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(54) An electronic circuit

(57)  An electronic circuit suitable for connection to
avoltage source (6) such as a vehicle battery comprises
an electrical load (1), such as a motor, a first connection
provided between an input node of the load (1) and the
voltage source (6), a second connection provided be-
tween an output node of the load and a ground rail, at
least are smoothing capacitor (4) connected in parallel
with the load (1) between the input node and the ground
rail, a switching device (3) connected in series between

the at least one smoothing capacitor (4) and the ground
rail which is normally closed during operation of the load,
and a control circuit (5) which is operative to open the
switching device to isolate the at least one capacitor
from the ground when the load is inoperative thereby
reducing the quiescent current drawn by the circuit when
the load is inoperative.

To be accompanied, when published, by Figure 1
of the drawings.

+Vbat
<4
l_ ****** ~
|
|
|
I
!
bv }I Vin
EpinE i
ov |
|

Printed by Jouve, 75001 PARIS (FR)



1 EP 1 239 430 A1 2

Description

[0001] Thisinvention relates to improvements in elec-
tronic circuits, and in particular to an electronic circuit in
which an electrical load, such as an electric motor in a
vehicle automotive system, is connected to a battery
driven electrical supply.

[0002] A wide variety of automotive systems have
been developed which employ electronic actuators to
perform essential functions of the vehicle. Examples of
such systems are electric power assisted steering sys-
tem in which an electric motor applies assistance torque
to a steering shaft, and electric braking systems in which
the brakes of a wheel are applied directly by an electric
motor in response to a user-generated control signal.
Both these systems replace hydraulic circuits and as
such offer considerable advantages in terms of both
packaging and weight when compared with their hy-
draulic equivalents.

[0003] A further development is the use of an elec-
tronic circuit to control the movement of fluid into and
out of the vehicle dampers allowing the suspension of
the vehicle to be actively controlled. This application re-
quires a fast responding pump that is driven by an elec-
tric motor. To drive the volume and pressure of fluid re-
quires a relatively high power electric motor.

[0004] To cope with the increased demands of the
complex electronic circuits of modern vehicles it has
been proposed to increase the supply voltage from the
traditional 12 volt battery supply to a higher 42 volt (or
similar) supply. Nevertheless, the electric motor re-
quired for an active suspension system may still need
to draw a current of 60 Amps or more at full power.
[0005] For convenience of assembly and installation,
the electric systems are often self-contained units hav-
ing two terminals for connection to the positive supply
and an earth point respectively. To suppress transients
which can arise when the load presented by the system
is varied, a smoothing capacitor is typically connected
between the two terminals. This is usually an integral
part of the self-contained unit.

[0006] One problem which arises in automotive appli-
cations is that whilst a high current must be available at
times of peak demand from a load it is essential to min-
imise the quiescent current flowing in the circuit when
the load is not operating. If the quiescent current is too
high the battery will be quickly drained when the vehicle
is left overnight.

[0007] In the prior art, it is known to provide for an iso-
lating relay connected in series between the electrical
system and the positive terminal. The relay is closed
when the load is operative and drawing power but can
be opened to prevent quiescent current flowing from the
supply to the load when the vehicle is left unattended.
[0008] The applicant has realised that the use of a re-
lay is undesirable in a modern automotive system. Re-
lays are costly and quite bulky devices and sometimes
unreliable. Also, the "on" resistance of the device - its
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resistance across the contacts when closed-can be sig-
nificant when it is conducting high currents of the order
of 60amps. The consequent loss of power across the
relay reduces the amount of power available for the re-
mainder of the electrical load.

[0009] Apart from requiring additional drive and pro-
tection circuitry, relays are prone to damage when clos-
ing the contacts in the presence of the high charging
currents associated with the high value smoothing ca-
pacitors required. High charging currents also reduce
the reliability of large electrolytic capacitors.

[0010] In accordance with the present invention there
is provided an electronic circuit for connection to a volt-
age source comprising:

an electrical load, such as a motor;

a first connection provided between an input node
of the load and the voltage source,

a second connection provided between an output
node of the load and a ground rail,

at least one smoothing capacitor connected in par-
allel with the load between the input node and the
ground rail,

a switching device connected in series between the
at least one smoothing capacitor and the ground
rail, the switching device being normally closed dur-
ing operation of the load, and

a control circuit which is operative to open the
switching device to isolate the at least one capacitor
from the ground when the load is inoperative.

[0011] Providing a switch between the smoothing ca-
pacitor and the ground rail provides a considerable ad-
vantage over the prior art. The applicant has appreciat-
ed that the largest source of unwanted quiescent current
foraload, for a well designed system, is often the current
leakage from the smoothing capacitor. By isolating the
capacitor from the ground this source of quiescent cur-
rent is eliminated. The remainder of the electrical load
can then remain connected to the battery supply at all
times if desired.

[0012] Furthermore, since the switch is not in series
with the power supply an increase in efficiency is gained
as there is no power loss associated with the "on" re-
sistance of the switch. A still further benefit is that the
switch no longer has to carry the full current drawn by
the load and is not subject to the high voltages present
in the 42 volt bus, and so can be of a lower power and
voltage rating. This reduces the package size of the de-
vice and its associated heat sink.

[0013] Anadditional advantage of such a switching el-
ement is that the charging current can be controlled to
be a 'soft' start by switching the element ON in a pulse
width modulation PWM mode of operation. Thus, the
switching device may be modulated using a PWM mode
in which the duty cycle is gradually increased when clos-
ing the switch from open to allow a gradual increase in
the current allowed to charge the capacitor. This pro-
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vides a slow charge feature which protects the capaci-
tor. Consequently, the switch may be modulated using
a PWM in with the duty cycle is decreased when moving
from closed to open.

[0014] The electrical circuit may comprise part of an
automotive system. In this case the supply may com-
prise a battery. The supply may comprise a 42 volt sup-
ply, which may be stepped up from a lower battery volt-
age. The supply may remain connected to the load at
all times, even when the ignition is switched off.

[0015] The switching device provided between the ca-
pacitor and OV may be driven from a lower voltage than
the supply voltage.

[0016] The electronic circuit may be self-contained,
with the electric load, the capacitor and the switching
device being housed within a common housing. The
control circuit may also be located within the housing,
or may be located remote from the housing.

[0017] The electrical load may include a switch which
is operable to control the average current drawn by the
load when it is operating. The load may comprise a mo-
tor, for example, connected in series with a switch which
may be pulse width modulated. The switch may receive
signals generated by a processing unit. The processing
unit may further be arranged to provide the control signal
for the isolating switch.

[0018] In one arrangement the load may therefore
comprise an electric motor. The motor may form a part
of an active suspension system for a vehicle. The motor
may be used to drive a pump.

[0019] Preferably, the switching device comprises a
semiconductor device such as field effect transistor
(FET) or MOSFET. Other solid state switching devices
may be employed.

[0020] The switching device may be opened when the
ignition of the vehicle is switched off. Alternatively, it may
be opened at some other convenient time when the load
that is associated with is inoperative.

[0021] The switching device may comprise two
switches arranged in parallel. The first one of the switch-
es may be opened to allow only a limited flow of current
through the capacitor, the second being opened to per-
mit unlimited flow of current through the capacitor only
once it has changed to a predetermined level. The first
and second switches may be operated by respective
control signals, with the first switch defining a part of a
trickle charge circuit. A resistance may be provided in
series with the first switch to limit the rate of charging of
the capacitor.

[0022] There will now be described, by way of exam-
ple only, one embodiment of the present invention with
reference to the accompanying drawing.

[0023] Figure 1 illustrates schematically an electronic
circuit for a vehicle automotive system. The circuit in-
cludes a load comprising an electric motor 1 which
drives a pump (not shown). The motor 1 is represented
by a resistance R1 in series with an inductance L1. The
motor 1 is connected in series with a switching device
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3 between voltage source 6 comprising a 42 volt supply
and a ground rail. The switch 3 is driven by a control
signal V| 5ap from a controller (not shown) to vary the
speed of the motor when it is operational. The motor is
rated to draw a maximum load current of 60 amps from
the supply. Of course it will be appreciated that in a prac-
tical circuit a number of such switches may be provided
to control each phase of a multi-phase motor.

[0024] In parallel with the load is an array of smooth-
ing capacitor. This is represented in the figure as a single
4500uFarad capacitor 4 and its associated leakage path
resistance. A series resistance R2 representing the se-
ries resistance of the capacitor 4 is also shown.

[0025] In series with the capacitor 4, between the ca-
pacitor 4 and the ground rail is an isolating semi-con-
ductor switch 5. This switching device is normally closed
to present a low impedance path between the capacitor
4 and the ground rail when the electrical load circuit is
operational. By this, we mean that the vehicle is running
or at least that the ignition is switched on.

[0026] In the event that the circuit is inoperative - for
example when the vehicle ignition is switched off - the
second switch is opened to isolate the capacitor from
the ground rail. The isolation of the switch prevents un-
wanted quiescent currents flowing from the battery
through the capacitor 4 to the ground rail.

[0027] Theisolating switchis driven by a charge pump
circuit applied to its gate which ensures that the switch
is fully enhanced and independent of the 42 volt supply
rail. A pulse applied to the V, terminal turns the switch
on or off.

[0028] The applicant has appreciated that the quies-
cent currents arising from leakage from the capacitor
are the main source of quiescent current in many elec-
trical loads and power circuits to be connected to battery
supplies. By isolating the capacitors from the ground rail
rather than isolating the entire load from the supply a
relatively low rating switch can be employed as the
switch only has to carry the transient currents rather
than the full load current of the load.

[0029] Figure 2 illustrates schematically an alterna-
tive electronic circuit similar to that shown in Figure 1
but including additional circuitry arranged to avoid rapid
charging of the capacitor thereby increasing its reliabil-
ity. For clarity, features which are common to features
in Figure 1 have been provided with the same reference
numerals.

[0030] The additional circuitry comprises a trickle
charge circuit which limits the rate at which current can
be drawn through the capacitor when the isolating
switch 5 is closed. The circuit includes a secondary iso-
lating switch connected in parallel with switch J. When
a voltage at the node marked A/D is above a pre-set
threshold the isolating switch is prevented from closing
yet a current can flow through the capacitor 4 and the
trickle charge circuit. When the voltage at the node A/D
drops below a predetermined value as the capacitor is
charged up, a control signal is sent to the isolating switch
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to tell it to open. In effect, the trickle charge circuit pro-
vides for a two-stage opening of the connection from the
smoothing capacitor to the ground rail to prevent a sud-
den increase in charging. This feature improves the re-
liability of the capacitor.

Claims

1. An electronic circuit for connection to a voltage
source comprising:

an electrical load (1), such as a motor;

a first connection provided between an input
node of the load (1) and the voltage source (6),
a second connection provided between an out-
put node of the load (1) and a ground rail,

at least one smoothing capacitor (4) connected
in parallel with the load (1) between the input
node and the ground rail,

a switching device (3) connected in series be-
tween the at least one smoothing capacitor and
the ground rail, the switching device being nor-
mally closed during operation of the load, and
a control circuit (5) which is operative to open
the switching device to isolate the at least one
capacitor from the ground when the load is in-
operative.

2. An electrical circuit according to claim 1 which com-
prises part of an automotive system.

3. An electrical circuit according to claim 1 or claim 2
in which the supply (6) comprises a battery.

4. An electrical circuit according to any preceding
claim in which the switching device (3) provided be-
tween the capacitor (4) and the ground rail is driven
from a lower voltage than the supply voltage.

5. An electrical circuit according to any preceding
claim in which the electric load (1), the capacitor (4)
and the switching device (3) are housed within a
common housing.

6. An electrical circuit according to any preceding
claim in which the electrical load (1) includes a
switch which is operable to control the average cur-
rent drawn by the load (1) when it is operating.

7. An electrical circuit according to any preceding
claim in which the load comprises a motor connect-
ed in series with a switch which is pulse width mod-
ulated.

8. Anelectrical circuit according to claim 7 in which the
switch receives signals generated by a processing
unit.
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9.

10.

1.

12.

13.

An electrical circuit according to claim 8 in which the
switching device comprises a semiconductor de-
vice such as effect transistor (FET) or MOSFET.

An electrical circuit according to any preceding
claim when dependent from claim 2 in which the au-
tomotive system includes a vehicle ignition switch
and in which the switching device may be opened
when the ignition of the vehicle is switched off.

An electrical circuit according to any preceding
claim in which the switching device (3) comprises
two switches arranged in parallel, in which a first
one of the switches is opened to allow only a limited
flow of current through the capacitor (4) and a sec-
ond of the switches is opened to permit unlimited
flow of current through the capacitor (4), the second
one once the load current has changed to a prede-
termined level.

An electrical circuit according to claim 11 in which
the first and second switches are operated by re-
spective control signals and the first switch defines
a part of a trickle charge circuit.

An electrical circuit according to claim 11 or claim
12 in which a resistance is provided in series with
the first switch to limit the rate of charging of the
capacitor.
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