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By Richard Schurmann

Sparks 'n' Arcs

Controlling a Servo

Forgive me if I appear to meander, as I get down to the subject 
of this column.

A few months ago, a new Jaycar catalogue came out. I 
flicked through my copy and found many items of model 
engineering interest. On page 115, I found stranded cable with 
current ratings up to 300 amps. Heatshrink, cable ties, spacers, a 
range of relays including one rated for 150 amps contact current. 
Fans on page 174, including some nice little centrifugal fans 
that might be suitable for traction motor cooling. On page 239 
there are Anderson connectors. I know these from my electric 
fork truck days. These robust connectors are suitable for plug-in 
traction batteries. On page 316, they have a 500 amp isolating 
switch. There are batteries, and the fuses that I discussed in the 
last issue. I thought that Jaycar should be an AME advertiser, 
but they didn't seem to think so. Probably just as well, as I am 
free to “talk straight” without upsetting the advertising manager 
(see below).

In S&A for Issue 161 (March – April 2012) we discussed 
electrical safety. We were thinking of safety for people. Just now 
my mind turns to safety for electronic components, and one 
particular safety risk: static electricity. That is generated when 
different materials are drawn apart or rubbed together, and one 
of them has a stronger affinity for electrons than the other. The 
effect is called the triboelectric effect. This can happen with 
metals, but it would be hardly noticed. When it happens with 
insulating materials on the other hand, the charge remains on 
the surface. As it cannot get away as it is generated, it builds 
up and is discharged suddenly when a path to do so becomes 
available.

We have all walked across a room on a synthetic carpet, 
and then got an electric shock from a doorknob. The synthetic 
carpet is not necessarily especially good at generating triboelectric 
charge, but it is a very good insulator. The charge cannot leak 
slowly away, so it builds up. The person walking on it can 
become more charged up at every step.

Materials can be ranked according to their tendency to 
hold onto stray electrons. A list of materials so ranked is called 
the Triboelectric series. See Figure 158. Triboelectricity is 

generated whenever there is movement between materials that 
are remote from each other on this list. The further apart they 
are, the greater will be the tendency to accumulate charge on 
their surfaces. The greatest danger though, is not caused by the 
generation of triboelectric charge, which is universal, but the 
accumulation which occurs when the materials are very highly 
insulating. Synthetic materials (plastics) which are so common 
in the modern environment are much more dangerous in this 
respect than most naturally occurring materials. Some exceptions 
amongst naturally occurring materials are dry clean fur or silk, 
and amber, which through its Greek name gave us the word 
electron (for this reason).

Many materials take on a tiny amount of moisture from 
the atmosphere, and some of these water molecules ionize 
and provide surface leakage paths. Circumstances are thus 
most dangerous when this leakage is absent: that is when the 
humidity is low.

When a triboelectric spark sets fire to a fuel tanker, there 
is a real danger to people, but far more common is the tiny 
discharge that does not even cause a spark. It does not have 
enough energy to set fire to anything, but can do damage none-
the-less.

Just as, in the modern setting, we have materials with 
such high insulating properties that small discharges are more 
common, we also have items that are very vulnerable to those 
discharges. Most vulnerable is the MOS transistor. Such a 
transistor has a very thin (about 1.5 nanometres: for those not 
familiar with the “nano” prefix, this is 1.5 times a millionth 
of a millimetre) oxide insulating layer separating the control 
electrode from the rest of the device. This oxide layer will break 
down with the discharge of the tiniest triboelectric charge: 
so tiny that the discharge could occur through a person who 
would be completely unaware of it. Such a breakdown always 
means permanent destruction. What is worse, the destruction 
might not have immediate effect. This means that it cannot be 
tested for, but could cause catastrophic failure of equipment at 
a later date.
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Component manufacturers are very sensitive to this, and 
have incorporated safety features into recent parts. Older parts 
are still out there without the safety features, and because of 
other parameters, they still play a useful part in the range of 
components we select from. Figure 159 shows the symbol taken 
from data sheets of an older style MOSFET and a more modern 
one.

Figure 158. Triboelectric Table. The further apart two materials 
are on this table, the greater will be the triboelectric (“static”) 

charge generated. If either material is highly insulating, then 
that charge will stay on the surface and may build up to 

dangerous levels.

Most positive Polyurethane foam

Hair, oily skin

Nylon, dry skin

Glass

Acrylic, Lucite

Leather

Rabbit's fur

Quartz

Mica

Lead

Cat's fur

Silk

Aluminium

Paper

Cotton

Wool

Steel

Wood

Amber

Sealing wax

Polystyrene

Rubber balloon

Resins

Hard rubber

Nickel, Copper

Sulfur

Brass, Silver

Gold, Platinum

Acetate, Rayon

Synthetic rubber

Polyester

Styrene and polystyrene

Orlon

Plastic wrap

Polyethylene (sticky tape)

Polypropylene

Vinyl (PVC)

Silicon

Teflon

Silicone rubber

Most negative Ebonite

Figure 159. MOSFET symbols taken from data sheets. On the 
left is the 2N7000 a part introduced by Siliconix in 1986. It is 
now made by several manufacturers. The red line which I have 
added shows where the oxide layer is. There is no escape path 
for charge on the gate terminal. To the right is the symbol for a 
modern MOSFET, DMN5L06K  from May 2012. Note that the 
datasheet writer has shown us the “gate Protection Diode”

The 2N7000 comes in a To92 package: that is a package 
with wires coming out of the end for hand soldering into a 
circuit. The modern part only comes in a SOT23 surface mount 
package, which is very inconvenient for hand soldering. This, 
and the fact that they are readily available, is why the 2N7000 
is still a useful part for the home constructor.

As it is so easy to destroy MOS transistors, and as there 
might be no sign that such a breakdown has taken place, it 
is vitally important that such devices be handled with special 
care and that procedures be in place so that the history of the 
handling of all such devices is known and can be trusted. Strict 
in house rules apply at the manufacturers and parts warehouses. 
Figure 160 shows packaging of small quantities of parts as would 
be sold to the home constructor. The two packets to the left 
are in special bags for static sensitive parts. The top one is of a 
metalized plastic, and the one below is of a carbon impregnated 
plastic. Both have sufficient conductivity to prevent static build 
up, BUT NOT a sufficient barrier to protect the parts inside 
from a discharge of charge that built up elsewhere. The one to 
the right is of a plastic with a much lower level of protection. 
The parts in this bag are NOT MOSFETs and are safe in the 
clear plastic. These are in To92 packages, and look identical to 
2N7000's until you look close enough to read the writing on 
them.

I needed some 2N7000's for a locomotive controller project, 
and fronted up to a local Jaycar store. The shop attendant pulled 
out a plastic drawer which had the To92 packages loose in the 
bottom of it! This was not appropriate handling procedure for 
this sensitive part. I politely said that if they came loose in a 
plastic drawer, I did not want them and made a hasty exit. 
Jaycar has common ownership with a wholesale company that 
has certainly had proper controls in place, so this is a surprise. 
Careful where you buy your MOSFETs. I have contacted Jaycar 
head office about this. Is this general company policy, or just a 
mistake made in one store? At the time of writing, Jaycar have 
not got back to me.

The label which appears on the packets in Figure 160 
is shown more closely in Figure 161. This label tells us two 
things:

The supplier is aware of the danger of static to sensitive 1. 
components, and is claiming that the components in 
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the bag have been handled appropriately since they 
were in the manufacturer's packing.
The purchaser is warned. This is important in industry 2. 
where components are handled by storemen who 
might not be relied on to make their own judgements 
about which components are sensitive.

We aren't electronics factory storemen, but we can take the 
warning. Here are some measures that we can take.

Use a workbench that is not so insulating that surface 1. 
charge can build up (formica) or so conducting that 
surface charge on other things will discharge with 
catastrophic high currents (metal). Special materials 
are available for electronics assembly benches, but 
unpainted chip board or MDF are ideal. If your 
soldering iron tip is earthed, then there needs to be 
a path from the bench top to earth. This need not 
be a highly conducting path. A wooden bench on a 
concrete floor would have enough conductivity (except 
in extremely low humidity).
Wear natural fibres. (The worst thing is to wear a 2. 
polyester skirt, nylon panty hose and sit on a vinyl 
covered stool.)
If there is any possibility of a static build-up, discharge 3. 
it through a high resistance before bringing the sensitive 
component into the action. An example might be the 
soldering of a MOSFET onto a circuit board. The 
following sequence will be safe for the MOSFET.
(a) Remove the component by hand from the anti-

static packaging. (Don't pour the components out 
and pick one off the pile) Hold the component by 
the leads. Hold all the leads. Your body resistance 
will prevent a static charge developing between 
them.

(b) Locate the site on the circuit board. Touch the 
metal pads with your finger before bringing the 
component up to them. This will ensure that the 
component leads are at the same potential as the 
pads before they touch.

(c) When you first bring the soldering iron to a joint, 
touch the metal track first. Any charge that might 
have built up will thus be discharged before the 
component is touched.

(d) Components that are not static sensitive are often 
supplied in clear plastic bags. Keep the clear plastic 
bags away from the work area. It is often a good idea 
to install the insensitive components first. Then the 
clear plastic bags can be moved right away from 
the work area before the sensitive components are 
brought out.

(e) If you are to pass a sensitive component to another 
person, reach into the protective bag, and grasp the 
component by all the leads. Before handing the 
component to the other person, touch the other 
person (not through clothes: make skin to skin 
contact) and then whilst still in contact, pass them 
the part. I would usually hold the part between 
my thumb and forefinger, grab the other person's 
fingers with my other fingers, and then place the 
component in their palm. Some people are alarmed 
when you first do this to them, but they generally 
calm down when you explain the process.

Figure 162. This MOSFET can be placed in the palm without 
any danger of encountering an electrostatic discharge.

Figure 161. Electrostatic Discharge Warning Label.

Figure 160. Packaging of electrostatic sensitive devices.

Now, Down to Work
During the time since I wrote the last column, I have been 

developing a governor for use with a car engine in a miniature 
locomotive. In all my notes about the project, I have been 
careful to avoid the word “Throttle” as that is reserved for 
the control that plays the role of the throttle in the full sized 
loco. The mechanism on the engine that would have been 
worked by the accelerator pedal, (I will call it the “accelerator 
mechanism”), is to be worked by a model aeroplane “servo”. 
Such servos normally take their signal from a radio control 
receiver. One can buy a small pcb that provides the required 
signal, but in this case as the servo drive is to be integrated into 
the box with the rest of the circuitry, I wanted to make my own. 
The requirement is a repetitive pulse with a duration between 1 
and 2 milliseconds. The duration is what determines the servo 
position. How, then to arrange for a variable width pulse? There 
are several ways of doing this, but most of them amount to 
setting some slow process in action and then either varying the 
speed of the process, or varying how far the process has to go 
before we declare it finished.

I used the second method.



49September-October 2013 Australian Model Engineering

Figure 163. This was my plan for a variable width pulse. VC2 
is the voltage on a capacitor that is being charged with a 
constant current. V2 is the input voltage. The pulse starts 

when the capacitor charging starts. The pulse ends when the 
capacitor voltage reaches V2.

Figure 164. A circuit to charge a capacitor with a constant 
current: that is, a current that will not vary 

as the capacitor voltage rises.

If a capacitor is charged through a resistor, the voltage will 
rise at a rate that will slow as the voltage reaches the supply. 
If a capacitor is charged with a constant current, however, the 
voltage will “ramp up” with a constant slope. A graph of the 
voltage against time will be a straight line. Figure 163 shows 
my plan.

There are several ways to generate a constant current. I 
explored these on my electronics engineering blog1. The circuit 
used is simple, and meets our needs. See Figure 164.

Figure 165. Development of variable timing circuit from a 
current source and a capacitor.

To define the start of the pulse, I hold the capacitor short 
circuited, and then when I remove the short, the capacitor starts 
to charge. To apply the short circuit, I need a component that 
can switch between being like a low value resistor and a very 
high one. This is a MOSFET, and a 2N7000 is a suitable choice. 
(This is where the first half of this column came from!)

If we add the MOSFET and a comparator, we get the 
circuit shown in Figure 165. When the MOSFET is turned on, 
the capacitor is short circuited by the low on-resistance of the 
FET. When the MOSFET is switched off, the voltage on the 
capacitor rises linearly. When the voltage reaches the Control_
Voltage the comparator changes state. Note that the MOSFET 
is identified above as a 2N7002. This is a surface-mount version 
provided on my simulator program.

A small number of extra components completes the 
voltage-to-pulse width converter/servo interface. This is shown 
in Figure 166.

An oscillator is provided. For this, I have used a multivibrator 
circuit of the style used in the 422 Class project – July-August 
1993, and explained in the S&A article on Op-Amps in the 
issue for Jan-Feb 2010 (See Figure 25 in the current numbering 
system). The oscillator signal, which I have named Clock_Pulse, 
is fed to the output transistor through the 10k resistor R16. 
This together with resistor R17 from the comparator, forms a 
logic function. The transistor, Q3 will turn on if current is fed 
via either resistor. This means that the transistor will only be 
“off”, and the output voltage “high”, when current is flowing 
in neither resistor. This is the time in the clock cycle when the 
voltage on C2 is rising. The result is shown in Figure 167

The resistors shown to the left of Control_Voltage represent 
the signal from the other circuitry, and an “offset” adjustment 
pot. All this is not a theoretical exercise. The circuit described 
here is part of an engine governor that is under construction as 
this issue goes to press. See Figure 168. The small box carries 
the ignition pulse detect circuit shown in Figure 150 in the last 
issue.

I will write more about this, as the development 
progresses.
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Figure 166. Complete Servo Driver Circuit.

Figure 167. The performance of the Voltage-to-Pulse Width 
circuit. The red line is the voltage on the capacitor. The blue 

line is the Control_Voltage. The brown line is the Servo_Drive. 
Note how the Servo Drive pulse comes to an end when the 

capacitor voltage reaches the Control Voltage.

Figure 168. Engine Governor for locomotive 
under construction.

You Win Some and you Lose Some
Page 49 is laid out as a separate “box” as it is not part of this 

linear narrative. It is a short story about an aborted development. 
The work was under way when a cheap commercial product was 
discovered which made the new development unnecessary. It 
looks as if the alternative that Dave Harper found controlled 
speed as well as direction, so it is a neat solution indeed! The 
idea will go no further now, but I include it in the hope that 
some of the thinking behind it is of interest.

1. “The Electronic Burrow” is a blog that I maintain for a readership of 
electronics engineers. Those interested can find it at  
http://www.richardschurmann.com.au and select the “Blog” link. 
There are three posts about “Current Source”.

The AME Electrical/Electronics Index
I have had some trouble bringing this up-to-date as it has 

involved learning how to run an old BASIC program on a new 
64 bit Windows 7 computer. I will share the story when it is all 
resolved. In the meantime, those who wish to use the Index for 
recent entries, please be patient.

Richard's e-mail:  S&A@richardschurmann.com.au
See this article (sometime soon) in the AME Electrical/

Electronics Index at  http://www.richardschurmann.com.au/
S&A/AME_ELEC_INDEX/.
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Dave Harper of Steam Chest fame had a problem. He had 
built a model rail motor that was equipped with a radio 

control receiver, a speed control module, and an electric motor. 
The only trouble was that it could not be remotely reversed. 
S&A was looking at some other electronic matters for Dave 
anyway, and he wondered if a module could be made up that 
would take a signal from a spare “servo” output on the radio 
receiver, and provide a reversing function.

The answer was obviously “yes”, so a new project was 
launched: to find out just what would be involved.

The proposed input was to be from a “servo” output on the 
receiver. Such an output provides a rapidly repeating pulse, the 
width of which represents the position of one of the joy sticks 
on the transmitter. If we were to assign one of the joy sticks 
as “Reversing lever”, then less than (say) 1.3ms pulse duration 
could mean “Reverse” and more than 1.7ms could indicate 
“Forward”. All we have to distinguish are three ranges: Forward, 
Reverse, and the lever is somewhere in between (“dead band”).

The arrangement chosen was to have a capacitor charged 
up by a resistor during the pulse. The longer the pulse duration, 
the higher the voltage reached. Two comparators were set up to 
determine which range the voltage fell into. The result was two 
channels: one for Forward and one for Reverse.  A circuit to 

make each of these slow to come “on” and fast to go “off” served 
to prevent the thing being in both Forward and Reverse at the 
same time. 

Everything was to run from a 12 volt battery, but we needed 
a voltage that was even higher than the battery positive to turn 
the MOSFETs on. An oscillator was set up that produced a 12 
volt square wave, and this was rectified in an arrangement called 
a “voltage doubler” to provide a 24 volt supply.

Transistors were used to carry the Forward and Reverse 
signals up to the 24 volt circuits. The drive for the MOSFETs 
consisted of transistors configured to provide a constant current 
of 100 microamps for “on”. 

Four Mosfets were configured in a bridge so that two 
diagonally opposite FETs could be turned on to select either 
direction. Each MOSFET gate was shunted with an 82k 
resistor, which with 100 microamp drive, would provide 8.2 
volts on the gate.

Components were carefully chosen from a supplier's 
catalogue so that we would have an economical but robust unit. 
I thought that maybe we could have a small pcb made up if 
enough S&A readers would be interested. Just before I placed 
an order for parts for a prototype, Dave contacted me. He had 
found a commercial unit that would do the same job for about 
$45.00! That pretty well killed the project instantly. Ah well! It 
was an interesting exercise.

You win some and you lose some...

Dave Harper's reversible Rail Motor. Rail Motor Electronics.


