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(57) Abstract

An output stage for an electronic sensor comprising two transistors (14, 16) connected in series to form a push/pull arrangement
between a pair of current supply lines (31, 33), operating with a fixed supply voltage therebetween, and a sensor output line (34) connected
to the junction of these two transistors (14, 16). Each transistor (14, 16) is adapted to be driven via a respective drive line (40, 42) from
an amplified sensor input signal (I). A detecting means (A, B) detects an open circuit condition in either of the two supply lines (31, 33)
and disables the signal drive to that one of the two transistors (14, 16) which is connected to the supply line, in a manner so as to prevent

back feed from powering the sensor via the sensor output line (34).
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DESCRIPTION

FAULT WARNING IN ELECTRONIC SENSORS

The present invention relates to electronic sensors and is
concerned in particular with sensor fault error generation.

With the ir;tegration of electronics within vehicle control, more
and more electronic sensors are required that have a high signal integrity. For
this reason. manufacrurers have insisted on a minimum quiescent current
flowing through all of the sensor connections, even the output pin. It is well
known that with low voltage signal connections, a high quiescent current of
several milliamperes improves connection reliability. To guarantee this
current, the output pin will have either a pull-up or pull-down resistor
connected within the monitoring ECU. This output loading resistor has the
advantage that if the output connection at the sensor goes open circuit, the
monitored signal will be pulled into an error band (ie a voltage level outside
the normal sensor operating range), enabling the fault to be detécted. In order
to supply this increased output current while maintaining a wide voltage swing
on the output, it is common for push-pull output stages to be used, consisting
of two transistors. Figs la and 1b of the accompanying drawings show two
typical configurations well known in this field.

The aforegoing load resistor, while solving the output open
circuit fault. causes other failure detection problems. If, for example, either

supply pin is open circuit, it is possible for enough current to flow back into
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the sensor, via the output pin, to produce an output signal within the normal
operating range, therefore making the failure difficult to detect.

It is an object of the present invention to overcome or mitigate
this problem.

In accordance with the present invention, there is provided an
output stage for an electronic sensor comprising two transistors connected in
series to form a push/pull arrangement between a pair of current supply lines.
operating with a fixed supply voltage therebetween. and a sensor output line
connected to the junction of these two transistors. each transistor being adapted
to be driven via a respective drive line from an amplified sensor input signal.
and further comprising a detecting means for detecting an open circuit
condition in either of the two supply lines and disabling the signal drive ¢o that
one of said two transistors which is connected to that supply line. in a manner
so as to prevent back feed from powering the sensor via said sensor output
line.

Thus, an output stage in accordance with this invention 1is
provided with a detecting means for detecting an open circuit condition in
either supply and disabling the output drive in a manner such as to prevent any
back feed from powering the sensor.

A system in accordance with the invention has the advantage that
any open circuit connector failure can be detected by the output signal moving
Into an error band voltage range.

When applied to the particular context of a brake pad wear
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sensor, the present invention can be used to detect the failure of either of the
supply lines into the sensor and disable the output drive stage to inhibit any
reverse current flow from the output pin, causing the output voltage to stay
within its normal operating band.

Advantageously, the detecting means comprises a switch which is
responsive to a voltage difference between two circuit points arising in the
presence of an open circuit supply condition.

In some embodiments, the detecting means can comprise two
switches, each of which is responsive to a voltage difference between two
circuit points arising in the presence of an open circuit condition in a
respective one of said two supply lines.

Advantageously, said sensor output line is coupled via respective

resistors 1o opposite terminals of a second voltage supply source.

The invention is described further hereinafter, by way of example
only, with reference to the accompanying drawings, in which:-

Figs. 1a and 1b illustrate known circuits; and

Fig. 2 1llustrates one embodiment of a circuit in accordance with
the present invention, applied to a pad wear sensor of a vehicle brake control
system.

The operation will be described with reference to Fig. 2 although
it could be applied to either circuit of Fig. 1 and to many other output stage

configurations.
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Fig. 2 shows a sensor 8 in which an input signal I from a
variable resistor 10 connected across a voltage supply is buffered by an
amplifier 12, the output signal P from the amplifier 12 driving an output stage,
comprising two output transistors 14,16, via a series resistor network R,, R,,
R,, R, connected between first voltage supply rails 31, 33. These parts
together form a buffer that can provide the output current required for the
sensor on a line 34 and will allow the output to swing quite close to the supply
rails. The output line/pin 34 of the sensor is connected to the junction of pull-
up and pull-down resistors 24, 26 connected in series between second voltage
supply lines 36, 38 externally of the sensor 8.

Under an open circuit supply connection 18 in the line 31, a first
switching element A detects a voltage reduction between points 20 and 22 via
an input line 40. This voltage reduction is arranged to open the switching
element A by means of conventional switching qircuitry, known per se, to stop
any back feed via the output line/pin 34 from powering the circuit, therefore
reducing current drawn from the pull-up resistor 24. This aclio.n will hold the
output signal outside its normal operating range.

The sensor 8 is required to operate with the pull-down resistor 26
as part of the output load. Under these conditions, a failure of the 0y,
connection 28 (line 33) is arranged to be detected by a second switching
element B via an input line 42. A reduction in voltage between points 30 and
32 is arranged to be detected and switching element B to be opened. This

action. as with switching element A, will stop any back feed from the pull-
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down resistor 26 providing a return path for the sensor power, thereby

maintaining the output signal outside its operating band.
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CLAIMS

1. An output stage for an electronic sensor comprising two
transistors (14,16) connected in series to form a push/pull arrangement
between a pair of current supply lines(31.33), operating with a fixed supply
voltage therebetween. and a sensor output line (34) connected to the junction
of these two transistors (14,16), each transistor (14,16) being adapted to be
driven via a respective drive line (40,42) from an amplified sensor input signal
(I), and further comprising a detecting means (A.B) for detecting an open
circuit condition in either of the two supply lines (31,33) and disabling the
signal drive £o that one of said two transistors (14,16) which is connected to
that supply line, in a manner so as to prevent back feed from powering the
sensor via said sensor output line (34).

2. An output stage as claimed in claim 1 wherein the detecting
means comprises a first switching element (A) which is responsive to a voltage
difference between two circuit points (20,22) arising in the presence of an open
circuit supply condition.

3. An output stage as claimed in claim 1, wherein the detecting
means comprises two switching elements (A.B), each of which is responsive to
a voltage difference between two circuit points (20,22;30,32) arising in the
presence of an open circuit condition in a respective one of said two supply
lines.

4. An output stage as claimed in claim 1, 2 or 3, wherein the

sensor is a brake pad wear sensor, and whose said amplified sensor input
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signal is obtained from a buffer amplifier (12) which receives an input signal
(I) derived from a variable resistor (10).

5. An output stage as claimed in any of claims 1 to 4, wherein
said sensor output line (34) is coupled via respective resistors (24,26) to

opposite terminals of a second voltage supply source (36.38).
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