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QUALITY ASSURED

Our quality system focuses on the continuing high quality of our
components and the best possible service for our customers. We have
athree-sided quality strategy: we apply a system of total quality control
and assurance; we operate customer-oriented dynamic improvement
programmes; and we promote a partnering relationship with our
customers and suppliers.

PRODUCT SAFETY

In striving for state-of-the-art perfection, we continuously improve
components and processes with respect to environmental demands.
Our components offer no hazard to the environment in normal use
when operated or stored within the limits specified in the data sheet.

Some components unavoidably contain substances that, if exposed by
accident or misuse, are potentially hazardous to health. Users of these
components are informed of the danger by warning notices in the data
sheets supporting the components. Where necessary the warning
notices also indicate safety precautions to be taken and disposal
instructions to be followed. Obviously users of these components, in
general the set-making industry, assume responsibility towards the
consumer with respect to safety matters and environmental demands.

All used or obsolete components should be disposed of according to
the regulations applying at the disposal location. Depending on the
location, electronic components are considered to be 'chemical’,
‘special’ or sometimes 'industrial' waste. Disposal as domestic waste is
usually not permitted.
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DEFINITIONS

Data sheet status

Objective specification This data sheet contains target or goal specifications for product development.

Preliminary specification | This data sheet contains preliminary data; supplementary data may be published later.

Product specification This data sheet contains final product specifications.

Limiting values

Limiting values.given are in accordance with the Absolute Maximum Rating System (IEC 134). Stress above one or
more of the limiting values may cause permanent damage to the device. These are stress ratings only and operation
of the device at these or at any other conditions above those given in the Characteristics sections of this specification
is not implied. Exposure to limiting values for extended periods may affect device reliability.

Application information

Where application information is given, it is advisory and does not form part of the specification.
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MAGNETIC FIELD SENSORS

FIELD RANGE SUPPLY T SENSITIVITY BRIDGE
TYPE (kA/m) VOLTAGE (;8 (m_V/v) RESISTANCE PAGE
(note 1) v) m (kQ2)
KM110B/1 | -2.0to 2.0 kA/m 5 -40to 150 1.7 21 32
KMZ10A ~0.5t0 +0.5 5 —40 to 150 16 1.2 36
KMZ10A1 ~0.05 to +0.05 5 -40 to 150 22 1.3 39
(note 2) (note 2)
KMZ10B -2.0to+2.0 5 —-40 to 150 4 2.1 44
KMZ10C -7.5t0+7.5 5 —-40 to 150 1.5 1.4 48

Notes
1. Inair, 1 kKA/m corresponds to approximately 12.5 G or 1.25 mT.
2. With switched Hx.

SENSOR HYBRID MODULES
Sensors for rotational speed measurement and reference-mark detection

el SENSING e DETERMINATION
TYPE FREQUENCY OF ROTATIONAL PAGE
(mm) (Hz) RELATIVE TO GEAR DIRECTION
(note 1) WHEEL
KM110BH/11 25 0 to 3000 tangential N 70
KM110BH/12 3.5 1 to 3000 tangential N 70
KM110BH/13 25 0 to 3000 radial N 74
KM110BH/14 3.5 1 to0 3000 radial N 74
KM110BH/31 3.0 2 to 50 000 radial Y 78
Note
1. Gear wheel: pitch diameter = 44 mm; width = 16 mm; module 2; material: steel (1.0715).
Sensor modules for angle measurement
ANGLE OUTPUT VOLTAGE SUPPLY T
TYPE RANGE (note 1) VOLTAGE (;'C“')’ PAGE
(deg) (V) v)
KM110BH/2130 30 0.5 to 4.5; linear 5 -40 to 125 84
KM110BH/2190 920 0.5 to 4.5; sinusoidal 5 —-40 to 125 84

Note

1. Sensor signal is generated by a magnetic field H = 100 kA/m. For example: rare earth magnet
11.2 x 5.5 x 8.0 mm, distance 2.5 mm from KMZ chip.
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TEMPERATURE SENSORS
SENSOR
TEMPERATURE RESISTANCE ACCURACY SENSOR
TYPE RANGE at Tom, CURRENT | PAGE
¢C) R atT,, C) C) (mA)
Q) (°C)

KTY81-110 -55 to 150 990 to 1010 25 +1.3 25 1 106
KTY81-120 -55 to 150 980 to 1020 25 2.5 25 1 106
(note 1)

KTY81-121 -55 to 150 980 to 1000 25 +1.3 25 1 106
KTY81-122 -55 to 150 1000 to 1020 25 +1.3 25 1 106
KTY81-150 -55 to 150 950 to 1050 25 6.3 25 1 106
(note 2)

KTY81-151 -55 to 150 950 to 1000 25 +3.2 25 1 106
KTY81-152 -55 to 150 1000 to 1050 25 +3.2 25 1 106
KTY81-210 -55 to 150 1980 to 2020 25 +1.3 25 1 110
KTY81-220 -55 to 150 1960 to 2040 25 +25 25 1 110
(note 1)

KTY81-221 -55 to 150 1960 to 2000 25 +1.3 25 1 110
KTY81-222 -55 to 150 2000 to 2040 25 +1.3 25 1 110
KTY81-250 -55 to 150 1900 to 2100 25 +6.3 25 1 110
(note 2)

KTY81-251 -55 to 150 1900 to 2000 25 +3.2 25 1 110
KTY81-252 -55 to 150 2000 to 2100 25 +3.2 25 1 110
KTY82-110 -55 to 150 990 to 1010 25 +1.3 25 1 114
KTY82-120 -55 to 150 980 to 1020 25 +2.5 25 1 114
(note 1)

KTY82-121 -55 to 150 980 to 1000 25 +1.3 25 1 114
KTY82-122 -55 to 150 1000 to 1020 25 +1.3 25 1 114
KTY82-150 -55 to 150 950 to 1050 25 6.3 25 1 114
(note 2)

KTY82-151 -55 to 150 950 to 1000 25 +3.2 25 1 114
KTY82-152 -55 to 150 1000 to 1050 25 +3.2 25 1 114
KTY82-210 -55 to 150 1980 to 2020 25 +1.3 25 1 121
KTY82-220 -55 to 150 1960 to 2040 25 +25 25 1 121
(note 1)

KTY82-221 -55 to 150 1960 to 2000 25 +1.3 25 1 121
KTY82-222 -55 to 150 2000 to 2040 25 +1.3 25 1 121
KTY82-250 -55 to 150 1900 to 2100 25 +6.3 25 1 121
(note 2)

KTY82-251 -55 to 150 1900 to 2000 25 +3.2 25 1 121
KTY82-252 -55 to 150 2000 to 2100 25 3.2 25 1 121
KTY83-110 -55t0 175 990 to 1010 25 +1.3 25 1 128
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TEMPERATURE SENSORS (Continued)

SENSOR
TEMPERATURE RESISTANCE ACCURACY SENSOR
TYPE RANGE at Ty CURRENT | PAGE
C) R T | (ogy C) (mA)
((9)] (°C)

KTY83-120 -55t0 175 980 to 1020 25 +2.6 25 1 128
(note 1)

KTY83-121 -55t0 175 980 to 1000 25 +1.3 25 1 128
KTY83-122 -55to 175 1000 to 1020 25 +1.3 25 1 128
KTY83-150 -55t0 175 950 to 1050 25 6.6 25 1 128
(note 2)

KTY83-151 -55to 175 950 to 1000 25 +3.3 25 1 128
KTY83-152 -55to 175 1000 to 1050 25 +3.3 25 1 128
KTY84-130 —40 to 300 970 to 1030 100 +4.8 100 2 132
KTY84-150 —40 to 300 950 to 1050 100 +8.0 100 2 132
(note 2)

KTY84-151 -40 to 300 950 to 1000 100 4.0 100 2 132
KTY84-152 —-40 to 300 1000 to 1050 25 +4.0 100 2 132
KTY85-110 —40to 125 990 to 1010 25 +1.3 25 1 137
KTY85-120 -40to 125 980 to 1020 25 +2.6 25 1 137
(note 1)

KTY85-121 -40to 125 980 to 1000 25 +1.3 25 1 137
KTY85-122 -40to 125 1000 to 1020 25 +1.3 25 1 137
KTY85-150 -40to 125 950 to 1050 25 6.6 25 1 137
(note 2)

KTY85-151 -40 to 125 950 to 1000 25 +3.3 25 1 137
KTY85-152 -40to 125 1000 to 1050 25 +3.3 25 1 137
KTY86-205 -40 to 150 1990 to 2010 25 +0.7 25 0.1 142
KTY87-205 -40to 125 1990 to 2010 25 0.7 25 0.1 147

3327 to 3361 100 +0.8 100 0.1
Notes

1. Contains the groups —-21 and —-22, which are marked accordingly.
2. Contains the groups -51 and -52, which are marked accordingly.
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PROXIMITY DETECTORS
Toms = —40 10 85 °C.
SWITCHING SUPPLY NCI)‘L)'(I!ELLJ{IM atV
TYPE DISTANCE VOLTAGE CURRENT v 8 PAGE
(mm) v) i\
(mA)
omM386B 1to5 10 to 30 250 10 to 30 155
oM387B 1to5 -10 to -30 250 -10 to =30
OM386M 1to5 10 to 30 250 10 to 30 161
OM387M 1to5 -10 to -30 250 -10to -30
OM388B 2to5 10 to 30 250 10t0 30 167
OoM389B 2to5 -10 to -30 250 -10 to -30
OM390 2to5 10to 30 250 10 to 30 173
OM391 2to5 -10 to =30 250 -10to -30
OM2860 0.8to5 4.7 t0 30 250 24 179
oMm2870 0.8to5 -4.7 t0 -30 250 -24
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In this survey we give an alphanumeric list of all devices contained in this book.

TYPE DESCRIPTION PAGE
KM110B/1 Magnetic field sensor with magnet, 2.0 to +2.0 kA/m 32
KM110BH/11 contactless rotational speed sensor, 0 to 3000 Hz 70
KM110BH/12 - contactless rotational speed sensor, 1 to 3000 Hz 70
KM110BH/13 contactless rotational speed sensor, 0 to 3000 Hz 74
KM110BH/14 contactless rotational speed sensor, 1 to 3000 Hz 74
KM110BH/31 contactless direction-sensitive rotational speed sensor, 2 to 50 000 Hz 78
KM110BH/2130 contactless angle sensor, —15 to +15 deg 84
KM110BH/2190 contactless angle sensor, —45 to +45 deg 84
KMZ10A Magnetic field sensor, —0.5 to +0.5 kA/m 36
KMZ10A1 Magnetic field sensor, —0.05 to +0.05 kA/m 39
KMZ10B Magnetic field sensor, -2.0 to +2.0 kA/m 44
KMZ10C Magnetic field sensor, -7.5 to +7.5 kA/m 48
KTY81-110 Temperature sensor, -55 to +150 °C 106
KTY81-120 Temperature sensor, 55 to +150 °C 106
KTY81-121 Temperature sensor, -55 to +150 °C 106
KTY81-122 Temperature sensor, -55 to +150 °C 106
KTY81-150 Temperature sensor, -55 to +150 °C 106
KTY81-151 Temperature sensor, 55 to +150 °C 106
KTY81-152 Temperature sensor, -55 to +150 °C 106
KTY81-210 Temperature sensor, -55 to +150 °C 110
KTY81-220 Temperature sensor, -55 to +150 °C 110
KTY81-221 Temperature sensor, -55 to +150 °C 110
KTY81-222 Temperature sensor, -55 to +150 °C 110
KTY81-250 Temperature sensor, -55 to +150 °C 110
KTY81-251 Temperature sensor, —55 to +150 °C 110
KTY81-252 Temperature sensor, -55 to +150 °C 110
KTY82-110 Temperature sensor, -55 to +150 °C 114
KTY82-120 Temperature sensor, -55 to +150 °C 114
KTY82-121 Temperature sensor, -55 to +150 °C 114
KTY82-122 Temperature sensor, -55 to +150 °C 114
KTY82-150 Temperature sensor, -55 to +150 °C 114
KTY82-151 Temperature sensor, 55 to +150 °C 114
KTY82-152 Temperature sensor, -55 to +150 °C 114
KTY82-210 Temperature sensor, -55 to +150 °C 121
KTY82-220 Temperature sensor, -55 to +150 °C 121
KTY82-221 Temperature sensor, -55 to +150 °C 121
KTY82-222 Temperature sensor, -55 to +150 °C 121
KTY82-250 Temperature sensor, -55 to +150 °C 121
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TYPE DESCRIPTION PAGE
KTY82-251 Temperature sensor, -55 to +150 °C 121
KTY82-252 Temperature sensor, -55 to +150 °C 121
KTY83-110 Temperature sensor, -55 to +175 °C 128
KTY83-120 Temperature sensor, -55 to +175 °C 128
KTY83-121 Temperature sensor, -55 to +175 °C 128
KTY83-122 Temperature sensor, =55 to +175 °C 128
KTY83-150 Temperature sensor, -55 to +175 °C 128
KTY83-151 Temperature sensor, -55 to +175 °C 128
KTY83-152 Temperature sensor, -55 to +175 °C 128
KTY84-130 Temperature sensor, —40 to 300 °C 132
KTY84-150 Temperature sensor, —40 to 300 °C 132
KTY84-151 Temperature sensor, —40 to 300 °C 132
KTY84-152 Temperature sensor, —40 to 300 °C 132
KTY85-110 Temperature sensor, —40 to +125 °C 137
KTY85-120 Temperature sensor, —40 to +125 °C 137
KTY85-121 Temperature sensor, —40 to +125 °C 137
KTY85-122 Temperature sensor, —40 to +125 °C 137
KTY85-150 Temperature sensor, —40 to +125 °C 137
KTY85-151 Temperature sensor, —40 to +125 °C 137
KTY85-152 Temperature sensor, —40 to +125 °C 137
KTY86-205 Temperature sensor, —40 to +150 °C 142
KTY87-205 Temperature sensor, —40 to +125 °C 147
omM3assB Proximity detector, 250 mA 155
OM386M As OM386B, but with reverse polarity 161
OM387B As OM386B, but with reverse polarity 155
OM387M As OM387B, but with reverse polarity 161
OmM388B Proximity detector, 250 mA 167
OoM389B As OM388B, but with reverse polarity 167
OM390 Proximity detector, 250 mA 173
OM391 As OM390, but with reverse polarity 173
OomM2860 Proximity detector, 250 mA 179
OoM2870 As OM2860, but with reverse polarity 179

July 1992
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INTRODUCTION

The KMZ10 range of magnetic field sensors are highly
sensitive and provide an excellent means of measuring
both linear and angular displacement. This is because a
quite small movement of actuating components in
machinery (metal rods, cogs, cams, efc.) can create
measurable changes in a magnetic field.

Examples where this property can be put to good effect
can be found in instrumentation and control equipment,
which often requires position sensors capable of
detecting displacements in the region of tenths of a
millimeter, and in electronic ignition systems, which must
be able to determine the angular position of an internal
combustion engine with great accuracy.

If the KMZ10 is to be used to maximum advantage,
however, it is important to have a clear understanding of
its operating principles and characteristics, and of how its
behaviour may be affected by external influences and by
its magnetic history.

OPERATING PRINCIPLES

The KMZ10 makes use of the magnetoresistive effect,
the well-known property of a current-carrying magnetic
material to change its resistivity in the presence of an
external magnetic field. This change is brought about by
rotation of the magnetization relative to the direction of
the current.

For example, in the case of permalloy (a ferromagnetic
alloy containing 20% iron and 80% nickel), a 90 ° rotation
of the magnetization (due to the application of a
magnetic field normal to the direction of the current) will
produce a change in resistivity of between 2 and 3%.

In the KMZ10, four permalloy strips are arranged in a
meander pattern on a silicon substrate (Fig.1), and
connected to form the four arms of a Wheatstone bridge
(Fig.2). The degree of bridge imbalance is then used to
indicate the magnetic field strength, or more precisely
the variation in magnetic field in the plane of the
permalloy strips normal to the direction of the current.
The outline of the KMZ10 is shown in Fig.3.

THE KMZ10 RANGE OF MAGNETIC FIELD SENSORS
PARAMETER KMZ10A KMZ10A1 KMZ10B KMZ10C |UNITS
(note 1)

Hemax (typ.) 0.5 +0.05 +2.0 +7.5 kA/m

open circuit sensitivity 16 22 4.0 1.5 (mV/V)/(kA/m)
Note

1. With switched auxiliary field (H,).
June 1992 14
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The chip incorporates special resistors that are trimmed during manufacture to give zero offset at 25 °C.

Fig.1 KMZ10 chip structure.

MBC929

wvgl |-v -v +v
B [¢] B (0]

Vg = supply voltage.
Vo = output voltage.

Fig.2 KMZ10 bridge configuration.
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Drawing shows pinning and magnetic field direction for normal operation.

Fig.3 KMZ10 outline.

Pinning for KMZ sensor

PIN DESCRIPTION
output voltage (+)

supply voltage (-Vg)

output voltage (-)

supply voltage (+Vg)

A OON =
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CHARACTERISTIC BEHAVIOUR

During manufacture, a strong magnetic field is applied
parallel to the strip axis. This field imparts a preferred
magnetization direction to the permalloy strips.
Therefore, even in the absence of an external magnetic
field, the magnetization will always tend to align with the
strips.

The internal magnetization of the sensor strips,
therefore, has two stable positions, so that if for any
reason the sensor should come under the influence of a
powerful magnetic field opposing the internal aligning
field, the magnetization may flip from one position to the
other, and the strips become magnetized in the opposite
direction (from, for example, the "+x" to the "-x"
direction). As demonstrated in Fig.4, this can lead to
drastic changes in sensor characteristics.

The field (e.g. "H_,") needed to flip the sensor
magnetization, and hence the characteristic, depends on
the magnitude of the transverse field "H,": the greater the
field "H,", the smaller the field "H_,". This is perfectly
reasonable, since the greater the field 'Hy", the closer
the magnetization’s rotation approaches 90 °, and hence
the easier it will be to flip it into a corresponding stable
position in the "-x" direction. '

Looking at the curve in Fig.5, where H, = 0.5 kA/m: for
such a low transverse field, the sensor characteristic is
stable for all positive values of H,, and a reverse field of
approximately 1 kA/m is required before flipping occurs.
At H, = 4 KA/m however, the sensor will flip even at
positive values of H, (at approximately 1 kA/m).

Figure 5 also illustrates that the flipping itself is not
instantaneous; this is because not all the permalloy strips
flip at the same rate. The hysteresis effect exhibited by
the sensor is also shown by Fig.5. Finally, Figs 5 and 6
show that the sensitivity of the sensor falls with
increasing H,. Again, this is perfectly reasonable, since
the moment imposed on the magnetization by H, directly
opposes that imposed by H,, thereby reducing the
degree of bridge imbalance and hence the output signal
for a given value of H,.

The following general recommendations for operating
the KMZ10 can be applied:

¢ To ensure stable operation, avoid operating the
sensor in an environment where it is likely to be
subjected to negative external fields (H.,). Preferably,
apply a positive auxiliary field (H,) of sufficient
magnitude to prevent any likelihood of flipping within
the intended operating range (i.e. the range of H,)

June 1992
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The unbroken line shows the characteristics of a
'normal’ sensor (with the magnetization oriented in
the "+x" direction), and the broken line shows the
characteristic of a "flipped’ sensor (with the
magnetization oriented in the "—x" direction).

Fig.4 Sensor characteristic.

¢ Use the minimum auxiliary field that will ensure stable
operation. Remember, the larger the auxiliary field,
the lower the sensitivity. For the KMZ10B sensor, a
minimum aucxiliary field of approximately 1 kA/m is
recommended

 Finally, before using the sensor for the first time,
apply a positive auxiliary field of at least 3 kA/m; this
will effectively erase the sensor’s history and will
ensure that no residual hysteresis remains (see
Fig.5). To guarantee stable operation, the sensor
should in fact be operated in an auxiliary field of
3 kA/m (the value recommended in the data sheets).

These recommendations (particularly the first one) define
a kind of safe operating area (SOAR) for the sensors.
This can be seen from Fig.7, which is an example (for
the KMZ10B sensor) of the SOAR graphs to be found in
our data sheets. The graph shows the SOAR of a
KMZ10B as a function of auxiliary field H, and of
disturbing field Hy opposing H,.
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7291681.1

2kA/m

The curves illustrate three characteristics:
(1) The sensor exhibits hysteresis.

(2) The flipping is not instantaneous

(3) Sensitivity falls with increasing H,.

Fig.5 Sensor output (V,) as a function of auxiliary field (H,) for several values of transverse field (H,).

150
Vo
(mV) Hx =
4kA/m
100+
2kA/m
1kA/m
50—
0
0 L | 1 1 1 L L L L L I
0 2 4 6 8 10 12
Hy (kA/m)

The curves illustrate, more clearly than in Fig.5, the fall in sensitivity (i.e. initial gradient) with increasing H,.

Fig.6 Output (V,) as a function of transverse field (H,) for several values of auxiliary field (H,).
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oLt
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The SOAR can be extended slightly (area II) for
values of H, <1 kA/m.

Fig.7 .SOAR of a KMZ10B sensor as a function
of auxiliary field H, and disturbing field H,
" opposing H, (area ).

MBB897

Ror
(kQ)

—40 0 40 80 120 160

Tamb (°C)

Fig.8 Bridge resistance of a KMZ10B sensor as
a function of temperature.

The greater the auxiliary field, the greater the disturbing
field that can be tolerated before flipping occurs. For
auxiliary fields above 3 kA/m, the SOAR graph shows
that the sensor is completely stable, regardless of the
magnitude of the disturbing field. It can also be seen
from this graph that the SOAR can be extended for low
values of H,. In this figure (for the KMZ10B sensor), the
extension for H, < 1 kA/m is shown.

Samples of the KMZ10B sensor with an auxiliary magnet
can be supplied upon request.

Effect of temperature on behaviour

Figure 8 shows that the bridge resistance increases
linearly with temperature. This variation comes of course
from the fact that the bridge resistors themselves (i.e. the
permalloy strips) vary with temperature. As explained
later, this variation can be put to good effect when
operating with a constant current supply. Figure 8 shows
only the variation for a typical KMZ10B sensor. The data
sheets show also the spread in this variation due to
manufacturing tolerances, and this should be taken into
account when incorporating the sensor in practical
circuits.

June 1992

19

In addition to the bridge resistance, the sensitivity also
varies with temperature. This can be seen from Fig.9,
which plots output voltage against transverse field H, for
various temperatures. The figure shows that sensitivity
falls with increasing temperature. The reason for this is
quite complicated, and is connected with the
energy-band structure of the permalloy strips.

Figure 10 is similar to Fig.9, but with the sensor powered
by a constant current supply. The figure shows that with
this constant current supply, the temperature
dependence of sensitivity is significantly reduced. This is
a direct result of the increase in bridge resistance with
temperature (Fig.7), which partly compensates the fall in
sensitivity by increasing the voltage across the bridge
and hence the output voltage. The figure adequately
demonstrates therefore the advantages of operating with
constant current.
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The figure illustrates that sensitivity falls with
increasing temperature.

Fig.9 Output voltage (V) (as a fraction of the
supply voltage) of a KMZ10B sensor as a
function of transverse field (H,) for several

temperatures.
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The reduction in temperature dependence of
sensitivity is a result of the increase in bridge
resistance with temperature, which increases the
bridge voltage, to partly compensate the fall in
sensitivity.

Fig.10 Output voltage (V) of a KMZ10B sensor
as a function of transverse field (H,) for several
temperatures.
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The magnet provides both the auxiliary and transverse fields. In the example shown, the auxiliary field is always

less than the field R, that will cause flipping. Note the pinning arrangement, which indicates that the sensor is
viewed from the rear. Reversal of the sensor relative to the permanent magnet will reverse the characteristic.

Fig.11 Sensor output in the field of a permanent magnet as a function of its displacement x parallel to the
magnetic axis.
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Fig.12 Sensor output in the set-up of Fig.11, but in which the auxiliary field sometimes exceeds I:l,(.
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VO
(mV)

-50

-100—

Sensor at distances "d" of 10 mm and 20 mm from a permanent magnet.

Fig.13 Measured sensor output as a function of displacement "x" parallel to the magnetic axis.

USING THE KMZ10

Displacement measurement using permanent
magnets

Figures 11 and 12 show one of the simplest
arrangements for using a sensor/permanent magnet
combination for measuring linear displacement, and
illustrates some of the problems likely to be encountered
if proper account is not taken of the effects previously
described.

When the sensor is placed in the field of a permanent
magnet, it is exposed to magnetic fields in both the x and
y directions. If the magnet is oriented with its axis parallel
to the sensor strips (i.e. in the x direction), as shown in
Fig.11(a), H, then provides the auxiliary field and the
variation in H, can be used as a measure of x
displacement. Figure 11(b) shows how both H, and H,
vary with x, and Fig.11(c) shows the corresponding
output signal as a function of x.

In the example shown in Fig.11, H, never exceeds +H,
(the field that can cause flipping of the sensor) and the
sensor characteristic remains stable throughout the
measuring range.

June 1992

Consider the example shown in Fig.12. In this example,
for certain values of x, H, exceeds +H, (Fig.12(b)). This
could oceur if, for example, the magnet were nowerful or
if the sensor should pass close to the magnet, and as
Fig.12(c) shows, the effects on the output can be drastic.

Assuming the sensor is initially on the transverse axis of
the magnet (i.e. x = 0). H, will be zero and H, will be at
its maximum value (> H,). Therefore, the sensor will be
oriented in the +x direction and the output voltage will
vary as in Fig.11(a).

As the sensor moves in the +x direction, H, (and hence
Vo) increases, and H, falls to zero and then increases
negatively until it exceeds —H,. At this point, the sensor
characteristic flips and the output voltage reverses,
moving from A to B in Fig.12(c). Any further increase in x
causes the sensor voltage to move along BE. However, if
the sensor is moved in the opposite direction, H,
increases until it exceeds +H, and V, moves from B to C.
At this point, the sensor characteristic flips again and V,
moves from C to D.
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Under these conditions, the sensor characteristic will
trace the hysteresis loop ABCD, and a similar loop in the
—x direction. Figure 12(c) is in fact an idealized case and
the reversals are never as abrupt as shown. It does
however illustrate the effects that can occur if the sensor
is placed close to a powerful magnet.

Under certain circumstances, particularly where there
are likely to be temporary or fluctuating external fields, it
may be advantageous to operate under these conditions,
since over the region DD’ the field of the permanent
magnet will have a stabilizing effect upon the sensor (j.e.
it will have to correct any flipping of the sensor due to
transient magnetic fields). Note that reversal of the
permanent magnet will give rise to the same sensor
characteristic as shown in Figs 11(c) and 12(c) (i.e. with
positive slope), since the sensor will then be forced to
operate in its flipped state.

Figure 13 shows the sensor characteristic at distances of
10 mm and 20 mm from a permanent magnet, and
amply illustrates the effects shown in Figs 11 and 12.

One-point measurement with the KMZ10

Figure 14(a) shows how a KMZ10 may be used to make
position measurements of a metal object, for example a
steel plate. The sensor is located between the plate and
a permanent magnet oriented with its magnetic axis
normal to the axis of the plate. A discontinuity in the
plate’s structure, such as a hole or region of
non-magnetic materiai, will disturb the magnetic fieid and
produce a variation in the output signal from the sensor.
This is shown in Fig.14(b), which gives the sensor output
signal as a function of hole/sensor offset "x", for two
values of magnet/plate spacing "d". The interesting
feature of this figure is that the crossover point (i.e. the
point where the hole and the sensor precisely coincide)
is independent of "d". The obvious advantage of this
set-up is that precise location of the sensor/magnet
combination is unimportant for one-point measurements,
so adjustment procedures in a practical device would be
greatly simplified. Although not shown in Fig.14(b), the
crossover point is also independent of the temperature.
This is not surprising, since it is effectively a null
measurement and could be a major advantage in
practical applications.

Angular position measurement with the KMZ10

Figure 15 shows a practical set-up for measuring angular
position, using a KMZ10C. The sensor itself is located in
the magnetic field produced by two RES190 permanent
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magnets fixed to a rotatable frame. The output of the
sensor will then be a measure of the rotation of the
frame (Fig.17). Taking the zero position for measurement
to be parallel to the "x" axis of the sensor (i.e. with the
magnetic field in the H, direction), the device can
measure rotation up to approximately +85 °. Beyond
that, the sensor is in danger of flipping.

Figure 16 shows a circuit for measuring the sensor
output in the set-up of Fig.15. The output signal of the
sensor bridge is amplified by op-amps A1 and A2. A
KTY81 silicon temperature sensor in the feedback loop
of A2 varies the gain of the amplifier to provide
temperature compensation for the output signal. Figure
17 shows the effectiveness of this temperature
compensation by comparing the output V, of A2 with the
direct output V, from op-amp A1 for a range of
temperatures.

An alternative angular position measurement principle is
discussed in the introductory section Hybrid Sensor
Modules.

Current measurement with the KMZ10

Figures 18 and 19 show two ways in which the KMZ10B
can be used to measure electric current. This could be
useful, for example, in headlamp failure systems in
automobiles or in clamp-on (non-contacting) meters, as
used in the power industry.

Figure 18 is a fairly simple set-up, in which the sensor
measures the magnetic field generated by the
current-carrying wire. Figure 19 is a more sophisticated
arrangement, in which the magnetic field generated by
the current-carrying wire is compensated by a secondary
circuit wrapped around a ferrite core. At the null-field
point (detected by a KMZ10 sensor located in the air gap
between the ends of the core) the magnitude of the
current in the secondary circuit is a measure of the
current in the main circuit. This arrangement provides a
more accurate means of measuring current and lends
itself more to precision applications. What is important to
bear in mind in both these examples however is that they
allow current measurement without any break in or
interference with the circuit. In this way, they provide a
distinct advantage over thermistor based systems.

Measuring weak magnetic fields with the KMZ10A1 -
magnetic compass

For the measurement of weak magnetic fields (e.g. the
earth’s field), it is often advantageous to omit the
auxiliary magnet, in order to exploit the sensor’s
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Fig.14 One-point measurement with the KMZ10. Fig.15 Angular measurement with the KMZ10.
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Fig.16 Circuit for measuring sensor output in the set-up of Fig.15.
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Fig.17 Effect of temperature compensation in the circuit of Fig.16.
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The sensor measures the magnetic field generated by a current-carrying wire.

Fig.18 Simple set-up for measuring current with a KMZ10 sensor.
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maximum sensitivity. The sensor’s internal
magnetization, however, is then in danger of being
'flipped’ by stray magnetic fields.

A further problem of measuring weak magnetic fields is
that the measuring accuracy is limited by the drift of both
the sensor and the amplifier offsets. Figure 20 shows a
circuit that removes these problems by taking advantage
of the "flipping’ characteristic of the KMZ10A1. The circuit
contains a coil, (L1), the axial field of which is periodically
reversed by successive positive and negative going
pulses.

As a consequence, the internal magnetization of the
KMZ10A1, which is located inside L1 (Fig.21a), is
continuously flipped from its normal into its reverse
polarity and back (Fig.21b). In this way, the influence of
stray magnetic fields is removed. Moreover, as the
polarity of the offset remains constant (Fig.21c), the
offset itself can be eliminated by feeding the two output
signals corresponding to the forward and reverse
polarities of the sensor’s internal magnetization, into an
AC amplifier.

The output signal can then be rectified in a synchronous
demodulation, which is controlled by the current pulse
source. The resulting DC output voltage is proportional to
the magnetic field to be measured.

As the KMZ10A1 has an internal magnetization that is
parallel to the leads of the sensor, it is easy to mount the
sensor inside the coil (L1) (sensor leads parallel to coil
axis). The switching field applied by L1 should not be
less than 3 kA/m. Since there is no auxiliary field in this
arrangement, the sensitivity of the KMZ10A1 is
approximately 22 mV/V/(kA/m) and fields up to 50 A/m
can be measured without stability problems.

Figure 22 shows how a magnetic compass can be made,
using two mutually perpendicular KMZ10A1 sensors.
Again, the field inside the coil is periodically switched in
order to obtain offset- and drift- independent sensor
output signals. In addition, this compass does not need
temperature correction, as the field direction depends on
the ratio of the two output signals, not on their absolute
values.

A suitable coil for this compass would be 100 turns of
0.35 mm copper wire wound on a Philips coil former
(catalogue number 4322 021 30270), giving a resistance

June 1992
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In this set-up, a current-carrying wire is wrapped
around a ferrite core, with the sensor located in the
air gap between its ends.

Fig.19 Current measurement with the KMZ10
sensor.

of 0.8 Q, an inductance of 87 pH and an axial magnetic
field of 8.3 (kA/m)/A.
Other applications

Further examples of circuitry for KMZ10 sensors
incorporating temperature compensation are discussed
in the introductory section Temperature Sensors.
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To remove the danger of flipping (sensor is used without an auxiliary magnet), the sensor’s polarity is periodically
flipped by the coil L1.

Fig.20 Circuit for measuring weak magnetic fields.
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(a) Setup using a coil, the magnetic field of which is periodically reversed to flip the sensor’s polarity and thus
eliminate the effects of offset. Note that the sensor leads must be parallel to the coil axis.

(b) Pulse diagram.
(c) Sensor output characteristics.

Fig.21 Measuring weak magnetic fields with the KMZ10A1.
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As in the previous example, the magnetic field is
periodically reversed to produce an output that is
independent of offset.

Fig.22 Magnetic compass using two mutually
perpendicular KMZ10A1 sensors inside a coil.
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R

Magnetic field sensor KM110B/1

DESCRIPTION PIN CONFIGURATION

The KM110B/1 is a sensitive
magnetic field sensor, employing the
magneto-resistive effect of thin film
permalloy. MGA104

The combination of a KMZ10B with
a Ferroxdure 100 magnet and a
special 30 ° magnetization enables

the sensor to be used as a
revolution sensor or proximity “’ "
123

detector. The offset voltage of the

KM110B/1 is magnetically trimmed ﬂ
during the magnetization process. MBA736
4 4 3 2 1
PINNING Vee Vo ground +Vo
PIN DESCRIPTION
1 |output voltage (+) Marking: KMZ10B PHDxx.
2 |ground
3 |output voltage (-) Fig.1 Simplified outline and circuit configuration.
4 | supply voltage (Vcc)
QUICK REFERENCE DATA
SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Vee DC supply voltage - 5 - v
Vi offset voltage -0.5 - +0.5 mVNV
Rbridge bridge resistance 1.6 241 2.6 kQ
Thridge bridge operating temperature range -40 ~ 150 °C
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Magnetic field sensor KM110B/1

LIMITING VALUES
In accordance with the Absolute Maximum System (IEC 134).

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Vee supply voltage - 12 v
Pt total power dissipation upto T, =130°C - 120 mw
Tag storage temperature range —40 150 °C
Toridge bridge operating temperature range note 1 -40 150 °C
Thoridge peak peak bridge operating temperature max. 3 times < 15 min during |- 190 °C
lifetime
notes 1 and 2
Hp external disturbing field note 3 - 32 kA/m
Notes

1. Maximum operating temperature of the thin film permalloy.
2. Maximum temperature gradient: 5 °C/min.

3. Itis not permitted to press two sensors together against the magnetic forces, due to their own magnetic field
(H = 50 kA/m close to the magnetic poles).

THERMAL RESISTANCE
SYMBOL PARAMETER THERMAL RESISTANCE
R ja from junction to ambient in free air | 180 K/W
CHARACTERISTICS
Torgge = 25 °C and V¢ = 5 V unless otherwise stated.
SYMBOL PARAMETER CONDITIONS MIN. | MAX. | UNIT
Rbridge bridge resistance 1.6 26 kQ
Vit offset voltage notes 1 and 4 -0.5 +0.5 mVv/vV
S sensitivity notes 2 and 4 1.4 2.1 my
57
f operating frequency note 3 0 1 MHz
TCV temperature coefficient of offset voltage temperature range = -5 +5 v
-2510 100 °C K
note 1
TCRyige | temperature coefficient of bridge resistance | temperature range = - 0.4 %l/K
-25t0 100 °C
TCS temperature coefficient of sensitivity temperature range = 0.25 0.31 %lK
-25t0 100 °C
Notes

1. Measured in an environment without external magnetic fields and ferromagnetic materials.

2. S={Vy(H, = 1.6 KA/m) — V(0 kA/m)} / {1.6 X Vc}.

3. Only sensor bridge response. When sensing high speed rotation, the operating frequency may be reduced to
eddy current effects.

4. The output voltage is ratiometric to the supply.
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M = direction of magnetization.
N,S = magnetic poles.

Fig.2 Principle of magnetization.
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Fig.3 Sensor output characteristic.
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PACKAGE OUTLINE
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Fig.4 SOT195.
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KMZ10A

MAGNETIC FIELD SENSOR

QUICK REFERENCE DATA

The KMZ10A is an extremely sensitive magnetic field sensor employing the magneto-resistive effect
of thin film permalloy.
Its properties enable this sensor to be used in a wide range of applications for navigation, current and
field measurement, revolution counters, angular or linear position measurement and proximity

detectors, etc.

Operating voltage
Operating range
Auxiliary field

Sensitivity

Offset voltage
Bridge resistance

\7:) = 5V

Hy = +0.5 kA/m

Hy = 0.5 kA/m
mV/V

S = 16 KA/m

Voff < 15 mV/V

Rbridge = 0.8to 1.6 k2

7294000

e

vet Vo~ \

U

Vo*

MECHANICAL AND ELECTRICAL DATA

Dimensions in mm

0.35 \«— 4.8max —» 0.75
i el I
| max
i ]
0.66
0.56 ~ - l rgfx
Hy 4 = ; @ N
o
Ll 115 45 [
Hx Lt } x| H
5.2 chip
max i
v .
20
max M
SIRIBINIE |
12.7
max LN N R L
i -
1
1 * 2||a|]a 1
0.48 0.4
5 MBA735 - 1
X
Fig. 1 SOT195.

(1) Terminal dimensions uncontrolled within this area.
(2) Position of sensor chip.
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Magnetic field sensor KMZ10A

RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134)
Operating voltage \7:} max. 9V
Total power dissipation

up to Tymp = 134 ©°C Piot max. 90 mW
Storage temperature range Tstg —65 to + 150 ©C
Operating bridge temperature range Tbridge —40 to + 150 ©C

THERMAL RESISTANCE
From junction to ambient Rthj-a = 180 K/W

CHARACTERISTICS
Tamb = 25 ©C and Hy = 0.5 kA/m (1) unless otherwise specified

Bridge supply voltage \7: = bV
Operating range (1) Hy = +0.5 kA/m
N . V/V
Open circuit sensitivity (1) = 13t019 MYV
p it sensitivity S KA/m
Temperature coefficient of output voltage
Vg=5V;Tj= —25to+ 125 °C TCV,q typ. —-0.4 %/K
IB=3mA;Tj=-25t0+ 125 oC VCV,q typ. —0.15 %/K
Bridge resistance Rpr 0.8to 1.6 k2
Temperature coefficient of bridge
resistance at Tj = —25 to + 125 °C TCRpr typ. 0.25 %/K
Offset voltage Voff < +1.5 mV/V
Temperature coefficient of offset V/V
voltage at Thyigge = —25 to + 125 °C TCVoff < +6 ‘i—K—
Linearity deviation of output voltage at
Hy =0to*0.25 kAm"' FL < 08 % FS
Hy =0to £ 0.4 kAm"' FL < 25 %FS
Hy=0to+05 kAm™ FL < 4.0 %FS
Hysteresis of output voltage < 05 % FS
Operating frequency frmax = 1 MHz

Note

Before first operation or after operation outside the SOAR (Fig. 2) the sensor has to be reset by
application of an auxiliary field Hy = 3 kA/m.

(1) No disturbing field (Hg) allowed; for stable operation under disturbing conditions see Fig. 2 (SOAR)
and see Fig. 3 for decrease of sensitivity.

\ ( May 1992
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Fig. 2 Safe Operating Area (permissible
disturbing field Hy as a component

of auxiliary field Hy).

I Region of permissible operation.

|1 Permissible extension if
Hy < 0.15 kKA/m.

Note: In applications with Hy

< 3 kA/m, the sensor has to be reset,
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field of Hy = 3kA/m.
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Fig. 3 Relative sensitivity (ratio of
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Hy = 3 kA/m before using.
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Fig. 5 Power derating curve.
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Magnetic field sensor KMZ10A1

DESCRIPTION PIN CONFIGURATION

The KMZ10A1 is an extremely
sensitive magnetic field sensor,
employing the magnetoresistive
effect of thin film permalloy.

Its properties enable this sensor to
be used in a wide range of MBC926

applications, such as navigation,
current and earth magnetic field [P

measurement, etc. The special

arrangement of the sensing chip
allows the construction of coils for

switching the auxiliary field (H,)
along the length axis of the sensor.

MBA737

The sensor can be operated at any
frequency between DC and 1 MHz.

PINNING
PIN DESCRIPTION
1 output voltage (+)
2 |supply voltage (-Vg)
3 |output voltage (-) Fig.1 Simplified outline and circuit configuration.
4 | supply voltage (+Vg)
QUICK REFERENCE DATA
SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Vg operating voltage - 5 - \)
H, operating range -05 - 0.5 kA/m
H, auxiliary field - 0.5 - kA/m
S sensitivity - 14 - myy
kAm
S, sensitivity (with switched H,) - 22 - myy
kAm
Vi offset voltage -1.5 - 1.5 mVN
Rbeidge bridge resistance 0.85 - 1.75 kQ
LIMITING VALUES
In accordance with the Absolute Maximum System (IEC 134).

SYMBOL PARAMETER CONDITIONS MIN. MAX. | UNIT
Vg operating voltage - 9 \
Pt total power dissipation up to Ty = 132°C - 100 mwW
Tag storage temperature range -65 150 °C
Toridge bridge operating temperature range -40 150 °C

July 1992 39



Philips Semiconductors Product specification

Magnetic field sensor KMZ10A1
THERMAL RESISTANCE
THERMAL
SYMBOL PARAMETER RESISTANCE
R ja from junction to ambient 180 KW
CHARACTERISTICS
T = 25 °C and H, = 0.5 kA/m, unless otherwise specified; see note 1.
SYMBOL PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
Vg bridge supply voltage - 5 - \
H, operating range (note 1) -05 |- 0.5 kA/m
S open circuit sensitivity notes 1 and 2 11 - 17 mVy
KAm
TCVqo temperature coefficient of output Vg=5V,; - -04 |- %/K
voltage at constant supply voltage T,=-2510125°C
VCV, temperature coefficient of output lg =3 mA; - -0.15 |- %lK
voltage at constant supply current T;=-25t0125°C
Ryridge bridge resistance 085 |- 1.75 | kQ
TCRyige |temperature coefficient of bridge resistance at T;= -25 to - 025 |- %K
resistance 125 °C
Vi offset voltage -15 |- 1.5 mV/V
TCVy temperature coefficient of offset at Tyge = —25 t0 125 °C -6 - 6 ww
voltage K
FL linearity deviation of output voltage H, = 0 to +0.25 kAm-' - - 0.8 %FS
H, = 0 to +0.4 kKAm™" - - 25 %FS
H, = 0 to +0.5 kKAm~'! - - 4.0 %FS
FH hysteresis of output voltage - - 0.5 %FS
f operating frequency - - 1 MHz
Characteristics with H, = 0 (switched H,, see note 3) (T, =25 °C; Vg =5 V)
H, operating range (note 1) -0.05 |- 0.05 KA/m
S, sensitivity (slope between H, = 0 and 14 - 27 myy
H, = 40 A/m) KA/m
Notes

Before first operation or after operation outside the SOAR (see Fig.2), the sensor must be reset by application of an
auxiliary field H, = 3 kA/m.

1. Nodisturbing field (H,) allowed; for stable operation under disturbing conditions, see Fig.2 for SOAR and Fig.4 for
decrease of sensitivity.

2. Sensitivity measured as AV/AH, between H, = 0 and H, = 0.4 kA/m.
3. See APPLICATION INFORMATION.
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7222779 7294021
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(1) Region of permissible operation.
(MPermissible extension if H, < 0.05 kA/m.

In applications with H, < 3 kA/m, the sensor must
be reset after leaving the SOAR by an auxiliary
field of H, = 3 kA/m.

In applications with H, < 3 kA/m, the sensor must
be reset by an auxiliary field of H, = 3 kA/m before
use.

Fig.2 Safe operating area (permissible

disturbing field H, as a component of auxiliary

Fig.3 Relative sensitivity (ratio of sensitivity) at

field H,). fixed H, and sensitivity at H, = 0.5 kA/m.
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Fig.4 Sensor output characteristic.

Fig.5 Power derating curve.
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Fig.6 Output characteristic with H, = 0
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APPLICATION INFORMATION

A problem of measuring weak
magnetic fields is that precision is
limited by drift in both the sensor
and amplifier offset. In these
instances, it is possible to take
advantage of the 'flipping’
characteristics of the KMZ10 series
to generate an output that is
independent of offset.

The sensor, located in a coil
connected to a current pulse
generator producing magnetic field
pulses periodically reversed by
alternate positive and negative
current going pulses, is continually
flipped from its normal to its
reversed polarity and back again.
The polarity of the offset, however,
remains unchanged, so the offset
itself can be eliminated by passing
the output signal through a filter

(b)

(switched H,). circuit.
Hy /coil A My
imgl
v /
sensor R _ 7 \/ H y
]1 [lzl]s[ 4 My
() (c)
/current polarization
- FI— _/_j
L H_ — H_ _
(a) Set- up. Vo /offset
(b) Pulse diagram. » ‘ || II II ll
(c) Sensor output characteristics. o

MBC925

Fig.7 Measuring weak magnetic fields with the KMZ10A1.
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PACKAGE OUTLINE
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Dimensions in mm.
(1) Terminal dimensions uncontrolled within this area.
(2) Position of sensor chip.
Fig.8 SOT195.
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Magnetic field sensor KMZ10B

DESCRIPTION PIN CONFIGURATION

The KMZ10B is a sensitive magnetic
field sensor, employing the
magneto-resistive effect of thin film
permalloy.

Its properties enable this sensor to
be used in a wide range of 729‘@1

applications for current and field
measurement, revolution counters,

angular or linear position 7
measurement, proximity detectors, T mn

|
|
|
|
|
etc. !
|

PINNING

PIN DESCRIPTION
output voltage (+)
supply voltage (-)

MBA737

output voltage (-) Fig.1 Simplified outline and circuit configuration.
supply voltage (+)

A WO N =

QUICK REFERENCE DATA

SYMBOL PARAMETER MIN. TYP. MAX. UNIT

Vg operating voltage - 5 - v

H, operating range -2 - 2 kA/m

H, auxiliary field - 3 - kA/m

S sensitivity - 4 - myy
KAm

\' offset voltage -1.5 - +1.5 mV/NV

Rpridge bridge resistance 1.6 - 2.6 kQ
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Magnetic field sensor KMZ10B
LIMITING VALUES
In accordance with the Absolute Maximum System (IEC 134).
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Vg operating voltage - 12 \
Pt total power dissipation upto T, =130°C - 120 mwW
Tag storage temperature range —65 150 °C
Toridge bridge operating temperature range —40 150 °C
THERMAL RESISTANCE
SYMBOL PARAMETER VALUE | UNIT
Rin ja from junction to ambient 180 K/w

CHARACTERISTICS
Tams = 25 °C and H, = 3 kA/m. In applications with H, < 3 kA/m, the sensor has to be reset before first operation of
an auxiliary field H, = 3 kA/m.

SYMBOL PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
Vg operating voltage - 5 - \
H, operating range of magnetic field -2 - 2 kA/m
S sensitivity open circuit 3.2 - 4.8 myy
KA/m
TCV, temperature coefficient of output voltage Vg=5V, - -04 |- %IK
T;=-25t0125°C
Ig =3 mA; - -0.1 - %l/K
T;=-25t0125°C ,
Reridge bridge resistance 1.6 - 2.6 kQ
TCRyiqe | temperature coefficient of bridge resistance | Tyqe = 2510 125°C |- 0.3 - %/K
Vot offset voltage -15 |- +1.5 |mV/V
TCV temperature coefficient of offset voltage T;=-25t0125°C -3 - +3 v
K
FL linearity deviation of output voltage H, = 0 to +1 KAm™' - - +0.5 %FS
H, =0to+1.6 KAm~' |- - 1.7 | %FS
H, = 0 to £2 KAm™" - - +2 %FS
Vo hysteresis of output voltage - - 0.5 %FS
f operating frequency 0 - 1 MHz
June 1991 45




Philips Semiconductors

Product specification

Magnetic field sensor KMZ10B
7221771.1 7294007
20 2
\\
H %\— W S(Hy)
wam NNR T [Hy S(3kA/m) <
Hd"" N
\
10 1
I~
% safe operating
area
Hy < 1kA/m > (1)
@ ST i
0 %ty Z 1 kA/m o
0 1 2 3 4 5 0 1 2 3 4 5
Hy (kA/m) Hy (KA/m)

In applications with H, < 3 kA/m, the sensor has to
be reset after leaving the SOAR, by an auxiliary
field of H, = 3 kA/m.

(1) Region of permissible operation.
(2) Permissible extension if H, < 1 kA/m.

Fig.2 Safe operating area (permissible
disturbing field Hy as a component of auxiliary

In applications with H, < 3 kA/m, the sensor has to
be reset by an auxiliary field of H, = 3 kA/m before
use.

Fig.3 Relative sensitivity (ratio of sensitivity at

Vg = constant; T, = 25 °C; H, =3 kA/m; V4 = 0.

Fig.4 Sensor output characteristic.

field H,). certain H, and sensitivity at H, = 3 kA/m).
7281988.1 150 7281990
8 :;:x‘ \\//
min’ T~ Ptot max
Vo . A (%)
(mV/V) VT
4 42
y 100
“a \
0
. 0 \
5!

- ya

4 vl \
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|-
/
-8 A
7/
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-2 -1 Hy (kA/m) Tamb (°C)

Fig.5 Power derating curve.
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Magnetic field sensor KMZ10B

PACKAGE OUTLINE

0.*35 [4—- 4.8 max ——>| 0;5

| ¥
* + ! 1.8
| max
I
0.66 ¢
0.56 > = 05
| ax

-

Hy

|
T
H _
X 5.2 +chip
max i
! ¥

200
max

m
}
|
H
“ '
i1 uz 3 _14 1
— - 4—0‘48 4—0'4

125 0.40 MBA73S min

-

Dimensions in mm.
(1) Terminal dimensions uncontrolled within this area.

Fig.6 SOT195.
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KMZ10C

MAGNETIC FIELD SENSOR

The KMZ10C is a magnetic field sensor employing the magneto-resistive effect of thin film permalloy.
Its properties enable this sensor to be used in a wide range of applications for current and field
measurement, revolution counters, angular or linear position measurement and proximity detectors, etc.

QUICK REFERENCE DATA

Operating voltage \7:] = 5V
Operating range Hy = +7.5 KA/m
Auxiliary field Hy = 3.0 kA/m
s = mV/V
S tivit = Y
ensitivity S 15 A/m
Offset voltage Voff < 1.5 mV/V
Bridge resistance Rbridge = 1.0t0 1.8 k2
MECHANICAL AND ELECTRICAL DATA Dimensions in mm
7294000 *
. 1,8
| | ’
| | } max
| I 4
| | 1< 05
| I ‘ max
| | / g
| | o
[0 S0 Y C AN N \
VB+ Vo~ Vg~ V0+
| ' L
[ 2.0 (1)
max i
S _f
12,7
min - WL U g
i 1 _i_z 3||a
- e 1] 048 —l l 0t
1,25 0,40 min
3x 7295121.1
Fig. 1 SOT 195.

(1) Terminal dimensions uncontrolled within this area.
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Magnetic field sensor

KMZ10C

RATINGS

Limiting values in accordance with the Absolute Maximum System(IEC 134)

Operating voltage Vg max. 10 V
Total power dissipation

up to Tymp = 132 °C Piot max. 100 mW
Storage temperature range Tstg —65 to + 150 °C
Operating bridge temperature range Thbridge —40to + 150 °C
THERMAL RESISTANCE
From junction to ambient Rthj»a = 180 K/W
CHARACTERISTICS
Tamb = 25 OC and Hy = 3 kA/m{1) unless otherwise specified
Operating voltage Vg = 5V
Operating range of magnetic field Hy = +7.5 kA/m
Open circuit sensitivity S 1t02 mV/V

kA/m

Temperature coefficient of output voltage

Vg=5V; Tj =_-25to0+ 125 °C TCV, typ. —0.5 %/K

IB=3mA;Tj=—25 to + 125 9C VCVq typ. —0.15 %/K
Bridge resistance Rpr 1.0t0 1.8 k2
Temperature coefficient of bridge

resistance at Tj = —25 to + 125 °C TCRp, typ. 0.35 %/K
Offset voltage Voff < +15 mV/V
Temperature coefficient of offset VIV

voltage at Thrigge = —25 to + 125 OC TCVoff < +2 “_E—
Linearity deviation of output voltage at

Hy =0to*3.75 kAm-! FL < + 0.8 %= FS

Hy=0to*6.0 kAm-! FL < + 2.4 %= FS

Hy=0to£75 kAm-’ FL < + 2.7 %= FS
Hysteresis of output voltage VoH < 0.5 %= FS
Operating frequency fmax = 1 MHz
Note
1. In applications with Hy < 3 kA/m the sensor has to be reset before first

operation by application of an auxiliary field Hy =3 kA/m.
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KMZ10C

20 7281986

Hy
(kA/m) % Hy —>

% safe operating |

area

Q’
0

0 1 2 3 4 5
H, (kA/m)

Fig. 2 Safe Operating Area (permissible
disturbing field Hg as a component

of auxiliary field Hy).

Note: In application with Hy

< 3 kA/m, the sensor has to be reset
after leaving the SOAR, by an auxiliary
field of Hy = 3 kA/m.

16 : 7281989
v max. _| /
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Fig. 4 Sensor output characteristic
Hy = 3 kA/m Tamp = 25 °C Voff =0.

7294014
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Hy (kA/m)

Fig. 3 Relative sensitivity (ratio of
sensitivity at certain Hy and
sensitivity at Hy = 3 kA/m.

Note: In application with Hy

< 3 kA/m the sensor has to be reset
by an auxiliary field of Hy = 3 kA/m
before using.
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Fig. 5 Power derating curve.
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INTRODUCTION TO SENSOR HYBRID MODULES
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General - sensor hybrid modules

GENERAL

The KMZ10 series of magnetoresistive sensors are
successfully used in a wide range of applications, due to
their excellent characteristics:

o high sensitivity

« wide operating frequency range

(0 Hz (DC) to > 1 MHz)

wide operating temperature range (—40 to +150 °C;
190 °C peak)

e linear characteristics

¢ long life

¢ insensitivity to mechanical stress.

In order to assist the designer in applying KMZ10
sensors, Philips Semiconductors has developed a
number of modules in hybrid thick-film technology,
containing a KMZ10B sensor in addition to signal
conditioning circuitry. These modules offer many
important advantages:

o contactless measurement, making them wear-free
with a long life and high reliability

hybrid technology, providing a wide operating
temperature range (40 to +125 °C), and making fast
redesigns possible (e.g. customization)

ready for use: all modules are laser-trimmed, so no
further adjustment or trimming is required

ms-development fimes

[
o
o
)
-
»

~;

The modules are offered as standard products. However,
they may also serve as a starting point for the
development of customized products.

In this section, the following three series of modules are
described:

o KM110BH/1 series, for contactless rotational speed
measurement

o KM110BH/21 series, for contactless angle
measurement

o KM110BH/31 module, for contactless measurement
of rotational speed and direction.

June 1992

KM110BH/1 MODULE SERIES FOR
MAGNETORESISTIVE SENSING OF ROTATION AND
REFERENCE MARK DETECTION

The KM110BH/1 module series provides a simple and
cost-effective method of measuring rotational speed very
accurately. The output of the module is a noise-free
digital signal. The modules can operate:

¢ quasi-statically (0 Hz frequency)

e atlarge distances from the objects to be measured
e from —40 to +125 °C (190 °C peak)

» without external magnets.

Magnetic sensing

For low-cost rotation sensing and reference mark
detection under difficult environmental conditions,
magnetic contactless detection, based on the influence
of ferrous components (e.g. iron), is very useful.

In the automotive industry, for example, inductive
(variable reluctance) sensors are often used because of
their ruggedness and large output signals. They have,
however, two disadvantages:

» output signals become very small when detecting
slow movements

¢ high frequency vibrations can generate large noise
signals in the output.

Magnetic field sensors (such as the KMZ10B
magnetoresistive sensor), which measure field variations
statically, overcome these disadvantages. In addition,
their ruggedness and high sensitivity make them ideal for
use in low-cost active rotational sensing equipment, such
as the sensor modules described here.
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Fig.1 The KM110BH/1 series.

Sensor module

The module is based on thick-film technology using a
ceramic substrate. Two versions are available, with
circuitry optimized for specific application areas:

¢ a quasi-static module for slow movement sensing (i.e.
speed measurements down to zero)

¢ a module with a high-pass filter for use at larger
measuring distances and speeds above zero.

The position of the sensor can also be selected, as the
module is supplied with the sensor either radially or
tangentially arranged. Figure 2 shows both mechanical

June 1992
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arrangements, set to measure the rotation of a toothed
wheei. The data for this set-up and the type range are
given in Table 1. Table 2 gives the key specifications of
the module.

The circuit and sensor position options enable the
module to be used in many applications, e.g:

¢ incremental measurement can be performed easily
and at low cost

¢ the module can be used as the first stage when
customizing speed sensing equipment.
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radial module

MBC216

Fig.2 Radial and tangential versions of the module, arranged for rotation measurement of a toothed wheel.

radial module

tangential module —\

Fig.3 Tangential module (KM110BH/11 & /12). Fig.4 Radial module (KM110BH/13 & /14).

Table 1 Philips’ magnetoresistive sensor modules

See Fig.3 See Fig.4
KM110BH/11 KM110BH/12 KM110BH/13 KM110BH/14
PARAMETER (without filter) (with filter) (without filter) (with filter)
Frequency range for a 0 to 3000 1 to 3000 0 to 3000 1 to 3000
toothed wheel (Hz)
Maximum distance to 2.5 3.5 2.5 3.5
wheel (mm)
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Table 2 Sensor module specifications

CHARACTERISTIC

SPECIFICATION

Supply voltage

5V (4 to 10 V; maximum ripple for filter version is 50 mV)

Output signal (relative)

0to5 V; digital

Operating temperature
range

—40 to +125 °C (150 °C max.; 500 hours)

Measuring distance

0 to 2.5 mm without filter
0 to 3.5 mm with filter
(measured using steel toothed-wheel: diameter 48 mm, width 16 mm, 22 teeth)

Frequency range

0 to 3 kHz without filter
1 Hz to 3 kHz with filter

Mounting the sensor’s axis of symmetry corresponds to that of the module’s magnet; this axis
should also correspond to the equivalent axis of the toothed wheel, to operate at the
specified measuring distance

Module circuit The recommended supply is 5 V, but values in the range

Figure 5 shows the sensor module circuit. The circuit
amplifies the sensor signal (IC1) and then digitizes it
using a comparator (IC2) to provide the digital output
signal (V). For good switching performance (especially
at low frequencies) and to suppress small noise signals,
the comparator has a built-in switching hysteresis. The
hysteresis has a defined temperature drift, to
compensate the temperature dependent sensor signal.

In the module for quasi-static operation, the bridge
connectors BR1 and BR2 are open. In the version that
uses the filter, these connectors are closed.

of approximately 4 to 10 V are also possible. If the filter
versions of the modules are used (KM110BH/12 or /14),
the ripple on the supply voltage should not exceed

50 mV; this prevents unwanted switching of the
comparator. The output can withstand short circuiting to
the two supply levels. Normally, the external load should
be > 100 kQ, but with an additional external pull-up
resistor, a lower value may be used. The values of
internal resistors R18 and R19 are 10 kQ and 100 Q
respectively. Since a protection diode is not provided on
the substrate, care should be taken to ensure the correct
supply polarity.

Vg=5V
—o0
[YJ R3
1 [] [] R15 [] R18
h R7
R5
KMZ 10B R6 BRI R19
4 R9 m JT—Fo°
1 3 R1 N IC1 — I\‘cz R16 vo
— — — e m— N
2 4 R10 R13
R2
BR2 1 1
R4[] = = Ra[] R12 R14 R17
cz2|c3
ci
L
T :

MBC215

Fig.5 Sensor module circuit.
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Mounting

The module’s magnetoresistive sensor operates as a
magnetic Wheatstone bridge, measuring
non-symmetrical magnetic conditions such as metal
teeth or pins in front of the sensor. Figure 2 shows how
the module should be mounted for measuring the
rotation of a ferrous pulse wheel. The sensor position is
important, since sensing is not symmetrical around the
modules’s symmetrical axis.

When mounting the module, there are two factors,
shown in Fig.6, that may affect the performance of the
module:

o the angle (y) between the symmetry axes of the
sensor module and the wheel

» the vertical shift (y) relative to the optimum sensor
position.

These two factors must be minimized, especially when
using the modules without filter (types KM110BH/11 and
/13). Recommended tolerances for normal conditions
are: y< 1 degree, y < 0.5 mm.

The sensor's symmetry axis corresponds to that of the
module’s magnet (the crystal is not mounted in the
centre of the sensor encapsulation).

Module encapsulation

When designing a module encapsulation, the following
considerations should be borne in mind:

¢ the encapsulation material must be non-magnetic

¢ to operate the module at large distances from the
object to be measured, the part of the encapsulation
directly in front of the sensor element should be as
thin as possible

o there are no components near the sides of the
module; 0.8 mm of substrate edges is available, to
allow the module to be securely mounted into grooves
(see Figs 7 and 8).

Temperature range

The front of the module (sensor and magnet) can
withstand temperatures up to 190 °C, providing the
duration is limited to a few hours over the lifetime of the
module. The integrated circuit, however, should not
operate in environments above 125 °C.

MBC346

Fig.6 Sensor position tolerances.
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Fig.7 Module dimensions, KM110BH/11 & /12.
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Fig.8 Module dimensions, KM110BH/13 & /14.

Performance

The maximum measuring distance depends upon the
structure of the wheel and, for modules without filter, also
on the accuracy of mounting. If wheel structures differ
greatly from the example shown, the range can be found
by measurement.

June 1992

With high rotational speeds, eddy current signals are
generated that reduce the performance of the modules
without filter.
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KM110BH/21 MAGNETORESISTIVE SENSOR MODULES FOR ANGLE MEASUREMENT

Fig.9 KM110BH/21 sensor module.

The KM110BH/21 module series is designed to meet the
strong demand for contactless angle measurement
systems. in the automotive field alone, there are many
potential applications, such as electronic control of
accelerator pedal, chassis position, steering angle and
throttle position.

These ready-to-use, active modules enable easy and
cost-effective contactless angle measurement, since the
only external component required is a magnet.

Each KM110BH/21 module comprises a KMZ10B
magnetoresistive sensor and a thick-film hybrid circuit.
The modules are delivered with the sensitivity, offset and
zero point ready trimmed, and contain integrated
temperature compensation, which virtually eliminates the
influence of the temperature sensitivity of the external
magnet.
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The circuit and the magnetic parameters have been
chosen so that the modules can be used:

o directly, in a wide range of applications (without
further trimming or any adjustments)

e as the basis for, or the development of, customized
modules.

Sample kits containing a KM110BH/21 module and a
magnet are available.

Angle measurement with magnetoresistive sensors

With the KMZ10 magnetoresistive sensor, two different
techniques are available for angle measurement. The
first, used in most magnetic field sensor angle
measurement equipment, entails measuring the

field strength of a rotating magnet as a function of the
angle. With this technique, the field used is within the
normal sensitivity range of the KMZ10, and angles of
approximately +90 degrees can be measured.
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However, since the magnet's properties influence the
sensor output, the measurement equipment must be
calibrated after assembly. Only with a very well-defined
magnetic system would a pre-calibrated circuit be
possible. Defining such a system is both expensive and
difficult, due to the tolerances caused by the thermal
sensitivity of the magnet.

The second technique, used in our KM110BH/21
modules, requires strong magnetic fields (= 80 kA/m).
The KMZ10 operates in 'saturation mode’, detecting only
the field direction. In the limiting case of infinite field
strength, the field strength and its drift with temperature
have no influence on the sensor.

Therefore, using this technique reduces measurement -
system tolerances and allows pre-trimming of the
sensors; the only requirement is that field directions
during trimming correspond with field directions after
assembly. The typical angle measurement range is from
—45 to +45 degrees, and the sensor output signal is
sinusoidal. Because of this, a linear signal can be
obtained in the central part of the output characteristic.

In practice, it is not necessary to use very strong and
possibly expensive magnets for the sensor to operate in
saturation mode. Even with readily available magnets (or
field strengths), the influence of tolerances or
temperature drift is minimal. As field strengths decrease,
the peak output signal remains more or less constant
and the angle range increases from +45 degrees to a
maximum of approximately +90 degrees at very low
magnetic fields.

The KM110BH/21 module series

Figure 10 shows the construction of a KM110BH/21
module. Currently, there are two types in the range: the
KM110BH/2130 and the KM110BH/2190. They are
trimmed differently, but both are based on the same
circuit (Fig.11). The KM110BH/2130 is trimmed to a
higher amplification and measures angles between -15
and +15 degrees, generating a linear output signal
(non-linearity is only approximately 1%).

The KM110BH/2190 measures the angle range from
approximately —45 to +45 degrees, with a sinusoidal
output. Figure 12 shows the output signals (V) of the
two modules as a function of measured angle (o).

The modules are trimmed with an applied magnetic field

of approximately 100 kA/m, generated by

magnet, for which the temperature compensation has
been optimized. This has been effected in such a way
that the specified angle range corresponds to an output
ranging from 0.5 to 4.5 V. For an angle a = 0 (see
Fig.12), the output voltage is 2.5 V.

a r
a rare earth

At different field strengths, slight changes in angle range
and temperature drift must be taken into account (see
the section entitied Magnets). Once the modified
measurement conditions have been determined (e.g. in
a customized module), the trimming procedure must be
adapted accordingly.

+0.25 3.2
1905 _ 0 ——— max
t 0.8 n
} min 1
B 1 B
nnnon [
P
< ! : 08 U MBC703
| \ t j min H
- - mounting rim - - -
| . . standoff = 1 0.8 min +0.08
Dimensions in mm. 076 _0.08

Fig.10 Construction of a KM110BH/21 module.
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Fig.11 Block diagram of a module circuit.
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Fig.12 Output characteristics of the KM110BH/2130 and KM110BH/2190 modules.

Further data on the KM110BH/21 module can be found in Table 3 and in the data sheet.
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Table 3 Characteristics of the KM110BH/21 modules

SYMBOL PARAMETER KM110BH/2130 KM110BH/2190 UNIT

a angle range 30 90 deg
(field H = 100 kA/m) (=15 to +15, linear) (—45 to +45, sinusoidal)

Vee supply voltage 540.5 5+0.5 \'

lec supply current typ. 9 typ. 9 mA

Vo output voltage (Vg =5 V) 05t0 4.5 0.5t04.5 v

R, load resistance 210 210 kQ
maximum angular speed 10 30 deg/ms
temperature range -40to +125 -40 to +125 °C

d measuring distance see Table 4
(H = 100 kA/m)
dimensions (excluding pins) 16.93 x 19.05 mm?
zero-point accuracy typ. 0.2 typ. 0.2 deg
(o = 0 degree relative to
substrate edge)
thermal drift at o = 0 degree typ. 0.3 typ. 0.3 °C
and 40<T<85°C
T=125°C typ. 0.5 typ. 0.5 °C
thermal drift at typ. 0.4 typ. 0.4 °C
o = 15 degrees and
-40<T<85°C
T=125°C typ. 0.9 typ. 0.9 °C

Magnets Isotropic magnets generate weaker fields, e.g. ferrites

From a technical viewpoint, the most suitable operating
magnet is a large and strong one; all tolerances are then
negligible. However, cost and space must also be
considered. The optimum size, therefore, largely
depends on individual requirements. In Table 4 six
different commercially available magnets are given, all of
which are suitable for angle measurement applications.
For each magnet the dimensions, temperature range,
the recommended measuring distance (d) and the
corresponding angle range is given.

The anisotropic magnet materials described have
tolerances of magnetization direction affecting the angle
measurement. Deviations of 1 to 2 degrees are possible.
This should be taken into account if no mechanical o = 0
calibration is possible.
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generate approximately 30 kA/m, but optimum alignment
of magnetization is possible using well-defined
magnetization equipment.

The symmetry axis of the module and the rotation axis of
the magnet should be identical. If one of the axes is
shifted, the measuring system neglects this tolerance
because of the parallel field lines of the magnet.
Measurements with magnets 11.2 x 8 mm? faced to the
sensor allow for eccentric tolerances of up to
approximately 0.5 mm for the case of an accepted V,
tolerance of 1% (offset, angle range). For smaller
magnets, this axis tolerance should be reduced
proportionally.
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Table 4 Magnets for angle sensor hybrids

MAGNETS HYBRID ANGLE SENSORS
ANGLE RANGE
DIMENSIONS TEMP. DISTANCE d CORRESPONDING TO TEMP.
MATERIAL (note 1) RANGE (note 2) Vy=0.5t045V RANGE
(mm) (°C) (mm) (°C)
/2130 /2190
NdFeB (note 3 11.2x55x8 25
(note 3) X 5510 +110 30 93
NdFeB (note 3) 6x3x5 0.8
SmCo 11.2x5.5x8 2.0
m x>0 X 55 t0 +125 30 93 —40t0+125
SmCo 6x3x5 0.6
FXD 330 10x7x8 0.5 30.5 94.5
-565to +125
FXD 330 7x5x4 0.2 30 93
Notes

1. The magnetization is always parallel to the latter dimension given.
2. Between magnet and KMZ sensor front as shown in Fig.14.
3. Special care must be taken to avoid exposure of NdFeB magnets to moisture or vapour.
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THE KM110BH/31 MODULE FOR MAGNETORESISTIVE SENSING OF ROTATIONAL SPEED AND DIRECTION

IR

Fig.13 KM110BH/31 module.

With the introduction of the KM110BH/31, Philips rotational direction, as well as accurately measure
Semiconductors has broadened its wide range of rotation speeds. The KM110BH/31 can operate:
ready-to-use, active sensor modules. Based around the

KMZ10B magnetoresistive sensor, the KM110BH/31 * from 2 Hz to 20 kHz
extends the successful KM110BH/1 range for contactless ~ * at a large distance from the object to be measured
rotation-speed sensing. In addition, this module uses a e from -40 to +125 °C (150 °C peak)

new circuit which enables it to indicate « without external magnets

¢ with a wide range of toothed wheels.
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Direction indication with magnetoresistive sensors

/ pulse wheel

1
|
direction 1 l
,\
1
i $

airection 2 B

I

sensor module

MBC977

Fig.14 Optimum operating position.

Until recently, two magnetic field sensors were needed to
indicate the rotational direction of a toothed wheel. The
technique required placing the sensors a specific
distance apart, around the wheel, to ensure that the two
sensor output signals were optimally phase-shifted by
90 degrees. The distance, of course, varied with the
"Module’® of the specific toothed wheel used. However,
with filters to suppress offset signals, it was possible to
vary the distance between the sensors and thus use
different wheels.

The single-sensor technique used in the KM110BH/31 is
based on separate signal-processing for the sensor’s two
half-bridge signals. As the bridge geometry is fixed within
the sensor chip, there is an optimum wheel Module (of
0.8 mm; see Fig.20) for the KM110BH/31. Nevertheless,
it operates successfully using toothed wheels with a wide
range of pitches. Although the stability of the two half
bridges is reduced with non-optimal pitches, filtering
compensates for this and allows the KM110BH/31 to
operate at long distances from the wheel. Without
filtering, the circuit could indicate zero speed, and be
capable of incremental counting, but the operating range
would be limited.

Mounting

The sensor operates like a magnetic Wheatstone bridge
measuring non-symmetric magnetic conditions such as
when teeth or pins move in front of the sensor. The
KM110BH/31 can sense this movement in two possible
directions (shown in Fig.14), so the mounting position is
very important for accurate measurements. Two types of
mounting error affect the KM110BH/31’s performance:

¢ allowing an angle between the sensor’'s symmetry
axis (the centre line in Fig.14) and that of the toothed
wheel

« vertically shifting the sensor away from the optimum
position shown in Fig.14.

The sensor’s symmetry axis corresponds with that of the
built-in magnet: the chip is not mounted in the centre of
the sensor encapsulation.

(1) The Module of a toothed wheel = pitch diameter (in mm)/the number of teeth (the distance between teeth = & x Module).
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Circuit

__:’%_ b Vor
D~D%_ [} vos

MBC711

Fig.15 Block diagram of module circuit.

Figure 15 shows a block diagram of the circuit with
separate signal processing for each half of the bridge.
The digital output signals (Vo, and V,) are connected
directly to the output pins. The circuit design enables
evaluation of the output signals by a microcomputer.
Figures 16 and 17 show how both output signals vary
with rotational direction. If desired, the two output signals
may be connected to a flip-flop, for a direct indication of
rotation direction (Fig.18).

Since a protection diode is not included in the
KM110BH/31, care should be taken to ensure the correct
supply polarity (+Vg). The recommended supply is 5V,
but operation is possible with supplies from 4 to 10 V.
The supply ripple should not exceed 40 mV to prevent
unwanted switching of the comparator.

Either output pin can withstand short-circuiting to the
supply lead (V). Normally the external load should be
2100 kQ, but with an additional external pull-up resistor,
this value can be reduced. The output resistance is

100 Q when the signal is LOW and 10 kQ2 when HIGH.

t

LT
Vo2 ol Iu,goo -
ol

t

Fig.16 Output signals (direction 1).

t1 MBC713
M

Voz *E :¢900 -

{ |
iinlinlinl

Fig.17 Output signals (direction 2).
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Encapsulation
In designing an encapsulation, please bear in mind:

» the encapsulation material should be non-magnetic
¢ to operate the KM110BH/31 at large distances from

o the wheel, the part of the encapsulation directly in
direction " .

I ! - front of the sensor should be as thin as possible

Voi——]CP Q|— high ->direction 1 .
low —> direction 2 ¢ 0.8 mm of the circuit-board edge is available to allow
a secure mounting into grooves (see Fig.19).

Vo2 —+ D Qf

Temperature range
————’—» frequency
The front of the KM110BH/31 (sensor and magnet) can

GND mecri withstand temperatures up to 150 °C provided the
duration is limited to a few hours over the module’s
lifetime. The integrated circuits, however, should not

Fig.18 Interface for direction indication (D-type operate in environments above 125 °C.
flip-flop, such as HEF4013 or 74LS74).

<— 6.0 ‘ 254

: w E 3
7'12 :Z; E n0nn ono :H] e
l H g

GND 0.8
I uuoo oooa ]
2.54 (3x)
mounting rim 4
| 26.4 0.63
— |
gl L= | — i
| 9.4
LP max
MBC715 l

Dimensions in mm.

Fig.19 Construction of the KM110BH/31 module.
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Performance If different wheel Modules are used from the range given
in Fig.20, the measuring distance range has to be found

The measuring distance range depends on the structure by measurement.

of the toothed wheel and also on the accuracy of
mounting. The latter may influence the output signal form
and cause an effective phase shift if the measuring
distance is very small.

MBC716

180.0 5.000
phase 1
(deg.) d max
160.0 + (mm)
140.0 + \ 4.000
120.0 + \ A

= 3.000

100.0 + \ /optimum 90° /

90.00 — 4— — — 4+ — — — — — -
80.00 4 | /
+ NG 7 2.000
60.00 + | /><
T / \\
40.00 + ped — 1000
1 ' phase
20.00+
L I
.0000 l .0000
.0000 15000 | 1.000 1.500 2.000 2.500

.8000 wheel Module (mm)

Fig.20 Effect of different toothed wheel structures on the KM110BH/31.

Table 5 Sensor module specifications

CHARACTERISTIC SPECIFICATION
Supply voltage (V) 5V (4 to 10 V; maximum ripple is 40 mV)
Output signals (Vo, Voo) 0 to 5 V; digital; peak is relative to Vg
Operating temperature range —40 to 125 °C (150 °C max.; 500 hours)
Measuring distance (d) see Fig.20
Frequency range 2Hzto 20 kHz
Output resistance 100 Q (LOW), 10 kQ (HIGH)
Minimum external load 100 kQ (lower with external pull-up resistor)
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Revolution sensors

Preliminary specification

KM110BH/11; KM110BH/12

DESCRIPTION QUICK REFERENCE DATA
Sensor modules used for the SYMBOL PARAMETER MIN. | TYP. | MAX. | UNIT
detection of rotation and markings. v DC supply voltage ~ 5 _ v
The module is a combination of a ce pr'> y 9
magnetoresistive sensor, a Vou output signal LOW - - 04 |V
permanent magnet and a signal Vou output signal HIGH 4.3 - - Vv
conditioning circuit in hybl’ld d sensing distance - - 35 mm
technology. The module delivers a ting f _ H
ratiometric digital output signal with f opera fng requency range 0 3000 o z
short-circuit protection. Tep operating temperature range |-40 |- 125 C
The .KM‘HO.BH/'“ is the DC <_:oupled LIMITING VALUES
version, which allows revolution In accordance with the Absolute Maximum System (IEC 134).
sensing beginning at 0 Hz. The AC
coupled KM110BH/12 starts at 1 Hz SYMBOL PARAMETER CONDITIONS MIN. | MAX. | UNIT
for increased sensing distance. Vee supply voltage 4 10 v
Viiople ripple voltage KM110BH/12 only |- 50 mV
PINNING supply
PIN DESCRIPTION I supply current - 14 mA
1 ground Tag storage -40 (125 |°C
temperature range
2 VOUT N o
3 v Top operating note 1 -40 |125 C
ce temperature range
Tep sens peak temperature | note 2 - 190 |°C
PIN CONFIGURATION output short-circuit | permanent (note 3)
duration to ground

[]

4\

B8

D b
&

1+

MGA289 H1 Hz 3

Fig.1 Simplified outline.

—1

June 1992

Notes

1. The operating temperature range of the module can be extended up to

+150 °C for a limited time. This will be monitored by environmental

quality tests up to 500 hours of operation at +150 °C under characteristic
conditions.

2. This value applies to the sensor only, for a period not exceeding 1 hour.

3. If pin 3 is shorted to either pin 1 or pin 2, current may flow permanently,
without damage to the device.
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Preliminary specification

Revolution sensors

KM110BH/11; KM110BH/12

CHARACTERISTICS

Tamp =25 °C; f = 100 Hz; V. = 5 V unless otherwise specified.

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Voo output signal LOW - 0.4 \"
Vou output signal HIGH 43 - \

t output signal rise time C_<50pF - 10 us
t output signal fall time C_<50pF - 10 us
f operating frequency range for both directions of rotation
KM110BH/11 (note 1) 0 3000 Hz
KM110BH/12 1 3000 Hz
R, load resistance note 2 100 - kQ
d sensing distance note 3
KM110BH/11 see Fig.3 - 25 mm
KM110BH/12 - 35 mm
y linear position error see Fig.4 - 0.5 mm
0 angle error see Fig.4 - 1 deg
Notes

1. High rotation speeds of wheels reduce the range of the KMB110H/11, due to eddy currents. This causes a

reduction in sensing distance.

2. R_< 100 kQ possible with external pull-up resistor.
3. Gear wheel: pitch diameter = 44 mm; width = 16 mm; module 2; material 1.0715. See also section: 'Gear wheel

dimensions’'.
0 VCC
KM110B/1
10kQ
100 Q
’»<>-—i‘_,“' AMPLIFIER FILTER() COMPARATOR ——+o vour
=1 T b

T T -0 GND

MGA286

(1) KM110BH/12 only.
Fig.2 Circuit diagram.
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Revolution sensors

KM110BH/11; KM110BH/12

Gear wheel dimensions

The gear wheel dimensions are
specified in accordance with the
German DIN standard, where:

d = pitch diameter (mm); z = number
of teeth; m = module m = d/z (mm);
t = pitch = T x m (mm).

not mounted in the centre of the
housing.

Mounting conditions

Refer to Fig.3. The module senses
ferrous indicators like wheels in one
direction only (no rotational
symmetry). The symmetrical axis of
the sensor corresponds to the axis
of the ferrite magnet. The crystal is

tangential module \

d}_ﬁ
t
\

pulse wheel

/

MGA282

MGA283

Fig.4 Sensor position with tolerances.
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Revolution sensors

KM110BH/11; KM110BH/12

PACKAGE OUTLINE

0.2
y 18 _0.05
0.8 68 0.8
min~ | l‘—A A”} min
}
A 42
B ST
NS
S|
+0.2 U:[]
25.4
-0.05 @ AHAARA
-]
o
HEH
standoff =
1.01 £0.5
- +
I I | 6.0+0.5
05—~ | |
1] 2 3[L Y
+0.1 2.54+2.54
0.64_0‘05
I I I 1
T }
4.5 7.5
6.3 max max
max +

Dimensions in mm.
Area’A free of SMD devices.

Fig.5 KM110BH/11; KM110BH/12.

| .|

J r0.25

MGA287
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Revolution sensors KM110BH/13; KM110BH/14

DESCRIPTION QUICK REFERENCE DATA
Sensor modules used for the SYMBOL PARAMETER MIN. | TYP. | MAX. | UNIT
detection of rotation and markings. o) lv volt _ 5 — V;
The module is a combination of a Voo D sup? yvorage
magnetoresistive sensor, a Voo output signal LOW - - 0.4 \
permanent magnet and a signal Vou output signal HIGH 4.3 - - \"
condi’(ioning circuit in hybfid d sensing distance - - 3.5 mm
technology. The module delivers a : _
ratiometric digital output signal with f operat!ng frequency range 0 3000 |Hz
short-circuit protection. T operating temperature range |-40 |- 125 |°C
version, which gllows revolution In accordance with the Absolute Maximum System (IEC 134).
sensing beginning at 0 Hz. The AC
coupled KM110BH/14 starts at 1 Hz SYMBOL PARAMETER CONDITIONS | MIN. | MAX. | UNIT
for increased sensing distance. Voo supply voltage 4 10 Vv
V, ripple voltage supply [ KM110BH/14 only | - 50 mV
PINNING | Vripple PP! g PPly y
| supply current - 14 mA
PIN DESCRIPTION ng storage -40 125 °C
1 ground temperature range
2 Vour Tep operating note 1 -40 |125 |°C
temperature range
3 Ve
Top sens peak temperature note 2 - 190 |°C
PIN CONFIGURATION output short-circuit | permanent (see note 3)
duration to ground
— Notes

1. The operating temperature range of the moduie can be extended up o
+150 °C for a limited time. This will be monitored by environmental
quality tests up to 500 hours of operation at +150 °C under characteristic

conditions.
(I 2. This value applies to the sensor only, for a period not exceeding 1 hour.
E 1 3. If pin 3 is shorted to either pin 1 or pin 2, current may flow permanently,
L: RER without damage to the device.
E ; Hdd

= | |
MGA290 H1 \[2“3

Fig.1 Simplified outline.
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Revolution sensors

KM110BH/13; KM110BH/14

CHARACTERISTICS

Tam = 25 °C; f = 100 Hz; V¢ = 5 V unless otherwise specified.

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
VoL output signal LOW - 04 \
Vou output signal HIGH 43 - \

t output signal rise time C_<50pF - 10 us
% output signal fall time C_<50pF - 10 us
f operating frequency range for both directions of rotation

KM110BH/13 (note 1) 0 3000 Hz

KM110BH/14 1 3000 Hz
R, load resistance note 2 100 - kQ
d sensing distance note 3

KM110BH/13 see Fig.3 - 2.5 mm

KM110BH/14 - 35 mm
y linear position error see Fig.4 - 0.5 mm
0 angle error see Fig.4 - 1 deg

Notes

1. High rotation speeds of wheels reduce the range of the KMB110H/11, due to eddy currents. This causes a

reduction in sensing distance.

2. R_ <100 kQ possible with external pull-up resistor.
3. Gear wheel: pitch diameter = 44 mm; width = 16 mm; module 2; material 1.0715. See also section: 'Gear wheel

dimensions’'.

KM110B/1

10kQ

Ot
(

AMPLIFIER

= P

FILTER()

COMPARATOR

£ B

I

——F° Vour

] VCC

100 Q

(1) KM110BH/14 only.

Fig.2 Circuit diagram.

MGA286

0 GND

June 1992

75



Philips Semiconductors Preliminary specification

Revolution sensors KM110BH/13; KM110BH/14
Gear wheel dimensions Mounting conditions not mounted in the centre of the
The gear wheel dimensions are Refer to Fig.3. The module senses housing.
specified in accordance with the ferrous indicators like wheels in one
German DIN standard, where: direction only (no rotational

symmetry). The symmetrical axis of
the sensor corresponds to the axis
of the ferrite magnet. The crystal is

d = pitch diameter (mm); z = number
of teeth; m = module m = d/z (mm);
t = pitch = &t x m (mm).

pulse wheel

radial module

MGA284

Fig.3 Optimal sensor position.

MGA285

Fig.4 Sensor position with tolerances.
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Revolution sensors

KM110BH/13; KM110BH/14

PACKAGE OUTLINE

Dimensions in mm.

—— 118105
0.8 : 0.8
min——— ‘_A r ‘_min *
H——) i 1.8 max
0.3
max
Lo = D
-0.05 AAAA
-}
(]
HHHH
standoff =
1.01+0.5
- + *
I | 6.0+£0.5
0.5 ‘ ' l
1 ! 2 3
o 64_‘_0'1 —J2454I2.54L
7 =0.05
; T | | m I
4
{ 9.5

Area'A free of SMD devices.

||

J r0.25

MGA288

Fig.5 KM110BH/13; KM110BH/14.
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Rotational speed sensor with

direction recognition

Preliminary specification

KM110BH/31
]

DESCRIPTION QUICK REFERENCE DATA
Sensor module for the detection of SYMBOL PARAMETER MIN. | TYP. | MAX. | UNIT
rotational speed and its direction.
V, DC ly vol - 5 - \'
The module consists of the £ sup;? y voltage
magnetoresistive sensor KMZ10B,a | Yoi: Vo | Output signal LOW - - 04 |V
permanent magnet and a signal Voms Vo | output signal HIGH 4.3 - - \"
conditioning circuit in hybrid d sensing distance - - 3 mm
technology. The module delivers a : _
digital output signal with short-circuit f operating frequency range | 2 50000 | Hz
protection. -
T operating temperature -40 - 125 °C
range
PINNING
PIN DESCRIPTION LIMITING VALUES
1 v In accordance with the Absolute Maximum System (IEC 134).
cc
2 Vo SYMBOL PARAMETER CONDITIONS | MIN. | MAX. | UNIT
3 Vo2 Vee supply voltage 4 10 \"
4 ground Viipple ripple voltage supply - 40 mV
lee supply current - 14 mA
PIN CONFIGURATION Tag storage temperature -40 |125 |[°C
range
T operating temperature | note 1 -40 (125 |°C
f ) range
Top sens peak temperature sensor only - 150 |°C
o 3 output short-circuit continuous
5 duration to ground
D 3 g
D E Note
o 1. The operating temperature range of the module can be extended up to

e —

B

MBB433 1 2 ]f3 ||¢

—C

Fig.1 Simplified outline.

April 1992

+150 °C for a limited time. This will be monitored by environmental
(quality tests up to 500 hours of operation at +150 °C under characteristic
conditions.
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Rotational speed sensor with

direction recognition KM110BH/31
CHARACTERISTICS
Tamp = 25 °C; f = 100 Hz; Ve = 5 V unless otherwise specified.

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Voiu Voo output signal LOW note 1 - 0.4 Vv
Vous Vozn output signal HIGH note 2 4.3 - \

t output signal rise time C_<50pF - 10 us
t output signal fall time C_<50pF - |10 us
f operating frequency range for both directions of rotation |2 50000 |Hz
R, load resistance note 3 100 - kQ
d . sensing distance note 4 3 mm

see Fig.3

y linear position error see Fig.4 - 0.5 mm
0 angle error see Fig.4 - 1 deg
Notes

1. Refer to Figs 2, 5 and 6. The KM110BH/31 sensor is based on separated signal conditioning for two half-bridge
signals. As the average distance between the two bridge-halves is fixed by the magnetoresistive sensor
dimensions, the optimum structure pitch of a gear wheel should be 2.8 mm. Figures 5 and 6 show the
dependence of both output signals on the direction of movement.

2. Vouand Voyy are relative to Vee.

3. R_ <100 kQ possible with external pull-up resistor.

[I]m[jm%
I > HTEH > oo

> TE P e

0 GND

MBC9so

Fig.2 Circuit diagram.
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Rotational speed sensor with
direction recognition KM110BH/31

Gear wheel dimensions Mounting conditions

The gear wheel dimensions are Refer to Fig.3 for the correct
specified in accordance with the mounting position. The module
German DIN 780 standard, where: senses ferrous indicators like wheels

in one plane only (no rotational
symmetry). The measuring axis of
the sensor corresponds to the
symmetry axis of the ferrite magnet -
the crystal is not mounted in the
centre of the housing.

d = pitch diameter (mm); z = number
of teeth; m = module m = d/z (mm);
t = pitch = x x m (mm).

/ pulse ' wheel

direction 1
AY

P~ eo—

sensor module

- MBC977

Fig.3 Optimal sensor position.

S

.

Fig.4 Sensor position with tolerances.

MBC978
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Rotational speed sensor with
direction recognition

KM110BH/31

Vo1

MBC712

Vo2

(LI

! legoo

t

] L

Fig.5 Output signals with gear wheel rotation in

Vo1

Vo2

MBC713

minlnl

~>; :¢ 900
| |
|

I

Fig.6 Output signals with gear wheel rotation in

direction 1. direction 2.
10nn MBC716 £ nnn
10U.U ] 9.UuuU
phase
(deg.) d max

160.0 F (mm)
1400 \ 4.000
12001 \ ]

T , — 3.000
100.0 + \ /opnmum 90° /

9o.oo—-———~r—————— -

80.00 + /

js ! AN ] 2.000
60.00 + | /><

4 /l/ \\
40001 _— —] 1.000

4 | phase
20.00 +

4 |
.0000 I —! 0000

.0000 5000 | 1.000 1.500 2.000 2.500
8000

wheel Module (mm)

Fig.7 Phase and distance relationship for different gear wheel modules.
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Rotational speed sensor with
direction recognition KM110BH/31

APPLICATION INFORMATION

Direction recognition can be
achieved with a microprocessor or Vg

with a simple flip-flop circuit, see l

Fig.8. T direction

In life-support systems, the Vo1 —==—CP  Q[—> high > direction 1
behaviour of electronic components low => direction 2
throughout their working life can be Voo —+ D
unpredictable. The use of these
devices in support systems can only > frequency
be permitted when there is no
danger to life caused by devices
failing unexpectedly.

[s]]
|

GND MBC714

Fig.8 Interface for direction rotation.
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Rotational speed sensor with

direction recognition KM110BH/31

PACKAGE OUTLINE
+0.2
[ 1138 —_—
0.8 —0.05 0.8
min™] [*a ATl [ min ;
— { 1.8max ’E;
[
0.3
max
(== am] ]
I o - ]
1 3 i 1
[=a sm] B
== am]
+0.2 @ == o ]
254 -0.05 =2 s} -
E [[ﬂ standoff = ﬂ
1.0£05
| I
|
2.00 = lL— ' 6005
—l|<05
1l 2ff 3l & l
2.5442.54+42.54 |~
+0.1 ——7 B2 —t "IL°~25
0640 0s .
R
i o
9.5
#_ max
MBC979
Dimensions in mm.
Area'A free of SMD devices.
Fig.9 KM110BH/31.
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Angle sensor hybrid

DESCRIPTION

Sensor module for contactless
measurement of angular
displacements of strong magnetic
fields. The module is a
ready-trimmed (sensitivity and zero
point) combination of the
magnetoresistive sensor KMZ10B
and a signal conditioning circuit in
hybrid technology. The
KM110BH/2130 delivers a linear
output signal that is proportional to
the direction of the magnetic field.
The KM110BH/2190 delivers a
sinusoidal signal.

Preliminary specification

KM110BH/2130; KM110BH/2190

PINNING
PIN DESCRIPTION
1 ground
2 Veeo
3 Vo

PIN CONFIGURATION

AHARA
H

=Y, -3

Fig.1 Simplified outline.

June 1992

QUICK REFERENCE DATA
SYMBOL PARAMETER MIN. | TYP. | MAX. | UNIT
Vee DC supply voltage - 5 - \
Vo output voltage range 0.5 - 4.5 \
o angle range
KM110BH/2130 -15 - 15 deg
KM110BH/2190 -45 - 45 deg
T operating temperature -40 - 125 °C
range
LIMITING VALUES
In accordance with the Absolute Maximum System (IEC 134).
SYMBOL PARAMETER MIN. | MAX. | UNIT
Vee supply voltage 45 5.5 v
lee supply current - 20 mA
Taq storage temperature range -40 125 °C
T operating temperature range -40 125 °C
output short-circuit duration permanent (see note 1)
Note

1. If pin 3 is shorted to either pin 1 or pin 2, current may flow permanently,
without damage to the device.
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Preliminary specification

Angle sensor hybrid

KM110BH/2130; KM110BH/2190

CHARACTERISTICS
Tam =25 °C; V¢ = 5 V and a homogeneous magnetic field H,,, = 100 kA/m in the sensitive layer of the KMZ sensor
unless otherwise specified.

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
o angle range (note 1)
KM110BH/2130 -15 - 15 deg
KM110BH/2190 note 2 —45 - 45 deg
Vo output voltage range
KM110BH/2130 linear, see Fig.4 0.5 - 4.5 \
KM110BH/2190 sinusoidal, see Fig.5 0.5 - 45 \'
Viero zero point voltage o=0deg - 25 - v
Vi zero point offset voltage
KM110BH/2130 - +45 - mV
KM110BH/2190 - +35 - mV
S sensitivity (note 3) o=0deg
KM110BH/2130 - 139 - mV/deg
KM110BH/2190 - 70 - mV/deg
FL deviation of linearity (note 4)
KM110BH/2130 - - +1 %I/FS
KM110BH/2190 - - - %/FS
SPrex maximum angular speed
KM110BH/2130 - 10 - deg/ms
KM110BH/2190 - 30 - deg/ms
R, load resistance - 10 - kQ
Temperature coefficients (—40 to +85 °C)
TCV,ero temperature coefficient of zero
point voltage
KM110BH/2130 - 0.6 - mV/K
KM110BH/2190 - 0.3 - mV/K
TCS temperature coefficient of - +200 - ppm/K
sensitivity
Notes

1. Referto Fig.3. The magnetic field can be achieved using the first magnet listed in Table 1. Other magnets, along
with their required distances from the front of the KMZ sensor, are given in this table.

2. Valid for H,,, = «. The real field strength of 100 kA/m gives a slightly higher operating angle range of +46.5 deg.

@

4. Deviation from best straight line in angle range.

June 1992
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The sensitivity will change slightly with +0.33% per 10% magnetic field increase if H,, deviates from 100 kA/m.
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Preliminary specification

Angle sensor hybrid KM110BH/2130; KM110BH/2190
angle temperature current
sensor range compensation limiter
l—gﬁ-‘ ’—?5\-] — Vece
—— GND
Fig.2 Circuit diagram.
I e
.
o \\
GND —————¢ i F——
o — Y
Vo E

reference side for o definition

Fig.3 Optimum magnet position relative to the sensor module.

MBB576
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Angle sensor hybrid KM110BH/2130; KM110BH/2190
Vout T Voo =5V MBB578
45V +
25V
05V T+
—4‘5° —3lo° -115° -0° 1;" 3<,>° 4;0

— angle o

Fig.4 Output signal of KM110BH/2130.

A

V MBB579
out | Ve =5V

a5v +

25V

05V +

1 1 1 1 1 1
-45° -30° -15° -0° 15° 30° 459

— angle o

Fig.5 Output signal of KM110BH/2190.
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Angle sensor hybrid KM110BH/2130; KM110BH/2190

Table 1 Magnets for angle sensor hybrids

MAGNETS HYBRID ANGLE SENSORS
ANGLE RANGE
DIMENSIONS TEMP. DISTANCE d | cORRESPONDING TO TEMP.
MATERIAL (note 1) RANGE (note 2) V,=05t045V RANGE
mm °C mm °C
(mm) o) (mm) /2130 12190 e
NdFeB (note 3) 11.2x55x8 25
-55to +110 30 93
NdFeB (note 3) 6x3x5 0.8
SmCo 11.2x55x8 2.0
-55 to +125 30 93 —-40 to +125
SmCo 6x3x5 0.6
FXD 330 10x7x8 0.5 30.5 94.5
-55 to +125
FXD 330 7x5x4 0.2 30 93
Notes

1. The magnetization is always parallel to the latter dimension given.
2. Between magnet and KMZ sensor front as shown in Fig.3.
3. Special care must be taken to avoid exposure of NdFeB magnets to moisture or vapour.

APPLICATION

In life-support systems, the
behaviour of electronic components
throughout their working life can be
unpredictable. The use of these
devices in support systems can only
be permitted when there is no
danger to life caused by devices
failing unexpectedly.
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Angle sensor hybrid KM110BH/2130; KM110BH/2190
PACKAGE OUTLINE
4 TR
|+— 8451 0.2 —
0.8 min | = -+ = 0.8 min
A | A Vs

HAHAHA
HHHH

+0.25 3 |

1\

standoff =
1+0.5

+>1254+254 =

0.35 0.76
mex _ 10*,08
32 4 1 1

max S G = =)

Dimensions in mm.
Area'A free of SMD devices.
(1) Sensitive layer below KMZ front.

Fig.6 KM110BH/2130; KM110BH/2190.
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QUICK REFERENCE DATA

EAMILY Ry AVAILABLE TOLERANCE OPERATING TEMPERATURE
TYPE @ GROUPS RANGE PACKAGE
(AR) (°C)
KTY81-1 1000 +1% up to +5% -55 to 150 SOD70
KTY81-2 2000 +1% up to 5% -55 to 150 SOD70
KTY82-1 1000 +1% up to 5% -55 to 150 SOT23
KTY82-2 2000 +1% up to 5% -55 to 150 SOT23
KTY83-1 1000 +1% up to 5% -55t0 175 DO-34
KTY84-1 1000 (Ry40) +3% up to 5% —40 to 300 DO-34
KTY85-1 1000 +1% up to 5% —40 to 125 SOD80
KTY86-2 2000 +0.5% -40 to 150 SOD103
KTY87-2 2000 (R,s) +0.5% —40to 125 SOD103
3344 (R, +0.5%
GENERAL KTY83, KTY8S5) or 2000 Q (KTY81-2, KTY82-2, KTY86,

With their high accuracy and reliability, the KTY series of
silicon temperature sensors in spreading resistance
technology provide an attractive alternative to more
conventional sensors using NTC or PTC thermistors.
They have a positive temperature coefficient and a
virtually linear temperature characteristic.

The sensors use n-type silicon with a doping level
between 10" and 10'¥/cm?, providing a nominal
resistance at 25 °C of about 1000 Q (KTY81-1, KTY82-1,

KTY87). The nominal resistance of the KTY84 is also
1000 Q, but specified at 100 °C.

Construction of the sensor: spreading resistance
principle

The construction of the basic sensor chip is shown in
Fig.1. The approximate chip size is 500 x 500 x 240 pm.
The upper plane of the chip is covered by an SiO,
insulation layer, in which a metallized hole with a

- d |-
n* doping I

metallization
oxide SiOp

+
|

~

/ (isolation)
A i

n-Si
resistivity
()

line of force
equipotential plane

metallization

] MBC923
n* doping

The top plane is provided with a circular metal contact; the entire bottom plane is metallized.

'Fig.1 Section through the crystal showing the spreading resistance principle and the electrode arrangement.
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Ao

| |
il

MBC922

i
i1

Fig.2 Equivalent circuit symbolically
representing the spreading resistance principle
shown in Fig.1.

diameter of approximately 20 um has been cut out. The
entire bottom plane is metallized.

This arrangement provides a conical current distribution
through the crystal, hence the name "spreading
resistance’ (see Fig.2). A major advantage of this
arrangement is that the dependence of the sensor
resistance on manufacturing tolerances is significantly
reduced. An n* region, diffused into the crystal beneath
the metallization reduces barrier-layer effects at the
metal-semiconductor junctions.

Figure 3 shows a second arrangement, effectively
consisting of two single sensors connected in series, but
with opposite polarity. This twin-sensor arrangement has
the advantage of providing a resistance that is
independent of current direction, in contrast to the
single-sensor arrangement of Fig.1, which, for larger
currents and temperatures above 100 °C, gives a
resistance that varies slightly with the current direction.

Normally, silicon temperature sensors have a
temperature limit of approximately 150 °C, imposed by
the intrinsic semiconductor properties of silicon. If,
however, the single-sensor device is biased with its
metal contact positive, the onset of intrinsic
semiconductor behaviour is shifted to a higher
temperature. This stems from the fact that a positive
voltage on the gold contact severely depletes the hole

July 1992
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concentration in the upper n* diffusion layer, and so
effectively insulates holes spontaneously generated
within the body of the crystal (due to its intrinsic nature) -
preventing them from contributing to the total current,
and hence from affecting the resistance.

Il.lllllllllllllllllllllllllllllllllllllllllllll!llllllllllIllllllllﬁ

MBC920

Fig.3 Setup consisting of two single sensors
connected in series, but with opposite polarity.

The twin-sensor arrangement shown in Fig.3 has been
applied in the KTY81 and KTY82 series. These sensors,
in SOD70 (KTY81) and SOT23 (KTY82) encapsulations
(Figs 4 and 5), are therefore polarity independent.

The KTY83/84/85 series use the more basic
single-sensor arrangement. The simplicity of this
arrangement allows the sensors to be produced in the
compact DO-34 (KTY83/84) and SOD80 (KTY85)
packages (Figs 6 and 7, respectively).

In addition to simplicity, the single-sensor device has
another important advantage: the potential for operation
at temperatures up to 300 °C. The KTY84 makes use of
this property, being specifically designed for operation at
temperatures up to 300 °C.

The KTY86/87 temperature sensors consist of two
KTY83 sensors in series, the resistance of the latter
having been matched, in order to reduce tolerances. For
the KTY86, the KTY83 sensors are matched at 25 °C; for
the KTY87, at 25 and 100 °C (see 'Quick Reference
Data’). The outline of the KTY86/87 sensors is given in
Fig.8.
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~— 5.2 max

Fig.4 KTY81 outline (SOD70).

T * 0.40
} min
12.7 min
—- ¥ 0.48
'—t_[ 4 0.40
'
_n—{ —
——t
1
l‘_ 2.0 max (1) MBCO16

(1) Terminal dimensions within this zone are uncontrolled to allow for flow of plastic and terminal irregularities.

Fig.5 KTY82 outiine (SOT23).
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¥
0.55
i ] (o s o
1.6 . 3.04 .
max + e——25.4 min —» max 25.4 min —» Msa212. 1

/7 N\ ]
|
o 1.7
> 2 1.5
L—O.3 03> |-
L 3.7 MBA388 - 1

3.3

Fig.7 KTY85 outline (SOD80).

4.2 35
~ 327 ~ 277
- )
t /!
’
s ) s
+0.3 |
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l /
3105
i y
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1 F N +05
1 I
mecor7  t l |
~| [254] |- 205
[254] - e

Fig.8 KTY86/87 outline (SOD103).
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TEMPERATURE DEPENDENCE where:
For the KTY83/85/86/87 series of temperature sensors, T = temperature above which the slope of the
the mathematical expression for the sensor resistance characteristic curve starts to decrease (point
R(T) as a function of temperature is given by: of inflection)
R(T) =R [1 + A(T = T,q) + B (T - T,)?] C,D= type-dependent coefficients
C= OforT<T,

where:

R(T) = resistance at temperature T

Rt = the nominal resistance at the reference
temperature (T,)
Tt = reference temperature (100 °C for the KTY84,

25 °C for all other types)
A,B=  type-dependent coefficients.
For the KTY81/82/84 series, the slope of the
characteristic curve decreases slightly in the upper
temperature range above a certain temperature T, (point

of inflection). Therefore, an additional term in the
foregoing equation becomes necessary:

R(M =R [1+A(T-Ti) + B(T-T)?-C (T-T)°]

For the types previously mentioned, the type-dependent
constants A, B, C and D, as well as T, are given in Table
1.

For high-precision applications, e.g.
microprocessor-based control systems, the above
expressions and the valuesin Table 1 can be used to
generate a calibration table to store in a ROM for look-up
and linear interpolation.

If a microprocessor is not used, the slight deviation from
linearity can easily be compensated using a parallel
resistor (if a constant current source is used) or a series
resistor (if a constant voltage source is used). This is
discussed in the section entitled ‘Linearization’.

Table 1
SENSOR A B ( 1/?(0) D T,
TYPE (1/K) (1/K?) (note 1) -) (°C)
KTY81-1 7.874 x 103 1.874 x 10°5 3.42x10°® 3.7 100
KTY81-2 7.874 x 108 1.874 x 10-5 1.096 x 10 3.0 100
KTY82-1 7.874 x 102 1.874 x 105 3.42x 108 3.7 100
KTY82-2 7.874 x 103 1.874 x10°% 1.096 x 10 3.0 100
KTY83 7.635 x 10-8 1.731x 105 - - -
KTY84 6.229 x 102 1.159 x 10-% 3.14x10°® 3.6 250
KTY85 7.635x 103 1.731 x 10-5 - - -
KTY86/87 7.646 x 103 1.752 x 10-5 - - -
Note
1. ForT<T:C=0.
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RESISTANCE/TEMPERATURE CHARACTERISTICS
Manufacturing tolerances

Silicon temperature sensors are normally produced to
quite fine tolerances: AR between +0.5% and +2% (see
'Quick Reference Data’). Figure 9 illustrates how these
tolerances are specified, except for the KTY87. The
tolerance on resistance quoted in our data sheets is
given by the resistance spread (AR) measured at 25 °C.

Because of spread in the slope of the resistance
characteristics, AR will increase each side of the 25 °C
point, to produce the butterfly curve shown in Fig.9. To
give an indication of this spread in slope, we also quote
the ratio of resistance at two other temperatures (-55 °C
and 100 °C) to the nominal resistance at 25 °C, i.e.
R_ss/Ros and Ryoo/R,s; for the KTY84, we quote R,¢/R,o,
and Ry5¢/R 00

The user, however, is usually more interested in the
maximum expected temperature error (+tAT). We also
provide this in the data sheets, as a graph showing AT
as a function of T. For the high temperature sensor
KTY84, we specify the resistance spread at 100 °C.

The resistance of the KTY87 is specified with a close
tolerance at 25 °C and 100 °C. This specification at two
temperatures provides an essential improvement of
measurement accuracy in this temperature range.

Polarity of current

KTY83, 84, 85, 86 and 87 sensors are marked with a
coloured band to indicate polarity. The published
characteristics of the sensors will only be obtained if the
current polarity is correct. In cases where the current
polarity is incorrect, the curve R = f(T,,,,) differs in the
upper temperature range significantly from the published
form and light (especially infrared) influences this to a
greater or lesser degree.

Linearization

The resistance/temperature characteristics of the silicon
temperature sensors are nearly linear, but in some
applications further linearization becomes necessary,
e.g. control systems requiring high accuracy.

A simple way to do this is to shunt the sensor (resistance
R;) with a fixed resistor (R) (see Fig.10). The resistance
RR/(R + R;) of the parallel combination then effectively
becomes a linear function of temperature, and the output
voltage (V) of the linearizing circuit can be used to
regulate the control system.

If the circuit is powered by a constant-voltage source, a
resistor can be connected in series with the sensor. The
voltages across the sensor and across the resistor will
then again be approximately linear functions of
temperature.

7291380

R ~
~
e
-
7~
/
// 1
AT AT - it
_ -~ —AT | AT
— AR
_— - -AR
— /
~
/
/
/
T T T T T T T
-60 0 25 100 150

T (°C)

Fig.9 Butterfly curve.
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7Z89429.1

(a)

(b)

(a) With a resistor (R) shunted across the sensor.

(b) With a resistor (R) in series with the sensor and
system powered by a constant-voltage source.

Fig.10 Linearization of sensor characteristics.

Sensors
7291134
AT |
(K):A_
2-‘*
+4
+0l 1R RV 1+
T T + T (%)
constant ) 14 T } b
voltage PP T S . T
-50 g

1
Tttt

Sensor linearized over the temperature range 0 to
100 °C (linearizing resistance 2870 Q).

Fig.11 Linearization error (AT) to be expected
from a nominal KTY81.

The value of the series or parallel resistor depends on
the required operating temperature range of the sensor.
A method for finding this resistance is described here,
giving zero temperature error at three equidistant points
T Tyand T.

Consider the parallel arrangement. If the resistance of
the sensor at the three points is R,, R, and R,, the
requirement for linearity at the three points is:

Roa— Ro= R — Ry

i.e.

RR, AR, AR, AR,
R+R, R+R, R+R, R+R,
SO

= Po(Bat R) - 2R.R,

R,+R,- 2R,

The same resistor will also be suitable for the series
arrangement.
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As an example, Fig.11 shows the deviation from linearity
to be expected from a nominal KTY81 sensor linearized
over the temperature range 0 to 100 °C, with a
linearizing resistance of 2870 Q.

EFFECT OF TOLERANCES ON LINEARIZED SENSOR
CHARACTERISTICS

In practical applications with an arbitrary sensor, the total
uncertainty in the sensor reading will be a combination of
spread due to manufacturing tolerances and linearization
errors.

As an example, Fig.12(b) shows the combined effects of
manufacturing tolerances and linearization errors for the
KTY81 sensor linearized over the temperature range 0 to
100 °C. Calibration of the subsequent circuitry (op-amp,
control circuitry, etc.) can reduce this error significantly.

Figure 13(a) shows the temperature error of the system
with (linear) output circuitry calibrated at 50 °C, and
Fig.13(b) shows the error of the same system calibrated
at 0 and 100 °C.
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7289433.1 7291136

(a) (b)

(a) Maximum temperature error (AT) due to manufacturing tolerances expected of a KTY81-1 sensor.
(b) Combined effects of manufacturing tolerances and linearization errors for the KTY81 sensor.

Fig.12 Maximum expected temperature error for an uncalibrated KTY81-1 sensor.
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(a) Maximum expected temperature error of a KTY81-1 sensor plus linearization resistor calibrated at 50 °C.
(b) Error of the same system calibrated at 0 and 100 °C.

Fig.13 Maximum expected temperature error for a calibrated KTY81-1 sensor.
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TEMPERATURE COMPENSATION To compensate for the negative sensor drift, the
amplification stage is given an equal but positive

In many applications, it is necessary to compensate for temperature coefficient by means of the KTY82-120.

the temperature dependence of electronic circuitry. For

example, the sensitivity of many magnetic field sensors The temperature coefficient of amplification (TC,) is
has a linear drift with temperature. To compensate for given by:
this drift, a temperature sensor with linear characteristics R(T) x TC,
is required. The temperature sensors of the KTY series TCy = -R"—R"—T" with Rg = Ry
are well suited for this purpose and can be used for o(7) + A2
compensation of both positive and negative drift. where, for the KTY82-120, one has:
In many cases, as with the magnetoresistive sensor TCyqy = 0.79 x 102/K.
KMZ10B, the temperature drift is negative. For this o
sensor, two circuits, which include temperature For completeness, the formula for the amplification A is
compensation, are described below. The formulae given given: :
can be used to adapt the circuits to other conditions. R 2R
, . . ) A=—7(1+—~8(2) with Ry = Ry,
Figure 14 shows a simple setup using a single op-amp R, R,

(NE5230D). The circuit provides the following facilities: From the above formulae, it is clear that changing R to

o compensation of the average (sensor to sensor) obtain the desired TC, results in a change of
sensitivity drift with temperature via a negative amplification. In both equations, the impedance of the
feedback loop incorporating a KTY82-110 silicon sensor has been ignored.

temperat'ure sensor . Figure 15 shows a more elaborate circuit, embodying the
o offset adjustment by means of potentiometers R1and  fnctions of the simple circuit shown in Fig.14. The circuit

R2 compensates for the sensor’s temperature coefficient of
¢ gain adjustment by means of potentiometer R7. sensitivity and provides for the adjustment of gain (P2)
and offset voltage (P1) of the sensor. It provides no
compensation for the relatively small temperature
variation of the offset voltage.

The circuit does not compensate for the spread in

sensitivity drift and offset drift. In addition, the sensor

draws a relatively high current, so that self-heating

effects may slightly influence the temperature Compared with the circuit of Fig.14, however, it allows

compensation. the use of higher supply voltages and hence can
generate higher output voltages.

o VB
(5V)
R1 R10
20 to 100 kQ 1.4kQ
R3 R7
- — ¢
KMZ10B
7] 2.7 MQ 1MQ
1 R4
<>3 £ ], W7 NEszs00
> 22kQ X 6 Vo
RS 31a (0210 4.8V)
2k Re
R2 KTY82 - 120
20 to 100 kQ R10 [1]
1.4kQ
o 0V

MBC921 71;

Fig.14 Simple circuitry for the KMZ10B incorporating temperature compensation.
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VB
R21
10 kQ
TR1
0% 6p3 BC558B
‘ir';%_ gain adj.
R19
KTY81-120 gg% 100Q
R9
100 Q Vo
R16
oo 110 kQ
; { 6 N4 7 180Q R13 Re3
. 1}
“—< /3 sE111 22kQ 68 Q R20
2 oP2 P2 c2 2zka
100 nF
KMZ10B
1 ov
MBC924
The circuit provides for adjustment of gain, offset voltage and temperature coefficient of sensor sensitivity.
Fig.15 KMZ10 drive circuitry with a quadruple op-amp.

The circuit can be divided into two stages: a differential
amplifier stage that produces a symmetrical output signal
derived from the magnetoresistive sensor, and an output
stage that also provides a reference to ground for the
amplification stage.

To compensate the negative sensor drift, the
amplification is again given an equal but positive
temperature coefficient by means of a KTY81-120 silicon
temperature sensor in the feedback loop of the
differential amplifier. The temperature coefficient of
amplification TC, (equal and opposite to the
magnetoresistive sensor’s temperature coefficient of
sensitivity) is given by:

- Ry(T) TCyry
Ra+ Ag(T) + Ry
and the amplification Ais:

A=1 +M_
R,

TCa

July 1992

In the first equation, TCyqy = 0.79 x 10-%K for a
KTY81-120 at T = 25 °C. For a given gain A, the
resistances R, and R,, can be calculated from:

TC
o= R {722 { —%)—1}

R Re(T) + Ry
R

In Fig.15, the output stage has a maximum gain of 5 and
gives an output voltage of half the supply voltage Vj for
zero differential output voltage of the amplification stage
(between test points TP1 and TP2). Output voltage will
vary from zero to slightly less than Vg.
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TYPICAL APPLICATION CIRCUIT

Figure 16 shows a typical and versatile temperature
measuring circuit using silicon temperature sensors. This
example is designed for ihe KTY81-110 (or the
KTY82-110) and a temperature range from 0 to 100 °C.

With resistors R1 and R2, the sensor forms one arm of a
bridge, the other arm being formed by resistor R3,
potentiometer P1 and resistor R4. The values of R1 and
R2 are chosen to supply the sensor with the proper
current of approximately 1 rhA, and to linearize the
sensor characteristic over the temperature range of
interest: in this case, between 0 and 100 °C. Over this
temperature range, the output voltage V,, will vary
linearly between 0.2 Vz and 0.6 Vg, i.e. between 1 V and
3V fora5 V supply.

To calibrate the circuit, adjust P1 to set V, to 1V, with
the sensor at 0 °C. Then, at a temperature of 100 °C,
adjust P2 to set V,, to the corresponding output voltage,
in this example 3 V. With this circuit, adjustment of P2
has no effect on the zero adjustment.

The measurement accuracy obtained by this two-point
calibration is shown in Fig.13(b). If the application can
tolerate a temperature deviation of +2 K at the
temperature extremes, (see Fig.13(a)) costs can be
reduced by replacing P2 with a 1.8 kQ fixed resistor and
adjusting V., at one temperature (the middle of the range,
for example), using P1.

+Vp
R3
4% o n or fixed 1.8kQ
— resistor
R1
3.3k RS P2
33 kN 4.7 kQ
P1
2200 I~_ic1 Vo
217 NEs32
R2 R4
KTY 81-110 22 kQ 1kQ
GND

Temperature range 0 to 100 °C; V5 =0.2 V5 to 0.6 V3.
ForVg=5V:Vo=1to3 V.
All resistors metal film, tolerance +1%.

MCBO065

In the above circuit, a KTY82-110 sensor would be equally suitable.

Fig.16 Temperat.ire measuring circuit using a KTY81-110 sensor.
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MOUNTING AND HANDLING RECOMMENDATIONS
Mounting
KTY81

When potting techniques for KTY81 sensors are used for
assembling, care has to be taken to ensure that
mechanical stress and temperature development during
curing of epoxy resin do not overstress the devices.

KTY83, 84, 86 anp 87

Excessive forces applied to a sensor may cause serious
damage. To avoid this, the following recommendations
should be adhered to:

* no perpendicular forces must be applied to the body
¢ during bending, the leads must be supported
¢ bending close to the body must be done very carefully

¢ axial forces to the body can influence the accuracy of
the sensor and should be avoided.

Handling
ELECTROSTATIC DISCHARGE (ESD) SENSITIVITY

Electrostatic discharges above a certain energy can lead
to irreversible changes of the sensor characteristic. In
extreme cases, sensors can even be destroyed. In
accordance with the test methods described in IEC 47
(CO)955, temperature sensors are classified as sensitive
components with respect to ESD. During handling
(testing, transporting, fitting), the common rules for
handling of ESD sensitive components should be
observed.

If necessary, the ESD sensitivity in the practical
application can be further reduced by connecting a 10 nF
capacitor in parallel to the sensor.

July 1992

Soldering
KTY81

The common rules for soldering components in TO-92
packages should be observed.

KTY83, 86 anD 87

Avoid any force on the body or leads during, or just after,
soldering. Do not correct the position of an already
soldered sensor by pushing, pulling or twisting the body.
Prevent fast cooling after soldering. For hand soldering,
where mounting is not on a printed circuit board, the
soldering temperature should be < 300 °C, the soldering
time < 3 s and the distance between body and soldering
point > 1.5 mm. For hand soldering, dip, wave or other
bath soldering, mounted on a printed circuit board, the
soldering temperature should be < 300 °C, the soldering
time < 5 s and the distance between body and soldering
point> 1.5 mm.

KTY85

The common rules for surface mounted devices in
SODB80 packages should be observed. Hand soldering is
not recommended, because there is a great risk of
damaging the glass body or the inner construction by
uncontrolled temperature and time.

Welding

The KTY84 sensors are manufactured with nickel plated
leads suitable for welding. The distance between the
body and the welding point should be > 0.5 mm. Care
should be taken to ensure that welding current never
passes through the sensor.
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KTY81-1..

SILICON TEMPERATURE SENSORS

These sensors have a positive temperature coefficient of resistance and are for use in measurement and

control.

QUICK REFERENCE DATA

Resistance at Tamp = 25 °C
Ic=1mA

Operating ambient temperature range Tamp

KTY81-110
KTY81-120
KTY81-121
KTY81-122
KTY81-150
KTY81-151
KTY81-152

KTY81-120

KTY81-150

Ros  990- 1010
Ros 980 - 1020
Ros  980- 1000 £
Ros 1000 - 1020
Ra2s 950 - 1050 2
Rog 950 - 1000 2
R2s 1000 - 1050 £

is composed of groups —121 and —122
and is correspondingly designated.

is composed of groups —151 and —152
and is correspondingly designated.

—55 to +150 °C

MECHANICAL DATA

- b2

max |

| 1,6 =

0,67

max

¥

A diameter within 2,5max
is uncontrolled

—>

Fig. 1 SOD-70.

Dimensions in mm

| Vo9

1 —_—

+||«0,40 min <+ 52max —>I<——— 12,7min ——

L —
- +mux
L —

' 7285389.1
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Silicon temperature sensors

KTY81-1..

RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC 134)

Continuous sensor current in free air

Tamb =25 oC
Tamb = 150 °C

CHARACTERISTICS

(Based on the measurements in liquid at Tamp = 25 °C

unless otherwise specified).

Resistance
Ic=1mA

Temperature coefficient

Resistance ratio

Thermal time constant*

in still air

in still liquid**

in flowing liquid**
Measuring temperature range

Tamb Resistance
oC Q

—55 490
-50 515
—-40 567
-30 624
—20 684
-10 747
0 815
10 886
20 961
25 1000
30 1040
40 1122

Ic max. 10 mA
Ic max. 2.0 mA
KTY81-110 Rog 990- 1010 Q
KTY81-120 Rog 980 - 1020 2
KTY81-121 Rog 980 - 1000 2
KTY81-122 R2s 1000 - 1020 ©
KTY81-150 Rop 950 - 1050
KTY81-151 Rogp 950 - 1000 2
KTY81-1562 Ros 1000 - 1050 2
typ. 0.79 %/K
R100/R25 1.696 + 0.020
R-55/R25 0.490 £ 0.010
typ. 30 s
typ. 5.0 s
typ. 3.0 s
—55to +150 oC
Tamb Resistance
oC Q
50 1209
60 1299
70 1392
80 1490
90 1591
100 1696
110 1805
120 1915
130 2023
140 2124
150 2211

Ambient temperature and corresponding average resistance values of sensor (Ic = 1 mA).

*  The thermal time constant is the time the sensor needs to reach 63.2% of the total temperature
difference. For instance, the time needed to reach a temperature of 72.4 ©C, when a sensor with

an initial temperature of 25 OC is put into an ambient with a temperature of 100 ©C.

** Inert liquid FC43 of 3M company.
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Fig. 2 Average resistance value of sensor at I = 1 mA as a function of temperature.
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Fig. 3 Maximum expected temperature error AT.
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Silicon temperature sensors KTY81'1..

(k§2)

— 150°C]

2,0

0
0,1 0,5 1

c(ma)  ® 10

Fig. 4 Sensor resistance as a function of operating current (see Note).

12 7292509.1 7224079

W
(=]

Igmax
(mA)

AR
(2)

\\ 0 ]
-10
0
—-50 0 50 100 150 0 1 Ic (mA) 2
Tamb (°C)
Fig. 5 Maximum operating current for Fig. 6 Resistance deviation as a function
safe operation. of measuring current in still liquid;
Tamb = 25 °C.

Note

To minimize temperature error, an operating current of Ic = 1 mA is recommended for temperatures

above 100 0C.
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KTY81-2..

SILICON TEMPERATURE SENSORS

These sensors have a positive temperature coefficient of resistance and are for use in measurement and

control systems.

QUICK REFERENCE DATA

Resistance at Tamp = 25 °C
Ic=1mA KTY81-210
KTY81-220
KTY81-221
KTY81-222
KTY81-250
KTY81-251
KTY81-252

KTY81-220

KTY81-250

Operating ambient temperature range Tamb

R25
R2s
R2s
R25
R25
R2s
R25

1980 - 2020 2
1960 - 2040 2
1960 - 2000 2
2000 - 2040 2
1900 - 2100 2
1900 - 2000 2
2000 - 2100

is composed of groups —221 and —222
and is correspondingly designated.

is composed of groups —251 and —252
and is correspondingly designated.

—55 to +150 °C

MECHANICAL DATA

4,2
max

Dimensions in mm

- <—0,A0‘min < 5,2max —>|<—— 12,7min ——»

! == - o
48 ] i
o5 O
0,57 : -

max

A diameter within 2,5max
is uncontrolled -

Fig. 1 SOD-70.

72853891
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KTY81-2..

Silicon temperature sensors

RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134)

Continuous sensor current in free air
Tamb =25°C Ic max. 10 mA
Tamb = 1560 °C Ic max. 2.0 mA

CHARACTERISTICS

(Based on the measurements in liquid at Tamp = 25 °C
unless otherwise specified).

Resistance
Ic=1mA KTY81-210 Rz 1980 - 2020 2
KTY81-220 R2gs 1960 - 2040 Q
KTY81-221 R2g 1960 - 2000 2
KTY81-222 Rop 2000 - 2040 ©
KTY81-2560 Rz 1900-2100
KTY81-261 R 1900 - 2000 2
KTY81-2562 Rgs 2000-2100 2
Temperature coefficient typ. 0.79 %/K
Resistance ratio R100/R25 1.696 + 0.020
R-55/R25 0.490 = 0.010
Thermal time constant*
in still air typ. 30 s
in still liquid** typ. 5s
in flowing liquid typ. 3s
Measuring temperature range *** —55 to +150 °C
Tamb Resistance Tamb Resistance
oC Q oC Q
-55 980 50 2417
—-50 1030 60 2597
—40 1135 70 2785
-30 1247 80 2980
-20 1367 90 3182
-10 1495 100 3392
0 1630 110 3607
10 1772 120 3817
20 1922 125 3915
25 2000 130 4008
30 2080 140 4166
40 2245 150 4280

Ambient temperatures and corresponding resistance values of sensor (IC = 1 mA).

The thermal time constant is the time the sensor needs to reach 63.2% of the total temperature
difference. For instance, the time needed to reach a temperature of 72.4 0C, when a sensor with
an initial temperature of 25 OC is put into an ambient with a temperature of 100 ©C.

* %

Inert liquid FC43 of 3M company.
*** Restricted accuracy in the temperature range 125 ©C to 150 OC.
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Fig. 2 Average resistance value of sensor at Ic = 1 mA as a function of temperature.
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Fig. 3 Maximum expected temperature error AT.
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Silicon temperature sensors KTY81-2..
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Fig. 4 Sensor resistance as a function of operating current (see Note).
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Fig. 5 Maximum operating current for Fig. 6 Resistance deviation as a function
safe operation. of measuring current in still liquid;
Tamb = 25 °C.

Note

To keep the temperature error low, an operating current of Ic = 1 mA is recommended for temperatures
above 100 ©C.
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Philips Semiconductors Product specification

Silicon temperature sensors KTY82-1 series

DESCRIPTION
Marking codes:
These temperature sensors have a ] 2 1
positive temperature coefficient of KTY82-110: 110.
resistance and are for use in KTY82-120: 120.
measurement and control systems. KTY82-121: 121.
PINNIN KTY82-122: 122.
G KTY82-150: 150.
. 3
PIN DESCRIPTION KTY82-151: 151. ' L wiSB003
1 electrical contact KTY82-152: 152. Top view
2 electrical contact
3 substrate (must remain Fig.1 Simplified outline.
potential free)
QUICK REFERENCE DATA
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Ros sensor resistance Tamp =25 °C; I =1 MA
KTY82-110 990 1010 Q
KTY82-120 980 1020 Q
KTY82-121 980 1000 Q
KTY82-122 1000 1020 Q
KTY82-150 950 1050 Q
KTY82-151 950 1000 Q
KTY82-152 1000 1050 Q
Tamb ambient operating -55 150 °C
temperature range

Note

Tolerances of 0.5% or other special selections available on request.
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Philips Semiconductors Product specification

Silicon temperature sensors KTY82-1 series
LIMITING VALUES
In accordance with the Absolute Maximum System (IEC 134).
SYMBOL PARAMETER CONDITIONS MIN. MAX. | UNIT
loont continuous sensor current in free air; - 10 mA
Tamp = 25 °C
in free air; - 2 mA
Tamp = 150 °C
Tamb ambient operating temperature range -55 150 °C
CHARACTERISTICS
Tam = 25 °C, in liquid, unless otherwise specified.
SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. | UNIT
Rys sensor resistance Tamp =25 °C; lo =1 MA
KTY82-110 990 - 1010 Q
KTY82-120 980 - 1020 Q
KTY82-121 980 - 1000 Q
KTY82-122 1000 - 1020 Q
KTY82-150 950 - 1050 Q
KTY82-151 950 - 1000 Q
KTY82-152 1000 |- 1050 Q
TC temperature coefficient - 0.79 - %IK
Ry00/Ra2s resistance ratio atT,,=100°Cand25°C |1.676 [1.696 [1.716
R_ss/Ras resistance ratio atT,,=-55°Cand25°C |0.480 [0.490 |[0.500
T thermal time constant in still air - 7 -
(note 1) in still liquid (note 2) - 1 -
in flowing liquid - 0.5 -
rated temperature range -55 - 150 °C

Notes

1. The thermal time constant is the time the sensor needs to reach 63.2% of the total temperature difference. For
example, the time needed to reach a temperature of 72.4 °C, when a sensor with an initial temperature of 25 °C is
put into an ambient with a temperature of 100 °C.

2. Inert liquid FC43 by 3M.
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Philips Semiconductors Product specification

Silicon temperature sensors KTY82-1 series

AMBIENT TEMPERATURES AND CORRESPONDING RESISTANCE OF

SENSOR
oo = 1 MA.
AMBIENT
TEMPERATURE RES'?;;‘NCE
(°C)
-55 490
-50 515
-40 567
-30 624
-20 684
-10 747
0 815
10 886
20 961
25 1000
30 1040
40 1122
50 1209
60 1299
70 1392
80 1490
90 1591
100 1696
110 1805
120 1915
125 1969
130 2023
140 2124
150 2211
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Philips Semiconductors Product specification

Silicon temperature sensors KTY82-1 series
24 7Z92510.1
R -
(kQ2)
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Icom =1 mA. —-100 -50 0 50 100 150 Tamb (°c) 200
Fig.2 Average resistance value of sensor as a function of ambient temperature.
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Fig.3 Sensor resistance as a function of operating current.

June 1992 117



Philips Semiconductors Product specification

Silicon temperature sensors KTY82-1 series
12 7292509.1 7224079
30
Igmax AR
(mA) Q)
N 20
8
AN
\ 10
N
4 \\ _,//
N 0
-10
0
—-50 0 50 100 150 0 1 Ic (mA) 2
Tamb (°C)
Tamb = 25 °C.
Fig.4 Maximum operating current for safe Fig.5 Deviation of sensor resistance as a
operation. function of operating current in still liquid.
Note
To keep the temperature error low, an operating current
of I, = 1 MA is recommended for temperatures above
MBB572 100 °C
KTY82—151 :
12 = —152
AT ] |
(K) . KTY82—120] //
Z/
43 =4
—‘1\:/ ///KT\YBZ—HO-
0 —121
—122
—4 _;;;:\ :\\\
NN
8 NN
AN
iz \
\
=50 0 50 100 150
Tamb (°C)

Fig.6 Maximum expected temperature error
(AT).
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Philips Semiconductors Product specification

Silicon temperature sensors KTY82-1 series

PACKING DIMENSIONS
Tape specification

Sensors in SOT23 encapsulation
are delivered in reel packing for
automatic placement on hybrid
circuits and printed circuit boards.
The devices are placed with the
mounting side downwards in
compartments.

- = 0.4 typ.

\

- S S
N il I, e [ L LAl
0.75 min I
[} %2 ey mBBS570

Dimensions in mm.
1) Tolerance over any 10 pitches: £0.2 mm.
X = component length + 0.2 mm.

Fig.7 Configuration of bandolier.
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Philips Semiconductors

Product specification
Silicon temperature sensors KTY82-1 series
PACKAGE OUTLINE
3.0
238 8
— -
0.150 uel
. 075 _ %0090 - ~ A [=lo2@[A]8]
060 [T />
2 l T
0.1 |
100 =~ max l 1?4 25
max ! 1.2 max
L 100 I l
i max ——
I U p—
4
~ max ‘;, 0483, 4 EIoT®IALE] macess
max
TOP VIEW
Dimensions in mm.
Weight: 0.01 g.
Fig.8 SOT23.
June 1992
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Philips Semiconductors Product specification

Silicon temperature sensors KTY82-2 series
e

DESCRIPTION
Marking codes:
These temperature sensors have a KTY82-210: 210 2 1
positive temperature coefficient of e '
resistance and are for use in KTY82-220: 220.
measurement and control systems. KTY82-221: 221.
KTY82-222: 222.
PINNING KTY82-250: 250.
PIN DESCRIPTION KTY82-251: 251. L3 oons
1 electrical contact KTY82-252: 252. Top view
2 electrical contact
3 substrate (must remain Fig.1 Simplified outline.
potential free)
QUICK REFERENCE DATA
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Ry sensor resistance Tamb = 25 °C; low =1 MA
KTY82-210 1980 2020 Q
KTY82-220 1960 2040 Q
KTY82-221 1960 2000 Q
KTY82-222 2000 2040 Q
KTY82-250 1900 2100 Q
KTY82-251 1900 2000 Q
KTY82-252 2000 2100 Q
Tamb ambient operating -55 150 °C
temperature range

Note
Tolerances of 0.5% or other special selections available on request.

June 1992 121



Philips Semiconductors Product specification

Silicon temperature sensors KTY82-2 series
LIMITING VALUES
In accordance with the Absolute Maximum System (IEC 134).
SYMBOL PARAMETER CONDITIONS MIN. | MAX. | UNIT
loort continuous sensor current in free air; - 10 mA
Toms =25 °C
in free air; - 2 mA
Temp = 150 °C
Tamb ambient operating temperature range -55 150 °C

CHARACTERISTICS
Tam = 25 °C, in liquid, unless otherwise specified.

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. | UNIT
Ry sensor resistance Tamp = 25 °C; looy = 1 MA
KTY82-210 1980 |- 2020 Q
KTY82-220 1960 |- 2040 Q
KTY82-221 1960 - 2000 Q
KTY82-222 2000 - 2040 Q
KTY82-250 1900 |- 2100 Q
KTY82-251 1900 - 2000 Q
KTY82-252 2000 |- 2100 Q
TC temperature coefficient - 0.79 - %/K
Ry0o/Ras resistance ratio atT,,=100°Cand25°C |1.676 |1.696 |1.716
R_ss/Ras resistance ratio atT,,=-56°Cand25°C |0.480 |0.490 |0.500
T thermal time constant in still air - 7 - s
(note 1) in still liquid (note 2) - 1 -
in flowing liquid - 0.5 -
rated temperature range -55 - 150 °C
(note 3)
Notes

1. The thermal time constant is the time the sensor needs to reach 63.2% of the total temperature difference. For
example, the time needed to reach a temperature of 72.4 °C, when a sensor with an initial temperature of 25 °C is
putinto an ambient with a temperature of 100 °C.

2. Inertliquid FC43 by 3M.
3. Restricted accuracy in the temperature range 125 to 150 °C.
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Philips Semiconductors Product specification

Silicon temperature sensors KTY82-2 series

AMBIENT TEMPERATURES AND CORRESPONDING RESISTANCE OF

SENSOR
leont = 1 MA.
AMBIENT
TEMPERATURE RESEE?NCE
)
-55 980
-50 1030
-40 1135
-30 1247
-20 1367
-10 1495
0 1630
10 1772
20 1922
25 2000
30 2080
40 2245
50 2417
60 2597
70 2785
80 2980
90 3182
100 3392
110 3607
120 3817
125 3915
130 4008
140 4166
150 4280
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Philips Semiconductors Product specification

Silicon temperature sensors KTY82-2 series
48 7292506.2
R 1
(k)
3,2 |
[
1,6 =
0
-100 -50 0 50 100 150 Tamb (°C) 200
leoe =1 MA.
Fig.2 Average resistance value of sensor as a function of ambient temperature.
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Fig.3 Sensor resistance as a function of operating current (AT).
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Philips Semiconductors

Product specification

Silicon temperature sensors

KTY82-2 series

7292509.1

T

I max
“(mA)

’ AN

AN
p N\
AN
|
ol |
-50 0 50 100 150
Tamb (°C)

Fig.4 Maximum operating current for safe

Toamp = 25 °C.

7224080
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Q) {
20 //

S S R S S
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Fig.5 Deviation of sensor resistance as a

operation. function of operating current in still liquid.
Note
To keep the temperature error low, an operating current
s of |, = 1 mA is recommended for temperatures above
T T = [
AT 15 KTY82 —251 ,’,’. 100°C.
K) L R
10 KTY82—220 47 7
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Fig.6 Maximum expected temperature error
(aT).
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Philips Semiconductors

Product specification

Silicon temperature sensors

KTY82-2 series

PACKING DIMENSIONS
Tape specification

Sensors in SOT23 encapsulation
are delivered in reel packing for
automatic placement on hybrid
circuits and printed circuit boards.
The devices are placed with the
mounting side downwards in
compartments.

v
1.75% 0.1

0.75 min [
)

mBB570

Dimensions in mm.
1) Tolerance over any 10 pitches: £0.2 mm.
X = component length + 0.2 mm.

Fig.7 Configuration of bandolier.

- |= 0.4 typ.
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Philips Semiconductors

Product specification

Silicon tempe

rature sensors

KTY82-2 series

PACKAGE OUTLINE
3.0
28
ore G
0.75 _ %0.090 | |0.95| (= A
I | m  ELz@RE
[ H
0.1 ' 1 — T
10° -
= ™ ! s
1§ 100 | |
v e '
3| T
< 11 __1\/ o '
max 390 048_p 4~ [#]0.1®[ATB] macess
max
TOP VIEW
Dimensions in mm.
Weight: 0.01 g.
Fig.8 SOT23.
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KTY83-1..

SILICON TEMPERATURE SENSORS

These sensors have a positive temperature coefficient of resistance and are for use in measurement
and control.

QUICK REFERENCE DATA

Type tape
Resistance at Ty = 25 °C (identification colour)
Ilc=1mA KTY83-110 Ros = 990- 1010 ; yellow

KTY83-120 Rog = 980 - 1020 ; white or green
KTY83-121 Rog = 980 - 1000 ; white
KTY83-122 Rog = 1000 - 1020 £2; green
KTY83-150 Rog = 950 - 1050 &; black or blue
KTY83-151 Rog = 950 - 1000 &; black
KTY83-152 Rog = 1000 - 1050 &2; blue

KTY83-120 is composed of groups —121 and
—122 and is correspondingly
designated.
KTY83-150 is composed of groups —151 and
—152 and is correspondingly
designated.
Operating ambient temperature range Tamp —55 to +175 °C
MECHANICAL DATA Dimensions in mm
Indication of polarity Type tape
(Black)
+
opr s ©
max } ) - @
1,274) ' 1,271 16 |
max 2,6~ L‘max " max
25_,4 3,04 <__25.,4__>
min max min
7283041.18B

(1) Lead diameter in this zone uncontrolled

Fig. 1 DO-34 (SOD-68).

Note
The sensor has to be operated with the lower potential at the marked connection (black type).
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Silicon temperature sensors KTY83-1..

RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134)

Continuous sensor current in free air
Tamb =25 °C Ilc  max. 10 mA
Tamb =175 °C Ic  max. 2.0 mA

CHARACTERISTICS

(Based on the measurements in liquid at Tymp =25 °C
unless otherwise specified)

Resistance
Ic=1mA KTY83-110 Rog= 990-1010 Q2

KTY83-120 Rgg= 980- 1020 £
KTY83-121 Rog = 980 - 1000
KTY83-122 Rgg = 1000 - 1020 £2
KTY83-160 Rog = 950 - 1050 £2
KTY83-161 Rog = 950 - 1000 £2
KTY83-162 Rgg = 1000 - 1050 £2

Temperature coefficient typ. 0.76 %/K

Resistance ratio R100/R25 1.67 £0.02

R-55/R25 0.50 + 0.01

Thermal time constant*

in still air typ. 20 s
in still liquid** typ. 1.0 s
in flowing liquid** typ. 05 s
Measuring temperature range —b5to +175 OC
Tamb Resistance Tamb Resistance
oC Q oC Q
—55 500 70 1379
—50 525 80 1472
—40 577 90 1569
-30 632 100 1670
-20 691 110 1774
-10 754 120 1882
0 820 125 1937
10 889 130 1993
20 962 140 2107
25 1000 150 2225
30 1039 160 2346
40 1118 170 2471
50 1202 175 2535
60 1288

Ambient temperatures and corresponding resistance values of sensor (Ic = 1 mA).

*  The thermal time constant is the time the sensor needs to reach 63.2% of the total temperature
difference. For instance, the time needed to reach a temperature of 72.4 ©C, when a sensor with
an initial temperature of 25 OC is put into an ambient with a temperature of 100 OC.

** Inert liquid FC43 of 3M company.
w (O(:tober 1988
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Fig. 2 Average resistance value of sensor at Ic = 1 mA as a function of temperature.
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Fig. 3 Maximum expected temperature error AT.

130 October 1988\ (



Silicon temperature sensors KTY83-1..

7281535
R
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Fig. 4 Sensor resistance as a function of operating current.
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Fig. 5 Maximum operating current for Fig. 6 Resistance deviation as a function
safe operation. of measuring current in still liquid;
Tamb = 25 OC.
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Philips Semiconductors Product specification
[ RRERRAEE——— - e e

Silicon temperature sensors KTY84-130/150/151/152
. ]

DESCRIPTION PACKAGE OUTLINE

These temperature sensors have a
positive temperature coefficient of
resistance and are for use in
measurement and control over a
temperature range of —40 to

+300 °C. @ =———HID——

MLA427

Fig.1 Simplified outline.

QUICK REFERENCE DATA
TYPE TAPE
SYMBOL PARAMETER CONDITIONS MIN. | MAX. | UNIT (IDENTIFICATION
COLOUR)
Ri00 resistance Tamp = 100 °C;
KTY84-130 loot =2 MA 970 1030 |Q yellow
KTY84-150 (note 1) 950 1050 Q black or blue
KTY84-151 950 1000 Q black
KTY84-152 1000 1050 Q blue
Note

1. Type KTY84-150 is composed of groups —151 and —152, and is correspondingly designated.
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Philips Semiconductors Product specification

Silicon temperature sensors KTY84-130/150/151/152
LIMITING VALUES
In accordance with the Absolute Maximum System (IEC 134).
SYMBOL PARAMETER CONDITIONS MIN. MAX. | UNIT
loort continuous sensor current in free air; - 10 mA
Tamo = 25 °C;
(note 1)
in free air; - 2 mA
Tamp = 300 °C
Tamb operating temperature range -40 300 °C
L_l storage temperature range -55 300 °C
Note

1. For temperatures greater than 200 °C, a sensor current of |, = 2 mA must be used.

CHARACTERISTICS
Tam = 100 °C, in liquid, unless otherwise specified.
SYMBOL PARAMETER CONDITIONS MIN. TYP. | MAX. | UNIT
Ry00 resistance leot = 2 MA
KTY84-130 970 - 1030 Q
KTY84-150 950 - 1050 Q
KTY84-151 950 - 1000 Q
KTY84-152 1000 |- 1050 Q
TC temperature coefficient - 0.62 - %/K
R.eo/Rico resistance ratio 2140 [2.195 |2.250
R,s/Ry00 resistance ratio 0.590 |0.598 |0.606
T thermal time constant
(note 1) in still air - 20 -
in still liquid - 1 -
(note 2)
in flowing liquid - 0.5 - s
(note 2)
Notes

1. The thermal time constant is the time the sensor needs to reach 63.2% of the total temperature difference. For
example, the time needed to reach a temperature of 72.4 °C, when a sensor with an initial temperature of 25 °C is
put into an ambient with a temperature of 100 °C.

2. Inertliquid FC43 by 3M.
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Philips Semiconductors

Product specification

Silicon temperature sensors

KTY84-130/150/151/152

AMBIENT TEMPERATURES AND CORRESPONDING RESISTANCE OF SENSOR

loont = 2 MA.
AMBIENT
TEMPERATURE RESI?;;\NCE

(°C)
-40 355
-30 386
-20 419
-10 455
0 493
10 533
20 576
25 598
30 621
40 668
50 718
60 769
70 824
80 880
90 939
100 1000
110 1063
120 1129
130 1197
140 1268
150 1340
160 1415
170 1493
180 1572
190 1654
200 1739
210 1825
220 1914
230 2006
240 2099
250 2195
260 2293
270 2392
280 2490
290 2584
300 2668
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Philips Semiconductors

Product specification

Silicon temperature sensors

KTY84-130/150/151/152

MCD398
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leont = 2 MA.

Fig.2 Resistance value of sensor as a function
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-100 0 100 200 300
Tamb (°C)

Fig.3 Maximum operating current for safe

Fig.4 Deviation of sensor resistance as a
function of operating current in still liquid.

of ambient temperature. operation.
MeDa0o mCD;’:‘QQ
40 30
AR AT
Q) (K) "
% KTY84- 150 //
10 Sl
20 \
Y KTY84 - 130
-151
10 <~ / -152
el -10 ~;
0 KTY84 - 150 N
-20
/l/
/
-10 _0
! 2 3 ~100 0 100 200 300
feont (M) Tamb (°C)
Tam, = 100 °C.

Fig.5 Maximum expected temperature error.

September 1991
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Philips Semiconductors

Product specification

Silicon temperature sensors

KTY84-130/150/151/152

J 16

max

-

Dimensions in mm.
(1) Indication of polarity (green).
(2) Type tape.

m @
127@ > e

|4— 2.6 ->l
3.04
max

+——25.4 min —»-!

(3) Lead diameter within this zone is not controlled.

-127@

' 0.55

+——25.4 min ——»!

Fig.6 SOD68 (DO-34).

max
[

MBC244

September 1991
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KTY85-1..

SILICON TEMPERATURE SENSORS

These sensors have a positive temperature coefficient of resistance and are for use in measurement and

control.

QUICK REFERENCE DATA

Resistance at Tamp = 25 °C

Ic=1mA
KTY85-110
KTY85-120
KTY85-121
KTY85-122
KTY85-150
KTY85-151
KTY85-152

KTY85-120
KTY85-150

Operating ambient temperature range Tymp

Rog="990 -
Ros= 980-
Rog= 980-
Rog = 1000 -
Rog= 950 -
Rog= 950 -
R25 = 1000 -

is composed of groups —121 and —122,

Type tape
(identification colour)

1010 ©; yellow

1020 §2; white or green
1000 2; white

1020 £2; green

1050 £2; black or blue
1000 §2; black

1050 £2; blue

and is correspondingly designated.

is composed of groups —151 and —152,

and is correspondingly designated.

—40 to +125 ©oC

MECHANICAL DATA

e

indication of poiarity and type t

o
o

Dimensions in mm

(1) Area not tinned; small elevations are possible.

Fig. 1 SOD-80.

Note

The sensor has to be operated with the lower potential at the marked connection.

W f)ctober 1988
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KTY85-1..

RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134)
Continuous sensor current in free air

Tamb=25°C Ic  max.
Tamb = 125°C Ic  max.

CHARACTERISTICS

(Based on the measurements in liquid at Tamp = 25 °C
unless otherwise specified)

Resistance
Ic=1mA KTY85-110 R2g= 990-1010 Q
KTY85-120 R25= 980- 1020
KTY85-121 R25= 980- 1000 Q
KTY85-122 R2g5= 1000 - 1020
KTY85-150 * R2g= 950 - 1050
KTY85-1561 R25= 950 - 1000
KTY85-162 R2g5= 1000 - 1050 2
Temperature coefficient typ.
Resistance ratio R100/R25
R-40/R25
Thermal time constant*®
in still air typ.
in still liquid** typ.
in flowing liquid** typ.

Measuring temperature range

10 mA
2.0 mA

0.76 %/K

1.670 £ 0.020
0.577 £ 0.008

20 s
10 s
05 s

—40to +125 oC

The thermal time constant is the time the sensor needs to reach 63.2% of the total temperature

difference. For instance, the time needed to reach a temperature of 72.4 OC, when a sensor with

an initial temperature of 25 OC is put into an ambient with a temperature of 100 OC.

** Inert liquid FC43 of 3M company.
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‘Silicon temperature sensors KTY85-1..

Tamb Resistance
oC Q
—-40 577
-30 632
-20 691
-10 754

0 820
10 889
20 962
25 1000
30 1039
40 1118
50 1202
60 1288
70 1379
80 1472
90 1569

100 1670
110 1774
120 1882
125 1937

Ambient temperatures and corresponding resistance values of sensor (I = TmA).

7Z224027.1

R /
(kQ)
16 //
/
1.2
08 A
7//
0.4

-50 —26 0 25 50 75 100 125
Tamb (°C)

-Fig. 2 Average resistance value of sensor at Ic = 1 mA as a function of ambient temperature.
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KTY85-1..

7281540

R
(k)
20 125°C
100°C] ]
15°
/‘
L—1 ggo&
—1 1‘>°,,¢‘ ]
10 — o
' AT
— n%q
y 5 10
0.1 0.5 LIPS

Fig. 3 Sensor resistance as a function of operating current.

72815639
12
Ic
(mA) lr
|
8 I
L
|
1
T
4
|
]
]
1
0 "l
-60 0 50 100 150
Tamb (°C)

Fig. 4 Maximum operating current for safe operation.
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Silicon temperature sensors KTY85-1..

7281538

AR
Q)

20

-10

Ic(ma) 2

Fig. 5 Deviation of sensor resistance R as a function of
operating current I in still liquid; Tamp = 25 °C.

8 7281541.2
KTY85-151 |
AT -152 ]
(K) -120 F— L~
-110>< P
4 — >
— e~ |~
\
0
—
/
-4 ’</§\ \\\
\\‘
50 ) 50 100 150
1’nmb(ac)

Fig. 6 Maximdm expected temperature error AT.

October 1988
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KTY86-205

SILICON TEMPERATURE SENSORS

These sensors are high accuracy temperature sensors with a positive temperature coefficient of
resistance. Each sensor consists of a pair of 1000 £2 sensors in series and its main application fields
are the measurement and control of temperature.

QUICK REFERENCE DATA

Resistance at Tymp = 25 °C

Ic=0.1mA KTY86-205 Rop 2000+ 10 ©
Operating ambient temperature range Tamb —40to + 150 °C
MECHANICAL DATA Dimensions in mm

35

> 2.7
7/ T
NV, 715
6.0

4 I
J
colour band L L 14

?

1
1+
&
o

' 205
—’|I<— - <—(2)() 7225163.1

Fig.1 SOD103; colour band is white.

Note
The sensor has to be operated with the lower potential at the bent lead.
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Silicon temperature sensors

KTY86-205

RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC 134)

Continuous sensor current in free air
Tamb = 25°C
Tamb = 150 °C

CHARACTERISTICS

Ic max. 10
Ic max. 2.0

(Based on the measurements in liquid at Tamp = 25 ©C; Ic = 0.1 mA unless otherwise specified).

Resistance
Resistance ratio
R100 °C/Rpg OC
R—40©°C/Rg5 ©°C
Temperature coefficient

Thermal time constant®
in still air
in still liquid**
in flowing liquid**

Measuring temperature range

mA
mA

KTY86-205 Rog= 2000 £ 10 £
1.672 £ 0.020
0.577 + 0.008
o_40 0.93 %/K
a5 0.76 %/K
@100 0.61 %/K
typ. 30 s
typ. 22 s
typ. 1.7 s
—40 to +150 °C

*  The thermal time constant is the time the sensor needs to reach 63.2% of the total temperature
difference, for instance, the time needed to reach a temperature of 72.4 OC, when a sensor with
an initial temperature of 25 OC is put into an ambient with a temperature of 100 ©C.

** Inert liquid FC43 of 3M company.

February 1990
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KTY86-205

Tamb Resistance
oC Q
—40 1154
-30 1265
-20 1383
-10 1508
0 1640
10 1779
20 1924
25 2000
30 2077
40 2237
50 2404
60 2578
70 2759
80 2947
90 3142
100 3344
110 3553
120 3769
130 3992
140 4222
150 4459
5 7Z224081.1
o .
1KSL) . /l
//
P
3
2 ,/ o
yd
1 ] ~
0
—40 0 40 80 120 160
Tamb (°C)

Fig. 2 Average resistance value of sensor at Ic = 0.1 mA as a function of ambient temperature.
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Silicon temperature sensors

KTY86-205

7281546

R
(kQ)
150 °C
125°C
“0 -
100°C
LT 75°C
e
+—1 50°C L4
1
///‘L‘J"(‘ﬂ:
1 Q"(-,
20 — ,rﬂ
mliE>
— ]
0
01 05 1 Ic(mA) 5 10

Fig. 3 Sensor resistance as a function
of operating current.

12 7224082.1
AR /
(2) /

4
8 //
/
/
/
4
/
=
0
0 05 Ic (mA) !

Fig. 5 Deviation of sensor resistance R
as a function of operating current I¢
in still liquid; Tgmp = 25 °C.

12 7292509.1
Igmax
(mA)
8 AN
\\
4 \\
0
-50 0 50 100 150
Tamb (°C)

Fig. 4 Maximum operating current for
safe operation.

7224310
4 //
AT /
(K) KTY86—205
2 ~ /
~C v
~ pa
N
0
/\\
-2 //
\\
—a N
N
-50 0 50 100 150
Tamb (°C)

Fig. 6 Maximum expected temperature
error AT,

February 1990
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KTY86-205 J ‘

<—-—P—>|

Ah—»y

<—-P2—> Ag Ag
7 > cathode
H Ha reference plane
1 | Py | || l W
H ho ) ] | ¢2
1 4
W i I Wo
SR IR T
LAAN Ty AN b
NP T {B‘
—! F e PO ——I Do -
direction of unreeling
LA v
T =,
Fig. 7 Dimensions of product on tape. t detail A t
Table 1 Dimensions of product on tape
symbol dimensions symbol dimensions
D 27-35 P 12.7 £ 1.0
Do 40+0.2 Po 12.7 £+ 0.3
d 0.48 - 0.55 Pq 5.09 +0.7
F 2.54 +0.4/-0.1 ) 595+ 1.0
Ag 0+ 50 P3 3.2-4.2
H 24.5 max. Tt 1.5 max.
Hop 22.0 max. t 0.7 £0.2
H1 32.0 max. w 18.0 £ 1.0/-0.5
Ho 12.0 max. Wo 6.0 min.
Ah +2.0 Wi 9.0+05
L 10.0 max. Wo 0-15

7225167.1

146 February 1990w (



J L KTY87-205

SILICON TEMPERATURE SENSORS

The KTY87 are high precision temperature sensors with a positive temperature coefficient of resistance
for temperature measuring and temperature control. In the temperature range 10 °C to 110 ©C the
measuring accuracy is better than + 1 °C.

QUICK REFERENCE DATA

Resistance at I¢ = 0.1 mA

Tamb =25 °C R25=2000+ 10
Tamb = 100 °C R100=3344* 17 Q
Operating temperature range —40to +125 °oC
MECHANICAL DATA Dimensions in mm
4 2_> - 3.5
3.2 2.7
2 77 T
T % & y , 7.5
L4 3.3 V%
ay 4

colour band L 14

Al |
=l 805
_JI'_ ST 2x) 7226163.1

Fig.1 SOD103; colour band is green.

Notes
1. The sensor has to be operated with the lower potential at the bent lead.
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KTY87-205

RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC 134)

Continuous sensor current in free air
Tamb =25 °C
Tamb=1250C

CHARACTERISTICS

Ic
Ic

max. 10 mA
max. 2.0 mA

(Based on the measurements in liquid at Tamp = 25 ©C; Ic = 0.1 mA unless otherwise specified)

Resistance
Tamb = 100°C

Temperature coefficient

Resistance ratio
Thermal time constant*

in still air

in still liquid**

in flowing liquid**
Operating temperature range

R25

R100

at —40 °C
at 25 °C
at 100 °C
R—40/R25

2000+ 10 Q
3344 £ 17 Q

0.93 %/K

0.75 %/K

0.61 %/K
0.577 + 0.008

typ. 30 s
typ. 22 s
typ. 1.7 s

—40to +125 OC

*  The thermal time constant is the time the sensor needs to reach 63.2% of the total temperature
difference. For instance, the time needed to reach a temperature of 72.4 ©C, when a sensor with
an initial temperature of 25 OC is put into an ambient with a temperature of 100 ©C.

** Inert liquid FC43 of 3M company.
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Silicon temperature sensors KTY87-205

Tamb Resistance
oc Q
—-40 1154
-30 1265
-20 1383
-10 1508
0 1640
10 1779
20 1924
25 2000
30 2077
40 2237
50 2404
60 2578
70 2759
80 2947
90 3142
100 3344
110 3553
120 3769
125 3880
5 7224081.1 5 7224312
Rav R
(kQ) (kS2)
4 ” 4 125 °C,
,/ 100°C -
3 3 75°¢C /:
< 50°C anll
2 '// ) 250c| L+ 1TUNA
A 0°c s
. —25 0 — :
1 // 1 l C —Frr
—40°C
0 0
—-40 0 40 80 120 160 0.1 1 Ic (mA) 10
Tamb (°c) .
Fig. 2 Average resistance value of sensor Fig. 3 Sensor resistance as a function of
at Ic = 0.1 mA as a function of ambient operating current.
temperature.
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KTY87-205

7224338 12 7224082.1
10 AR /
(Q) /
4
/

Icmax 8
(mA) //

-50 0 50 100 150
Tamb (°c)

Ic (mA)

Fig. 5 Deviation of sensor resistance R

Fig. 4 Maximum operating current for
versus operating current ¢ in still liquid.

safe operation.

MEA039
2
AT
(K) L
1 \‘\‘ /1
1
0
L N
-2
-40 0 40 80 120 - 160
Tamb (°C)

Fig. 6 Maximum temperature error AT.
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Silicon temperature sensors KTY87- 20 5

«——— P —— Ah
<—-P2—> P3 =  Ag— Ag
/’ 4 cathode
Hy reference plane
H‘ || P l— | |e—d
H ! W
Hg i | i ) \'] Ly
i JRE}
W ! 1] | 0 !
I {A U u Iu| !J / ¥ "‘11 )
O D ’ w B
—»! F e Po -J DO -—
direction of unreeling
A i
R o R
’ detail A * 7Z225167.1
Table 1 Dimensions of product on tape
symbol dimensions
D 27-35
Dg 4.0 0.2
d 0.48 — 0.55
F 2.54 +0.4/—0.1
Ag 0 +50
H 24.5 max.
Ho 22.0 max.
Hjq 32.0 max.
Ho 12.0 max.
Ah +2.0
L 10.0 max
P 12.7 #1.0
Pg 12.7 +0.3
Pq 5.09 +0.7
P2 5.95 +1.0
P3 3.2—-4.2
Tt 1.5 max
t 0.7 +0.2
W 18.0 +1.0/-0.5
Wo 6.0 min
Wi 9.0 +0.5
Wo 0-15

Fig. 7 Dimensions of product on tape.

November 1990
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DEVICE DATA -
HYBRID INTEGRATED CIRCUITS FOR
INDUCTIVE PROXIMITY DETECTORS



Philips Semiconductors

Hybrid integrated circuits Type number survey

Hybrid integrated circuits for inductive proximity detectors

false short circuit/ R
Stud |om type| LXW ‘(Is ':“k polarity overload x c onkggti on
type mm (max) protection | protection |discrete |integrated
2860 215x3 4.7-30 | 250 supply transient yes no no
M5 | 2870 with protection
spikes
protect.
M8 | 386B 43.6x5 10-30 |250 supply/ yes yes yes yes
387B load
(note 3)
386M 225x5 10-30 | 250 supply/ yes yes yes yes
387M (note 2) load
(note 3)
M12 | 388B 26.5x5 10-30 |250 supply/ yes yes yes yes
389B load
(note 3)
M12 | 390 142x14.2 | 10-30 | 250 supply/ yes yes yes yes
(note 3) load
Notes

1. Depending upon supply voltage

2. After assembly

3. The 300-series provide the possibility of directly connecting a LED for function control, without additional power
dissipation.
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OoM386B
OomM387B

HYBRID INTEGRATED CIRCUITS FOR
INDUCTIVE PROXIMITY DETECTORS

Hybrid integrated circuits intended for inductive proximity detectors in tubular construction,
especially the M8 hollow stud. The OM386B is for positive supply voltage and the OM387B is for
negative supply voltage. The circuit consists of a voltage regulator, an oscillator, a rectifier stage, a
Schmitt trigger, an output stage and a protection circuit.

The circuit performs a make function: when actuated the current flows through the load, which can be
e.g. the coil of an electromagnetic relay, a LED or a photocoupler.

Features:

protection against short-circuit and overload

protection of output transistor against transients by a voltage regulator diode

protection against false polarity of the three connection leads

choice between two methods to adjust the operating (switching) distance i.e. trimming a resistor
integrated on the substrate or mounting a resistor

possibility of connecting a LED for function control

The devices are thin-film circuits deposited on ceramic substrates. They may be potted, together with
the oscillator coil, in a non-magnetic tube.

QUICK REFERENCE DATA

D.C. supply voltage range VB 10t0o 30 V
Output currentat Vg = 10 to 30 V lo max. 250 mA
Operating (switching) distance (depends

on Ry value and oscillator coil) S 1to5 mm
Differential travel

(hysteresis in switching distance) H 3t010 %
Operating (switching) frequency f < 5 kHz
Operating substrate temperature range* Ts —40 to +85 ©C
Substrate length L 43,4 +0,2 mm
Substrate width w 4,8 0,2 mm
Height of circuit including substrate h max. 1,7 mm
MECHANICAL DATA Dimensions in mm

Fig. 1 (see next page).

*

The tube, potting and connection materials are the main limiting factors for the operating

temperature range of a completely assembled proximity detector.
w (October 1985
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omM386B
OoM387B

MECHANICAL DATA (outline and connections)
Fig. 1.

"ls‘-/ F__—l I—‘R_—x_}—l LED

Dimensions in mm

= 3|13 6 s !
g Lz:] QR:XQS E-, e m5ax
&G > 1|1 dj1o |}
AP - 43,6 max l
N2 !

A = metal actuator; B = open potcore or potcore half with coil.

7295439

Mechanical outline and connections: note that the supply polarities to points 8 and 10 are given for

the OM386B; for the OM387B the polarities are point 8: —Vg, and point 10: +Vg.

S is the operating distance.
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Hybrid integrated circuits for inductive proximity detectors

OoM386B
omM387B

6 7
Oom386B (2)
VOLTAGE ()18 o+
REGULATOR O/
®
(e
TRIGGER [ \_/ [output
4 _l/.f>
\J % \Z:]
OVERLOAD
Rx PROTECTION @D
—
L —
J m J
L L
10 _
7295451
Fig. 2 Circuit diagram of OM3868B.
%
-
6! ly
om387B (2)
VOLTAGE G s o-
REGULATOR \\@JJ ]
®
G e
TRIGGER | ¢ output
\Z:]
OVERLOAD
PROTECTION GD
10 .
7295450

Fig. 3 Circuit diagram of OM387B.

(1) Ry is integrated on the substrate and suitable for trimming (laser or sandblasting). To use
integrated resistance Ry it is necessary to connect point 3 to 4.

(2) If a LED is to be connected, the jumper between points 6 and 7 should be removed.

W (October 1985
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OoM386B

OoM387B
RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134)
D.C. supply voltage VB max. 30 V
Output current lo max. 250 mA
Storage temperature Tstg —40to +125 ©C
Operating substrate temperature Ts —40 to +85 °C
CHARACTERISTICS
Conditions (unless otherwise specified)
D.C. supply voltage VB 24 V
External resistor (Rx) and oscillator coil see operating dis-
Device embedded in brass tube tance table below
Substrate temperature Ts 25 oC
Performances
Supply current
output stage "ON"’ | typ. 8,4 mA
output stage "OFF" B typ. 48 mA
Voltage drop
lo =250 mA Vv max. 19 V
lo= 10mA d max. 10V
Operating (switching) distance*
type oscillator coil average operating distance recommended | oscillator
number of turns Sin mm at Ry (2) potcore frequency
N1 N2 200 250 300 kHz
w8 32 16 1 156 - ¢ 5,8 mm 800
(Neosid)
M12 40 10 2 3 - P9 Philips** 600
M18 46 4 3 4 5 P14 Philips** 600
Differential travel (in % of S) H 3to10 %
Operating frequency (according to EN 50010) f < 5 kHz

* The operating distance S depends on the oscillator coil, the material of the metal actuator and Rx.
For measuring purposes a square steel sheet (St 37) with dimensions such that a circle with the
diameter of the core can be inscribed, and 1 mm thickness can be used. Rx must not be chosen
outside the range of 200 to 300 £2.

** Grade 3B7/3H1.
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Hybrid integrated circuits for inductive proximity OM386B
10 7295447 0,8 7295449
=} P ‘
lg =
(mA) P w) 0=250mA [ —=
8 —— ON state 06 L+
" ! //,
/
6
et — 04 1
Io=100mA
4 4‘// OFF state o |
|1 —1 1
— /'/ io=10mA /'/
02 = LT /‘L%
2 /// OFF state |1
T |t
L
//
0 0
10 20 Vg (V) 30 10 20 Vg (V) 30

Fig. 4 Supply current as a function of
supply voltage; Tg = 25 OC.

2 7295448
Vd T
) ~~—J—Jo-250mA
1,6 -
12 J\ M~~~ lo=100mA
0= m
\\\
08 T lo = 10mA
[ — o= m.
—~—
0,4
—40 0 40 80
Ts (°C)

Fig. 6 Voltage drop as a function of
substrate temperature.

1,00

(mm)

0,95

0,90

0,85

7295443
N
N
N
\\
\\
—40 0 40 15 (°C) 80

Fig. 5 Power dissipation as a function of
supply voltage.

6 7295442
H
(%)
4 — r
foeT
2
0 40 0 4
- 0 80
Ts (9C)

Fig. 7 Hysteresis as a function of substrate
temperature.

Conditions relating to Figs 7 and 8:
potcore ¢ 5,8 mm Neosid

osc. coil N1 =32, N2 =16 turns
Ry =200 2.

Fig. 8 Operating distance as a function of
substrate temperature.

\ ﬂ)ctober 1985
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OM386B
omM387B

MOUNTING RECOMMENDATIONS
If a protective cap is incorporated, it should be as thin as

»>de possible, because its thickness d forms part of the operating
distance S.
ﬂ A brass stud wall should not extend beyond the potcore.

The exact value of S with its spread is determined by a
number of variables, e.g.

— value of the adjustment resistor Ry

— the oscillator coil

— the metal of the actuator

— the material and shape of the housing.

A

7269084

Fig. 9 Insertion of potcore in brass tube.

Soldering recommendations

Use normal 60/40 solder; use a soldering iron with a fine point; soldering time as short as possible and
it should not exceed 2,5 s per soldering point (Tg)q = max. 250 ©C).

The substrate is preferably preheated to a temperature of 100 ©C with a minimum of 80 °C and a
maximum of 125 OC.

Potting recommendations

First cover the hybrid IC with about 0,5 mm of silicone rubber, let it harden and with the parts
inserted in the tube, fill up the tube with an epoxy.
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OM386M
OM387M

HYBRID INTEGRATED CIRCUITS FOR
INDUCTIVE PROXIMITY DETECTORS

Hybrid integrated circuits intended for inductive proximity detectors in tubular construction,
especially the M8 hollow stud. The OM386M is for positive supply voltage and the OM387M is for
negative supply voltage. The circuit consists of a voltage regulator, an oscillator, a rectifier stage, a
Schmitt trigger, an output stage and a protection circuit.

The circuit performs a make function: when actuated the current flows through the load, which can be
e.g. the coil of an electromagnetic relay, a LED or a photocoupler.

Compared to the types OM386B/0OM387B the substrate length is drastically reduced.

Features:

® extra-small dimensions

protection against short-circuit and overload

protection of output transistor against transients by a voltage regulator diode

protection against false polarity of the three connection leads

choice between two methods to adjust the operating (switching) distance i.e. trimming a resistor
integrated on the substrate or mounting a resistor

® possibility of connecting a LED for function control

The devices are thin-film circuits deposited on ceramic substrates. They may be potted, together with
the oscillator coil, in a non-magnetic tube.

QUICK REFERENCE DATA

D.C. supply voltage range VB 10to 30 V
Output current at Vg = 10 to 30 V lo max. 200 mA
Operating (switching) distance (depends

on Ry value and oscillator coil) S 1to5 mm
Differential travel

(hysteresis in switching distance) H 3to 10 %
Operating (switching) frequency f < 5 kHz
Operating substrate temperature range* Ts —40 to +85 ©C
Substrate length after assembly L 22,3 10,2 mm
Substrate width w 4,8 +0,2 mm
Thickness of assembled hybrid

(two parts glued together back to back) h max. 3,8 mm
MECHANICAL DATA Dimensions in mm

Fig. 1 (see next page).

* The tube, potting and connection materials are the main limiting factors for the operating
temperature range of a completely assembled proximity detector.
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OM386M
OM387M

MECHANICAL DATA (outline and connections) Dimensions in mm
Fig. 1.

|

break line

Rx'
- ' !
3 6107 |8
L 2l gR:x:lzl5 111],[112 1 >
> 1

9 max

a 130014 oy

C

N2 l<—— 22,5 max 22,5max —— >
7295440

A = metal actuator; B = open potcore or potcore half with coil.

Mechanical outline and connections: note that the supply polarities to points 8 and 10 are given for
the OM386M; for the OM387M the polarities are point 8: —VB, and point 10: +Vp.

S is the operating distance.
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Hybrid integrated circuits for inductive proximity detectors ‘ OoM386M

() //"
o0
/
6 7
OM386M
Y 102__ VOLTAGE (2 s o+
REGULATOR U/ ]
®
G e
TRIGGER \_/ | output
\Z:]
13 14 | OVERLOAD
Y1 rroTECTION GD
(1
_______ LI O
7295452
Fig. 2 Circuit diagram of OM386M.
@ _
()
‘I"
6 7
OM387M
_ 12| voitace GO s o-
REGULATOR é A
®
4N e
TRIGGER ! U output
A Ve
13 13_ OVERLOAD
PROTECTION GD
(1
_______ 0 X,
7295453

Fig. 3 Circuit diagram of OM387M.

(1) Connect point 1 to point 10 after assembling.

(2) Ry is integrated on the substrate and suitable for trimming (laser or sandblasting). To use
integrated resistance Ry it is necessary to connect point 3 to 4.

(3) If no LED is used, connect point 6 to point 7.
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OM386M

OM387M
RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134)
D.C. supply voltage VB max. 30 VvV
Output current lo max. 200 mA
Storage temperature Tstg —40 to +125 ©oC
Operating substrate temperature Ts —40 to +85 °C
CHARACTERISTICS
Conditions (unless otherwise specified)
D.C. supply voltage VB 24 V
External resistor (Rx) and oscillator coil see operating dis-
Device embedded in brass tube tance table below
Substrate temperature Ts 25 oC
Performances
Supply current
output stage "ON"’ | typ. 7.4 mA
output stage "OFF"’ B typ. 48 mA
Voltage drop
lo =200 mA Vv max. 19V
lo= 10mA d max. 1,0 Vv
Operating (switching) distance*
type oscillator coil average operating distance recommended oscillator
number of turns S in mm at Ry (£2) potcore frequency
N1 N2 200 250 300 kHz
m8 32 16 1 15 - ¢ 5,8 mm 800
(Neosid)
M12 40 10 2 3 — P9 Philips** 600
M18 46 4 3 4 5 P14 Philips** 600
Differential travel (in % of S) H 3t010 %
Operating frequency (according to EN 50010) f < 5 kHz

*  The operating distance S depends on the oscillator coil, the material of the metal actuator and Rx.
For measuring purposes a square steel sheet (St. 37) with dimensions such that a circle with the
diameter of the core can be inscribed, and 1 mm thickness can be used. Ry must not be chosen
outside the range of 200 to 300 £2.

** Grade 3B7/3H1.
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OM387M
| [ ]

10 7295446 06 7295444
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/ON state //
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6 ] —1 =
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2 /‘/ |+
| —1 =
L—1 | —t Ilo OImA IOFF
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10 20 Vg (V) 30 10 20 Vg (V) 30
Fig. 4 Supply current as a function of Fig. 5 Power dissipation as a function of
supply voltage; Tg = 25 OC. supply voltage.
16 7295445 6 7295442
4
(Vvd) — ~<flo < 200mA—|
—~L H
1,4 (%)
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/
1,2 ] |
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Fig. 6 Voltage drop as a function of Fig. 7 Hysteresis as a function of substrate
substrate temperature. temperature.
1,00 7295456
\
S
(mm)
0.95 Conditions relating to Figs 7 and 8:
' potcore ¢ 5,8 mm Neosid
osc. coil N1 =32, N2 = 16 turns
Ry =200 Q.
0,90
0,85 . )
—40 0 0 T, (9C) 80 Fig. 8 Operating distance as a function of

substrate temperature.
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OM387M

MOUNTING RECOMMENDATIONS
A. Assembling and connecting the two half substrates:

— Use the breakline to break the substrate in two pieces.
— Apply glue (e.g. epoxy Ablebond 293-1) to the blank sides of the two parts.

— After hardening of the glue connect the pads according to Fig. 9.

7295441

Fig. 9 If no LED is used, connect point 6 to point 7;

connect points 11 and 12, point 13 to 14 and point 1 to point 10.

B. If a protective cap is incorporated, it should be as thin
as possible, because its thickness d forms part of the
operating distance S.

A brass stud wall should not extend beyond the potcore.
The exact value of S with its spread is determined

by a number of variables, e.g.

— value of the adjustment resistor Ry

— the oscillator coil

— the metal of the actuator

— the material and shape of the housing.

Soldering recommendations

|

d

N

A

7269084

Fig. 10 Insertion of potcore in brass tube.

Use normal 60/40 solder; use a soldering iron with a fine point; soldering time as short as possible and
it should not exceed 2,5 s per soldering point (Tg|q = max. 250 ©C).

Potting recommendations

First cover the hybrid IC with about 0,5 mm of silicone rubber, let it harden and with the parts

inserted in the tube, fill up the tube with an epoxy.
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omM388B
OM389B

HYBRID INTEGRATED CIRCUITS FOR
INDUCTIVE PROXIMITY DETECTORS

Hybrid integrated circuits intended for inductive proximity detectors in tubular construction, especially
the M12 hollow stud. The OM388B is for positive supply voltage and the OM389B is for negative supply
voltage. The circuit consists of a voltage regulator, an oscillator, a rectifier stage, a Schmitt trigger, an
output stage and a protection circuit.

The circuit performs a make function: when actuated the current flows through the load, which can be
e.g. the coil of an electromagnetic relay, a LED or a photocoupler.

Features:

protection against short-circuit and overload

protection of output transistor against transients by a voltage regulator diode

protection against false polarity of the three connection leads

choice between two methods to adjust the operating (switching) distance i.e. trimming a resistor
integrated on the substrate or mounting a resistor

possibility of connecting a LED for function control

The devices are thin-film circuits deposited on ceramic substrates. They may be potted, together with
the oscillator coil, in a non-magnetic tube.

QUICK REFERENCE DATA

D.C. supply voltage range VB 10to 30 V
Output currentat Vg = 10 to 30 V lo max. 250 mA
Operating (switching) distance (depends

on Ry value and oscillator coil) S 2to5 mm
Differential travel

(hysteresis in switching distance) H 3t010 %
Operating (switching) frequency f < 5 kHz
Operating substrate temperature range* Ts —40 to +85 ©C
Substrate length L 25,4 +0,2 mm
Substrate width W 8,0 +0,2 mm
Height of circuit including substrate h max. 1,7 mm
MECHANICAL DATA Dimensions in mm

Fig. 1 (see next page).

* The tube, potting and connection materials are the main limiting factors for the operating

temperature range of a completely assembled proximity detector.

I (October 1985
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MECHANICAL DATA (outline and connections).

Fig. 1.

N1

—>\S[¢—

¢ L,

C

A B
N2

A = metal actuator; B = open potcore or potcore half with coil.

—

Dimensions in mm

3|t

oo

© 0 N O
3
[
X

25,6 max

y

7295438

Mechanical outline and connections: note that the supply polarities to points 8 and 10 are given for
the OM388B; for the OM389B the polarities are point 8: —Vg and point 10: +Vg.

S is the operating distance.
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Hybrid integrated circuits for inductive proximity detectors OM3888

OM389B
//'«
()
6 N 7
oM388B
VOLTAGE (o) |8 o+
REGULATOR Qy
®
L e
TRIGGER \_/ |output
@ Ve
OVERLOAD
PROTECTION @D
I o )

7295455

Fig. 2 Circuit diagram of OM388B.

//’.v
(2)
O/
6 7
OM389B
VOLTAGE G s
REGULATOR \J o=
®
TRIGGER | \'y output

OVERLOAD
PROTECTION GD

7295454

Fig. 3 Circuit diagram of OM389B.

(1) Ry is integrated on the substrate and suitable for trimming (laser or sandblasting). To use
integrated resistance Ry it is necessary to connect point 3 to 4.

(2) If no LED is used, point 6 is to be connected to point 7.
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RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC 134)

D.C. supply voltage

Output current

Storage temperature

Operating substrate temperature

CHARACTERISTICS

Conditions (unless otherwise specified)
D.C. supply voltage

External resistor (Rx) and oscillator coil
Device embedded in brass tube

Substrate temperature

Performances

Supply current
output stage "ON"’
output stage “OFF"’

Voltage drop
lo =250 mA
Io = 10 mA

Operating (switching) distance*

VB max. 30 V
lo max. 250 mA
Tstg —40to +125 °C
Ts —40 to +85 ©OC
VB 24 V

see operating dis-
tance table below

Ts 25 oC
| typ. 8,4 mA
B typ. 4.8 mA
Vv max. 19V
d max. 10V

type oscillator coil average operating distance recommended | oscillator
number of turns S in mm at Ry (2) potcore frequency
N1 N2 200 250 300 kHz
M12 40 10 2 3 - P Philips** 600
M18 46 4 3 4 5 P14 Philips** 600
Differential travel (in % of S) H 3to10 %
Operating frequency (according to EN 50010) f < 5 kHz

*

The operating distance S depends on the oscillator coil, the material of the metal actuator and Rx.

For measuring purposes a square steel sheet (St 37) with dimensions such that a circle with the
diameter of the core can be inscribed, and 1 mm thickness can be used. Rx must not be chosen

outside the range of 200 to 300 2.
** Grade 3B7/3H1.
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Fig. 4 Supply current as a function of supply Fig. 5 Power dissipation as a function of
voltage; Tg = 25 OC. supply voltage.
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16 \\
12 ~~~_lo = 100mA
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—
0,4
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Fig. 6 Voltage drop as a function of substrate temperature.
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MOUNTING RECOMMENDATIONS

d If a protective cap is incorporated, it should be as thin as
— | -— possible, because its thickness d forms part of the

operating distance S.
A A brass stud wall should not extend beyond the potcore.
The exact value of S with its spread is determined by a
number of variables, e.g.
— value of the adjustment resistor Ry
— the oscillator coil
— the metal of the actuator
— the material and shape of the housing.

A

7269084

Fig. 7 Insertion of potcore in brass tube.

Soldering recommendations

Use normal 60/40 solder; use a soldering iron with a fine point; soldering time as short as possible and
it should not exceed 2,5 s per soldering point (Tg|q = max. 250 ©C).

The substrate is preferably preheated to a temperature of 100 ©C with a minimum of 80 ©C and a
maximum of 125 oC.

Potting recommendations

First cover the hybrid IC with about 0,5 mm of silicone rubber, let it harden and with the parts
inserted in the tube, fill up the tube with an epoxy.
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OM391

HYBRID INTEGRATED CIRCUITS FOR
INDUCTIVE PROXIMITY DETECTORS

Hybrid integrated circuits intended for inductive proximity detectors in tubular construction, especially
the M18 hollow stud. The OM390 is for positive supply voltage and the OM391 is for negative supply
voltage. The circuit consists of a voltage regulator, an oscillator, a rectifier stage, a Schmitt trigger, an
output stage and a protection circuit.

The circuit performs a make function: when actuated the current flows through the load, which can be
e.g. the coil of an electromagnetic relay, a LED or a photocoupler.

Features:

® Protection against short-circuit and overload

® Protection of output transistor against transients by a voltage regulator diode

® Protection against false polarity of the three connection leads

® Choice between two methods to adjust the operating (switching) distance i.e. trimming a resistor
integrated on the substrate or mounting a resistor

® Possibility of connecting a LED for function control

The devices are thin-film circuits deposited on ceramic substrates. They may be potted, together with
the oscillator coil, in a non-magnetic tube.

QUICK REFERENCE DATA

D.C. supply voltage range VB 10to 30 V
Output current at Vg = 10to 30 V lo max. 250 mA
Operating (switching) distance (depends

" on Ry value and oscillator coil) S 2to5 mm

Differential travel

(hysteresis in switching distance) H 3to10 %
Operating (switching) frequency f < 5 kHz
Operating substrate temperature range* Ts —40 to +85 °C
Substrate length L 14,0 £0,2 mm
Substrate width w 14,0 0,2 mm
Height of circuit including substrate h max. 1,7 mm
MECHANICAL DATA Dimensions in mm

Fig. 1 (see next page).

* The tube, potting and connection materials are the main limiting factors for the operating

temperature range of a completely assembled proximity detector.
W ﬁuly 1987
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OM391
MECHANICAL DATA (outline and connections). Dimensions in mm
Fig. 1.
Rx
3[C=n4 s
R |7
5 X
s
N1 [Jje 142
-—»lsr— [J|nc max
. o
Lo
S — 1]
A B
N2 «——— 14,2 max ——»

7294909

A = metal actuator; B = open potcore or potcore half with coil. S is the operating distance.
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OM391

(2)/9//”
Z/

OM390

VOLTAGE
REGULATOR

TRIGGER
L J
OVERLOAD
PROTECTION GD

-O +

LOAD

9
output

4N
N\

® ®

7Z95455.P
Fig. 2 Circuit diagram of OM390
(z)f.\//"
6 7
OM391
VOLTAGE G 18 o-
REGULATOR \\@JJ ]
€
G e
TRIGGER | \_J [output
\{:]
OVERLOAD |
PROTECTION @D
10 .
7295454.P

Fig. 3 Circuit diagram of OM391.

(1) Ry is integrated on the substrate and suitable for trimming (laser or sandblasting). To use
integrated resistance Ry it is necessary to connect point 3 to 4.

(2) If no LED is used, point 6 is to be connected to point 7.
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RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC 134)
D.C. supply voltage

Output current

Storage temperature

Operating substrate temperature

CHARACTERI

STICS

Conditions (unless otherwise specified)

D.C. supply vol

tage

External resistor (Rx) and oscillator coil
Device embedded in brass tube

VB max. 30 V
lo max. 250 mA
Tstg —40 to +125 oC
Ts —40 to +85 ©°C
VB 24 V

see operating dis-

tance table below

Substrate temperature Ts 25 oC
Performances
Supply current
output stage "ON"’ | typ. 8,4 mA
output stage "OFF"" B typ. 4.8 mA
Voltage drop
lo =250 mA v max. 19 V
lo= 10mA d max. 10V
Operating (switching) distance*
type oscillator coil average operating distance recommended oscillator
number of turns S in mm at Ry (£2) potcore frequency
N1 N2 200 250 300 kHz
M18 46 4 3 4 5 P14 Philips* * 600
Differential travel (in % of S) H 3t010 %
Operating frequency (according to EN 50010) f < 5 kHz

* The operating distance S depends on the oscillator coil, the material of the metal actuator and Ry.
For measuring purposes a square steel sheet (St 37) with dimensions such that a circle with the
diameter of the core can be inscribed, and 1 mm thickness can be used. Ry must not be chosen
outside the range of 200 to 300 2.

** Grade 3B7/

3H1.
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OM391
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Fig. 4 Supply current as a function of supply Fig. 5 Power dissipation as a function of
voltage; Tg = 25 OC. supply voltage.
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Fig. 6 Voltage drop as a function of substrate temperature.
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MOUNTING RECOMMENDATIONS
d

—| -

7

A

7269084

Fig. 7 Insertion of potcore in brass tube.

Soldering recommendations

If a protective cap is incorporated, it should be as thin as
possible, because its thickness d forms part of the
operating distance S.

A brass stud wall should not extend beyond the potcore.
The exact value of S with its spread is determined by a
number of variables, e.g.

— value of the adjustment resistor Ry

— the oscillator coil

— the metal of the actuator

— the material and shape of the housing.

Use normal 60/40 solder; use a soldering iron with a fine point; soldering time as short as possible and
it should not exceed 2,5 s per soldering point (Tg|q = max. 250 ©C).
The substrate is preferably preheated to a temperature of 100 ©C with a minimum of 80 ©C and a

maximum of 125 OC.

Potting recommendations

First cover the hybrid IC with about 0,5 mm of silicone rubber, let it harden and with the parts
inserted in the tube, fill up the tube with an epoxy.
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Philips Semiconductors

Data sheet

status Product Specification

date of issue | August 1990

FEATURES

e Extra small dimensions.

¢ Wide range of supply voltage.

e High output current.

¢ Well proven oscillator stage using
discrete transistors.

¢ RC fiiter on the supply lines.

e Qutput transistor protected

against transients from the

inductive load by a voltage

regulator diode.

Circuit protected against false

polarity connection of the supply

voltage.

DESCRIPTION

Hybrid integrated circuits intended
for inductive proximity detectors in
tubular construction, especially the
M5 hollow stud.

The OM2860 is for positive supply
voltage and the OM2870 is for
negative supply voltage. The circuit
consists of an oscillator, a rectifier
stage, a Schmitt trigger, an output
stage and a supply filter.

The circuit performs a make function:

when actuated, the current flows
through the load, which can be for
example, the coil of an
electromagnetic relay, a LED or an
optocoupler.

OM2860/0M2870

Hybrid integrated circuits for inductive

proximity detectors

QUICK REFERENCE DATA

SYMBOL PARAMETER CONDITIONS | MIN. | MAX. | UNIT
VB DC supply voltage 4.7 30 |V
lo output current V=24V - 250 | mA
fswitch-max. | operating frequency - 5 | kHz
Ts substrate operating -40 +85 | °C
temperature range
MECHANICAL DATA
Dimensions in mm
)
3

]

21.5 max

Fig.1 Outline and connections.

7228039.1
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Philips Semiconductors Product Specification

Hybrid integrated circuits for inductive OM2860/OM2870
proximity detectors

OM2860 4 o+
5
) O output
Y Vs
. Rx
N1 'L 1nF
he T
1 6
¢ —O -
7228037
Fig.2 Circuit diagram of OM2860.
1000

OoM2870 —
i —

O-
22 kQ 6.8 kQ ﬂ 12kQ
5

output

\ 4
T € ve
w L™
5= 10F ==22nF
)
N2
1 6
. 3.
7228038

Fig.3 Circuit diagram of OM2870.
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Hybrid integrated circuits for inductive OM2860/0M2870
proximity detectors

LIMITING VALUES

Limiting values in accordance with the Absolute Maximum System (IEC 134)

SYMBOL PARAMETER MIN. MAX. UNIT
VB DC supply voltage - 30 \
lo output current - 250 mA
Tstg storage temperature range —40 +125 °C
Ts substrate operating temperature range -40 +85 °C
CHARACTERISTICS
VB =24 V(DC); Ts = 25°C; unless otherwise specified.
SYMBOL PARAMETERS CONDITIONS TYP. MAX. UNIT
s supply current output stage "ON” 9.0 - mA
output stage "OFF” 7.7 - mA
Vg voltage drop lo =250 mA - 1 \
lo=10mA - 0.25 \
300 7284027.1 12 '{295'436
ON state
'o 10 4
(mA) / I8 /// //
(mA)
200 / 8 /’ A
/
6 // OFF state
pigid
/
100 4 <
/ /
4 2 //
0 0
0 10 20 30 40 0 5 10 15 20 25 30
Vg (V) Vg (V)
Fig.4 Maximum allowable output current as a function Fig.5 Supply current as a function of supply voltage;
of supply voltage; Ts = 25°C. Ts =25°C; typical values.
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Hybrid integrated circuits for inductive

. OM2860/0M2870
proximity detectors ; _

7295437
/

] L

03

04

0,1

]
0 / / /1
100 140 180 220 260 7269084
Ic (mA)
Fig.6 Voltage drop as a function of collector current; Fig.7 Insertion of potcore in brass tube.

VB =24V, Tg=25°C; typical values.

MOUNTING RECOMMENDATIONS SOLDERING RECOMMENDATIONS

If a protective cap is incorporated, it ¢ use normal 60/40 solder

should be as thin as possible, e use a soldering iron with a fine

because its thickness "d” forms part point

of the operating distance ”S”. ¢ soldering time should be kept to a

A brass stud wall should not extend minimum, not exceeding 2.5 s per

beyond the potcore. soldering point (Tgjg = max.

The exact value of ”S” with its spread 250°C).

is determined by a number of ¢ the substrate should preferably be

variables, e.g. preheated to a temperature of
100°C with a minimum of 80°C and

- value of the adjustment resistor Rx a maximum of 125°C.

the oscillator coil

the metal of the actuator

the material and shape of the
housing.

|
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Philips Semiconductors

Data handbook system

INTRODUCTION

Our data handbook system comprises more than 65
books with subjects including electronic components,
subassemblies and magnetic products. The handbooks
are classified into seven series:

INTEGRATED CIRCUITS;

DISCRETE SEMICONDUCTORS;

DISPLAY COMPONENTS;

PASSIVE COMPONENTS;

PROFESSIONAL COMPONENTS;

MAGNETIC PRODUCTS;

LIQUID CRYSTAL DISPLAYS.
Data handbooks contain all pertinent data available at

the time of publication and each is revised and reissued
regularly.

Loose data sheets are sent to subscribers to keep them
up-to-date on additions or alterations made during the
lifetime of a data handbook.

Catalogues are available for selected product ranges
(some catalogues are also on floppy discs).

For more information about data handbooks, catalogues
and subscriptions, contact one of the organizations listed
on the back cover of this handbook. Product specialists
are at your service and enquiries are answered
promptly.

INTEGRATED CIRCUITS

1CO1 Semiconductors for Radio and Audio
Systems

IC02 Semiconductors for Television and Video
Systems

1C03 Semiconductors for Telecom Systems

IC04 CMOS HE4000B Logic Family

IC05 Advanced Low-power Schottky (ALS)
Logic Series

1C06 High-speed CMOS Logic Family

1C08 ECL 100K ECL Logic Family

IC10 Memories

IC11 General Purpose/Linear ICs

IC12 Display Drivers and Microcontroller

Peripherals

July 1992

INTEGRATED CIRCUITS (continued)

IC13 Programmable Logic Devices (PLD)

IC14 8048-based 8-bit Microcontrollers

IC15 FAST TTL Logic Series

IC16 ICs for Clocks and Watches

IC18 Semiconductors for In-Car Electronics and
General Industrial Applications

IC19 Semiconductors for Datacom: LANs, UARTS,
Multi-Protocol Controllers and Fibre Optics

1C20 8051-based 8-bit Microcontrollers

IC21 68000-based 16-bit Microcontrollers

IC22 ICs for Multi-Media Systems

IC23 QUBIC Advanced BiCMOS Interface Logic
ABT, MULTIBYTE™

1C24 Low Voltage CMOS Logic

DISCRETE SEMICONDUCTORS

SCo1 Diodes

SCo02 Power Diodes

SCo03 Thyristors and Triacs

SCo04 Small Signal Transistors

SC05 Low-frequency Power Transistors and Hybrid
IC Power Modules

SCO06 High-voltage and Switching Power Transistors

SCo7 Small-signal Field-effect Transistors

SC08a  RF Power Bipolar Transistors

SC08b  RF Power MOS Transistors

SC09 RF Power Modules

SC10 Surface Mounted Semiconductors

SC12 Optocouplers

SC13 PowerMOS Transistors

SC14 Wideband Transistors and Wideband Hybrid
IC Modules

SC15 Microwave Transistors

SC16 Wideband Hybrid IC Modules

SC17 Semiconductor Sensors



Philips Semiconductors

Data handbook system

DISPLAY COMPONENTS

DCO1

Colour Display Components
Colour TV Picture Tubes and Assemblies
Colour Monitor Tube Assemblies

DC02 Monochrome Monitor Tubes and Deflection
Units

DC03 Television Tuners, Coaxial Aerial input
Assemblies

DCo4 Loudspeakers

DCo05 Flyback Transformers, Mains Transformers
and General-purpose FXC Assemblies

PASSIVE COMPONENTS

PAO1 Electrolytic Capacitors

PAO2 Varistors, Thermistors and Sensors

PA0O3 Potentiometers and Switches

PAO4 Variable Capacitors

PAOS Film Capacitors

PA06 Ceramic Capacitors

PAO7 Quartz Crystals for Special and Industrial
Applications

PAO8 Fixed Resistors

PA10 Quartz Crystals for Automotive and Standard
Applications

PA11 Quartz Oscillators

July 1992

PROFESSIONAL COMPONENTS

PCO1 High-power Klystrons and Accessories

PC02 Cathode-ray Tubes

PCO03 Geiger-Mdiller Tubes

PC04 Photo Multipliers

PCO05 Plumbicon Camera Tubes and Accessories

PC06 Circulators and Isolators

PCO7 Vidicon and Newvicon Camera Tubes and
Deflection Units

PC08 Image Intensifiers

PC09 Dry-reed Switches

PC11 Solid-state Image Sensors and Peripheral
Integrated Circuits

PC12 Electron Multipliers

MAGNETIC PRODUCTS

MAO1 Soft Ferrites

MAO2 Permanent Magnets

MAO03 Piezoelectric Ceramics

Specialty Ferrites

LIQUID CRYSTAL DISPLAYS

LCDO1

Liquid Crystal Displays and Driver ICs for
LCDs



Philips Semiconductors — a worldwide company

Argentina IEROD, St. Juramento 1991 - 14 B, Buenos Aires.
Zip Code 1428, Phone/Fax: 54 17869367

Australia 34 Waterloo Road, NORTH RYDE, NSW 2113,
Tel. (02)8054455, Fax. (02)8054466

Austria Triester Str. 64, 101 WIEN,
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Fax. (01)40938127

Germany Burchardstrasse 19, D-2 HAMBURG 1,
Tel. (040)3296-0, Fax. (040)3296213

Greece No. 15, 25th March Street, GR 17778 TAVROS,
Tel.(01)4894339/4894911

Hong Kong 15/F Philips Ind. Bldg., 24-28 Kun Yip St., KWAICHUNG,
Tel. (0)-4245121, Fax. (0)4806960

India Shivsagar Estate ‘A’ Block, P.O. Box 6598, 254-D Dr. Annie
Besant Rd., BOMBAY-40018, Tel. (022)4921500-4921515,
Fax. (022)49419063 .

Indonesia Setiabudi 11 Building, 6th Fl., Jalan H.R. Rasuna Said,
P.O. Box 223/KBY, Kuningan, JAKARTA 12910,
Tel. (021)517995

Ireland Newstead, Clonskeagh, DUBLIN 14,
Tel. (01)693355, Fax. (01)697856

Italy Piazza IV Novembre 3, 1-20124 MILANO,
Tel. (02)67522642, Fax. (02)67522648

Japan Philips Bldg 13-37, Kohnan 2-chome, Minato-ku, TOKIO 108,
Tel. (03)813-3740-5101, Fax. (03)81337400570

Korea (Republic of) Philips House, 260-199 ltaewon-dong,
Yongsan-ku, SEOUL, Tel. (02)794-5011, Fax. (02)798-8022

Malaysia 3 Jalan SS15/2A SUBANG, 47500 PETALING JAYA,
Tel. (03)7345511, Fax. (03)7345494

Mexico Paseo Triunfo de la Republica, No. 215 Local 5, Cd Juarez
CHI HUA HUA 32340, Tel. (16)18-67-01/02

Netherlands Postbus 90050, 5600 PB EINDHOVEN,
Tel. (040)783749, Fax. (040)788399

New Zealand 2 Wagener Place, C.P.O. Box 1041, AUCKLAND,
Tel. (09)894-160, Fax. (09)897-811

Norway Box 1, Manglerud 0612, OSLO,
Tel. (02)748000, Fax. (02)748341

Pakistan Philips Markaz, M.A. Jinnah Rd., KARACHI-3,
Tel.(021)725772
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Peru Carretera Central 6.500, LIMA 3, Apartado 5612,
Tel. 51-14-350059

Philippines PHILIPS SEMICONDUCTORS PHILIPPINES Inc,
106 Valero St. Salcedo Village, P.O. Box 911, MAKATI,
Metro MANILA, Tel. (63-2)810-0161, Fax. (63-2)8173474

Portugal Av. Eng. Duarte Pacheco 6, 1009 LISBOA Codex,
Tel. (019)6831 21, Fax. (019)658013

Singapore Lorong 1, Toa Payoh, SINGAPORE 1231,
Tel. 3502000, Fax. 2516500

South Africa 195-215 Main Road, JOHANNESBURG 2000,
P.O. Box 7430, Tel. (011)8833911, Fax. (011)8893191

Spain Balmes 22, 08007 BARCELONA,
Tel. (03)3016312, Fax. (03)3014243

Sweden Tegeluddsvagen 1, S-11584 STOCKHOLM,
Tel. (0)8-7821000, Fax. (0)8-6603201

Switzerland Allmendstrasse 140-142, CH-8027 ZURICH,
Tel. (01)4882211, FAX. (01)4828595

Taiwan 581 Min Sheng East Road, P.O. Box 22978TAIPE! 10446,
Tel. 886-2-5097666, Fax. 88625005899

Thailand PHILIPS ELECTRICAL Co. of THAILAND Ltd.,
60/14 MOO 11, Bangna - Trad Road Km. 3
Prakanong, BANGKOK 10260,
Tel. (66-2)399-3280 to 9, (66-2)398-2083,
Fax. (66-2)398-2080

Turkey Talatpasa Cad. No. 5, 80640 LEVENT/ISTANBUL,
Tel. (01)1792770, Fax. (01)169 3094

United Kingdom Philips Semiconductors Limited, P.O. Box 65,
Philips House, Torrington Place, LONDON, WC1E 7HD,
Tel. (071)4364144, Fax. (071)3230342

United States INTEGRATED CIRCUITS, 811 East Arques Avenue,
SUNNYVALE, CA 94088-3409, Tel. (800)227-1817, Ext. 900,
Fax. (408)991-3581
DISCRETE SEMICONDUCTORS, 2001 West Blue Heron Blvd.,
P.O. Box 10330, RIVIERA BEACH, FLORIDA 33404,
Tel. (407)881-3200, Fax. (407)881-3300

Uruguay Coronel Mora 433, MONTEVIDEO,
Tel. (02)70-4044

Venezuela Calle 6, Ed. Las Tres Jotas, CARACAS, 1074A,
App. Post. 78117, Tel. (02)2417509

Zimbabwe 62 Mutare Road, HARARE, P.O. Box 994,
Tel. 47211

For all other countries apply to: Philips Semiconductors,
Intemational Marketing and Sales, Building BAF-1,

P.O. Box 218, 5600 MD, EINDHOVEN, The Netherlands,
Telex 35000 phtcnl, Fax. +31-40-724825
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