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Rotational speed sensor for

extended air gap application KMI20/2

FEATURES PINNING

« Digital current output signal PIN SYMBOL

+ Digital offset compensation 1 Vee

» Extended air gap 2 V-

e Zero speed capability

< Wide temperature range
« High tolerance to vibration
* EMC resistant

« Tolerant to positioning.

DESCRIPTION

The KMI20/2 sensor detects rotational speed of [][m
magnetized targets(®),

The sensor consists of a magnetoresistive sensor
element, a driver IC in BIMOS technology, a digital signal O
conditioning IC in highly integrated CMOS technology and
a ferrite magnet. The frequency of the digital current output
signal is proportional to the rotational speed of a

magnetized wheel. 1 2
MBH780

CAUTION

Do not press two or more products together against their
magnetic forces.

(1) The sensor contains customized integrated circuits. Usage in Fig.1 Simplified outline (SOT453A).
hydraulic brake systems and in systems with active brake

control is forbidden. For all other applications, higher
temperature versions of up to 150 °C are available on
request.

QUICK REFERENCE DATA

SYMBOL PARAMETER MIN. TYP. MAX. UNIT

Vee DC supply voltage 0 12 18 \%

lcc (low) current output signal low 5.6 7 8.4 mA

Icc (high) current output signal high 11.2 14 16.8 mA

fe operating tooth frequency 0 - 2500 Hz

Tamb ambient operating temperature -40 - +85 °C
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LIMITING VALUES
In accordance with the Absolute Maximum Rating System (IEC 60134).
SYMBOL PARAMETER CONDITIONS MIN MAX. | UNIT
Vee DC supply voltage Tamb =-401t0 +85 °C; R_. =115 Q 0 18 \%
Tstg storage temperature -65 +150 °C
Tamb operating ambient temperature -40 +85 °C
Tsid soldering temperature t<10s - 260 °C
output short-circuit duration to GND | see Fig.7 continuous
wrong polarity Tamp = —40 to +65 °C, R, = 115 Q; continuous
note 1
Note

1. With R = 115 Q the device is continuously protected against wrong polarity of the DC supply voltage (Vcc) to GND;
see Fig.7.

CHARACTERISTICS

Tamb = 25 °C; Ve = 12V, test circuit; see Fig.7; R = 115 Q; unless otherwise specified.

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT

lcc (low) current output low -40 to +85 °C; see Fig.6 5.6 7 8.4 mA

Icc (high) current output high —-40 to +85 °C; see Fig.6 11.2 14 16.8 mA

tr output signal rise time CL =100 pF; 10% to 90% |- 0.5 - Hs
value; see Fig.8

tf output signal fall time CL =100 pF; 90% to 10% |- 0.5 - ps
value; see Fig.8

fe operating tooth frequency for both rotational 0 - 2500 Hz
directions

Hyin 0 Hz magnetic hysteresis in initial mode peak to peak 0.2 0.3 0.4 kA/m

Hyin(off) magnetic offset in initial mode -0.2 0 +0.2 kA/m

Hy(act) magnetic hysteresis in active mode | percentage of last signal 30 - 45 %
amplitude
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FUNCTIONAL DESCRIPTION

The KMI20/2 is sensitive to magnetic fields. The functional
principle is shown in Fig.3. The field lines of a magnetized
target are shown as a straight target (it could also be
circular e.g. for rotational speed measurement). The
sensor is switched by the magnetic field components Hs, 4
or Hsy,_ either to low (7 mA) or to high (14 mA). Oscillation
of the sensor is avoided by the implementation of a
hysteresis in the signal conditioning circuit. Stability is
ensured by the inclusion of a permanent magnet, the
continuous magnetic field of which prevents frequency
doubling in the sensor.

The KMI20/2 contains a magnetoresistive sensor element
and two ICs: a Position Detector IC (PDIC) and a Line
Driver IC (LDIC). The sensor signal is fed into the PDIC.
The PDIC is the signal conditioning IC which includes A/D
and D/A converters and a Schmitt trigger, and provides
digital compensation. The LDIC contains two current
sources (one constant and one switchable) and a voltage
control unit (see Fig.4).

_' X ‘X_
y magnet with 7

direction of

magnetization
sensor
\ |
IC
MBH777

Fig.2 Component detail of the KMI20/2.

moving direction of the sensor

HSHL—>|:—|<— HS|

magnetized
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14 mA —
output I | I | I |
signal 7 mA —

MBL221

Fig.3 Functional principle of the KMI20/2.
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CONSTANT
CURRENT
VOLTAGE CONTROL SOURCE Vee
-
SENSOR ADJUSTABLE OFFSET SMART SWITCHABLE
AMPLIFIER CANCELLATION COMPARATOR CURRENT
<> | [ | — . [ SOURCE | ,_
l Z Fc=0Hz —( |
DIGITAL CONTROL UNIT ON-CHIP
OSCILLATOR
MBL238
Fig.4 Block diagram.
Figure 5 shows the digital compensation function in
algorithmic format. After power-on the sensor system is
running in INITIAL MODE 0 Hz. The sensor signal is
preamplified but not offset compensated. The output Power on
signal represents the specified magnetic field strength
(see Chapter “Characteristics”), totally speed
independent. When there is a magnetic offset the system ( INITIAL MODE 0 Hz )
must first detect the sensor signal amplitudes to maximum 11 periods dmax = din 0 Hz
compensate for it (INITIAL_MODE_1_Hz). An output and fs > 1 Hz il
signal is produced (first compensation run finished) at the
latest after 11 magnetic field pairs with a frequency above ( INITIAL MODE 1 Hz )
1 Hz have been sensed. dmax = 9in 1 Hz
After detecting the fields in initial mode the PDIC changes Y
to ACTIVE MODE. The sensor signal is permanently offset > { ACTIVE MODE )
compensated. The hysteresis is now directly dependent s<itlz  do..=d
on the last magnetic amplitude (30% to 45%, max = Tact
see Chapter “Characteristics”) down to typically 50 A/m. fs > 1 Hz Y
Quitting ACTIVE MODE is caused by power off or by « { COMPENSATION MODEJ
decreasing the magnetic field frequency below 1 Hz. The P
system is locked into COMPENSATION MODE and locked data max = 7in 0 Hz
continues to detect every magnetic field down to zero MBL228
speed.
Fig.5 PDIC function algorithm.
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Fig.6 Output signal as a function of time.

SENSOR

MRA961

Fig.7 Test and application circuit.
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EMC

Figure 8 shows a recommended application circuit for
automotive applications. It provides a protection interface
to meet Electromagnetic Compatibility (EMC) standards
and safeguard against voltage spikes. Table 1 lists the
tests which are applicable to this circuit and the achieved
class of functional status. Protection against ‘load dump’
(test pulses 5 according to “DIN 40839”) means a very
high demand on the protection circuit and requires a
suitable suppressor diode with sufficient energy

The board net often contains a central load dump
protection that makes such a device in the protection
circuit of the sensor module unnecessary.

Tests for Electrostatic Discharge (ESD) were conducted in
line with “MIL Std. 883D, Method 3015.7” to demonstrate
the KMI20/2’s handling capabilities. The test conditions

were: C =150 pF, R=150 Q and V =4 kV.

Electromagnetic disturbances with fields up to 150 V/m
and f = 1 GHz (ref. “DIN 40839”) have no influence on

absorption capability. performance.
Table 1 EMC test results
EMC REF. DIN 40839 SYMBOL MIN. (V) MAX. (V) REMARKS CLASS
Test pulse 1 Vip -100 - tg=2ms C
Test pulse 2 Vip - 100 tg=0.2ms A
Test pulse 3a Vip -150 - tg = 0.1 us A
Test pulse 3b Vip - 100 tg = 0.1 ps A
Test pulse 4 Vip -7 - tg = 130 ms B
Test pulse 5 Vip - 120 tqy =400 ms B
D1
+V O—’I VCC
1N4001/3 Ly OENSOR
la
BZTO3G36 D2 == 100 | |11 100
nF Q -‘V nF
GNDo . MGD805

Fig.8 Test/application circuit for the KMI20/2.
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PACKAGE OUTLINE
Plastic single-ended multi-chip package;
magnetized ferrite magnet (3.8 x 2 x 0.8 mm); 4 interconnections; 2 in-line leads SOT453A
<7HE14’ - A |-
E — Q -
i ]
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|
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— Dy |
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SENSOR DIE POSITION HE
* centre of reading point
| --—— by _
y
C’JL*
LM EELRE
M A
3 K
VL L)y 0 25 5mm
L TR |
\ \ / / scale
DIMENSIONS (mm are the original dimensions)
UNIT| AD | by | bp1 | ¢ | D@ |D;@|D,@| E@ |E;@| e | Hg |Hgp m'gx_ L |Ly|Ly|[Lg| M| My MDD Q | v
mm | 17 | 08]157) 03| 41| 57 |315| 45| 57 | 46182 |56 | . |755| 12|39 |655| 39| 21|09 |075| o
14 | 0.7 |1.47|0.24| 39| 55 |295| 43 | 55| 44 (178 |55 | "' |725| 09| 35 |6.35| 37| 1.9 | 0.7 |0.65|
Notes
1. Glue thickness not included.
2. Plastic or metal protrusions of 0.15 mm maximum per side are not included.
REFERENCES
OUTLINE EUROPEAN
VERSION IEC JEDEC EIAJ PROJECTION ISSUE DATE
-99-09-22-
SOT4S3A g @ 00-08-31
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DATA SHEET STATUS

PRODUCT

DATA SHEET STATUS STATUS

DEFINITIONS @

Obijective specification Development

notice.

This data sheet contains the design target or goal specifications for
product development. Specification may change in any manner without

Preliminary specification | Qualification

This data sheet contains preliminary data, and supplementary data will be
published at a later date. Philips Semiconductors reserves the right to
make changes at any time without notice in order to improve design and
supply the best possible product.

Product specification Production

This data sheet contains final specifications. Philips Semiconductors
reserves the right to make changes at any time without notice in order to
improve design and supply the best possible product.

Note

1. Please consult the most recently issued data sheet before initiating or completing a design.

DEFINITIONS

Short-form specification [0 The data in a short-form
specification is extracted from a full data sheet with the
same type number and title. For detailed information see
the relevant data sheet or data handbook.

Limiting values definition O Limiting values given are in
accordance with the Absolute Maximum Rating System
(IEC 60134). 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 the specification is not implied.
Exposure to limiting values for extended periods may
affect device reliability.

Application information [0 Applications that are
described herein for any of these products are for
illustrative purposes only. Philips Semiconductors make
no representation or warranty that such applications will be
suitable for the specified use without further testing or
modification.

2000 Sep 04

DISCLAIMERS

Life support applications [0 These products are not
designed for use in life support appliances, devices, or
systems where malfunction of these products can
reasonably be expected to result in personal injury. Philips
Semiconductors customers using or selling these products
for use in such applications do so at their own risk and
agree to fully indemnify Philips Semiconductors for any
damages resulting from such application.

Right to make changes [ Philips Semiconductors
reserves the right to make changes, without notice, in the
products, including circuits, standard cells, and/or
software, described or contained herein in order to
improve design and/or performance. Philips
Semiconductors assumes no responsibility or liability for
the use of any of these products, conveys no licence or title
under any patent, copyright, or mask work right to these
products, and makes no representations or warranties that
these products are free from patent, copyright, or mask
work right infringement, unless otherwise specified.
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Philips Semiconductors — a worldwide company

Argentina: see South America
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Brazil: see South America
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Tel. +359 2 68 9211, Fax. +359 2 68 9102
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Tel. +1 800 234 7381, Fax. +1 800 943 0087
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Tel. +852 2319 7888, Fax. +852 2319 7700
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Czech Republic: see Austria
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Germany: Hammerbrookstrae 69, D-20097 HAMBURG,
Tel. +49 40 2353 60, Fax. +49 40 2353 6300

Hungary: see Austria

India: Philips INDIA Ltd, Band Box Building, 2nd floor,
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Tel. +91 22 493 8541, Fax. +91 22 493 0966

Indonesia: PT Philips Development Corporation, Semiconductors Division,
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TOKYO 108-8507, Tel. +81 3 3740 5130, Fax. +81 3 3740 5057
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Tel. +82 2 709 1412, Fax. +82 2 709 1415
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Tel. +60 3 750 5214, Fax. +60 3 757 4880

Mexico: 5900 Gateway East, Suite 200, EL PASO, TEXAS 79905,

Tel. +9-5 800 234 7381, Fax +9-5 800 943 0087

Middle East: see Italy

For all other countries apply to:  Philips Semiconductors,

Netherlands: Postbus 90050, 5600 PB EINDHOVEN, Bldg. VB,
Tel. +31 40 27 82785, Fax. +31 40 27 88399

New Zealand: 2 Wagener Place, C.P.O. Box 1041, AUCKLAND,
Tel. +64 9 849 4160, Fax. +64 9 849 7811

Norway: Box 1, Manglerud 0612, OSLO,
Tel. +47 22 74 8000, Fax. +47 22 74 8341

Pakistan: see Singapore

Philippines: Philips Semiconductors Philippines Inc.,
106 Valero St. Salcedo Village, P.O. Box 2108 MCC, MAKATI,
Metro MANILA, Tel. +63 2 816 6380, Fax. +63 2 817 3474

Poland : Al.Jerozolimskie 195 B, 02-222 WARSAW,
Tel. +48 22 5710 000, Fax. +48 22 5710 001

Portugal: see Spain
Romania: see ltaly

Russia: Philips Russia, Ul. Usatcheva 35A, 119048 MOSCOW,
Tel. +7 095 755 6918, Fax. +7 095 755 6919

Singapore: Lorong 1, Toa Payoh, SINGAPORE 319762,
Tel. +65 350 2538, Fax. +65 251 6500

Slovakia: see Austria

Slovenia: see ltaly

South Africa: S.A. PHILIPS Pty Ltd., 195-215 Main Road Martindale,
2092 JOHANNESBURG, P.O. Box 58088 Newville 2114,

Tel. +27 11 471 5401, Fax. +27 11 471 5398
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04547-130 SAO PAULO, SP, Brazil,

Tel. +55 11 821 2333, Fax. +55 11 821 2382
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Tel. +34 93 301 6312, Fax. +34 93 301 4107

Sweden: Kottbygatan 7, Akalla, S-16485 STOCKHOLM,

Tel. +46 8 5985 2000, Fax. +46 8 5985 2745

Switzerland: Allmendstrasse 140, CH-8027 ZURICH,

Tel. +41 1 488 2741 Fax. +41 1 488 3263
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