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Design of an electro-optic (EQO) pulsed electric field
sensor powered by laser photocell
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Abstract; In order to solve the problem that current electro-optic (EO) electric field sensor has no continuous power supply capability,
a pulsed electric field sensor powered by laser photocell is designed and developed. The sensor consists of a laser photocell power supply
circuit, an EO modulation circuit and a monopole antenna. The laser photocell power supply circuit which incorporated with a diode
laser, a lithium battery, a photovoltaic power converter, a lithium battery charging, protection and discharge circuit are designed and
fabricated. The experimental results show that the output voltage accuracy and ripple coefficient of the developed laser photovoltaic power
supply circuit are 1.04 % and 0. 3% respectively. Besides, the output voltage fluctuation is £0.035 V after continuous work for 48
hours. The EO modulation circuit of the sensor incorporated with a monopole antenna and a FET type operational amplifier is designed
and fabricated. The measurement results show that the dynamic range of the developed sensor is from 0. 256 kV/m to 13.79 kV/m.

Keywords : electric field sensor; electro-optic ( EO) modulation; photovoltaic power converter; monopole antenna; pulsed electric

field measurement

YR, DTS nf e, 87 A T 0 A Ay T
AR, B2 P SN S F ok ek 30 30 it A
W% , LRG3 PR b S R 4 3 28 KRR 1
B LTI A BT RO SR UL, IR ARG RS RO A RS R TR R ) AL IR
AR PEEOR QBOR R  , RRRVE AR RO R e A R R G T 1 1 R AT TR
HCL R P L B LB OCH REDR R (R RS AR L B 0 R A
SPROR IRk D B TR TR e % et R TG IOE 1

0 5l

i3

Wik H . 2022-02-10 Received Date: 2022-02-10
w FEATH  E K 3 RBRE R4 (62162034,61962031) 31 H % B



- 90 - LSRR R e o

5536 4%

FEARITELE R s e SRR R

TR FE G TR 1 A S g R P R s il O 8 7= A
&% ok 75 S Ml e h e K 5 =2 T % )
B RS T [ A2 R RS, R R 2 B
Fedorov %511 SR H 'S5 12 WU 28 Wt , AR A1) T — Fofh 5 T Sy
RIS BB AR H A& 10 kV/m R IE S,
£ 100 kHz LA™ BA B RE G 1R RO, Rl
FRpA L S I, 35 A K 2 Bk g AR R B
REIBI AN (55 JF T R BLAS BB e L 8,
Sl I T, B T G R R L S 1R
PT84 10 kHz~500 MHz , A XHE RS 09 72 5% LU K &
Gt S TR AR ST, % AR 2 AR BN CR123A 42
HLHhL GBS TAE U LA/, P8 2838 K21
R BH 22 75 25 T R LR BEIE , W) T — b [ s 0 o
ik e e 37 R A V) A R S 40 R FH R BB 2 B Y
B Sk Y SEIA R T 100 MHz, Z FR T3 K
ERE5 ), 7E HL I S A E T AR, B TR R A
BRI R T — T R R Bk b A T ) R B
TG AL IS | T8 5o R 5ok 116 465 g R 211 10 Pl b it P ol R R
TE, TR S GETFHE i B2 G 40 v A K e 1) 3 2R A
H I AE IR I KR AR IRARAE 100 kHz~ 1 GHz y[H 4
W] 7 S 3H ) 2 i 107 95 LR 645 V/m ~ 83 kV/m, A 41T HY
th £ SR HLA IRBUIN R (e R A5 AR T AR R %
A JUAh e St ] i 5 Fi 7 1 TS A 5 DN 1 0 28 g i
TR T THRE T, (Y B R s il Z it A 5
SEF MR, Bl R A AE IR B 1) B R

FLRE AN A, B T A A ) Ay 380, e vl Pl T e, 3
PSR R 2 5 2) A A 7 N e R B 4 L R G
5 S IRICAF B, 45 PR R A,

T g ER R i e 37 e SR B4 3t R TR, AR SCBETE T
— TR0 L M F B K b R 3 A R AR I
RN R OO HL Tt A R R B R R D' 1R A L B
R, HEREHO LAY i O 2 DL I B0
P AL P R, SC B T R - L RE R B A, R R T LG
A il bk e L 7 A SRS N RE R B i ) TR AL

| EREEAREREHE

1.1 Bttt BBk BEIGER RS

R T SR SR A L I I A P RS TR, TR R
DAL R GER Ay A 4% i B 2, 38 2 DA 436 L 3101 L b
B R Y- P e e St B B B A (R R ST O
HL 3l E 1 ik o L 7 R TR R S S A R 1 s AR IRGR
S ALREEOG A% | Ik v F 37 12 IR A% G F R 5 2 B
HEBE WO A5 A B ER DU 2R 23 B 980 nm £ ARG £F AN
1550 nm FRBELF | % 352 3 bk b o 3 1% 18R E% 9 A RN
St O AEREROLE B HOL S R KA 2
DAeEd R TS| By O G k2 A AN B S IR R R ) 1) o4
PR BN N ST e L S S o 65 = o ol
HL O PR - DR SR B 1 HL 37 15 5 T 2 2R 1 O 7
LGOS RN ESES THESE S, &
1 550 nm FBDEEFL 4 RDE AR 25

BT RE
N —WOC BB L e ] 2 \
e PHEBOEE g | = R ———
0T +g A Q@ [
po—i ‘ LA )
nm ‘ ‘— ‘ 7 T —— 1550 nm e F e
WOERIE L gy

ik e e 3 A IR

B S TROCER A A kb i L R G4

Fig. 1 Structure of pulsed electric field sensing system powered by laser photocell
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Fig.2 Monopole antenna and its equivalent circuit diagram
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Fig.3 Schematic diagram of electro-optic modulation

circuit for pulse electric field sensor
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Fig.4 Schematic diagram of the supply circuit powered by laser photocell
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Fig.5 The photograph of pulse electric field sensor circuit

53 s
+5U 6NDl 5

25T H R R S0, S5 SRR 6 (b)
7, N T DU H H R S0 i (. U, 4 56 mV A
RUEN U,p/3.464=16. 165 mV, TEAT EHL 2 1 SFRLH
15¢ L BELEE AR Hh B S A 80 R r =AU,/ Uy =D/
(R * Cour) , (2 D=0, 14, 580 BH R, =
130 Q,IEPHHEE C,p =22 pWF) TS RS0 R
$40.3%.,

2 SRS A

BT F R A~ 10 mm, B2 ¢ 5 1 mm
BF ARFE(3) | (4) AITHER S R SR R,
K 5.99 Q,C,, FRBEAERIN 10,64 pF, FEE
-3 dB 55 K 1050 MHz, % A FLBH 55 500 GQ, i
AR 1.3 pF AR (7) L (9) AT KL 15 1AL B s
A 1 K 39. 8 Hz~1 050 MHz, 40[& 7 s, % JE 14K
R ABLUR AN R X L 37 A R IR, 48 BE e A 1 mm JR
A e AP R Sl 100 mmx 71 mmXx25.5 mm,
AR R ZE i Bk se T4 4 2.5 mm @941, It



8 ] FETFHOEEH A B 9 Ik v e, 85 R 5 .03 .
8r 1140
R v 3 BORERFNELR
120 =
] S 1 VL 8 A A T ko e b 520 R 4, I )
E N 100 X 9L T S L M 2 L 0k oo, 37 T 38 O P REE AT T
" N I £ Wt 7 R % 2 28 (1SG-506 CB) MM 4t 1.2/50 ps
al 1% ok nfr ek P | HiL PRI 95 FRI7E 100~ 6 600 V 2 [, ¥ o
3 ZZ TR 22 2 50 s 2 3 42 B W HOT A TR |-, AR

(I) 1I0 2‘0 3I0 4.0 5‘0
I [)/h
(a) AR IR ARHEEE TAE48 DK

(a) The continuous working time of the sensor is 48 hours

200
150

100 WEHEA 56 mV

NUUSUHUNNN

50

AL RS /mV

=50
-100 -
-150
-200 L— s ' s s
-400 -200 0 200 400
I [ /s
(b) ik e e B A HlL PRS0

(b) Output voltage ripple of the power supply circuit

Pl 6 ke e s A s

Fig. 6  Output voltage test of the power supply circuit

SMA #2115 PCB HLEEAHI%E . K PCB HL % [ 5 76 4 J& b
fererh, Bricse 5 H A, AT AR 11 H R R 55 X PCB
HLEE A T, HERE RO 284 1Ot i 980 nm ZHLELF
A G B RE M HE L F BT L LD
AT 5 B A5 B 45 00 i 1R AR 5 A IR A B 1R Ol E i
1550 nm BEBDEEFE R BDERERM & K O60E 5 el
HL(ES . JEHLERI RS A B S B R B A SR

K7 B AL S 1
Fig.7 The photograph of the packaged sensor

K 35 em, 55 35 em, BARIEIEE 14. 5 cm, @R 5 R
WR Sl s A R R ik op i s, R K
100 V, i/ ] fiEds i 100 V B #6592 6 600 V I, X
I TE IR 8] 72 A2 13 0. 690 ~45. 517 kV/m(E=U/d, U
SR RSTA T REUAR AR [] F B, d A S A T AR [ A RS )
AR 0 H Y615 5 2 B3 95 R 200 MHz 1196 LI
FATICHEE A IR HLE 5 AT P8 200 MHz SR AE R
2.0 GS/s 7% I 2% P SLER ok of obL 37 (0 st S B T
——

‘el
@ Qe @

—l000000Qal

A
P

HAIHR T
() W R G

(a) Block diagram of the measurement system

(b) JE LY

(b) Measurement photo

K8 kel il e R 45t

Fig. 8 Pulse electric field measurement system

& 9 i IRV & A= g 14 1000 VB I FF i HE
R, #54 TEC61000-4-5 GB/T17 626.5 ,ANSI( IEEE )
C62. 41 brifis, HL FEIEATI ) 7, 4 1.2 s, 20 (E R ] 7,
k45 Kso



- 94 . e R = I O 5 36 &
1.0 14
038 N b2
8t ‘ ol T,=412 ps
) 7,45 ps ’ r_’
o 06 > 08 &I 1.01 V
g H oot
2 04 &
] £ 0.4
o . ]
=02} . & 02}
. l MAM.*
1) S i GV T - 0 i i [P '
_,| « 02k T=14ps
. i 1 1 1 1 1
02 50 100 150 200 250

*6‘0 *4I10 *2‘0 (I) 2‘0 4‘0 6‘0 8‘0 I(I)O léO
B[]/ s
B9 1000V kil [EHIE
Fig.9 Pulse voltage waveform of 1 000 V

K10 (a) N FATHARIE 6. 897 kV/m [ikih i 7t E
JEEF TR B HL 7 O | LT AT DU A% 8% R e i i
55 WEH N 1010 mV, T, K 1.4 ps, T, N 41.2 ps, H45f&
SRR 2t ) (4 Jok o B A IR 0 T, L T, 5 o VR
RAEIFHRIREIC R T, A T, A7 st 7E 7 &
TR 1 ot R IBIE T,230% , T, £20% 115 22 3 [l 74
RIS AT LM B 0 St 3 K o el 3 0 B SO . dn A
10 (b) Fios, SR a7 A HL 30 14. 482 kV/m B %
JEAR 0 TR TR T 1y 2R L, PR G T AGA A ik o el 4
&4 13. 790 kV/m N KAl HL 3,

A R T TR & A A A R A TSP A T R AR [ 7
A 0.690 ~ 45.517 kV/m 1 Bk ob B 3, KN
0. 690 kV/m , WHE RS 1 S AVa BT, anfsl 11 BF
ARG A 0 i R i 2, R LG y =
119. 612x+59. 193, fH LA K RECH 0.996 79, [ 12
AR IR AE AN L 3 T A MR 75 L TR 76 25 RO FL R
PRI A H B pe A e A iF I A5 0k 40 mV, Hy ] 75
MES I E R TH S 6 dB I, L a8 5l 5 R
80 mV , fAALA I35 2L S i/ N i 3 E
49 0.256 kV/m,

HE— D ARYE R 11 15 A5 2R 2% 2R Ge i i A B Hh e ik
M2k K% IR R GE R i L RAE AR AR IR 28, Wl ok i 4%
HH B 7 A ok o i 37 0, AR 4 X (13) 45 i i 3 5
MRIR2E o THEAS IR A5 SR iR 2%

Uz/\/ii(EM,i_ET,i)z (13)

Ari=1,2, - n BRI REL E, | kL3
WA E, |, Bk eh 35 0 B SH . % n=20 LUK A K
i E S A S (R LSRR A (13) b AR 38 Ty
HRIR2E 0=33.536% , s Hrie2s /= A 0 R S AE 3
Jr MR IR ZE VTR SR FH B o TR TR R A A E R B DL A
M ] Ay R B THARAS 1 0 FR S (B BU(E T & A A D T
HLFEAFTE£10% IR 22 . T AME I ZR G A 8 75 41, 23 52 1)

4 .
2200 -150-100 =50 0
B A /s
(a) 6.897 kV/m i £ % 8% 4y Hi %

(a) Sensor output waveform at 6.897 kV/m

Wik fE4.24 V

MWWMMM

50 100 150 200 250

=200 -150 -100 -50 0
B A /s

(b) 14.482 kV/m 4k 34 H 97
(b) Sensor output waveform at 14.482 kV/m

B 10 ARkt i 37 e s ) i IR
Fig. 10 Output waveforms of the sensor under

different pulse electric fields

1800 = ARERAHNH R
16001 y=119.612x+59.193, R>=0.996 79, = * *
> 1400 .
1200+ p
1000 | o
800 -
600 | <
400 i
200 m

Fo RIS H

0 2 4 6 8 10 12 14 16
Jik v 3 WAL/ (I V-m )
11 AR A Hh R £k

Input output characteristic curves of the sensor

Fig. 11

HRUIINRE, ARR T B — Pl ME R L M s |
¥ ARG AMERE

4 45 it

AR 1 — b e e ] K i FL 37 A T i b
T BUA A EL IR ] X P 7 £ R £ v 7 e A PO RE



55 8 1 BT HOE G AL L Y ik b B 7 A g R - 95 -
80 399-408.
60 [ [4] WU H T, JJAO C Q, CUI X, et al. Transient
- 40 - U, ~40mv electromagnetic ~ disturbance induced on the ports of
E!\ES 20+ ‘ intelligent component of electronic instrument transformer
fﬁ 0 ;w/m N',MN'\ w \y\ ﬁ/ﬁ\ /"\\ due to switching operations in 500 kV GIS substations[ J ].
E =20 F \ IEEE Access,2017,5:5104-5112.
—40 | [ 5] NAVARATHNA S, UDAYAKUMAR K. Reliability
60 - indices evaluation of LV distribution system and inclusion

0 1 1 1 1 1 1 1 1 1 ]
-50 -40 -30 =20 -10 0 10 20 30 40 50
i &) /ms

F 12 HIGE IR I

Fig. 12 Noise waveform of electric field sensor

I FRLE AR Y ) 8, e T OE e ik L BOR e
H R HERE O G A 42 A A DG BB e 4 il L BB, &80 OOt
PR YR P P B8 DA L I e o) P R R S SO A8 AR L
AL AR HAT RrEe TARRIRE ), A IR 00 i A\ i 114 i 2
RADCL ML/ B, B RAFAOBTH L TH0RE T, OF
i P A1 Hh F PR RS 1 A% R AR 7E 48 h N FREERRE 19 TAE,
it P RORS BE RN R BN 1. 04 % H10.3 %, $EHEN
FRK IS g, X BIF ] 9 1 R R AT 1 A i bk o S
50y, S X 3R I A% A R A % Ml 400 ) H ok o el
DRI SR P | 4% 2 K e R D B PRI T =
1.4 ps, JAUE(E R [H] T,=41.2 ps, 545 EFEIEHY)
B o MRG0 13,790 kV/m, fe/NaT il H
579 0.256 kV/m,, ARG HATE TR ARV ST
WG AR L AN R R 22 TAE S s e R 22y TAE
FHRER S RS A I SR M Sh S L — 2B I

5 %30

[ 1] LD VR I8, . 2 B RE B oA
R Z MM Em ] &A% TR, 2019,
16(9) .40-43.

TONG H H, CHU EN Y, ZHOU M, et al. Effects of
HEMP on safety of exploding foil initiator [ J ].
Equipment Environmental Engineering, 2019, 16 (9):
40-43.

U I I £ & ER 3 QU R U N
BrBCSREDT T [ 1] BB 74 ,2014,30(5) :27-34.
CUI M, WEI M, CHEN X, et al. Research on shielding

effectiveness of materials against electrostatic discharge

[2]

electromagnetic pulse[ J]. Journal of Microwaves, 2014,
30(5) :27-34.
YANG B, ZHANG Q, JIANG Z D. Aperture coupling

analysis on shielding enclosure excited by lightning

[3]

electromagnetic pulse [ J ]. International Journal of

Applied Electromagnetics and Mechanics,2015,48 (4) .

[6]

(7]

[8]

(9]

[10]

[11]

(12]

of protective devices for reliability improvement [ J ].
Instrumentation ,2021,8(2)49-55.

PR TRRKTE, A GRS 7 1% R B R UK
SEE[T]. Bl T oE 5K, 2019,39(3):
356-362.

YAN X F, ZHU CH Q, WANG J.

development of transient pulsed electric field sensor[ J].

Research and

Nuclear Electronics and Detection Technology, 2019,
39(3) :356-362.

FLIE B E A . S TORLFHOR MR bk b 3 ey #5357
M RFE[J]. FHEERHAR,2015,41(1) :339-345.
KONG X, XIE Y ZH, et al. Electric field and magnetic
field measuring system for EMP measurement based on
fiber technology [ J ]. High Voltage Engineering, 2015,
41(1) :339-345.

Mkt Rt BRAR TR, 55 PRI AR 48 I MZI B
R[] ], TR 2], 2021,42(11) .
87-95.

YANG D B, ZHANG J H, CHEN F SH, et al. Lithium
niobate integrated MZI optical waveguide high current
sensor [ J ]. Chinese Journal of Scientific Instrument,
2021,42(11) :87-95.

FKICYE, Kot AR, AF. PR D DL £ RS S R P IR A
A AT 5 R S L B [ ] AR AR “A 41, 2021,
42(6) :271-277.

ZHANG Y Y, ZHANG J H, LI Y N, et al. Polarization-
maintaining fiber coupling type LiNbO, intensive power
frequency electric field sensor[ J]. Chinese Journal of
Scientific Instrument, 2021,42(6) :271-277.

FEDOROV V M, OSTASHEV V Y, TARAKANOV V P,
et al. High power radiators and E-Field sensors for sub-
[ J]. IEEE

Electromagnetic

nanosecond  electromagnetic  pulses
International
Compatibility,2015,1127-1132.

SRR WA BRI S O FL S K o L 3 1 R
AT ST ] R 2011,34(4) :299-303.
ZHANG X M, MENG C, WEI M, et al. Development of
a wideband transient electric field sensor [ J]. Nuclear
Techniques,2011,34(4) :299-303.

DRFHZ s, Wk 2% W s. () i 00 ik Jik e vl 3 1 3%

Symposium on



- 96 - G R - C I T % 36 &
RO [T, S L EHE AR, 2020,46(12) :292-299. optical fiber transmission-based time domain measurement
OUYANG H ZH, YAO X L, CHEN J L. Miniature probe system for nanosecond-level transient electric field [ J].
for simultaneously measuring pulsed electromagnetic Review of Scientific Instruments,2022,93(1) :014701.
fields[ J]. High Voltage Engineering, 2020, 46 (12) . [20] iR, BT HASHPR BT RAUR M B UE I e ],
292-299. IS BB 2021 ,5(14) :62-76.

[13] ZHAO M, ZHOU X, CHEN Y Z. A highly sensitive and TAN CH. Research on filtering method based on high
miniature optical fiber sensor for electromagnetic pulse frequency  characteristics of  capacitor  equivalent
fields[ J]. Sensors,2021,21(23) :8137-8150. impedance[ J ]. Modern Information Technology, 2021,

[14] 8 ke, B4, 5. B RB0L LA POl 5(14) :62-76.

IRHL b e e s A< [ 1] 5 OL 5 KT R, 2018, [21] WA, Sk E e, SRR, 45, T 1) R R B 2l 3 £ /Y T

30(11) :170-176. PRI PIFA R4 [ 1], 1 E R 2= R, 2019,

LIW, WULY, WANG W P, et al. Power conversion 32(3) .328-331.

efficiency of photovoltaic cells in semiconductor laser YE M J, ZHANG Y L, WU C N, et al. Tunable dual-

wireless power transmission [ J]. High Power Laser and band planar inverted-f antenna for future mobile

Particle Beams,2018,30( 11) :170-176. communication [ J |]. Chinese Journal of Sensors and
[15] T2 & RKE, AR, 48 kb e il b iy ok Actuators, 2019,32(3) :328-331.

HERFEALT]. KGR ,2019,40(2) 264-271. 1EE=N

YAN X F, ZHU CH Q, SHI K R, et al. Laser power ZSER Y, 2018 4E 5% & Tl K¢ 4175

supply technology in pulse electric field test[ J]. Chinese TFE s B BB T R AR ST

Journal of Luminescence, 2019,40(2) :264-271. \ I A BTG OT 1A R Tk e 3 A8 IR

[16] XIBAR, XA, B0, 5. L (&4 U8 Ik vk i 3% E-mail: 1157872443@ qq. com
IR o3 Bt 5 it [0, B 2 i, 2011, 27 (1) Li Qinkai received his B. Sc. degree in
78-82. 2018 from Qilu University of Technology. Now
LIU W D, LIU SH H, WEI M, et al. Characteristics he is a M. Sc. candidate at Kunming University of Science and
analysis and design of fiber-optical E-field sensor for Technology. His main research interest includes pulsed electric
transient electro magnetic field measurement[ J ]. Journal field sensor.
of Microwaves,2011,27(1) :78-82. KK GREGIEE), 2010 4E T = Ul

(17]  FlE, HF A, oKUK, 55, 2L T FPGA ) HLRE ik i v U RS ) R RAS B 24 2, 2016 4F
Tl ZGEL )], mBOE SRR, 2015,12:262-267. TH PRt TR, )
WANG CH, DONG X CH, ZHANG M T, et al SHEHE T K2 E B TRYES A ik R
Development of electromagnetic pulse measurement P, EE ST ) RO S R e
system based on FPGA [ J]. High Power Laser and JES OO TEE
Particle Beams, 2015,12.:262-267. E-mail ; zjh_mit@ 163. com

(18] EFHBH, Se7zsd, R, 4. A TR B G IR il =X 5 2 % i Zhang Jiahong ( Corresponding author) received his B. Sc.
SRR O [ 1], TR AL S ], 2012, degree in 2010 from Department of Physics, Yunnan Normal
20(4) :1152-1154. University, received his Ph. D. degree in optical engineering in
WANG Y Y, Bl J J, CHEN X, et al. Development of 2016 from University of Electronic Science and Technology of
sensor for high power transient electric field based on China. Now he is an associate professor in Kunming University of
active electro-optical  modulation [ J ].  Computer Science. His main research interests include integrated optical
Measurement and Control,2012,20(4) :1152-1154. waveguide electromagnetic field sensor, and microwave photonic

[19] KONG X, XING W Q, XIE Y Z, et al. A broadband technology.



