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Surface Mount
Multilayer Varistors
MLVs) Design Guide

Littelfuse Multilayer Varistors (MLA, AUML, MHS, MLA AUTO, MLE, and MLN) are used to
suppress high transient voltage and protect circuits. Littelfuse, an industry leader in circuit
protection, offers a variety of multilayer varistors constructed with high-quality materials.

Multilayer Transient Surge Suppressors was specifically designed to suppress the destructive
transient voltages. The most common transient condition results from large inductive energy
discharges. The MLVs are manufactured from semiconducting ceramics which offer rugged
protection and excellent transient energy absorption in a small package. The devices are
available in ceramic leadless chip form, eliminating lead inductance and assuring fast speed of
response to transient surges. These Suppressors require significantly smaller space and land
pads than silicon TVS diodes, offering greater circuit board layout flexibility for the designer.

ABOUT THIS GUIDE

Choosing the most appropriate suppressor technology requires a balance between equipment
protection needs and operating requirements, taking into account the anticipated threat level. In
addition to the electrical characteristics of suppression devices, the form factor/package style
must also be considered. This guide is designed to summarize some of the comprehensive ESD
solutions that Littelfuse offers, and help designers narrow to technologies appropriate to their
end application:
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Surface Mount Multilayer Varistors (MLVs) Design Guide

Introduction - Common Electrical Transient Events

Introduction

Over many decades, the demands imposed on electronic
systems designers have remained consistent. The
challenge to design circuits and systems that include more
functionality and capabilities in smaller sizes continues.
This ongoing miniaturization trend has given rise to other
challenges.

As the size of the components used continues to shrink,
their sensitivity to electrical stresses increases. Integrated
circuits, especially microprocessors, have become
instrumental components in modern electronic systems.
However, their vulnerability to common electrical threats,
such as electrostatic discharge (ESD) events, has forced
circuit designers to take special measures to protect these
devices.

Modern vehicles employ many electronic systems to
control their various parts, including the engine, climate
control, braking and, in some cases, steering systems.
Transient electrical threats, such as in-rush currents for
starting electric motors or ESD events, can also prove
detrimental to sensitive automotive electronic systems.

A Multilayer Varistor (MLV) is a compact, surface-mountable
chip that is voltage dependent, nonlinear, and bidirectional.
It has an electrical V-l characteristic similar to back-to-back
zener diodes, offering symmetrical protection in both
forward and reverse directions. The sharp, symmetrical
breakdown characteristics of an MLV device provide
excellent protection from damaging voltage transients.
When exposed to high voltage transients, the impedance
of the MLV changes by many orders of magnitude, from a
near open circuit to a highly conductive state.

MLV technology has high surge handling capability and
exhibits extremely low leakage current, so it is a preferred
solution commonly used for protection against ESD events,
inductive switching transients, and general

surge protection.

Common Electrical Transient Events

Voltage transients are defined as short-duration surges of
electrical energy and are the result of the sudden release
of energy previously stored or induced by other means,
such as heavy inductive loads or lightning. In electrical

or electronic circuits, this energy can be released in a
predictable manner through controlled switching actions or
randomly induced into a circuit from external sources.

ESD (Electrostatic Discharge)

Electrostatic discharge is characterized by very fast rise
times and very high peak voltages and currents. This
energy is the result of an imbalance of positive and
negative charges between objects.

Here are some examples of the voltages that can be
generated, depending on the relative humidity (RH):

e Walking across a carpet:
35kV @ RH = 20%; 1.5kV @ RH = 65%

e \Walking across a vinyl floor:
12kV @ RH = 20%; 250V @ RH = 65%

e \Worker at a bench:
6kV @ RH = 20%; 100V @ RH = 65%

e Opening a vinyl envelope:
7kV @ RH = 20%; 600V @ RH = 65%

e Picking up a polymer bag from a desk
20kV @ RH = 20%; 1.2kV @ RH = 65%

The level of ESD generated by everyday activities like
these can be far higher than the vulnerability threshold of
standard semiconductor protection technologies. Following
figure illustrates the ESD waveform defined in the IEC
61000-4-2 test specification.

100

Current (I) %

30ns
60ns

tr=0.7 to 1.0ns

Figure 1. ESD Test Waveform

Inductive Load Switching

The switching of inductive loads generates high energy
transients that increase in magnitude with increasingly
heavy loads. When the inductive load is switched off, the
collapsing magnetic field is converted into electrical energy
that takes the form of a double exponential transient

Depending on the source, these transients can be as large
as hundreds of volts and hundreds of amps, with durations
of 400ms.

Typical sources of inductive transients include:
e Generators

e Motors

e Relays

e Transformers

Sources like these are extremely common in electrical

© 2016 Littelfuse ® Multilayer Varistors (MLVs) Design Guide
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Introduction - Common Electrical Transient Events (continued)

and electronic systems. Because the sizes of the loads Figure 4 shows the effect of a cloud-to-ground strike; the
vary according to the application, the wave shape, transient-generating effect is far greater.

duration, peak current, and peak voltage are all variables

that exist in real-world transients. Once these variables

are approximately calculated or measured, a suitable \\ _

suppressor technology can be selected. & {
v S

Vi T
— T [ 100m 1kV
1km 1100V

90% 10km 110V
Vs

10%
Vel Vg=25vto125v T, =5msto 10ms | Figure 4. Cloud-to-Ground Lightning Strike

Vg=14V R=0.50t0 40 Figure 5 shows a typical current waveform for induced

T=40ms to 400ms lightning disturbances.

Figure 2. Automotive Load Dump

The above figure shows a transient resulting from stored
energy within the alternator of an automobile charging
system. A similar transient can be generated by other DC
motors in a vehicle. For example, DC motors are used to
power amenities like power locks, seats, and windows.
These DC motor applications can produce transients that
do as much damage to sensitive electronic components as
transients that occur in the external environment.

100

90

50

10
| ’

07 —» f— t ! TIME
A lightning direct strike is clearly destructive; transients l«—— t;] —
induced by lightning are the result of a strike occurring ——— tH) — i
nearby. When a lightning strike occurs, it creates a
magnetic field that can induce transients of large
magnitude in nearby electrical cables. Figure 5. Peak Pulse Current Test Waveform

PERCENT OF PEAK VALUE

Lightning-Induced Transients

Figure 3 shows how a cloud-to-cloud strike will affect both
overhead and buried cables. Even a strike around one mile
distance (1.6km) can generate 70V in electrical cables.

Transient Threats Vs. Sensitivity of the Electronics System

Even though they occur in a timeframe of nanoseconds,
ESD events can be very harmful to sensitive electronics.
The high voltage level of an ESD pulse can punch through
the SiO2 of the MOSFET and other IC chips and damage
the system permanently. Figure 6 shows a circuit board
damaged by an ESD event.

Buried Line
Transient Generated:

*70V at 1.6km (1 mile)
*10 kV at 150m (160 yards)

Figure 3. Cloud-to-Cloud Lightning Strike

© 2016 Littelfuse ® Multilayer Varistors (MLVs) Design Guide 3 www.littelfuse.com
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Transient Threats Vs. Sensitivity of the Electronics System

Careful circuit design should not only factor in
environmental effects but the potential effects of these
related components. Table 2 shows the vulnerability of
various component technologies.

DeviceType Vulnerability (Volts)
VMOS 30-1800
GaAsFET 100-300
JFET 140-7000
Figure 6. Circuit Board Damage Due to ESD _—
Schottky Diode 300-2500

Recurring transients are frequently caused by the operation _—

of motors, generators, or the switching of reactive circuit o= S0
components. Random transients, on the other hand, are ~

often caused by ightning and ESD, wihich generally oocur  |IIPoRerNGSEETII I s zsoa

unpredictably, and may require elaborate monitoring to be IGBT 4000-8000
accurately measured, especially if induced at the circuit-
board level. Numerous electronics standards groups have Table 2. Range of Device Vulnerability

analyzed transient voltage occurrences using accepted
monitoring or testing methods.

As component sizes shrink, electronic components
exhibit increased sensitivity to electrical stresses.
Microprocessors, for example, have structures and
conductive paths that are unable to handle high currents
from ESD transients. Such components operate at very
low voltages, so voltage disturbances must be controlled
to prevent device interruption and latent or catastrophic
failures.

Sensitive microprocessors are prevalent today in a wide
range of devices. Everything from home appliances, such
as dishwashers, to industrial controls and even toys use
microprocessors to improve functionality and efficiency.

Most vehicles now also employ multiple electronic
systems to control the engine, climate, braking and, in
some cases, steering, traction, and safety systems.

Many of the supporting components, such as electric
motors or accessories within appliances and automobiles,
present transient threats to the entire system.

Voltage Current Rise Time Duration Protection Device Application Area
Lighting 25kV 200kA 10us MOV/TVS/SIDACtor Telecom
20ns MOV/MLV Industrial/Power System

Table 1. Key Characteristics of Several Common Transients

© 2016 Littelfuse ® Multilayer Varistors (MLVs) Design Guide 4 www.littelfuse.com
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Transient Threats Vs. Sensitivity of the Electronics System (continued)

Protection Device Selection Considerations

Multilayer Varistor as Surge Protection Solution

Four different device technologies are designed for transient MLVs are clamping devices used for board level protection
suppression: TVS diodes, multilayer varistors (MLVs), from ESDs, EFTs, and other transients that can occur

TVS diode arrays, and polymer ESD suppressors. Table on power supply, data, and control lines if the lines can

3 summarizes the various transient protection solutions tolerate higher capacitance.

available.

MLVs offer a cost-effective solution in a range of popular
industry-standard discrete component sizes. Some MLVs
also offer low band-pass characteristics that filter high
frequency noise from the circuit being protected. MLVs
are typically used when:

Typical Main
Protection Selection
Device Used Criteria

Type of Typical

Threat Application

e Power supply line or low/medium speed data and

Equi : Operating ) ;
RISt Protection voltage, signal lines are to be protected.
COMEGEE thyristors, TVS breakover/ ; i
T to external gliodes 'gas S Ehing e Transient currents or energy beyond ESD is expected
co?nor\:wvjr:izggon dlecianee bes | volEem sues (that is, EFT and lightning-induced surges)
lines (GDTs), MOVs  energy/power/ e Designers looking to replace high wattage TVS Zener
LI et Diodes (300W—-1500W).

e Added capacitance is desirable for EMI filtering
(3p-4500pF).
e The operating voltage (up to 120VDC) is above silicon
or polymer ESD suppressor ratings.
) Al
Typical IV Curve for a
single channel

bidirectional TVS

Equipment Diode Array \
that has, oris

connected to, a  MLVs, MOVs, CE?;?: ﬁ gzﬁk
EFT (Electrical system or circuit polymer ESD ey )
operating Typical IV Curve for

Fast Transient)  with switched  suppressors,
inductive loads TVS diodes
or mechanical

\"
relays
1) MLV intrinsically
offers higher bias
voltage than the
TVS diode array.
2) MLV device had lower leakage
current than the TVS diode ata
given bias DC voltage
Figure 7.The IV Curve of Typical MOV Sharp

voltage, surge a MLV device

current rating

Note: MLV devices are rated at 125°C and suitable for harsh environment
applications.

Table 3. Protection Technology Comparison

© 2016 Littelfuse ® Multilayer Varistors (MLVs) Design Guide 5 www.littelfuse.com
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About the MLV Technology

About the MLV Technology

How Does a Multilayer Varistor Work?

The MLVs have a multilayer structure to absorb transient
energy and maximize the effectiveness of the Zn02
material of which they are made.

The MLVs are made of multiple fine-grain ceramic layers
of a specific formulation. The MLV is constructed by
forming a combination of alternating electrode plates and
semiconducting ceramic layers into a block (Figure 8). Each
layer of electrode is connected to the end termination on
the opposite side.

Semiconducting
Ceramic

Inner End o
Electrodes Termination

Figure 8. Cross-section View of Multilayer Suppressor

Advantages of MLV Technology

This interdigitated block formation greatly enhances the
cross-sectional area available for active conduction of
transients. This parallel arrangement of the inner electrode
layers represents significantly more active surface area
than the small outline of the package would suggest.

This increased active surface area results in proportionally
higher peak energy capability.

Another advantage of this type of construction is that the
breakdown voltage of the device is dependent on the
dielectric thickness between the electrode layers, not the
overall thickness of the device. Increasing or decreasing
the dielectric thickness will change the breakdown voltage
of the device.

The crystalline structure of the MLV transient voltage
suppressor consists of a matrix of fine, conductive grains
separated by uniform grain boundaries, forming many P-N
junctions (Figure 9). These boundaries are responsible for
blocking conduction at low voltages, and are the source
of the nonlinear electrical conduction at higher voltages.
Conduction of the transient energy takes place between
these P-N junctions. The uniform crystalline grains act

as heat sinks for the energy absorbed by the device in a
transient condition, and ensures an even distribution of the
transient energy (heat) throughout the device. This even
distribution results in enhanced transient energy capability

and long-term reliability.

FIRED CERAMIC
DIELECTRIC

METAL
ELECTR ODES

METAL END
TERMINATION 7~ »
£ J il
*I ]
pepLETION Y [T

REGION T DD BN <

LI

DEPLETION i DD LIl
REGION DD -

GRAINS

Figure 9. Crystalline Structure of Multilayer Suppressor

With MLV technology, energy-handling capability can

be significantly increased with a larger overall package
outline. The energy-handling capability doubles from 0.6J
(10/1000us waveform) for a 0.120-inch by 0.06-inch device
(1206) to 1.2J for a 0.120-inch by 0.100-inch (1210) device.

As a result, MLVs are well-suited for the increasing
demand for ESD protection for handheld and wearable
devices. As the result of extensive research, Littelfuse can
now offer the industry a 0201-size MLV.

© 2016 Littelfuse ® Multilayer Varistors (MLVs) Design Guide
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Where Are MLVs Used?

MLVs are ideal for ESD and surge protection for virtually
any application that involves electrical or electronic circuits,
including automobiles, white goods, industrial applications,
and portable electronics.

WHITE GOODS AUTOMOTIVE

3 -

@ Inductive Loads ' .
®ESD Load Dump

\

Inductive Loads
ESD

Inductive Loads
ESD
Lightning Surge

Figure 10. Applications Using MLVs

Power Line Protection with MLV

From a circuit perspective, MLVs are often used to protect
the DC port of a power supply from ESD, as well as for
EMC protection.

Circuit
Protocols Characteristics MLV Advantages
DC power for DC at e Low leakage current
secondary input or e Additional EMI
DC power

output. DC bus for USB
or HDMI ports.

Sensing ICs are
vulnerable to ESD
events for resistive

touch screens

protection
® ESD protection

Provides external ESD
protection for touch
screen

Touch screen

Table 4. Power Line Protection Summary

MLV Protection in DC Power Line or Audio Circuit

MLV devices can be connected near the 1/O port to clamp
the ESD or surge event to the DC circuitry (Figure 11).
Their smaller size, high temperature at 125°C, and quick
response time offer one of the best solutions for industrial
applications to provide on-board protection to protect
against inductive surges as well as wearable device for
audio IC protection.

Sensitive IC

Low voltage AC
DC Input or
Power Line

Figure 11. MLV Protection in DC Power Line

MLV Protection in Touch Screen Circuit

Touch screen ICs are vulnerable to ESD events and

high energy ESDs may couple to harm the ICs. An MLV
provides an ideal solution to clamp ESD voltage to a safe
level and enhance the reliability and life cycle for touch
screen applications (Figure 12). The low leakage current
feature of MLV devices also enhances the battery life of
the display devices.

X+

Y+ Touch
Screen
Control
vV Ic

Chassis
Ground

Figure 12. MLV Protection in Touch Screen Circuit

© 2016 Littelfuse ® Multilayer Varistors (MLVs) Design Guide
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Where Are MLVs Used? (continued)

Data Line and Control Line Protection by MLV Device

Built with SMD packages and wide capacitance ranges
down to as low as 3pF, MLVs are widely used for data line
and control line protection.

Capa-
citance Threats MLA Device
Require- Advantage

ments

Speed

USB1.1 12MHz 50pF

USB3.0 5GHz 0.1pF ESD

MHS for D+/D- line
All MLV for DC line

CANbus 100kHz  100pF ES|I33, Load ' 4 116 grade MLV
ump

RS-232 10kHz 1000pF All MLV Series
Table 5. Port Protection Summary

Data line transmission requires both signal integrity and
safe levels for IC protection. The MLV device structure
provides capacitance levels ranging from 3pF to 500pF,
depending on product series. This characteristic makes
MLV devices ideal for low speed and control line protection
(Figure 13). Some MLV Series, such as the MHS Series,
can protect data line speed up to 500MHz.

Low Speed
/0

Sensitive
or Ic

Control Line

Chassis
Ground

Figure 13. Data Line or Control Line Protection

© 2016 Littelfuse ® Multilayer Varistors (MLVs) Design Guide 8 www.littelfuse.com
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Application Examples

CASE 1—AUTOMOTIVE TOUCH PANEL AND KEY/BUTTON PROTECTION
PROTECTION NOTES

To help protect displays and push buttons against ESD threats due to human contacts, overvoltage protection
devices should be used to provide clamping, thereby limiting the ESD voltage and preventing control circuitry
failure. In general, multilayer varistor (MLA) devices can be used. In this case, an MLA Automotive Series device
may be selected. TVS Diode Arrays are another potential alternative.

Key Parameters Application Condition Requirement for MLV

Varistor voltage higher than 6VDC or

Continuous Voltage Rating Typical working voltage at 5VDC or 12VDC UG (o=neetively

|IEC 61000-4-2 requirement at All Littelfuse MLVs can meet the 8kV

Energy and Peak Current 8kV Contact Discharge contact Discharge

Suggested Series Datasheet

Link MLA Automotive

Note: This example is only for ESD threats; please refer to other example for other types of surges.

CASE 2 - AUTOMOTIVE CAN BUS
PROTECTION NOTES

Load dump event, switching transient from can be power windows, side mirrors and power door lock damaging
to control multiple functions. Depending on surge rating, CAN bus or LIN bus DC line or data line.

Key Parameters Application Condition Requirement for MLV

Varistor voltage higher than 14VDC

12 VDC or 24VDC requirement based o ZVEE rosace iy

Continuous Voltage Rating ohlsystemiveltage

Energy and Peak Current Load Dump 10 Pulses Load Dump Energy up to 25 joules

Suggested Series Datasheet

ik s

Note: This example is only for ESD threats; please refer to other example for other types of surges.

© 2016 Littelfuse ® Multilayer Varistors (MLVs) Design Guide 9 www.littelfuse.com
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Application Examples (continued)

e F\\ CASE 3 - INDUSTRIAL - SWITCHING INDUCTIVE LOADING
~~ J| PROTECTION NOTES
LR

In an industrial control environment, an electric motor or inductive loading can generate high voltage surges
during inductive switching from the energy stored in the winding coil in the motor or relays.

Inductive Switching: 8x20us model by IEC61000-4-5. Suitable solutions include the MLA and MLE devices.

Key Parameters Application Condition Requirement for MLV

Continuous Voltage Rating 12VDC Varistor voltage higher than 14VDC

|IEC 61000-4-5 requirement, Higher surge rating MLV needed
Btz el ez <G Waveform as 8x20us up to Ipeak at 150A
fit:]gl;(gested Series Datasheet MLA and MLE

Note: This example is only for an 8x20ps inductive surge threat; please refer to other examples for other types of surges.

e CASE 4 - WHITE GOODS - DISPLAY USER INTERFACE

'3.‘ PROTECTION NOTES

ESD Human body model up to 8kV can be harmful to ECU of home appliance through the user interfaces. MLA,
MHS, and MLE Series devices can help shunt ESD away from sensitive circuitry in appliance control interfaces.

Key Parameters Application Condition Requirement for MLV

Continuous Voltage Rating Typical value at 5VDC versien velizgs iz ner e GHDC

Eneray and Peak Current |IEC 61000-4-2 requirement All Littelfuse MLVs can meet
ay at 8kV contact discharge the 8kV contact discharge
fil:‘glg(gested Series Datasheet MHS, MLA, and MLE

Note: This example is only for ESD threats; please refer to other example for other types of surges.

© 2016 Littelfuse ® Multilayer Varistors (MLVs) Design Guide 10 www.littelfuse.com
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Application Examples (continued)

CASE5 - COMPUTER/MOBILE - AUDIO PROTECTION
PROTECTION NOTES

D
An ESD event can result in damage to the device through contact or air discharge through the audio port on the

wearable devices. Because audio signals can range from 10Hz to 10kHz, MLA/MHS/MLE devices help shunt
ESD away from sensitive circuitry without inducing signal distortion.

Key Parameters Application Condition Requirement for MLV

Continuous Voltage Rating 5VDC Varistor voltage higher than 16VDC

Energy and Peak Current |IEC 61000-4-2 requirement 8kV Contact Discharge

Suggested Series Datasheet
Link

MLE

Note: This example is only for ESD threats; please refer to other example for other types of surges.

© 2016 Littelfuse ® Multilayer Varistors (MLVs) Design Guide 1 www.littelfuse.com
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MLV Selection - Examples

The essence of MLV selection is finding the best match for
the application in terms of electrical parameters, such as
voltage and peak pulsing current, as well as the device size
that best fits within the available board space.

MLV Key Parameters

Although the AUML and MLA Series varistors are used in
automotive electrical systems, the MLA, MHS, MLE, and

MLN Series can be used in general applications. Refer to
the summary in Table 11. Selection Steps Protection Notes

Y/ | AN MLN Continuous Working Voltage Rating

MFV AU'_V”‘ AUTO MHS ML_A MITE Series DC condition; the operating voltage of the
Series  Series Series Series Series Series Continuous Voltage protected equipment or device plus the

Rating tolerance of the operating voltage.

Auto-  Auto- Low Standard 1206 4X Tolerance and maximum allowable voltage
Features motive motive Capa- Chip ESD A of normal operating voltage.
; . rray
Grade Grade citance Sizes

Energy and Peak Maximum expected surge current and
Current number of hits

1206 0603 0402 0201 0402 Vi e Lealane

Leakage current of the selected varistor is
-2220 1210 0603  -1210  -1206 Current appropriate for the circuit

e 11'V0Itages o e oo M __

These are the most critical parameters used for MLV i
selection: Table 12. MLV Selection Table (Worksheet)

Size 1206

1. Continuous Voltage Rating, RMS or DC, should be
>110% of the maximum expected voltage.

2. Device size depends on the transient energy or current
expected or on the required clamping voltage.

3. Energy and Peak Current ratings are a measure
of capability.

4. Max Clamping voltage is a reference point on the
V-l curve and is a measure of the protection level.

5. Varistor voltage can be used for incoming inspection
and internal manufacturing test purposes.

Maximum Ratings (125° C) Specifications (25°C)
Maximum Maximum Non- Maximum Non- |Maximum Clamping| Nominal Voltage Typical
Continuous repetitive Surge | repetitive Surge |Voltage at 1A (oras| at1mA DCTest [Capacitance
Part Number Working VoItage Current (8/20us) | Energy (10/1000us) Noted) (8/20;/5) Current atf=1MHz
-_ (pF)
V26MLAOBO3N | 26.0 20.0 0.100 | 60.0 | 310 | 380 110
L T ]L T ]L T ]L T ] L T ] L T ] L T ]
Part Number Continuous One Pulse One Pulse Clamping Voltage  Varistor Voltage Typical
Voltage Rating ~ Current Rating Energy at Specific Current Capacitance

Figure 14. MLV Electrical Specifications

© 2016 Littelfuse ® Multilayer Varistors (MLVs) Design Guide 12 www.littelfuse.com
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MLV Selection - Examples (continued)

EXAMPLE 1 (GENERAL SURGE PROTECTION)

Circuit conditions and requirements:

e 20VDC

e Current waveform for surge is 8x20us

e One-time peak current T00A

e Repetitive peak current at 3A

e Other components (Most vulnerable device to be protected, such as a IC rated at 300V

Approach to Compare Requirement

Finding Solution to V26MLA1206N

Step 1: To find the voltage rating of the MLV, allow for 20% head room take into
account voltage variations (20VDC x 1.2 + 24VDC; So look at 26VDC rated MLVs) Voltage rating of 26VDC
(Refer to the summary in Table 13)

Step 3: Check datasheet or contact factory for pulse withstanding curve Can meet 10000 time

Refer to the summary in Figure 13 surie iulses

Maximum Maximum Non- Maximum Non- |Maximum Clamping| Nominal Voltage Typical
Continuous repetitive Surge | repetitive Surge |Voltage at 1A (oras| at 1mA DCTest [ Capacitance
Part Number | Working Voltage | Current (8/20us) | Energy (10/1000us) |  Noted) (8/20us) Current at f = IMHz
Voo Ve I, W_, V. Voo Min [ Voo Max C
V18MLAO805N 18.0 14.0 120 0.300 44.0 22.0 28.0 520
V18MLAO805LN 18.0 14.0 40 0.100 44.0 22.0 28.0 290
V18MLA1206N 18.0 14.0 150 0.400 44.0 22.0 28.0 1270
V18MLA1210N 18.0 14.0 500 2.500 44.0 at 2.5 22.0 28.0 2930
V26MLAOGO3N 26.0 20.0 30 0.100 60.0 31.0 38.0 110
V26MLAOB05N 26.0 20.0 100 0.300 60.0 29.5 38.5 220
V26MLAOB05LN 26.0 20.0 40 0.100 60.0 29.5 38.6 190
V26MLA1206N 26.0 20.0 150 0.600 60.0 29.5 38.56 720
V26MLA1210N 26.0 |«20.0 300 1.200 60.0 at 2.5 29.5 38.56 1480

Step 1 - Determine the voltage rating of the MLV device

Table 13. Step 1 lllustration

Maximum Ratings (125° C) Specifications (25°C)
Continuous repetitive Surge | repetitive Surge |Voltage at 1A (oras| at1mA DCTest [Capacitance
Part Number | Working Voltage | Current (8/20pus) | Energy (10/1000us) Noted) (8/20us) Current at f=1MHz
V,‘ @ V A | W. / V(, V.‘ , Min V.. ., Max C
(V) (V) \% (V)
V18MLAO805N 18.0 14.0 120 0.300 44.0 22.0 28.0 520
V18MLAO805LN 18.0 14.0 40 0.100 44.0 22.0 28.0 290
V18MLA1206N 18.0 14.0 150 0.400 44.0 22.0 28.0 1270
V18MLA1210N 18.0 14.0 500 2.500 44.0 at 2.5 22.0 28.0 2930
V26MLAOB0O3N 26.0 20.0 30 0.100 60.0 31.0 38.0 110
V26MLAO805N 26.0 20.0 100 0.300 60.0 29.5 38.5 220
V26MLAO805LN 26.0 20.0 40 0.100 60.0 29.5 38.5 190
V26MLA1206N 26.0 20.0 I 150 [ 0.600 60.0 29.5 38.5 720
V26MLA1210N 26.0 20.0 300 \ 1.200 60.0 at 2.5 29.5 38.5 1480

< ) ) .
Step 2 - Determine the size of the MLV device
Table 14. Step 3 lllustration
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MLV Selection - Examples (continued)

Step 3 - Determines the Repetitive Pulse Capability

100 AR CURRENT = oA
8/20 s DURATION, 30s BETWEEN PULSES
w V26MLA1206
<
5
g
10
0 2000 4000 6000 8000 10000 12000
NUMBER OF PULSES
Figure 14. Step 3 lllustration
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Step 4 maximum voltage at 100A V26MLAis at 150V
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Figure 15. Step 4 lllustration
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MLV Selection - Examples (continued)

EXAMPLE 2 (LOAD DUMP PROTECTION)

Circuit conditions and requirements:

e 12VDC

e Current waveform for surge is Load Dump (time of emery input 40ms, interval 60 seconds)

e Load Dump Energy 10J for 10 pulses

e  Other components (Most vulnerable device to be protected, such as an IC rated at 150V, typically rated
with 8x20us waveform)

Approach to Compare Requirement

Finding Solution to V18AUMLA2220

Step 1: To find the voltage rating of the MLV, allow for 20% head room take into
account voltage variations

(12VDC x 1.2 + 14.4VDC; So look at 18VDC rated MLVs) (Refer to the summary in
Table 15)

Voltage rating of 18VDC

Step 3: Use V- Curve of selected MLV to verify that he peak voltage will be

below 50V ceiling (Refer to the summary in Figure 16) REEL SO0

Maximum Ratings (125) Specifications (25°)

Maximum | Jump Start | Load Dump Nominal Varistor Maximum Maximum Clamping
Continuous Voltage Energy Voltage Standby Leakage Voltage (V) at

Part Number DC Voltage (5 Min) (10 Pulses) at 10mA (at 13V DC) Test Current (8/20us)

DCTest Current

VJUMP WLD VN(DC) Mln VN(DC) MaX IL VC IP
(\2) (®)) (W) [\ (LA) (V) (A)
V18AUMLA1206 18 24.5 1.5 23 32 50 40 1.5
V18AUMLA1210 18 245 3.0 23 32 50 40 1.5
V18AUMLA1812 18 24.5 6.0 23 32 100 40 5.0
V18AUMLA2220 18 245 25 23 32 200 40 10.0
V24AUMLA2220 24 24.5 25 32 39 200 60 10.0
V48AUMLA2220 48 W 24.5 25 54.5 66.5 200 105 10.0

\ Step 1 - Determine the voltage rating of the MLV device
Table 15. Step 1 lllustration

Maximum Ratings (125%) Specifications (25°)

Maximum Jump Start | Load Dump Nominal Varistor Maximum Maximum Clamping
Continuous Voltage Energy Voltage Standby Leakage Voltage (V) at

Part Number DC Voltage (5 Min) (10 Pulses) at 1T0mA (at 13V DC) Test Current (8/20us)

DCTest Current
N(DC) Mln | VN(DCD Max |

V18AUMLA1206 18 24.5 1.5 23 32 50 40 1.5
V18AUMLA1210 18 245 3.0 23 32 50 40 15
V18AUMLA1812 18 245 6.0 23 32 100 40 5.0
V18AUMLA2220 18 245 | 25 | 23 32 200 40 10.0
V24AUMLA2220 24 24.5 25 K 32 39 200 60 10.0
V48AUMLA2220 48 24.5 25 N\, 545 66.5 200 105 10.0

\ Step 1 - Determine the size of the MLV device

Table 16. Step 2 lllustration
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MLV Selection - Examples (continued)

[TETIE T Tt errme 0 T 1 Ternne 1 e T PO 1 TTIr 1 1T
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Figure 16. Step 3 Maximum leakage current/clamping voltage curve for AUML Series at 25°C
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MLV Selection - Examples (continued)

EXAMPLE 3 (ESD PROTECTION)

Circuit conditions and requirements:

e  Circuit operating voltage at 3.0VDC

e  Current waveform IEC61000-4-2 ESD waveform

e 30 times at 8kV Contact Discharge

e Signal speed at 500MHz

e Other components (Most vulnerable device to be protected, such as an IC rated at 500V)

Approach to Finding Solution Compare Requirement to V0402MMHSO03N

Step 1: To find the voltage rating of the MLV, allow for 20% head room
take into account voltage variations (3.0VDC x 1.2 + 3.6VDC; So look at Voltage rating of 5.5VDC
5.5VDC rated MLVs) (Refer to the summary in Table 17)

Step 3: Check signal integrity with Insertion Loss Chart (Refer to the

L Can meet -3dB at 1000GHz
summary in Figure 17)

Performance Specifications (25 °C)

Typical
Inductance
(from Impedance
Analysis)

Typical Leakage Typical
Current at Specified | Capacitance at
DC Voltage 1MHz (1V p-p)

Maximum ESD Clamp

Maximum
Voltage (Note 1)

Part Clamping
Number Voltage At -
1A (8X20us) | 8kV Contact (Note 2) 15kV AIR (Note 3) 3.5V 5.5V C (Note 4)

V0402MHSO3N 135 <300 <400 0.5 1.00 2 5 <1.0

VOB03MHSO3N 135 <300 <400 0.5 1.00 1 6 <10

V0402MHS12N 55 <125 <160 0.5 1.00 8 16 <1.0

VOB03MHS12N 55 <125 <160 0.5 1.00 8 16 <10

V0402MHS22N 30 <125 <160 0.5 1.00 15 %) <1.0

VOB03MHS22N 30 <65 <100 0.5 1.00 15 29 <1.0
)

Step 1 - Determine the voltage rating of the MLV device/
Table 17. Step 1 lllustration

Performance Specifications (25 °C)

Typical
Inductance
(from Impedance
Analysis)

Typical Leakage Typical
Current at Specified | Capacitance at
DC Voltage 1MHz (1V p-p)

Maximum ESD Clamp

Maximum
Voltage (Note 1)

Part Clamping

Number VoltageAt | =
1A(8X20ps)| 8kV Contact (Note 2) | 15kV AIR (Note 3) | 3.5V | 5.5V | C (Note 4)

Clamp Clamp P MIN | MAX

V) i (V)

V0402MHSO3N 135 <300 <400 0.5 1.00 2 5 <10
VOB03MHSO3N 135 <300 <400 0.5 1.00 1 6 <10
V0402MHS12N 55 <125 <160 0.5 1.00 8 16 <1.0
VOB03MHS12N 55 <125 <160 0.5 1.00 8 16 <10
V0402MHS22N 30 <125 <160 0.5 1.00 15 2% <10
VOB03MHS22N 30 <65 \ <100 0.5 1.00 15 29 <1.0

N Step 2 - Determine the size of the MLV device
Table 18. Step 2 lllustration
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MLV Selection - Examples (continued)
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Figure 17. Step 3 Step 3 lllustration - Insertion Loss (S21) Characteristics

Step 4 use multiple ESD impulse chart for Repetitive ESD
withstanding capability, at 10,000 times for V0O402MHS03
device to 8KV contact discharge per IES 61000-4-2
60
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o 40
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Figure 18. Step 4 lllustration - Nominal voltage stability to multiple ESD impulses
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Appendix | - General Application Examples

GENERAL APPLICATIONS

Providing protection against ESDs is a significant concern when designing wearable devices, smart phones, computers,
televisions, or other electronics. Every time a user touches a screen, pushes a button, or plugs/unplugs a data cable, there is

an opportunity for potentially damaging ESD and transient surges. The same threats exist for other consumer electronics (LCD/
LED TVs, set-top boxes, MP3/PMP players, and many others).

Whether the application is a home appliance, a smart phone, or an industrial panel, as long as there is EMC susceptibility, MLV
devices offer a smart way to protect it. The MLV devices can well protect I/O ports like audio lines, USB ports, and RS-232
interfaces where ESD could otherwise gain access.

VCC
O_NY\ ®
O—KW\ T cPU
1
O O Interface
Button Connector
Control ﬂ
MLV
MLV | MLV | MLV
The MLV devices are ideal for ESD protection of buttons, The MLV devices can be applied in interface circuits,
control keys, or anywhere an ESD path can be formed. like a control line for microprocessors.
S-vid
> - elugo DX‘CC}ZCI’JC
SPK+ R —
Speakel’ 5 Luminance
-~ : o ,
T | _ T Chrominance
% N (2) VOMLA0402
SPK- R MLVH ﬂ MLV °l: ‘
E T L-GND
i - CGND
— = = - Shield +
/77 Ground
Audio I/Os like the earphone jack, can allow ESD to penetrate the The characteristics and location of an MLV device will protect the
audio IC and can cause damage due to the low-speed line video system from most overvoltage surges that might occur
in nature, MLVs are ideal for such applications. on the S-video input lines.
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Appendix Il - Automotive Application Examples (continued)

AUTOMOTIVE APPLICATIONS

Modern vehicles have many electronic components within them. MLV is mostly used in the signal line and DC bus for ESD and
surge protection.

PPTC
CANH M | Relay
CAN — VIRANS Coil
Bus T ?
IC

Starter
= AUML/ Protected Lights
CANL MLA Auto System Speaker
— Etc.
I
CAN Bus ICs are susceptible to Automotive transients. Protect vehicle subsystems (for example, airbag, power train,
AUML and MLA Series devices offer protection for both and climate control) from alternator transients with an Auto MLV.
the data and DC lines. Use it as a shunt for the transient surge to protect the DC power
line against the surge.
ME
Voltage ° Py M tntenna
Regulator Audia mterfacel &
ECU, Airbag, Speaker  MLY Drive
't\Eln"gé?rr\mem, M
etc.
e Protected ® l
Alternator — System T |
MLV
Feseor Memary Flash' RAF
Mansgement EEFROM FrontEnd
L g L 4
To protect against automotive relay surges, use an Auto MLV Automotive subsystems like the audio system are also
to absorb the arcing energy released by the magnetic fields of susceptible to transient-induced surges.

the relay.
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Legal Disclaimers

Liability

Littelfuse, Inc. its affiliates, agents, and employees,

and all persons acting on its or their behalf (collectively,
“Littelfuse”), disclaim any and all liability for any errors,
inaccuracies or incompleteness contained here or in any
other disclosure relating to any product. Littelfuse 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 Littelfuse terms and conditions of purchase,
including but not limited to the warranty expressed therein,
which apply to these products.

Right to Make Changes

Littelfuse reserves the right to make any and all changes to
the products described herein without notice.

Not Intended for Use in Life Support or Life Saving

Applications

The products shown herein are not designed for use

in life sustaining or life saving applications unless
otherwise expressly indicated. Customers using or selling
Littelfuse products not expressly indicated for use in such
applications do so entirely at their own risk and agree

to fully indemnify Littelfuse for any damages arising or
resulting from such use or sale. Please contact authorized
Littelfuse personnel to obtain terms and conditions
regarding products designed for such applications.

Intellectual Property

No license, express or implied, by estoppel or otherwise,
to any intellectual property rights is granted by this
document or by any conduct of Littelfuse. Product
names and markings noted herein may be registered
trademarks of their respective owners. Littelfuse makes
no representations or warranties of non-infringement or
misappropriation of any third party intellectual property
rights unless specifically provided for herein.
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Specifications, descriptions and data contained in this
document are believed to be accurate. However, users
should independently evaluate each product for the
particular application. Littelfuse reserves the right to
change any information contained herein without notice
and may, at its sole discretion, change the design,
manufacture or construction of any product. Visit
www.littelfuse.com for the most up-to-date information.
Littelfuse’s only obligations for any of its products are
specified in its Standard Terms and Conditions and
Littelfuse shall not be liable for any indirect, consequential
or incidental damages from any sale or use of any of its
products.
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