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ELECTRONIC RODENT TRAP WITH VOLTAGE BOOSTER
CIRCUIT FOR IMPROVED TRAP PERFORMANCE
OVER THE LIFE OF THE BATTERY

This application c¢laims the ©priority of U.S.
provisional application Serial No. 62/610,374 filed December 26,

2017.

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention is related to the field of pest
control and, more particularly, to a device and method for
increasing the effective 1life span of batteries used in

conjunction with electronic rodent traps.

Description of the Related Art

One defining characteristic of any battery powered
device 1is the 1life of the battery. In connection with pest

control, many electronic rodent traps rely on battery power to
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dispatch rodents and, to an increasing extent, to enable the
trap for wireless communication. Both of these activities can
be taxing on the battery, requiring the consumer to replace the

batteries often.

With respect to the rodent dispatch function of an
electronic rodent trap, many existing electronic rodent trap
designs use a power N-channel metal-oxide-semiconductor field-
effect—-transistor (MOSFET) as a switch. Power N-channel MOSFETs
are electronic devices typically possessing three pins including
a gate, drain, and source pin. When a voltage is applied to the
gate, current can then pass from the drain pin to the source
pin. The power N-channel MOSFET switch generates a high voltage
by rapidly switching the ground return path for a transformer
on and off. The switching action creates a flyback voltage from
the transformer on the order of thousands of wvolts, which 1is

capable of killing a rodent.

The voltage applied at the gate must be sufficiently
high to fully turn on the MOSFET. 1In existing electronic rodent
trap designs, the wvoltage applied to the gate 1is typically
provided by the battery, which is nominally 6V. For effective
function, a minimum output voltage is required across the plates
of an electronic trap to consistently shock both mice and rats.

With a small drop in battery voltage, however, the MOSFET no
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longer fully turns on, and the flyback wvoltage from the

transformer is significantly reduced.

Hence, a common problem 1in existing traps on the
market 1s the inability to maintain this minimum voltage
consistently over the 1life of the batteries. As the battery
voltage drops, the efficacy of the trap will also drop. Therefore
a need exists for a way to maintain the output voltage at a
sufficiently high level to kill a rodent over a longer percentage
of the total 1life of the batteries to increase the cost

effectiveness of electronic rodent trap operation.

SUMMARY OF THE INVENTION

In view of the foregoing, the present invention is
directed to a circuit and method for boosting the voltage input
to the gate of a MOSFET switch used in a battery-powered
electronic rodent trap. The circuit includes a multi-stage
charge pump driven by a pulse train that is generated by a micro-
controller. By boosting the voltage to the gate, the MOSFET can
be fully turned on to activate an effective killing cycle in the
electronic rodent trap even when the trap’s battery voltage 1is

low.
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The present invention 1is also directed to an
electronic rodent trap that includes a charge pump circuit to
provide a higher voltage to the drive circuit that is used to
generate the high voltage required for the trap to electrocute

the rodent.

Accordingly, it is an object of the present invention
to provide a voltage booster circuit for a battery-powered
electronic rodent trap that maintains the efficacy of trap
operation for the dispatching of rodents over a longer portion

of the life of the batteries.

Another object of the present invention is to provide
a battery-operated electronic rodent trap using a MOSFET switch
that includes a multi-stage charge pump driven by a pulse train
that is generated by a micro-controller, the multi-stage charge
pump serving to boost the voltage to the gate of the MOSFET so
that the MOSFET is fully turned on and the flyback voltage from
the transformer is maintained even when the battery voltage has

dropped.

A further object of the present invention 1s to
provide a battery-operated electronic rodent trap that is more
cost effective in operation, being configured to maintain the

output voltage of the trap’s electronic killing circuit at a
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sufficiently high level to kill a rodent over a longer percentage

of the total life of the batteries.

These together with other objects and advantages which
will become subsequently apparent reside in the details of
construction and operation as more fully hereinafter described
and claimed, reference being had to the accompanying drawings
forming a part hereof, wherein like numerals refer to like parts

throughout.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a block diagram of a circuit having a
micro-controller—-driven multi-stage charge pump for use with a
battery-powered electronic rodent trap in accordance with the

present invention.

Figure 2 1s a block diagram of the components of a
battery-powered electronic rodent trap that includes the circuit

shown in Figure 1.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

It is to be understood that the embodiments described

herein are disclosed by way of illustration only. It is not
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intended that the invention be limited in its scope to the
details of construction and arrangement of components set forth
in the following description or illustrated in the drawings.
Also, in describing the preferred embodiments, specific
terminology will be resorted to for the sake of clarity. It is
to be understood that each specific term includes all technical
equivalents which operate in a similar manner to accomplish a

similar purpose.

As shown in Figure 1, the present invention includes
a circuilt generally designated by reference numeral 10 for
boosting the output voltage of a battery or batteries 12 within
the circuit. The circuit 10 includes a multi-stage charge pump
14 that includes diodes D1, D2, Dn and capacitors Cl, C2, Cn to
generate an output voltage, Vchg, that is higher than the input
voltage, Vbat, in a manner known 1in the art for charge pump

circuits.

The charge pump 14 is driven by a pulse train that is
generated by the input/output (I/0) pins of a micro-controller
16. The micro-controller 16 is, 1in turn, powered by a power
supply, Vcc, which is derived from the battery or batteries 12
as regulated by regulator 18. The power supply, Vcc, to the
micro-controller 16, may be identical to, or different from, the

battery voltage, Vbat.
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Each stage in the charge pump 14 is driven in turn to
add the wvoltage supplied to the micro-controller 16 to the
battery voltage so that, for n stages, the output of the charge

pump, Vchg, 1is approximately equal to:

(battery voltage) + (n * micro-controller voltage)

as shown in Figure 1.

As shown by the electronic rodent trap generally
designated by reference numeral 100 in Figure 2, the output of
the multi-stage charge pump 14, Vchg, 1s connected to a drive
circuit 20 and MOSFET Q1 used to generate the high wvoltage
required to activate killing plates 22 used to electrocute the

rodent.

According to one embodiment, the high-voltage MOSFET
Q1 requires a gate voltage of approximately 5 volts to partially
activate, and 10 wvolts to fully activate. Typical battery
voltages used in electronic rodent traps like trap 100 are on
the order of 6 volts with fresh batteries, with the voltage
level decreasing as the batteries discharge. The charge pump
circuit 14 as incorporated within the trap 100 according to the
present invention allows the trap to generate a greater output
voltage by more fully activating the power MOSFET Q1 when it has

fresh batteries and to continue to activate the high-voltage
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MOSFET Q1, by boosting voltage to the gate thereof, even when
the battery voltage as dropped to a level that would in itself
be insufficient for trap activation and rodent dispatch. As a
result, the flyback wvoltage <from the transformer can be
sustained even when the battery voltage itself 1is too low to

fully switch on the MOSFET.

The foregoing descriptions and drawings should be
considered as illustrative only of the principles of the
invention. The invention may be configured in a variety of
shapes and sizes and is not limited by the dimensions of the
preferred embodiment. Numerous applications of the present
invention will readily occur to those skilled in the art.
Therefore, it 1s not desired to 1limit the invention to the
specific examples disclosed or the exact construction and
operation shown and described. Rather, all suitable
modifications and equivalents may be resorted to, falling within

the scope of the invention.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. An electronic rodent trap for electrocuting rodents comprising:

at least one battery having an output voltage adequate to operate the trap and kill a
rodent when said at least one battery is fully charged, said output voltage declining over a
life of said at least one battery;

a micro-controller powered by said at least one battery;

a circuit for boosting the output voltage of said at least one battery, said circuit
including a multi-stage charge pump driven by a pulse train from said micro-controller and
having outputs of each stage connected in series for generating an output having a voltage
higher than said battery output voltage;

killing plates coupled to a transformer for electrocuting a rodent when activated;
and

a drive circuit connected to the output of said circuit for boosting an output voltage
of said at least one battery including said charge pump and to a high-voltage MOSFET
coupled to the transformer, the MOSFET when turned on generating a high voltage by
rapidly switching a ground return path of the transformer to create a flyback voltage that
activates the killing plates, the higher voltage output of the charge pump fully activating
the MOSFET even when the output voltage of the at least one battery has droppedto a
level insufficient to fully turn on the MOSFET, thereby extending the life of the at least
one battery.

2. The electronic rodent trap as set forth in claim 1, wherein the charge pump includes
a plurality of diodes and a plurality of capacitors configured in a plurality of stages, each
stage being driven in turn to add a voltage supplied to the micro-controller to the battery
output voltage.

3. The electronic rodent trap as set forth in claim 1, wherein high-voltage MOSFET
requires a gate voltage of approximately 5 volts to partially activate and 10 volts to fully

activate.

Date regue/Date received 2023-05-04
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4. The electronic rodent trap as set forth in claim 1, further comprising a voltage
regulator arranged between the at least one battery and an input of the micro-controller for

regulating a power supply voltage provided to the micro-controller.

5. The electronic rodent trap as set forth in claim 4, wherein the power supply voltage

is different than the battery voltage.

6. The electronic rodent trap as set forth in claim 2, wherein the plurality of diodes are

arranged in series.

7. The electronic rodent trap of claim 6, wherein the plurality of capacitors are
arranged in parallel, each capacitor connected on a first end to a respective input/output pin
of the micro-controller and connected on a second end between an output of one of the

plurality of diodes and an input of another one of the plurality of diodes.

8. The electronic rodent trap of claim 7, wherein the first end of each of the plurality
of capacitors is directly connected to a respective input/output pin of the micro-controller
and the second end of each of the plurality of capacitors is directly connected between an
output of one of the plurality of diodes and an input of another one of the plurality of

diodes.

9. A battery-operated electronic rodent trap having a transformer coupled to killing
plates, the trap comprising a MOSFET switch coupled to the transformer and a multi-stage
charge pump driven by a pulse train that is generated by a micro-controller, the multi-stage
charge pump boosting a voltage input to a gate of the MOSFET so that the MOSFET is
fully turned on and a flyback voltage from the transformer, used to activate the killing
plates to electrocute a rodent, is maintained even when the battery voltage has dropped to a

level insufficient to fully activate the MOSFET.

10.  The battery-operated electronic rodent trap as set forth in claim 9, wherein outputs
of each of a plurality of stages of the multi-state charge pump are connected in series to an

input of a drive circuit for generating the voltage input to the gate of the MOSFET.

Date regue/Date received 2023-05-04
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11.  An electronic rodent trap, comprising:
a battery;
a micro-controller powered by the battery;
a voltage regulator arranged between the battery and the micro-controller;
a multi-stage charge pump having an input connected to the battery, including:
a plurality of diodes arranged in series, a first diode of the plurality of
diodes having an input connected to the battery; and
a plurality of capacitors arranged in parallel, each capacitor of the plurality
of capacitors being connected on a first end to a respective input/output terminal of
the microcontroller and connected on a second end between an output of one of the
plurality of diodes and an input of another one of the plurality of diodes, the charge
pump driven by a pulse train from the micro-controller for generating an output
having a voltage higher than the battery output voltage;
a drive circuit having an input connected to an output of a last one of the plurality
of diodes of the charge pump;
a high voltage field-effect transistor connected between an output of the drive
circuit and a transformer; and
killing plates coupled to the transformer for electrocuting a rodent when activated,
the transistor rapidly switching a ground return path of the transformer to create a flyback

voltage for activating the killing plates.

12.  The electronic rodent trap of claim 11, wherein an output voltage of the multi-stage
charge pump is approximately equal to:

(battery voltage) + (n*micro-controller voltage)
wherein n is the number of stages of the multi-stage charge pump, and the micro-controller

voltage is the voltage supplied to the micro-controller by the voltage regulator.

Date regue/Date received 2023-05-04
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