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(57)  Apreregulator circuit is connected between the
battery supply of a cellular phone and the input of an
integrated circuit regulator to maintain the input of the
integrated circuit at a voltage consistent with its rated

voltage. To avoid the voltage drop in the preregulator
when the battery is low, a shut off circuit is actuated to
short circuit or minimize the voltage drop of the prereg-
ulator.
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Description

[0001] Thisinvention relates to a low loss voltage pre-
regulator configuration and has particular but not exclu-
sive application to protecting circuitry in portable elec-
tronic apparatus such as a mobile telephones.

[0002] To provide reasonable design flexibility in the
use of integrated circuit components, it is sometimes
necessary to accommodate components within a circuit
in spite of the fact that, under certain conditions, the de-
sign limits of the integrated circuit may be exceeded.
This occurs in radio telephone applications where it is
desirable to use common components across product
lines that may use different battery types. Occasionally
therefore, some of the components may not be rated for
the full battery voltage. For example, it may be cost ef-
fective to utilize an integrated circuit voltage regulator,
rated at 4 volts, in a radio telephone which is provided
with a 5 volt battery supply. In these instances it is nec-
essary to avoid over voltage to the particular integrated
circuit.

[0003] Inorderto protect the integrated circuit voltage
of the above example, a preregulator is used to avoid
applying the excess voltage to the regulator. This is
somewhat straight forward at full battery power, but, as
the power supply dwindles with use, the voltage drop
across the preregulator becomes burdensome. This will
shorten the useful life of the battery between charging
cycles. Itis a purpose of this invention to provide a sim-
ple preregulator circuit having means to shut down or
minimize the voltage drop through the preregulator
when the battery power is at the low end of its cycle.
[0004] In an embodiment of the invention, a preregu-
lator circuit is connected between the battery supply of
a cellular phone and the input of an integrated circuit
regulator to maintain the input of the integrated circuit
at a voltage consistent with its rated voltage. This re-
quires a voltage drop in the preregulator circuit. Al-
though this voltage loss is not a problem when the bat-
tery is fully charged, it may limit phone operation at the
lower end of the battery charge cycle. In order to avoid
this a shut off circuit is employed to limit the voltage drop
in the preregulator at low voltage. The shut off circuit is
actuated by a comparator which compares battery volt-
age to a predetermined minimum threshold voltage. The
comparator activates a relay or other switching means
to short circuit the preregulator or convert its operation
to minimize any voltage drop caused by the preregula-
tor.

[0005] In order that the invention may be more fully
understood embodiments thereof will now be described
by way of illustrative example with reference to the ac-
companying drawings in which:

Figure 1 is a block diagram showing the main com-
ponents utilised according to the invention;

Figure 2 is a flow diagram of the processing steps
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of a method in accordance with the invention;

Figure 3 is a circuit diagram of an embodiment of
the invention;

Figure 4 is a circuit diagram showing an alternative
embodiment of this invention; and

Figure 5 is a circuit diagram showing a second al-
ternative embodiment of this invention.

[0006] The basic components of the regulator system
are shown in the block diagram of figure 1 and includes
a battery 1 which supplies a supply voltage (Vs) to the
system. A preregulator circuit 2 is connected to limit the
input voltage (VIA) to an integrated circuit 3. An integrat-
ed circuit voltage regulator 3 supplies the microproces-
sor control unit 4 of a cellular phone or other device with
a substantially constant voltage. The preregulator 2 con-
trols the voltage (VIA) to the integrated circuit regulator
3. This control is required to reduce the integrated circuit
regulator supply voltage V¢ to conform to the rated volt-
age of integrated circuit 3 to insure the proper operation
of the regulator 3.

[0007] A switch module 5 is connected to pregulator
2 to shut down the preregulator 2 when V falls below a
predetermined minimum threshold (V1). The supply
voltage is sensed by voltage monitor 6. V1 can be set
at a voltage level just above the minimum operational
voltage of the microprocessor control unit 4 and consid-
ering the voltage drops of the IC regulator 3 and prereg-
ulator 2. Shut down of the preregulator 2 can be accom-
plished in many ways, but for the present purpose, it is
defined as minimizing the voltage drop of the preregu-
lator. This would include a short circuit as shown in the
alternate embodiment shown in figure 4. This effectively
eliminates the negative effect of the preregulator 2 when
V¢ < V1. Operation of the cellular phone or other device
is therefore extended for an additional period of time.
[0008] The regulator 3 can be any of the known types
of integrated circuit voltage regulators. Its purpose is to
provide the microprocessor control 4 with substantially
constant voltage for operation of the device. As is well
known, the operation of the device is limited by the bat-
tery cycle anditis important to preserve the voltage level
in particular at the low end of the cycle.

[0009] As shown in figure 2, the system operates by
monitoring the battery voltage Vg and comparing it to a
threshold voltage VT and minimizing the voltage drop in
the preregulator 2 when V falls below V. During normal
operation, the preregulator 2 senses a voltage Vp equal
to V4(Ro/R4+R,) which is indicative of the input voltage
Vic to the integrated circuit 3 and generates a voltage
drop to compensate for the difference between a refer-
ence voltage Vrer and Vp. The reference voltage can
be set relative to the rated operational voltage for inte-
grated circuit 3. Variations in operational voltage for the
particular IC circuit used are generally accommodated
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by selecting the values of resistors Ry and R,.

[0010] The preregulator 2 is typically designed using
a differential amplifier 7 which is connected to control
the current through MOSFET 8. By adjusting the bias of
the MOSFET 8 a voltage occurs that is relative to Vggr.
The positive terminal of amplifier 7 is connected to a volt-
age divider made up of resistors Ry and R,. The nega-
tive terminal of amplifier 7 is connected to a voltage V,,
which is relative to the rated voltage V| for the IC reg-
ulator 3 by the voltage divider resistances Ry and R2.
Although the particular circuit shown is useful in the con-
text of the embodiments presented, the preregulation
function can be accomplished in a variety of ways.
[0011] In the preferred embodiment shown in figure
3, the switching module 5 consists of a pair of MOS-
FETS 9 and 10 which are connected to adjust the bias
of MOSFET 8 and thereby convert its function to that of
a low resistance switch. When the battery is fully
charged, MOSFETS 9 and 10 allow the MOSFET 8 to
operate as preregulator 2 described above in response
to the differential amplifier 7. The resistances Ry and R,
are selected to provide a voltage VIA to the regulator 3
which is limited to the rated voltage of the regulator e.
The Vggr may be standardized while the resistances
are varied to accommodate the particular IC regulator
used.

[0012] Voltage monitor 6 consists of another differen-
tial amplifier or comparator 11 which is connected
through a voltage divider made up of a pair of resistors
Rj; and R4. Comparator 11 is connected to sense the
voltage between the resistances R; and R4 which is in-
dicative of the battery voltage Vs, i.e. V4(R4/R3+R,) and
compare it to the low threshold voltage VT. When V¢(R,/
R3+R,) falls below V1, an output voltage from compa-
rator 11 is applied through inverter 12 to the switching
module 5. This will trigger the MOSFETS 9 and 10 to
alter the operation of the preregulator 2 as discussed
above. As the battery is recharged, this process is re-
versed and the preregulator is again engaged to drop
the voltage to regulator 3.

[0013] Toavoid undesirable cycling of the switch mod-
ule 5 and the comparator 11, it is beneficial to design in
some hysteresis in comparator 11. Comparator 11 is
therefore comparing the battery indicator voltage as-
signed to different voltage levels. When the battery volt-
age decreases this indicator voltage is equal to V1 mi-
nus hysteresis voltage. Conversely when the battery
voltage increases this indicator voltage is V1 plus hys-
teresis voltage.

[0014] An alternative embodiment is shown in figure
4. In this embodiment the MOSFETs 9 and 10 of switch
module 5 are replaced with a relay 12 that is operated
directly from the output voltage of the differential ampli-
fier 11. The relay closes when the V( falls below V1 and
completes the shunt circuit 15 to short out the preregu-
lator 2.

[0015] Another alternative embodiment is shown in
figure 5. In this embodiment the differential amplifier 11
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is replaced with an analog to digital converter 13 whose
output is processed by microprocessor 14. Using appro-
priate algorithms, microprocessor 14 generates an ac-
tuation signal for the relay 12 which will close the shunt
circuit 15. This arrangement could also be used to trig-
ger the operation of the MOSFETS 9 and 10 in the circuit
of figure 3.

[0016] In this manner the negative effects of the volt-
age drop provided by the preregulator 2 are overcome
while the integrated circuit regulator 3 is protected from
excessive voltages.

Claims

1. Inabattery operated device, a circuit for limiting the
voltage input to an integrated circuit having a rated
voltage comprising:

a preregulator connected to the input of said in-
tegrated circuit and constructed to compare
said input voltage to a predetermined reference
voltage and to adjust said input voltage in re-
sponse to said comparison;

a switch module connected to control the oper-
ation of the preregulator, wherein said prereg-
ulator is shut down when the battery voltage di-
minishes to a predetermined voltage threshold;
and

a voltage monitor connected to sense a voltage
indicative of the battery voltage, compare said
battery voltage to said predetermined minimum
threshold, and actuate said switch module
when said battery voltage falls below said volt-
age threshold.

2. Inabattery operated device, a circuit for limiting the
voltage input to an integrated circuit having a rated
voltage, as described in claim 1, wherein the pre-
regulator comprises a MOSFET operatively con-
nected to a differential amplifier; and wherein the
switch module comprises a circuit connected to the
MOSFET for adjusting the bias of the MOSFET to
minimize the voltage drop caused thereby upon ac-
tuation by the voltage monitor.

3. Inabattery operated device, a circuit for limiting the
voltage input to an integrated circuit having a rated
voltage, as described in claim 1, wherein the switch
module comprises a relay connected within a shunt
circuit to short out the preregulator when the switch
module is actuated by the voltage monitor.

4. Inabattery operated device, a circuit for limiting the
voltage input to an integrated circuit having a rated
voltage, as described in claim 1, wherein the volt-
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age monitor comprises a comparator connected to
compare a voltage indicative of the battery voltage
to a predetermined minimum threshold voltage.

In a battery operated device, a circuit for limiting the
voltage input to an integrated circuit having a rated
voltage, as described in claim 1, wherein the volt-
age monitor comprises an analog to digital convert-
er connected to sense a voltage indicative of the
battery voltage and to generate a digital signal in
response thereto, wherein said digital signal is proc-
essed by a microprocessor which is programmed to
generate a signal for actuating the switch module
when the battery voltage diminishes to a predeter-
mined minimum threshold.

In a battery operated device, a circuit for limiting the
voltage input to an integrated circuit having a rated
voltage, as described in any preceding claim,
wherein the voltage reference is set relative to the
rated voltage of the integrated circuit.

In a battery operated device which includes a circuit
for limiting the voltage input to an integrated circuit
having a rated voltage, a method for operating the
limiting circuit comprising the steps of:

sensing the input voltage to the integrated cir-
cuit;

setting a predetermined reference voltage;

comparing said input voltage to the reference
voltage and adjusting the input voltage relative
thereto;

sensing the voltage supplied by the battery;

setting a predetermined minimum threshold
voltage; and

comparing said supply voltage with said prede-
termined minimum threshold voltage and
switching said limiting circuit to a shut down
state when said supply voltage falls below said
predetermined minimum threshold.

In a battery operated device which includes a circuit
for limiting the voltage input to an integrated circuit
having a rated voltage, a method for operating the
limiting circuit, as described in claim 7, wherein the
step of adjustment of the input voltage causes a re-
duction in said voltage.

In a battery operated device which includes a circuit
for limiting the voltage input to an integrated circuit
having a rated voltage, a method for operating the
limiting circuit, as described in claim 7, wherein the
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10.

11.

12.

13.

step of switching to the shut down state comprises
minimizing the voltage drop of the limiting circuit.

In a battery operated device which includes a circuit
for limiting the voltage input to an integrated circuit
having a rated voltage, a method for operating the
limiting circuit, as described in claim 7, wherein the
step of switching to the shut down state comprises
shorting out the limiting circuit.

In a mobile telephone for communicating within a
cellular network, said telephone having a micro-
processor control unit for operating the telephone
and an integrated circuit voltage regulator for con-
trolling the voltage to the microprocessor control
unit, said voltage regulator having a rated voltage,
a circuit for limiting the voltage input to said integrat-
ed circuit comprising:

a preregulator connected to the input of said in-
tegrated circuit and constructed to compare
said input voltage to a predetermined reference
voltage and to adjust said input voltage in re-
sponse to said comparison;

a switch module connected to control the oper-
ation of the preregulator, wherein said prereg-
ulator is shut down when the battery voltage di-
minishes to a predetermined voltage threshold;
and

a voltage monitor connected to sense a voltage
indicative of the battery voltage, compare said
battery voltage to said predetermined minimum
threshold, and actuate said switch module
when said battery voltage falls below said volt-
age threshold.

An electrical preregulator circuit comprising: an in-
tegrated circuit device (4) to be driven by a battery
and a preregulator (2) operable to derive an input
voltage (VIA) for the integrated circuit device from
a variable supply voltage (Vs) from the battery
which is nominally greater than the input voltage,
characterised by means (5,6) operable to sense
when the supply voltage (Vs) from the battery falls
below a predetermined threshold (VT) and to cease
said operation of the preregulator in response
thereto.

An electrical preregulator circuit according to claim
12 including a regulator device (3) to receive the in-
put voltage (VIA) and regulate the voltage fed to the
integrated circuit
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