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Development of Discharge Model and Preventive Diagnosis Program
for Discharge Risk Assessment of Charged Human Body
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ABSTRACT

This paper presents a study on the development of discharge model and computer program
for assessing the risk of electrostatic discharge(ESD) of charged human body. This ESD event
is modelled as a two-body problem using spherical conductors, simulating the approach of a
charged conductor (human body) to a second conductor (electronic equipment). The charge/
discharge process for the model is formulated as a matrix of equations by Maxwell’s method.
Body potentials, energies and the charge transfer during a discharge are calculated.

The developed program, based on the suggested scheme in this paper, is applied to a sample
system. The results provide a better understanding of ESD event and demonstrate the use-
fulness of two-body model in practical applications.
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Fig. 1 General sphere ESD model for two bodies

o] Two-body 224 £HE bodyl &, &
HE AA7F body 20 HZshe Ao, o3
e 27HA 73—?—, body 12 A, H]HA,
body 2w 9|&5A, ¥HEAF H13 body 12
ZA, HHA], body 2= HAE & A4S 22
ol A% 4 9tk A 25 %‘dzl body 2
of HHXE FAHU(body 1)0] HILst= Aoz,
AA7F HAHS e EBACHE) HIEE
A& 2y s1ek Aotk

3. Y ZHE 0|23 8liy

3.1 Maxwell g2H& Al sl A

Two-body Bdle] B2 $HIL A §3,
Qi=cp Vit cppVyrerrmrrmeea (1)
Q= CppV 4 cp Ve (2)

¢, Ciz, €21, c2x body 2719} body Alel
o A wet Wssie, bodyE FE 2EH
@ 290 A4 e Fuead Fold 9l
=3

311 A9z}

Wdde] HlHA G o] g-3ted o] Hod A
$ 1, 200 ois) A9 2 AYAE 3
2},



mAS1
o] 9o WAio] wbHAG o] te] A
34, 2(3)3 Az xddch
Q] == cll V] + C12 V2 .............................. (3)
0 — ClZ Vl + C22 VZ .............................. (4)
AARE F BAQY A o3I A
e aA2A, YAt 2w EFF5F5
o5& 7heAdel Beol A¥Adel Fuddh ¥A
371 Al AR Vi—12: & ASsE ABE
Fojzink,
&
e Ves o,
WAFY AAE Vb 93, 27) dd Qe
¥ bodyol A A2E A% ¢ F @
7t B A A, Q=g+ g7t BTt
FAF) BF A VE ANsE NOH

[1+-§~;—§—] ......... 5)

me
£

&

Cu+2C12+ Cy
B o] FE HEF v AMNE ey
o2k

a;=

Ve 6)

C12 + Cyn

TRt oy 7

m 73s 2
HAgt] 0 AHE ZE body 29 FHE
Al

& o]83td (@), (9= FoijZth

Q2= ClZVI .......................................... (9)
o714 body 12 HYE +34A A0z
AE

Vi= Ql_ .......................................... (10)
(&1

WAdtE FU¢ Q2 body 1225 E body 2
2 olgsty, HAE =A body 20 2 A
FFE 4= | — | | olth
312 %A oA

Astgo] 0AMFH o= dFFAA =2t
=& ZAd Hatg TIAEHE dAFY

82

yzlzk g4, o] ouxg o A} Ze
AR oyAe} sta, WAl Rz diEe
A dUAE BAd CuR g g,

Two-body ZdolA =A|e] oix] gt 2
(11)3} 2t}

I K/ aw
m 391

H| M A& body 1°] Al2#} wighe] npatz F
AFol(d, AdAE olYolx o 7kx] A=
gt OiE 4 ), BIFAE body 20
e A9 AuAE e 2ol Aad
Fii=a

#Hz AUA ErE 122 FojAth

Q

011"0%2/6‘22

o] dojd 9 HF dvXe A(13)e
2 Fojzith,

Ej=Y—— 0 e (12)

&

EF:I/Z Cll+2C12+C22
mabd, dhAAle HEE iy (142
ALtd .

.................. (13)

2
CuCp—Cp 1
Cy C11+2612+C22

AE=Y%Q

A% 2
ZH¥ body 1°] A body 20] Pehe
BEYE, body 2& JANE ZEth o F9
FAF SlUAE body 27h HAeOl 22 0ol
o}, B oA A= H(15)% 2ok
AE:%lel .................................... (15)
A U e PAN A BEFE
JEREE, BHAUA 37 Fge] zash
@ Fldgel e ASAE BA % E3F 9
Ygol Atk WA AUAE 2 7] AsA
£ oagE Age 2RAY, §Hg0) g

A AHE3foF It

32 3 2olE MY

Journal of KIIS Vol 13, No. 3, September '98



2 A RN AF AR
< R 3 WHABRA
€3¢ 7tE 28 AT Two-
%’i‘i?l ;‘4%“4° Aget7] s

05 Lo

Wn A4z QAE RYUT Aol el

T WA 3 Agage) Askst vindan
=% Jideldt. 2z Ao W Sk = o
sl At et 2o
m73%1

T body’} 2% HAHA @& % body

19 bocy 281 HAE A% Vi, Vieh € W 2R
¥ HIAE Vi-Veolth R% LS @A %
249 A4 AYH Qghzolt R Le
body 18 A3 AFLL0LD, At Lo by
29 A3 AsEzolth Fig. 29 $/ts8zE
vhEro.2 nw FHARE A016)e2 ey
oA TH?,

L

T

Fig. 2 An equivalent discharge circuit-Case |

V=V, V,

Cc— (en+ ep)epnt )
(en+2c+ )

R=R|+ R,

L=L,+1,

(D=Ke "'+ Ky

mFS 2

body 27} HAH 1, body 1& HAshA ge
7439 7132 & 2¥ Fig. 302 Jehd
AUtk HHA] WYL Vi1, bodyd A¥ RS
QA L, vjustey of$ an, R L
AAAl #lexde Ay gexolr) S

0

b MO 83 X| X132 H3E ‘98 9%

L

e WS olgste] WFE AMEE HAD
7 2,

Cl=cl1+c12| V1 ’E =c22+cl2 Lo

Fig. 3 An equivalent discharge circuit-Case ||

L(s)= 4 3 21
GR\L; s+ays*+a,s+a
__n
- CleLz (5‘7’1)(5_72)(3_7’3)
.................................................................. amn
4. 9 A¥

Two-body £89] 34E AFst7] 9AshA
TALYE Fotel olgkst mmajor gt
23 4P WmE AAA AAR B B0
vAle) olegte Fan, of olEgn ¥ A

g4& 58 FAge E*—*.?S}C’% o] Fd& FHY

2 FlF

S 9tk WA Age 2A FANE rol 4
A QNS oz s AP WAt £
AASFRET 2= ZANS ALHE 9E E
gagel ok A BFHA B AW B
g ol oA 43 olHY e 9

AE o83 “o”d Aol ey AA 1
AeF FHA SAHAFY AP sk, £
"‘?j"ﬂ Me A7) SARAE oljstAT ©]

S AAY AYoEW FASNEEZ HYe] W
§}°ﬂ e A dEE s Ad UME ©)
&8 Addges ¥y Bt £, Iy
S Al dAE A dFE el
A7 A4 et FEA Jdou B dTeA
T AR AR7h WA iAsE gon vt
A8t At

41 A U AME

11



e

ol ¥0 oX

AN ARSS QA9 LdAY
T4 20kV7R JAAE FHAE
7] AR o] SAHY + Qe
AAjel STATIRON-TH(25kV &A7}
tz, A, &3, 200 MHzel 1GS/s9)
A% £ JE 2EHRA 23=x 1
o AHREHE 100MR9 nAF,
Bog FA€r
H4gxte dddedx FHr
—f‘_‘-% Fqorate QA F4E

E7tgog AFe wHE AHA
EE]Z] 23S 01%6}04 & A
Role % 3t =3 4o A
WalstEA] AF7 Aeol wEg A
sl thal Lobr gtrt.

3

N ™ o r}u:
P
4

qo O& N
Oll

i
>

}

o

u:. tjo

]

W ook ooff 2 orf 2

r& _>.L Jhl'

Z

v rl KoM
(1%

oxl
o
i3

ox
o o
f
=2
O
L rXQ rlo

M
r

lo Nlo
p

mlo
r

2 0l 2 R on®
o fo
[ )
RCN

[e)

A9 WA Yol
Y8l 49e WYY

doleg 4g + 9l

i
2
o
M

9 FH& Flg 49} Zo] 50kV(30#A)

23719 WAL 10
w 1I5KV7R At
gl 313 200 MHzl 1 GS/s¢l

$ated, Azl Wt
bew 24 A3 wAE gozA, o 3y
& 2Edx 23z wAFYUT o 4ol
om— WA 1Y AsEgoR gl 30
294 AL, s @S Wae) A
AAdAE 2 4 %8 Ad R RE!
A5HE 2E 2re 49 A 1y *

o
e AP PA A

¥ He

pFe2 AH&3tct. ojme]

Hleh Voltage
Relay R

Electrode

ES] — 080“10-[]

scope

Fig. 4 An equivalent RC circuit for ESD of human body

o, thEHA F-(ASAY 2mm)E Fig. 590
viebdt}, el &l & gk HA A ge] 100

M@ola, 38 Z2He] AHito] I0MR<L HE
dZ9 322 AFS AN 31, TIAE 100
A AFE 9.09msE

e} 243 Ao 9 s,

—o— Human
—o — Capatiance
—— Theory

Voltage, kv

T T T T T
0.0 1 2 3 4 é
Time, ms

Fig. 5 Discharge voltage waveform over distance bet-
ween two bodies-2mm

AFAY e Fa WH FAARGE JE
W A2 1mmolARE 10mm7Ae] #a &
BE Fig. 69 uetdth 2 A 2uA
9] Jigte} 10kVel7zlel AIFAHE 10 mmeld

Journal of KIS Vol. 13, No. 3, September '98



o2 WHAAFY, Frle FARH Aguo
Homz wol YoluA| ghol Zho] Briwl
o lmmeld Hz 9 WY 28kVE AR
e} Azle) Fotol W} WIA mE Ha
WA SAHYe] H¥oE ZrsE AL v
23ic) o] 2Ye WHo| Yoy £ 3l @
Aelg Jehd Aoz, Al Wl 9KV
279 4% 10mmolWz o 2 yze
A reoh, el wAS shobA g4ol

Aoty B & ok

Discharge voltage , kv
D
1

s} 2 4 6 8 10 12

Distance of electrode, mm

Fig. 6 Minimum discharge voltage over distance bet-
ween two eletrodes

5. etdy Il ==T8

5.1 Flow Chart

Two-body 22 o202 QA9 tjd &4
ol wbd Gatell sl wWdol deojd sheAd
A Hrbe ASiA ARG AA Hd =g
A =ZzaPe AAAAES NFHY Flow
chart2 JEN® Fig. 7% 2t}

o

52 =23 Hnl 4 N

olxle] Aoz Q3 X 9FAE BEAME
71 938t Two-body Al2=€oA body 29 =
71 & body Alele] Agle] wa &3AIG, AY
D oA oy dEE 3AYPoR A Hrt

s

WAAgel HoIX 2 WA oL B4
A FHEF 2L JAdx 247

sEag ot sl x] M13E H3E 984 98

INPUT : Distance ; d, Radius of sphere ; A, B
Minimum Ignition Energy @ El

|
[ Calculate; cir, ciz, €2, V1, V2, Qi @ J

[

[ Calculate Discharge Energy ; E j

Security Assesment
E > Minumum Ignition

[ Safety Counter Measure 1

STOP

Fig. 7 Flow chart for the safety assessment of ESD

HP4194& ©] 838t A3 ZA3 98~102pFL
2 Yeh} 87 oE 100pFe2 vekdo ol
AAE 72 RLEydd A$ U AALFL
7FAEE 84 089 me] T2 Feu @k 1X
10°C9] A37F body 19 BEFHTHE Q=CV
A bodyd A= 10kVE 7H-th 2 7o)
A= body 1€ QA2 Zd31, body 28 A
o] 0.1mellA 10mQ +& Edastn, F Aol
9 4L ImmolA 1 m7AXE e AY
2 Aejal, WAl g F3lEd Fig. 82 bo-
dy 28 ®HXAE F$19 ZHZA body 29
AYE vehd Aolw body 19 =710 wiE
body 29 =717} & A% g 3ZA F4s
= HHgkel vehga, 1 vl A A
zkel A9 WHalsh itk EJF body Alelel
A7} doie] wal dge s

Fig. 9= body 28 A3 249 AYANEA,
body 12 Z71ol |8 body 298] Z7|7} &
73S0l ALgho] wl$- & Eo2 Al AL
2 velhgn, o vdie) Fge dHARge A
o] dAsA #AseE Aoz yeidd =3
body Alele] Az Aol me} Agxzgke 4
3 Aoz Jehyt

85



Fig. 8 Potentials of body 2 over radius of body 2 and
distance-Case |

Fig. 9 Potential difference over radius of body 2 and
distance-Case ||

Energy differencom

Fig. 10 Energy difference over radius of body 2 and
distance-Case |

Fig. 10& ¥ body 25 #H=1% 2% body
Aele) oA Aol 2A body 28 7|7 &
Aol oluxe} A7k 23, body 29 2717

86

AL A5l duAY e e AL
ok |z A7t & RAe 99 7HsAdel A
€ 3eg YT 5 ok

Fig. 112 body 2& A& A% body Ale]e]
A ztel2A body 27t ZL Ag &
VA S 23, body 27F & ASol FHE oY
A5 7tk =3 Agrt de] golXE o
YAzkE Frkeske A& & 4 gUth o] A9l
body 2€ HAE 3t AF B oqA7} 00
o2 9 oy g e Hx Jddzigtes o
Ebdoh Fig. 103 Fig. 11904 & & 1%
body 2& H@AE ARt FA A7t 3
AURA)ZE 2A dedEz o A38S ¢
At

Energy difflorence,mJ

Fig. 11 Energy difference over radius of body 2 and

distance-Case Il
6. 3 &

2 AFE AdAe ZHEAY Ao 2W
g 25 FYP AALBE Ze T
T2 AP, AdAd diHE A7 FH 9
#4492 #487) Asa Two-body 229 7
H3E olgdt) agln Wad wd(Maxwell's

method)& °]-&3t] EA AAGH, WA

F 2 A duAE AdTeEA BHALE

A AHE 2o%3tH 53 2.

1) Body 28 HAY 49 A AA |
8 body 291 =77t &AL A9 AAzTE
AA Zaste Aoz Bolx, woe] 4
T A7 A9 Ade] gk

Journal of KIS Vol. 13, No.3, September '98



2) WAHHAE body 28 WHAE A4S body
19 W8} body 27t 2 ASe] WHAUA
A dgtn, @A A$ body 190 wla
body 27b #H& 72l HRANIAZ 2A 1

£

3)

4)

A 15 z}T wau
}_

J&}ﬂr_&&rhtmlozzoilklﬂ,‘z

A ool AFAAE

Ao d

1) Owen J. McAteer, “Electrostatic discharge
control” Mcgraw-hill book company, pp.
169~202, 1990.

2) Neil Sclator, “Electrostatic Discharge Pro-
tection for Electronics”, TAB. professional
and reference books, p. 94, 1990.

3) G. Theodore Dangelmayer, “ESD Program
Management”, VNR, 1990.

4) YL. Chow and MM. Yovanovich, “The
shape factor of the capacitance of a con-
ductor”, J. Applied Physics, Vol. 53, No. 12,

pp. 8470~8475, 1932.

5) W.D. Greason, “Analysis of Human Body
Model for Electrostatic Discharge(ESD),
with Multiple Charged Sources”, IEEE
Trans. Ind. Appl, Vol. 30, 1994.

6) W.D. Greason, “Analysis of the Charged/
Discharged Processes for the basic ESD
Model”, IEEE Trans. Ind. Appl. Vol 29,
1993.

7) WD. Greason, “ESD Characteristics of a
Generalized Two Body System Including a
Ground Plane”, IEEE Trans. Ind. Appl,
Vol. 27, pp. 471 ~479, 1991.

8) W.D. Greason, “Charge and Potential Con-
trol of Electrostatic Discharge(ESD) and
the Human Body”, IEEE Trans. Ind. Appl.
Vol. 32, 1996.

9) W.D. Greason, “Analysis of the Charge
Transfer of Models for Electrostatic Dis-
charge(ESD) and Semiconductor Devices”,
IEEE Trans. Ind. Appl, Vol. 32, 1996.

10) W.R. Smythe, Static and Dynamic El-
ectricity, 3rd Ed. New York, McGraw-Hill,
1968.

11) W.D. Greason, “Review of Effect of El-
ectrostatic Discharge and Protection Tech-
niques for Electronic Systems”, IEEE
Trans. Ind. Appl, Vol. TA-23, 1987.

12) R.J. Smith, “Circuits, Devices and Sys-
tem”, New York; John wiley and sons,
1984.

St Mef et EtY x| 13 3% '98d 9¥

87



