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DISCLAIMER  All product specifications and data are subject to change without notice. Vishay Intertechnology, Inc., its affiliates, agents, and employees, and 

all persons acting on its or their behalf (collectively, “Vishay”), disclaim any and all liability for any errors, inaccuracies or incompleteness contained herein or in 

any other disclosure relating to any product. Vishay disclaims any and all liability arising out of the use or application of any product described herein or of any 

information provided herein to the maximum extent permitted by law. The product specifications do not expand or otherwise modify Vishay’s terms and conditions 

of purchase, including but not limited to the warranty expressed therein, which apply to these products. No license, express or implied, by estoppel or otherwise, to 

any intellectual property rights is granted by this document or by any conduct of Vishay. The products shown herein are not designed for use in medical, life-saving, 

or life-sustaining applications unless otherwise expressly indicated. Customers using or selling Vishay products not expressly indicated for use in such applications 

do so entirely at their own risk and agree to fully indemnify Vishay for any damages arising or resulting from such use or sale. Please contact authorized Vishay 

personnel to obtain written terms and conditions regarding products designed for such applications. Product names and markings noted herein may be trademarks 

of their respective owners.



Introduction
With the increasing use of integrated circuits in mobile and wired communication devices and consumer products, it 
is more important than ever to protect sensitive electronics from high transient voltages or unintentional frequencies. 
High-voltage spikes with various waveforms and durations can damage or even destroy electronic circuits, and the 
interference of unintentional frequencies can influence the system in a negative way.

These transient voltages have various sources. One of the most common types is electrostatic discharge (ESD). 
For example, a person can inadvertently discharge accumulated static electricity on a phone merely by touching 
the device. A sudden power surge can also occur when lightning strikes a power line, potentially harming devices 
connected to the line.

ESD protection diodes combined with an electromagnetic interference (EMI) filter network serve as unobtrusive 
but strong “bodyguards” against these hazards. Protection devices such as very fast Zener and Avalanche diodes 
draw a very low leakage current when placed in front of sensitive electronic gates. But above the defined voltage 
working range, any transient voltage that approaches the breakdown voltage will be short-circuited by the diodes so 
it cannot reach the gate.

Vishay offers a wide range of surface-mount, plastic packaged protection diodes, arrays, and EMI filters designed 
especially for space-sensitive electronic products such as mobile electronics.

 
 

 

0

10

20

30

40

50

60

70

80

0 10 20 30 40 50 60 70 80 90

I ESD

Ideal Z-diode with 
junction capacitance 

Rs = Series resistance

Ls = Series inductance made by 
        bond wires & package leads

VB
R

VB
R
 +

 V
R

S

VB
R
 +

 V
R

S
 +

 V
LS

Vo
lta

ge
 d

ro
p 

at
 a

 p
ro

te
ct

io
n 

di
od

e 
du

rin
g 

 8
kV

 E
S

D

Time axis (ns) 

V BR = Avalanche break-through level

Resistive voltage component

Inductive voltage component

How ESD Protection Diodes Work

Equivalent Circuitry of an ESD Protection Diode ESD Clamping Voltage Depends on the ESD Voltage

The clamping voltage of an ESD protection diode 
is determined by three major components:

•	 Zener or avalanche breakthrough 
voltage level: VBR = defined by chip design�

•	 Voltage drop at the series resistance of 
the diode:� VRs = IESD * RS�

•	 Voltage drop at the bondwire and 
lead inductance: VLs = LS * (dIESD / dt)

The junction capacitance has no appreciable 
influence on the ESD clamping performance.

The diagrams above show the typical ESD clamping 
voltages of a protection diode. Within the first nano-
seconds, when the current and the current-change are 
maximal, the clamping voltage becomes maximal.
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Figure 1: 

Typical peak clamping performance at ESD contact 

discharge (acc. IEC61000-4-2)
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Figure 2: 

Typical clamping performance at 30kV contact 

discharge (acc.  IEC61000-4-2)
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How EMI Filters Work

One EMI filter channel is made 
of a symmetrical π device with 
two identical Z-diodes and a 
resistor between the input and 
output pin.
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Within the voltage working 
range the Z-diodes can be 
considered as a voltage 
dependent  capacitance.

For higher frequencies in the 
GHz range, wire inductances 
and particularly the ground 
inductance have an influence on  
the filter performance.
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Bode Diagram 
The most important characteristics for a filter is its signal attenuation over the frequency, the relation of the output to 
the input signal. The result depends on the source and load impedances and is usually defined with 50 Ω.
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The increasing 
impedance 
of the line 
inductances  
LWire blocks the 
incoming EMI 
signal.

The ground 
inductance  
LGND allows 
the “short-
impedance” to 
grow again.

In the low-frequency range,  
the whole signal current is 
flowing across the series 
resistance RLine.
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Typical Current Voltage Diagram of an ESD Protection Diode

Reverse 
Clamping Range

The diode behaves
like a closed switch
and clamps voltage 
transients close to 
ground level.
– Forward voltage (VF)
– Forward current (IF)    

In this range the diode 
behaves like a closed 
switch characterized by:
– Breakdown voltage (VBR)
– Clamping voltage (VC)
–  Peak pulse current (IPP)
– Maximum peak pulse  
 current  (IPPM)
– Peak pulse power 
 (PPP  = (IPPM * VC)

Reverse 
Working Range

Forward 
Clamping Range

In this range the diode 
behaves like an open
switch characterized by:
– Capacitance (CD)
– Leakage current (IR)
– Applied reverse voltage (VR) 
– Maximum appliable reverse 
 working voltage (VRWM)

IPP

IPPM

IR

IF

VF

VRWMVBRVC VR

ntReverse Curren

Forward 
Voltage

Reverse
Voltage

Forward
Current
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For further information...

... please contact: ... please visit:

ESDprotection@vishay.com http://www.vishay.com/diodes/protection-tvs-esd/arrays/

EMIfilter@vishay.com http://www.vishay.com/diodes/protection-tvs-esd/emi-filter/

Basic ESD Protection Functions

BiAs Bidirectional 
Asymmetrical

An ESD protection device with a BiAs clamping characteristic clamps transient 
voltage signals:

•	 at different voltage levels

•	 in a positive direction just above the Zener or avalanche breakthrough levels

•	 in negative direction just below the ground level

•	 like a single Z-Diode with forward and reverse modes

BiSy Bidirectional 
Symmetrical

An ESD protection device with a BiSy clamping characteristic clamps transient 
voltage signals:

•	 in positive and negative directions

•	 at the same voltage levels in both directions

•	 like two equal Z-Diodes with a common cathode in series

EMI Filters

An EMI filter device filters with:

•	 low-pass characteristic

•	 low attenuation of low-frequency data signals

•	 high attenuation of high frequencies

•	 additional overvoltage protection
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Discrete Semiconductors and Passive Components
One of the World’s Largest Manufacturers of

Worldwide Sales Contacts

The Americas

United states
Vishay Americas 
One Greenwich Place 
Shelton, CT 06484 
United States 
Ph: +1-402-563-6866 
Fax: +1-402-563-6296

Asia

singapore
Vishay intertechnology Asia Pte Ltd.
37A Tampines Street 92 #07-00
Singapore 528886 
Ph: +65-6788-6668 
Fax: +65-6788-0988

p.r. China
Vishay China Co., Ltd.
15D, Sun Tong Infoport Plaza
55 Huai Hai West Road
Shanghai 200030 
P.R. China
PH: +86-21-5258 5000
FAX: +86-21-5258 7979

japan
VISHAY JAPAN CO., LTD.
Shibuya Prestige Bldg. 4F 
3-12-22, Shibuya 
Shibuya-ku 
Tokyo 150-0002 
Japan 
Ph: +81-3-5466-7150 
fax: +81-3-5466-7160

EUROPE

Germany
Vishay Electronic GmbH
Geheimrat-Rosenthal-Str. 100 
95100 Selb 
Germany 
Ph: +49-9287-71-0 
Fax: +49-9287-70435
 
france
Vishay S.A.
199, blvd de la madelEine 
06003 nice, cedex 1  
France 
Ph: +33-4-9337-2727 
Fax: +33-4-9337-2726
 
united kingdom
Vishay Ltd.
Suite 6C, Tower House
St. Catherine’s Court
Sunderland Enterprise Park
Sunderland SR5 3XJ 
UNITED KINGDOM
Ph: +44-191-516-8584
Fax: +44-191-549-9556

Semiconductors: 
Rectifiers • High-Power Diodes and Thyristors • Small-Signal Diodes • Zener and Suppressor Diodes 
• FETs • Optoelectronics • ICs • Modules

Passive Components:
Resistive Products • Magnetics • Capacitors
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