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Analysis and Application of the Electrostatic Discharge Problem
Based on a Centralized Meter Reading

Wu Bin, Tao Wei, Zhang Tao,Zhou Mengxia,Zhao Yang, Bi Qing
(School of Electrical and Automation Engineering, Nanjing Normal University , Nanjing 210042, China)

Abstract: According to power industry standard of the People”’s Republic of China(YY—-0505-2012), Coupling discharge
shall adopt 8 kV electrostatic discharge test. This article relates to the coupling discharge test of the centralized meter read -
ing during 8 kV, the problem of the centralized meter reading screen appears black. This article specifically analyses the
causes of the problems, provides programs to solve the problem in detail. At last, it confirms the feasibility of programs.

Key words: electrostatic discharge , centralized meter reading, EMC

UTAFR , B BRI g T2 B AU A R, 4% Rl R i A A ASORE RO B i v, ELSE B T i
FE AT EE (2 IIRE . (H L P A 26 G o TR RO R, L 2 ) B E A ] B AR AT R TR A
P9 P T R B v Tt TS BE 0 I, L 0 0 5% o b 1 0t 2 Ao R AURK . 5 L HL (Electro-Statiic
Discharge , ESD ) J&—Fh & LAY [ AR T LU, alIE s Bz 3 L) ORI IR i, L IAL IR 1)L T ]
AT 1 ns, SXFEARELIN ] A AR AR A FL S A , 0T a8 PF R s 2 il il , O P Bl A 53 PR SR S, T2
ESD HLEEK i (ESD EMP) , ESD HL i ik bl LA B3R A L 7350 s0d s HLAR b A FLBR 1 T 4k (AL IR Zk
SR HEA B R SO R b D B i D R B L A I S X e SR TS 1 B
P, HL A B A AU i A DA I A BESR A A P . AR A ESD B P R RN, RN T4 LT
R ML AL AR PRSI B T

AT N AT B2 254 ML b, SR i A XS — R b R A TR S S A I 1 FR R AN BB i
Feoy 8 kV BYCHL I, A e B AE t BUARGR IAR  BEXX—BRGE, 7o bir 1 H = AR A BT, IR B MR A i
FRZAZA™ i REAE IS B AN A FL A0 RE 2K

1 B HUBO R LB B S35k

P i (electrostatic discharge , ESD ) J& P/ ELA AN R i B B O, T B e 32 finh i v 3778 01
5| A PP R 1) P e F PR Aoy () e . R FE I W RE B R B — e FE B, o 2 L (R ST R A 7 R A B S R
SR, | P AR S A e A W R re A B . R R LRI, Rk

75 HH9:2016-08-01.
EEW B IS EE T @ BRI AR A HESET H (JHB2011-20).
BIRBRR A G, B2, 1S BT 7 ) AR A HOR 5 . E-mail : zhaoyang2@163.com

- 10 -



S R 5 BT AR R DRI RO i) ALY 23 A 5 N

R/ (Il
i(r)=213(1- e*”“z)ge*“*1 1211 = ™). (1)
P AI AR 222 0 %o LTS FRL PR DR BB A AT T RIS R T 4 1R T — i e ol e 3 285K
LB, 1991 AEYLEG A PUEE T D048 B i i O 3Rk
it)= ]O(e_ml - e_mz) + ]l(eim“ - e_m‘) . (2)
e (2) I, L XA SECS 5 — IR LTI A 2610 41, 2o, 0, 43X PUASSHOUEE ) T 56 A
D2 WA A (LR LR
1998 AFfHAS i T T i i R Al L R A

=1 gl s e (3)

T FEL R FL T L A0 R DU o b AR TR A AT AR AL T PR RY | ZH  F TR | e 3 JRniy ARE AR

A SCEZAN B NART A AL LA A A | A AATH AR S P SR S 7 U A A folT e AR e (A iy

F R B BRGNS fi f 1 A5 B 53 ESD B IARTBCHL AT AY , A5 S5 B AN 1B 1 I, 54

5 FL AR ) FL B T2 — A 100 pF A HL 2R SR EE—> 1500 Q [ FLBEL . LA A0 H AR 7R I 17 119 2 ESD il

TR AR X R A5 S P P e R L TR A R L T D B A I e R v, LA [ - R A A T R L
DL AR IR , SRR BE TN 2 F 7R D gR 2 —1> 200 pF AU A%, S5R0RFH R 0 Q.

R

R
A% f | A% 1 |
VT DEVICE - f DEVICE

100 pF UNDER 200 pF DER
—‘7 TEST —‘V ’ U"EEST

1 AR
Fig.1 Human body model

E2 #RRE
Fig.2 Machine model

2 ESDitrJ5ik:

L R S AR B A 3 Ry

(1) HEAE S

(2)HZHS (RS ;

(3) LR A (RS G ).

PR 7 i B ESD Bl AP 1 12 BBl S8 = ARG ST DU G T TH 1 24 07 5T < b B i, IR 25
F 20 B M, R BRI
2.1 PCBHIESD i3

(1)PCB 5 L K 8 1 R A] RE 4 4, F 0l 2 EMI JRAE S (AN (5 548 MEURE 548 (s i fs
e AEIE RS {iif ol

(2)PCB LW BT A 0] 6 T AR I 32 AT BN, B BT I GRS ESD H I ™ A G 7R o I BURR (G L
{18 ] AN AN A B P VR b 2 ) P [ 8, AR 3 (55 5 b 2 TR A [l ).

(3) HEAFEN TR A S @Mt G A Sk IRRSTF A, BB e —E B .

(4)XF 25 R IIRUZ MR, i TR B SR Hh R, DIP B85 A48 il 6, M 2R E R F+5 V B4
S-S T AE | R 1]

(5) 5 FEL A < XoF v A0 L 8% T 0 05 R e b b B, 7 S R A0 3 e Ry 70 o o (IR P e e A 5 5
F14) 2 7 P B ) T S SEEAR B 0) |, BRSO — B0 SE e fiy i

SE__Eo/Es(SE__Ho/HsEo) , Ho 4351 5= 5 JC i i s 1) R, 3558 JBE R TE 37758 B 5 S, Hs 40 1) A /) — 5
5 ST 1) FL 3 5 B RN 3 0 B

- 11 -



B AU 4R (T AR ARRR) 5165553 (2016 4F)

(6)PCB L At FH IR 43 2 FH b~ T IEC G

(7)DEPE 2H8 : ESD 5 i) TP ik o — e HR R HIO0 A 0 1) 32 VR 1E 5% 00, 120E 5% 0 A 46 R o
(1) R AT . T L, S P U0 U 2T P VR IR 2R A 5 R R A T I8 () A R Y5 R M 2 [P e A e e
15 .

22 SEIGMEENEZERBEHRESD B

(1) 4a 20 e - BHLIE ESD H it it ik LB . 6k TR ThT A 258 2 RN A ok P 24 1 AT R T 46 2 )
AR G, 0] SR RS S TR 5 XA Z00R FH 4 S5 RS Pl B I DG ()3 e , I AE LR T4 2 2%, L
IR N2 AR R [ A5 P R i (G 2 ) PR — e B B, DI R B 8 2 R .

(2)Hz ik - 2 ESD FL 3 03t 19 B AR S I — AN T % . X T & B AN e B A h T & @ e B s
SR A 2.2 mm, G R AT LR ESD TR Sl G SO HE A L K L L, B A R B T
PeA5 5, R b T I, (A5 el g L mT Pt T 81 e b 2 R R ) 280k | 25
2.3 HlEHIESD BitR

FE B ER R PT T EME S HAR B S RS OB A . LS S P R, 5 R e R
205 A 7/ O W T 90 AL A N B v 7 e 2.0 S

(1) TAEM A4 s AL TE 42 s — FBE ot 51 2k 2 JE i T R 2R sl e o bk b 5 b T St 0 |, Ahse — A
J TAEH

(2) 4 R F B A RBLUW L, AR I &2

(3) L7 5 P B AR — R E

(4)HL7C I 2 58 TR R AP TR — IR R
24 FRHATHFHFAIESD B

WEAS IO < S A A B TVS S —Fop 8 A Al 25, X ESD w] St P & fA 4, nl 7
B TC AR R A R 0 R (40 RS232 3 10 \RS485 £ 110 EI £ 1) TVS.

3 4RI ESD Ml s- B L5

3.1 EHRIFRAESD IR

i A N R A L AT A o, BB N A 8 VA R I L R AR A TR A i
HL, I B PP RN BRI T L R 8 kV BRI L A&l 3 AR, 8 kV JBCHL I, B b3 bE R B TT
R .
3.2 EHIFRMESD B ST

1 A&l 4 JE7n i AE b 2R N PCB FLEE AT 0, B TR A AR 2200 (HL B = i B P i it , I 25 1 b
SRR BT, T A5 1) FEL R M 5 P TBCH R, S R E K v b e AR, L T A1 e ok o
LR AE U Fr AN R LM T A R B o Pl 3 0SS BB IE S A, DR AN RBIE B

B3 SEhibRESKVHBEMKHER B4 &EhibRAFPCBEK

Fig.3 Centralized meter reading black Fig.4 Internal PCB circuit of the centralized
when 8 kV discharge test meter reading screen

- 12 -



S R 5 BT AR R DRI RO i) ALY 23 A 5 N

33 KR ESDHNE

P R, FEORICT 2 AN -

(1) FE XT3 0 FEL S P 30 57 U A R 7 7 5 i

RO R F I SRR, 7 5 P PRI 5 B S B S35 1 s A P T TR ) S T IR, % 1 % 3 B
TR0 . R, F5 EEX R AT BRI . TR T R A AP SE AR SR, A e BT Rk 4 e Ak
STHEAT R MG R B3 0™ S 2 7 AR . R A B — )2 S A R BRI . KT 5 R R RS R T 1
SRR K] 6 Ry AR AL L B IR, S BRI, — T ER T R AR, B A R SO A 2S
—J7 11 B TR TG 2 0T AEROCH — A S ELAEAR, PRI R 2 (] A L R 3 2, W R 25 o 58, DT 5 T3
FPUER T HrERE . RN R, AT R U AR S WA AN R R A SRR, PR LR . B
TR 7 B ARPEE 6 TR AT i Q FIAERHAS € Z AT &

_0
U_E' (4)

MG (4) i TR, T AT A C —%E RO OL TR AR, AT Tn] Ul i R Q BRIk
BENEEAR U B B B, Y 88 R T B T I, — T 1 T SR RONERE F o BE R S AT @ (ELRE
A%, — 7 ThT Eh T 50 G2 AT AR 80— AR R LA DRI HG A B 2 [ R R 7 o 2 v R 25 o8 28 Q (ELTHE
13 & MU NI/ dEE e e o 1

[T

Ak 2

U _‘, chip
5§ R B B B AR By Elo $RELEREE
Fig.5 The equivalent circuit of foil shield Fig.6 Principle diagram of the foil processing

(2)FE 0 A s L IR TVS Bl ESD fikfref 3

Wk 25 L R A 1) 4% ( Transient Voltage Suppresser, TVS ) S — 7 /51 %0 L B O 4 4 , Hema 1z Bsf [ A P, Sk WP
DFPGL , HAARSR I FRR BT RE S TVS SR T 308 A M iR R AR, 2 A bR A (Si) Fiak
R (SIC) R B SCHIRE HI I 8 o PN 45 B3 i1 T 5 200 TV TG AL

3 =

| i
i > 2
o Bk
gﬁé . SiO,
£ 1 c Lot Np+
L
BRI
BE7 $EELLIE E 8 TVSHIMIELEH
Fig.7 The foil processing Fig.8 Physical structure of TVS

TVS 7 [ R ZRAF T, RS2 — A i e B Rk it , T ARRHT7 BI R AR AR Y 38 (5L, M 2
VRO b, (7] IR R P B A 7 T K, JHEmE R R A1 10~12 ms , AT AT A 285 3 f 37 FL - 2 B o )
KA lE . I, TVS X i 7 U A AP A B3P/ E A . i TVS I8 i e PR 22 1]

- 13 -



B AU 4R (T AR ARRR) 5165553 (2016 4F)

T 3 G PR o, S TR EE

TVS 7 8 4 P A o o e 5 L
AP O % K5 LA LT T AL T 2 B 10 .
FIEAR () TV'S 0380 B e 1 25280 L B L R, S L
BEL, TVS I HLUR W 0, e B BIL R, (TS Rz[@q
i L0 4 0 23 BELBE R, LA B, R, 22
R>RAR>R X —KAR . T

AT FEL B T R 97 2R S ) R A

UBR

Vv, (a)TVSSZ IF HL FE IS (1) S A0 R (b)TVSAZ 67 B i Fsf i 2540 L i
VL:VBR+T' (5) E9 TVSHIZERHE

MG (5) FATTAT LIA B i TVS Y #HHL
FPEAE VAR AL —E BTG EIA, ESD U i 1B it i e He R o i A2 4 o 2ol 5 R AR A 226 1
AR LR BRI 5 52k, 2 B A B RS R ARG 2T TVS By LR RAFEL
FBE a5 B PCB XU . BOR TR R Bt PCB Al b A [E) A5 585 R i R U5 IAVRI - 5 R0 X I
BX TVS JEAT ], B 11, HAERoR R iE 12.

Fig.9 Equivalent circuit of TVS

Rg
—J
R,
ESDT D Ve (],
TVS s ey
i i » i ? '
E10 TVS7EPCB R T{E A% 35 FE 2% 11 X FFERTVS 412
Fig.10 Equivalent circuit of TVS worked in PCB Fig.11 Processing by parallel TVS to ground
HL IR AR IF R TV S AL 3

o LLLL e JLLLL

— v’y —

chip | _ chip |

E12 TVSERERERE
Fig.12 Schematic diagram of disposing with TVS

4 Harpyb ESD ik gh R

(1) 38 3 SR FHORT R £ 730 P R % 308 57 I 0 RECHE A I ek 41 il i i, 2 D, Y i a8 EA 7 40 b i
AhHE R A R RE 4R T 7 000 VDL A REA K .

(2)38 £ 750 1 H G 1 JFHE TVS B ESD ok i v it A4, 285 s, Y i g A7 1= TVS b3
Joa  Hbt ik g ) C 242 3] 6 000 VA HAT 2 S RE 1 #E = 2] T 8 000 VM LL - HETtiAT 2%,
Ivi) s 52 % L 30 e e FL 003

5 &5k

ARG PRI $ T T bR A PIRN ESD B 157t -

- 14 -



S R 5 BT AR R DRI RO i) ALY 23 A 5 N

(1) gt (P A0 R8T . PCB A Ay et DX, AR JOR A3 S A ¥4 23 R e B 1) 25, I I A v Ao
AR A PRy S s i) ) PR 7 o r PR 25 R D &, AT S B i g i 4 (R e P T 0P RE Y H 0

(2) 75 A LB HLJRAL A5 5 ST IK TVS R 2, AT TVS MAR R PERE , BEXS ESD i vl et I [ 1K
Tk PCB Al S H B THLES B L PR R R AR A TR A

FUEM , DL L PIA It RE X 5 R PP R AE AT ESD B, 6 HGE i ESD PR, A5 DLIE R AR
A .

[ &% 3K ] (References)

(1] BBH,SEE K'Y, HUREHEA LA -5 N LM ). b5t HUBKCT Al Hh ikt , 2006 : 1-20.
ZHAO Y,SEE K Y. Fundamental of electromagnetic compatibility and application[ M ]. Beijing: China Machine Press,2006:
1-20. (in Chinese)

(2] BCFR, BER, w2 s i ety s 5 TR HT DM DL JE st P B 7 Tl ek, 2010 1-12.
ZHAO Y,FENG Z M,HUANG X J. EMC test methods and engineering applications [ M ]. Beijing: Publishing House of Elec-
tronics Industry,2010:1-12. (in Chinese)

[3] OTTHW. Electromagnetic compatibility engineering[M 1. Hoboken : John Wiley & Sons, Inc,2009:6-42.

[4] SEKINE T, ASAI H, LEE J S. Unified circuit modeling technique for the simulation of electrostatic discharge (ESD)injected
by an ESD generator[J]. Journal of cellular physiology,2012,41(11) :340-345.

[5] POMMERENKE D, FAN J, DREWNIAK J. Simulation challenges in system level electrostatic discharge modeling [ C ]//
International Conference on Wireless Information Technology and Systems , Honolulu,2016.

[6] BOXLEITNER W. A model of the electrostatic discharge (ESD Jevent[ C]. New Jersey:IEEE,2009:1-7.

[7] WONG S,HU C,CHAN S. SPICE macro model for the simulation of zener diode current-voltage characteristics[J]. Circuits
and devices magazine , 1991 ,7(4):9-12.

(8] AR, THazE, T/NI . T T B b O (ESD) B 4P B BB LT . s PSR, 2008 (1) : 61-63.
ZHAIW F,WANG R X, WANG X B. About the protection’s design principle for electro static discharge of electronics equip-
ments[ J ]. World of power supply,2008(1):61-63. (in Chinese)

(9] B 428 . TVS Sl i 85 5808 B S B S LN I ] op AL T AR 22412, 2013,33(16) :204-211.
LUO G X, CUI X. Equivalent circuit parameter estimation and application of TVS electrostatic discharge suppressor[J]. Pro-
ceedings of the CSEE,2013,33(16) :204-211. (in Chinese)

[10] LIX,DONG S, YU Z,et al. Transient voltage suppressor based on diode-triggered low-voltage silicon controlled rectifier[ C ]/
Asia-Pacific International Symposium on Electromagnetic Compatibility , Shenzhen, 2016.

[11] DAIS H,LIN C J,KING Y C. Leakage suppression of low-voltage transient voltage suppressor[ ] ]. Transactions on electron
devices,2008,55(1) :206-210.

[wiEsm it IF &)

- 15 -



