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In an earlier article, I described circuits that could be added 
to a relay coil to protect a transistor from excessive voltages. 

Sometimes, more protection than that is required, and a 
switching device, whether it be a transistor or a set of contacts, 
can be in peril even at low voltages. The circuitry for providing 
the extra protection is called a “snubber”.

I first came across snubbers in a book about radio control 
for model boats in about 1960. The circuit used was crude and 
arbitrary, but would have served an important purpose. In those 
days before silicon sold state components (transistors), radio 
control receivers used valves. (Normally in the brackets here, 
I would put “vacuum tubes” as in AME, a valve is the thing 
immediately above the cylinder on the loco. Some electronic 
valves were not vacuum tubes however, but were gas filled, and 
these were often used in radio control receivers.)

Valves were expensive, and they used expensive “B battery” 
(high voltage battery) current, so designers were under strong 
pressure to minimize the number of them and the current 
drawn. For this reason, only a minimum of amplification was 
done in the valves, and a radio control receiver usually ended 
with a very sensitive relay. As it was so sensitive, it had very little 
energy to move the contacts, so contacts were light and delicate. 
The solenoid on an escapement was a nasty inductive load for 
the tiny relay contacts.

Applications have changed a lot since then, but snubbers 
still find wide use. Cheap silicon diodes make modern snubber 
circuits much more effective. Snubbers are used in applications 
such as contactors in traction circuits in electric vehicles, and 
there is no reason that they would not be useful in model 
electric vehicles.  Relays such as those sold by Dick Smith as 
“Horn Relays” are readily available and cheap. Relays with a 
higher contact rating are not so cheap. I guess that there would 
be quite a few electric vehicles out there with relays switching 
traction currents that are being pushed a little beyond the 
maker’s limits.

When a contact that controls an inductive load starts to 
open, there will be a rapid rise of voltage as the inductance tends 
to keep the current flowing. In the microseconds just after the 
contacts have parted, the contact spacing is very small, and the 
breakdown voltage of the air in the gap will be correspondingly 
low. These are circumstances for the striking of an arc, which 
will be maintained as the contacts move further apart if the 
energy in the inductor is sufficient.

One development of a circuit to protect the contacts in 
such a circuit goes like this.

Look at the case of a switch and a d.c. supply.  See Figure 
1.

One way to 
reduce the rate 
of rise of voltage 
across the contacts 
is to put a capacitor 
across them. The 
current from 
the inductance 
will charge the 
capacitor. The 
capacitor voltage 
will ramp up with 
a ramp slope 

                dv        i
                dt   

=
   C

The initial value of the current, i will be the “on” current 
of the circuit just before the contacts opened. Now we have a 
sort of race. The voltage is ramping up under the control of the 
capacitor, and the contacts are moving further apart. As they 
move apart the beak-down voltage of the air gap between them 
is increasing. It is easy to imagine that for any particular contact 
set, there will be a voltage slope at which no arcing will occur. It 
is simply a matter of selecting the right value for the capacitor.

This is all very well, but after doing its good work, the 
circuit will remain in the “off” state, but with the capacitor 
charged to the supply voltage. This is a disastrous situation next 
time the contacts close. Splat! All contacts bounce a little on 
closure, and the first bounce will strike an arc with the high 
current that will flow as the capacitor is discharged very quickly. 
This can be overcome with a diode and a resistor as shown in 
Figure. 2. The operation is as follows. 

When the 
contacts open, 
the capacitor 
m o m e n t a r i l y 
carries the current 
via the diode 
D1. When the 
contacts close, 
the capacitor is 
discharged by the 
contacts but the 
discharge current 
is limited to a 
safe value by the 
series resistor. The capacitor will charge up to the supply voltage 
because of the resistor, even if the energy from the inductor 
doesn’t charge it that much. In case the energy in the inductance 
of the load is sufficient to charge the capacitor beyond its rated 
maximum, D2 can be added to circulate the excess energy in 
the load.

Let us imagine up an example.
A relay is used to switch a field winding on a model 

locomotive traction motor. The supply is 24 volts. Perhaps 
you measure two amps field coil current. That part is easy to 
measure. The velocity of the moving contact in the relay is likely 
to be completely unknown. I am going to suggest a “stab in the 
dark” here. Lets say that we reckon that we have a good chance 
of opening those contacts without striking an arc if we restrict 
the rise in voltage across them to 24 volts in 5 milliseconds

We have       dv        i
                    dt   

=
   C

                      i                   2                2 x 0.005So C    =     dv/dt    
=
    24/0.005    

= 
       24  

  
            =     416.7 micro Farad
416.7 micro Farad is not a standard value, but 470 micro 

Farad is, and that is close enough given that the rate of change 
of voltage restriction was just a guess. (I recently wrecked a 
number of computer power supplies to recover the fans. All had 
a 470 uF 200 volt electrolytic capacitor, so perhaps this is a 
handy source of that value.)

We can determine a value for the resistor this way. The 
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power dissipated, known as “static dissipation”  will not be zero, 
and we have to choose our transistor to be able to withstand 
these losses.

The equation that gives us power P = E x I is very simple, 
but it gives us an interesting set of curves to represent switching 
transistor power on the Current vs Voltage graph. (“E” is 
generally used to represent voltage rather than “V”, and “I” 
represents current, for historical reasons.) Let us look at a simple 
example. A transistor switches a 10 amp load on a 24 volt supply. 
Figure 3 shown the  “on-state, where the power dissipation is 10 
watts, and the “off state” where the power is zero.  

Let’s look at conditions at the transistor that could give rise 
to 60 watts dissipation

You can see that this looks pretty contrived. Just to make the 
multiplications really simple and obvious, I have chosen integer 
value data, rather than evenly spaced values of  Voltage. These 
Voltage and Current Data are plotted out in Figure 3 where 
they form a smooth curve (a hyperbola). Similar hyperbolas are 
shown for different power dissipations.

Now what happens when the transistor switches between 
“off” and “on”. This will depend on the nature of the load. If the 
load is a resistor, the gap between off and on will be traversed by 
a straight line, called the “load line”. This is also shown on Figure 
3. Notice that the load line crosses several of the constant power 
hyperbolae and that when the volt drop across the transistor is 
at half the supply, the instantaneous power dissipation will be a 
little over 12 x 5 = 60 watts.

We had better make sure that:
(a) the transistor can survive an instantaneous dissipation 

of 60 watts, and
(b) the transistor traverses the load line quickly so that 

it does not stay in the high power region long enough for an 
unacceptable temperature rise.

These are just routine considerations in such a design.
Circumstances are very much worse if the load is inductive. 

All resistive circuits have some inductance, and all inductors 
have some resistance, so we consider a circuit with a resistance 
and inductance in series. If this circuit is suddenly switched 
onto a dc supply, the current will rise as shown in Figure 4. 

product of the resistance and the capacitance, RC  has the 
dimension of Time. Five times RC is (arbitarily) considered to 
be the time to discharge a capacitor. Let me choose half a second 
to discharge the capacitor.

Then
     0.5 = 5 x RC
     R  =      0.5       =            0.5              =   212.7 ohms
                5 x C              5 x 470E-6
Nearest convenient standard value = 220
The peak instantaneous power dissipation in the resistor 

will be E2/R = 2.6 watts. A three watt resistor would do, or it 
might be more convenient to use three 680 ohm, 1 watt resistors 
in parallel.

The reader will probably recall that the contact points in a 
Kettering ignition system have a capacitor across them, and the 
points survive the closure and sudden discharge of the capacitor. 
The capacitor (or “condenser”) in the ignition system is not 
performing a normal snubbing function, and will be a much 
smaller value than a snubber capacitor. 

Snubbing is also applied to electronic switches (transistors 
and Field Effect Transistors for example). Compared with a 
relay, everything is happening much faster, and this is reflected 
in the component values. In the above example, if we wanted the 
voltage rise to take 5 microseconds, rather than 5 milliseconds, 
then the capacitor value would have been 470 nano Farad, less 
than half a micro Farad. Snubbing is not generally called for to 
protect a transistor switching a relay coil, but when we want fast 
switching of several amps, switching losses can be a problem, 
and snubbing is one of the ways of addressing it.

One way to visualize what is going on when a transistor is 
switching a load, is to picture the current vs Voltage on a graph. 
See Figure 3 “Switching Off for Resistive Load”

When the transistor is “off”, there is no current, but the 
voltage across it is the full supply voltage. Power equals Current 
times voltage. As the current is zero, the power dissipation is 
also zero.

When the transistor is “on” the full load current is flowing. 
There will be some voltage drop across the transistor, but this 
will be small. If the transistor is “saturated” (that is: “on” as hard 
as it can go) then this voltage will generally be a volt or less. The 

Voltage  Current  Power = Voltage x Current
30  2  30 x 2 = 60 watts
15  4  15 x 4 = 60 watts
12  5  12 x 5 = 60 watts
6  10  6 x 10 = 60 watts
3  20  3 x 20 = 60 watts
1  60  1 x 60 = 60 watts
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The time T  is called the “time constant” and is equal to L/R. 
If the switching event is fast compared with L/R, then the load 
behaves as if it were just an inductor. The trajectory followed in 
the switch will be as shown on curve 1 on Figure 5. This will 
probably destroy the switch by way of excess voltage breakdown. 
The excess voltage can be suppressed with a diode as shown as 
D2 in Figure 2, and this will give curve 2. Curve 2 does not 
have excess voltage, but it does have an instantaneous power of 
about 246 watts!

If a snubber circuit as shown in Figure 2 is used, then the 
trajectory will follow a path similar to Curve 3. The maximum 
instantaneous power will depend on the relationship between 
the values of the resistance of the load, L and C and the speed 
of the switch. I have not calculated the curved parts of Curves 1 
and 3. In real life they might vary quite a bit. Once we start to 
design for heavy currents, the cost of the snubber is very much 
less than the cost of transistors big enough to survive reliably 
without the snubber.

Snubbing is not the only method of reducing stress on 
switching transistors. Making the switching event very fast is 
another method, to minimize the duration of any excess transient 
dissipation. Paradoxically, making the switching slower can 
also help in some situations. If the switching transient is slow 
compared with the inductor time constant, then the transition 
takes on the form of one for a resistive load. This is not as good 
as being fast, but it can help.

Thanks go to Alastair Smart of Omnitron Technologies 
for the circuit diagrams and to David Proctor for rescuing 
my hand-drawn sketches. I also need to thank them for their 
contributions to the diagrams in my article in the last issue in 
which both gentlemen captured exactly what I was wanting to 
show.

Richard is at rwombat@exemail.com.au
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