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Progress in Electro-Optic Crystal Research
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Abstract: Electro-optic effect is a phenomenon of the crystal refractive index change with applied electric field. The
effect has a wide application in the optical modulator field, can produce laser devices, such as high speed optical switch,
electro-optical deflector so on. The types of electro-optic crystals, the electro-optic crystal research status and development
trends are described. A more detailed description of properties and applications of the barium metaborate crystal ( the first
of the “China Brand” crystal discovered by chinese scientists in 1985) , potassium titanium oxide phosphate and rubidium
titanium oxide phosphate crystal, lanthanum gallium silicate crystals are presented. Finally, the study’s recommendations
on electro-optic crystals and prospects are presented, pointing out the importance of both theory and practical to carry out
research on the electro-optical crystals, for a breakthrough.
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BEANHEELE 2 °C, SR X mfFfh, BERSRARK, ERKER
TELEE 946 °C, 896 CLEHR, Shik#i# ol 70 ~20 /min, $I
HH0.6~1 mm/d, FEIEEEEHR0.5~2 C/d, AR
AR B E, XA, T4 K 330 g a5
Wi RTP B, SR PP B P8 B, 500 1 o Jl 3
AR LFEE (100) 1A 1 f ik, 16T RTP G
N SRR SRS R A T LA OG, Bt
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Fig 4 Locations measured De conductivity for 2 mm thick samples
cut out from the original RTP crystals center
F1 RTP B dc BEE (S/cm)

Table 1 RTP crystal dc conductivity (S/cm)

Positions 1 2 3 4 5 6 7 8 9 10

Conductivity/s » em™ 2.1 3.0 6.2 2.2 40 1.1 1.9 7.8 6.2 9.1
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PR LR AR A 5 R AT 3 3R AR b, TR G Q it
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RTP A, k% 90°#e , FH T-#M2: B S8 BUHT 565 R IH B
BRI BT, B x5 R A 8 RTP k%)
XN A3 R B RE Y b R AT LR R A 1 A
6.3 mmx6.3 mm, KEHT mm, TFz@O8EHEMK, x
TG RTP § AR S AE OL T C o fh, [Fmf, XA
AR KTP A d 3R 5 1% HFE 5c fitR i) OPO #4411
HPE .

Ep

(©)
PS5 KTP 2K gk i A KAME (a), HEH R
(b) F1 OPO () 34 5t
Fig. 5 KTP crystals and its analogues: growth mor-
phology (a), electro-optical switch (b),

and optical parametric oscillator (c¢)
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&, 1982 4F, Fi7REE Kaminski B HR T Nd: LGS A H:[A]
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— BB, LGS AT I X TS HOL &, =2.503 1,
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m AR TECTE, 2 DML TEE REL g = g2y 8o H
e AL W2 2, R B T A S AR Y
ENHRGZ ILE

£2 LGS SO, REkHERLE
Table 2 Rotation rate of LGS and SiO, crystals

A/um 0.30 0.35 0. 40 0.45 0.50 0.55 0. 60 0.6328
LGS 21.4 12.6 9.6 7.2 5.8 4.0 3.6 3.3

p/deg + mm ™!
Si0, 97.3 67.8 50.3 38.9 31.0 25.3 21.1 —

LGS @hiRA 2 AN AT A s 5k, =R R e, =
25.97 fl &y, = 57.68, [i DKDP (e, =90) fil LiNbO,
(&, =84.6) MHILE/NMFZ 5 WAF LGS FRT  J7 [l 19
FH p, =4.0 x 10” Q - cm, DKDP @& p, = 1.3 x
10" Q - cm, LiNbO,Hp, =2.0x10° Q + cm, X ELJ5[h]
SR LA LG Q Gt I H 37 1 5 [k o AEAR N T [
b, LGS @b i |y BH e LiNbO, Sk 2 /N, Him KT
DKDP g,

AR T 0, TR, FrAEKN LGS Mk R
B bRe, EHEA T ARKN R 6, 2 fgia
1) LGS SRz i i AHAL, 7E 400 ~2 400 nm K
[l i i 22 15 7F 80% LA I, TRAE {0 LGS [k ) 55 41
WA K Y 244 nm, SRR XT LGS &K (135 o %
MR, RS A A LGS SR B G o

K H Nd: YAG 30l 58 45 BRSO v6 D 2 A 1 o
P05 BIE, AEAH [R5 0 DU A LA 5 A S 5 05 A,
DKDP &% 3 260 MW/cm®, LGS &4 % 950 MW/ cm’
fiLF DKDP GF{k, LiNbO, FiAkH 100 MW/cm’

KT W& LGS MR ot R4, MR HDLR
By =23 pm/V Hly, =18 pm/V, LN SRR DR KL
Y2 =6.7 pm/V, DKDP F KR HL G2 EL v, =26.4 pm/V,
FHIZ T LGS Sk iy Ha 6 R BN, R 1] B OG800,
VRO Q JFOGHT, i v mT LI ik 9819 A A A
FEHEA TR o

FEHLE Q FFEHIES, Ao A S g S R T 3
AR AN TR, RN TEREE - FOE Q FFOCH,
SRR EZE, RITAELMB, FHit, b2

e LGS FhR Ay AR, J& LGS FhiAk - Q JF 56 H
MYEEAT . B IE RSO Q FFOCHIMESRF sL, FTAEKR
LGS iRk HAZZ) 2 50 mm 247, KAEELI(90 ~100) mm
RE, FEER R M. ELR AR, AR
R AR 50% ~ 60% , B AA T2 1000 g
LAHE . F6 Hiik RS ¢(50 ~55) mm x 95 mm,
B 1100 g, DRk, FHRmEAK, MEFELY, TG
I AR UL

K6 iRt Q JF A LGS Fhik
Fig. 6 LGS crystal for preparing electro-optic Q switches
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(-@) =0°, LARRGH IR P UGE T f A, 7T LI TR &
TRBESCEXTEYER M . LGS fik y,, =2.3 x10 > m/V,
WA =1.064 pm, I/d=1:11, HPEWBEV, 4K
17000 V, &HHYREAE4:1 ~5:1 Z A, @R ~F10 mm
x 10 mm x40 mm(x x y xz) , A {di H2 )% B R & F3 000
~4000 V,

LGS SRR HLE Q JF OGO 52 56 M g il 4 25 R 4n 5% 3
fizn, HAERES DKDP @R Q TFOCH Y, M Pk
FEL A5 R v 7S D0 8 ) P Ok b 9 B R 7.8 msy TR RE SR
'~ DKDP Hi5%: Q JFSEfk i 58K 8 ns, FEHOGAR A PR i
HRBE N 350 mJ, HEAE RS WIPRET, THE2h
KEBW . 25, LGS i Q FFCERAFIF Mg Xf

T RE P PN R 5 Rk B i OGS A R R O Q
T IR U RNE 5 A 15 0O 25 PR O i i IR 5 1) 14 £ I
XK, RO R IE R O T HOEBEAERE S0 LGS B
ot Q TFRAHT B HOL B BEAEREA L, A LA AL
B, ¥ TEM %,

. _ R
Output mirror Rﬂ Totally reflecting mirror

[ s 6 Y s

I_ | | | I |
Nd:YAG Polarizer LGS electro—optic crystal

K7 LGS dhiRr Dt Q G TAE 5B
Fig. 7 Working principles of LGS crystal electro-optic Q-switching
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Table 3 Measurement results of LGS electro-optic Q switching performance
E,| (static) E, (static) E; (dynamic)
Samples 8/ % G/ % Output instability
/mJ /m] /m]
LGS(8 mm x8 mm x38 mm) 520 512 354 1.54 69. 1 0.4
LGS(10 mm x 10 mm x42 mm) 520 510 359 1.92 70.4 0.2
DKDP($10 mm x25 mm) 520 478 346 8.1 72.4 0.4

B LGS fib A 5 2 H2 v A1 EEL G Q FF O fL VR i 1
AR, FT 2 EREOCA I & Y)% & G MR LGS
mn ARt Q TP B L . EEM — K@ HAR N F G
2 LGS BRI & T X K88 F. X ROk Q JFSEH H
T P2 be AT 100 W % LD ZE3 9 Nd: YVO, 4
BABOLR . B 8 w2 X Mot n B R, HETi%E
i H AR LGS FhAR G Q JFCHETIRES, 5w iR
AILLGA#) 50 kHz, dgmf s vl LIk 8] 7.5 W, fk 58
46 ns, BELHHTTLLGAEE 10 W, %4 S2iBdE .,
X T A AR S, OGS I AT DLk — 2 390 50 kHaz,
T AT LIAE) 12,5 W, JRTEH 2 46 ns, JELLH

ATLAIRE] 13.2 W, iz LGS dh A4 1R & i i 6 6 47 [
EAVRER E M, Um0 LGS ikt Q JF ¥ A
AR o] B IS TR 5

=
Output

— l— ------ =--—--- \\M
Nd:GdVO, i

M1 Polarisey

1

1

Q-Switch }]

1
M3

K8 LD Ry Nd:YVO, &S HOLH R ER
Fig. 8 LD-pumped Nd:YVO, solid state laser diagram

F4 BUHBEXAAXIRER
Table 4 Experimental results of high-frequency electro-optical switch

10 kHz 15 kHz

20 kHz 30 kHz 50 kHz

/A CW power/W

Power/W  Width/ns Power/W Width/ns Power/W Width/ns Power/W Width/ns Power/W  Width/ns

20 1.90 1.47 56 1.43 60
22 2.86 1.81 34 1.94 38
24 3.83 2.19 30 2.46 33
26 4.97 2. 66 28 2.93 31
28 5.87 2.98 28 3.34 30
30 6. 89 3.40 28 3.90 32
32 7.80 3.67 26 4.21 31
34 8.44 4.07 27 4.80 26
35 8.88 4.40 26 5.05 29
36 9.21 4.57 26 5.35 30

0. 86 53 2.52 68 2.04 110
2.10 44 3.12 53 2.61 105
2.63 37 3.64 41 3.10 76
3.22 35 4.29 41 3.68 67
3.69 35 4.89 37 4.37 56
4.14 35 5.46 34 4.95 50
4.57 35 6.02 30 5.86 48
5.27 29 6.79 30 6. 69 48
5.61 31 7.27 30 7.22 43
5.90 31 7.43 29 7.49 46
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WRHDE Q FFCARY s TEMLEERT |, R T mYIREEL
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FAE AN 50 kHz B, e il o DL E] 12,5 W, fik
FEN 46 ns, LI AT LIGEE] 13.2 W, LGS fikry
SeR T2 LGS MR AR, ™ # $ il JFUR) 4l
EMBCLE, @ REFRY, RIES T A5, T
JEFFE B A, AR H AR 50 mm, K Y
100 mm, Jiii2y 1 000 g 10659 LGS fhik, wIHEA
SRR Q FF G A EEK

5 BEMEZE

FUAT, 200N BRIE AN SRR i AR A 1 2 AN J7 TR T R
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N T RECE B2 i AN BE T S T 32 U i Rk R
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NG AN [5) A5 R i A PR DI A IO P O 85 2 10 4% o 2,
BT REF A B UL R HEOG AR AR U ESR Y 5 A ROULAN 2
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