
Introduction to 
High Power TVS Overvoltage Protection Devices


This module will introduce you to the Littelfuse High Power TVS product offerings of overvoltage protection devices.  We will look at the key performance parameters of these devices, note their unique benefits and features and will discuss how they are used to protect AC power lines.  The estimated time to complete this module is 10 minutes.
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Outline
	AC Line Overvoltage Protection

The race is on
Clamping vs Crowbar
	Key Parameters

Peak Pulse Current IPP / (AK1–AK15)
10x1000 vs 8x20 / IEC 61000-4-5 
Stand-Off Voltage VSO
Peak Voltage vs RMS Voltage
Reverse Breakdown Voltage VBR
Clamping Voltage VCL (vs GDT Crowbar)  
	Features & Benefits

Ipp / Vcl / Surge Life / Compact Form Factor
	Very High Current Solution 

MOV–L–AK Pi Network

We will begin with a brief discussion on overvoltage protection in general.

That will be followed by a description of the key parameters that define High Power TVS protection devices and how they are applied to AC power line applications.

We will then review the features and benefits unique to the A-K line of high power TVS protection devices.

Finally, we will look at an application circuit that allows the AK series devices to be used in nearly any AC power line protection scheme to deliver outstanding voltage protection..
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The Race is On!


Overvoltage Protector
Protected Circuit
Overvoltage Event





The basic strategy for any overvoltage protection scheme is to place the protector in parallel with the protected circuit.  Voltage in an electrical circuit is analogous to pressure in a plumbing system.  The overvoltage protector then functions as a kind of high pressure safety valve.

The protected circuit is not designed to handle voltages above a certain level.  Forcing these circuits into conduction with high voltages can damage them permanently.  The overvoltage protector, on the other hand, is specifically designed to breakdown at a certain voltage level and conduct large amounts of current without sustaining damage.

The challenge is to insure that the overvoltage protector will break down before the protected circuit and safely redirect the unwanted energy away from the protected circuit.  In a sense, there is a race between the overvoltage protector and the protected circuit to breakdown in the face of a rising voltage.  We must be sure that the overvoltage protector wins this race every time!
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Clamping Devices vs Crowbar Devices
Trigger Voltage



Vline



Delatch
Crowbar Devices




Vline
Transient Event

























Clamping Devices

Clamp Voltage


Vline

Overvoltage protection devices can be divided into two classes.

Clamping devices limit the voltage to a fixed level.  In doing so, they absorb the excess energy of the overvoltage event as long as the event is present.  TVS diodes are an example of clamping devices.

Crowbar devices, once triggered, essentially short out the protected line, redirecting the excess energy away from the protected circuit.  Once the overvoltage event has stopped,  crowbar devices will “delatch” and allow the circuit to resume normal operation.  Because they short out the protected line when activated, crowbar devices are used only in applications where the available power is limited – such as telephone circuits, data lines and signaling systems. TVS devices are all clamping devices.  
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We will begin with a brief discussion on overvoltage protection in general.

That will be followed by a description of the key parameters that define High Power TVS protection devices and how they are applied to AC power line applications.

We will then review the features and benefits unique to the A-K line of high power TVS protection devices.

Finally, we will look at an application circuit that allows the AK series devices to be used in nearly any AC power line protection scheme to deliver outstanding voltage protection..
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Key Parameters: IPP - Peak Pulse Current


AK6, AK10 Released
AK1, AK3, AK15 in Development
AK-6           AK-10

The first parameter we will discuss is the Peak Pulse Current rating.  

The peak pulse current rating is measured during a very short energy pulse that simulates an inductively coupled lightning pulse.  The A-K series of high power TVS diodes use a different standard pulse shape than the conventional TVS product line.  Smaller TVS diodes are rated using what is called a 10 by 1000 micro second double exponential wave form.  
This is a very common pulse used in the telecommunications industry.  However, the A-K series is rated using the much shorter 8 by 20 wave form. 

This data sheet excerpt is from the A-K-10 series which has a 10 thousand amp peak pulse current rating.  The A-K-6 series is very similar except that the peak pulse current is 6 thousand amps.  The A-K-1 and A-K-3 are even smaller devices in development as well as the larger A-K-15 series.

Now lets take a look at the actual current pulse in more detail.
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Key Parameters: Peak Pulse Power
	Double Exponential Waveforms

Simulate induced lightning events
Rise time & decay time in microseconds
8 x 20 (IEC 61000-4-5)
10 x 1000 (Telephone)

As we have seen, peak pulse current ratings are measured using laboratory generated pulses that are designed to simulate the pulses caused on cables by nearby lightning strikes. 

These waveforms are called double exponential waveforms.  The 8 by 20 waveform is used to specify the peak pulse current in the A-K because it is the standard pulse wave form used to rate the peak pulse current of metal oxide varistor products, also known as M-O-Veez.  Since the A-K series is designed as a premium play in the M-O-V space, using the same rating system makes it easy for the design engineer to select the appropriate A-K series for their application. 

Eight by twenty means that the current wave will take eight microseconds to achieve its peak value and will take twenty microseconds to decay to half of the peak value.  Specifying three things, the peak value, the rise time and decay time fully define the waveform

Smaller TVS diodes are rated using a much, much longer ten by one thousand waveform which is commonly used in telephone circuits..

The 8 by 20 waveform is defined in the I-E-C 61 thousand dash 4 dash 5 test specification.  This is the global specification for devices placed on AC power lines and is recognized around the world.  

What is key to understand here is that the peak pulse current rating for A-K devices are much, much higher than the peak pulse current ratings for smaller TVS devices for two reasons.  One is that the A-K series devices contain a lot more silicon and metal than a standard TVS device and are much more robust.  The second reason is that the A-K series is rated using a much shorter current pulse, so the peak pulse current rating will be much higher.  
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The TVS V-I Curve
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The next few parameters we will be discussing appear on what is known as a V-I curve.  This characteristic curve displays the voltage and current relationships in a TVS diode.  The voltage is shown horizontally and the resulting current is shown vertically.  

The Littelfuse line of high power TVS devices are bidirectional devices.  That is, they have the same characteristic curve in the positive and the negative directions, so it does not matter which way they are inserted into the circuit.  As you can see from the graph, the left side of the curve is the mirror image of the right side, except of course that negative voltages will drive negative currents.
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Key Parameters: VSO


Standoff Voltage

The first parameter for the V-I curve is V sub S-O.  This is the maximum continuous voltage that can be applied to the TVS diode that will not cause it to begin to conduct.  V sub R should then be a higher number than the highest working voltage in the protected system.  The next slide has more detail on working voltages for A-C systems.

V sub S-O is measured by running a very small test current, called I sub R through the device and measuring the resulting voltage.  For the A-K series, I sub R is only twenty micro amperes or one fifty thousandth of an ampere.  The intent is to keep the assure that the power dissipation at V sub S-O is minimal.  This means that the A-K device will not heat itself during normal operation.  For instance, an A-K-10 dash one ninety C device will dissipate less than four thousandths of a watt when subjected to V sub S-O.
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VSO for AC Power > Peak Voltage
RMS Voltage
VSO > RMS Voltage x 1.5
120VAC  190V VSO
240VAC  380V VSO
AC Voltage Waveform

When designing for AC systems, remember that the peak voltages are much higher than the commonly used RMS voltages.  You must also understand whether you are designing for phase to neutral or phase to phase protection as that also affects the peak voltages.  Choosing a V sub R that is even slightly too low can lead to overheating of the TVS diode due to continuous power dissipation.
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Key Parameters: VBR


Breakdown Voltage

Our next parameter is V sub B-R.  This is the breakdown voltage of the TVS diode.  This is the voltage at which real activity begins.  V sub B-R is measured by passing a test current called I sub T through the device and measuring the resulting voltage.  That sounds a lot like V sub R and, at least on this simplified graph, I sub R and I sub T look like they may be very similar.  In fact I sub T is 500 times higher than I sub R in the A-K series. Note that I sub R is measured in micro amps but I sub T is measured in milly amps.

For the A-K Series I sub T is ten milly amps.  Remember that the power dissipation is the voltage times the current, so V sub B-R times I sub T represents some real heating energy, especially on the higher voltage products.  An A-K-10 dash 4 30 C will be dissipating at least 440 volts times ten milly amps or 4 point 4 watts of power.  So do not be tempted to use V sub B-R as a substitute for V sub S-O as you may be surprised to hear of field problems due to the A-K device getting hot.
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Key Parameters: VCL


Max Clamping Voltage

V sub C-L, the maximum clamping voltage, represents the high end of the voltage characteristic curve.  It is the peak voltage that will appear across the TVS device during the rated peak pulse current test.

However, it is not the highest voltage that could ever appear across the A-K device.  A shorter pulse with more current would cause a higher voltage than V sub C-L to appear across the device.  Not all real world lightning wave forms will follow the industry specifications.  Nature does not read specs!

Similarly, the TVS diode could be destroyed if a voltage lower than V sub C-L but higher than V sub B-R is applied to the device for a sustained period of time.

It is important to note that because the A-K series are made of silicon, there is no aging mechanism like that found in ceramic technologies like metal oxide varistors.  As long as the peak pulse current rating is not exceeded, an A-K device will not wear out or degrade over time.

The V sub C-L rating in the data sheet therefore is tied very closely to the peak pulse current test waveform.  It is a good measure of comparing one overvoltage protection choice against another to get a good idea of their relative performance.  This is why the A-K series is rated using the same waveform as the M-O-V devices.  Since they share a peak pulse current test wave form, their maximum clamping voltages can be compared directly.
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Question 1: True or False
	High power overvoltage protection diodes are always connected in series with the load that needs to be protected, and not in parallel with the AC line.

FALSE
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Question 2: True or False
	The test waveform used for high power TVS Diodes is the same as the one used for conventional low power TVS Diodes.

FALSE
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Question 3: True or False
	AC peak voltages are higher than normally reference rms voltages.

TRUE
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Question 4: True or False
	An MOV will have the same infinite lifetime as a high power TVS Diode when exposed to the same high pulse current.

FALSE


*
Version01_100407

Question 5: True or False
	The power capability of a high current TVS Diode can easily match the largest MOVs and some times exceed them.

FALSE


*
Version01_100407

Outline
	AC Line Overvoltage Protection

The race is on
Clamping vs Crowbar
	Key Parameters

Peak Pulse Current IPP / (AK1–AK15)
10x1000 vs 8x20 / IEC 61000-4-5 
Stand-Off Voltage VSO
Peak Voltage vs RMS Voltage
Reverse Breakdown Voltage VBR
Clamping Voltage VCL (vs GDT Crowbar)  
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MOV–L–AK Pi Network

Now that you are familiar with the most important aspects of the A-K devices, lets look at some of the features and benefits of the A-K series.
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AK Series Features & Benefits
Photos roughly to scale.
	240VAC Line	AK Series	HB-Series MOV
	Part Number	AK10-380C	V271HB34
	VSO	380V	370V
	IPP (8x20)	10,000A	40,000A (1X)
10,000A (10X)
	Surge Life	Unlimited	Limited
	VCL @ 10KA	520V	>1000V
	Package Size	Small	Large














Since the AK series was designed as a premium competitor to M-O-V technology, it is useful to compare the two.

This chart contrasts the features and benefits of the AK series and the H-B series M-O-V which is very popular in industrial AC protection systems.  Specifically, we will be looking at the A-K-10 dash 3-80-C and the V-2-71-H-V-34.  Both of these devices are suitable for use on a nominal 240 Volt R-M-S AC line and they have V-sub-S-O values .

In comparing the peak pulse current values, the A-K is rated for 10 thousand amperes on an 8 by 20 waveform.  The M-O-V can withstand a single 40 thousand amp hit.  Such an energy pulse would surely destroy the A-K device.  But the M-O-V would essentially be at the end of its life as well.  The M-O-V could withstand ten of the 10 thousand amp hits, but probably not many more.  

This is where the A-K device really shines.  After 10 hits of 10 thousand amps, it would be as good as the day it was made.  There would be absolutely no shift in its electrical characteristics after a hundred such hits – or even a thousand.  But even small hits will age the M-O-V.  Bottom line is that eventually, the M-O-V will need to be replaced while the A-K device may last forever.

Another striking difference between the A-K series and the M-O-V is their clamping voltages.  During a ten thousand amp 8 by 20 surge, the voltage on the A-K will rise to 520 volts.  Under the same circumstances, the M-O-V will allow over a thousand volts to reach the protected circuitry.  For a lot of delicate electronics found in todays high tech A-C input circuits, the M-O-V may not be offering very much protection at all.

Finally, the A-K comes in a very compact package when compared with the M-O-V.  The photos here are roughly to scale and you can see how massive the H-B devices are.  In some applications, size and weight do matter.
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Since Littelfuse is a premier vendor of M-O-V devices, we should not leave you thinking that they don’t have a place in todays A-C input circuits.  Their lower cost and high surge capability is very valuable.  Lets take a look at an application circuit that combines the M-O-V with the T-V-S  to get the best from each of these complimentary technologies.
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The Best of Both Worlds
	Select MOV for long life.
	Use only air core inductors.
	Select TVS for low clamping voltage and minimum cost.

MOV – L – TVS Pi Network

This circuit is sometimes called a pie network because it is shaped like the greek letter pie.  There is an M-O-V across the input, a T-V-S across the output and an inductor is placed between them.

The M-O-V is used to absorb the brunt of the surge energy coming into the circuit.  It should be selected to be large enough to have a long life expectancy in the application.  More exposed installations will require larger M-O-V devices.  Sometimes several M-O-V devices should be placed in parallel to share the incoming surge.

The inductor is used to coordinate the operation of the M-O-V and the T-V-S.  At the peak of the surge, the voltage across the M-O-V will be divided across the inductor and the T-V-S.   Choosing the correct inductor will assure the survival of the T-V-S during the surge.  It is important to use only air core inductors in this application.  Iron core inductors are more common and smaller in size.  However, iron core inductors will saturate at currents well below the surge current.  Saturation effectively reduces the inductor value and will leave the T-V-S vulnerable to damage.

The T-V-S should be selected to achieve the low clamping voltage required.  Some effort is usually required to determine the best T-V-S for the application.  Choosing a small T-V-S will certainly keep costs in line, but will result in higher clamping voltages and a more expensive inductor.

Carefully selecting these three components has been shown to be a very effective protection solution providing the benefits of the M-O-V and the T-V-S.
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Question 1: True or False
	Both and MOV and a high power TVS Diode can be used together on an AC line to protect against induced lighting.

TRUE
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Question 2: True or False
	A high power TVS Diode will offer the desinger the lowest possible clamp voltage when protecting an AC power line.

TRUE
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Question 3: True or False
	The AK high power TVS Diode series is available with a uni-directional characteristic.

FALSE
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Question 4: True or False
	The power handling capability of a high power TVS Diode does not change as they get older.

TRUE
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Question 5: True or False
	A protection solution using and MOV is typically lower cost than using a high power TVS Diode.

TRUE
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Thank You!


Introduction to TVS
Overvoltage Protection Devices

Thank you.  This completes the Introduction to High Power TVS Diode Devices module.
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