A RS 2 330 mm X 330 mm X
12 mm, 1M % 58 4= K = A5 50 aH R RS2 330 mm X
330 mmX 11 mm, SCEEEEME 4 Fros . EBCRE
i ) BRI AT TR B A 2 R B T B K
JGAE R G Horh T A2 ol 27 2H A A 45 1 10 A5 03 4y
T A R A DL R E . R 28 W R I A 0
TT=WIBE A EHERER AN & RS, Al 2

P = AR IR RE B LA 37 8 7 1 0 e

tripler vacuum window

| | N

focus lens doubler 1w beam
f=4m
4000 mm

meter \

Bl 4 SeBob g s E I
Fig. 4 Experimental setup

3.2 ERE=fEIMIERE

S AR AT A SR 2 AR 5 R CR 8]
T UL L TR o 218 S R £ 1Y AR R O OR
FH PR A A ARG A AR AR S 0 = AR SRR oL
BHMARFRTENREET 3 ns Jkop, g6 1A
BIOR P EYREE T 1 ns fkob, 5@ HMAE &
FEREN 1 ns ko O R 2R3 200 prad) . (B 1
FHE AR A% 48 A4 K (CG) ff A R A5 A = 45 59 3%
o, AMER R R A K (RG) A& AR B 11
AR 5 A G A A S R RE AR 2, BRI AR
XGRS SRR . LA, 3 ns BRI SCR B B
T 1 ns ko, 302 By T ok i s ] 3B T~ Ttk S 4

081
5 06f o "
g % * *
(<5}
& o *
% 04r
&} O 1ns, CG crystal
E o 3ns, CG crystal
021 % 1ns, RG crystal
* 3 ns, RG crystal
* 1ns, RG crystal, AB, =200 urad
0 1 1 1 1 1 1
0 05 10 15 20 25 30
Intensity /(GW/cm?)
5 AN [ B30 2 e 2 B T 1 = R iR

Fig.5 THG conversion efficiency at different

lw intensities

SRS B = A7 AT 568 5 oy A N 6 B s s = A
BT S b AT AR S 56 BT S SRR AR LR DL HLE
& A5 R 2 M =A% 900 4 98 2 W SR AR T A . X A
S AT RE R AR S RO S Jn 1R ) U RE 1t
M LLNL S256 3 4 o i G 25 ROk A L 5L
£ Beamlet |- 3 PR Az 1 fb (A (18 = A7 451 52 36 O
AU G R A7 A 35 450 (B 5 e NIF | =% 4
AR ARAFAE B E5 . G X = A5 00E )
S JEE PR R W R T & ] 7 R T A R A AT o A ) 3 B R
W ogkib G it — 4 .

6 ZAEIIE 3 Al CR IR : 2011030801, FEH G
fiEf 2322 J, = EBOERER 1904 D

Fig. 6 Near-field image of the 3w beam (No. 2011030801

with input 1w beam energy of 2322 J and the 3w

beam energy of 1904 ])
R A 1K BR R B 48 1) G ST 3R
o D) B AR BOB K gl g b K D AR AR B T

s106005-3

3.3



H |

# ot

Fo ) 3 g K BEAR R A R B R A AT I A AR B 1]
SZPL O CTSRS) 05 U . BB 9K A D Y
34 g A BUNT = AE WO AEPR A B2 0 5 R
WA LG AR IR G 2 A DR bR B 2R R A7
A RAETE 2 TSRS AT RE. 73 4h . i T PR 1A
PN TR B ORI 22 1 A% S8 A I i L ST 5 e A T
AU .

TE T % vy 18 B = 7 50 52 36 I P DR s A 4 A
WAL A A 8 4 A D00 i B 5 S T 0% R R M B O Y
FE . IR SR R CR TR 1) 3 B i
20 GW /el . 1 ¢ A 1 10 =A% 3T b A 000 T oA o B
Gy PR B T PR 2B A AR 1) 4 A0 T 47 1 BAR 5 1Y
Yy B, HAfF SRS M i 77 [ fiE 1 3 o . X AR Al fiE 2
PR i A [ Fof 1 BT 17 2 L 2 A A 1 T
FIBLSY . A ad AT BT J Bk — 2 (14 BF 52 K 5 1 1)
T bR 3 A A ) IO A0

4 2 e

FENFI K42 KDP SR 1 5 58 5 = 45 55
AE. SRAIEC AR TP & T SR e i3 511
O3 AR FFAE RO TIT g e b ) A B A K A
AR AR R TR R B A S IR UE T AT S A
SIPE AR X AR AL S ) R . S5 R R
AH R AR K S AR Bl 28 50 1 o A KT A B = A
AR I 5 ) 545 28 A K A R A 2 L [ = AR R
b AEAE S R R AR GE A & BN AT RE R AIR S
LT R ARBE T L e AR PR AR A AR R A e hr 2
FRCSRT % i A RIS 5 % B A K B R 3040 XU 4
PSR NS A e R 2 0 Bt 1B Ren R NS P g DS & i
25 RE LA R — 2P iR .

2 % x W

1 W. H. Lowderrnilk, J. A. Paisner, J. D. Boyes et al.. Status

of the National Ignition Facility project [ C]. SPIE, 1997,
3047 16~37

2 Michel L. Andre. Status of the LM]J project[C]. SPIE, 1997,
3047 38~42

3 H. S. Peng, X. M. Zhang, X. F. Weier al.. Status of the SG-
111 solid state laser project[C]. SPIE, 1998, 3492 25~33

4 N. P. Zaitseva, M. R. Dehaven, R. L. Vital e al.. Rapid
growth of large-scale (40~55 cm) KH, PO, crystals[J]. Journal
of Crystal Growth , 1997, 180 255~262

57J. J. De Yoreo, A. K. Burnham, P. K. Whitman e al..
Developing KH, PO, and KD;PO, crystals for the world's most
powerful laser[J]. Int. Mater. Rev., 2002, 47; 113~152

6 Ruth A. Hawley-Fedder, Harry F. Robey III, Thomas A.
Biesiada et al.. Rapid growth of very large KDP and KD* P
crystals in support of the National Ignition Facility[C]. SPIE,
2000, 4102 152~161

7 J. X. Ding, T. Wang, S. L. Wanget al.. Effect of pressure on
thermal stability and decomposition of KDP crystal[J]. Chin.
Phys. Lett., 2011, 28(2): 026402

8 Hu Guohang, Zhao Yuanan, Sun Shaotao e al.. Growth
characteristics and mechanism of surface and bulk damage in KDP
and DKDP crystals[J]. Chin. Phys. Lett. , 2009, 26(8): 087805

9 Sun Shaotao, Ji Lailin, Wang Zhengping et al. . Effects of growth
method on the growth habit and optical property of DKDP
crystals[ J]. Journal of the Chinese Ceramic Society, 2009,
37(11): 1914~1918
NG, Fokpk, EIETF 5. A K7 DKDP g4 & ) 1
Bt eng g, ek & ¥R, 2009, 37(11): 1914~1918

10 P. DeMange, C. W. Carr, R. A.

Multiwavelength investigation of laser-damage performance in

Negres e al..

potassium dihydrogen phosphate after laser annealing[ J]. Opr.
Lett. , 2005, 30(3): 221~223

11 J. M. Auerbach, P. J. Wenger, S. A. Coutureet al.. Modeling
of frequency doubling and tripling with measured crystal spatial
refractive-index nonuniformities[J]. Appl. Opt. . 2001, 40(9):
1404~1411

12 Wang Fang, Su Jingqin, Li Keyu et al.. Influence of KDP
crystals’ refractive-index non-uniformities on 3« conversion
efficiency[ J]. High Power Laser and Particle Beams, 2007,
19(5): 746~749
F 97, AR, 2650 2. KDP SR IT SRR 8 50 1 X = A5
W AR ()], Bk 5 & F &, 2007, 19(5):
746~1749

13 Wang Fang, Su Jingqin, Li Keyuet al. . Increase law of near-field
beam modulation in 3 « optics system[ J]. Acta Optica Sinica,
2008, 28(sl): 92~97
5, AU, BT E. SAGOGSE R G IR R KR
WL ]. R F F 4R, 2008, 28(s1): 92~97

EERE: D f

s106005-4



