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An Analysis of the ESD Protection Characteristic of Chip Varistors
Using a Distributed Circuit

ﬁ & Ea**

(Sung-Mo Hong - Jong-Geun Lee - Duck-Jin Chung - Ju-Min Kim)

Abstract - The ESD protection characteristic of chip varistors on a circuit board can not be analyzed by using a
conventional circuit simulator due to its microwave characteristicc Thus, by employing Agilent’'s microwave circuit
simulator ADS, we showed that the ESD protection characteristic of chip varistors can be investigated. In order to get
more precise simulation results, a chip varistor model was extracted from the electrical characteristic of a TDK's chip
varistor and the distributed circuit based pattern was designed as the ESD propagation path. The simulation results
showed that the ESD protection characteristic of a chip varistors can be improved drastically by reducing the ESD

propagation path.
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a2 1. ADSE 0|{835l0{ 2 viglAg EE HSE 2T
Fig. 1. Chip varistor model verification circuit with ADS
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Fig. 2. IV curve and its curve fitting result of a TDK's 1608
size chip varistor
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Fig. 3. Simulated IV curve of the proposed chip varistor

model based on a TDK's 1608 size chip varistor

x 1. TDKALS] 1608 Z| HiglAE{Qb & dHigjAE 2o
-V §4 vl

Table 1. Comparison of |-V characteristic of TDK's 1608 size
chip varistor and the proposed chip varistor model

Current 1x10° A | 1x10°A | 1x10*A
TDK chip
varistor Voltage 4875 V 7989 V 10237 V
proposed chip
varistor model 6.426 V 8501 V 10576 V
Voltage
Current 1x10° A | 1x107A | 1x10' A
TDK chip
varistor Voltage 12052 V 14.029 V 16250 V
proposed chip
varistor model 12656 V 14746 V 16991 V
Voltage
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2% 1o ¢4 %Y 29 BelE gge Hesd A
Ag A velal 2de FV 54¢ A 9 P28
EAsATh 47 32E 7oz, Ae J vExE 2d
o] ofete] HMYE -20~20 VE WH3iA7IY A wviels¥Ey B
do 22F AFE AEdAH FHen, 2¥ 39 AE#Ho
A A A vieElag 249 [V B4 FH4E ZAEA.
w3 F 19 28 20 Hole TDK 3 ulgl2=g Y -V 54
7 3y 39 Hele F diglay 2de I-V EAE viad
AARE HFT ot E 194 Holx viel o] F uhg
28 AF7 1x10° AY @ TDK 3 Hel2®He Age
4875 V, A uigl2y 2y AL 6426 VE 1551 Ve
AYgzlo]E Holxm v} oR& TDK I uiel2H9 I-V
EXE olE3le mdgr [V B4 ZHo2RY HES
FZae A2 dstg A #HEFAdow level injection)
Al 2x10°A WA AA Fgtel Apelst EAEE Rez
Belt} EE H 1M Bole ule} o] 3 ulglxy AF
7} 1x10* A9 o TDK 3 ule]2®He AYE 10237 V, 3
vtel2g 2o HgHe 10576 VE 0339 Ve dgAtel&
Bolx ¢lx H wel28 AFsE 1x10° AY o TDK I u}
A9 A4 14029 V, A vigl2y 2d 14746
VEZ 0717 Ve Agzto]E Holxm gt oA I§ 1A
Bole utg} go] 2719 A tho] =9 &F(cathode)o]l A
Aol i FF(anode)o] YF 32 AFHE JuE T
AEol 71 deel 2 1A AV feless SdF v
olojx AHZ QA Hix & 149 Ay tele=s 9%
gk uloloja AHZ QA At welM, F veAHY %
FdlE &0 voloa A A tole=E FHA
Qt(threshold voltage) A2l 22 AM<¢tuto] AA Hu o
gk wlojoja AE|Qd AW ol =dA FH uiglxE e A
o] RE Ao HA Ik M= W Hiojojx A
oA e A thele =9 salvjg PEL slEgtez 44
32 F2 993 dlolojx AEd MY AW thelese] 3
ol greel o 293yE& Fy3te dA gkFte] Fojrst
EA8le Aoz B $ep Ze] TDK A niel2EHe
I-V EA FZ A B3 curve fitting2 AHE3le] A dole
o AeueE dFsa 439 AY thol =9 HeinH
g AHE5t 3 ulglaE 2dg £33 A, B 194 EA
g ujg} Zo] o E 9 ulEl2E AR FHAA FH viel2H
zale AA TDK 3 wglxee A9 T4 53 54&
aq& & F Uk
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3. Alsdol4 2 B

3.1 ESD BHA g3y

B =FdMe &84 3 slelage EAE FAHsed F
2 Abg3lE IEC 61000-4-2 59 HBM ESD 292 ARE
stk 19 45 ADS nFd 32 A EFolEAN 2dd
& HBM ESD E2£ AA7]e] S Zolvh. 29 4o B
ute} o] IEC 61000-4-2 EFo) Z2EE A ASAHE
150 pFe g, w4 AL 330 ohme 2 AHegon HE 29
Bl uwel e [EC 61000-4-2 ¥F ESD B2 @37
aiA 7| BAEE stk 29 4o 2l uiel 2& 3
2ol 714 UYEHE Lple F2 ESD Hzx=9 AHAzt
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a3 4. IEC 61000-4-2 E=of 7IMMHE2E FI7t8F HBM ESD
stz

Fig. 4. HBM ESD schematic with parasitic elements added
based on IEC 61000-4-2 standard

714 188 LplS 100~200nHE ®3A 7|2 714 A=A
H Cplg 1pFez 3nAFAZ ZAL, ESD AFHH s
ADSEZ A ZFHojHE 33yt Lple 100nHelx Cple
1pFQ 34 A7 Fge 3190A0 T AFAIZHS 04nsE
A=A, $H Cple 1pFeE ZAAII R Lpld 200nH=E
Wizl A AFe FHdge 2593A01 AFALE
0.8ns2 A4tH ik ot o] LplelA 100nHY AYE 2
Z7tell olsle AF9 Hogte & 187%7F PAdI Lo,
AL 100% F7Hslder. whebA Lple AsAlzt ¥
9 F 299L EAY 4 ook IEC 61000-4-2 EF ESD
AFHY L A5AE 07~10ns2 2 FAHSL glomz 4
FAZre] 08nse 2 #EE 714 99H Lple 200nHE 3
3 Cple #2 WA A L8 FE EAE UFA7 1A 8
At

714 1€E Lplg 200nHE TAXI|Z 7|48 AFMRAH
Cpl& 1~3pFez ¥WaAzl Z$, ESD HHgygd disf
ADSE Alg#olde Fastgth. Lple 200nHo| 2 Cple
20FY W A& Hdighe 31.79A¢l3, AE5A0L 09nse
2 A= E3 Lple 200nHol T Cple 3pFel 74
E AFY AL 3677A0]3, AEAHE 1.0ns2 AAtE
Atk ok Zo] CplolA 1pFe]l AHAANE2 Frtel AF9
FAoigte of 5A AxUt FUEE R, AsAIES Olns A%
7} Z71st4ch. welAd Cple ESD AF#3 9 eHFE &
AL ¥ e A9 EYE 4 F Ay E 29 29 5
of 8kVel A AlHY(Indicated voltage)S 71F2 2, IEC
61000-4-2 & ESD AFo¥ 7 7|4 99H Lple 200nH
o] 714 AFAAE Cple 2pFY wel A Zdo g Al
Edold ESD AFAFL vumatdct F 29 ¥ 5oA
19l ulg} o] IEC 61000-4-2 XZ ESD AHFHE A%,
AR Hdge 304, F5A7E 0.7~1.0ns, 30ns BHFYY
AFZL 16A, 60ns AAEe AFHS 8AZ Ao Ux
AN Edeold ESD AFAYY A, AF Hogd 31.79A,
45 AL 09ns, 0ns ZHF9) HFEL 13.34A, 60ns 7
}F HHFFGS T208AE AASHACE oA A EH M
ESD AF33o] IEC 61000-4-2 X% ESD AHF%3 9 3¢
23 WY gt Bt AE R watM, §9 F
Hz2e 714 U"E Lple 200nHe]x 714 AAE Cpl
& 2pFe] HBM ESD 2 A47lelA IEC 61000-4-2 £&
o] ¥l ESD AFAYH S I& 5 Uk
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Table 2. Contact discharge characteristic

E: 3 2. IEC 61000-4-2 EZolM &3t ESD MFutgEnt
ESD 24 eo| AlgaolMd Az

of HBM of IEC

61000-4-2 and simulation model

2 A _%iwar g AF A5R%
‘aa gt A7+ @30ns | @60ns
(£10%) (+30%6)] (£30%)
IEC
T~ A
6100042 8kV 30 A [07~1ns| 16 A 8
Simulation| o v 13179 A| 09 ns |1334 A|7298 A
Model ’ ' ' ’
lpoak ! i
100 % ——-— ————— r—-—
| st 30 ns / \// = - —_—
| ot 60 ns /
10% -1—
- .
T 30ms " t
e I ot 60ns
tr=0.7~1ns
{a)
o Lp1=200nH, Cp1=2pF
0 1,
< ]
G
)
o ] ]
__' T
10 \
] DRE—
0] T . r T
100 120 140 160 180
time, nsec
(o)

a3 5. (a) IEC 61000-4-2 E&of #&s ESD HFIE (b)
ESD 292 AlFelo|dE ESD M Futd

Fig. 5. HBM ESD current waveform of (a) IEC 61000-4-2,
and {b) simulation model
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B39 3wl § AEec) wel ESD H &34z}
t WEE AzEds FGA Alole) FFHaA si=dl, ESD
B35ARAE 714 840 w=E PCB #e49] 3394
2 PCB AlZ Q1 wiede] dist mze] WyAejnt B Ao
AE 3 uiel2El ¢ PCB #©eo] ESD €229 Aud wA&
deg A EH|AE T3 LolruR 3,

ESD "7} WA=+ ESD 892 44719 50 ohm #3}
(Load) Atelel 3 wlg]28lE A&3t7] $43te TLi, TL2,
TL3 9 Teelolgls 4719 vle|az2EYE AF3 S T
Hejol 2 HPS AP TLIE HA Alojol 3 wigl
28 2dg d4% A2E a7 69 TAEAG 29 69
A} BQl uie} o] ESD B2 AA7|AM #AEE ESD ¥
2% EA 99 dA7 50 ohm?) vlolaA2A2EHIF ¢A Al
43 3 uiEl2E BdoAM F4En dRES ESD "2t
t}& @9 50 ohm #3312 At oldf 1Y 69 Nz
o2 A4§ ulo]aA2AEFY(TLI, TL2, Teel) Zol& 400
mmE  FAFAA ASgHAY 24 vwe|ARZ2EFHY(TLI,
TL2)% 7}A(branch) #HA9 174 vlo]ag 2EY(TL3) Ho|
g HgAgeozA, A vl a9 33 A wle}t 50
ohm F3lo] Ags ESD H29 WEE ADSE A Ed o9
A st

A2, NzeQ(TLL, TL2)9 W3l wag Wy 3=
222 AGHE ESD "9 ¥3lg doluy 998 ESD ¥
2 A7 dd9d ESD B2 Jdgds J urelxsety A
329 ZE(TLDE 10.0mmE, 3 wlg) 289 50 ohm #3
g}o) ZA(TL2)E 300mmz AAsts, A& I up
J2HZ @24 71X #de] 50mme Ho|(TLI)E /A%
E dAg F, IEC 61000-4-2 HF2) 8V ESD ¥2& <17}
HRE 9 $ES AEHNR 9T 29 7@ 29 8@a)
of ESD ¥ d#Hdde] Haly= ESD AYA¥ 3 50 ohm ¥
shellA ZeEle ESD AYHEE 47 2ARNY. 28 1a)
o} 19 8(a)y AT =¥ ESD B2 g e del= ESD
A HAFE 2458 V, 50 ohm #3te] = ESD A¢H
Hugke 1121 V2 ALHRIY bdfe® ESD ¥ 98d
7 3 uielzgge] Az A(TLDS 300mm=, 3 »
g 2e el 50 ohm #3t9te) 7HFA(TL2)E 100mmz 4 A8}
I, AzEdeds F uEl2g 2 47249 1A f¥le) 50mm
o] Ho|(TL3)E 7INEE 44T ¥, IEC 61000-4-2 EF9)
8kV ESD ¥2§ /sl & W 2 §98 AlEdola s
o 29 7(b)et 23 8(b)el ESD " o] de
ESD AA4s¥} 50 ohm H3tolA Huls ESD AgAd S
Zzt =AY 29 7o) 29 8(b)e) A2 RE ESD
"2 gl dale ESD AY Hulge 6548 V, 50 ohm
Bate] "2l ESD A HUge 1464 VE AU

29 7@t 18 (b)) A= RE ESD 2 gyds
3 vl xeglel Az FA(TLDE 10.0mmeol A 30.0mm
2 Z71598 o ESD ¥ Y¥gde ZHel:s ESD HY9
gt oF 409 V ol F/EE &9 5 Ur) ol 2
o] ESD #x <d¥dn FH uiglzese Nz 3
(TLDS] #7212 A3 FA(TLD d9e27t 71814 go=
A ESD 2o thd whAlsd F7te] 71918k ESD H2 ¢
ool Al ESD AYe]l FrtstA He Aoz reloh
w3 1Y 8(a) 19 8(b)e A}=HE ESD "2 dF¥dE

BUHERE 0|88 A viglase ESD 235 SMof tist 24
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3 wiElzegty A3z BFEA(TLYC) F7gez A8
50 ohm ¥3ld) WE=+E ESD A¢e Huge 9§ 3av
o4 Z7/MES HAY F U} ol AL ¢4 HWI ESD ¥
2 g¥ad 3 w2lxege Az BA(TLYSY F71=2
AZA(TLY QYE27 F718A go24 ESD 24
g wkats} Folel Ji9isle) ESD ¥ o] AYy:
ESD #H<tel F7tstAl sz o2 U8 50 ohm ¥-3o dg
HS& ESD AY: FhskA sy Aoz B, a23A,
ESD Hx ¢¥dez Eole¥ ESD ¥7t J1A #A™
(TL3)d 3 nig2dE T3 ARZ A AdHm=z s
ESD E2 {¥gd A ESD AYe Z7d )8 50
ohm #3lo] AFHE ESD A F7ie vA Jelus A
£ <4 5 Uk
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ESD_Sim_6k

tbm_SN_ESD_Sim_pk

ESD Simulator

a3 6. PCB mElol wg 3z di2|AE{dlM ESD HAQ H
3lE AlEol M5l it FBE

Fig. 6. Schematic for the simulation of ESD propagation
when a chip varistor is installed with an additional
branch pattern to connect protected signal line to a
chip varistor
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3y 7. (@ TL1=10.0mm, TL2=30.0mm, TL3=5.0mm¢! &%
(b) TL1=30.0mm, TL2=10.0mm, TL3=5.0mm¢! &2,
ESD HA lajcto el M ofulgd

Fig. 7. Simulated ESD voltage waveform at the ESD pulse
input (@) When TL1=10.0mm, TL2=30.0mm, and
TL3=50mm, (b) When TL1=30.0mm, TL2=10.0mm,

and TL3=5.0mm, respectively

I s -~

0 Vo B0 20 250 30 IV €0 450 o 10 1D 20 20 X0 W 0 4P

g
EY

a3 8. (a) TL1=10.0mm, TL2=30.0mm, TL3=5.0mm¢! &
(b) TL1=300mm, TL2=10.0mm, TL3=50mm¢! &<,
50 ohm stoffA{el ESD HMotuty

Fig. 8. Simulated ESD voltage waveform at the 50 ohm load
(@) When TL1=10.0mm, TL2=30.0mm, and TL3=5.0mm,
(b) When TL1=30.0mm, TL2=10.0mm, and TL3=5.0mm,

respectively
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Fig. 9. Simulated ESD voltage waveform at the chip varistor
model (@) When TL1=20.0mm, TL2=20.0mm, and
TL3=5.0mm, (b} When TL1=20.0mm, TL2=20.0mm, and
TL3=2.5mm, respectively
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Fig. 10. Simulated ESD voltage waveform at the 50 ohm
load (@) When TL1=20.0mm, TL2=20.0mm, and
TL3=5.0mm, (b} When TL1=20.0mm, TL2=20.0mm,
and TL3=2.5mm, respectively
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