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Abstract This study investigates the electro-optical phase and intensity modulation characteristics of the optically
active and electro-optical crystal and defines its m-voltage. For electro-optic crystals with optical activity, the former
concept of half-wave voltage cannot accurately describe the periodical characteristics of electro-optic polarization and
intensity modulation. Thus, the m-voltage concept is introduced and defined as the modulation voltage required for
the elliptical birefringence phase-delay variation of such a crystal to be equal to =. As for an optically active and
electro-optical crystal intensity modulator inserted between two polarizers, the optical activity can provide optical
bias for electro-optical intensity modulation. However, the modulated light intensity is an even function of the
modulation voltage, and an electro-optical switch can be fully used only when the transmission direction of the
analyzer is parallel or perpendicular to the polarization direction of the emerging light from the crystal. As for an
electro-optical switcher based on such a crystal, the maximum modulation voltage required to achieve a full
switching-state transition can be defined as its switching voltage. The n/4-voltage of a bismuth silicate (Biy; SiOy)
crystal with dimensions of 6 mm>X4 mmX 2.9 mm is experimentally measured and found to be approximately 3 kV
for a wavelength of 635 nm. Similarly, the concepts of m-stress and m-strain can be defined for the elasto-optic
modulator with optical activity.
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Fig. 1 Curves of phase retardation angle ® induced by

elliptical birefringence in BSO,, crystal versus

applied voltage U
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BSOy, crystal versus its length L
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crystal length L and applied voltage U

FETE 225 0 — A e/ . BN, X F A =633 nm
(6%, SCHRC28 T I E Rl oo =22 () /mm,{H
SCHR[ 291 poA22.3~22.4 (°)/mm, DL FifHE S
FH po=22.5 (°)/mm,

B AR o 2 JiE - H o A TR B A AR BAR BT S
AF 1, 24 A AR A Bl 5 e 5 3 7 1) B 2 £
AN L K ) E TR B 25 R B R Ak R B A
70/ 2 e B AR b A A LT B A
PLIER Ty B (D 2 iy T Rl Iy + I, 3
D, DG EER . 2 U=0 Bf, R4 (3) R Af
A5 it AR 110 1A A TR A 7 228 3R £ Oy

0, =./(0.5I) + &7, (8)

w4 U=U, §.I.=I.,.0,=./025 ([, +T.)° +o*,
M 6,—60,=x= a4

I.=—T,+2/7"+2x0, + (T,/2)?., (9
RIE@) ~ DKL I 5 U, WRELERACE M
AN A 50 AT 2R SR Y -,
2.2 BXEEEG SN

SCHRCOJHI A F 5T 1T BSO,, A 1 H 6 5 JEE
AR S 25 T R R A O R T BE S
JE U A8 Ak i e 6 98 i il 2k, 0% il 26 R 2 1E 5% il 8
LT 1 (T b RS A5 T DA S i R 1 2
HL PR BRI S AS BB AR FH LA T iy % £ 174 32
PR R, SCRERO10JBEH FF 928l T —Fp 3L T e
BSO., fh 1 1 1 AL RO %6 78 | T | <<2m (5 F AN
SEELT R A S AR P R Sk 10 ] ke
T2 BSO. iy 1A L K i #5728 9 B 1) e O 30 7] 2R
JC - (HAG i #8% 22325 56 1) (14 5 57 #A B2 AT B o JU
Hpim ek K

cos’a

(10)

sin acos a
ol
SIn aCoS « Sin"a
i o B I, W« 5 10 /Y 26 I Bk 06 A 55 3C
330 % 1

1
J0:TpT45(J 11:
0

cos O cos’a + (g —+1 %) sin @sin acos a

I,.
Osi _’_(@D_‘_.P).@.Zﬁ
cos @sin acos a o o) sin@sin'a
(1)
X N7 F18) 58 J3E 35 2o SR
2
fWU,a) = rn =cos’a cos’O +

I
C o . )
sin“a sin“@® —l—@sm(Za)sm(Z@) . (12)

R (12) 28 K ik BSO,, i M 9 250, 0] DLy B A5
F AR E T R (U, ) BN E U KK
T M o AR M. % — 10 kVU<
0kV,0<e<a BN, KENNL=4 mm
BSOu fi K £ (U.a) B U.a 2846 1Y 56 Z il 1 0
B AN .

M4 SEREENE U, ORSMIEEU X
5 i 7 £ o A8 AH Y 5C AR it T

Fig. 4 Curved surface of light intensity transmittance

f(U,a) versus applied voltage U and azimuth

angle a of analyzer
M a=0°,90", £45°HF, (12)2 55148 N
£ WU,0/90) =0.5[1 4+ cos(20) ], (13)

f(U,+45)=O.5[1+gsin(2@)}o QK'Y

(13)~ (14 5 3CHk [ 10 ]/ A N By H 51608 B i 53
A, R 13 ~ QD) R K FRAEES 5L TE
2 mm<L<{8 mm.—10 kV<CU<C10 kV i FE P, 7]

0623001-4



Es i

P EAEDEREE SR SWU,0) . £ (U, 45) ki ik
KB L KAMIne e U 2816 56 2 il . 4 & 5 () ~
(Wi, 76 L=4, 6 mm.0<<U<10 kV JuHE KN,
A EARF £FU,0) ., £ (U, 45) b U 728 4k 4 56 2 il
28 K 6Ca) (W FFR

B 5 ORI T BRI L AN R U 254k Y
KEME., (0 fWU.0); (b) £U.45)
Fig. 5 Curved surface of light intensity transmittance
versus crystal length L and applied voltage U.
(a) f(U,0); (b) £(U,45)
i (12) ~ QDKLU 4~6 77 A, X F 46 A
A % v =2 1) 18 @ - F I A A, G 1) F, 5 R 9
il F AT a0 R R A
1) TCie d A B A g 2 £ B85 G o] SBCAEL L 9
D3R J3E R JHG 3 aok 5 ¥ 2% R ) PR R ) A o AR D IR A
F3EETT 1) b A RS AE AE M XU S, W0 06 O A D
B AR IR R 5 R 0, Rk, > IR ] F R Y
AR w B OG5 AR 5 v 28 Ui 40 1 1Y A A
BN 2w, CERL12 JIE 2 A HIZ R RS2 B T 100 Hz
MR R E5 5 50 Hz G G5 0 e ., 2
S PR B B O LR ) R R Y AT eR A, AT LA R
A 4 i =2 TR A A — AN R DR R — 5 A
LR G2 AH A O 6T B RO AR A T LG B
FIH 2 5l 5 50 B 2 o) A4 2 1 o 77 A B il 1 o 2= 4
A7 g B0
2) M T YA B A E , B AR BE A GRS

0 2 4 6 8 10
U /kV
10 (b) a: L=4 mm
b: L=6 mm
0.8
2 0.6
Ei a
~ 04
0.2
b
0
0 2 4 6 8 10
U /kV

B 6 FERR R L 4R T 65 B 3% i 26 bl M in

JEU Bk Mgk, (0 £WU,0; (b fU.45)

Fig. 6 Curves of light intensity transmittance versus

applied voltage U for different crystal length L.

(a) f(U,0); (b) f(U,45)
s AR 8 A R OIGAR A7 3 i 4 11RO 2 i B, H AT DL
Ha, O iR 5 9T ) 4 1 O 2 O A, L P 't 5 R U R R
5 m S B REOG A B G, 6 Ay, IR
BAAE IR ) F S R ) D e R AR A B Xk HL O R
JEE R ) R VR R b S A ) R
e, ORI 28 R R 5 G R 5 R B — — % iy A
I ] R Y i R B S Ay FL G 5 B 9 ] g R
DX ], DU 4R A, JFC B DX R B /N Ak, TEE
P S 1A B H ' B R R R ) B X ] — AN R T
10245 0 L AEL b R T D' A o R 1 B8 X (] —
R T LA 28 SCRY 2 i Hi T i LT D3 30922
HLE RIS LA L

3) H G uR BE I i i £k b AE B A (B A BT X R Y
IR FL R DX ) 1) 5 A 0kt AN A A il 2 A A R
JESR P B g e F S AN B o Bl o A ) R 3 W 48
IR LTS o) S0 8 o /0 s PR X DL — i L — A
FLA B (2 U R DAAE R U R A A SR
ST LA, T HER S R R
s VA P EEL R o AR L T DL SO R Y 5 R R D 2
58 4 TH 6 (358 4238 06 IR A AR 3 o 58 42 358 O ()
S84 TH ) RIS T 75 19 e K R R FRE S 40, BN T

0623001-5



Es i

O HL R L B8 55 R G B R I A R Y/ 2-F R B A
6() MM B AL EEAE o, M E /2-H
JE S BRI (1) A & A cos(20) .

4) HE 4L TF L =4 mm ) BSO,, Ak,
HAEY «=0"8k 90°Ff, 0L (U, 0/90) <1, I n]
PLIZELEH BT 6 i 6 () iR B9 A LB .C A5
iR 2 a0 90°H, £(U. o) B &R T 0 i/
F 1. AARRRERE 0 F 1, Flan, £ 6(b) H, fEH
FEUZ 0 24 T, 0<< f (U, 45)<C0.8 , It i 14 il #%
T E A AR, B, —mF, LAY
o i i Y 3225 O 1) 5 T 't -+ O A S 2k D iR
I D B 7 1] F- A7 B 3 A, AT BE SE B 8 4 L O
K,

3 FEG-HIOGARAR /4 HL F A S5

1 18 2 AT BSO., fib A 0wt e | o/ 2-Ha, S i
& b A G R BE L 38 s/ fe /N E X
N U, B B F 2, B UL, ~3746.88 V., HEAI,
SR E AW BSO, iR MK B L =6 mm, Kl i
Wl B d = 2.9 mm, f R =488 = W3¢
k10T A SR A1 e i 2ok v o o AR R AR 00 5% 114 Jmy 35 H
bk 325 SO0 i 2 i 3 0 B B A BB 23 AR s

polarizer 1(P1)

collimated
diode laser diaphragm

SrEE . B, S E A R R T4y 4.1 kV B,
LIRS URIUESI Nl 51N 0D Q2SR o/ AR E N1
AN TR G VLRI T 2 i DU ) 40 R A R AR PR AR 5 it AR
Z ) AS T i B b A7 A 23 A0 B . AT S 3804 A P
SRR R . R AR S PRE . H Al
MDA BRI F O o/ 2-

g 5 bk BSO. fhIR M n/4-H K, S %
(6) ~ (A A4

Ad )’ T
= —— — —ooL . 1
Un mnirg LN (4) T g 0 (15

AR AT U, 22499.2 V., HCECE A OG5
FEPE R B LR UL M 1T N RE, WE 6(a)
FH D SR,

HOGTE B Sea i s 7 s, R K 2=
635 nm [ FUAHE EDEIER L 2 i /NFL S ) AT 3RS
HEAN 1 mm B FITHEER, LT R4 %
1 mW 6 RERALT 1%, BSO,, AR E NP
PEBER TR 75 (P1 ORI P2) ., i A8 6 7 1 5 (1107
[ o A1 R P 388 3k 79 4 SF- B F B TR D05 7 40 3 R e
F bt 0 T i K 4 A (110) b T (I B T K F D o
FRAE SCHk 327, % T 1 (9 56 I R e 35 05 1), H B0BE
TR 23 52 W S VR 1 R

7 BSO,, i w/4-H & 5256 ) 42 %

Fig. 7 Experimental setup for measurement of n/4-voltage of BSO,, crystal

TESMIMH R U SR T & A i e BUHT 5 32 %l
AR N 5 KCF-THRE 45° 8, 8 P1 R &S T AL
0%, P2 I BT M1 « = 0, G5 i 385 3 % ml ]
(13) A Ko I G th 2R 47 i
W A% i ) Si-PIN B 5' F R0 465 FRCOR &% it ri
R RS

u, (1) =k, f(U,0) = 0.5k, [ 1+ cos(20) ], (16)
P RV B sk, N5 O0ME S MG B Al e R
LLEIVAESN S PN 8 SN[ & G TP U S
U=0 i}.0,=®=p,L=0.75m,u,(1)~0.5k, ; U=

Ui Bty =77/2,0,,2~./(0.5I,)* +(0.750)* =
mau, (kAR E R «, (OS5 UK
KRR o/A- U U,y o RS R i B0
HLE Uy, BB E B3 & B R IR (HB-Z103-3AC
R R A TR R R A A ED i w, (0 =
U N ER RS 5 1E —4000 V<<U,,<<4000 V H,
JEFE RN Dt U o B U AR G 3R, — 4 SR 52
B EE B LI s R LA i e an B 8 i, Hrph
05 R (B T I a == 0°, /N[5 A5 26 73 114 503 %k 7
a~90°, W FAF1E BSO., f 1R A 4R et 1 i 22

0623001-6



Es i

CRZEHRRY 135°) , LA K PR > B D B 4 1) 42 2% £
VI 25 BRT IR S 560 v ARG D 24 (57 A 118 S B 52 543 i)
2y 5°H 967, S B X I 1 1E 5% 8L A il £k Oy R
53k

(U, — 1762
Uodc2.06—i—0.656sm[’2914n] V),
an
(U — 3954
Uod(.O.757+O.69551n(l2968nj (V).
18)

H (17) ~ (18) R AT A1, 3% 75 2% 1F 7% #8026 1) 2 i1
B R4 29K 2914 V #2968 V., F-X{E Hy 2941 V,
FEARYE (16) A& 6 () L =6 mm %07 # h 2%
W AE 23 D WA ZFE BRI R B3R BSO., f R o/
4-HL PRI R B UL, ~2941 V.,

3.0
251
2.0 F
< 15f
=
1.0 F
" Uy, a~0°
L o Uy, a~90°
05 — sine fit of Uy, a~0°
ok — sine fit of U, ., a~90°
-4000 -2000 0 2000 4000
U, IV

8 i LR U Bl LUK U B ALY
2G04 B HE L LG il 4R
Fig. 8 Experimental data of output voltage U, versus
the applied dc voltage Uy and their sinusoidal
fitting curves

Fie B8R 5 W R AT T 2 ) A A o 25 AR Y
WK, 4R 2700~3300 V, Hrr 5 YOBE AH T
) N 2 235 SR 43 591 Ol 2699,2914,2968,3120,3302 V,
SEMEZY R 3001 V., bR 25 R BOA R R AS
€ 2, AT RE S BSO. i M4 1Y S A RO O HL 3 2%
INE s DA KI5 R TE & A o 00 45 8 e 22 55 TR R 1Y
M) A G, LA T PR 1 1 2 — 25 A T

R AR TR A 2499 VL, H 5
ZEPZEBE R, FEE AR D &R O
RPN —E ST XCBRL1L ] Fr ik /9 5 pm/ 'V, i Al
AE/&E3.5~5 pm/V Z A HEANE . i, % T 2=
632.8 nm, CHL[ 337 BSO,, sk i oG BB ryy =
3.56 pm/V, CHER L8] i, #E 0.55 pm <A <
0.75 pmit B N, G R BUA r~[(5.6—1.50) +
0.25] pm/V,HIELXF 1 =0.635 pm,r, =~ (4.65+

0.25) pm/V, H1(6)~(7) K (15) R AT H, L6 & 8K
AR N, AR Y B S (LA M w/ 2] T L o/ 4-H, TR
A TE SRR AR I 2) BRI 6 B f 25 1A A 8 i o
OB FL SR Y HL 3 5 O AR A — S A
B 5y T B0 BRI RS2 PR ) E b 0 R (E
% T BEAS 3750 BE AR . 3) 5 00 1 A 9 e R 5
M ST 22 18] WA TE — S A KRB, X A SR
A M P ) HL 3 B A

4 PR ol RS TS

A VR 1 F ' 2R B0 e U P 2 B DG B SR AE
RS B, O REOK T
T HL O AR R Y F DGO B A% ) S L H O T
AR e fi R AE AR 307 1 SN e 3 VR R b A i 5
RPN e 3 T 1) 1 AR Ak 5 A AR Y O RO RAE
AR BB AR AR 1) BB SRl S A R SO G
F B A BT AR Be RUSF JE 56, fH 22 9 W e B -l R
— i 55 FL O A B A B SRR R R R &
P 7 A B R A O i, T DA A R A SR A
NN BNt A L NRIE DA R L A 293
CNINERDEEE S 2 € SECE SN D & SITA D!
A I 5 0 5 R0 7 R Y AR Bk T 0 o A
B Al AR v A, 51 A U R X — A T LA
J5 5 VA b A AR O R ) A BRI . R AR AR
P18 FEL G 3R 00— P B A D' D K ) B o T B k0 L R
2 I rL R B O D K 1 AR Ak T BB A E — A e/ ME
40, DN A B R S S AR FE A = 363.9 nm I A28 % L
EE/N A/ (nlr, 250 kVES

XFF AT H AR AN T S e 6 M 1 H O b A4
2R 22 T S 1 5 e A5 R a8 SO 28 B L O R0
R 2 O R R HE S I v R L 4 T M S BRI R AR A B
SR OGP, ORI (3D 3T A Y
A 580 XA S AH A7 8 3R O Sk il 7 12 A 1R 1Y RO I I
FEE L I R mo e R B DAAE 9 2 I H B
THE - HL ' b 1R A K6 1520 5L 4T B AR 7 4E SR © 1Y AR
ek m (B m/2) B, fh A BT T B SR R A N H R
HZ R - R (B m/2-H R . B A, 240
KA=633mmiH.L =4 mm Hd=2.9 mm i
BSO,, fh A 1) w-HL JE U, &~ 7970.74 V, n/2-H, J&
U,,~4871.92 V., FIH @ BUC I k& LR =
R, RE R T ARAE SRS sin 0 F
cos @, HL 5k B I ) A P A sin(20) #
cos(20) . K It , LG 07 A IR LA S 58 55 4 4] 64 A
WIRFES S 0 1Ak AL,

0623001-7



Es i

M F R TE G- A AR N T H O 5R B T G ET
A FHIT G HL R B o/ 2-HL T, O 8 SR A% 5 90 58 4
FE AR A B ¥ BT 75 B0 B R S IR G . T LA
G (13D 5Ca) & 6, BEE A £ (WU, 0),
FU0O X U 9 — B 5 B0 B R E 1 05 %
FEIF R R, Fln, 78 0<SU<C10 kV i R [l
WX T L=4,6 mm Mk, REdfU,0)/dU Fifi
U A& 9 fiR . M4 L=4 mm #hZk =
1) 3 NEA AW, 0).B(4908.4, 0).C(8015.4, 0),
DA B B3R T SCHL R A AT KB 4 mm (9§
TRHF S ML R BT BE 20 R 4908.4 V., I HL R £
O MPIIAME ~/2 ¥ E ~, It A U,,~4908.4 V,
wE 9 Ry B AR RN E 6 () B LY
IR 9 C SRR R 6 (a) Hh C Y
AR, M9 AALB S C A2 E
ZME YR 3107 V, WAL =6 mm #h £k LW
D (2499.2,0) 5 %F B 2% & AR B9 /4-HL R, A %
Bl 6y D A,

a: L=4 mm
b: L=6 mm

df (U, 0)/dU /10~
o

|
<
IS

U /kV
K9 AR E SRR R d (U ,0)/dU B
ShE R U 224009 56 & il 46
Fig. 9 Curves of df(U,0)/dU versus applied
voltage U for different crystal lengths

5 w3 FEL A W 3 A E

X BEOG B TE  A L TT LB AL T Rk
e H R 7o H P G ARE A AR AR 6 2 A R R L e
JEE ] ) 2R 1

5L RN A A IR T BN AR 5| 2R A Y
L ME T 5 B B G , % T A B R g BN AR AR
HF 0564 BT, mT Rh gl A 3 0 7 351 i 0 AR /Y
HE S, 22 UM SO 4 BT 5 5| A 19 16 I A A6 SiE R
T w BT AN R g BN AE . i an, kiR e
A3m A B0 DR AR B TR s 4 (110 5 1) 3G 5 g
o il 001 ], HLUbJy B SRIR K E N L,
) & A 1) 6 26 M U B A = 0.5 q 6T, i

q o N AR T L T 5RO R AR MR AR DG A 6 SR IR ¢ =
2nAnL /A =x, A 15N SR
A

712(1441,0
B 4n, ©HDEH K A =633 nm i ,n,=2.0972, ¢, =
(—1.365+£0.141) X 10 ? m**N ',i#% L =1 cm, N
DR HES 0, =—5.027X10° Nem 2,

XFTRA A REN T7 S et v By ot A i,
R T KT A T HE P A B 2 D R g A i
A A HE A AT LAE SO BT (3) 2K A o I3 LA S5 A o2
GER A O, (B H i TR R 4k 50 A 7 FE R
LRy I E U A B O AR Ak o BT
7 B AL 5N AR A I A AR Y e ) B B AR
HAeeRA A5 6 X, Flan, BRiZE 23 SHf
() BSO.o b A8 2 Bl T o0 3BGTT 10 R 25
F Ty ) b S AR B SRy L WX R Ay Sk

19

[

7:/1177?‘6]11*(113)0'1147 20)

P aqu g A AR R 75RO R A R (3) A
(ZO)ﬁyél 01*OHﬂ‘a7*OsﬁE @():@:p()L;é{
61=o0. B, 7. = —qu)onL/A,0, =

(0.57)%+ (oo L)* S UARHE b3k -1 7 19 % L,
@w_@() =T EI?EE“ BS()zoF‘IaEI ZIKEI/‘] Tf‘mjjﬂ‘j
22

Orn = Jr 4 2mp,L . (21

(g —qi)L
Xof T HLAT LA DG B0 B R G R ) L R LA
1 W BURRDE A AR A B S5 T /2 I TR A8 A1 o 3] o)
T JR I 5 B S S L TG SR L SR B 5 A T SR L AR
Gy A S SRR BEBOREDC M EE T ROR R 0 =
VBL .2 V e BB Verdet 5 %0, B kil J&%
7R, PRI B AR RN B
T

anz:ﬁo (22)

[ 38, 6T A RO O 0 2% AT DK i S0
SR I AE AL RS T /2 I TR IS 4 A e 3 o
B R O B AL R B B A R, s

AT P 7 A T B XA 5 An = ni — 1 H 1P
M e AT ighe T3 ) R A BT 72 JiE Eﬁﬁlﬂﬁﬂ%}'ﬁ{)ﬁlﬁﬁﬂ?
SR BRI S5 X6F S I8 7 A= B4 A R A 7 B IR i @ =
2nAnL JATENE T 0= ¢/2=nAnl /A, B, Y4
O0=mn/2 W, o=mn, B =/2 Wl A BESFEN T =« 1Y 6
XUt AR A 8 3R B Ay 18 T S B i Y i 80CR e
AR B TR AR — )l AR DG G I R

TU’li (qn

0623001-8



ot # ¥ i
1984, 50(5): 275-280.
6 4 i [7] Kutsaenko V V, Potapov V T, Shpilevskii R V.
S T L AT HE M B0 L S A L E H ST AT 67 R Biy, SAi()ZU fiberffvplic elehclric field sensor[J]. Soviet
A 0T AR WA T I
AR L B RN SCHCH v P A R S R L Electro-optical and magneto-optical effects in bismuth
Hﬁﬁ%%lﬁﬁa‘“ Rtk E‘l‘u/‘\?XHEF”ZISE/‘]%EIXX*ﬁE% silicate crystals and optical polarization sensors using
FEASE B IR A AR AL B 2R T o B P A AN H, R Bl such crystals[J]. International Journal of Optoelectronics,
HL3%) R 3% S AR 1 - R B - HL 3 5 R AT 5 SR A 1990, 5(3): 235-250.
() 70/ 2-FL FE R 7/ A-FRL FE 256 4 Ar . S8 I 2 5 A [9] ZhangJ Z, Dong XY, Sheng Q Q, et al. Experimental
N N N N research of electro-optic effect in BSO crystals[J].
TG BEIF IR AT HOF 5% AL AR /2o T Chinese Journal of Lasers, 1991, 18(7): 531-534.
HHREX MG LI LI IR ERRITE R 1B AL, HF X, BEBE, . BSO M K A B
Fe R 0 G e, SR FH H D' o 2 981 ) O 12 3 ok S 5 TR RS [J]. sPEBOE, 1991, 18(7): 531-534.
ME T —3k BSO, fERRY n/4-H &, 45 R F 0, % 5 [10] LiC S, Zeng Z, He X L. Optical voltage sensor
PR S0 2 n] DL o 52 a6 20, B RE 0% I i |, % R using bismuth silicate crystal grown by hydrothermal
i F R method[J]. Journal of Optoelectronics ¢ Laser, 2014,
o . s " 25(2): 239-245.
AT VLS ki A, WK, FNE . LT AL K R AR B
SO T B HEEE A0 I 2T DA51A T g o et
-1 TR - AR MR A 5 T T R AR RO AN Y 939-245.
T YV ) 25 L 0T LAE S AR R SR N R R [11] Vachss F, Hesselink L. Measurement of the
. .. R o s _ electrogyratory and electro-optic effects in BSO and
it Kt i ;ﬁ EALI T SRR Ffb;ﬁ o2l BGO[J]. Optics Communications, 1987, 62 (3):
Ao )N 35 3 R A2 I R Bk 52 Bh BT R AR BR AL i AR . 159-165.
[12] LiCS, Zeng Z, He X L. Simultaneous measurement
2 £ XX # of alternating voltage and current using single
[1] Yariv A, Yeh P. Photonics: optical electronics in bismuth silicate crystal[J]. Infrared and Laser
modern communications[ M. Chen H M, Shi W H, Engineering, 2014, 43(9): 3036-3041.
Wang J L, et al., Transl. 6th ed. Beijing: ZER M, Rk, fAT/INES L R A g R s R [ s U
Publishing House of Electronics Industry, 2009: BRSO E MR [J]. Z04h 5 308 TR 2014,
377. 43(9): 3036-3041.
fy i« 7 HLR, PR - BEBR. 6T BUCEEOLH [13] Li C S. Linear electrooptic and electrogyration
TAE[M] . BRESNY, G4, EFRI, %, B 6 M. intensity modulation using crystalline quartz[J]. Acta
LR T Tk AL, 2009: 377, Optica Sinica, 2012, 32(1): 0123002.
[2] Yu K X. Advanced opticsiM]. Beijing: Beijing ZER . I A E R G 2 R O e B0 Y R
University of Technology Press, 2009: 114. W], e, 2012, 32(1): 0123002.
R, WML IM]. dbat: b Tk K2E R [14] LiCS, Cui H, Zhang X. Optical magnetic field sensor
£, 2009: 114. based on electrogyratory and electrooptic compensation in
[3] YuDY, Tan H Y. Engineering optics[M]. 4th ed. single quartz crystal[J]. IEEE Sensors Journal, 2018,
Beijing: China Machine Press, 2015: 251. 18(4): 1427-1434.
HREAR, RETE. TREE¥(M]. 4 . dbat: ML T [15] Li C S, Yoshino T. Simultaneous measurement of
A H R AT, 2015: 251. current and voltage by use of one bismuth germanate
[4] Hecht E. Optics [M]. 5th ed. Beijing: Publishing crystal[J]. Applied Optics, 2002, 41(25): 5391-5397.
House of Electronics Industry, 2017: 383. [16] LiC S, Cui X, Yoshino T. Optical electric-power
[5] MuG G, Zhan Y L. Optics[M]. 2nd ed. Beijing: sensor by use of one bismuth germanate crystal[]J].
Higher Education Press, 2009: 353-354. Journal of Lightwave Technology, 2003, 21 (5):
BEEDG, WOtk e IM]. 2 B dbat: mEEE 1328-1333.
Rk, 2009: 353-354. [17] Li C S, Yoshino T. Single-crystal magneto-optic

[6] Pellat-Finet P. Measurement of the electro-optic

coefficient of BSO crystals[J]. Optics Communications,

0623001-9

sensor with electrically adjustable sensitivity[J].

Applied Optics, 2012, 51(21): 5119-5125.



e =

n2,
¥

i

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Li C S. Mutual compensation property of electrooptic
and magnetooptic effects and its application to sensor
[J]. Acta Physica Sinica, 2015, 64(4): 047801.
R M. BOE 5 RGO Y B R R K H A% RO
MO, P34, 2015, 64(4): 047801,
Li C S, Cui X. Review of optical electric-power
sensor[J]. Acta Optica Sinica, 2018, 38(3): 0328011.
TR, M. bR RA RS R G R, ot
FAEMR, 2018, 38(3): 0328011.
Yin X, Wang J Y, Zhang S J. The study of the
electrooptic effect of the optical active crystals in the
polarized light interferometric experiment [J]. Acta
Optica Sinica, 2003, 23(12): 1484-1488.
FrEE, Ldky, WAOE. FEOLRMEERET W I R
HLOG R N B9 B 5E [T O 2 %4 4k, 2003, 23 (12):
1484-1488.
Tian Z B, Zhang SJ, Li S C. Study of propagation of
light in active crystal La; Gas; SiO;, with electric field
added[J]. Chinese Journal of Lasers, 2005, 32(11):
1539-1542.
IS, kD%, 2Rl A et Mk La; Gas SiOy,
HOL g fE FE o RO [T]. T E O, 2005,
32(11): 1539-1542.
Yin X, Wang J Y. Interaction of the optical activity
and electro-optic effect and its influence on the
optically active crystal electro-optic Q switcher[]J].
Acta Physica Sinica, 2004, 53(10): 3565-3570.
FriE, EAk9 . BeOLME 5 B OGN 3¢ HAE ] K H JiE
JeahiR L Q O m L], W AR, 2004,
53(10): 3565-3570.
Yin X, Wang J Y, Zhang S J. Study on electro-optic
Q switch of Las Ga; SiO,, single crystal[J]. Chinese
Journal of Lasers, 2004, 31(1): 29-32.
FEE, T4, KPE. La Gas SOy IR HOE Q JF
SerptsE 0], B EEOE, 2004, 31(1): 29-32.
Tabor W J, Chen F S. Electromagnetic propagation
through materials possessing both Faraday rotation
and birefringence: experiments with ytterbium
orthoferrite[J]. Journal of Applied Physics, 1969,
40(7): 2760-2765.
Kaminsky W. Experimental and phenomenological
aspects of circular birefringence and related properties
in transparent crystals [J]. Reports on Progress in
Physics, 2000, 63(10): 1575-1640.
Li C S, Cui X. Coupled-wave analysis on the electro-
optic and magnetooptic interaction in BSO crystal and
its application to sensors[J]. Acta Photonica Sinica,
1998, 27(2): 132-136.
M, . RERR B AR P HOG REGAE B AE
BB oy B HAR N [T, o6 724k, 1998,

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

0623001-10

27(2): 132-136.

Liao Y B. Polarization optics[M]. Beijing: Science
Press, 2003: 155.

BIE . ARG (M. dbat: BRaE i R4, 2003
155.

Xu X W, Liao J] Y. Progress in study on crystal
growth of bismuth silicon oxide[J]. Journal of Inorganic
Materials, 1994, 9(2): 129-138.

TReER, BARAE. RERRBL (Bin SiO.0 ) SR A K M F 58
HERELT]. EHLB R4, 1994, 9(2): 129-138.

Xie K C.
Biy; SiOs crystals[J]. Piezoelectrics &. Acoustooptics,
1991, 13(1): 22-25, 4.

W . RERR B R R O R )] R 5 RO,
1991, 13(1): 22-25, 4.

Li C S. Optical voltage sensor using angular optical

The optical rotation characteristics of

biasing in lithium niobate crystal[J]. Chinese Journal
of Sensors and Actuators, 2007, 20(7): 1494-1497.
R BT R K B 5B E O R
JEAL S [T AZ R 24, 2007, 20(7): 1494
1497.

Li C S, Shen X L, Zeng R. Optical
sensor based on angular optical bias using single -
BaB, O, crystal[J]. Applied Optics, 2013, 52(31):
7580-7585.

Maldonado T A, Gaylord T K. Accurate method to
determine the eigenstates of polarization in gyrotropic
media[J]. Applied Optics, 1989, 28(11): 2075-2086.
Han S H, Wu J W. Polarization-interferometry

electric-field

measurement of the Pockels coefficient in a chiral
Bi;; Si0,, single crystal [J]. Journal of the Optical
Society of America B, 2000, 17(7): 1205-1210.

She W L, Lee W K. Wave coupling theory of linear
electrooptic effect[J]. Optics Communications, 2001,
195: 303-311.

Xie N, Qiu X M, Xu Q F, er al. Regulation of
bismuth germanate electro-optic crystal’ s half-wave
voltage[J]. Infrared and Laser Engineering, 2018,
47(4): 0420003.

WG, ISR, MRS 0, SE . B RR B O AR Y ok
MU R 45 [T, 4040 5 Ot TR, 2018, 47 (4):
0420003.

Montemezzani G, Pfandler S, Giinter P. Electro-optic
and photorefractive properties of Bi, Ge; O, crystals in
the ultraviolet spectral range[J]. Journal of the Optical
Society of America B, 1992, 9(7): 1110-1117.
Williams P A, Rose A H, Lee K S, et al. Optical,
thermo-optic, electro-optic, and photoelastic properties
of bismuth germanate (Bi, Ge; O1,)[J]. Applied Optics,
1996, 35(19): 3562-3569.



