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Abstract— Overvoltage events in power electronic systems can arise from external disturbances
(e.g., lightning and grid resonance), internal switching and fault conditions. Overvoltages can
lead to semiconductor damage, insulation stress, and reduced equipment life. This application
note reviews common overvoltage mechanisms and compares practical protection approaches,
including clamping devices (MOVs and TVS diodes) and crowbar devices (gas discharge tubes
and thyristor crowbars). Particular attention is given to thyristor crowbars, which are often
well-suited to high-energy or sustained overvoltage scenarios, where rapid reduction of bus volt-
age and therefore upstream fault clearing are required. A crowbar design procedure and device
selection considerations are provided in this application note. These help ensure that a crowbar
designed to use Dynex devices will operate reliable, and that upstream protection devices, such

as fuses, are correctly sized.

1 Introduction

This application note aims to review common
overvoltage threats and protection approaches,
and to introduce specific devices suitable for
use in power electronic systems.

Multiple protective devices are often used in
combination within a power electronic system;
however, this application note places specific
emphasis on thyristor crowbars.

Crowbars are widely applied in medium- and
high-power equipment, as they can provide a
controlled low-impedance path to rapidly col-
lapse the bus voltage. This allows the fault cur-
rent to be redirected, enabling upstream protec-
tion devices to clear faults.

Dynex manufactures a broad range of high-
power thyristors suitable for crowbar applica-
tions; hence, this application note provides de-
tailed crowbar selection and implementation
guidance to support power electronic system
designers.

© Dynex | Power through Innovation
www.dynexsemi.com

Technical Documentation — Not for resale.

Page 1 of 15


file://///dynexsemi.com/shares/users/trevino_m/Application%20Notes/www.dynexsemi.com
mailto:powersolutions@dynexsemi.com
http://www.dynexsemi.com/

ANGG73

2 Overvoltage Threats

Overvoltages in a power electronic system can
arise from numerous causes, including both in-
ternal and external sources, and may lead to a
range of effects, from minor damage to com-
plete equipment destruction in the worst-case
scenario.

2.1 Causes

This section aims to provide a list of possible
causes of overvoltages in a power electronic
system.

It is the responsibility of the system designer to
assess these causes of overvoltages in their spe-
cific application and apply appropriate mitiga-
tion measures.

2.1.1 External Events

2.1.1.1 Lightning strikes

Lightning strikes can cause an overvoltage to
occur due to the sudden change in current. A
lightning strike causes a high current to flow for
a short period of time, inducing a change in
voltage which can reach several hundreds of
kilovolts in magnitude [1].

The most exposed areas of a power transmis-
sion/distribution system contain protective
components such as surge arresters, which help
to reduce the magnitude of any strikes affecting
downstream equipment [1]. However, strikes
can still influence downstream equipment by
inducing a temporary overvoltage.

2.1.1.2 Temporary overvoltages
Temporary overvoltages (TOVs) are slow-
changing overvoltages caused by resonance
conditions on the power grid.

Different grid companies have differing defini-
tions of what constitutes a TOV - for example,
the United Kingdom National Grid defines
TOVs with durations between 10 ms and 5 s,
with RMS magnitudes up to 1.4 per unit (p.u.)

[2].

2.1.2 Internal Events

2.1.2.1 Switching surges
Switching surges are caused when switching
operations within the system induce a sudden
change in voltage or current.

Overvoltages due to switching surges can occur
due to the presence of energy storage

components in the system, such as capacitances
or inductances.

For example, switching of inductive loads, such
as motors, reactors or contactor coils, can cause
an overvoltage if there is a sudden change in
current, as the voltage drop of an inductive ele-
ment is proportional to the rate of change of cur-
rent.

Switching capacitors in and out of a system can
also cause oscillatory transients; for example,
an inrush current caused by a capacitor bank
charging could result in an overvoltage if induc-
tive components are in the current path.

2.1.2.2 Ground faults

Ground faults can cause an overvoltage to occur
when the ground reference is lost, depending on
the system grounding scheme. This is because
the voltage of non-fault phases may rise above
an allowable voltage limit when this reference
is lost, causing an overvoltage.

Ground faults are becoming a greater concern
with the move towards distributed renewable
energy sources [3], which have lower inertia
compared to large generators such as gas tur-
bines. This lower inertia can cause more grid-
level instability, increasing the likelihood of a
ground fault.

2.1.3 System-Specific Events
These events are specific to a particular type of
system.

2.1.3.1 Load rejection

Load rejection can cause an overvoltage, espe-
cially in generator systems with high inertia.
This is because there is an excess of electrical
energy caused by the rejection of the generated
energy, which can result in an overvoltage.

2.1.3.2 Transformer energisation
Transformer energisation can cause an over-
voltage due to high inrush currents caused by
core saturation and reflected transients — these
occur especially when switching at certain
points in the AC cycle.

2.2 Effects

Overvoltages can have numerous undesirable
effects within a power electronic system:

e Semiconductor device damage can oc-
cur — power semiconductors such as
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insulated gate bipolar transistors (IGBTSs)
and diodes are sensitive to overvoltage,
and this can cause breakdown of internal
insulation, overheating or destruction of
the device’s silicon.

e Insulation breakdown can occur, as
overvoltage can stress the insulation
within a system, leading to partial dis-
charge, material tracking or full dielectric
failure in the worst case.

e Accelerated aging of components can
occur when components in a system, such
as capacitors or transformers, are oper-
ated close to or above their rated voltage.

e Overheating can also occur — for exam-
ple a transformer may experience ele-
vated core losses when operating at a
higher voltage than it was designed for.

e Damage to the load can occur if the volt-
age rating of the load is exceeded.

e Theelectric shock risk is elevated as ac-
cessible conductive parts could rise
above a safe voltage.

e Control system issues may arise, for ex-
ample sensor failures or false triggering
of power devices, causing safety issues.

3 Protection Behaviours
Numerous protective devices exist to protect
against overvoltages in a power electronic sys-
tem.

These are usually in one of two categories, de-
pending on their behaviour during an overvolt-
age event:

e Clamping — this limits the voltage be-
tween defined levels by absorbing ex-
cess energy, preventing it from exceed-
ing specified thresholds.

e Crowbar — this introduces a controlled
low-impedance path to rapidly reduce
the voltage to near zero, allowing up-
stream protection devices such as circuit
breakers to operate.

The ‘crowbar’ name for this type of pro-
tection originates from an analogy of
placing a metal crowbar across busbars
to intentionally force a short circuit.

While each device type has different character-
istics, these are often complementary, so

different device types are often used in combi-
nation with each other to protect circuits.

Figure 1 shows the difference between the
clamping and crowbar behaviours for an exem-
plar voltage waveform.
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Figure 1. Comparison of clamping and
crowbar characteristics for an example
waveform.
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3.1 Thyristor Crowbars

Thyristor crowbars place one or more thyristors
in parallel with the protected supply (for exam-
ple across a DC link). Under normal operation,
the thyristor remains in its blocking state;
hence, only a small leakage current flows.

Figure 2 shows a typical thyristor crowbar
circuit. The trigger circuit detects the overvolt-
age and provides a gate current pulse. This cur-
rent pulse causes current to flow between the
anode and cathode, creating a low-impedance
path to rapidly collapse the protected voltage.

Fuse
+
]gllrgc}ﬁ{ Trig Out Thyristor |::| Load

Figure 2. Simplified DC thyristor crowbar
circuit.

Once triggered, a thyristor ‘latches’ on and re-
mains conducting without further gate drive,
provided the anode current remains above the
device’s holding current.

In AC systems, the current naturally passes
through zero every half-cycle, which can com-
mutate the thyristor off. However, in DC sys-
tems, the current will not self-commutate, so
current needs to be interrupted using another
mechanism, such as using a fuse, a forced-com-
mutation method or using a thyristor with turn-
off capability (e.g. a gate turn-off thyristor).

This latching behaviour is advantageous in a
crowbar application as only a single gate pulse
is required during the event.

In AC systems, two thyristors may be con-
nected in an antiparallel configuration to ensure
that the AC line can be collapsed in both direc-
tions, as shown in Figure 3.

Figure 3. Example of an antiparallel thyris-
tor configuration.

3.2 Gas Discharge Tubes

3.2.1 Performance

Gas discharge tubes consist of two electrodes
enclosed within a sealed gas-filled tube. They
are typically connected in a circuit in a shunt
configuration between different voltage levels,
for example between the positive and negative
terminals in a DC system, or between phases in
an AC system.

A large voltage between two electrodes causes
a strong electric field between them, which
leads to an avalanche of impact ionisation and
therefore allows current to flow between the
electrodes [4, p. 697] — this large voltage is
known as the breakdown voltage.

This phenomenon is exploited by a gas dis-
charge tube — the manufacturing parameters
such as the gas, electrodes and electrode dis-
tance are carefully controlled to set the break-
down voltage accordingly.

Once the discharge is triggered, the gas dis-
charge tube will continue to conduct until the
current reduces to a certain level — this reduc-
tion could, for example, be achieved with exter-
nal protection devices in the system such as cir-
cuit breakers set to trip at a specific current.

3.2.2 Practical Considerations

Gas discharge tubes cannot be controlled exter-
nally; therefore, the breakdown voltage needs
to be set appropriately to ensure that the tube
does not trigger spuriously.

Gas discharge tubes may have a limited lifespan
for certain applications — most gas discharge
tubes are only rated for a finite number of shots
depending on the type of event. Replacement
could entail taking the system out of service to
replace the gas discharge tube, impacting sys-
tem availability.
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3.3 Metal-Oxide Varistors

3.3.1 Performance

Metal-oxide varistors (MOVS) are a type of var-
iable resistor whose resistance changes in pro-
portion to the voltage across it. These are placed
in a shunt configuration in a circuit.

Figure 4 shows the typical voltage-current
characteristics of the MOV.

—VBr J
] v

Figure 4. Typical current-voltage character-
istics for a metal-oxide varistor.

MOVs are bidirectional devices, i.e. they pro-
tect both in Quadrant 1 and Quadrant 3.

Their resistance is very high while the magni-
tude of the voltage is less than the breakdown
voltage, Vgr. As soon as Vgg Is reached, the
MOV’s resistance decreases significantly, al-
lowing current to flow. This therefore clamps
the voltage to be around the breakdown voltage
of the MOV.

3.3.2 Practical Considerations
MOVs are typically formed of a semiconduct-
ing material placed between two electrodes —
due to this construction, which is very similar
to a capacitor, they can exhibit relatively high
leakage currents at higher frequencies.

MOVs can absorb relatively high amounts of
energy, such as the energy released by a light-
ning impulse. These lightning impulses are usu-
ally modelled as a 1.2/50 ps waveform (as
shown in Figure 5), as per IEC 61000-4-5 [5].
This has a rise time of 1.2 ps from 10% to 90%
of the expected overvoltage and then takes 50
s to decrease to 50% of the expected overvolt-
age.

Normalised Voltage

0 20 40 60 80 100
Time (us)

Figure 5. Normalised waveform of a 1.2/50us
overvoltage, generated using the method
described in [6].

MOVs are often able to act faster than other
means of protection, which makes them an ex-
cellent choice for events such as lightning im-
pulses, but they are not designed to conduct a
continuous amount of current for a significant
amount of time — doing so can cause damage to
the MOV itself and the wider system.

Methods to mitigate this include careful selec-
tion of the MOV to ensure the clamping voltage
is not too low. It is also important to ensure that
upstream protection, such as fuses and/or cir-
cuit breakers, is dimensioned correctly.

Alternatively, a thyristor crowbar or gas dis-
charge tube can be used as an additional protec-
tion device to reduce the voltage using a crow-
bar action, essentially forcing the MOV’s re-
sistance to increase and helping to stop the
MOV from conducting.

3.4 Transient Voltage Suppres-
sion Diodes

Transient voltage suppression (TVS) diodes are
clamping devices — they are placed across the
device they are protecting and clamp the volt-
age between two lines. These have similar be-
haviours in general to MOVs but are semicon-
ductor devices rather than acting as voltage-de-
pendent resistors.

TVS diodes are available in both unidirectional
and bidirectional versions — the unidirectional
versions are often used to protect DC lines,
whereas the bidirectional versions are more
commonly used to protect AC lines.
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In power electronics applications, TVS diodes
are not commonly used directly at the power
electronics level, as they are only available in
lower voltage and current ranges.

However, they still play an important role in
power electronic systems. For example, they
can be found on the power lines of a semicon-
ductor gate driver, or on the signal lines of ana-
logue inputs on a microcontroller board used to
control a power electronics system.

3.5 Summary of Protection

Methods
A comparison of the four main types of over-
voltage protection devices discussed in this ap-
plication note is provided in Error! Reference
source not found..

In practice, effective overvoltage protection in
a power electronics system is achieved using
multiple devices in combination with each
other.

Table 1. Comparison of the four main types of overvoltage protection devices discussed in

this application note, based on [4].

Thyristor Crowbar

Gas Discharge Tube

Transient Voltage
Suppression Diodes

Metal Oxide Varis-
tors

ing on device

Behaviour Crowbar Crowbar Clamping Clamping
Response time s range ms range ns range s range
(trigger time) K & & & K &

Tens of kV depend-
Voltage rating ing on number of se- Can rea.ch MV ranse Maximum 1 kV Around 5 kV
. . depending on design
ries devices
Current rating Tens of kA depend- Hundreds of kA Hundreds of A Thousands of A

Very good — drive

Fair — dependent on

Poor — may trigger

Fair — dependent on

Accurac circuit can determine the gas discharge . .
y when to fire u%be design & spuriously the MOV design
. Lower-energy sus-
High energy events Extremely high .Fast low-energy tained events where
. . surge currents, where | spikes, e.g. to protect | . . .
Most suitable for or sustained over- . : . ride-through is desir-
voltages acceptable and re- signal rails on a mi- able and MOV can
placeable crocontroller
handle the pulse
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4 Dynex’s Thyristors in a

Crowbar Application
Dynex manufactures a very comprehensive
range of high-power thyristors which lend
themselves very well to crowbar applications,
with the following characteristics:

e High surge current — the high surge cur-
rent capability of Dynex thyristors allows
a thyristor to conduct a current signifi-
cantly more than its rated value for a short
duration of time without damage.

e High energy absorption capability
(I*t) — Dynex thyristors have a high en-
ergy absorption capability and high 1%t
rating, meaning that the thyristor will not
fail before any upstream protection, such
as fuses or circuit breakers, if the thyris-
tor is chosen carefully. This also ensures
that any assemblies remain mechanically
robust as the thyristor’s case should not
rupture if the I2¢ rating is not exceeded.

e Low thermal resistance — the low ther-
mal resistance of Dynex press-pack thy-
ristors allows them to be cooled effec-
tively, especially when the surge currents
cause localised heating.

e Low on-state voltage — the low on-state
voltage of Dynex thyristors provides a
hard clamping effect.

e High mechanical robustness — Dynex
press-pack thyristors, especially when
paired with an appropriate clamp, such as
the Dynex DC range, are mechanically
very robust — when clamped correctly,
there is consistent conduction across the
entire silicon surface, and resistance to
vibration and thermal cycling.

e High electrical ruggedness — Dynex
thyristors are designed to withstand high

di .
rates of change of currents (d—;), S0 remain

reliable even when the current changes
quickly — this is important in a crowbar
application where the device is expected
to switch in quickly.

5 Design Considerations

for Thyristor Crowbars
There are certain parameters that should be con-
sidered when selecting thyristors for a crowbar
application. This section aims to address these
parameters.

5.1 Device Type
Dynex manufacture multiple types of thyristors
that are suitable for a crowbar application.

e Press-pack thyristors are very com-
monly used for a crowbar application, es-
pecially at standard speeds. Dynex press-
pack thyristors are available at voltage
ratings up to 8.5kV.

e Pressure contact bipolar modules offer
a lower-cost solution, especially for
lower voltages — they can be easily inte-
grated into a system by being mounted
onto a heatsink or coldplate.

e Bidirectional thyristors are press-pack

thyristors with two anti-parallel thyristor
basic units in one package.
This may reduce the size of the crowbar
assembly, but the main drawback is that
they are harder to cool, possibly resulting
in a higher peak junction temperature or
longer reset time.

e Gate turn-off thyristors have the key

advantage of a controllable turn-off
mechanism when compared to regular
thyristors. Therefore, they may be a good
choice for applications where this is re-
quired, such as a repetitive pulse applica-
tion.
However, gate turn-off thyristors often
have lower current ratings than an equiv-
alently sized press-pack thyristor. Addi-
tionally, the turn-off mechanism requires
a significant amount of current, so the
gate driver needs to be carefully de-
signed.
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e Pulse power thyristors are thyristors
specifically designed for high % applica-
tions — they have g—i ratings 10 to 20 times

higher than a standard thyristor.
Depending on the pulse power thyristor
chosen and the application, series diodes
may need to be added to the crowbar as-
sembly to enhance the reverse voltage
blocking capability.

5.2 Selecting the Appropriate
Device

This section details the steps that should be

taken to select the appropriate device(s) for a

crowbar application.

5.2.1 Blocking Voltage

The selected thyristor must have an appropriate
blocking voltage, such that it is able to block the
voltage across it while the crowbar is off.

A good rule-of-thumb is to select a blocking
voltage that is at least 2 times the voltage ex-
pected across the thyristor in the application.

5.2.2 Determine the Current Wave-
form

The current waveform through the crowbar

should be determined, as if the crowbar was an

ideal switch.

While, in theory, an ideal switch being closed
would result in an infinite current, in practice,
this is limited by numerous circuit elements,
such as parasitic inductances and any system
capacitances.

From the current waveform, the following pa-
rameters can be determined:

. Z—i (rate of change of current through

the thyristor).
e Peak current.

5.2.3 Fuse/Protection Coordination

If the crowbar application relies on a fuse to
provide the upstream protection in the power
system, the rated /%t of the thyristors used
should be greater than or equal to the 1%t of the
fuse. If this is not observed, there is a risk that
the thyristor’s case may rupture before the fuse

or other upstream protection mechanism acti-
vates.

It is also common to add a safety margin to the
required thyristor 12t above that of the fuse.

524 2—i Limitations
The Z—i (rate of change of current flowing

through the thyristor) should be kept below the
non-repetitive limit given in the thyristor
datasheet.

In a circuit, stray or loop inductance may help

to control the %, but the layout is critical and

should therefore be assessed using simulations
or measurements of the system.

525 % Limitations
The % (rate of change of voltage across the thy-

ristor) should be kept below the datasheet limit
— if this is exceeded, there is a risk of unwanted
thyristor triggering, meaning that the crowbar
activates spuriously.

A snubber may be placed across the thyristor to
limit the % across the thyristor — Dynex appli-

cation note AN6481 covers the practical design
of an RC snubber, but the system designer
should determine the appropriate snubber type
for their application.

5.2.6 Gate Drive

For a crowbar application, the gate drive should
be able to provide a high peak gate trigger cur-
rent Igrpk) as Well as a fast gate current rise

time (%3). This allows the thyristor(s) to turn

on as quickly as possible and ensures the active
conduction area is as large as possible.

However, the peak gate trigger current should
not exceed the datasheet rated value, as this
could cause damage to the device.

Dynex application note AN6148 covers the de-
sign of gate drivers for thyristors. However, nu-
merous off-the-shelf and custom gate driver so-
lutions are also available on the market.

5.2.7 Thermal Analysis

A transient thermal analysis should be per-
formed to assess the maximum junction temper-
ature. This is usually performed by inputting the
expected current waveform into a conduction
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loss model of the thyristor(s), and then using the
transient conduction loss to determine the max-
imum junction temperature.

Many circuit simulation packages, such as
PLECS, include the ability to run these simula-
tions.

Most thyristor datasheets provide thermal mod-
els as a Foster model, which is comprised of a
sum of multiple exponentials. However, the
Cauer model represents the thermal models as a
chain of thermal resistances and capacitances
representing the different layers within the de-
vice, which means that it more accurately rep-
resents the realistic device behaviour.

Foster models can be converted to Cauer mod-
els using numerous tools, such as within
MATLAB/Simulink [7] or PLECS [8, p. 183].

If the crowbar is expected to be fired repeti-
tively, a larger device with a lower thermal re-
sistance may be required — this will allow the
junction to be cooled faster.

Therefore, a steady-state thermal analysis, such
as that offered by PLECS [8, p. 222], can be
used to assess this by trialling different devices
and determining whether the maximum junc-
tion temperature of the device is exceeded.

5.3 Triggering Strategies

For a crowbar application, ideally the triggering
system should be self-contained, i.e. not requir-
ing any external input from a controller or other
means.

Traditionally, break-over diodes [9] are em-
ployed — these provide a break-over action
when the voltage exceeds the device’s set volt-
age to create a trigger pulse to drive the thyris-
tor gate.

Other approaches to achieve triggering are pos-
sible, such as using a Zener diode trigger or an
external comparator circuit.

5.4 Assemblies

Typically, thyristors used in a crowbar applica-
tion must be assembled into a clamp or other
form of assembly as shown in Figure 6.

The design of this assembly is critical to ensure
proper crowbar function and system protection.
For example, the loop and parasitic inductance

must be controlled, and the clamp must be
properly designed to account for potential ex-
pansion and contraction during high-energy
events.

Figure 6. lllustrative example of a typical
Dynex crowbar assembly.

Dynex has extensive experience supplying thy-
ristor crowbar assemblies through the Power
Assemblies department, as well as discrete de-
vices for this application.

The Power Assemblies team can provide multi-
disciplinary design support covering electrical,
mechanical, thermal and testing aspects.

Engaging early with the expected fault wave-

form (voltage, current, %, pulse width, repeti-
tion) and upstream protection approach can
help ensure the implemented solution meets

electrical and thermal and mechanical margins.

As with discrete implementations, final designs
should be validated by calculation and/or simu-
lation and confirmed by appropriate test, ensur-
ing electrical coordination and thermal margins
remain acceptable across tolerances and credi-
ble operating extremes.
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6 Design Example

A simplified design example is presented in this
section to show the process of designing a
crowbar.

6.1 Design Requirements

In this instance, a crowbar is used to rapidly dis-
charge a capacitor bank. The simplified circuit
diagram is shown in Figure 7, and the key sys-
tem parameters are detailed in the following
list:

e Capacitance Cp i = 15 mF

e DC voltage V = 1400 V

e Approximate equivalent series resistance
of the capacitor bank Rgsg(pank) = 600

[119)

e Approximate loop inductance Lo, = 10
puH

e Approximate loop resistance Rjqop = 20
mg

e Ambient temperature = 50 °C
e Fuse current =500 A
e Fuse pre-arcing It = 221.5 kA2s

The capacitor bank will store an energy equiv-
alent to % CV? when it is charged:

1 1
E = ECV2 = EX 15 x 1073 x 14002
=14.7K]

This example assumes that the capacitor bank
is discharged due to an overvoltage event, but
to simplify the modelling, the overvoltage is not
modelled here.

While this application note mainly covers over-
voltages, such a circuit could also be used

include to safely discharge a capacitor bank
when an emergency stop is pressed, or in scien-
tific applications where a high current pulse is
required.

A freewheeling diode is placed across the ca-
pacitor in this example. This is to ensure the ca-
pacitor current flows through the loop induct-
ance and capacitance to allow the capacitor to
discharge.

The snubber design is not covered as part of this
example.

6.2 Design Steps

6.2.1 Blocking Voltage

As the DC voltage of the capacitor bank is 1400
V, the device blocking voltage has been se-
lected as 2800 V to satisfy the rule of thumb
given in section 5.2.1.

6.2.2 Determining the Current Wave-
form

The current through the thyristor has been sim-

ulated to assess the size of the device required.

As shown in Figure 9, the current reaches a
peak of 50 kA, and the % reaches a peak of 140
Alps.

For part of the fault waveform, the DC voltage
source will increase the fault current, as before
the fuse trips, some current will flow from the
grid through the crowbar assembly.

From this simulation, a device was selected
based on the selection process shown in Error!
Reference source not found., by comparing the
Itsm (the peak current that the thyristor can

withstand) and < with the datasheet values.

Fuse Rloop Lloop
I = ,
| S|
REsR (bank) R;
\Y% (t) Diree ZN Thyristor § {
Cbank T Cs ]V

Figure 7 - Simplified schematic of the crowbar circuit evaluated in the design example.
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This is done rather than using the continuous
current rating as using the continuous current
rating would result in a larger device or more
devices than necessary.

The headline Itgy value on the datasheet is de-
termined based on a 10 ms wide half-sine.
Many Dynex datasheets provide a single-cycle
surge current plot for differing pulse widths,
such as that shown in Figure 8Error! Reference
source not found.Error! Reference source not
found., so for shorter or longer periods this can
be used to scale I1gy accordingly.

100

t=3ms: Itsm =61.23kA, I*1=5.67TMA?%s

Surge current Itsy (KA)
1%t for fusing (MAZs)

— 2

— — 0
1 10 100

Pulse width #, (ms)

Figure 8. Single-cycle surge plot for the
Dynex DCR2480L 28 thyristor.

One caveat of the single-cycle surge plot is that
the thyristor is only rated to survive a minimum
of 100 pulses of this surge. For many crowbar
applications where the crowbar is only expected
to fire very occasionally, this is not an issue, but
the peak current through the device should be
derated if the crowbar is expected to survive a
higher number of pulses.

The device selected is a Dynex DCR2480L28,
which is rated for a peak current Ity of 61.23
kA with a 3 ms pulse width, providing a 25%
current margin. It also has a rated non-continu-
ous % rating of 300 A/us, which is twice that

required in this application.

To confirm the suitability of this device in this
application, a thermal simulation has been

conducted in PLECS, using a thermal model of
the thyristor placed on a heatsink.

The results of this simulation are shown in Fig-
ure 9, which show that the peak junction tem-
perature for an ambient temperature of 50 °C
reaches 102.7 °C, less than the 125 °C maxi-
mum  junction  temperature  for  the
DCR2480L28 device.

(a) Current through thyristor

3007 Peak current = 50.01kA
40.0 A
30.0

20.0

Current (kA)

10.0

i

500 (b) Instantaneous % through thyristor

Peak di/dt = 140.00A/us
100.0

" (A/us)

di
dt

50.0

Instantaneous
(=]
(=}
1

-50.0

(c) Junction temperature of thyristor

22.39C T; headroom
Peak T; = 102.70°C

—_

3]

(=}
1

100

e
(=}
1

= Tamb

Tzi(max)

Junction temperature (°C)
(=)
(=)
1

== Tamb

T T T
0.0 2.0 4.0 6.0 8.0 10.0
Time (ms)

Figure 9. Current, di/dt and junction tem-
perature for the Dynex DCR2480L28 thyris-
tor.

The 1%t rating of the Dynex DCR2480L 28 thy-
ristor is 5.67 MAZ2s for a 3ms pulse. This is ap-
proximately 25x the pre-arcing 12t of the fuse,
meaning that the fuse should always interrupt
the circuit before there is any damage to the de-
vice.
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Table 2 - Table of evaluated 2.8kV thyristors in the design example.

Rated ITSM for

Rated ITSM for

Rated non-continuous

Hasiiubey 10ms pulse (kA) 3ms pulse (kA) % (A/ps) STHEE
DCR960G28 13 22 500 No
DCR1610F28 21.5 37 1000 No
DCR2480L28 35.25 62 300 Yes
DCR2630C28 353 58 300 Yes
DCR3650Y28 50.2 88 300 Yes
DCR3780V28 50.2 85 300 Yes
DCR4590B28 63 110 500 Yes
DCR4910W28 63 110 500 Yes

7 Final Remarks

Overvoltage events in power electronic systems
can arise from a wide range of external and in-
ternal mechanisms, and their effects can range
from accelerated aging to catastrophic semicon-
ductor or insulation failure.

In practice, robust protection is achieved by se-
lecting a protection strategy that matches the
event energy and event duration, and by coordi-
nating the protection device with the surround-
ing system (source impedance, wiring induct-
ance, and upstream protective devices).

This application note has grouped protection
devices into two broad behaviours: clamping,
where a device limits voltage by absorbing en-
ergy (e.g., MOVs and TVS diodes), and crow-
bar, where a device rapidly introduces a
low-impedance path to collapse the protected
voltage (e.g., gas discharge tubes and thyristor
crowbars). Clamping solutions are often effec-
tive for fast transients and lower energy events,
but they may be unsuitable for sustained con-
duction because absorbed energy and thermal
stress can rise quickly. Crowbar solutions are
frequently well-suited to high-energy or sus-
tained overvoltage scenarios where the primary
objective is to force a fast reduction of bus volt-
age and prompt action from upstream protec-
tion.

Thyristor crowbars in particular offer a practi-
cal route to handling severe events because a
triggered thyristor provides a controlled,
low-impedance path and latches on, enabling
rapid bus collapse with only a short gate com-
mand.

When specifying a thyristor crowbar, engineers
should focus on a small number of core checks:
adequate blocking voltage margin, an under-
standing of the expected crowbar current wave-

form (peak current and %), coordination of de-

vice capability versus upstream protection (in
particular It where fuses are used), and verifi-
cation of junction temperature using an appro-
priate transient thermal model.

Dynex manufactures a broad range of
high-power thyristors that lend themselves to
crowbar duty, and the selection guidance and
example in this note are intended to help de-
signers converge quickly on a robust, coordi-
nated solution.

Where customers prefer an implementation-
ready approach, Dynex can also supply power
assembly solutions, including crowbars. The
team has over 30 years of experience designing
crowbars in demanding applications, where
thermal and mechanical robustness are key.
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For best results, Dynex recommends validating
the final design using calculation and/or simu-
lation and confirming that protective device co-
ordination and thermal margins remain accepta-
ble across tolerances and credible operating ex-
tremes.
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IMPORTANT INFORMATION:
This publication is provided for information only and not for resale.
The products and information in this publication are intended for use by appropriately trained technical personnel.

Due to the diversity of product applications, the information contained herein is provided as a general guide only and does not
constitute any guarantee of suitability for use in a specific application. The user must evaluate the suitability of the product and
the completeness of the product data for the application. The user is responsible for product selection and ensuring all safety and
any warning requirements are met. Should additional product information be needed please contact Customer Service.

Although we have endeavoured to carefully compile the information in this publication it may contain inaccuracies or typographical
errors. The information is provided without any warranty or guarantee of any kind.

This publication is an uncontrolled document and is subject to change without notice. When referring to it please ensure that it is
the most up to date version and has not been superseded.

The products are not intended for use in applications where a failure or malfunction may cause loss of life, injury or damage to
property. The user must ensure that appropriate safety precautions are taken to prevent or mitigate the consequences of a
product failure or malfunction.

The products must not be touched when operating because there is a danger of electrocution or severe burning. Always use
protective safety equipment such as appropriate shields for the product and wear safety glasses. Even when disconnected any
electric charge remaining in the product must be discharged and allowed to cool before safe handling using protective gloves.

Extended exposure to conditions outside the product ratings may affect reliability leading to premature product failure. Use outside
the product ratings is likely to cause permanent damage to the product. In extreme conditions, as with all semiconductors, this
may include potentially hazardous rupture, a large current to flow or high voltage arcing, resulting in fire or explosion. Appropriate
application design and safety precautions should always be followed to protect persons and property.

Product Status & Product Ordering:

We annotate datasheets in the top right-hand corner of the front page, to indicate product status if it is not yet fully approved for
production. The annotations are as follows: -

Target Information: This is the most tentative form of information and represents a very preliminary specifi-
cation. No actual design work on the product has been started.

Preliminary Information: The product design is complete and final characterisation for volume production is in
progress. The datasheet represents the product as it is now understood but details may
change.

No Annotation: The product has been approved for production and unless otherwise notified by Dynex

any product ordered will be supplied to the current version of the data sheet prevail-
ing at the time of our order acknowledgement.

All products and materials are sold, and services provided subject to Dynex’s conditions of sale, which are available on request.

Any brand names and product names used in this publication are trademarks, registered trademarks, or trade names of their
respective owners.

HEADQUARTERS OPERATIONS CUSTOMER SERVICE

DYNEX SEMICONDUCTOR LIMITED Phone: +44 (0) 1522 502753 / 502901
Doddington Road, Lincoln, Lincolnshire, LN6 3LF

United Kingdom. e-mail: powersolutions@dynexsemi.com

Phone: +44 (0) 1522 500500

Web: http://www.dynexsemi.com
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