








ROTATION MEASUREMENT AND
REFERENCE MARK DETECTION

With the proliferation of electronically-controlled mechani-
cal processes, interest in all kinds of sensors is greatly
increasing. For the problem of low-cost rotation sensing
and reference-mark detection under difficult environmental
conditions, magnetic contactless dctection, based on the
influcnce of ferrous components on magnetic fields,
provides the ideal solution.

In the automotive industry, for cxample, inductive
(variable rcluctance) sensors are often used because of
their ruggedness and large output-signals. However, they
have two disadvantages:

® oulput signals become very small when detecting slow
movements

e high-frequency vibrations can generate large noise
signals in their output.

Magnetic ficld sensors that measurc ficld variations
statically overcome these disadvantages. Our KMZ10B
magnetoresistive sensor is such a device. Moreover,
because it’s rugged and highly sensitive, our KM110BH/1
range of modules, for rotation scnsing and reference-mark
detection, arc based on it.

ANGLE MEASUREMENT

Until now, most magnetic-field sensor systems for angle
measurement have used a rotating magnet to measure the
magnetic field strength as a function of angle. Simple
systems gencrate an output signal that is usually a
sinusoidal function of the angle between the rotating
magnct and a predefined zcro point. Although such
systems can measure angles up to 180°, the tolerance and
temperature drift of the magnet, and the mechanical
arrangement, influence the measurcd field strength and
therefore  the output signal. This has the major
disadvantage that trimming is nccessary after assembly of
the sensor system.

Our KMZI10B magneloresistive sensor can measurc
angles by mcasuring the angle-dependent field strength.
However, it can also measure angles without the above
disadvantage by measuring field direction as a function of
angle. provided a magnet with sufficient field strength is
uscd. The sensor then operates in ‘saturation mode® (with
intcrnal magnctization parallel to the extemnal field) and the
ficld strength becomes irrelevant to the measurement.
Morcover, the distance between sensor and magnet, and the
magnet’s temperature depcndence are no longer critical.
This allows the sensor o be prc-trimmed, as in our
KMI110BH/21 range of anglc-measurement modules.
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MAGNETORESISTIVE-SENSOR MODULES

ROTATIONAL SPEED MEASUREMENT
WITH DIRECTION INDICATION

Formerly, two magnetic field scnsors were needed to
indicate the rotational direction of, for example, 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°. The distance, of coursc, varied with the pitch diameter
and the number of teeth of the specific toothed wheel used.
Howcver, with filters to suppress offset signals, it was
possible to vary the distance between the sensors and thus
use different wheels.

Our KM110BH/31 module uscs a circuit which enables
it to indicate rotational direction, as well as accurately
measurc rotation speeds, from a single KMZIOB
magnctorcsistive sensor. The single-scnsor technique is
based on separate signal-processing for thc sensor’s two
half-bridge signals.

THE KM110BH MODULE FAMILY

All our KM110BH modules are thick-film hybrid circuits
with ceramic substrates. They opcrate from a standard
supply of 5 V and include tempcrature compensation.

The KM110BH/1 range for rotation sensing and

reference-mark detection

Four versions are available, with circuitry optimized for

specific application areas:

® two quasi-static types for slow movecment sensing (i.c.
speed measurements down (o zero)

e two types module with a high-pass filter for use at
larger measuring distances (and speeds above zero).
Within each of thesc categorics, the type difference relates
to the sensor position: the module is supplied with the
scnsor either radially or tangentially arranged. Figure 2
shows both mechanical arrangements set to measure

rotation of a toothed whcel.

The modules’ output is a noisc-frce digital signal that
can directly control or display rotational/linear motion, or
detect the presence of a refercnce mark. What’s more,
lypes can operate:

e quasi-statically (0 Hz frequency)

e at a large distance from the object to be measured

e from —40 to +150 °C

e without external magnels.

Specifications of KM110BH/1 types arc given in Table 1.
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MAGNETORESISTIVE-SENSOR MODULES

TABLE 3

Specifications for the KM110BH/31 magnetoresistive-sensor module
supply voltage, Vg 5 V (4 10 10 V; max. ripple is 40 mV)
output signals, Vo, & Vg, 0/5 V, digital; peak is relative to Vg
operation temperature -40 10 +125 °C (150 °C max; 500 h)
measuring distance, d see Fig.9
frequency range 2 Hz 10 50 kHz
output resistance 100 Q (LOW), 10 kQ (HIGH)
min. extemal load 100 kQ (lower with extemnal pull-up resistor)
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TABLE 1
TOPFET type range
type Rpsony @ Vs type Rpsony @ Vs
mQ) (V) (mQ) V)
BUK100-50GL 125 5 BUK100-50G 100 10
BUK101-50GL 60 5 BUK101-50G 50 10
BUK102-50GL 35 5 BUK102-50G 28 10

The main difference between a TOPFET and a
conventional MOSFET is their gate connection. In the first
generation of TOPFETS the input is connected to the gate
via two resistors with a total resistance of nominally
5.2 kQ. Adding these resistors means that the power for a
TOPFET’s protcction circuits can be supplicd from what
would normally be a MOSFET's gate drive. This feature
allows TOPFETSs to be fitted into many existing designs
without the nced for modification.

It should be noted that the value of 5.2 kQ was chosen
as a compromise which would be compatible with most
standard MOSFET drive circuits. Designers of high-
frequency circuits and applications where dircct drive from
microcontrollers is necded may find this valuc too high or
too low. Variants of the basic device are soon to be
produced with input resistances compatible with these, and
other application requirements.

The other blocks shown in Fig.l arc the protection
circuits and control-logic. The supply for thc over-
temperature, short-circuit and control blocks is taken
dircctly from the input pin. For these circuits to function
properly, the input source voltage must be > Vg, which
has a typical value of 3.5 V and a limit of 4 V.

The overtemperature protection circuit uses two sensor
units with different temperature coefficients to determine
if the chip temperaturc is too high. The outputs of the
sensors are connected to a comparator which changes state
when the outputs cross over. The comparator’s output is
fcd to the control unit.

The short-circuit protection circuit has a novel sensor
arrangement that measurcs the temperature in the power
MOSFET part of the chip, and so differs from the
ovcriemperaturc  sensor which measurcs the overall
temperature of the chip. Afier conditioning, a scnsor signal
is fcd to a comparator which changes state if the
temperature is (oo high. The comparator’s output is fed (o
the control logic.

The control circuit contains a latch which is resct when
the input Vi is low, and set by a signal from either the
overtemperaturc or short-circuit comparator. The output of
this “fault” latch is uscd to conuol an NMOS transistor
which is connected via a 200 € resistor between the power
MOSFET's gatc and source. If the “fault” latch is sct, this
transistor is turned on and the gate of the MOSFET is
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discharged, thus turning it off. The transistor will also try
to pull down the input pin, but as this is via a large
resistor, and as long the driver is able to supply Ig, at
Visp, the input voltage will still be high enough to supply
the protection and control circuits and ensure they continue
to give the correct information. If the drive is unable to
supply the current, then the protection circuits may be
operating incorrectly and the fault latch may reset allowing
the MOSFET to turn on again.

The overvoltage protection circuit contains a chain of
zeners which start to conduct if the drain-source voltage
exceeds 50 V. When they conduct, these zeners tum the
main MOSFET partially on, allowing it to act as a
dynamic clamp. This prevents the voltage ever reaching the
breakdown voltage level of the MOSFET.

The final component shown in the block diagram is the
input ESD protection diode. This spccially dcsigned
“zener” diode can handle ESD pulses, but is not suitable
for continuous operation in either its forward-conducting or
reverse-breakdown modes. It’s important, therefore, that the
input to source voltage is kept between the Vi limits of
-03 Vand I1 V.

UNDERSTANDING TOPFET
CHARACTERISTICS

This section describes some elementary TOPFET static
characteristics and describes the differences beiween
TOPFETs and ordinary power MOSFETs. The information
is based on measurements on early development samples
of a logic-level type of first generation TOPFET with
operation permitted in linear amplifier mode.

Input characteristics
Normal operation

Figure 2 shows the input characteristic during normal
opcration, which differs from that of an ordinary power
MOSFET. The input pin of a TOPFET supplies the current
for the control logic and protection circuits, so there is
typically 200 pA required at V,5 = 5 V. The input also has
a “zener” diode for ESD protection which begins to
conduct at typically 7 V. The brcakdown voltage has a
positive temperature cocfficient and so the input “zener”
should not be subjected (o continuous conduction in
brecakdown mode, as it is only intended for transient
protection. This places an upper limit on the value of input
voltage for continuous operation. In the data sheet this is
given as 6 V maximum to allow for (olerances on the
“zener” voltage, but in the laboratory we have donc some
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In this example, where the input voltage had to be
greater than 4 V for protection to be valid, substantial
drain current is still possible at a lower input voltage. This
could cause high dissipation against which there would be
no protection. This underlines the importance of ensuring
that the drive circuit must be capable of providing an input
voltage sufficient to ensurc valid protection.

SPECIAL CHARACTERISTICS

ESD

The first generation of TOPFET devices have been fitted
with low-voltage zencr clamps between the input and
source. These diodes protect the internal control circuits
and the gate of the power MOSFET from the harmful
effects of an electrostatic discharge (ESD). The use of low-
voltage zeners means that the voltage that reaches these
circuits is so low that no damage will be caused. This
technique has the great advantage that the ESD pulse
energy is diverted away from the TOPFET and is
dissipated in the ESD source. The operation of these zeners
can bc seen in Fig.10. These waveforms show how the
open-circuit output of thc ESD generator is clamped by the
input source zener to a safe level.

These results are for a positive ESD pulse. Negative
ESD pulses are also clamped by the forward biased diode
so the clamped voltage will be cven lower. A similar
clamping technique is used betwcen the other pins, and
between combinations of pins, 10 prevent any positive or
negative ESDs from causing damage. Although this
clamping technique causes most of the ESD energy to be
dissipated in the ESD source, there is some dissipation in
the TOPFET. Experiments have shown that TOPFETS can
withstand. without damage, ESD pulscs of more than
1500 V from a standard “human body model” generator
with a capacitance of 250 pF and resistance of 1500 Q.

Short-circuit protection

A special temperature sensor on the TOPFET chip detects
the instantancous power dissipation level, typical for a
short-circuit load condition, and causcs shutdown to protect
the device. This method of detecting the disastrous effect
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of a short-circuit load has many advantages over indirect
methods, which are mostly based on voltage or current
monitoring. These advantages are:

e the TOPFET is protected against “hard” and “soft”
short-circuits. In reality no ideal short-circuit loads (i.e.
R, = 0 Q) occur. Practical short-circuit load conditions
cover the range from about 10 mQ (“hard™ short-
circuits) to some hundred mQ (“soft” short-circuits)
The direct detection method of the TOPFET is
independent of these electrical parameters and so it
protects the device against a high instantaneous
overload produced by any load condition.

e the TOPFET does not erroneously shutdown when it’s
switched into a load requiring a high inrush current,
such as an incandescent lamp. It can safely distinguish
between a short-circuit load condition and those kinds
of loads. This is achieved due to its direct detection
method, without the need for inrush current limiting or
disabling the short-circuit protection for a time period
after turn-on.

When the short-circuit protection has tripped. the Power
MOS in the TOPFET is turned off and the device is
“latched”. This means the TOPFET will stay off, even
when the short-circuit condition has disappeared, until a
reset has been applied to the device via the input pin. For
this reset, the input must be set to a low- then a high-level.
Figure 11 shows the shapes of load current and drain
source voltage V¢ when the TOPFET switches into a
short-circuit load (a) and when a load becomes short-circuit
in the on-state (b). In both cases the TOPFET protects
itself by shutdown. As already mentioned, the short-circuit
protection will not erroneously trip when the TOPFET
switches into loads that require high inrush curmrents. To
demonstrate this, Fig.12 shows load current versus time
when the TOPFET switches into a cold 60 W car
headlamp. The maximum DC power dissipation level
allowed for the Power MOS at ideal thermal coupling is
not restricted by the short-circuit protection. If, however,
shutdown of the TOPFET at or below this power level
occurs, the absolute temperature detector must have
tripped, e.g. due to insufficient thermal coupling.
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TOPFET

SPECIAL CONSIDERATIONS

Inductive load turn-off

Although the overvoltage protection feature of a TOPFET
can be used to turn off an inductive load, designers should
be aware that the circuit was intended to handlc
intermittent phenomena, and not the continuous use
associated with PWM control of inductive loads. The
overvoltage clamp circuit of a TOPFET will cause a high
negative voltage to be applied to the load, quickly resetting
the current. Dissipation in the power switch will be high
during this time and the effects of it on junction
temperature, T; should be assessed. Methods for calculating
the rise in T,. during inductive load turn-off, are given in
Ref.2. These techniques use information about the transient
thermal impedance of a device to estimate the rise in T; at
times throughout the turn-off period. From this it’s possible
to find the peak rise in T. This peak when added to T,
prior to tum-off should be less than 150 °C if the bcst
reliability is to be achieved. Table 2 gives figures for the
current with various sizes of inductor which will cause T,
of the three sizes of TOPFET to risc to 150 °C. The
calculations assume that T; before tum-off was 25 °C and
the supply voltage is 13 V.

TABLE 2
Currents for 125 °C rise in T,

Inductor value

TOPFET 1 mH 10 mH 100 mH

BUK100 10.3 5.1 29 A
BUKI101 16.7 8.5 4.6 A
BUK102 31 15 8 A

Paralleling TOPFETSs

In parallel operation, TOPFETs have the same basic
advantages over bipolar transistors as discrete Power MOS
transistors, such as positive temperature coefficient of
Rpsony and no second breakdown. Also the basic design
points that have to be taken into account when paralleling
Power MOS transistors are still valid for TOPFETs. In
addition, the following points have to be considered for
TOPFETs.
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In contrast to a discrete Power MOS transistor, a 3-pin
TOPFET requires a minimum input voltage Vs to ensure
correct function of its protection circuits at a certain DC
input current, I,s. So for parallel operation of n TOPFETSs
the driver stage has to source a current of n x I;s. For the
first generation TOPFET, and further 3-pin versions for
higher switching speeds, the use of an individual driver for
each TOPFET maybe advantageous.

Reverse operation of TOPFETs

For reversal of drain and source terminals the TOPFET
performs in the same way as a discrete Power MOS
transistor. The internal inverse diode of its output Power
MOS transistor becomes forward biased and a current will
flow that is limited by the load resistance. This diode has
the typical characteristics of a Power MOS inverse diode.
The reverse recovery behaviour of the internal inverse
diode is sufficient to use it as a freewhcel diode in bridge
circuits up to the maximum switching frequency of the
3-pin TOPFET (10 kHz for the first generation TOPFET).
Thus no external connection of faster diodes is nccessary.
A zener diode is directly connected between the input and
source terminals of the TOPFET for ESD protcction. This
diode will conduct when Vg < —-0.5 V. Thus the reversal
of input and source terminals must be avoided.

REFERENCES

1. Schultz, Warren June 1987. ‘Drive tcchniques for high
side N-channel MOSFETs’, PCIM.

2. Hammerton, C.J. ‘"MOSFETs control inductive loads in
automotive applications’, Philips Semiconductors.
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CHIP-ON-GLASS

In a conventional LCD module, the driver IC is
mounted on a PCB at the rear of the LCD, morc than
doubling the overall thickness of the display. The drive
connections are made using either fixed-pins or clastomer
connectors. With these connectors, several bonds are
required for every drive input to the LCD. And sincc
LCDs generally require a large number of drive inputs
(even when multiplex drive techniques are uscd), the
quality of thesc bonds is a critical factor detcrmining
reliability.

Chip-on-glass modules have the driver IC(s) mounted
directly on an overlapping edge of onc of the glass platcs
that make up the LCD. The resulting module is a totally
integrated display, less than 3 mm thick, with all
connections from the driver IC to thc LCD completely
isolated from the environment. Since each connection
requires only one bond, reliability is optimized. What's
more, by using I°C-bus" compatible driver ICs, the
number of cxternal connections is minimized.

THE CHIP-ON-GLASS CONCEPT

The idea of mounting the drive circuitry on the glass plate
of an LCD has been around for some time, but until now,
it’'s been difficult to make chip-on-glass modules on a
large scale. For many years our technologists have
searched for a mass production technique for bonding
crystalline silicon on amorphous glass in a way that offers
high mechanical strength and resistance to severc
environmental conditions. Now Philips Components is
successfully making large numbers of chip-on-glass
modules for the mass market.

A significant factor in the progress of chip-on-glass was
the development of TAB'ed (tape automated bonded)
chips. A Philips innovation, TAB allows high lead-count
chips 1o be automatically bonded onto polyamide (flexfoil)
tape for mounting in low-profile surface-mount packages.
The technique is already used in the manufacturc of many
of Philips’ and other manufacturer’s LCD driver ICs.

The trcatment of ICs for TAB makes them ideal for
chip-on-glass. After conventional IC fabrication, the
bonding pads are plated with gold bumps which allow
them to be bonded directly to contact pads on the flexfoil
by mounting the chip upside-down in what's known as
‘flip-chip” geometry. ICs with “bumped” pads are also
suitable for mounting on a glass substrate. To make chip-
on-glass modules, we’ve substituted the thermocompression

" Purchase of Philips’ 1’C components conveys a license under the
Philips’ I*C patent to usc the components in the I’C-system provided the
system conforms 1o the I’C specifications defincd by Philips.
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process used to mount bumped ICs on flexfoil by a
process using conductive glue to bond the chip directly to
conductive tracks on glass. Tests show that this process
results in a highly reliable bond.

CHIP-ON-GLASS MANUFACTURE

The procedure used to make chip-on-glass modules, closely
follows that uscd in the manufacture of conventional LCD
cells. Figure 1 highlights the steps in manufacture that are
unique to chip-on-glass manufacture.

LCD cell production

In a chip-on-glass module, one of the two glass plates that
make up the LCD is extended to allow room for a driver
IC to bec mounted and connected. As with conventional
LCDs, ITO (indium/tin oxide) electrode patterns arc made
on the facing surfaces of the glass plates. In chip-on-glass
LCDs, these patterns arc extended to include connector
tracks to the driver IC. In addition, connector tracks from
the driver IC to an external connector are also made.

For reliable operation, the resistivity of the connector
tracks to the driver IC must be lower than that of the ITO
connections uscd within a conventional LCD cell. We
apply one of the following technologies to achieve this:

® thick ITO - much thicker ITO than for conventional
LCDs (120 nm instead of 30 nm) is used for all
connections in the chip-on-glass module

e gold plate - all ITO conncctions (made to standard
thickness) outside the LCD cell arc gold plated — this
gives them lower resistance than thick ITO tracks.

Bonding

The driver IC (chip) is bonded to connection pads on the
glass plate after LCD cell fabrication but before applying
polarizers. Successful bonding requires a glue that:

e forms high-strength bond between thc gold bump and
the ITO track

e has good clectrical conductivity
requires moderate curing temperaturc that does not
damage the LCD cell

e exerts very little pressure or mechanical stress on the
chip or LCD during curing

e is conductive when wet to allow functional (esting
before curing, so faulty drivers can be rcmoved and
replaced without damaging the LCD cell.
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La famille KMZ110BH de modules de capteurs magnétorésistants
pour mesure angulaire et de rotation

Universellement reconnu comme un moyen de mesure de déplacement
tant linéairc qu'angulaire de grande cfficacité, les capteurs magnéto-
résistants de Philips figurent actucllement dans plusieurs séries de modules
dc capteurs actifs, préts a I'emploi. Leur ensemble de circuits hybrides
élaboré comprend des capteurs ajustés au lascr ct la compensation de
température. Etant donné qu'ils effectuent des mesures sans contact, ils ne
connaissent pas d’usure due au fonctionnement et offrent par conséquent
une grande fiabilité et une longue durée de vie. La gamme de modules
renferme des modeles a sortie numérique pour affichage ou commande de
mesures dc rotation/linéaires (ou dépistage de présence de repére de
référence) et des modeles analogiques pour mesures angulaires.

TOPFET - un nouveau concept en matiére de MOSFET protégés
L.a gamme de TOPFET (Temperature and Overload Protected Field-Effect
Transistors = Transistors 3 cffct de champ (TEC) protégés contre les
températures excessives et les surtensions) sont les premiers MOSFET au
monde i court-circuit, protection contre température excessive et surten-
sion intégrés. Ne nécessitant pas de composants de protection supplémen-
taires, ils réduisent la complexité du circuit et améliorent la fiabilité dans
un large éventail d’applications industrielles générales et automobilcs,
comme la commutation de lampes, de moteurs et de solénoides. Les
TOPFET peuvent étre pilotés dircctement a partir d'un enscmble de
circuits de commande classique TEC a niveau logique et peuvent ainsi se
substituer aux MOSFET aussi bien dans les équipements existants que
dans les nouvelles réalisations.

‘Puce sur verre’ - pour les diodes électroluminescentes avec excitateur
totalement intégré

Avcc le Cl excitateur adhérant directement a ['une des deux plaques de
verre d'une cellule LCD, les modules ‘puce sur verre’ constitucnt les
affichcurs les plus compacts que 1'on puisse acquérir. Etant donné que
chaque connexion dans I'un ou 1'autre sens avec le circuit intégré d’exci-
tation cst réalisée a l'aide d'une simple liaison étanche scellée, les
modules ‘pucc sur verre' sont beaucoup plus fiables que les modules
classiques avec excitateurs montés sur cartes a circuit imprimé. Philips
Components a récemment perfectionné les techniques de production de
modules ‘puce sur verre' de haute qualité, sur une base commerciale. Cet
article montre comment sont réalisés ces modules et expose les options
qui s'offrent lors de la conception d’un nouvel afficheur.

ABSTRACTS

La familia de médulos con sensor magnetorresistivo KMZ110BH para
medicién de dngulos y rotacion

Reconocidos universalmente como un medio muy eficaz para la medicién
de desplazamientos lineales y angulares, los sensores magnetorresistivos
Philips se presentan ahora en vanas series de médulos sensores activos
listos para su utilizacién. Su avanzada circuiteria hibrida incluye sensores
ajustados para liser y compensacion de la temperatura, y como ademis
realizan las mediciones sin contacto, su funcionamiento esti libre dc
desgaste, lo que garantiza una elevada fiabilidad y larga vida de servicio.
La gama de médulos incluye tipos con salida digital para presentacién o
control de rotacién/movimiento lineal (o para deteccién de la presencia de
una marca de referencia), y tipos analégicos para medicién angular.

TOPFET - un nuevo concepto en MOSFET protegido

L.a gama de semiconductores Philips BUK100 TPFET (transistores de
efecto de campo protegidos contra la temperatura y las sobrecargas) son
los primeros MOSFET del mundo que incluyen proteccién integral contra
cortocircuitos y excesos de temperatura y de tensién. No precisan
componentes de proteccion adicionales, reducen la complejidad del
circuito y mejoran la fiabilidad en una amplia gama de aplicaciones
industriales y de automocidn tales como la conmutacién de limparas,
motores y solenoides. Los TOPFET pueden ser excitados directamente por
circuiteria FET de nivel 16gico convencional, por lo que pueden utilizarse
como sustitutivos directos de los MOSFET en los equipos existentes, asi
como en los de nuevo diseo.

‘Chip-on-glass’ para pantallas de cristal liquido (LCDs) con
excitador completamente integrado

Con el circuito integrado del excitador unido directamente a una de las
placas de vidrio de una celda de cristal liquido (LCD), los médulos de
‘chip-on-glass’ son las pantallas mas compactas que existen. Y, en vista
de que todas las conexiones del y al circuito integrado del excitador se
efectian utilizando una sola unién sellada herméticamente, los médulos
‘sobre vidrio® son mucho mis fiables que los médulos convencionales con
excitadores montados sobre una placa de circuito impreso (PBC). Philips
Components ha perfeccionado recientemente técnicas para fabricar
comercialmente médulos de ‘circuito sobre vidrio’. Este articulo muestra
cdmo se fabrican los médulos ‘chip on glass’ y describe las opciones
existentes para el diseiio de nuevas pantallas.
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