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1 Safety precautions

The follo wing safety precautions should be observ ed before system in-
stallation:

The MR-3 system is in tended for use by quali¯ed personnel who are
familiar with the safety precautions required to avoid possible injury .

Read this guide carefully before constructing comp ensation coils and
installing the system. This guide is in tended as an extension of the MR-
3 user's manual whic h is deliv ered together with the MR-3 instrumen t.
The instrumen t must not be operated before a careful study of the
MR-3 user's manual.

The MR-3 system and comp ensation coils must not be operated in
explosiv e atmosphere.

It is only permitted to install the comp ensation system and coils in dry
ro oms.

Coil construction, system installation and operation is left at user's risk.

Do not connect any load with a resistance below 1 ­ to the MR-3 power
output terminals.

Do not exceed the electrical and thermal operating limits, as de¯ned
in the speci¯cations section of the MR-3 user's manual. Disregard can
cause destruction of the instrumen t and consequential damages.

Stefan Ma yer Instrumen ts shall not be liable for any direct, indirect,
special, inciden tial or consequential damages arising out of the construc-
tion, installation, and use of any system comp onents and comp ensation
coils.

The instrument and this manual may besubject to alterationswithout prior notice.
Although this guidehasbeencarefully written, correctnesscannot be guaranteed.
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2 In tro duction

The magnetic ¯eld compensationsystemMR-3 has beendesignedfor automatic
triaxial compensationof magnetic ¯eld disturbancesin the frequencyrange from
0 to > 500 Hz. The system reducesslow disturbances, e. g. causedby trams,
elevators or vehicles, as well as magnetic noise produced by power lines (typ.
16.3Hz, 50 Hz, 60 Hz, and harmonics)by establishinga compensation¯eld with
the help of suitable compensationcoils.

This manual providesinformation for the designof suitablecompensationcoilsand
systeminstallation. Although the construction of compensationcoils is simpleand
straight-forward, the guidelinesdescribed in the following should be observed in
order to achieve proper matching betweenthe coils and the MR-3 instrument and
successfulsystemoperation.

3 Op erating principle

The MR-3 instrument measuresthe magnetic¯eld with a triaxial °uxgate magnetic
¯eld sensor. A set of three pairs of Helmholtz-type compensation coils must be
constructedaround the sensorand alignedwith the sensoraxes.The coil current is
controlled by the MR-3 systemin order to compensatefor magnetic ¯eld changes
measuredby the sensor.

Ideal compensationcoils are the circular Helmholtz coils. They consist of a pair
of rings separatedby a distance which equalshalf the ring diameter (Helmholtz
condition for maximum ¯eld homogenity). Helmholtz coil pairs generatea homo-
geneousmagnetic ¯eld in the central region betweenthe coil rings. The direction
of the magnetic¯eld is parallel to the centre axis. For triaxial compensation,three
orthogonal setsof coil pairs are required (see¯gure 1).

For many applications,the constructionof circular Helmholtz coilsis too di±cult so
that rectangularshaped coils are the preferreddesignin most cases.Furthermore,
the Helmholtz condition (distanceequalshalf diameter) for maximum homogenity
can be relaxed in order to avoid complicated "nested" coil designs. The easiest
way to makesuitablecompensationcoils is to ¯x the coil windingsat the edgesof a
cubic or rectangular supporting structure. In many applications, this "supporting
structure" are simply the walls of the room wherethe magnetic¯eld disturbances
have to be cancelled.The lossin homogenity for a non-ideal coil designdoesnot
causeproblems provided that the coil dimensionsare large comparedwith the
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Fig. 1: MR-3 system operating principle, Bx , By , and Bz indicate the magnetic ¯eld
components generatedby the coils. I x , I y , and I z are the respective coil currents.

region where maximum compensation is required. The MR-3 system has been
optimized for direct connectionof low impedancecoils. Only a few turns per ring
are su±cient, which greatly simpli¯es the installation procedure. Typical values
are 3{6 turns per ring, two corresponding rings connectedin series. In many
applications, 3- or 5-wire cablesknown from householdelectrical installation are
used.
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4 Magnetic ¯eld conditions, sensor location, and
system limitations

Before beginning the designand construction of compensation coils it is always
recommendedto examinethe magnetic ¯eld conditions in the volume where the
magnetic¯eld disturbanceshaveto becancelled.It is usefulto measurethe DC and
AC components up to 1 kHz in all three directions with a suitable magnetometer.
The MR-3 systemis intended to cancelmagnetic¯eld disturbancesof up to a few
microteslaamplitude. The exact compensationrangedependson the coil layout.

The compensatione®ectis best in the vicinit y of the MR-3 magnetic ¯eld sensor.
Thereforeit is recommendedto ¯x the sensorascloseaspossibleto the placewhich
is most sensitive to magnetic ¯eld disturbances(e. g. closeto a SEM column).
However, there are somelimitations which have to be considered:

1.) The sensorcannot handle magnetic ¯eld components above 100 ¹ T (roughly
twice the earth's magnetic ¯eld). That means,the sensorcannot be placednear
magnetsor objectscontaining magneticmaterial (e. g. not to closeto the magnetic
lensesof a SEM column).

2.) Magnetic material in the vicinit y of the sensorcan de°ect the magnetic ¯eld
components generatedby the compensation coils as well as the magnetic ¯eld
disturbancesto be measured.The consequencewill be unsu±cient magnetic ¯eld
compensation. Keep the sensoraway from magneticparts like steelconstructions.

3.) The MR-3 magnetic¯eld sensoremits small DC and AC magnetic¯eld compo-
nents. Although the ¯eld generatedby the sensorrapidly decreaseswith distance,
the sensorshould not be mounted closerthan » 10 cm to sensitive devices.

Since the magnetic ¯eld is only measuredat a single location in the room, it
cannot be expected that compensation is completeat any location in the room.
The compensatione®ectdependson the homogenity of the compensation¯eld as
well as on the homogenity of the ¯eld disturbances.In general,the compensation
e®ectis poor for strongly inhomogeneousmagnetic ¯eld (e. g. if the sourceof
magnetic disturbance is within the volume where the ¯eld has to be cancelled).
The best placefor the sensorwith respect to ¯eld homogenity is the centre of the
compensationcoil arrangement.
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5 Coil design

For successfulsystemoperation the compensationcoils must ful¯l a few require-
ments which are described in the following sections.

5.1 Coil dimensions

Largercoilsyield better ¯eld homogenity than smallerones,but the power required
to generatea certain compensation¯eld increaseswith increasingdimensions.In
most applications, the coil rings will be attached to the edgesof the room so that
the coil dimensionsare de¯ned by the dimensionsof the room. For good ¯eld
homogenity the distancebetweentwo corresponding coil rings shouldnot be much
larger than the side length of the ring. The system has been tested with coil
dimensionsup to 6 m £ 6 m. Much larger coils are not recommendedbecausethe
output power of the MR-3 systemmay be too low or the coil inductancebecomes
too large.

5.2 Num ber of turns

The number of turns per coil ring de¯nesthe magnetic¯eld generatedin the centre
of the coil arrangement for a given coil current. The magnetic¯eld B in the centre
of a rectangular coil pair is given by the following:

B = 1:6
nI ab

p
a2 + b2 + c2

Ã
1

(a2 + c2)
+

1
(b2 + c2)

!

: (1)

Equation (1) givesthe magnetic¯eld measuredin microteslawhenthe dimensions
a, b, and c are measuredin meters,and the coil current I is measuredin ampµeres.
See¯gure 2 for de¯nitions.

Example: Dimensionsa = b = 6 m, c = 3.6 m, coil current I = 2.5 A, and
number of turns per coil ring n = 5 gives:

B = 1:6
5 £ 2:5 £ 6 £ 6

q
62 + 62 + (3:6)2

Ã
1

(62 + (3:6)2)
+

1
(62 + (3:6)2)

!

¹ T (2)

' 3:2 ¹ T:
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Fig. 2: Rectangular coil pair. Only one turn per ring is shown. In real applications
distance c should not be larger than a or b.

The exampleshows that the maximum MR-3 output current of 2.5 A generatesa
magnetic ¯eld of approximately 3.2 ¹ T in the centre of a 6 m £ 6 m rectangular
coil pair which is separatedby 3.6 m. This is su±cient for many applications
and a typical examplefor a good coil design. The loop gain of the MR-3 system
can be adjusted to match with di®erent coil ¯eld/curren t ratios. However, it is
recommendedto selectthis ratio between0.5 and 5 ¹ T/A.

5.3 Coil resistance

The recommendedresistanceof each coil pair connectedin seriesis between1.5
and 2.0 ­. A resistancebelow 1.0 ­ can damagethe output ampli¯ers of the
MR-3 instrument and must be avoided. A resistanceabove 2.0 ­ reducesthe
maximum output current of the systemampli¯ers. That doesnot matter in cases
where the maximum output power is not needed.The coil resistancedependson
the dimensionsa and b (see¯gure 2, the number of turns per ring n and the wire
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crosssectionq. If a and b are measuredin metersand q is measuredin mm2 the
resistanceR measuredin ­ of the coil pair madefrom copper wire is

R = 0:07
n(a + b)

q
: (3)

Using wires of 2.5 mm2 crosssectionthe resistanceof the examplecoils from the
last sectionis

R = 0:07
5 £ (6 + 6)

2:5
­ ' 1:7 ­ ; (4)

which is well within the recommendedrange. For an exact calculation the resis-
tanceof the connectioncablesshouldbeadded,but in mostcasestheir contribution
to the coil resistancecan be neglected.

6 Coil construction

Sinceonly a few turns per coil ring are required,construction of the compensation
coils is easy. It is recommendedto usecommercially available multi-wire °exible
cables. The individual wires are connectedin seriesin order to make a coil ring
with the selectednumber of turns. Two corresponding rings areagainconnectedin
series.Connectionscanbemadeby screwterminals, cageclamps,crimp connectors
or soldering. All connectioncablesshould be kept short and installed pairwise.

In most applications the coils are attached to the walls of the room. The exact
shape of the coils is not critical. Use standard plastic cable tubes or housings
known from householdelectrical installation. Although the output voltage of the
MR-3 systemdoesnot exceed15V, it is important to obey the current regulations
and safety rules for electrical installations.

In casethat the coilscannotbeattachedto walls it is possibleto construct a special
supporting structure for the coil rings, for exampleif the room is too big or if local
compensation is required. Such supporting structure can be a cubic frame made
from wood or aluminium tubes. A variety of aluminium construction elements is
available from di®erent manufacturers and electronicsequipment suppliers. Use
only non-magneticmaterial for coil construction. Any supporting structure should
be sti® enoughto avoid vibration which can in°uence the compensatione®ect.
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7 Sensor moun ting and system connections

The triaxial magnetic ¯eld sensorof the MR-3 systemmust be properly mounted
and aligned with the axesof the compensationcoil pairs. Useonly non-magnetic
material and screwsfor sensormounting. The sensormust be ¯xed in space.Even
small deviations of its original position can easily causemalfunctioning so that
readjustment of the systemis required. The sensorcableshould be safely¯xed.

The coil connectioncablesare connectedto the output terminals at the rear side
of the MR-3 instrument with help of the cageclamp connectorsdeliveredwith the
instrument. Check for correct polarity and correct assignment (see¯gure 2, see
alsosection"Electrical connections"in the MR-3 user'smanual).

Before any disconnectionor maintainance of the coils the controller sectionsand
ampli¯er stagesof the MR-3 instrument should be switched o®, (rotary switches
to position "0" and toggle switches at the rear side to position "OFF", seethe
user'smanual).

8 System adjustmen t

Onceinstalled the systemmust be adjustedfollowing the instructions of the MR-3
user'smanual. Anyway, an oscilloscope is required for the adjustment procedure.

9 Installation example

The following pictures show an example of an MR-3 installation in a scanning
electron microscope (SEM) application. The room dimensionsare approximately
3.5 m £ 6 m area and 3.2 m height. The SEM is located in the rear part of the
room. The coil wires do not surround the whole room but only the rear part.
The wholecoil arrangement hasalmost cubic shape. The coil rings are madefrom
5-wire cablesof 1.5 mm2 wire crosssection.
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Fig. 3: SEM application. The red circle shows the MR-3 magnetic ¯eld sensormounted
on a plastic rod near the SEM column. The arrow indicates a plastic cable housing
which contains parts of the compensation coils. The coils are continued in the ceiling.

Fig. 4: The cablesof two neighbouring coil rings (part of x- and y-coil) are placed in
the samehousing. The third cable is the connectioncable betweenthe z-coils which are
in the ceiling and °oor of the room.
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Fig. 5: a) parts of the x- and z-coil ¯xed together in the ceiling, b) cable housing for x-
and y-coil parts as in ¯g. 4

Fig. 6: Connection of the MR-3 instrument at a corner of the coil arrangement. Coil
positions are shown by the dashedlines.
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10 Troublesho oting

The following table presents solutionsfor the most commonproblemsrelated with
the operation of the MR-3 system.

problem possible reason solution

power supply indicator (green
LED at the front) does not
light

no power connectionor blown
fuse

check power line chord and
fusesat the rear side

¯eld settings cannot be ad-
justed to analog meter center
position

DC magnetic ¯eld at the sen-
sor location exceeds adjust-
ment range

choose a better place for the
sensor

large AC voltage at one of
the measurement output ter-
minals on the front when con-
troller section is switched on

system loop gain too large immediately switch o® the
controller rotary switch to po-
sition "0", reduce gain by
turning the P, I, and D trim-
mer counter-clockwise, turn
on the controller section and
check again

same as above, but P, I, and
D trimmers already turned to
minimum gain

still too much loop gain reducenumber of coil turns

analog meter indicates non-
zerouncompensatedmagnetic
¯eld when controller switch is
turned from "0" to "L"

wrong coil polarit y reversepolarit y of coil for that
component, be sure that cur-
rent °ows in samedirection in
both corresponding coil rings

analog meter immediately
shows maximum pos. or neg.
coil current when controller
switch is turned from "0" to
"L"

power ampli¯er stage is
switched o® or open coil
connection

switch on ampli¯er stagewith
toggle switch at the rear side
and check coil resistancewith
an ohmmeter

sameas above wrong coil polarit y or inter-
changedcoil pairs

check coil polarit y and assign-
ment

analog meters show large av-
eragecoil current during per-
manent operation

sensor position or magnetic
¯eld conditions have been
changed

readjust ¯eld settingswith the
10-turn pots on the front to
zero averagecoil current
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