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DESIGN CHANGES
In the interest of product improvement, Bartington Instruments Ltd., reserve the right to change any part
of the design of this product without prior notice.

1.0. INTRODUCTION

It isafrequent requirement, when performing magnetic measurements using the Mag-03 range of
senstive magnetometers, to condition the signals prior to andysis and have some means of  supplying
power to the magnetometer. To alimited extent these requirements are satisfied through the use of the
Mag-03 power supply unit and, where very dowly varying Sgnds are to be processed, the 24-hit
Mag-03DAM data acquisition module may be used.

The mains powered signa conditioning unit described here is intended for use where Smultaneous visud
display, together with analog data, is required. Very wide range high and low passfilters, together with
again cortrol and an adjustable supply voltage, enable the user to configure the system to suit avariety

of operationd requirements.

20. GENERAL DESCRIPTION
SeeFigures1land 2

The sgnd conditioning unit, the Mag-03SCU, is a mains powered unit, housed ina19” rack-
mountable enclosure. Function controls and LCD displays for the three axes are mounted on the front
panel with connectors on the rear panedl.

The unit functionsin the following way:-

2.1. Power supplies

2.1.1. Mainsinlet

The a.c. mains supply is connected to the unit viathe IEC inlet on therear pand. The inlet contains
two 1 A quick blow fuses which may be 20 mm or 3/4 inchesin length. The fuse carrier dso actsasa
mains voltage sdector by appropriate orientation. The unit is switched on and off by arear pand
switch, integra with the [EC mainsinlet. Radio frequency filtering isincorporated in the connector
assembly.

2.1.2. Low voltage supplies

Low voltage supplies are derived from transformers which possess low input to output coupling
capacitance. From the transformers, rectified, but unregulated, d.c. supplies are derived. The supplies

are regulated to produce four d.c. supplies. These are:

@ Supply to the magnetometer - this supply can be set to ether +12V, £15V or
+17V under control of the SUPPLY voltage selector on the front pand.

(b) +15V supply to the internd anaog circuitry

(© +5V supply to the LCD pand meters and logic
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(d) +10V high gtability precison supply for offset reference

All supplies, including the magnetometer supply, are taken, together with the externd line supply
ground, to a common earthing point on the chassis of the unit.
All power supplies have very low ripple and are short circuit protected for indefinite time.

2.2. Analog signal processing
2.2.1. Thedifferential amplifier

Power is supplied to, and andog signds received from, the magnetometer viathe 10-way rear pand
connector. All lines passviaan 18 V surge arrestor which provides limited protection againgt voltage
aurges due, for example, to indirect lightning strikes.  The low res stance magnetometer cable shidd
acts as the power return line and is connected within the

Mag-03SCU to the common earth point.

Andog 9gndsonthe X, Y and Z axes are referenced to acommon signd return line and this, together
with the Sgnds, is connected to the input terminds of the differentid amplifier. The ultralow drift
amplifier is based on the ADOPO3 and provides less than 1 nV/°C input offsat drift, together with an
input impedance of 50 kohms. The output of the amplifier is referenced to the loca 0V andog
reference and is available as an unconditioned output on the rear pandl.

Thisamplifier ensures very high immunity to errors arisng from the presence of common mode voltages.
These can be due to voltage differentids in the power supply return line and externa noise. The
theoretical common mode rangeis+18 V.

2.2.2. Thefilter SeeFigure2

High and low passfilters are incorporated to provide 18 dB/octave roll-off characteristics outsde the
pass band. The -3 dB frequency response point for thefiltersfor al channdsis set viafront pand
controls. The high and low passfilters are in two sections Stuated before and after avariablegan
amplifier. The section before the amplifier has arall-off of -12 dB/octave and a Q factor of 0.85. The
section after the amplifier has aroll-off of -6 dB/octave and a Q factor of 0.5. Inthisway amaximaly
flat reponse is achieved with the desired roll-off characterigtics and freedom from overload problems.

Thefilters are built around the ADOP270 low noise, high stability op amp and have a dynamic range of
+13V.

When the high passfilter is set to 0 Hz, d.c. operation is enabled and the high passfilter sectionsare
bypassed.

2.2.3. Thevariablegain amplifier

Thegain of the X, Y and Z channds can be individudly st using three front pand controls. This
section is based on the AMPO1 instrumentation amplifier. Input and output offset error isindividudly
trimmed. Theinput drift, which will be amplified, islessthan 0.5 mV/°C. Theinput to the amplifier is
fully differentid over a+12 vV common mode range and permits the precision offset to be introduced at
this point.
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2.2.4. Offset

Smadl sgnd variations can be measured in the presence of a high background vaue by using the offset
controls on the front panel. The reference sgnd for thisis derived from the precison reference which is
based on the ADREFOL ultra high stability 10 V reference. A coarse offset control is provided by a
three pogtion, centre off switch to set the polarity of the offset required together with and a 10-turn
precision potentiometer. A fine offset control with a centre off position provides a continuous fine
adjustment of the offset.

2.2.5. Pand meter

The conditioned signals for the three channdls are available as ana og outputs on the rear pand and are
aso digplayed numericaly on the three LCD meters on the front panel. The meters are set to read
directly in volts and the least Sgnificant digit has aresolution of 10 mV. The meters display results a
three readings per second and will therefore not indicate a meaningful result for ac. 9gnds. For ac.
measurements the anadog signas from the rear panel connector should be viewed with an a.c. meter,
oscilloscope or output to a data acquigition system.

3.0. OPERATING INSTRUCTIONS
3.1. Connecting up
3.1.1. Mainspower supply - earthing and safety

WARNING: THISUNIT ISMAINS POWERED AND THE FOLLOWING INSTRUCTIONS
SHOULD BE STUDIED CAREFULLY

The following safety precautions should be observed before connecting the unit to a mains supply:

@ The unit MUST be earthed. For this reason a 3-core connecting cable is supplied. The centre
pin of the IEC inlet on the rear pand isinternaly connected to dl the metd pands of the unit.
The correct mains cable should possess three conductors and athree pin plug. The earth pin of
the plug, which is usudly the central one, connects eectricaly with the centre pin of the IEC
inlet. A supply connection should be sdlected such that the IEC inlet centre pin is connected to
asdfety earth point.

(b) When viewed from the rear the right hand pin of the IEC inletismainsLIVE andthe  left
hand sde oneisNEUTRAL. Although, in practice, these can be reversed, for reasons of safety
correct connection should be observed.

(© This unit is not sedled againgt the ingress of water and should be operated only under  dry
conditions.
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If in doubt about any of the above a qudified dectrician or safety officer should be consulted before
meaking connection to the mains power supply.

3.1.2. Mainsvoltage selection
It isimportant that the unit is set to operate on the locad a.c. voltage. To accomplish this, the fuse

holder within the IEC connector can be removed and inserted so that the arrow on the body of the
connector alignswith the arrow on the fuse carrier which is adjacent to the correct voltage.

SET TO 220-240V OR 110-120V

3.1.3. Fuses

1 Amp capacity fuses arefitted with avoltage rating of 250 V. The fuses may be either
20 mm European or 3/4 inch US style. No other rating of fuse should be fitted.

3.2.  Switchingon

Idedlly, the magnetometer should be connected prior to switching on the Mag-03SCU. In thisway,
power supplies to the magnetometer are switched on smultaneoudy and intermittent connections are
avoided. However, falureto do thisis unlikely to cause any problems.

The unit is switched on by sdecting the “1” position on the rocker switch on the IEC inlet. The LCD
disolays should immediately become illuminated.

3.2.1. Magnetometer supply voltage
The front panel control should be set to supply the appropriate voltage to the magnetometer. For very

short cables, afew metres or so, use 12 V setting. Between 100 and 300 metres, use 15V setting and
above thislength usethe 17 V seiting.
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3.2.2. Preiminary set-up - d.c. measurements

Following switch-on, the unit requires approximatey 10 minutes to achieve full sability whilst the
interna circuitry warmsto its operationd temperature. 1dedly the ambient temperature should not vary
more than 2 or 3° C per hour if full stability isto be achieved. For this reason the unit should be
operated out of direct sunlight.

Set the high passfilter to d.c. 0 Hz position and set each of the individud gain controls to the lowest
setting. Set each of the coarse offset switches to the centre (OFF) position and the 10-turn coarse
offsat controls fully counter clockwise. Set the fine offset controls to the centre zero postion. It will
then be possible to observe the mgjor Satic field present at the sensor axes.

Note: Any channel which displays avaue above 10 V should be consdered to be approaching
overload and at 12 V the channd is overloaded.

A decision can now be made, depending on the type of measurements to be performed, whether higher
gan settings are permissible, operation of the offset control is appropriate or whether the high passfilter
function should be enabled.

If the conditioned or unconditioned analog outputs are to be used, they should be loaded by an
impedance of not less than 50 kohms for the greatest accuracy.

3.2.3. Offset

The varidble gain amplifier is subsequent to the offset facility. Therefore, if it isdesired to usethis
facility, remember that the difference between the offset value and the current field vaue for each
channd will be multiplied by the gain. The offset fadility will usudly be usad in the following way:

Set the coarse offset 10-turn control fully counter-clockwise and select an offset polarity which is of
opposite sign to the value to be nulled. Rotate the offset control clockwise until the value displayed
reduces to zero or some small value. The fine offset control may then be set to reduce the offset to
zero. Itisnow possible to increase the gain to the required vaue for the investigation and adjust the
fine control again as necessary.

3.24. Gain setting

The gain of each channel may be individudly set to avaue of ether 1, 50, 100, 300, 500 or 1000.
The maximum gain permitted will be limited by consderations of maximum sgnd excurdon over a
measurement sequence and the degree of precision required in setting the offset. The coarse offset can,
with care, be st to zero the signd within the £5mV range of the fine offset contral.

3.25. Scaling

Note: 1 Gauss= 100 ml'

Magnetometers in the Mag-03 series are available in range settings of 70, 100, 250, 500 and 1000mT
per 10 V output full scale. The scaling at the output of the Mag-03SCU will therefore be equd to the

scae factor divided by the gain. For example, for the Mag-03M C100 and a gain setting of 1000, the
andog output scale factor will be
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10/1000 = 0.01 MV or 10 nT/V
3.2.6. A.C.coupling - high passfilter

Sometimes, where the background field is dominant but is changing at arate dower than the field to be
dudied, it is more convenient to use a.c. coupling. Two high passfilter settings for this purpose are
provided, having values of 0.01 Hz and 1.0 Hz. Select the frequency which is substantialy lower than
the frequency of the field under investigation but higher than the frequency a which the background field

may be varying.

Suffident time should be alowed, especidly a the lowest frequency setting, for the filter to settle.
Momentary seection of the higher frequency, 1 Hz setting, will assist in settling the lower frequency
filter, 0.01 Hz stting.

The offset controls remain operationa when the a.c. coupling isimplemented and could be used to
assg in shortening the settling time. However, it isusud that the centrd position of the offset polarity
switch will be selected, the 10-turn control set fully counter clockwise and the fine cortrol set to the
centre pogition to disable this facility during a.c. measurements.

3.2.7. Low passfilter

The low passfilters are enabled at dl times and may be st to regject frequency components above a
vaue of either 1, 10, 100, 1000 or 10,000 Hz.

3.3.  Electromagnetic compatibility

The Mag-03SCU instrument contains no high frequency eectronics likely to cause emissons which
could cause interference with other gpparatus. The desgn includes decoupling of internd power
supplies and mainsfilters to minimise any emissons.

The unit is dso unlikely to be affected by interference from other equipment in the norma operating
environment. However, the sensors used with this unit, being designed to measure the magnetic field,
are susceptible to éectromagnetic interference and operation close to a high frequency sources of
radiation should be avoided. Interference is indicated by ingtability in the reading when the sensor is
maintained in afixed pogtion.
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4.0 TECHNICAL SPECIFICATIONS

M echanical
Enclosure : 483 mm width (19")
88 mm height (2U)
300 mm depth
Rack mountable
Weight : 5.5kg
Markings : product code, seria no., supply voltage
Environmental
Operating temperature
range ; -20°C to +70°C
Humidity : 0-50% (non-condensing)
Electrical
Power input : 110/220 V ac selectable
Fuses : 1A, 250V rating, 20 mm or 3/4 inch
Power output : +12V,£15Vand+17Vdca lA
short circuit protected
surge protection provided with 18 V clamp
Ripple : <lmV p-p
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Performance
Input channels
Input sgna range

Sgnd output

Sgnd coupling
Low passfilter
High passfilter
Filter roll-off
Gan
Offst -Coarse
-Fne
CMRR

Offset control

Thermd drift

Sysem noise

Display

Controls

Connectors

supplied)

3from MAG-03 three axis magnetic sensor (X, Y and Z)
+18V maximum - surge protection with £18 V clamp

three unfiltered anaog
threefiltered analog

ac. or d.c. depending on filter selection

1, 10, 100, 1000 or 10000 Hz switch sdlected

0 (d.c.), 0.01 or 1.0 Hz switch sdlected

-18 dB/octave for low and high pass

1, 50, 100, 300, 500 or 1000 switch selected for each
channd.

0to +10V for each channd
0to+5mV for each channd

> 60dB

10 turn potentiometer with polarity switch for eech
channdl

£6 mV/hour for filtered/nulled sgnd output
with gain=300

minimum discernible input sgnd variation of £0.1 mvV
with Sgnd/noiseratio of 3 10 dB at dl gain settings

3x 3%digit LCD

Power on, low passfilter, high passfilter,
supply voltage, gain (3), offsat (3), polarity (3)

power in - 3way IEC with integrd filter (power cable

sensor - 10 way Hirose RM15TRD10P
andog outputs- 6 X BNC
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