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1. What is Varistor

Definition
Varistor is variable resistance device which changes with
the applied voltage.

Features
B Main composition
e Ceramic material : ZnO + additives
* Internal Electrode : Pd, Ag-Pd, etc.
B Semi-conductive property

* It is a insulator under a certain voltage level but the varistor
becomes a low ohmic conductor within 0.5 ns for the duration
of the over-voltage.

B [n communications equipment and systems for data transmission,
it thus offers perfect protection by clamping the over-voltage to
a safe level.

Application
* IC and Transistor Protection
* Telecommunication Transient Protection
* LCD Module Protection Circuit
» USB, IEEE 1394 data line protection

* Protection Circuit Module [Li ion and Li Polymer 2nd Battery], etc.

2. Technical Information on Varistor
Working Voltage (Vw)

* The maximum continuous DC working voltage which may be

applied up to the maximum operating temperature of the Varistor.

* The reference voltage for measurement of leakage current

* It is always less than the breakdown voltage.

Breakdown Voltage (VB)
* This is the voltage across the Varistor when drawing a DC current
of TmA and this voltage has a specific range [min. & max.].

* It is this point that is notionally the start of the region of normal
operation.

Capacitance (Cr)
* Specified TMHz [or TkHz] and 0.5~1Vrms.

* For using protection of high speed data lines, the capacitance
should generally be kept low or within a defined range.
Excessive capacitance on the signal line could have an undesired
effect on the signal.

* Low Cp : a part of a low-pass filter needed in high speed data lines
* Defined Cp : Replace a capacitor for filtering purposes at I/O ports
* High Cp : For noise suppression
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Fig. 3 Insertion loss of frequency with Cp of varistor
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Clamping Voltage [VCc]

* The Clamping Voltage of a Varistor is the peak voltage appearing
across the device when measured under the conditions of
a specified pulse current and a specified waveform [8us/20us].

* 84s([Ts] is the time taken for the current pulse to rise from 10% of
its peak value to 90% of its peak value.

* 20us[Tr] is the time taken to decay to 50% of its peak value ;
this is measured from the time of pulse initiation.

Surge(Peak) Current [Ir]

* The maximum peak current which may be applied for a 8 zs/20us
impulse, with rated line voltage also applied, without causing
device failure.

* The pulse can be applied to the device in either polarity with
the same confidence factor.

Transient Energy [ET]

* The maximum rated transient energy which may be dissipated for
single current pulse at a specified impulse duration [104s/10004s],
with rated DC or RMS voltage applied, without causing device
failure.

ESD [Electrostatic dischargel]

* ESD is a high voltage transient with fast rise time [0.7~1.0ns] and
fast decay time [max. 60ns]

« For protection the circuit or IC from ESD, the protective device
should have a fast enough response time to clamp ESD peak

* ESD protection capability depends on a kind of devices and
ceramic composition in chip varistor
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Percent of Peak Value

o1—» ¥

Time

A4

O1: Virtual Origin of Wave

t : Time from 10% to 90% of Peak

t1 : Virtual Front Time t1=1.25Xxt

t2 : Virtual Time to Half Value [Impulse Duration]

Item Waveform t 2
VC 8/20us 8us 20us
IP 8/20us 8us 20us
ET 10/10004s 10us 10004s
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Fig. 5 Circuit break-down by ESD
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Fig. 7 Output voltage peak w/, w/o chip varistor on ESD
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* ESD protection capability ; ZnO-Pr based & ZnO-Bi based Chip Varistor

* Comparative product : 1608 18Vw, 120pF
* Joinset chip varistor : ZnO-Pr based ceramic composition
* ZnO-Bi203 based chip varistors is not available in protecting the electronic circuit from ESD over 5kV

* Test condition : contact discharge with ESD waveform in IEC1000-4-2 method
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Fig. 8 Varistor voltage & leakage current deviation with ESD
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How to play in Circuit

z Multilayer Chip Varistor

When the rated voltage, which is needed to drive the system or
component, may be applied in an electronic circuit, a AC or DC
input current flows through components or systems because varistor
have high impedance.

Steady State : Varistor = High Impedance
[The region below working voltage]

In case that it will be applied over-voltage through the input,
Varistor will be change to a conductor with low impedance.

The input current flows through the varistor to the ground,
so components or systems can be protected.

Protective State : Varistor Y Low Impedance
[The region over Varistor voltage]

I system or Component to be protected from ESD and Surge Current

3. How to Select the adequate Varistor

Step 1

over-voltage/current

I Find out the causes of I

Step 2

Select Varistor Voltage A

»
»

v

L

ESD & Surge Current
Protect

T

Surface Mounting Test

T

Reliability Test AL

A : Varistor Voltage (VB)

:
Leakage Current

* It is determined by max. voltage in a circuit

* In the case of normal operation, it must be

selected to not affect the circuit
« Varistor and circuit voltage
VinDpc) < Vimamin. X 0.9 ; ViNDc) < Vw

* ViNeoe) : high limit of input voltage in circuit

* VimAmin : minimum value of VImA
* Vw : working voltage of Varistor

I Check this path-way I < I Select Position of varistor I
Fix Circuit Yes
Breakdown Voltage B i
< No )
Re-select larger < Transient Energy C
Size or Cp
$ Yes
Re-select Low Voltage ESD & Surge
< Energy Test
+ Yes
Re-select Low Cp
& Higiios- Clamping Voltage D
No $ Yes

Check ESD & Surge
Current Spec

C : Transient Energy (ET)
« It can be expressed as following.
E=KxIpxVpxti[d]
* K : Integer value according to surge wave form
( Waveform 8/20us, 10/1000us, K=1.43)
*Ip : Surge currnt
* Vp : Limit voltage with IP
* 11 : Duration time of Surge current

* Energy of Varistor = max. energy of circuit

B : Fix the ESD and Surge current of Circuit D : Clamping Voltage (Vc)

+ wave form, frequency, time, etc.

* Voltage which is applied with a specified surge
(8/20us, 1A or 2A)

* Vc < Endurance voltage of circuit
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4. Advantage of Joinset's Varistor

Excellent properties of circuit protection against an electrostatic discharge, ESD
+ No degradation of electrical properties of chip varistor although high ESD voltage is repeatedly applied.

* Low leakage current, IL & stable variation of breakdown voltage, A Vs
*1EC 1000-4-2 LEVEL 4 [contact discharge 8kV, air discharge 15kV, withstand 1000 times]

* Useful device to protect from ESD in mobile communication unit, etc.
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High environmental reliability

* High resistance against thermal shock, humidity, solvent, etc.

* It is due to our original manufacturing processes such as polymer coating on ceramic body, raw material
composition, electrolyte plating technique and precision line control.

Solder plating layer

: 5 AL = Nickel barrier

Ceramic body

20 20
'[The rrJ|aI shock] P/N : 1005 5.5V 3L0|LF *[-IlerLiJIity] P/N: 1005 5.5 36(Lp=
5 5
Y £ o
< 1. Test condition 4 L 1. Test condition
5 *MIL-STD-202 107G [MIL-PRF-83530B] 5 * MIL-STD-202/106G [MIL:PRF-83530B
*-40°C/30min, 85C/30min, max 100Cycle | * 85C/85%RH, max 1000hr
2. Spec. : AVJ( +10% T 2. Spec. : AVB = 10%!
-10 -10
0 20 40 60 80 100 0 200 400 600 800 1000

Cycle time [hrs]

Green product
* The harmful objects in product are controlled below 100ppm [EU RoSH regulations satisfied]
* Pb : <50ppm, Cd : <5ppm

* Lead free solder plating
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Application

1. ASIC Reset & Vcc Protection Circuit

Circuit Symbol
146 014 0.014F I: Chip Varistor
Vce
5.5V 0.1J I
GND
1 RESET
5.5V 0.1J I
2. 1/0 Port Protection
VW : 14.0 ~ 18.0V
ET:0.05J ~ 0.1J
SLCTIN
PARALLEL
OUTPUT
RESET 0TO7
3. Keyboard
KEYBOARD
74AHCT05  FERRITE
CONTROLLER BEAD
>C WﬁT’ DATA
L
74AHCTOs FERRITE =
BEAD
>o "W\Tv CcLOCK
VW : 14.0 ~ 18.0V i
ET:0.05J ~0.1J -
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4. Audio Circuit

1kQ
IN 2N2222

5. LCD Protection Circuit

%689 685

I
B

VW : 14.0V
ET:0.1J

LSl
CONTROLLER
COM.
LCD
DRIVER 240 x 64
x1
A A
SEG
® » DRIVER
< x3
RESET
1i 4.% Mq o
- - - - 1:VW 5.5V, ET 0.05J
2:VW < 18.0V, ET < 0.1J
S-RAM

6. Protection Circuit Module

« Li ion and Li Polymer Rechargeable Battery Application

VW 5.5V ~ 18.0V
ET <0.1J

Control +
IC
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