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(54) Power tool with light unit

(57) A power tool includes a motor, a light unit, and
a switch unit for selectively connecting the motor and the
light unit to the power source. A control module includes
a controller coupled to a first electronic switch to control
power delivery to the motor based on a position of the
switch unit, and coupled to a second electronic switch to
control power delivery to the light source based on a po-
sition of the switch unit. The controller also includes a
timer configured to keep the light unit illuminated for a
predetermined amount of time after the switch unit has
been activated or deactivated. The control module also
includes a boot circuit connected to the controller. The
boot circuit includes a semiconductor switch configured
to continue to deliver power to the controller and to the
light unit when the switch unit is deactivated subsequent
to being activated, to enable the light unit to remain illu-
minated after the switch unit has been deactivated.
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Description

[0001] This application is a continuation-in-part of U.S.
Patent Application No. 13/079,158, filed April 4, 2011,
titled "Power Tool with Light Unit" and claims priority, un-
der 35 U.S.C. § 119(e), to U.S. Provisional Application
No. 61/321,699 filed April 7, 2010, titled "Condition Mon-
itoring Power Tool Assembly," and to U.S. Provisional
Application No. 61/487,864 filed May 19, 2011, titled
"Control System for Power Tool." Each of the foregoing
applications is incorporated herein by reference.
[0002] The present application relates generally to
handheld power tools. More particularly, the present ap-
plication relates to handheld power tools having a light
configured to shine onto a workpiece machined by the
power tool.
[0003] Power tools are often used in a variety of con-
ditions ranging from well-lit indoor work spaces to outside
construction sites or other areas that are not always well-
lit. Accordingly, it can be desirable to provide a method
or apparatus that permits a power tool to have a lighting
feature that will illuminate the workpiece that is being
worked on by the power tool. Such a lighting feature will
assist a user to be able to adequately see the workpiece
or work area that is being worked on by the power tool
even in substandard light conditions. It can also be de-
sirable for such a light unit to remain lit even when the
power tool is not being operated so that the power tool
can be used like a flashlight, or so that the user can easily
find a power tool in a darkened room or tool bag.
[0004] In an aspect, a power tool includes a housing
able to be coupled to an electrical power source. A motor
is contained in the housing and connectable to the power
source by a motor control circuit configured to control
output speed of the motor. A light unit is coupled to the
housing, configured to illuminate a work surface, and
connectable to the power source by a light unit control
circuit configured to control illumination of the light unit.
A switch unit is coupled to the housing and selectively
operable by the user to control the operation of the motor
control circuit and the light unit control circuit. The light
unit control circuit causes the light unit to illuminate at a
first brightness level when the switch unit is actuated,
and at a second brightness level when the switch unit is
released, the second brightness level being less than the
first brightness level.
[0005] Implementations of this aspect may include one
or more of the following features. The light unit control
circuit may include a first resistor and a second resistor
wired in parallel between the power source and the light
unit, the second resistor having greater resistance than
the first resistor, so that current is permitted to flow
through the first resistor when the switch unit is actuated
and current is prevented from flowing through the first
resistor when the switch unit is released. The resistance
of the second resistor may be at least approximately one
hundred times the resistance of the first resistor. The light
control circuit may include a light unit switch that closes

to cause current to flow through the first resistor when
the switch unit is actuated, and that opens to prevent
current from flowing through the first resistor when the
switch unit is released. The light unit switch may include
one of an electronic switch or electromechanical switch
that is closed by actuation of the switch unit. The light
unit control circuit may include a timer configured to
cause the light unit switch to remain closed a predeter-
mined amount of time after the switch unit is one of ac-
tuated or released. The timer may include one of a mi-
croprocessor, a digital timer circuit or an analog timer
circuit. A fader may causes the light unit to gradually fade
between the first brightness level and the second bright-
ness level.
[0006] In another aspect, a power tool includes a hous-
ing able to be coupled to an electrical power source. A
motor is contained in the housing and connectable to the
power source by a motor control circuit configured to con-
trol output speed of the motor. A light unit is coupled to
the housing, configured to illuminate a work surface, and
connectable to the power source by a light unit control
circuit configured to control illumination of the light unit.
A switch unit is coupled to the housing and selectively
operable by the user to control the operation of the motor
control circuit and the light unit control circuit. The light
unit control circuit includes a timer configured to cause
the light unit to illuminate a first brightness level when
the switch unit is actuated, and to remain illuminated at
the first brightness level for a predetermined time period
after the trigger is actuated, where the predetermined
time period restarts if the switch unit is not deactivated
before the end of the predetermined time period.
[0007] Implementations of this aspect may include one
or more of the following features. The light control circuit
may include a light unit switch coupled to the switch unit
and the timer, so that the light unit switch closes to cause
current to flow to the light unit when the switch unit is
actuated, and that opens to prevent current from flowing
to the light unit when the predetermined time period ex-
pires. The light unit switch may include one of an elec-
tronic switch or electromechanical switch that is closed
by actuation of the switch unit. The timer may be config-
ured to cause the light unit switch to remain closed a
predetermined amount of time after the switch unit is ac-
tuated. The timer may include one of a microprocessor,
a digital timer circuit or an analog timer circuit. The light
unit control circuit may include a fader that causes the
light unit to gradually fade between the first brightness
level and the second brightness level. The light unit con-
trol circuit may cause the light unit to illuminate at a sec-
ond brightness level that is less than the first brightness
level when the switch unit is deactivated and the prede-
termined time period has expired. The light unit control
circuit may further include a first resistor and a second
resistor wired in parallel between the power source and
the light unit, the second resistor having greater resist-
ance than the first resistor, wherein current is permitted
to flow through the first resistor when the switch unit is
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actuated and current is prevented from flowing through
the first resistor when the switch unit is released. The
resistance of the second resistor is at least approximately
one hundred times the resistance of the first resistor. The
light control circuit may further include a light unit switch
that closes to cause current to flow through the first re-
sistor when the switch unit is actuated, and that opens
to prevent current from flowing through the first resistor
when the switch unit is released and the predetermined
time period has expired. The switch unit may include a
trigger that can travel relative to the housing, and the
timer senses a position of the trigger and causes the pre-
determined time period to restart when the position of
the trigger changes without the trigger being deactivated.
[0008] In another aspect, a power tool includes a hous-
ing able to be coupled to an electrical power source, a
tool holder coupled to the housing, and a motor contained
in the housing and connectable to the power source by
a motor control circuit. The motor control circuit includes
a microprocessor configured to control output speed of
the motor. A transmission connects the motor to the tool
holder, such that rotation of the motor causes rotation of
the tool holder. A light unit is coupled to the housing, is
configured to illuminate a work surface, and is connect-
able to the power source by a light unit control circuit.
The light unit control circuit includes a first resistor and
a second resistor wired in parallel between the power
source and the light unit. The second resistor has greater
resistance than the first resistor. A transistor is in series
with the first resistor and the light unit. A timer connects
to a gate of the transistor. A trigger is coupled to the
housing. the motor control circuit and the light unit control
circuit. The trigger is selectively operable by the user to
control the operation of the motor control circuit and the
light unit control circuit. When the trigger is actuated, the
motor is activated by the microprocessor, and the light
unit is illuminated at a first brightness level, and remains
illuminated at the first brightness level for a predeter-
mined time period after the switch unit is actuated. The
predetermined time period restarts if the trigger remains
actuated at the end of the predetermined time period.
When the trigger is released, the motor is deactivated by
the microprocessor, and the light unit is illuminated at a
second brightness level that is less than the first bright-
ness level after the predetermined time period has ex-
pired.
[0009] In another aspect, a power tool includes a hous-
ing able to be coupled to an electrical power source, a
motor contained in the housing and selectively connect-
able to the power source, and a light unit coupled to the
housing and selectively connectable to the power source.
A switch unit is coupled to the housing. The switch unit
can be selectively activated to cause power to be deliv-
ered to the motor and to the light unit, and selectively
deactivated to cause power delivered to the motor to be
interrupted. A control circuit is connected to the switch
unit and to the light unit, and has a timer configured to
keep the light unit illuminated for a predetermined amount

of time after the switch unit has been activated or deac-
tivated. A boot circuit is connected to the control circuit.
The boot circuit is configured to connect the control circuit
and the light unit to the power source when the switch
unit is deactivated subsequent to being activated to en-
able the light unit to remain illuminated after the switch
unit has been deactivated.
[0010] Implementations of this aspect may include one
or more of the following features. The boot circuit may
connect the control circuit and the light unit to the power
source at least until the earlier of expiration of the pre-
determined amount of time or until the switch unit has
been activated a second time subsequent to being de-
activated. The control circuit may include a microcontrol-
ler programmed to control delivery of power to the motor
and to the light unit. The control circuit may include a first
electronic switch between the motor and the power
source, where the microcontroller controls operation of
the first electronic switch to control power delivery to the
motor. The control circuit may include a second electronic
switch between the light unit and the power source, where
the microcontroller controls operation of the second elec-
tronic switch to control power delivery to the light unit.
The boot circuit may include a semiconductor switch hav-
ing a first terminal connected to the power source on one
side of the switch unit and a second terminal connected
to the power source on an opposite side of the switch
unit, so that closing the semiconductor switch causes
power to be delivered to the control circuit and to the light
unit. The control circuit may cause power to flow through
the semiconductor switch when the control circuit detects
that the switch unit has been deactivated. The control
circuit may periodically interrupt operation of the boot cir-
cuit and determine whether the switch unit has been ac-
tivated a second time subsequent to being deactivated
before expiration of the predetermined amount of time.
The control circuit may interrupt power flow through the
semiconductor switch if the control circuit determines that
the switch unit has been activated a second time subse-
quent to being deactivated before expiration of the pre-
determined amount of time. The control circuit may re-
start or stop the timer if the control circuit determines that
the switch unit has been activated subsequent to being
deactivated before expiration of the predetermined
amount of time.
[0011] In another aspect, a method of controlling illu-
mination of a light unit on a power tool connectable to a
power source, and having a motor and a switch unit in-
cludes the following: providing a control circuit connect-
able to the power source for controlling power delivery
to the motor and to the light unit; determining when the
switch unit has been activated; when the switch unit is
activated, enabling power to flow to the motor and to the
light unit; determining when the switch unit has been de-
activated subsequent to being activated; when the switch
unit has been deactivated subsequent to being activated,
interrupting power delivery to the motor, maintaining
power delivery to the light unit for a predetermined
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amount of time after the switch unit has been activated
or deactivated, and activating a boot circuit to continue
delivering power to the control circuit and to the light unit.
[0012] Implementations of this aspect may include one
or more of the following features. Activating the boot cir-
cuit may include keeping the boot circuit active until at
least the earlier of expiration of the predetermined
amount of time or the switch unit is activated a second
time subsequent to being deactivated. The control circuit
may include a microcontroller programmed to drive the
motor and the light unit.
[0013] Enabling power delivery to the motor may in-
clude controlling operation of a first electronic switch be-
tween the motor and the power source to control power
delivery to the motor. Enabling power delivery to the light
unit may include controlling operation of a second elec-
tronic switch between the light unit and the power source
to control power delivery to the light unit. The method
may include periodically interrupting operation of the boot
circuit and determining whether the switch unit has been
activated a second time subsequent to being deactivated
before expiration of the predetermined amount of time.
The method may further include deactivating the boot
circuit if the switch unit has been activated a second time
subsequent to being deactivated before expiration of the
predetermined amount of time. The method may further
include restarting or stopping a timer for the light unit if
the switch unit has been activated a second time subse-
quent to being deactivated before expiration of the pre-
determined amount of time.
[0014] In another aspect, a control module for a power
tool having a motor, a light unit, and a switch unit for
selectively connecting the motor and the light unit to the
power source, includes the following. A controller is cou-
pled to a first electronic switch to control power delivery
to the motor based on a position of the switch unit, and
coupled to a second electronic switch to control power
delivery to the light source based on a position of the
switch unit. The controller also includes a timer config-
ured to keep the light unit illuminated for a predetermined
amount of time after the switch unit has been activated
or deactivated. A boot circuit is connected to the control-
ler, and includes a semiconductor switch configured to
continue to deliver power to the controller and to the light
unit when the switch unit is deactivated subsequent to
being activated. This enables the light unit to remain il-
luminated after the switch unit has been deactivated. In
one possible implementation of this aspect, the controller
periodically interrupts operation of the boot circuit and
determines whether the switch unit has been activated
a second time subsequent to being deactivated before
expiration of the predetermined amount of time, and, if
so, interrupts power flow through the semiconductor
switch, and restarts or stops the timer.
[0015] Advantages may include one or more of the fol-
lowing. The light may remain on in at a lower brightness
level when the tool is not in use to make it easier for a
user to locate the tool in a darkened room or in a tool

bag. The light may also be on a timer that starts when
the tool switch is activated and that restarts when the tool
switch changes position and/or if the tool switch is not
released when the timer expires to avoid the light timing
out and going OFF while the tools is still in operation.
The controller and light unit can remain powered even
after the trigger switch has been deactivated. These and
other advantages and features will be apparent from the
description, the drawings, and the claims.

FIG. 1 is a side view of a power tool with a light unit
near the tool holder.
FIG. 2 is a partial perspective view of the light unit
of FIG. 1
FIG. 3 is a perspective view of a power tool with a
light unit above the trigger and below the chuck.
FIG. 4 is schematic view of a first embodiment of a
power tool circuit that includes a light unit control
circuit and a motor control circuit.
FIG. 5 is a timing diagram showing operation of the
light unit control circuit of FIG. 4.
FIG. 6 is a schematic view of a second embodiment
of a power tool circuit that includes a light unit control
circuit and a motor control circuit.
FIG. 7A is a schematic view of an analog embodi-
ment of the light unit control circuit of FIG. 6.
FIG. 7B is a schematic view of another analog em-
bodiment of the light unit control circuit of FIG. 6.
FIG. 7C is a schematic view of a yet another analog
embodiment of the light unit control circuit of FIG. 6.
FIG. 8 is a schematic view of another analog em-
bodiment of the light unit control circuit of FIG. 6.
FIG. 9A is a timing diagram showing operation of the
light unit control circuits of FIGS. 6 and 7A-7C.
FIG. 9B is a timing diagram showing operation of the
light unit control circuits of FIGS. 6 and 8.
FIG. 10A is a schematic view of a third embodiment
of a power tool circuit that includes a light unit control
circuit and a motor control circuit.
FIG. 10B is a schematic view of an analog embodi-
ment of the light unit control circuit of FIG, 10A.
FIG. 11 is a timing diagram showing operation of the
light unit control circuits of FIGS. 10A and 10B.
FIG. 12 is a schematic view of a fourth embodiment
of a power tool circuit that includes a light unit control
circuit and a motor control circuit.
FIG. 13 is a timing diagram showing one embodi-
ment of the operation of the light unit control circuit
of FIG. 12.
FIG. 14 is a timing diagram showing another embod-
iment of the operation of the light unit control circuit
of FIG. 12.
FIG. 15 is a schematic diagram showing a fifth em-
bodiment of a power tool circuit that includes a light
unit control circuit and a motor control circuit.
FIG. 16 is a timing diagram showing one embodi-
ment of the operation of the light unit control circuit
of FIG. 15.
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FIG. 17 is a timing diagram showing another embod-
iment of the operation of the light unit control circuit
of FIG. 15.

[0016] FIGS. 1 and 2 illustrate an embodiment of a
power tool with a light unit. The power tool, in this case
a powered driver 20, has a housing 22 with, e.g., a clam
shell type or other suitable type of configuration. The pow-
er driver 20 includes a nose portion 23 located at a front
portion of the housing 22 and a handle 24 that projects
downwardly from the housing 22. Coupled to the bottom
of the handle 24 is a battery 26 that provides power to a
motor (not shown) disposed inside the housing.
[0017] Coupled to the front of the nose portion 23 is
an end effector in the form of a quick-release tool holder
28 that is connected to the motor by a transmission (not
shown), e.g., a planetary gear transmission, and an out-
put spindle (not shown) that transmits rotational move-
ment of the motor to the tool holder 28. The tool holder
28 is configured to hold an accessory or tool such as a
drill bit or a driving type accessory such as a Philips or
standard screwdriver bit. Other types of tools or acces-
sories may be held and used in the tool holder 28 as can
appreciated by one skilled in the art. Examples of tool
holders that may be used in accordance with this em-
bodiment invention may be include quick change tool
holders similar to those found on products such as a
DC825KA Impact Driver and a DC815KA Impact Driver
that are manufactured and marketed by the DeWalt In-
dustrial Tool Company of Baltimore, Maryland.
[0018] Coupled to the handle 24 just below the housing
22 is a switch unit 31 that includes a trigger 30. The trigger
30 is coupled to one or more electronic switches inside
of the switch unit 30 so that movement of the trigger 30
selectively provides power from the battery 26 to the mo-
tor, in order to control the speed and/or torque output of
the motor. For example, the switch unit 31 may control
the motor as described in one of the aforementioned U.S.
Provisional Application Nos. 61/321,699 and/or
61/487,864, to which this application claims priority.
[0019] The power driver 20 also includes a clutch collar
34 near the tool holder 28 that may be rotated to adjust
the maximum torque output of the transmission. Different
angular positions of the clutch collar 34 may provide dif-
ferent amounts of maximum torque to the tool holder 28.
A numbered scale 36 may appear on the clutch collar 34
in order to provide a user an indication of the setting of
the clutch collar 34. An indicator 37 may be located on
the nose portion 23. The indicator 37 may provide a ref-
erence for the user for determining the angular position
of the clutch collar 34 and a reference point for comparing
the numbers on the numbered scale 36. The clutch collar
34 also can provide protection for interior portions of the
power driver 20, particularly the transmission and other
internal components of the power driver 20 that may be
mounted in the nose portion 23.
[0020] An example of a clutch and transmission that
may work in accordance with the invention is shown in

U.S. Pat. No. 7,066,691 which is incorporated by refer-
ence in its entirety. Of course, other types of collars may
be used in accordance with the invention. For example,
in some embodiments, a collar near the tool holder may
control functions in addition to or instead of a clutch, e.g.,
drill/hammer mode selection, gear shifting, power on/off,
variable speed control, or other rotating collar control
mechanisms. This specification refers to the clutch collar
as an example but does not limit embodiments in accord-
ance with the invention to tools having clutch collars.
[0021] Located on the front portion of the power tool
20 and just behind the tool holder 28 is a light unit 38
configured to illuminate the work surface. The light unit
38 is located within a recess 39 of the clutch collar 34.
The light unit 38 includes a plurality of light emitting di-
odes (LEDs) 42 located at various points around an an-
nular printed circuit board, which is connected by wires
to the switch unit or to a controller, such a microproces-
sor. While the illustrated embodiment shown in FIG. 2
illustrates three LEDs. any number of LEDs may be used.
The light unit also 38 includes a transparent cover 40 that
protects interior components of the light unit from mois-
ture and contaminants. The switch unit 30 controls power
delivery to and illumination of the LEDs, as described in
more detail below.
[0022] FIG. 3 illustrates an embodiment of a power tool
with a light unit. The power tool, in this case a power drill
320, has a housing 322 with, e.g., a clam shell type or
other suitable type of configuration, and a handle 324
that projects downwardly from the housing 322. Coupled
to the bottom of the handle 324 is a battery 326 that pro-
vides power to a motor (not shown) disposed inside the
housing.
[0023] Coupled to a front of the housing 322 is an end
effector in the form of a chuck 328 (e.g., a keyless chuck)
that is connected to the motor by a transmission (not
shown), e.g., a planetary gear transmission, and an out-
put spindle (not shown) that transmit rotational move-
ment of the motor to the chuck 328. The chuck 328 is
configured to hold an accessory or tool such as a drill bit
or a driving type accessory such as a Philips or standard
screwdriver bit. Other types of tools or accessories may
be held and used in the chuck 328 as can appreciated
by one skilled in the art. Examples of chucks that may
be used in accordance with this embodiment may be a
7000 Series chuck manufactured and marketed by the
Jacobs Chuck Manufacturing Company of Clemson,
South Carolina.
[0024] Coupled to the handle 324 just below the hous-
ing 322 is a switch unit 331 that includes a trigger 330.
The trigger 330 is coupled to one or more electronic
switches inside of the switch unit 331 so that movement
of the trigger 330 selectively provides power from the
battery 326 to the motor, in order to control the speed
and/or torque output of the motor. For example, the
switch unit 331 may control the motor as described in the
aforementioned U.S. Provisional Application No.
61/321,699, to which this application claims priority.
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[0025] The power drill 320 also includes a clutch collar
334 near the chuck 328 that may be rotated to adjust the
maximum torque output of the transmission. Different an-
gular positions of the clutch collar 334 may provide dif-
ferent amounts of maximum torque to the chuck 328. A
numbered scale may appear on the clutch collar 334 in
order to provide a user an indication of the setting of the
clutch collar 334. An example of a clutch and transmis-
sion that may work in accordance with the invention is
shown in U.S. Pat. No. 7,066,691 which is incorporated
by reference in its entirety. Of course, other types of col-
lars may be used in accordance with the invention. For
example, in some embodiments, a collar near the tool
holder may control functions in addition to or instead of
a clutch, e.g., drill/hammer mode selection, gear shifting,
power on/off, variable speed control, or other rotating col-
lar control mechanisms. This specification refers to the
clutch collar as an example but does not limit embodi-
ments in accordance with the invention to tools having
clutch collars.
[0026] Located on the front portion of the housing 322,
just above the trigger 330 and just below the chuck 328
and clutch collar 334 is a light unit 338 configured to il-
luminate the work surface. The light unit 38 includes one
or more light emitting diodes (LED) 342 which is connect-
ed by wires to the switch unit or to a controller, such a
microprocessor. While the illustrated embodiment shown
in FIG. 3 illustrates a single LED, any number of LEDs
may be used. The LED 342 may also include a transpar-
ent cover or lens that protects interior components of the
light unit from moisture and contaminants and/or that fo-
cuses or redirects the light from the LED 342. The switch
unit 331 controls power delivery to and illumination of the
LED 342, as described in more detail below.
[0027] There are numerous other possible configura-
tions of light units attached to power tools that are within
the scope of the claimed invention. For example, the pow-
er tools can have the configurations shown in U.S. Patent
Application Nos. 12/379585 (filed 2/25/2009, titled "Light
For A Power Tool And Method Of Illuminating A Work-
piece"), 12/859036 (filed 8/18/2010, titled "Power Tool
With Light Emitting Assembly"), and 12/895051 (filed
9/30/2010, titled "Power Tool With A Light For Illuminat-
ing A Workpiece"), each of which are incorporated herein
by reference. The motors and light units in these and
other power tools can be controlled by one or more of
the following control circuits.
[0028] FIG. 4 illustrates one exemplary embodiment
of a control circuit 400 for a power tool having a power
source 430, a motor 420, a light unit 412, and a switch
unit 440. The switch unit 440 selectively connects the
motor 420 to the power source 430 via a motor control
circuit 401, and selectively connects the light unit 412 to
the power source 430 via a light unit control circuit 402.
Actuation and operation of the switch unit 412 by the user
of the power tool controls operation of the motor 420 and
the light unit 412.
[0029] The power source 430 may be any suitable type

of electrical power source, such as a direct current (DC)
battery or alternating current (AC), e.g., from a wall outlet.
In addition, or in the alternative, the power source 430
may include components or circuitry (not shown) to con-
vert a DC power source to an AC signal, and vice versa,
by means known in the art. The motor 420 may be any
suitable type of motor that rotates when power is applied
from the power source, such as a universal motor, a
brushed DC motor, an AC motor, or a brushless motor.
The light unit may include one or more of any type of
suitable light source, such as one or more incandescent
bulbs, fluorescent bulbs, or LEDs, connected to one an-
other in series and/or in parallel.
[0030] The switch unit 440 comprises any type of
switch that can be actuated by the user to selectively
connect the power source 430 to the motor control circuit
401 and/or the light unit control circuit 402. For example,
the switch unit may include an on-off button coupled to
the housing that is coupled to one or more make-or-break
switches or an electronic switches (e.g., a transistor, a
triac, etc.) in the switch unit, for connecting the power
source to the motor control circuit and for connecting the
power source to the light unit control circuit. Alternatively,
the switch unit may include a variably displaceable button
on the housing, such as the trigger 30 or trigger 330 that
variably controls an amount of power delivered to the
motor. Such a trigger may be coupled to a make-or-break
or electronic switch for connecting the power source to
the light unit circuit and the motor control circuit, and/or
to a potentiometer or another type of electronic switch
sensor that senses the position of the trigger and enables
the controller to control the amount of power to be deliv-
ered to the motor based upon the trigger position. Such
a switch unit is described in the aforementioned U.S. Pro-
visional Application No. 61/321,699, to which this appli-
cation claims priority. In one particular embodiment, the
switch unit 440 may comprise two separate buttons or
switches on the housing that are connected to two sep-
arate make-or-break or electronic switches, one of which
connects the power source to the light unit control circuit
402 and the other of which connects to the power source
to the motor control circuit. Of course, other types and
configurations of switch units are within the scope of the
invention, as will be appreciated by one of ordinary skill
in the art.
[0031] The motor control circuit 401 contains a con-
troller 422 (e.g., a microprocessor, an open or closed
loop feedback circuit, and/or a pulse width modulation
(PWM) control circuit) that controls the amount of power
delivery to the motor 420. The controller 422 controls the
amount of power delivered to the motor based on factors
such as switch unit position 440, power from the power
source 430, motor speed, output torque, etc.
[0032] The light unit control circuit 402 comprises a
light unit switch 406, a first resistor R1 and the light unit
412 connected to the power source 430 in series, and a
second resistor R2 connected to the light unit 412 and
the power source 430 in parallel with the light switch unit
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406 and first resistor R1. The resistance of resistor R2
is greater than the resistance of the resistor R1 (e.g.,
approximately 100 to 1000 times greater). For example,
resistor R1 can have a resistance of approximately 700Ω,
while resistor R2 can have a resistance of approximately
700kΩ.
[0033] The light unit switch 406 is also connected to
the switch unit 440 to cause the light switch unit 406 to
close or open when the switch unit 440 is activated or
released. For example, the light switch unit may comprise
a transistor with the switch unit 440 connected to the gate
of the transistor such that current flows through the tran-
sistor only when the switch unit is activated. For example,
the light unit switch 406 can be an NPN, PNP, nFET,
pFET, triac, diac, or other type of transistor or electronic
switch, or an electromechanical relay switch, as will be
understood to one having ordinary skill in the art.
[0034] When the switch unit 440 is activated, this caus-
es the light unit switch 406 to close and current to flow
primarily through the first resistor R1 to the light unit 412
(i.e., the path of least resistance). Since the resistance
of resistor R1 is relatively small, there is little loss across
resistor R1 so that the light unit 412 illuminates at a first
brightness that is relatively bright. When the switch unit
is not actuated 440, this causes the light unit switch 406
to open, which causes the current to flow only through
the second resistor R2 to the light unit 412. Because the
resistance of resistor R2 is much greater than R1, there
are greater losses across resistor R2 and the light unit
412 is illuminates at a second brightness that is much
lower or dimmer than the first brightness. In this manner,
the power tool light unit illuminates brightly when the
switch unit is activated and dimly when the switch unit is
released. For example, the light unit brightness at the
first brightness could be approximately ten times the
brightness at the second brightness. In one possible em-
bodiment, the light unit could be an LED with a first bright-
ness of approximately 5 lumens and a second brightness
of approximately 0.5 lumens.
[0035] FIG. 5 is a timing diagram showing the opera-
tion of the control circuit of FIG. 4. At time t0, the switch
unit is deactivated, and the light unit illuminates at the
second, dim brightness level. At time t1, the switch unit
is activated, and the light unit illuminates at the first, high-
er brightness level. At time t2, the switch unit is deacti-
vated, and the light unit again illuminates at the second,
dim brightness level.
[0036] FIG. 6 illustrates another exemplary embodi-
ment of a control circuit 600 for a power tool having a
power source 630 and a switch unit 640 that are config-
ured similarly to the power source 430 and switch unit
440 of FIG. 4. In the embodiment of FIG. 6, the power
source 630 is a DC battery (e.g., a battery rated at ap-
proximately 18V and approximately 2.4 amp hours) and
the switch unit 640 is a single-stage contact switch, but
it should be understood that the power source and switch
unit can have any of the implementations described with
respect to FIG. 4.

[0037] The switch unit 640 is connected to a motor
control circuit 601 having a motor 620 and controller 622
that are configured the same as the motor control circuit
401 of FIG. 4. It should be understood that motor control
circuit 601 and its components can have any of the im-
plementations of the motor control circuit 401 and its com-
ponents as described with respect to FIG. 4.
[0038] The switch is also connected to a light unit con-
trol circuit 602 having a light switch in the form of a tran-
sistor 606 (e.g., an NPN, PNP, nFET, or pFET transistor),
a first resistor 608 having a small resistance (e.g. approx-
imately 700Ω), a light unit in the form of an LED 612 (e.g.,
a 20mA LED) and a second resistor 610 having a resist-
ance much greater (e.g., approximately 100 to 1000
times greater) than the first resistor 608 (e.g., approxi-
mately 700kΩ), that are arranged the same and corre-
spond to the light unit switch 406, the first resistor R1,
the light unit 412, and the second resistor R2 of FIG. 4.
It should be understood that the light unit control circuit
602 and its components can have any similar implemen-
tations to the light unit control circuit 402 and its analo-
gous components as described with respect to FIG. 4.
[0039] The light unit control circuit 602 differs from the
light unit control circuit 402 in that it also includes a timer
604 that is disposed between the switch unit 640 and the
gate of the transistor 606. The timer 604 controls the
opening and closing of the transistor 606 so that current
flows through the transistor 606 for a predetermined time
either after the switch 640 has closed or after the switch
640 has opened. When the timer 604 is biasing the gate
of the transistor 606, current will flow mainly through the
first resistor 608 (the path of least resistance) and through
the LED 612, so that the LED 612 will illuminate at a first,
high brightness level (e.g., approximately 5 lumens).
When the timer 604 has expired, the timer will no longer
bias the gate of the transistor 606, and current will no
longer flow through the first resistor 608, but will instead
flow only through the second resistor 610. By selecting
a resistance for the second resistor 610 that is large
enough, only a small current will flow through the tool
LED 612 thereby illuminating the LED 612 at a second
brightness level (e.g., approximately 0.5 lumens) that is
substantially lower than the first brightness level.
[0040] The timer 604 shown in FIG. 6 may comprise a
microcontroller or processor having a time that is pro-
grammed so that the timer starts either upon the switch
640 being activated or upon the switch 640 being re-
leased or deactivated. Since the switch 640 also controls
operation of the controller 622, the timer 604 can be in-
corporated into the controller 622. It should also be un-
derstood that the timer 604 may be connected to a sep-
arate switch connected to the power source 630 other
than the switch 640 so that the timer operates independ-
ently of switch 640.
[0041] The timer 604 may also comprise an analog
timer circuit. For example, FIGS. 7A-7C illustrate three
embodiments of analog timer circuits that have a timer
that starts upon release or deactivation of the switch unit
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604, while FIG. 8 illustrates an embodiment of an analog
timer circuit that has a timer that starts upon activation
of the switch unit 604. In FIGS. 7A-7C and 8, elements
that are common to the embodiment of FIG. 6 have been
given the same reference number. Those elements in-
clude the battery 630, the switch unit 640, the LED 612,
the first smaller resistor 608, and the second larger re-
sistor 610.
[0042] In FIG. 7A, the light unit switch comprises a tran-
sistor 712 with a gate that is biased when the switch 640
is closed so that current flows mainly through the LED
612 and the first resistor 608 so that the LED 612 is illu-
minated at the first higher brightness level. Further, a
capacitor 706 is charged during the period when the
switch 640 is closed. Once the switch 640 is opened, the
capacitor 706 will discharge, and continue to bias the
gate of the transistor 712 so that the LED 612 continues
to illuminate at the first higher brightness level. The du-
ration of the timer is dependent on the values of the ca-
pacitor 706 and a resistor 705 connected in series the
capacitor 706, as will be understood to one of ordinary
skill in the art. For example, the capacitor 706 can have
a capacitance of approximately 1PF, while the resistor
705 can have a resistance of approximately 2.2kΩ. Once
the capacitor 706 is discharged, the gate of the transistor
712 will no longer be biased, and current will flow to the
LED 612 through the second larger resistor 610, where
the résistance of the resistor 610 is much greater than
the resistance of the resistor 608 (e.g., 100 to 1000 times
greater). When the current flows through the resistor 610,
the LED 612 illuminates at the second brightness level
that is substantially lower than the first brightness level.
[0043] In FIG. 7B, the circuit is designed so that the
light unit switch and the switch unit 640 are one in the
same. When the switch 640 is actuated or closed, current
will flow from the battery 630 to the LED 612, mainly via
the first smaller resistor 608 and the switch 640, largely
bypassing second larger resistor 610 that is in parallel
with the switch 640, so that the LED 612 illuminates at a
first higher brightness level. At the same time, a capacitor
714 is charged. When the switch 640 is opened or re-
leased, the current will flow from the positive plate of a
capacitor 714 through the LED 612 and first resistor 608
and back to the negative plate of the capacitor 714. The
capacitor 714 has a very high capacitance such that the
capacitor 714 powers the LED 612 when the switch 640
is opened. The duration of the timer is dependent on the
selected value of the capacitor 714. For example, the
capacitor 714 can have a capacitance of approximately
20mF. Once the capacitor 714 is discharged, the current
will flow from the battery 630 to the LED 612, via the first
smaller resistor 608 and the second larger resistor 610.
Because the resistance of the resistor 610 is very high
in comparison to that of the resistor 608, the LED will
illuminate at a second brightness level that is substan-
tially less than the first brightness level.
[0044] In FIG. 7C, the light unit switch is a positive junc-
tion or MOFSET transistor 724 interposed between the

LED 612 and the battery 630, such that a current always
flows through the transistor 724. When the switch 640 is
closed, the gate of the transistor 724 is biased and the
full current flows through the LED 612 and the first smaller
resistor 608 such that the LED illuminates at a first higher
brightness level, while a capacitor 720 is also charged.
Once the switch 640 is opened, the capacitor 720 is dis-
charged. While the capacitor 720 is discharging, the gate
of the transistor 724 will remain biased until the capacitor
720 is discharged such that the LED continue to illumi-
nate at the first brightness level. Once the capacitor 720
is discharged, the transistor 724 operates in a linear re-
gion to limit the current flowing through it, such that cur-
rent flows to the LED 612 mainly via the second larger
resistor 610. The duration of the timer depends on the
capacitance of the capacitor 720 and the resistance of a
resistor 722. For example, the capacitor 720 can have a
capacitance of approximately 1PF, while the resistor 722
can have a resistance of approximately 2.2kΩ. The re-
sistance of the second resistor 610 is much greater than
the resistance of the first resistor 608 (e.g., 100 to 1000
times greater) such that the LED illuminates at a second
brightness level that is substantially less than the first
brightness level.
[0045] FIG. 8 illustrates an embodiment of an analog
timer circuit that has a timer that starts upon activation
of the switch unit 640 to cause the LED 604 to illuminate
at the first higher brightness level. In this embodiment,
the light unit switch is a thyristor 820 that continues to
conduct current once a sufficient voltage is applied to the
gate, even after the voltage applied to the gate is re-
moved. The positive terminal of the battery 630 is con-
nected to the LED 604 by the first smaller resistor 608
and the thyristor 820 wired in series with each other. The
negative terminal of the battery 630 is connected to the
LED 604 by a capacitor 822 and the second larger resis-
tor 610 wired in parallel with each other. The positive
terminal of the battery is also connected to the gate of
the thyristor 820. When the switch unit 640 is closed, the
thyristor 820 becomes conductive, such the current flows
substantially through the first smaller resistor 608, the
thyristor 820, the LED 604, and the capacitor 822, which
illuminates the LED at the first higher brightness level,
and current will continue to flow through the thyristor even
if the switch unit 640 is opened. Once the capacitor has
become fully charged (i.e., the timer expires), its effective
resistance becomes infinite, and the current now flows
through the first smaller resistor 608, the thyristor 820,
the LED 604, and the second larger resistor 610, such
that the LED now illuminates at the second lower bright-
ness level.
[0046] FIG. 9A is a timing diagram that shows an ex-
ample of operation of the switch unit 640 and light unit
612 where the timer starts upon deactivation or release
of the switch 640, as illustrated in FIGS. 6 and 7A-7C. At
time t0, the switch is deactivated, and the LED illuminates
at the second lower brightness level. At time t1, the switch
is activated, and the LED illuminates at the first, higher
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brightness level. At time t2, the switch is deactivated, and
the timer starts to maintain the LED illumination at the
first higher brightness level for a duration ∆t. At time t3,
the timer duration ∆t expires, and the LED returns to being
illuminated at the second lower brightness level.
[0047] FIG. 9B is a timing diagram that shows an ex-
ample of operation of the switch unit 640 and light unit
612 where the timer starts upon activation of the switch
640, as illustrated in FIGS. 6 and 8. At time t0, the switch
is deactivated and the LED illuminates at the second low-
er brightness level. At time t1, the switch is activated, the
LED illuminates at the first, higher brightness level, and
the timer starts to maintain the LED illumination at the
first, higher brightness level for a duration ∆t. At time t2,
the switch is deactivated, but the timer duration ∆t has
not expired, so the LED continues to illuminate at the first
brightness level until the timer expires. At time t3, the
timer expires, and the LED illuminates at the second low-
er brightness level. At time t4, the switch is again acti-
vated, and the LED illuminates at the first higher bright-
ness level, while the timer again starts for a duration ∆t.
At time t5, the switch is still activated, but the timer du-
ration ∆t has expired, so that LED returns to being illu-
minated at the second lower brightness level. At time t6,
the switch is deactivated, while the LED continues to be
illuminated at the second lower brightness level.
[0048] FIG. 10A shows another embodiment of a light
control circuit, similar to the one shown in FIG. 6, where
like reference numerals show like components. FIG. 10
differs from FIG. 6 in that the timer 604 of FIG. 6 has
been replaced with a timer and fader in the form of a
timer/PWM module 1004. In this circuit, when the switch
640 is open, the current passes to the LED 612 through
the second, larger resistor 610, so that the LED 612 is
illuminated at the second, lower brightness level (e.g.,
approximately 0.5 lumens). When the switch 640 is
closed, the timer/PWM module 1004 applies a pulse
width modulation (PWM) voltage for a brief time to the
gate of the transistor 606 so that the brightness of the
LED gradually increases from the second brightness lev-
el to the first, higher brightness level (e.g., 5 lumens).
While the switch 640 remains closed the timer/PWM
module 1004 continues to apply a voltage to the gate of
the transistor 606 so that current mainly flows to the LED
612 via the first smaller resistor 608, and the LED 612
continues to illuminate at the first, higher brightness level.
When the switch 640 is opened or released, the tim-
er/PWM continues to apply a full voltage to the gate of
the transistor 608 for a predetermined period of time so
that the LED remains ON at the first high brightness level.
When the timer expires, the timer/PWM module 1004
applies a PWM voltage for a second predetermined pe-
riod of time to the gate of the transistor 606 so that the
brightness of the LED 612 gradually fades from the first
brightness level to the second brightness level. The rate
of the fade can be linear over time, or the rate can change
over time, according to the programming of the tim-
er/PWM module, as will be understood to those of ordi-

nary skill in the art.
[0049] FIG. 10B shows an analog embodiment of the
light control circuit of FIG.. 10A that causes the light to
gradually increase from the second brightness level to
the first brightness level when the switch is actuated, and
to gradually fade from the first high brightness level to
the second lower brightness level after a timer expires.
In FIG. 10B, elements that are common to the embodi-
ment of FIG. 10 have been given the same reference
number (i.e., the battery 630, switch 640, LED 612, first
smaller resistor 608, and second larger resistor 610). The
LED 612 is connected to the battery 630 in series by the
first smaller resistor 608 and the second larger resistor
610. The circuit also includes a transistor 1016 with the
switch unit 640 connected to the gate by a Zener diode
1020 (e.g., a 5.1V Zener diode), and a third resistor 1022
(e.g. 5.1 kΩ), and a fourth resistor 1024 (e.g., 4 kΩ) con-
nected in series. There is also a capacitor 1026 (e.g.,
1000 PF) and a fifth resistor 1028 (e.g., 10 kΩ) in parallel
between the positive terminal of the battery 630 and a
node between the third and fourth resistors 1022, 1024.
[0050] Before the switch unit 640 is actuated (opened),
current flows through the second larger resistor 610, the
LED 612, and the first smaller resistor 608, so that the
LED illuminates at the second lower brightness level.
When the switch 640 is actuated (closed), a voltage ap-
plied to the gate of the transistor gradually increases as
the capacitor 1026 charges, so that current flowing to the
LED 612 gradually shifts to substantially bypassing the
second larger resistor 610, causing the LED 612 to grad-
ually increase in brightness to the first higher brightness
level. When the switch is deactivated (opened), the ca-
pacitor 1026 discharges 1012 to keep voltage applied to
the gate of the transistor 1016 for a predetermined period
of time so that the LED 612 remains illuminated at the
first brightness level before gradually fading to the sec-
ond brightness level as current begins to flow through
the second resistor 610.
[0051] FIG. 11 is a timing diagram that that shows an
example of operation of the switch unit and light unit
where the timer starts upon deactivation or release of the
switch and the light fades upon expiration of the timer,
as illustrated in FIGS. 10A and 10B. At time t0, the switch
is deactivated, and the LED illuminates at the second
lower brightness level. At time t1, the switch is activated,
and the LED gradually increases in brightness until time
t2 when it becomes illuminated at the first, higher bright-
ness level. At time t3, the switch is deactivated, and the
timer maintains the LED illumination at the first higher
brightness level for a duration ∆t until time t4. At time t4,
the LED brightness gradually fades from the first higher
brightness level to the second lower brightness level at
time t5.
[0052] FIG. 12 illustrates another exemplary embodi-
ment of a control circuit 1200 for a power tool having a
power source 1230 (e.g., a DC battery) and a switch unit
1240 that are configured similarly to the power source
430 and switch unit 440 of FIG. 4. It should be understood
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that the power source 1230 and the switch unit 1240 can
have many other implementations, including those de-
scribed with respect to FIG. 4.
[0053] The switch unit 1240 is connected to a motor
control circuit 1201 having a motor 1220 and controller
1222 that are configured the same as the motor control
circuit 401 of FIG. 4. It should be understood that the
components of the motor control circuit 1201 can have
any of the implementations of the components of the mo-
tor control circuit 401 as described with respect to FIG. 4.
[0054] The switch unit 1240 is also connected to a light
unit control circuit 1202 having a light switch in the form
of a transistor 1206 (e.g., an NPN, PNP, nFET, or pFET
transistor) connected in series between the battery 1230
(e.g., an 18V battery) and the light unit in the form of an
LED 1212 (e.g., a 20 mA LED), which are arranged the
same and correspond to the components of the light unit
control circuit 402 of FIG. 4. The light unit control circuit
1202 also includes a timer 1204 that is disposed between
the switch 1240 and the gate of the transistor 1206. It
should be understood that the components of the light
control circuit 602 can have any of the implementations
of the components of the light control circuits 402 and
602 as described with respect to FIGS. 4 and 6.
[0055] The timer 1204 is connected to the gate of the
transistor 1206 to control the opening and closing of the
transistor 1206. When the timer 1204 is biasing the gate
of the transistor 1206, current will flow through the LED
1212, so that the LED 1212 will illuminate. When the
switch 1240 is open and the timer 1204 has expired, the
timer 1204 will no longer bias the gate of the transistor
1206, and current will no longer flow through the LED
1212, so that the LED 1212 will not illuminate.
[0056] The timer 1204 shown in FIG. 12 may comprise
a microcontroller or processor that is programmed so that
the timer starts upon the switch 1240 being activated or
deactivated. The timer 1204 also senses the position of
the switch unit 1240 (e.g., via a potentiometer, a Hall
sensor, or some other means that may be a separate
component or may be built into one of the timer or the
switch). In one embodiment, the timer restarts itself every
time that it senses that the position of the switch 1240
has been changed by a predetermined amount without
being completely released or deactivated. In another em-
bodiment, the timer restarts if the timer expires and the
switch 1240 is still actuated when the timer expires, re-
gardless of whether the switch has been deactivated in
the interim. Since the switch 1240 also controls operation
of the motor controller 1222, the timer can be incorporat-
ed into the motor controller 1222. It should also be un-
derstood that the timer 1204 may be connected to a sep-
arate switch connected to the power source 1230 other
than the switch 1240 so that the timer operates independ-
ently of switch 1240. It is further envisioned that analog
circuits can be used in place of a microprocessor. In ad-
dition, the circuit 1202 can include a fader in the form of
a timer/PWM module like the one shown in FIG. 10.
[0057] FIG. 13 is a timing diagram that that shows an

example of operation of the switch unit 1240 and light
unit 1212 of FIG. 12, where the timer starts upon activa-
tion of the switch 1240 and resets every time the switch
position is changed without the switch being released.
At time t0, the switch is OFF, and the LED is OFF. At
time t1, the switch is activated to 50%, the LED is turned
ON, and the timer starts to keep the LED turned ON for
a duration of ∆t. At time t2, the switch is deactivated be-
fore expiration of the timer duration ∆t, and the timer con-
tinues to keep the LED ON. At time t3, the switch is still
deactivated, and the timer duration ∆t expires, so that
the LED turns OFF. At time t4, the switch is activated to
100% ON, the LED is turned ON, and the timer starts to
keep the LED ON for a duration ∆t. At time t5, the switch
position changes to 75% ON before expiration of the timer
duration ∆t, and the duration ∆t of the timer restarts to
keep the LED ON. At time t6, the switch position changes
to 50% ON before expiration of the timer duration ∆t, and
the duration ∆t of the timer restarts to keep the LED ON.
At time t7, the switch is deactivated before expiration of
the timer ∆t, and the timer continues to keep the LED
ON. At time t8, the timer duration ∆t expires, and the LED
turns OFF.
[0058] FIG. 14 is a timing diagram that that shows an-
other example of operation of the switch unit 1240 and
light unit 1212 of FIG. 12, where the timer starts upon
activation of the switch 1240 and resets if the switch 1240
remains in the ON state when the timer duration ∆t ex-
pires. At time t0, the switch is OFF, and the LED is OFF.
At time t1, the switch is activated to 100% ON, the LED
is turned ON, and the timer starts to keep the LED turned
ON for a duration of ∆t. At time t2, the switch is deacti-
vated before expiration of the timer duration ∆t, and the
timer continues to keep the LED ON. At time t3, the switch
is still deactivated, and the timer duration ∆t expires, so
that the LED turns OFF. At time t4, the switch is activated
to 100% ON, the LED is turned ON, and the timer starts
to keep the LED ON for a duration ∆t. At time t5, the
duration ∆t of the timer expires, while the switch remains
at 100% ON so the timer resets for another duration ∆t
keeping the LED ON. At time t6, the switch position
changes to 50% ON before expiration of the timer dura-
tion ∆t, and LED stays ON. At time t7, the switch position
changes to 25% ON before expiration of the timer dura-
tion ∆t, and the LED stays ON. At time t8, the timer du-
ration ∆t expires while the switch remains at 25% ON, so
the timer again resets to continue to keep the LED ON
for another duration ∆t. At time t9, the switch is deacti-
vated before expiration of the timer ∆t, and the timer con-
tinues to keep the LED ON. At time t10, the timer duration
∆t expires, while the switch is OFF, so the LED turns OFF.
[0059] FIG. 18 is a timing diagram that that shows an-
other example of operation of the switch unit 1240 and
light unit 1212 of FIG. 12, where the timer starts upon
deactivation of the switch 1240 and resets if the switch
1240 is again activated before the timer duration ∆t ex-
pires. At time t0, the switch is OFF, and the LED is OFF.
At time t1, the switch is activated to the ON position, the
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LED is turned ON. At time t2, the switch is deactivated
to the OFF position, and the timer keeps the LED turned
ON for a duration of ∆t until time t3, at which time the
LED turns OFF. At time t4, the switch is activated to the
ON position and the LED is turned ON. At time t5, the
switch is deactivated to the OFF position, and the timer
starts to keep the LED ON for a duration ∆t. However, at
some time before the duration ∆t expires, the switch is
again activated to the ON position, the timer resets, and
the LED remains ON while the switch is in the ON posi-
tion. At time t7, the switch is deactivated to the OFF po-
sition, and the timer keeps the LED turned ON for a du-
ration of ∆t until time t8, at which time the LED turns OFF.
[0060] FIG. 15 illustrates a tool circuit 1500 for a power
tool having a power source 1230 and a switch unit 1240
that combines features of the tool circuit 400 of FIG. 4
and features of the tool circuit 1200 of FIG. 12. The tool
circuit 1500 of FIG. 15 causes the light unit to illuminate
at a first higher brightness level when the switch unit is
activated and keeps the light unit illuminated at that level
for a predetermined time duration after the switch unit is
activated, where the time duration resets if the switch
unit position changes without being deactivated and/or
if the switch unit is not deactivated when the timer dura-
tion expires. When the timer expires and the switch unit
is not activated, the circuit causes the light unit to illumi-
nate at a second lower brightness level.
[0061] The power source 1530 and the switch unit
1540 can have any of the implementations of the power
source 430 and switch unit 440 described with respect
to FIG. 4. The switch 1540 is connected to a motor control
circuit 1501 having a motor 1520 and controller 1522 that
are configured the same as the motor control circuit 401
of FIG. 4. It should be understood that the components
of the motor control circuit 1501 can have any of the im-
plementations of the components of the motor control
circuit 401 as described with respect to FIG. 4.
[0062] The switch unit 1540 is also connected to a light
unit control circuit 1502 having a light switch (e.g., a tran-
sistor) 1506, a first resistor 1508 having a small resist-
ance (e.g., approximately 700Ω), a light unit (e.g., an
LED) 1502 and a second resistor 1510 having a resist-
ance (e.g., 700kΩ) that is much greater (e.g., 100 to 1000
times greater) than the first resistor 1508, that are ar-
ranged the same and correspond to the components of
the light unit control circuit 402 of FIG. 4. It should be
understood that these components of the light control
circuit 1502 can have any of the implementations of the
components of the light control circuit 402 as described
with respect to FIG. 4.
[0063] The light unit control circuit 1502 also includes
a timer 1504 disposed between the switch unit 640 and
the gate of the light unit switch 1506. The timer 1504
controls the opening and closing of the light unit switch
1506 so that current flows through the light unit switch
1506 for a predetermined time after the switch 1540 has
been activated. When the timer 1504 is biasing the gate
of the light unit switch 1506, current will flow mainly

through the first resistor 1508 (the path of least resist-
ance) and through the light unit 1512, so that the light
unit 1512 will illuminate at a first, high brightness level.
When the timer 1504 has expired, the timer will no longer
bias the gate of the light unit switch 1506, and current
will no longer flow through the first resistor 1508, but will
instead flow only through the second resistor 1510. By
selecting a resistance for the second resistor 1510 that
is large enough (e.g., approximately 100 to 1000 times
larger than the first resistor 1508), only a small current
will flow through the light unit 1512 thereby illuminating
the light unit 1512 at a second brightness level that is
substantially lower than the first brightness level.
[0064] The timer 1504 shown in FIG. 15 may comprise
a microcontroller or processor that is programmed so that
the timer starts upon the switch 1540 being activated.
The timer 1504 also senses the position of the switch
1240 (e.g., through a potentiometer, a Hall sensor, or
some other means that may be a separate component
or may be built into one of the timer or the switch), In one
embodiment, the timer restarts itself every time that it
senses that the position of the switch 1540 has been
changed by a predetermined amount without being com-
pletely released or deactivated. In another embodiment,
the timer restarts if the timer expires and the switch 1540
is still actuated when the timer expires, regardless of
whether the switch has been deactivated in the interim.
Since the switch 1540 also controls operation of the motor
controller 1522, the timer can be incorporated into the
motor controller 1522. It should also be understood that
the timer 1504 may be connected to a separate switch
connected to the power source 1530 other than the switch
1540 so that the timer operates independently of switch
1540. It is further envisioned that analog circuits can be
used in place of a microprocessor. In addition, the circuit
1502 can include a fader like the one shown in FIG. 10.
[0065] FIG. 16 is a timing diagram that that shows an
example of operation of the switch unit 1540 and light
unit 1512 of FIG. 15, where the timer starts upon activa-
tion of the switch 1540 and resets every time the switch
position is changed without the switch being released.
At time t0, the switch is OFF, and the light unit is at a
LOW brightness. At time t1, the switch is activated to
50%, the light unit is at a HIGH brightness, and the timer
starts to keep the light unit at the HIGH brightness for a
duration of ∆t. At time t2, the switch is deactivated before
expiration of the timer duration ∆t, and the timer continues
to keep the light unit at the HIGH brightness. At time t3,
the switch is still deactivated, and the timer duration ∆t
expires, so that the light unit switches to a LOW bright-
ness. At time t4, the switch is activated to 100% ON, the
light unit switches to a HIGH brightness, and the timer
starts to keep the light unit at the HIGH brightness for a
duration ∆t. At time t5, the switch position changes to
75% ON before expiration of the timer duration ∆t, and
the duration ∆t of the timer restarts to keep the light unit
at the HIGH brightness. At time t6, the switch position
changes to 50% ON before expiration of the timer dura-
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tion ∆t, and the duration ∆t of the timer restarts to keep
the light unit at the HIGH brightness. At time t7, the switch
is deactivated before expiration of the timer ∆t, and the
timer continues to keep the light unit at the HIGH bright-
ness. At time t8, the timer duration ∆t expires, and the
light unit switches to the LOW brightness.
[0066] FIG. 14 is a timing diagram that that shows an-
other example of operation of the switch unit 1540 and
light unit 1512 of FIG. 12, where the timer starts upon
activation of the switch 1540 and resets if the switch 1540
remains in the ON state when the timer duration ∆t ex-
pires. At time t0, the switch is OFF, and the light unit at
a LOW brightness. At time t1, the switch is activated to
100% ON, the light unit switches to a HIGH brightness,
and the timer starts, to keep the light unit at the HIGH
brightness for a duration of ∆t. At time t2, the switch is
deactivated before expiration of the timer duration ∆t, and
the timer continues to keep the light unit at the HIGH
brightness. At time t3, the switch is still deactivated, and
the timer duration ∆t expires, so that the light unit switches
to the LOW brightness. At time t4, the switch is activated
to 100% ON, the light unit is switched to the HIGH bright-
ness, and the timer starts, to keep the light unit at the
HIGH brightness for a duration ∆t. At time t5, the duration
∆t of the timer expires, while the switch remains at 100%
ON so the timer resets for another duration ∆t keeping
the light unit at the HIGH brightness. At time t6, the switch
position changes to 50% ON before expiration of the timer
duration ∆t, and light unit stays at the HIGH brightness.
At time t7, the switch position changes to 25% ON before
expiration of the timer duration ∆t, and the light unit stays
at the HIGH brightness. At time t8, the timer duration ∆t
expires while the switch remains at 25% ON, so the timer
again resets to continue to keep the light unit at the HIGH
brightness for another duration ∆t. At time t9, the switch
is deactivated before expiration of the timer ∆t, and the
timer continues to keep the light unit at HIGH brightness.
At time t10, the timer duration ∆t expires, while the switch
is OFF, so the light unit switches to LOW brightness.
[0067] In embodiments that use a controller and/or tim-
er (e.g., the embodiments of FIGS. 4, 6, 10A, 12, and
15), it may be desirable to ensure that the controller
and/or timer remain powered after the main power switch
for the motor is deactivated, so that the controller and/or
timer can continue to keep the light unit illuminated while
on the timer (either for a predetermined time after switch
activation or switch deactivation, as described above).
For example, in one embodiment, a variable speed DC
tool uses a B- ("B minus" or "Battery minus") power
switched configuration for on/off tool control. In this ar-
rangement, PWM power delivery to the motor is control-
led by a field effect transistor (FET, such as an N-type
FET) connected in the B- power circuit. As a result, a
FET driver and the controller are tied to the FET source
as an effective 0V control point. This creates a hardware
difficulty to implement a software controlled LED delay
when the power switch is released, since power needs
to be maintained to the LED and microcontroller for soft-

ware control. One solution to this problem is presented
in the exemplary embodiment of FIGS. 19 and 20.
[0068] Referring to FIGS. 19 and 20, a control circuit
1900 for a power tool includes a power source 1930 (e.g.,
a DC battery pack), a switch unit 1940 coupled to the
power source 1930, a motor 1906 electrically connected
to the power source 1930 and the switch unit 1940, a
light unit 1912 (e.g., one or more LEDs) electrically con-
nected to the power source 1930 and the switch unit
1940, and a control module 1901 that controls power
delivery to the motor 1902 and to the light unit 1912. The
switch unit 1940 includes a variable speed trigger that is
connected to an on-off contact 1942 that closes when
the trigger is actuated a small amount, and to a potenti-
ometer (not shown) that generates a signal sent to the
control module 1901 that indicates the amount the trigger
has been depressed. One possible design fir the switch
unit 1940 is described, e.g., in the aforementioned U.S.
Provisional Patent Application No. 61/487,864, although
other configurations are possible.
[0069] The control module 1901 includes a microcon-
troller 1922 has a switch input (not shown) that receives
the signal from the potentiometer of the switch unit 1940,
a motor driver output that is coupled to a motor FET driver
1924, a light driver output that is coupled to a light FET
driver 1926, and a current sense input/output that is used
to sense current being delivered to the motor 1906. The
motor FET driver 1924 is connected to the gate of a motor
FET 1944 (e.g., a MOSFET) or other type of electronic
switch (e.g., a transistor switch), which is disposed be-
tween the power source 1930 and the motor 1906. The
microcontroller 1922 controls operation of the motor FET
driver 1924 so that the amount of current delivered to the
motor 1906 corresponds to the amount the trigger switch
is depressed. The light FET driver 1926 is connected to
the gate of a light FET 1928 that is disposed between
the power source 1930 and the light unit 1912. The mi-
crocontroller 1922 controls operation of the light FET driv-
er 1926 to control the current delivered to the light unit
1912.
[0070] When the variable speed trigger switch is pulled
a small amount, it causes the on-off contact switch 1942
in the switch unit 1940 to close, which enables current
to flow to the control module 1901. The microcontroller
1922 causes the gate of the light FET 1928 to be pulsed,
which enables current to flow to the light unit 1912, caus-
ing it to illuminate. As the trigger is pulled further, the
microcontroller 1922 causes the gate of the motor FET
1944 to be pulsed to variably control the speed of the
motor in relation to the amount of trigger travel. The mi-
crocontroller 1922 is also programmed with a timer algo-
rithm to cause the light to remain illuminated for a pre-
determined time after the trigger has been actuated or
deactivated.
[0071] In order for the light unit 1912 to remain illumi-
nated, the microcontroller 1922 must remain powered
after release of the trigger when on-off contact 1942
opens.
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[0072] To this end, the microcontroller 1922 has an-
other input/output connected to a boot circuit 1950. The
boot circuit 1950 includes a node 1952 connected to a
0V line of the microcontroller 1922, a first terminal 1954
connected to the B- side of the on-off contact switch 1942,
and a second terminal 1956 connected to the opposite
side (called switched B- or SWB-) of the on-off contact
switch 1942. The boot circuit 1950 acts as a semi-con-
ductor switch in parallel to the on-off contact switch 1942,
which, when closed, enables current to flow to the light
unit 1912 and to the microcontroller 1932 even if the on-
off contact switch 1942 is open.
[0073] Between the first and second terminals 1954
and 1956, the boot circuit includes a field effect transistor
Q4A in series with a diode D19. The FET Q4A and diode
D19 together function as a semiconductor switch be-
tween B- and SWB-, so that when this semiconductor
switch is "closed," it creates a power connection between
the power source and the microcontroller 1922 and light
unit 1912, even if the on-off contact switch 1942 is
opened. Power flow through the FET Q4A is controlled
via a FET driver circuit 1958, the design and arrangement
of which will be apparent to one of ordinary skill in the
art. The FET driver circuit 1958 is coupled to the boot
input 1952. Software programmed into the microcontrol-
ler 1922 controls the FET driver circuit 1958 so that the
FET Q4A is only turned "on" when the on-off contact
switch 1942 is "open" and the motor FET 1944 is also
"open." This ensures that the motor current does not flow
through FET Q4A. The only current that flows through
FET Q4A is the current to power the control circuitry in-
cluding the microcontroller 1922 and the light unit 1912.
The boot circuit 1950 further includes a Zener diode 1959
that acts as an ESD protector.
[0074] In one embodiment, the software also controls
the boot circuit 1950 to ensure that the boot circuit only
activates when there is a tool shutdown condition caused
by opening of the on-off contact switch 1942, and not due
to some other fault condition being monitored by the mi-
crocontroller (e.g., high temperature in the battery, high
temperature in one of the FETs, low voltage output from
the battery, etc.). When the on-off contact switch 1942
is opened, the connection of the microcontroller 1922 to
the power source 1930 is broken, and the microcontroller
1922 detects a shutdown condition. However, at this
point the microcontroller 1922 does not know if the shut-
down condition is due to the main on-off contact 1942
opening or due to another fault condition. The microcon-
troller 1922 runs the following algorithm to determine
whether the on/off contact is opened or whether there is
a fault condition. First, the microcontroller 1922 turns off
the motor FET 1944. Next, the microcontroller 1922 sens-
es the voltage on the current sense line over a predeter-
mined time period (e.g., 10 ms). If the on-off contact
switch 1942 is still closed, then the microcontroller 1922
senses a high voltage (e.g., above 3.0 V) on the current
sense line, indicating that the tool shutdown was trig-
gered by a fault condition other than opening of the on-

off contact switch 1942. If the voltage on the current
sense line falls below a certain threshold (e.g., 3.0V) over
the predetermined time period (e.g., 10 ms), this indi-
cates that the on-off contact switch 1942 is opened, which
caused the shutdown condition.
[0075] Once the microcontroller 1922 detects that the
main on/off contact switch 1942 has been opened, it
sends a signal to the boot circuit 1950 to activate and
reestablish the connection between the microcontroller
1922, the light unit 1912, and the power supply 1930.
The microcontroller 1922 remains powered and active
while it begins to run or continues to run the timer algo-
rithm that causes the light unit 1912 to remain illuminated
for a predetermined amount of time after switch activation
or deactivation.
[0076] While the microcontroller 1922 is running the
light unit timer algorithm, the microcontroller 1922 also
runs the following algorithm to determine if the on/off con-
tact switch 1942 re-closes, indicating that the trigger has
been depressed, and that the timer algorithm needs to
be reset or stopped. First, at predetermined time intervals
(e.g., every 25 ms), the microcontroller 1922 briefly turns
off the boot circuit 1950, and senses the voltage on a
battery center tap line 1934. If the main on/off contact
switch 1942 is still open, the voltage on the center tap
line 1934 with the boot circuit off will be much less than
nominal center tap voltage since current will not be flow-
ing through the circuit. If the main on/off contact switch
1942 is closed, then the voltage on the center tap line
will be approximately the same as the battery center tap
voltage since current will be flowing through the circuit.
For example, in one embodiment, if the microcontroller
determines the center tap voltage is at or above a thresh-
old (e.g., 2.0V/cell battery cell), this indicates the main
on/off contact is now closed, and the microcontroller 1922
interrupts power flow through the semiconductor switch,
and restarts the light unit timer algorithm (if the timer
starts upon trigger activation) or exits out of the light unit
timer algorithm (if the timer starts upon trigger deactiva-
tion), and starts running the motor in a normal mode of
operation. If the center tap measurement is below this
threshold, this indicates the on/off contact is still open,
and the microcontroller continues to allow power to flow
through the semiconductor switch and continues to run
the light unit timer algorithm.
[0077] Numerous modifications may be made to the
exemplary implementations described above. These and
other implementations are within the scope of the follow-
ing claims.

Claims

1. A power tool comprising:

a housing able to be coupled to an electrical
power source;
a motor contained in the housing and selectively
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connectable to the power source;
a light unit coupled to the housing and selectively
connectable to the power source;
a switch unit coupled to the housing, wherein
the switch unit can be selectively activated to
cause power to be delivered to the motor and to
the light unit, and selectively deactivated to
cause power delivered to the motor to be inter-
rupted;
a control circuit connected to the switch unit and
to the light unit, and having a timer configured
to keep the light unit illuminated for a predeter-
mined amount of time after the switch unit has
been activated or deactivated; and
a boot circuit connected to the control circuit, the
boot circuit configured to connect the control cir-
cuit and the light unit to the power source when
the switch unit is deactivated subsequent to be-
ing activated to enable the light unit to remain
illuminated after the switch unit has been deac-
tivated.

2. The power tool of claim 1, wherein the boot circuit
connects the control circuit and the light unit to the
power source at least until the earlier of expiration
of the predetermined amount of time or until the
switch unit has been activated a second time sub-
sequent to being deactivated.

3. The power tool of one of claims 1 and 2, wherein the
control circuit comprises a first electronic switch be-
tween the motor and the power source and a second
electronic switch between the motor and the light
unit, wherein the control circuit controls operation of
the first electronic switch to control power delivery
to the motor, and operation of the second electronic
switch to control power delivery to the light unit.

4. The power tool of one of claims 1-3, wherein the boot
circuit comprises a semiconductor switch having a
first terminal connected to the power source on one
side of the switch unit and a second terminal con-
nected to the power source on an opposite side of
the switch unit, so that closing the semiconductor
switch causes power to be delivered to the control
circuit and to the light unit.

5. The power tool of one of claims 1-4, wherein the
control circuit periodically interrupts operation of the
boot circuit and determines whether the switch unit
has been activated a second time subsequent to be-
ing deactivated before expiration of the predeter-
mined amount of time.

6. The power tool of one of claims 1-5, wherein the
control circuit interrupts power flow through the sem-
iconductor switch if the control circuit determines that
the switch unit has been activated a second time

subsequent to being deactivated before expiration
of the predetermined amount of time.

7. The power tool of one of claims 1-6, wherein the
control circuit restarts or stops the timer if the control
circuit determines that the switch unit has been ac-
tivated subsequent to being deactivated before ex-
piration of the predetermined amount of time.

8. A method of controlling illumination of a light unit on
a power tool connectable to a power source, and
having a motor and a switch unit, the method com-
prising:

providing a control circuit connectable to the
power source for controlling power delivery to
the motor and to the light unit;
determining when the switch unit has been ac-
tivated;
when the switch unit is activated, enabling power
to flow to the motor and to the light unit;
determining when the switch unit has been de-
activated subsequent to being activated;
when the switch unit has been deactivated sub-
sequent to being activated, interrupting power
delivery to the motor, maintaining power delivery
to the light unit for a predetermined amount of
time after the switch unit has been activated or
deactivated, and activating a boot circuit to con-
tinue delivering power to the control circuit and
to the light unit

9. The method of claim 8, wherein activating the boot
circuit comprises keeping the boot circuit active until
at least the earlier of expiration of the predetermined
amount of time or the switch unit is activated a sec-
ond time subsequent to being deactivated.

10. The method of one of claims 8 and 9, wherein ena-
bling power delivery to the motor comprises control-
ling operation of a first electronic switch between the
motor and the power source to control power delivery
to the motor, and enabling power delivery to the light
unit comprises controlling operation of a second
electronic switch between the light unit and the pow-
er source to control power delivery to the light unit.

11. The method of one of claims 8-10, further comprising
periodically interrupting operation of the boot circuit
and determining whether the switch unit has been
activated a second time subsequent to being deac-
tivated before expiration of the predetermined
amount of time.

12. The method of one of claims 8-11, further comprising
deactivating the boot circuit if the switch unit has
been activated a second time subsequent to being
deactivated before expiration of the predetermined
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amount of time.

13. The method of one of claims 8-12, further comprising
restarting or stopping a timer for the light unit if the
switch unit has been activated a second time sub-
sequent to being deactivated before expiration of the
predetermined amount of time

14. A control module for a power tool having a motor, a
light unit, and a switch unit for selectively connecting
the motor and the light unit to the power source, the
control module comprising:

a controller coupled to a first electronic switch
to control power delivery to the motor based on
a position of the switch unit, and coupled to a
second electronic switch to control power deliv-
ery to the light source based on a position of the
switch unit, the controller including a timer con-
figured to keep the light unit illuminated for a
predetermined amount of time after the switch
unit has been activated or deactivated; and
a boot circuit connected to the controller, the
boot circuit including a semiconductor switch
configured to continue to deliver power to the
controller and to the light unit when the switch
unit is deactivated subsequent to being activat-
ed, to enable the light unit to remain illuminated
after the switch unit has been deactivated.

15. The control module of claim 14, wherein the control-
ler periodically interrupts operation of the boot circuit
and determines whether the switch unit has been
activated a second time subsequent to being deac-
tivated before expiration of the predetermined
amount of time, and, if so, interrupts power flow
through the semiconductor switch, and restarts or
stops the timer.
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