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Earth magnetic field sensing:

a Philips strength

Within its extensive range, Philips Semiconductors has a
number of magnetoresistive sensors ideal for applications
requiring the sensing of the earth's magnetic field and
other weak fields, such as electronic compasses, earth
magnetic field compensation, traffic detection and so on.
They offer all the inherent advantages of magnetoresis-
tive technology, with none of the trade-offs between pre-
cision and sensitivity, frequency limitations, temperature
restrictions and other drawbacks found with many other
sensing techniques.

KMZ10A |[KMZ10Al | KMZ50 | KMZ51 Unit

Package SOT195 | SOT195 SO8 SO8 -

Supply voltage 5 5 5 5 \

Sensitivity 161 22 16 16 (mVIV)/
(kA/m)

Offset voltage +15 +15 +1 +1 mV/V

Offset voltage +6 +6 +3 +3 UVIVIK

temperature drift

Applicable field +0.5 +0.5 +0.2 +0.2 kA/m

range (y-direction)

Set/reset coil No No Yes Yes -

on-board

Compensation coil No No No Yes -

on-board

1Hx = 0.5 kKA/m

Philips’ latest sensor, the highly sensitive KMZ51, has been designed
specifically for these applications, and has the compensation and set/reset
coils normally used to compensate for offset and temperature drift inte-
grated onto the silicon (see opposite for more details on compensation).
Having these coils on-chip greatly simplifies circuit design and reduces sys-
tem costs; and as this Philips’ solution offers excellent magnetic coupling it
is extremely efficient, allowing the sensor to operate from a 5 V supply.
And even at this low voltage, the KMZ51 requires no costly and bulky
DC-to-DC up-converters.
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Fig. 1. Layout of KMZ51 sensor



Compensation:

the key to weak field sensing

Despite electrical trimming and their inherent high sensitivity, as with any
weak field sensor MR devices can have an offset value larger than a typical
target weak field, such as the Earth's geomagnetic field. Also, their sensi-
tivity decreases as temperature increases but fortunately, both these effects
can easily be compensated, allowing the high sensitivity and reliability of
magnetoresistive sensors to be exploited in weak field measurement.
Compensation uses two coils wrapped around the sensor which, in
Philips' KMZ51 sensor, are already integrated into the housing for easy
design-in. The "flipping’ coil both stabilizes the sensor and eliminates off-
set effects; the other provides electro-magnetic feedback so the sensor is
always operating effectively at its zero-point, where offset and sensitivity
are unaffected by temperature.
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Fig. 3. Timing diagram for flipping circuit
Flipping

All magnetoresistive sensors have two stable output characteristics.
Using a reversible, pulsed external magnetic field of very short dura-
tion, produced using the first current carrying coil wrapped around
the sensor, the output is periodically switched or 'flipped’ between the
two states. Thus the unknown field is measured in one direction in
one half of the cycle, while in the second half it is measured in the
opposite direction. The two different outputs are symmetrically posi-
tioned around the offset value, so simple high pass filtering and
rectification produces a single continuous, offset-free output.

Temperature compensation

By using a principle called current compensation in an electro-mag-
netic feedback set-up, the MR sensor can always be operated at its
null-point, where the output signal is independent of the sensor's
actual sensitivity or its drift with temperature (figure 5). This is easily
achieved with a second compensation coil wrapped around the sensor,
perpendicular to the flipping coil. Variations in the sensor’s output are
converted to a current and fed back through the compensation coil to
produce an equal and opposite field, exactly compensating the change
in output signal, regardless of its actual, temperature-dependent value.
The value of the target field is then easily derived from the current fed
to this coil.



Pointing
the way

Probably the most common weak field application for magnetore-
sistive sensors is in electronic compasses or navigation tools.

These use two sensors, aligned in the same plane but at 90° to one
another to provide a two dimensional compass, with the sensors
measuring the x- and y-components of the measured Earth field
(figure 6).

Magnetoresistive-based compasses offer basic set-up simplicity, as
well as design flexibility to allow tailoring compass performance to
the application. Depending on the level of accuracy required and
expected environmental influences, various levels of complexity can
be incorporated into the compass drive circuit, to make systems
ranging from a simple 8-segment compass to high precision set-ups
including a microcontroller. It is also possible to design high-end
systems which use a three dimensional compass and gravity sensor,
to eliminate their sensitivity to the angle with respect to the Earth’s
surface, a problem affecting all compasses and particularly notice-
able in automotive applications.
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Fig. 6. Simplified block diagram of an electronic compass

(_simple calibration )

A real-world electronic compass must be calibrated to eliminate the
effects of extraneous fields, such as from the compass casing. In
simple compass applications, the output is simply measured twice
with each measurement shifted by 180°. From this so-called “bi-
directional calibration” method, the x- and y- components of the
extraneous field can be determined and simply compensated for by
applying the appropriate current to the compensation coils. With
high-end compass applications, a microcontroller can apply this
process continuously to provide automatic adjustment in, for
example, automotive compasses and thus completely eliminating
the need for manual re-adjustment according to vehicle load.

Although simple in essence, to help customers understand more
fully the principles and real-world world design factors, Philips has
produced an SMD test board for compass system evaluation. The
basic high accuracy of MR technology for compass applications is
shown in figure 7, with an almost perfectly circular output from
the board as it is rotated through 360°.



(Simple 8-segment compass)

Simple compass applications give an approximate indication of
direction, displaying only the eight major compass directions (N,
NE, E, etc.). This basic functionality is typically found in simple
navigation aids where, for example, car drivers may need to know
their rough orientation but do not need an accurate indication of
their direction, In such a system, output signals from the two mag-
netoresistive sensors can be compared with each other to provide
the basic N, S, E, W information and can also show whether the
sensor signal is changing positively or negatively. Simple compara-
tors can then be used to obtain three digital signals, which can
drive a display unit via a multiplexer.

(High-end Compass)

Compass resolution can be increased from the basic eight by adapt-
ing the evaluation circuit and using a microcontroller to calculate
the angle from the two signals. Compass resolution then depends
on the microcontroller and the A/D converters used. Using a
microcontroller also enables additional functionality to be included,
such as storing a reference direction or eliminating magnetic influ-
ences from encapsulation or other magnetic components.
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Fig. 8. Output signals from two sensors can be compared to give a simple 8-segment compass
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the picture ‘

The Earth’s geomagnetic field is strong enough to cause problems

for TV and monitor manufacturers. It influences the trajectory of _
compensation uP

electrons in a CRT tube, producing a horizontal tilt in the geome- coil

try and convergence error shifts, creating unacceptable picture dis-
tortion which is especially noticeable with increasingly popular 16:9

aspect ratios. The solution is straightforward and, if a magnetoresis-

tive weak field sensor is incorporated into the system, can be made
fully automatic.

5V 1/0 PORT

A DC-current carrying coil is wrapped around the neck of the CRT

and generates a magnetic field that opposes the Earth’ field, can- flipping

celling the twist in the electrons path and reducing the number of coil
convergence errors. This coil also compensates for any other extra-
neous electromagnetic field sources emanating from the TV such as I

the loudspeakers. Residual picture twist and North/South trapezoid

errors can be eliminated with a simple shift in the compensation . MBFi622

current.

fig. 9. Weak-field measurement compensation circuit using a microprocessor

MBH627

Fig. 8. Geometry error - horizontal picture tilt

( Automatic adjustment)

Although highly effective, this method still requires manual adjust-
ment of the coil drive currents to meet the varying geomagnetic
fields around the world. Here, magnetoresistive sensors come into
their own - they detect the magnitude of the Earth’s field and sensor
output can be used to drive the compensation field accordingly.
This makes adjustment fully automatic and the same compensation
circuitry will deliver the same high quality picture geometries any-
where in the world.

For all but low-end monitors and TVs, there is always a microcon-
troller or microprocessor in the system, which can then be used to
drive the flipping and compensation coils. This greatly simplifies
the design of the sensor circuitry (see figure 9) and in principle, this
is true for any application which uses a microcontroller/micro-
processor.
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increases, traffic control systems are a powerful tool in avoiding ime
time consuming traffic jams. By monitoring traffic flow, average Fig. 10. Spectra for an Opel Kadett from ground sensor
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As the number of vehicles using already congested roads steadily

speed and traffic density they allow optimal control of electronic
road signs, regulating traffic flow and speed at known trouble
spots. They can also indicate possible incidents points, where

traffic speeds fall significantly below average and, with simple .

modifications, they are effective in improving safety and monitor- e /
.
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Fig. 11. Spectra for a motorbike

A traffic system is only as accurate and reliable as its inputs and
systems based on magnetoresistive technology have none of the
drawbacks of existing inductive systems. They can be easily and
quickly installed in any stretch of road, or even by the side of the
road, if necessary, due to their small size and simple placement.
Combined with almost negligible power consumption, this makes
magnetoresistive control systems inexpensive and highly efficient.
They meet all functional requirements and environmental condi-
tions, such as large temperature ranges, insensitivity to climatic
changes, low power consumption and, most of all, low cost, high
reliability and ruggedness.

(More than just detection)

Every vehicle manufactured contains some ferromagnetic compo-
nents, which in turn produce a measurable magnetic field specific
to an individual model. Even with the greater use of aluminium in
manufacture and if the vehicle has been demagnetized, Philips’
high sensitivity weak field MR sensors can still detect a measurable
change in geomagnetic field strength and flux density created by
the vehicle (figure 10). Moreover, unlike other methods, magne-
toresistive measuring provides information on vehicle type and can
even detect and distinguish motorbikes (even with engine, frame
and wheels being made of aluminium) (figure 11).
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