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Abstract: Electrostatic field measurement is the most direct method to detect whether an object carries
excessive static charge. Traditional electrostatic meters mainly rely on fixed distance measurement. While the
measured object is difficult to maintain still or not easy to approach, the distance change causes a sensitivity
change and results in a measurement error. Based on the micro-machined electric field sensor, this paper
proposes an electrostatic measurement idea that the meter adjusts the sensitivity adaptively according to the

tested distance: measure the distance of the object through the ultrasonic module, to find the corresponding
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sensitivity coefficient through the microprocessor, and then to calculate the measured voltage accompany the

electric field result. For the developed meter, this paper proposes a calibration method based on a combination

of laboratory calibration and site calibration, builds a dynamic sensitivity calibration system, and calculates the

corresponding relation of sensor sensitivity coefficients of different test distances and different measured object

sizes. Compared with the conventional measurements in a fixed distance, this paper achieves more accurate

non-contact surface static voltage measurement by means of sensitivity dynamic calibration. In the meanwhile,

the micro electric field sensing element has the advantages of small size, low power consumption, easy

integration, and capable of mass manufacturing. According to the third-party test, the average error at different

test distances is —2.98%.

Key words: Electrostatics; Micro-Electro-Mechanical Systems (MEMS); Electric field sensor; Static voltage;

Dynamic calibration

1 5§

FFRUCE R AR R R REREOR. A S s
SRR, BAORERCEEE . AT MR, Tolk
AP AN A P B 0 B = R
RN A Pt S A8 45 0 15 i P e B ) T B
AR T UG R R ORI S AR B S
LRSS, X TRl BA E R . T g
IO S BN T F AR T FRLAE AT AR Ak B, RAA
T 2 1 W R TG A R R XU SRR A
FE AT AR E B P AU B AL R 2 1

PR SR 4, AR =i E AT 2
15 VN 7] W 1 SR S WA 1o 1 M v 7] 2
it EEL S ASCORI) FH e i N L7 7 38 TBOKS PR B 2 AT 0
0, WO A R LA TR FL % B I ]
I, GRS RAREE, FHEEWNEE, il
BRRENE. BB OCR B AL 3) 7 R AR
Jigke, JRISIVE O B ORS FEA, AT A SRR L FL R P
SN PR A R R AS RS T, A TS SRR, 1R
TR FEROL T AR LIRS L R AR
AR, HETZES, AR THEEAS]
i, FAUIERE BEAE A T, IRBN AR AR
THIE I R P B SR BN SN F AR IR Bl AT E SRR N
R b AR SRR R S0, BRI, EHE
B A, EARE A I B SUR Tz R . SR
M, HeBAPRHER I TARRS, iR AR R s i s
HORspve e, G H B R IR AR AR IR K
AR, KRR E M. A, BB RS
L2 S PTAE FLAC AR TERRBR I AT B R, B 5%
BUBRIERE Ry xSRI A 2B R . A T
WL R4 (Micro Electro Mechanical Systems,
MEMS) BRI, AATRAIE R T 200 4 H %
AN, LI TR T i A R A, B L
MEMSH KRG, BAEPUN FTHEH] &,
AU Aarts, %5 R E rTahEF. wf

FETERSEZ PR AR s 1500, 7R I U A A
IR R AT . AR 201 74E#Rk3E — Fhdk T
MEMS L7 85U I il e B, Sealill & A
PRAS R Y B2 AT R A E e = &=

JE R 8 S HL 7 B B0 2 T Ay PR A 4,
PRUE AR b S A A5 FE o B2 4R
Iy 1 =X S R 5y v s =X FRL SR SR FH T e e g 1 7 2
AT RMEBALIE . Flan, HARSIMCOZ A
FMX-004% . £EMONROEA & [1282A 4%, i@
T AN Y BE E A 1) SR EE 28 1 2 Sh2.54 mm.
7% [F Kleinwachter /A & I EF M-022 74 34 A1 F 75
R N B ) e b [ e AR B . SEETREK A
A 520 B MR ACK BR SR BTH g AR, AT SR
TE5~25 mm/NE Bl P I . SR, I B
U, Bk AL B I F 7 R R A O, SRR
R AL, s RS B . SCER[1T) A T —Fl A
T N AR LT IR, SR F AN A A LY
orill e AR, JE e AR S SR e T A I AR R S
BRI R ZE [, AR, AN AR B RN IR
AP AEAE MR EE B AN — B e, R IAR % . 7
BV HE A AERE R I EBAR 5 SR S E R T,
[ 5 2R B AT R AT A . Ib b, A A R
ANE], AR AT AR, LR RN
A Zis w2 . A DSBS FE Bt X4
MRS Z AR, A& B AT il =X T A Ao ) &
T B4 1) R

ASLEETMEMSHI LKL, R AesmhsE
T IR R TL, XAl T 16 G e PR & 7
%, PEHEEE AR R, AR ER RS
g B AR 7V, SEEILRE B FE 3 R 2R T A P AT
B & o AN ARG T 4 2 1 i H A
B B LK, I I — 252 T i FR AU A P 7 P
BidrscR, NEMHER. At T, fiRELFE
Uiy i ) I AR e R T B



3070 B 7 5

o

=]

2 %

543 %:

2  MEMSHIFBRL

AR AR AL T AR A MEMS HL 37 f5UEs
}#7 BAR RS N5 mmx5 mmx0.5 mm, %5/
B, FEAFERFREN . BB, X3 H
Mo SRPESTIRSE TLER 5, B H A S s i R A
KK AR B A8 o 8k 78 3K Bl FE AR b it i <2
MRS 5, RS FA 5 B i F A 2 8] P AR A2 AR i
Wt 77, i 30 5w AR AT R AP KPR B . IR E)
HA 5 B i P AR B T R T TR, T3 — & 2
(BT HLZY, AT INER ). 2 BE i AR IR BT
Je R 2 7 R RN, E R R % BRI AN P 3
EVEFH T, BN AR b JBAE HY IE LT B f 37 (1 28
TURNAT 5 o BF il F AR 55 18 N H A AR B A FH 5
WA TR, SRR EmML, AT =
FZ AP HAY, MR T bl S 28 . &
AR ST AR, 2R AR B bR, AR AR
L 22180 I 2 /A5 5, i 22 43 el /) Ha B e 7
RAGERIL., 5 EABLNCHEIL, MEMS
EPRABUBCE  C LS g B ds A, Fak, T
1R A A fs e e S s T 5E . SR
& PR IR BN P AR AR R AR B, e TR T
YRR F B BOR s e s R P RS, KAs e vt
B 4f,

TUEGES B IR SR P A & i B 2 B s 1R 2B 80 7

#1:7%%] HEP ks» Mgty Cey Cy stmp]j\%ljjj,ﬁ%rx%ﬁfé’ﬁ
PRIRE T HIERGRIE R E T, WA e J

gk 9l LR

e
ﬁﬁ%ﬁ J,

PP TS LR (+

g 1 MEMSHLIZBURE 7 451 = B

N LA (-

P 2 SUBOE B I IR B ) A

)8

BUR. HAT, SRS TR, B
B R (ER BT, SRS

v B A AR (BB AR AR AR LY, RN
HRIE 2 AR B P A 5 ), B T R
(A2 R R BURGE Fr RE R A .

MEMS H 37 85U B R F 46 2k 4k 7 (Silicon-
On-Insulator, SOI) & [ i) &, Bl FELAR . BN H
e BRB AL BRI AR LA FE R — S R
TZfE8, BumEmm. LEREEmEBFTIR.

AR QTR

(1) B A K H1Z B EER 33 (Phospho-
Silicate Glass, PSG)UTIRTE S E IR, FFiRk
1 h, )5 HEEA AR TR BRPSG R

(2) WIFESRAL: JEHE 20 nmE&FI500 nm 444
B SRR LR, I o R R I TV
w B VTR B R M

(3) st EEIEAL: fESRIFERIRUVIEZIL,
K2R, ERASRERDLZIR, K5
) FH &5 2 IR % ol (Deep Reactive Ton Etching,
DRIE) ¥, ZIihdsftZ 28 Z1# 10

(4) HRJZETEAG: £ O 258 B 24F = g
WO MRL, RHE3gMEE R, EZIEE, FH
SRS F 2R R EREREN A E, HH
DRIE 56 8 10 %1 7 F U2 2= A AL 245 1

(5) B BebrasthE LRI R ARL S B

N T SRFH UGS A EEIE B R ] S, A
R A B M M MEMSHUBGE Fr &2, 2
R A5 B LE AR, E AR,
Horr, JETAEZRPRL BB 45 F R BUROR e
BERUNERN, SCELT I B E 5 g S

llll I
! ]E>[ e ’E{)[%&#F’Eﬂ/{{]
E'E 'S

2| bz ERAL

K 3 MEMSHURSH T2 nEE

P 4 BB Fr e S A L



HioM /N Je 55

FETMEMSHBE 2 i R P fi e i A%

3071

E RRBAMEPI By, B RoR B A AR RE
BB 3R A 37 15 R G W) B R e P L
F LRI LE, g M e 5 ORI B ER A, AT
PR B RS S AR, AR RS

CIRCYRY /NI i B TSI MR TR S U N

3 [ESIBHEEE
ARSI 1] O B H A T A FEMEMS Hi 37 B5URGES
Fro WUBERH, (S S A FREEE ., BoRbE. g5

TR E RIS . BURAF R o SET B Bl (Real-
Time Clock, RTC). HBEH D, WEbSFR.
1, MEMS L7 BUSGE A0 2R 58 7 A T F AT
Uiy R [RIESR A I PR B AE R, FERIF A F
PEES T AR 8 RE, STILPE B nT AR [ 2 T e AL
B MBEARSFEATNEREMRE. &
FE, MM ARG S . Wik & BT
Al RTCR B0 H T %A F e AR (i a)
R, T B A BT B ORAE BRI FRic
I TR] o K48 A7 4 B o0 AT (RIS AR IS TR) L FLYgp . R
B R AL, WK ESEE R BoRBE AT
ISRy AR R R . PEESSE, It
o PR BB R, R B A NS 2% e 8 S I 3E AT R
o MLAh, ASCHEH R EHBAGE AR USB AR HL K EL
P, AR RE . BIREEZ IR, N
SR E A AL R o

FEAS T AL B AL B, 38 A% i B 0T (Micro-
Controller Unit, MCU)#% i B 2407 AW %4
#%(Direct Digital Synthesizer, DDS ) g H 1 5%
55, AU RS HZ RIS L, S Uk
O PR AR o BN LR b AR T BT
W AR R E S, EL VBT R R
BIROR, e AR T RN AEE T B
FHEHES (Analog to Digital Converter, ADC)5iHR

F T RBOR G B8 i 4G S -7 m iR AR, A
MCU J&5 #EAT BUR S 1 i A5 5 IR A(E {5 B AL HE .
HR Y8 BURCE B i H S 5 ApA ~n AR IR E 5
PVRFIE, 85 28 LOROR AR G B i 1K
P B HL S BV PUROR &8, I % BRI 6 B s () HL %
SR AT S - Vi TiAb 2. HA, Sen
outfd 5 ABUBGE Fr i A SS IRE S, ZIBCR
LB % S %5 Vow = Sen_out x Ry, C\5 R #%
R IE PRI 48 X TBOK I H AT 5 AT W10 DR AL B

& 8 WL ACLE I 7 FELA 3R T B, Sd i
MNEA—E KA EE T, e,
— M N2.54 cm. GBEEGVEK A B S, Al RE
T H W B AN Gt R B R 2 . [ e B S 5
WS 7RSSR YA, B, Sl d R
e, R BT RS R IR, G X AR R
INERN G il o A P P R B S IS, Bk AR K
RRM IR, & Bbs € RNk, I 4h
St/ e N T R B AR ) B, AR SO TR A U
JER B PR, AER R 0 A A A 2 TR R
B, IFEA AR B N L AR AT IR AE , SR R
FESIER MR (ESLhRIKRT, MR HE 0 PE o SR A
WRBEEE, HEENY B, ATSEE 1 EE S
AR ) B B . A P P A e X
TR AT 1AM, R R v AT DL 2 i 5
oI P 5 BT SR AR o 2 AR AR B 2 Y L
2.0 cm~4.5 m, WK E 0.3 cm. 4FE B KT
I, I E S B /R IR W 22, W RE R T A
PR S 2 (8 TE R G 0 s s 4R B K
T, IR PR AR A T B B a0 A AR
Yo, semadl RS . PRtk 7R SERRAS R ARl R
BIPREAE2.5~10 cm, 1% B N 2R B
AT IE B

( 1)
N pps |3 {3 | rrC
| | apc |5 C> | &
g — T MCU
B N 1Ehk
i o | e
)
e N e L e O |y
‘ it
B BE=TEE

P 5 i A R ER D BEHE



3072 B 75

& B

IS 43 %

—_—Q

#

Sen out

+

4
‘ ou

6 -V i i S

ASCWH T PR EE A, AR AR
L& el S T AR i = 3 TR P I 21l N
M IR T R B A, BEATINGA SR I RE
P
4 BFESIMIHGRE

H - A BRSNS R RN,
PR RSB YT, EL S B SRR N ) 1K) DA W AR R
Yo T SEBUR SN e L L R SR A
TR, AN SO i RSO AT S50 3 L I P U 5

SE 56 AR RE R AT AR 54 [ HL I 4 8
b, —H MG, AR S . R
[ € 7 e AR AR E 5 R AR 2 TA] B R
20 cmo FEwR AR EREIN0~12 KVITHE, M
FEPI AR Z 18] 72 420~60 kV/mA S 5 7. r7E
IR IO O H 5 e R S TR 2R TG &

E = (Ve — Vi) [k (1)

Hr, BN REE: Vo N O B R 6
B VoONERACES T SR E: kNE s

FrER, e MTREGAIEATRE, 3N RAT
F2), TCSRREASHI T IE FEOE ah e 45 R (0
AmV), #HITELNA. Hd, BN I
TCSR6IRMARLE R brE S RME TR, RIEGB
1845975, AR BB A E FE N2.98%. HT1%
A 5 R B 5 IR NS 5 AH R A AL 245
B, HiH SR WA TR UE, AR E H AL
wmREERRIE,

i FLACI B AR 2 B T B ST F AR . Y
IR S . B FH. mRER KT EALE L
gre Horh, FREAEEEEL ST, SHrEk
WRIEEACE, @ PR O EE R A Y AR
PR AT BE RS o LEHT FARAR (b A DU 4 bt n—
MO E Ve, @i # O as 1 K1),
75 3B HE BT AR R Vi, WL R 8 R %
C=Voo/Vo, #ACH RBUEHERKERIERN
kxCo RIAEIHL

E = (Vow — Vo)/ (kC) (2)

i A B RS HE AR A A R DR

A R A O, A T L —FAEE, AN
LT ARRSE B4 e R AE 9 AR, T
ANFEIRIREIRSE,  FEEAS FIIRE &R X i F A
HATRRE, KRBT HARN15~80 cn &)@ [ AR 3%
RIPERBNERFR, Wy RESHR. AL
FHL BRI R SER N BB, H b R ™
#H, TWETEIERNI R EE R . @i i%
Pt AT DA e Bl B % 2 0 T R BB e B sz, 45
n, MIEREEZCN10 ems BEI E AR N50 e,
0.3 e [Pl PR 1% 22 AT 3 A2 1.38 % ) R 1% 2
%2 (JJF 1517-2015 FEH: X i f i ) &
AXHGHERRTEY , AR A A e S fh =0 FRAYAE
A6 2R 77 v A T BT AT 7R I RS i S G
F: DY19-1982), 43 AlEH2 cm, 5 ¢cm, 10 cm 34>
MARPE B, WA BB i e, Tl Sk i S
5 SeBRitin e R R Z 1S 5, R mE IR, W
R RRM, A SO ) Al $ ik X AR SR 3L )
SRS ER T A, W& ZE N-2.98%,
BRIRZEN-10%.
5 4RiE

ARSCHR I Tl R AR AR Ak (SR
T A . Sfegue i EAAE, BT
SNz WEEE AR . EETE =0k
WS, R R KATIE-10%. =72 EERIET LR
ANTTIHE . (1) MR R 2 AR SR 75 U S 5

12 ¢

\

LB HTH (V)
N CR . e
\

0 20 40 60 80 100 120
Ik (kV)

7 [ 5 B A PR ARObR E 5 R

50

45 | ape =m

R B A&

© 40 | —15cm

#H 351 —3bcm

i ——55 cm

B 30 f —T75cm
=5 25
w20 f
K15 ¢
)—D 10 k
5 k

012345678910111213
BEES (om)

P 8 ANIEI ST AN (7 25 ) SR AT 2 B s 4 2



10 [N IpAE: HETMEMS I 2 5 G BT R i B 3073
F 1 BENEZARESER
PR 2 cm 5 cm 10 cm
FREAE (KV) A KV) AR ZE (%) NME V) AR ZE (%) NME(kV) AEXTRZE (%)
0.50 0.51 +2.00 0.49 -2.00 0.50 0.00
1.00 1.03 +3.00 0.97 -3.00 0.99 ~1.00
2.00 2.09 +4.50 1.95 -2.50 2.00 0.00
2.50 2.59 +3.60 2.43 -2.80 2.48 -0.80
3.00 3.10 +3.33 2.93 -2.33 2.99 -0.33
4.00 4.15 +3.75 3.94 ~1.50 3.99 -0.25
5.00 5.36 +7.20 4.93 ~1.40 4.98 -0.40
-0.50 ~0.55 ~10.00 -0.53 ~6.00 —0.53 ~6.00
~1.00 ~1.09 -9.00 -1.07 ~7.00 ~1.06 ~6.00
~2.00 -2.20 ~10.00 -2.15 ~7.50 -2.15 ~7.50
-2.50 -2.58 -3.20 ~2.67 ~6.80 -2.61 ~4.40
-3.00 -3.26 -8.67 -3.22 -7.33 -3.09 -3.00
~4.00 ~4.29 ~7.25 ~4.28 ~7.00 ~4.09 -2.25
-5.00 ~5.41 -8.20 ~5.32 ~6.40 -5.03 -0.60

JFR AR ER R, AR BB BBV, A 5 A
P2 ST, I RS R T, AT RS 2 I AL
WRIR 72 . (2) A BERZE : FEFF HLACHR E S SEBn il
B, BRSO E RS PR I R E, ARS8
B PRI T EL AR 22, S0 37 73 A7 LUR R
25, N i R foe 25 45 Rl 72 o (3) i W4T T L«
FE AL, TR AN A i R R R T
, ERE R 2, I SRR 2 AR
B . FESEBME I, QRGN 9 AR T
gikty, planEki . SRR, WA EH T A8
Fos bR e 45 A, 5 BRI RS AT bR
o (4) ZPNRBEAMHIFENT, F2r L IRE% HI5E 3L
FE Rk, ARG T, ¢ suip
A4, 14T Redd RO IS IR A 20, A
38 R B 45 R IR RS . I AE AR T
AL A R U E 11, TR E H A% KA R
FEEER R, AR B I I 5 N A AT TR A
%, T LAV B — E i B R . AR SRR T
FEZ TR aUE O 38N TR F DhRE, AR AR
B A B LA HE T s AR AT AR i 5
I o

BE Ak, 5 = J5 e I e e s ) Y B A5~
5 kV, S5EGEEAGHILER . JLIREET,
N T B AN IR, AR T
LSOO BN AR R ST BT i T i 2 A 5K
No MBI IE K, RIS R EEAT. fERR
T S O F I, A B S Y 7 ik
fif TR

R ) e i L BT 4 0 B A R ) . AR SO
TMEMSHUZE 50, W] PR ) B a1 I (1Y
e R AL, SRR OUEEL, BT A
Brzhb: (1)ETMEMSHIZEUE T, BB EM
N THFEIR. AR TR S R A A
(2)Beih VU TTIE RS, SEGHRSTEER. 7
B AR B, To R B AT B A, AT EE R
(3) Pt BhaShrE 5%, Tk 1 R A AR A I B 45
R . L5 =TT, A ST A AR
2 cm, 5 em, 10 cm 3NMEES R, PR ZE-2.98%

& X Mk
TREH, IRIRSE, AFIRME, 5. B HUBCE N POBAUARE & L5
B B FE (). LTI S A A4, 2020, 34(5): 103-111
doi: 10.13382/j.jemi.B1902854.
ZHANG Chengming, XU Xiaoying, SHU Xiaorong, et al.

[1]

Experimental and simulation study on the coupling with the
PCB trace by electrostatic discharge[J]. Journal of
Electronic Measurement and Instrumentation, 2020, 34(5):
103-111. doi: 10.13382/j.jemi.B1902854.

e, R, 2SN, &5, BB T RN Bt T AR RS R
W], T4 534, 2018, 44(7): 9-12. doi:
10.3969/j.issn.1001-425X.2018.07.003.

LI Liangliang, ZHAO Qingshan, LI Yipeng, et al.
Experimental study on the effect of conductivity on the
electrostatic characteristics of petroleum products[J].
Industrial Safety and Environmental Protection, 2018, 44(7):
9-12. doi: 10.3969/j.issn.1001-425X.2018.07.003.

R, RANE, ke BT RERE RN A RITB R
Bl RALI L), ¥ 515 B354, 2020, 42(11): 2615-2620.


http://dx.doi.org/10.13382/j.jemi.B1902854
http://dx.doi.org/10.13382/j.jemi.B1902854
http://dx.doi.org/10.13382/j.jemi.B1902854
http://dx.doi.org/10.3969/j.issn.1001-425X.2018.07.003
http://dx.doi.org/10.3969/j.issn.1001-425X.2018.07.003
http://dx.doi.org/10.3969/j.issn.1001-425X.2018.07.003
http://dx.doi.org/10.13382/j.jemi.B1902854
http://dx.doi.org/10.13382/j.jemi.B1902854
http://dx.doi.org/10.13382/j.jemi.B1902854
http://dx.doi.org/10.3969/j.issn.1001-425X.2018.07.003
http://dx.doi.org/10.3969/j.issn.1001-425X.2018.07.003
http://dx.doi.org/10.3969/j.issn.1001-425X.2018.07.003

3074 B 75

=]

43 %

(4]

5]

(6]

(7l

(8]

(9]

(10]

(11]

doi: 10.11999/JEIT190765.

WEI Hong’an, WU Xiaoqing, and ZHANG Ang. Research
on mesh generation optimization of finite element model of
human body based on energy error[J]. Journal of
Electronics & Information Technology, 2020, 42(11):
2615-2620. doi: 10.11999/JEIT190765.

TR, XEZ, S MRS T i B B BAR ().
MR T, 2011(3): 29-32. doi: 10.3969/j.issn.1004-
7980.2011.03.007.

JI Qizheng, LIU Zhihong, and ZHANG Shufeng. The
primary research on the ESD protection management
system of spacecraft electronic devices[J]. Aerospace
Industry Management, 2011(3): 29-32. doi: 10.3969/j.issn.
1004-7980.2011.03.007.

SIMICIC M, ASHIF N R, HELLINGS G, et al. Electrostatic
discharge robustness of amorphous indium-gallium-zinc-
oxide thin-film transistors[J]. Microelectronics Reliability,
2020, 108: 113632. doi: 10.1016/j.microrel.2020.113632.
YONG Shaohui, HOSSEINBEIG A, YANG Suyu, et al.
Noncontact human body voltage measurement using
Microsoft Kinect and field mill for ESD applications[J].
IEEE Transactions on Electromagnetic Compatibility, 2019,
61(3): 842-851. doi: 10.1109/TEMC.2018.2836869.

XU, ZEN, M. — R RN E RS B ik sk
BLIC). 20124F 4 [H E H MR 2. 201 24F 4[] i fi e 75 2 A
22U 20129 U B AR AR E SRR, ER, T,
2012: 290-293.

LIU Hui, LI Chuan, and LU Hongbin. New design method
and implementation of measurement system to body
electrostatic[C]. 2012 National Military Microwave
Conference, 2012 National Electromagnetic Compatibility
Academic Conference, 2012 Electromagnetic Technology
Academic Annual Conference, Guilin, China, 2012: 290-293.
TANT P, BOLSENS B, SELS T, et al. Design and
application of a field mill as a high-voltage DC meter[J].
IEEE Transactions on Instrumentation and Measurement,
2007, 56(4): 1459-1464. doi: 10.1109/TIM.2007.900157.
AGARWAL A and BHATTACHARYA S. An approach to
study the atmospheric electric field using EFM system|[C].
Futuristic Trends in Engineering, Science, Humanities, and
Technology, Madhya Pradesh, India, 2016: 153-156.
NORAS M A and PANDEY A. Surface charge density
measurements|J]. IEEE Industry Applications Magazine,
2010, 16(4): 41-47. doi: 10.1109/MIAS.2010.936971.
FATIHOU A, DASCALESCU L, ZOUZOU N, et al.
Measurement of surface potential of non-uniformly charged
insulating materials using a non-contact electrostatic

voltmeter[J]. IEEE Transactions on Dielectrics and

[12]

[13]

[14]

[15]

[16]

[17]

&/

Pl

f#EMH &

Electrical Insulation, 2016, 23(4): 2377-2384. doi:
10.1109/TDEI.2016.7556516.

FAEA L S AR B ARAS IS ARBT FE[D]. [ g3,
FPRKH, 2018.

WANG Decai. Study on non-contact detecting technology
for electric power line-voltage and current[D]. [Ph. D.
dissertation], Chongging University, 2018.

TR, ARIR AR, S5 AR & IMEMS = 4 U7 AR 18 33 (J).
BT 515 B3], 2018, 40(8): 1934-1940. doi: 10.11999/
JEIT171188.

LING Biyun, PENG Chunrong, REN Ren, et al. MEMS-
based three-dimensional electric field sensor with low cross-
axis coupling interference[J]. Journal of Electronics &
Information Technology, 2018, 40(8): 1934-1940. doi:
10.11999/JEIT171188.

YAN Zimu, LIANG Jiaju, HAO Yongcun, et al. A micro
resonant DC electric field sensor based on mode localization
phenomenon[C]. 2019 IEEE 32nd International Conference
on Micro Electro Mechanical Systems (MEMS), Seoul,
Korea (South), 2019: 849-852. doi: 10.1109/MEMSYS.
2019.8870880.

R, ETSOIR I fLIERE D], (M), HHeRE
2014.

YE Tianxiang. The Electric field sensor based on SOI[D].
[Master dissertation|, Tsinghua Univeristy, 2014.

YANG Pengfei, WEN Xiaolong, CHU Zhaozhi, et al.
AC/DC fields demodulation methods of resonant electric
field microsensor[J]. Micromachines, 2020, 11(5): 511. doi:
10.3390/mi11050511.

/e, AR, BIEK, % FETMEMSEARR AR AR A4
FrE RS B (). BT 5 Rk, 2017, 39(8): 1835-1840
doi: 10.11999/JEIT161190.

WEN Xiaolong, PENG Chunrong, YANG Pengfei, et al.
Non-contact human body electrostatic voltmeter based on
MEMS technology[J]. Journal of Electronics & Information
Technology, 2017, 39(8): 1835-1840. doi: 10.11999/JEIT
161190.

%, 198884, R, WHITEDVMEAR S K RS
L N L

5, 19864EAE, HHIM, BT RONAR IS SRS B
GG ¥ e N AT R/

95, 199044, BHERRSC R, W7 A R A e i A i R
Ll &R

e B, 19798F4E, WL, BHUUT R AR R SRS
I AR AL I RN

SRS T


http://dx.doi.org/10.11999/JEIT190765
http://dx.doi.org/10.11999/JEIT190765
http://dx.doi.org/10.11999/JEIT190765
http://dx.doi.org/10.3969/j.issn.1004-7980.2011.03.007
http://dx.doi.org/10.3969/j.issn.1004-7980.2011.03.007
http://dx.doi.org/10.3969/j.issn.1004-7980.2011.03.007
http://dx.doi.org/10.3969/j.issn.1004-7980.2011.03.007
http://dx.doi.org/10.3969/j.issn.1004-7980.2011.03.007
http://dx.doi.org/10.1016/j.microrel.2020.113632
http://dx.doi.org/10.1016/j.microrel.2020.113632
http://dx.doi.org/10.1109/TEMC.2018.2836869
http://dx.doi.org/10.1109/TEMC.2018.2836869
http://dx.doi.org/10.1109/TIM.2007.900157
http://dx.doi.org/10.1109/TIM.2007.900157
http://dx.doi.org/10.1109/MIAS.2010.936971
http://dx.doi.org/10.1109/MIAS.2010.936971
http://dx.doi.org/10.1109/TDEI.2016.7556516
http://dx.doi.org/10.11999/JEIT171188
http://dx.doi.org/10.11999/JEIT171188
http://dx.doi.org/10.11999/JEIT171188
http://dx.doi.org/10.1109/MEMSYS.2019.8870880
http://dx.doi.org/10.1109/MEMSYS.2019.8870880
http://dx.doi.org/10.3390/mi11050511
http://dx.doi.org/10.11999/JEIT161190
http://dx.doi.org/10.11999/JEIT161190
http://dx.doi.org/10.11999/JEIT161190
http://dx.doi.org/10.11999/JEIT161190
http://dx.doi.org/10.11999/JEIT190765
http://dx.doi.org/10.11999/JEIT190765
http://dx.doi.org/10.11999/JEIT190765
http://dx.doi.org/10.3969/j.issn.1004-7980.2011.03.007
http://dx.doi.org/10.3969/j.issn.1004-7980.2011.03.007
http://dx.doi.org/10.3969/j.issn.1004-7980.2011.03.007
http://dx.doi.org/10.3969/j.issn.1004-7980.2011.03.007
http://dx.doi.org/10.3969/j.issn.1004-7980.2011.03.007
http://dx.doi.org/10.1016/j.microrel.2020.113632
http://dx.doi.org/10.1016/j.microrel.2020.113632
http://dx.doi.org/10.1109/TEMC.2018.2836869
http://dx.doi.org/10.1109/TEMC.2018.2836869
http://dx.doi.org/10.1109/TIM.2007.900157
http://dx.doi.org/10.1109/TIM.2007.900157
http://dx.doi.org/10.1109/MIAS.2010.936971
http://dx.doi.org/10.1109/MIAS.2010.936971
http://dx.doi.org/10.1109/TDEI.2016.7556516
http://dx.doi.org/10.11999/JEIT171188
http://dx.doi.org/10.11999/JEIT171188
http://dx.doi.org/10.11999/JEIT171188
http://dx.doi.org/10.1109/MEMSYS.2019.8870880
http://dx.doi.org/10.1109/MEMSYS.2019.8870880
http://dx.doi.org/10.3390/mi11050511
http://dx.doi.org/10.11999/JEIT161190
http://dx.doi.org/10.11999/JEIT161190
http://dx.doi.org/10.11999/JEIT161190
http://dx.doi.org/10.11999/JEIT161190
http://dx.doi.org/10.11999/JEIT190765
http://dx.doi.org/10.11999/JEIT190765
http://dx.doi.org/10.11999/JEIT190765
http://dx.doi.org/10.3969/j.issn.1004-7980.2011.03.007
http://dx.doi.org/10.3969/j.issn.1004-7980.2011.03.007
http://dx.doi.org/10.3969/j.issn.1004-7980.2011.03.007
http://dx.doi.org/10.3969/j.issn.1004-7980.2011.03.007
http://dx.doi.org/10.3969/j.issn.1004-7980.2011.03.007
http://dx.doi.org/10.1016/j.microrel.2020.113632
http://dx.doi.org/10.1016/j.microrel.2020.113632
http://dx.doi.org/10.1109/TEMC.2018.2836869
http://dx.doi.org/10.1109/TEMC.2018.2836869
http://dx.doi.org/10.1109/TIM.2007.900157
http://dx.doi.org/10.1109/TIM.2007.900157
http://dx.doi.org/10.1109/MIAS.2010.936971
http://dx.doi.org/10.1109/MIAS.2010.936971
http://dx.doi.org/10.1109/TDEI.2016.7556516
http://dx.doi.org/10.11999/JEIT171188
http://dx.doi.org/10.11999/JEIT171188
http://dx.doi.org/10.11999/JEIT171188
http://dx.doi.org/10.1109/MEMSYS.2019.8870880
http://dx.doi.org/10.1109/MEMSYS.2019.8870880
http://dx.doi.org/10.3390/mi11050511
http://dx.doi.org/10.11999/JEIT161190
http://dx.doi.org/10.11999/JEIT161190
http://dx.doi.org/10.11999/JEIT161190
http://dx.doi.org/10.11999/JEIT161190

	1 引言
	2 MEMS电场敏感芯片
	3 信号处理电路
	4 标定与现场校准
	5 结束语

