
Starter Project

MAGNETIC FIELD
DETECTOR
ROBERT PENFOLD
You will find the attraction with this
novel, low cost, starter project.

T'HS very simple project can detect
fixed magnetic fields or fields that are
varying at an audio frequency. Fixed

or slowly changing field strengths are reg-
istered on a centre -zero meter. which indi-
cates the polarity in addition to the relative
field strength. Audio frequency fields, such
as those produced around mains and audio
translomiers, are detected via a crystal
earphone that can be used to monitor the
output signal.

The unit is not intended to provide accu-
rate measurement of magnetic field
strength, and is aimed at those who like to
experiment with something a hit different.
Although quite simple the unit is reason-
ably sensitive. A small and not very power-
ful bar magnet can be detected by the
prototype at about 100mm from the sensor.
and drives the reading to full scale at a
range of about 30mm.

Fig.1. A Hall effect sensor is little more than a slice of silicon.
(a) normal and (b) with magnetic field influence.

HALL EFFECT
Detecting varying magnetic fields is

quite easy, and requires nothing more than
an inductor to act as the sensor.
Unfortunately., static fields do not produce
any output from an inductor and require a
totally different approach.

The only common form of magnetic sen-
sor that "fits the bill" is a linear Hall effect
device. A Hall effect sensor is a form of semi-
conductor. and is actually a very simple type
of component. Fig.1 helps to explain the way
in which a Hall effect device works.

The sensor is just a slice of silicon
having electrodes on opposite surfaces. A

SENSOR

current is passed through the silicon, and
this produces a potential gradient in the
silicon. There is zero volts at the bottom of
the slice. the full supply potential at the top,
and a certain portion of the supply voltage
at intermediate points. The two electrodes
arc half way up the slice, and consequently
there is half the supply voltage at each one.
This gives zero output voltage across the
two electrodes.

Applying a suitable magnetic field to the
device "skews" the current flow and the
potential gradient. producing an imbalance
in the output potentials. The stronger the
magnetic field, the greater the difference in
the output voltages.

Applying a magnetic field of the opposite
polarity skews the current flow in the oppo-
site direction. giving an output signal of the
opposite polarity. The output signal therefore
indicates the strength of the magnetic field

and its polarity.
It is important to

realise that a Hall effect
sensor only works if the
magnetic field is
applied to one side or
the other of the silicon
slice. Applying the field
to the front. back, top,
or bottom of the sensor
does not affect the cur-
rent flow in a manner
that will produce any
imbalance at the elec-
trodes. Consequently it
will not produce any
output voltage..

Practical Hall effect sensors are more
than just the sensing element itself, and
they are invariably in the form of and inte-
grated circuit containing the sensor plus
some additional circuitry. Some sensors
provide a switching action, and others pro-
vide an output voltage that is proportional
to the applied field strength.

In this application it is only devices in
the second category that are of any use, and
the device chosen for this design is the
UGM3503U. This is an inexpensive device
but it has a very useful level of performance
and is very easy to use.

It has just three terminals, which are the
supply and output terminals. An internal
differential amplifier boosts the output sig-
nal front the sensing element and produces
a single output that is at about half the sup-
ply potential under standby conditions.

Placing a north pole of a magnet close to
the surface of the sensor that carries the
type number produces a reduction in the
output voltage, and placing a south pole
close to this surface gives an increase in the
output potential (Fig.2). The frequency
response of the des ice is flat from d.c. to
23kHz. which means that it encompasses
the full audio range.
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Fig.2. A Hall sensor indicates the polari
ty of the field as well as its strength.

CIRCUIT OPERATION
The full circuit diagram for the Magnet-

ic Field Detector appears in Fig.3. ICI is
the Hall effect sensor and 1C2. a precision
op.amp, is used to provide some additional
amplification. The amplifier is an opera-
tional amplifier inverting mode circuit.
which has resistors RI and R4 as the
negative feedback network.

The innate voltage gain of IC2, or the
"open loop" gain as it is termed, is
extremely high at d.c. and low frequencies.
In fact, it is over 100.000 times for a typi-
cal operational amplifier.

Using negative feedback reduces the
voltage gain of the circuit as a whole to a
more usable figure. and this "closed loop"
gain is equal to resistor R4 divided by RI.
This works out at a little over 300 in this
case. Higher voltage gain would obviously
give better sensitivity, but it would also
give problems with noise and drift.

Op.amp 1C2 amplifies the voltage differ-
ence between the input voltage to resistor
RI and the voltage at its non -inverting
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input (pin 3). This second voltage can be
adjusted via potentiometer VR I. and in
practice it is adjusted to produce a voltage
that matches the normal output potential
from ICI. This produces half the supply
potential at the output of 1C2.

The potential divider formed by resistors
R5 and R6 also produces an output of half
the supply potential. Meter MEI is con-
nected between the output of 1C2 and this
potential divider. and it therefore responds
to the voltage difference between the two.

Under standby conditions both points
will be at the same potential, giving zero
voltage across the meter. An increase in the
output voltage from ICI produces a

decrease in the output front 1C2. and a neg-
ative deflection on the meter. A decrease in
the output potential from ICI has the oppo-
site effect, producing a positive indication
from the meter.

STRENGTH
OF CHANGE

In both cases the greater the change in
the output voltage from ICI. the higher the
reading from the meter. The meter there-
fore indicates the relative field strength and
the polarity of the magnetic field.

Applying a north pole close to the sun
face of the sensor that carries the type num-
ber produces a positive reading, and apply-
ing a south pole to it generates a negative
reading. This may seem to be at odds with
Fig.2. but bear in mind that IC2 inverts the
signal.

Thc value used for resistors R5 and R6
controls the sensitivity of the meter circuit.
The specified values permit MEI to be
driven to full scale in both directions pro-
vided the battery is reasonably fresh. but
their value is high enough to prevent the
meter from suffering anything more than
very minor overloads.

Capacitor C2 couples the output of 1C2
to earphone socket SKI. This enables the
output signal to be monitored using a crys-
tal earphone, but satisfactory results arc
unlikely to be obtained using any other type
of earphone or with headphones.

A 6V battery, supplies power to the cir-
cuit, and the current consumption is only
about 9mA. Do not use a 9V battery as
this would result in the maximum supply
soilage rating of ICI being exceeded.

GOOD
PERFORMANCE

In order to produce good results in
this circuit it is necessary for the oper-
ational amplifier to have good d.c. per-
formance. Otherwise there could be
major problems with drift, and d.c. off-
sets could make it impossible to zero
the meter under standby conditions.

The op.amp also needs to be able to
work properly with a supply potential
of just 6V. The OP077GP is reasonably
priced and gives good d.c. perfor-
mance in this circuit. On the other
hand, its open loop bandwidth of
6(X)kHz equates to a closed loop band-
width of only about 2kHz in this
design.

If audio rather than d.c. performance
is of most importance it would be
advisable to use a TL071CP for IC2.
This will give quite good d.c. perfor-
mance plus a more respectable audio
bandwidth of around 10kHz. To com-
pensate for a lack of symmetry in the
1107 ICP's output stage rcsisstor R6
should be reduced from 33kilohm to
27 kilohm.

CONSTRUCTION
The stripboard layout for the

Magnetic Field Detector is based on a piece
that measures 19 holes by 20 copper strips.
The component layout and interwiring,
together with the positions of the breaks in
the copper strips, arc shown in Fig.4.

A board of the required size must be cut
down from one of the standard sizes in
which it is sold. The holes arc very close
together so use a hacksaw to cut along rows
of holes rather than trying to cut between
them. This inevitably produces quite rough
edges but they are easily filed to a neat
finish.

Next, drill the two 3mm diameter mount-
ing holes and make the four breaks in the
copper strips. A special tool for cutting the
strips is available, but a handheld twist drill
bit of about 5mm in dia. does the job just as
well. Make sure that the strips are cut
across their full width.

Thc circuit board is now ready for the
components and link -wires to be added.
With a small board such as this the order in
which the components arc fitted is not

Fig.3. Complete circuit diagram for the Magnetic Field Detector.

Magnetic Field
Detector

Magnetic Field Detector front panel
layout. The Hall effect sensor is mount-
ed externally in a probe arrangement,
such as an old pen case, and con-
nected to the circuit board via the
screened cable.

COMPONENTS

Resistors
RI 1k5
R2.R3 10k (2 Off) 7

R4 470k _ _ _ -
R5. R6 33k (2 oft) TALK

All 025W 5°'. carbon film

Potentiometer
VR1 1k rotary carbon. tin

Capacitors

C2
100u radial elect 10V
100n polyester. 5mm

lead spacing

Semiconductors
IC1 UGN3503U Hall effect

sensor
IC2 OP77GP precision

op amp (see text)

Miscellaneous
Si
61

s p s t. min toggle
6V battery pack (4 x AA

size cells in holder)
SK 3-5mm tack socket
MEI 1001/A 0 - 100uA

moving coil panel
meter

Medium size plastic or metal box: 01
inch matrix stripboard, size 19 holes by
20 copper strips: 8 -pin d ii holder: bat-
tery connector (PP3 type): control knob:
crystal earphone. with lead and plug;
twin -screened cable. about 0.5 metres;
muttistrand wire; solder pins: solder etc.

Approx. Cost £1 6
Guidance Only

excl. earphone, case & batts.
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Magnetic Field
Detector

$

Completed Defector showing ear-
phone socket on one side panel.

Fig.5. Connection details for the
UGN3503U Hall effect sensor.

really important. but it is best to work
methodically across the board so that
nothing is overlooked.

Neither the OP077GP or TL071CP is
static -sensitive. but it is a good idea to use
a holder for any d.i.l. integrated circuit. Be
careful to fit 1C2 and electrolytic capacitor
CI the right way round.

Fit single -sided solder pins at the points
where connections will be made to poten-
tiometer \'R1. meter MEl. etc. It is one -
millimetre diameter pins that are required
for stripboard. "Tin" the pins with plenty of
solder so that it is easy to make reliable
connections to them.

CASING -UP
Virtually any medium size plastic or

metal case should be able to accommodate
this project. However. be careful to choose
one that has sufficient depth to take the
meter and the battery pack. The latter
consists of four AA site cells in a plastic
holder. Connections to the holder are made
using an ordinary PP3 style battery clip.
Although the circuit has a fairly high volt-
age gain the layout is not critical, and it is
just a matter of designing a layout that is
easy to use.

One slightly awkward aspect of con-
struction is fitting the meter onto the case.
because this requires a large cutout to he
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Fig.4. Stripboard component layout intenviring and details for breaks required in
the underside copper tracks.

Layout of components inside the two halves of the case. Note the space for the
battery pack.
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Completed circuit board showing the lour link
wires and the op. amp C2 mounted in its holder.

made in the case. Most moving coil meters
require a 38mm round mounting hole and
the easiest way of making this is to use an
adjustable hole cutter (also known as a
"tank- cutter), and these are available from
many DIY superstores.

Alternatively, it can be cut using a fret -
saw. coping saw, or miniature round file
such as an "Abrafile. Another method
would be to mark out the cutout. drill a
series of small holes just inside this mark
and then "join -up" the holes to form the

required cutout. With any of these
methods it is advisable to cut just
inside the perimeter of the
required cutout, and then enlarge
it to precisely the required sue
using a large round file.

Four smaller i 3mm dial mount-
ing holes are also required. The
positions of these are easily Itx:ated
as they are at the corners of a 32
millimetre square having the same
centre as the main cutout.

INTERWIRING
The hard sk inng is reasonably

straightforward. SKI is a 3.5mm
jack socket, and most sockets of
this type have a built-in switch
that is not required in this applica-
tion. Accordingly. one tag of SK I
is left unconnected.

The Hall sensor (ICI) is
mounted externally and connect-
ed to the main unit by way of a
piece of twin -screened cable
about 0.5 metres or so in length.
An entrance hole for the cable
must be drilled at a strategic point
in the case, and if a metal case is

used the hole should be fitted with a grom-
met to protect the cable. The screen is used
to carry the ground (0V) connection.

Rather confusingly, the plastic encapsu-
lation of the UGN3503U Hall effect sensor
chip seems to be completely symmetrical.
The only way of identifying the three leads
is to use the type number on the body of
the device as a reference point. see Fig.5.

Connect the sensor to the screened lead
and use insulation tape or Nice% ing to

ensure that the soldered joints cannot short-
circuit together. The sensor w ill he neater if
it is built into a probe, based on an old pen
for example, but this is not essential.

TESTING
When the unit is first switched on it is

likely that the meter will be driven fully
positive or negatise. With careful adjust-
ment of Balance control VRI it should be
possible to zero the meter. and placing the
probe near any magnetised object should
then produce a suitable response from the
meter.

The meter movement itself contains a
permanent magnet, and placing the probe
near this should produce full-scale deflec-
tion of the meter. Placing the opposite face
of the probe near the meter should then
produce full-scale deflection in the oppo-
site direction.

As explained previously. applying the
pole of a magnet to one of the four smaller
surfaces of the sensor will not produce a
significant output signal. In use the orienta-
tion of 'the sensor should therefore be
adjtisted to maximise the meter reading.

Placing the probe against the power
cable of virtually any mains powered
device that is switched on should produce a
50117 "hum- from the earphone.
Alternating fields will not produce an indi-
cation from the meter because the meter
will register the average field strength. This
will normally be 7cro due to the opposite
poles in the signal cancelling out one
another.

The circuit is reasonably stable, but
occasional readjustment of VRI will be
required.

SHOP ---11 TALK
with David Barrington

PIC Micro -Probe
The component listing for me PIC Mrcro-Probe calls for a piece of c.

holder' type strgboard. with a central channel, devoid of copper. running
across the copper tracks. This will cost you around £5. but for Just under £2
you can use a rd and cut away the copper tracks as
necessary. The rest of the components shou'd be readily available.

The PIC used in tits protect oe Inc 10.1.Hz version For those who
want a "p'ug..n and go- preprogrammed PiC16F84 one .5 ava1able from
Magenta Electronics is 01283 565435 or MO: magenla2000.co.uln for
the inclus4.* puce of £5.90 (overseas readers add El for pos'age. For those
who wish to program their own PICs. the software is ava ,actra from the
Editorial Offices on a 3.5in PC-compatite disk. see EPE PCB Service page
937 If you a -e an Internet user. it can be downeaded Free orn our FTP she
hp: ftp.opomag.wlmborne.co.uk pubs PICS microprobe

Magnetic Field Detector - Starter Project
Just a cape of po -g pixy- is of components forme Magnetic

Fed Defector, this none, s sta-ter peer. The firSICOnCerhS the 100iiA 'centre
zero meter, some readers may has, difficuly in Iccatng one The meter used in
the prototype came from Sampan (it 01702 554000. code RW98G

If you have trout* tracking down the UGN3503U Hall effect sensor the
above company kat one as order code GX09K. They also supplied the OP77G
precision op amp. code ULO5F. The alternative TL071CP low -noise op amp
should be stocked by most of our component advertisers

Glnormous Stopwatch - Giant Display
Ths month we compete the Stopwatch protect with the cOnstruction of a

Gant Oval aspay module. Most of the component supply 'tugs' were
ironed out last month.

The high voltage 4N25 coo-cotow. code AV44. and the ULN2003 Darlington
array, code AD938. are listed by Maple The BD681 Darington transistor maybe
hard to find. but the suggested alternatr.e TIP141 and TIP142 shoud be readily
wahine. Nose the diffenng prions for the TIP devices (Fg 2 lag month).

Ready programmed PICs are available from the author for the sum Of £10
each (lo- either Ihe ()splay module or Slopmith) or £50 for six WI any oacriana-
ton, with free postage to anywhere in me world. Payments should be made out
to N. Slojadnovic. HaE-mail address is: viadkningu030rionemetau or
writs b: 11k. N. Stolecilnovic. PO Box 320. Woden ACT, 2606, Australia.

A programmed PIC16C54 is also available from Magenta Electronics (it
01283 565435 of http.wmagenta2000.eckuk) for the inclusive price of £5.90
(overseas readers add CI for postage). For those who wish to program they

own PICs. the software is avadabe from the &Menai Offices on a 3:5in . PC -
compatible disk. see EPE PCB Sennce page If you are an Internet user, it
can be downloaded Free from our FTP site

Itptrittpapemegiwimbomcco.uk pubs PICS stopwatch
The two printed brewt boards are available from the ERE PCEI Servce.

code 247 (Digit) and 248 iPort Corn.).

Loft Guard
Most of the components catred-up for the Lob Guard protect shOuld be

readily available from your usual supplier. The only problems that are likely to
crop up may be find ng the high value resistors

The owl', 100 megohm resistor 0371 was only found listed under the 'cer-
met film' range stocked by Eliecfrontalt (19 01536 204555 or RS
http:Wswww.con). Quote code 158-222. As the ante points out. you could
use three 33 megohm resistors On series): the pcb 5 also designed to
accept mese- This resistor (33M) came from tne Moulin 'nigh voltage' metal
film range. order code V331.4

Note that to make up the 20 megohm resistor (RIO) you AA need two 10
map types Once organ. the 'MOOS' peal have been included on inepcb

The lest mentioned company also suppled the miniature ight-cleponclent resis-
tor dr.), code AZ83E and Me Itch power vanity banor, code FK84F.
Asmoup most el cis oxiborionts advertisers should be We to ono someew'ig
sin tar. you mulct d course. use the good old standard ORP12 I dr. if you wish

Even though the semiconductors are specific versions, they should be in
plentiful supply. The p C b is avalabe from the EPE PCB Service. code 249.

Teach -in 2000
yOU nave only lust pit-ed up on our new. Teach -In 2000 serves with this

issue. and berg a newcomer to electronics. you may feel a bit apprehensrre
about Ordering the various parts for the demonstration 'Pei -erases' Fear not.
some of advertisers have put together component and hardware packs ape-
ciaity for the new series A few more will be added as the series progresses.
but we do not eirrect that to be until at least part seven

To date. part.cipat.ng advertsers are as follows and readers are advised to
contact trern roe more de'w's

ESR Electronic Components (ft 0191 251 4363 C web
flip: vnvw.esr.co.uln Hardwararrools and Comocre7ts Paz..

Magenta Electronics (le 01283 565435 or hap: wbvbv.magenta2000.
co.uk - _ - and Components Kit 879

FML Electronics IV 01677425840) - Basic Components Sets
N. R. Bardwen 0114 2552886) - Digital Multimeter special offer

PLEASE TAKE NOTE
Demister One -Shot Nov '99

Page 844 Fig 4. On the pc.b. competent layout diagram. the 'body' °Ones
Cl capacitors Cl and C2 should be transposed - see photograph at ot Papa
845. The eiectrolytic. sixrwri as a ord., shcaid connect to Me ICI pit 8 copper
track (*) and the common GNO track The actual annotaDom are correct
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