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Abstract Title: Battery protection circuit

(57) A battery protection circuit, in particular for protection of an automotive module from transients or reverse polarity,
the protection circuit having two input nodes 1, 2 and two output nodes 3, 4, the input nodes being connected {o a
positive supply line and a negative or ground line respectively, and the two output nodes being connected {o a
positive side of a load and a negative or ground return side of the load, in which the circuit includes a solid state
switch which is oriented such that when the switch is open current cannot flow from the battery through the load.
The circuit further includes at least one capacitor connected in series with a diode between the two input nodes of
the circuit to smooth out any negative transient voltages present at the positive input node of the circuit, the
capacitor comprising a polarised capacitor and the diode being oriented to protect the capacitor during normal used
when a positive voltage is present at the input node that is connected to the positive supply line. The solid state
switch may comprise a MOSFET.
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BATTERY PROTECTION CIRCUIT

This invention relates to a protection circuitry, in particular for protection of an

automotive module from transients carried by a power supply to the module.

Conventional automotive electrical systems such as e¢lectric power steering take their
power from a battery fitted to the vehicle. During maintenance of the vehicle 1t 1s
possible to accidentally fit the battery with the polarity reversed. Unless steps are
taken to protect against such an event, a reversed battery polarity can cause

catastrophic failure of the electric circuits that draw power from the battery.

Automotive electrical supplies nominally provide a relatively low DC voltage from
the batterv, typically 12v or 24v or 48v. However, 1t 1s common for very high voltage
transients to occur that may exceed ten times this nominal voltage, such as when an
inductive load 1s suddenly disconnected from the circuit. A transient of -100v or more
at the positive side of the battery 1s not uncommon and may be as high as -500v or

morec.

It 1s known to provide a battery protection circuit for connection between a battery
and a protected load. In its simplest form the circuit may comprise a single diode
connected 1n series between the positive supply side of the battery and the load that 1s
being protected. The diode 1s oriented so that current can flow through this diode 1f
the battery 1s connected correctly. If the battery polarity 1s reversed no current can
flow through the diode and so the load 1s protected by the protection circuit. Although
this works well 1n many cases, there 1s a voltage drop across the diode which may not
be acceptable 1 all cases. The diode consumes power as a function of the product of
the forward voltage drop and the current, and where the current 1s sizable there may

be an unacceptable waste of power which creates heat.

In a more sophisticated arrangement that wastes less power, a reverse battery
protection circuit may be provided having two 1nput nodes for connection to
respective sides of a battery, and two output nodes for connection to respective sides
of the protected load, and a solid state switch which selectively connects one of the
inputs to on¢ of the outputs whereby when the switch 1s open current cannot flow from

the battery through the protected load. The switch replaces the diode of the simple



10

15

20

25

30

arrangement. The switch may comprise an N-channel MOSFET connected into the
oround return path from the load to the negative side of the battery. The gate of the
MOSFET may be connected to the positive side of the battery, perhaps through a load
resistor, so that with the battery connected 1n the right polarity a positive voltage 1s
applied to the gate to cause the MOSFET to close and allow current to flow along the
return path. If the battery 1s connected with the wrong polarity the gate voltage will be
negative and the switch will be 1n an open condition to stop current flowing along the

oround return path.

To prevent damage to the MOSFET when a high transient voltage 1s present the
MOSFET must be chosen with a high drain-source voltage rating. This makes the
MOSFET expensive and makes the power loss across the MOSFET also high during

usc.

According to a first aspect the invention provides a battery protection circuit having
two mput nodes and two output nodes, the input nodes being connected to a positive
supply line and a negative or ground line respectively, and the two output nodes being
connected to a positive side of a load and a negative or ground return side of the load,
in which the circuit includes a solid state switch which 1s oriented such that when the
switch 1s open current cannot flow from the battery through the load, and 1n which the
circuit further includes at least one capacitor connected 1n series with a diode between
the two 1nput nodes of the circuit to smooth out any negative transient voltages
present at the positive mput node of the circuit, the capacitor comprising a polarised
capacitor and the diode being oriented to protect the capacitor during normal used
when a positive voltage 1s present at the mput node that 1s connected to the positive

supply line.

The provision of the switch enables the circuit to be broken between the battery and
the load to protect the load when a reverse battery connection 1s made whilst the
provision of a bulk storage polarised capacitor in series with a diode between the two
input nodes enables any transient voltages present at the input nodes to be smoothed
out significantly, reducing the voltage that may be applied to the MOSFET drain-
source and allowing a lower power rated switch to be used. The diode ensures that the

polarised capacitor 1s not reverse biased during normal use where a positive voltage 1s
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present at the positive input node which would otherwise destroy a polarized

capacitor.

The switch may be provided 1n the ground return path of the circuit, which enables the
switch when open to 1solate the ground side of the load from the negative side of the

battery.

The polarized capacitor may comprise an electrolytic capacitor or a super capacitor.

The polarized capacitor may comprise two or more individual polarized capacitors
connected 1n series, or 1deally only one polarized capacitor. Because polarized
capacitors are relatively cheap for the amount of capacitance they provide compared
with non-polarised capacitors 1t 1s possible to use one large capacitor even with a
highly cost sensitive circuit such as reverse battery protection for an automotive

application.

The circuit may further include one or more additional non-polarised capacitors
connected 1n parallel with the capacitor. These may be ceramic capacitors, for
example multi-layer ceramic capacitors. They may be metallic film capacitors. As
these are not polarized they may be connected without any series diodes as they do not
neced any protection from a reverse battery polarity. The provision of these capacitors
1s beneficial 1in smoothing out ripple on the input nodes as they are active when the

battery 1s connected the right way round or when the polarity 1s reversed.

Each of the capacitors may be connected to the input terminals at all times regardless

of the switch being open or closed.

The switch may comprise a semiconductor MOSFET connected with the drain and
source of the switch 1n series 1n the ground line and with the gate connected directly
or indirectly to the positive input node. The source may be connected to the ground

return output node and the drain to the ground return input node.

The MOSFET may comprise an N-channel MOSFET.
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Alternatively, the switch may comprise a P-channel MOSFET connected in the
positive supply line of the circuit to 1solate the load from the positive mput node and

hence from the positive supply line.

One or more Zener Diodes may be connected 1n series between the gate and the source
of the switch to clamp the gate-source voltage of the MOSFET. This ensures that a
MOSFET with a low Gate-source voltage limit can be used without risk of damage.
An additional resistor may be provided in series between the gate of the MOSFET and

the positive input node to limit the current flowing through the Zener.

The circuit may be used 1in combination with a circuit in which the positive input node
1S connected to a positive terminal of a battery and the negative mput node to a
necgative terminal of a battery. For the avoidance of doubt, the voltage present at either
input node may be either positive or negative, in normal use the positive input node
being presented with the positive voltage of the battery but from time to time being
presented with a negative transient voltage such as may occur when an inductive load

1s removed from the battery.

There will now be described, by way of example only, one embodiment of the present

invention with reference to the accompanying drawings of which;

Figure 1 shows an exemplary circuit in accordance with the invention connecting a

load to a battery 1n a vehicle.

As shown, a reverse battery protection circuit connects a battery B to a load R2. This
may be part of an automotive electrical circuit, in which case the battery will typically
be a 12 volt battery with a nominal voltage at the positive terminal of around 12-14

volts when fully charged.

The circuit has two 1mput nodes 1, 2 and two output nodes 3, 4, the input nodes being
connected to a positive side of the battery B and a negative or ground side of the
battery. As shown these connect directly to the respective positive and negative
terminals of the battery 1in this example. They may, of course, not connect directly to
those terminals as the battery may be located at a remote position on the vehicle. As

shown the load 1n the example 1s a purely resistive load, but 1n practice 1t could be an
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electronic control unit or an electric motor drive circuit or some other device. The

negative side of the battery 1n this example 1s connected to an carth.

The circuit includes a solid state N-channel MOSFET switch M1 which selectively
connects the negative output node 4 to the negative input node 2 to form a ground
return line from the load R2 back to the battery B. During normal use, current flows
from the battery B through the reverse battery protection circuit, through the load R2,
and then back through the ground return path to the battery B. This requires the switch
M1to be closed (turned ON) during normal use to complete the ground return line. To
protect the load from a reverse polarity connection of the battery, the circuit i1s
configured to open the switch (turn OFF) to break the ground return line and prevent

any current flowing to the load.

To achieve the desired operation of the switch M1, the drain and source of the switch
M1 are connected to the ground return line and the gate 1s connected 1n such a way
that a positive gate-source voltage Vgs 1s applied when the battery 1s connected
correctly and a negative gate-source voltage 1s applied when the battery polarity 1s
reversed. As 1s well known, applying an appropriately high positive gate-source
voltage to an N-channel MOSFET will cause the switch to close (turn ON) and
conduct between source and drain. When a negative voltage 1s applied the switch will

open (turn OFF) to protect the load R2.

The circuit also 1includes two capacitors C1, C2 that smooth out transients at the input
nodes. One of these capacitors Cl 1s a multi-layer metallic capacitors (MLCC) and

connects directly between the two mput nodes.

The second capacitor C2 1s a polarized bulk storage capacitor that 1s connected 1n
seriecs with a diode D2 between the two input nodes 1,2 of the circuit. The series
connected capacitor C2 and diode D2 are therefore 1in a parallel with the MLCC
capacitor C1. The positive side, or anode, of the capacitor 1s connected to the ground
or negative mput node and the negative side of the capacitor C2 1s connected through
the diode D2 to the positive input terminal. The diode D2 1s oriented with the cathode
of the diode connected to the positive input terminal and the anode of the diode 1s

connected to the negative side of the polarized capacitor C2.
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The diode D2 1s therefore oriented so that during normal use, with the battery
connected with the correct polarity, no current can flow through the diode D2 into the
polarized capacitor C2 from the positive terminal to the negative terminal. When the
battery polarity 1s reversed, or a ncgative transient 1s present at the positive input
node, current can flow through the capacitor and the diode. This allows the capacitor
C2to help reduce the magnitude of the transient applied across the drain-source of the

switch M1 while protecting the capacitor C2 during normal use.

The circuit also includes a Zener diode D1 that 1s connected 1n series between the gate
and the source of the MOSFET and a burden resistor R1 1s connected 1n series
between the gate and the positive side of the battery. This arrangement of resistor and
Zener diode allows the gate-source voltage to be clamped to a sate level- set by the
properties of the Zener diode — to ensure that the MOSFET 1s not damaged when a

high positive transient 1s present at the positive terminal.
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CLAIMS

1. A battery protection circuit having two input nodes and two output nodes, the
input nodes being connected to a positive supply line and a negative or ground line
respectively, and the two output nodes being connected to a positive side of a load and
a ncgative or ground return side of the load, 1n which the circuit includes a solid state
switch which 1s oriented such that when the switch 1s open current cannot tflow from
the battery through the load, and in which the circuit further includes at least one
capacitor connected 1n series with a diode between the two 1nput nodes of the circuit
to smooth out any negative transient voltages present at the positive input node of the
circuit, the capacitor comprising a polarised capacitor and the diode being oriented to
protect the capacitor during normal used when a positive voltage 1s present at the

input node that 1s connected to the positive supply line.

2 A battery protection circuit according to claim 1 in which the polarized

capacitor comprises an electrolytic capacitor or a super capacitor.

3. A battery protection circuit according to claim 1 or claim 2 in which the
polarized capacitor comprises two or more individual polarized capacitors connected

1n series.

4. A battery protection circuit according to any preceding claim further including
on¢ or morc¢ additional non-polarised capacitors connected 1n parallel with the

capacitor.

5. A battery protection circuit according to claim 4 1n which the non-polarised

capacitor 1s a ceramic capacitor or a metallic film capacitor.

6. A battery protection circuit according to any preceding claim 1n which the
switch 1s provided 1 a ground return path of the circuit which enables the switch
when open to 1solate the ground side of the load from the negative terminal of the

battery.

7. A battery protection circuit according to claim 6 1n which the switch comprises

a secmiconductor MOSFET connected with the drain and source of the switch 1n series



in the ground line and with the gate connected directly or indirectly to the positive

input node.

8. A battery protection circuit according to claim 7 in which the switch comprises

an N-channel MOSFET.
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