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(54) System and method for communicating over power terminals in cordless dc tools

(57) A system and method for unidirectionally or bi-
directionally communicating information and data to and
from an electronic module housed within a cordless
power tool (14), over power terminals (22a,22b) of the
cordless power tool, while a battery pack of the tool is
removed from the tool. A data transfer device is con-
nected to at least one power terminal of the tool in place
of the battery pack. The power terminal is also used for
electrically connecting the battery pack to the tool during
normal operation of the tool. A voltage supplied by the

data transfer device to the tool is sequentially varied be-
tween a first level and a second level, in accordance with
a predetermined communications protocol, to transmit
data from electronic module of the tool to the data trans-
fer device. A voltage signal applied to the electronic
module of the tool is sequentially shifted between a first
voltage and a second voltage to transmit data from the
data transfer device to the tool. Thus, data can be trans-
mitted between the tool and the data transfer device
without requiring disassembly of the tool.
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Description

[0001] This application is a continuation of Application
No. 10/768,947, filed January 30, 2004, now pending.
The entire contents of the aforementioned patent appli-
cation are incorporated herein by reference.
[0002] The present invention relates to cordless pow-
er tools. More specifically, the invention relates to com-
municating information between the power tool and a
data transfer device via the power terminals of the tool.
The power terminals are the same power terminals used
for connecting to a tool power supply, i.e. a portable bat-
tery pack, during operation of the tool.
[0003] Contemporary cordless power tools are be-
coming more common place in homes and on commer-
cial construction job sites. The evolution of cordless
power tools has resulted in a large variety of power tools
being manufactured in cordless versions. For example,
power tools such as nailers, drills, screwdrivers, circular
saws, reciprocating saws, scroll saws and sanders are
now commonly manufactured in a cordless version.
Along with an increase in the type of cordless power
tools has come an increase in technical complexity of
the cordless power tools. Present day electronic com-
ponents, such as microcontrollers and memory mod-
ules, are sufficiently small such that they can be easily
mounted within the housings of many cordless power
tools. Some known power tools incorporate such elec-
tronic components to collect and store data relating to
tool usage and other pertinent information concerning
the operation of the tool. Additionally, such electronic
components are utilized to store algorithms and pro-
grams used to control the operation of the tool.
[0004] Known methods of communicating with cord-
less power tools to extract operational data, input control
algorithms, update control programs and/or update con-
trol coefficients are generally labor intensive, cumber-
some, costly and can reduce the reliability of the tool.
For example, the tool may have to be disassembled to
gain access to the electronic component. In other in-
stances, additional electrical or optical communication
terminals or ports may have to be added to the tool to
allow communication with the electronic component. It
would therefore be highly desirable to provide a means
for communicating with data storage modules and/or
control modules within a cordless power tool without dis-
assembling the tool or including additional communica-
tion ports.
[0005] The present invention is directed to a system
and method for communicating information and data
over power terminals of a cordless power tool.
[0006] In one preferred implementation, a method is
provided that includes connecting a host device to at
least one power terminal of the tool. The power terminal
is also used for connecting a power supply to the tool
during operation of the tool. The method additionally in-
cludes varying a voltage supplied by the host device to
the tool between a first level and a second level to trans-

mit data from the tool to the host device. The method
further includes shifting a voltage signal to a microcon-
troller of the tool between a first voltage and a second
voltage to transmit data from the host device to the tool.
[0007] In another preferred embodiment a system is
provided that includes a host device adapted to connect
to at least one power terminal of the tool, wherein the
power terminal also connects to a tool power supply dur-
ing operation of the tool. The system additionally in-
cludes a first communications circuit included in the tool.
The first communications circuit is adapted to vary a
voltage supplied by the host device to the tool between
a first level and a second level to thereby transmit data
from the tool to the host device. The system further in-
cludes a second communications circuit included in the
host device. The second communications circuit is
adapted to shift a voltage signal to a microcontroller of
the tool between a first level and a second level to there-
by transmit data from the host device to the tool.
[0008] Further areas of applicability of the present in-
vention will become apparent from the detailed descrip-
tion provided hereinafter. It should be understood that
the detailed description and specific examples, while in-
dicating the preferred embodiment of the invention, are
intended for purposes of illustration only and are not in-
tended to limit the scope of the invention.
[0009] The present invention will become more fully
understood from the detailed description and the ac-
companying drawings, wherein:

Figure 1 is a simplified block diagram of a system
for communicating data to and from a cordless pow-
er tool, in accordance with a preferred embodiment
of the present invention;
Figure 1A is a simplified block diagram of an alter-
nate preferred embodiment of the system shown in
Figure 1;
Figure 2 is a simplified block diagram of a first com-
munications circuit and a second communications
circuit shown in Figure 1;
Figure 3 is a simplified schematic illustrating one
preferred embodiment of a voltage shift detection
circuit shown in Figure 2;
Figure 4 is a simplified schematic illustrating anoth-
er preferred embodiment of the voltage shift detec-
tion circuit shown in Figure 2;
Figure 5 is a simplified schematic illustrating yet an-
other preferred embodiment of a voltage shift de-
tection circuit shown in Figure 2;
Figure 6 is a flow chart illustrating another preferred
embodiment of initiating communications mode of
the tool; and
Figure 7 is a flow chart illustrating yet another pre-
ferred embodiment of initiating communications
mode of the tool.

[0010] The following description of the preferred em-
bodiments is merely exemplary in nature and is in no
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way intended to limit the invention, its application or us-
es.
[0011] Figure 1 is a simplified block diagram of a sys-
tem 10 for communicating data to and/or from a cordless
power tool 14, in accordance with a preferred embodi-
ment of the present invention. It will be appreciated that
although the cordless tool 14 is shown in Figure 1 as a
cordless drill, the power tool 14 can be any cordless tool
such as a nailer, drill, screwdriver, circular saw, recipro-
cating saw, scroll saw or sander, etc. The system 10 in-
cludes a data transfer device 18, also referred to as a
host device that is adapted to connect to power termi-
nals 22a and 22b of the power tool 14 to communicate
with the power tool 14 when power tool 14 is in a com-
munications mode. The power terminals 22a and 22b
are also used for connecting a tool power supply, such
as a removable, portable battery pack, to the tool 14 to
provide power to operate a motor 24 of the tool 14 during
an operation mode.
[0012] In a preferred embodiment the data transfer
device 18 is substantially similarly shaped to the power
supply, e.g. the removable, portable battery pack, such
that the data transfer device 18 is connected to the pow-
er tool 14 in the same manner as the power supply. For
example, as shown in Figure 1, the data transfer device
18 is shaped substantially similar to a removable, port-
able battery pack that has been removed from a battery
pack receptacle 19 of the power tool 14. Therefore, the
data transfer device 18 is connected to the power tool
14 in the same manner as the battery pack is connected
to the power tool 14 when the power tool 14 is in an
operation mode. Thus, the data transfer device 18 is
quickly and easily interchangeable with the battery
pack. In another preferred embodiment, the data trans-
fer device 18 is a removable, portable battery pack that
includes a communications circuit described below.
[0013] Referring to Figure 1A, in an alternate pre-
ferred embodiment, a data transfer device 18' includes
a computer based device 18a, such as a laptop or hand
held computer, and a connector 18b. The computer
based device 18a is communicatively linked to the con-
nector 18b and includes a communications circuit de-
scribed below. The connector 18b can be communica-
tively linked to the computer based device 18a via a suit-
able interface cable 18c or even by a wireless connec-
tion. The connector 18b is shaped similar to the remov-
able, portable battery pack that has been removed from
the power tool 14. The data transfer device 18 is con-
nected to the power tool 14 by inserting the connector
18b into the power tool 14 in the same manner as the
battery pack. Thus, the data transfer device 18' accom-
plishes the interfacing with the tool 14 with the connector
18b and interface cable 18c functioning essentially just
as the interfacing components of the device 18 shown
in Figure 1. For convenience the following detailed de-
scription will be directed to use of the data transfer de-
vice 18.
[0014] Referring further to Figure 1, the system 10 in-

cludes a first communications circuit 26 that is housed
inside the power tool 14. The first communications cir-
cuit 26 is adapted to communicate with a second com-
munications circuit 30 included in the data transfer de-
vice 18, via the power terminals 22a and 22b of the pow-
er tool 14. More specifically, power terminal 22a serves
a dual purpose. Power terminal 22a is utilized to provide
power to the power tool 14 and the first communications
circuit 26, and utilized to transmit data between the first
and second communications circuits 26 and 30.
[0015] In a preferred embodiment, the system 10 is
adapted to provide bi-directional communication be-
tween the first communications circuit 26 and the sec-
ond communications circuit 30. For example, data and
information, such as operational parameters and tool
operation history information, can be downloaded, i.e.
transmitted, from the first communications circuit 26 to
the second communications circuit 30. Likewise, data
and information, such as algorithms, programs, algo-
rithm and/or program coefficients and operational pa-
rameters can be uploaded, i.e. transmitted, from the
second communications circuit 30 to the first communi-
cations circuit 26. Alternatively, the system 10 can be
configured to provide only unidirectional communication
between the first communications circuit 26 and the sec-
ond communications circuit 30. For example, in one in-
stance, system 10 is adapted to only transmit data and
information from the first communications circuit 26 to
the second communications circuit 30. In another in-
stance, system 10 is only adapted to transmit data and
information from the second communications circuit 30
to the first communications circuit 26.
[0016] Figure 2 is a simplified block diagram of the
first and second communications circuits 26 and 30,
shown in Figure 1. The first communications circuit 26
includes a microcontroller 34 that controls the commu-
nications between the data transfer device 18 and the
power tool 14. More specifically, the microcontroller 34
works in conjunction with a controller, preferably a mi-
croprocessor 36, included in the second communica-
tions circuit 30, to control communications between the
first and second communications circuits 26 and 30. Al-
ternatively, the microprocessor 36 could be a device ex-
ternal to the second communications circuit 30, for ex-
ample a laptop or handheld computer.
[0017] Additionally, the first communications circuit 26
includes at least one voltage regulator 38 and a voltage
shift detection circuit 42. The voltage regulator 38 main-
tains a voltage output supplied to the microcontroller 34
at a level suitable to enable operation of the microcon-
troller 34. In a preferred embodiment, the first commu-
nications circuit 26 further includes a first resistor R1
connected between an output of the voltage regulator
38 and a port 34a of the microcontroller 34. The imped-
ance at the port 34a is defaulted high such that current
will not flow through the first resistor R1 unless the mi-
crocontroller 34 pulls the signal at port 34a low. When
the signal at 34a is low, current will flow through the first
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resistor R1. Alternatively, R1 can be replaced with any
electrical component suitable to control the flow of cur-
rent in first communication circuit 26 in accordance with
the impedance level of the port 34a. For example, R1
could be replaced with a LED, an inductor or a transistor.
Therefore, although the operation of the first communi-
cations circuit 26 will be described in terms using the
first resistor R1, it should be understood that the first
resistor R1 can be replaced with any other electrical
component suitable to allow the microcontroller 34 to
control the level of current flowing through connector
22a by switching the impedance at port 34a and remain
within the scope of the invention.
[0018] The microcontroller 34 includes an electronic
memory 46 suitable for storing information, data and
programming relating to all operational aspects of the
power tool 14. For example, the microcontroller memory
46 can store data to be transmitted to the second com-
munications circuit 30. Similarly, data transmitted from
the second communications circuit 30 can be stored in
the microcontroller memory 46. In another preferred em-
bodiment, the first communications circuit 26 includes a
memory device 50 that is external to the microcontroller
34. The memory device 50 is utilized by the system 10
in substantially the same manner as microcontroller
memory 46. Although the system 10 will be described
herein referencing the microcontroller memory 46, it will
be appreciated that microcontroller memory 46 and
memory device 50 are interchangeable with regard to
the operation of the system 10. In yet another preferred
embodiment, the microcontroller 34 controls operation
of the tool 14 in addition to controlling communications
between the first and second communications circuits
26 and 30.
[0019] The second communications circuit 30 in-
cludes a circuit power source 54, such as a battery, and
a voltage shifting device, or circuit, 58. Preferably, the
power source 54 is internal to the data transfer device
18 such that no power source external to the data trans-
fer device 18 is needed for operation of the system 10.
However, the power source 54 could be external to the
data transfer device 18 and remain within the scope of
the invention. In the case where the data transfer device
18 is a removable, portable battery pack that includes
the second communications circuit 30, the battery pack
itself is the power source 54. The voltage shifting device
58 regulates the voltage supplied by the circuit power
source 54. Additionally, the voltage shifting device 58 is
adapted to shift the regulated voltage between a first
voltage level and a second voltage level. The voltage
shifting device 58 is controlled by the microprocessor
36. The microprocessor 36 controls the voltage shifting
device 58 such that the output voltage of the voltage
shifting device 58 is substantially constant when the first
communications circuit 26 is transmitting data to the
second communications circuit 30. The microprocessor
36 further controls the voltage shifting device 58 such
that the output voltage of the voltage shifting device 58

is varied between the first voltage level and the second
voltage level when the second communications circuit
30 is transmitting data to the first communications circuit
26.
[0020] The voltage shifting device 58 preferably in-
cludes two voltage regulators and a voltage switching
device such as, for example, a triac, a field effect tran-
sistor (FET), an insulated gate bipolar transistor (IGBT)
or a silicone-controlled rectifier (SCR). Alternatively, the
voltage shifting device 58 can be any device suitable for
outputting a voltage that is shifted between two voltage
levels. The voltage output by the voltage shifting device
58 can be regulated or unregulated.
[0021] The second communications circuit 30 addi-
tionally includes a second resistor R2, a data reader 66
and a differential circuit 70, for example a differential
amplifier. In a preferred embodiment, the data reader 66
is external to the microprocessor 36, as shown in Figure
2. In an alternative preferred embodiment, the data
reader 66 is incorporated with, i.e. internal to, the micro-
processor 36. The differential circuit 70 can be any cir-
cuit or device suitable to produce an output signal rep-
resentative of a voltage across the second resistor R2
and output a digital signal to the data reader 66. More
specifically, the differential circuit 70 outputs a signal
that varies in accordance with voltage changes across
the second resistor R2. For example, the differential cir-
cuit 70 can be an operational amplifier, a differential
comparator or a signal conditioning device. The output
of differential circuit 70 is preferably a digital output, but
can also be an analog signal and remain within the
scope of the invention. In an alternate preferred embod-
iment, the data reader 66 is external to the second com-
munications circuit 30. For example, the data reader 66
could be a laptop computer or hand held computer con-
nected to the output of the differential circuit 70.
[0022] To initiate the communications mode of the tool
14, the tool power supply, e.g. a portable battery pack,
is disconnected from the power terminals 22a and 22b
and removed from the tool 14. The data transfer device
18 is then connected to the tool 14 at the power termi-
nals 22a and 22b. As described above, the data transfer
device 18, or alternatively the connector 18b linked to
the data transfer device 18, is shaped similar to the tool
power supply removed from the tool 14 so that it can be
readily coupled to the battery pack receptacle 19. Thus,
the data transfer device 18, or alternatively the connec-
tor 18b, is inserted into the receptacle 19 of the tool 14
and connected to the power terminals 22a and 22b in
the same manner as the tool power supply. When the
data transfer device 18, or the connector 18b, is con-
nected to the power terminals 22a and 22b, the circuit
power source 54 provides power to the first communi-
cations circuit 26.
[0023] The voltage shifting device 58 and the second
resistor R2 control the voltage output from the second
communications circuit 30 to the first communications
circuit 26. Accordingly, the current output from the sec-
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ond communications circuit 30 will be affected in accord-
ance with changes in the voltage output, as controlled
by the voltage shifting device 58 and the second resistor
R2. Alternatively, the current output from the second
communications circuit 30 could be controlled to thereby
affect a change in voltage output by the second commu-
nications circuit 30. In a preferred form, the voltage shift-
ing device 58 and the second resistor R2 control the volt-
age and/or current such that power provided by the sec-
ond communications circuit 30 is sufficient to enable op-
eration of the microcontroller 34. Additionally, the volt-
age regulator 38 regulates the voltage supplied to the
microcontroller 34. The power provided by the second
communications circuit 30 is sufficient to enable opera-
tion of the microcontroller 34, but insufficient to drive the
motor 24. Therefore, the motor 24 will not operate when
the tool 14 is in the communications mode with the data
transfer device 18 coupled to the tool 14. Alternatively,
the second communications circuit 30 can provide suf-
ficient power to power both the microcontroller 34 and
the motor 24. In this implementation, the microcontroller
34 is programmed to suspend data transmission if the
tool 14 is activated while in the communications mode.
[0024] Once operation of the microcontroller 34 is en-
abled, the microcontroller 34 can either transmit data to
the data reader 66, receive data transmitted by the sec-
ond communications circuit 30 or both. Preferably, the
system 10 is adapted for bi-directional communication.
To transmit data to the data reader 66 in this embodi-
ment, the second communications circuit 30 queries the
microcontroller 34 for data. The microcontroller 34 then
begins to sequentially pulse the port 34a between a high
impedance and a low impedance in a predetermined da-
ta communications pattern. For example, the pulsing
pattern of the port 34a may have a serial ASCII data
form pulsed at a specific baud rate. The pulsing pattern
comprises data to be transmitted from the microcontrol-
ler 34 to the data reader 66. The sequential pulsing of
the port 34a causes a voltage across the first resistor
R1 to shift between a first voltage and a second voltage
in the same sequential pattern. For example, the voltage
across the first resistor R1 shifts between 0 volts and 5
volts in the same sequential pattern as the port 34a is
pulsed. The shifting of the voltage across the first resis-
tor R1 causes the current flowing from the second com-
munications circuit 30 to the first communications circuit
26 to shift between a first level and a second level. Ac-
cordingly, the shifting current from the second commu-
nications circuit 30 to the first communications circuit 26
causes the voltage supplied by the second communica-
tions circuit 30 to the first communications circuit 26 to
vary between a first level and a second level.
[0025] More specifically, the current drawn from the
voltage shifting device 58 and flowing through the sec-
ond resistor R2 will shift between the first level and the
second level in the same sequential pattern as the puls-
ing of the port 34a. The changing current flowing through
the second resistor R2 in turn causes the voltage across

the second resistor R2 to sequentially alternate between
a first voltage and a second voltage. The sequentially
alternating voltage across the second resistor R2 will al-
so have the same sequential pattern as the pulsing of
the port 34a. The differential circuit 70 resolves the var-
ying voltage across the second resistor R2 into digital
signals that correlate to the switching of the voltage
across the second resistor R2 between the first and sec-
ond voltage levels. The digital signals are representative
of the data being transmitted by the microcontroller 34.
[0026] For example, when port 34a is at high imped-
ance, there will be substantially no current flowing
through the first resistor R1 thereby causing the current
flowing through the second resistor R2 to produce the
first voltage across the second resistor R2. Accordingly,
the differential circuit 70 outputs a digital signal that cor-
responds to the first voltage across the second resistor
R2, e.g a digital low signal. Subsequently, when the port
34a is pulled to low impedance, current will flow through
the first resistor R1 that results in a change in the current
flowing through the second resistor R2. Accordingly, the
current through the second resistor R2 causes the volt-
age across the second resistor R2 to change to the sec-
ond voltage. The differential circuit 70 senses the
change in voltage drop across the second resistor R2
and outputs a signal corresponding to the second volt-
age, e.g. a digital high level signal. Therefore, as the
voltage across the second resistor R2 is sequentially al-
ternated between the first and second voltages, in ac-
cordance with the sequential switching of impedance at
the port 34a, the output signal of the differential circuit
70 sequentially switches between digital high and low
signals. Thus, the digital output of the differential circuit
70 represents a serial stream of data being transferred
from the tool 14 to the data transfer device 18.
[0027] The digital signals from the differential circuit
70 are then input to the data reader 66. The data reader
66 interprets the digital signals as a serial data stream
and stores the data in a memory device 74. In one pre-
ferred embodiment the memory device 74 is included in
the data reader 66. Alternatively, the memory device 74
can be external to data reader 66. Furthermore, if the
data reader 66 is an external computer device, such as
a laptop, the external computer device will preferably in-
clude memory for storing the data transmitted from the
microcontroller 34.
[0028] To transmit data from the data transfer device
18 to the tool 14, the second communications circuit 30
signals the microcontroller 34 that data is to be trans-
mitted from the second communications circuit 30 to the
microcontroller 34. The microprocessor 36 then com-
mands the voltage shifting device 58 to sequentially shift
the voltage output by the voltage shifting device 58 be-
tween a first voltage level and a second voltage level in
accordance with a predetermined data transmission
pattern, thereby representing the data to be transmitted.
For the purposes of clarity and convenience the first and
second voltage output levels of the voltage shifting de-
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vice 58 will be respectively referred to herein to as V1
and V2. The voltage shifting pattern may comprise a se-
rial ASCII data form shifted at a specific baud rate or any
other data transfer format.
[0029] The shifting voltage output by the voltage shift-
ing device 58 drives the voltage regulator 38 to provide
power to the microcontroller 34. Thus, the voltage reg-
ulator 38 has the ability to accept a range of input volt-
ages. The microcontroller 34 is fully enabled when the
output voltage of the voltage shifting device 58 is at V1
or V2, or between V1 and V2. The first output voltage
V1 is sufficient to power-up, i.e. enable, the microcon-
troller 34 but insufficient to enable operation of the motor
24. Likewise, the second output voltage V2 is sufficient
to power-up the microcontroller 34 but insufficient to en-
able operation of the motor 24. The sequentially shifting
voltage output by the voltage shifting device 58 is also
input to the voltage shift detection circuit 42. The voltage
shift detection circuit 42 in turn outputs a voltage signal
that is shifted between a first level and a second level.
The shifted voltage signal output by the voltage shift de-
tection circuit 42 tracks the shifting pattern of the voltage
output by the voltage shifting device 58. The voltage sig-
nal output from the voltage shift detection circuit 42 can
be either digital or analog and is input to the microcon-
troller 34 at a port 34b. The microcontroller 34 interprets
the sequentially shifted signal as a serial data stream
and takes an appropriate action. For example, micro-
controller 34 may store the data in the memory device
46, or the microcontroller may perform some action
commanded by the data.
[0030] The voltage shift detection circuit 42 can be
any circuit suitable to modulate the output voltage of the
voltage shifting device 58 to levels suitable for input to
the microcontroller 34. In one preferred embodiment the
voltage shift detection circuit 42 comprises a resistor di-
vider, as illustrated in Figure 3. In this embodiment the
voltage shift detection circuit 42 includes a first voltage
shift resistor Rvs1 and a second voltage shift resistor
Rvs2. The voltage output from voltage shifting device 58
is input at node A. The voltage drop across Rvs2 is
sensed at point B and input to port 34b of the microcon-
troller 34. For example, if Rvs1 is 62K ohms, Rvs2 is 10K
ohms and the output voltage of the voltage shifting de-
vice 58 is shifted between 25V and 7V, the signal at node
B will shift between 3.5V and 0.5V. Thus, the voltage
signal output from the voltage shift detection circuit 42
is suitable for input to the microcontroller 34. The signal
at node B can be read and interpreted by the microcon-
troller 34 as either a digital signal or an analog signal.
[0031] Figure 4 illustrates another preferred embodi-
ment of the voltage shift detection circuit 42 that com-
prises a voltage subtraction circuit. In this embodiment,
the voltage shift detection circuit 42 includes a Zener
diode Dvs1 and a voltage shift resistor Rvs3. The Zener
diode Dvs1 serves as a voltage subtractor. The voltage
output from voltage shifting device 58 is input at node
A, then reduced and output to the microcontroller 34 at

node B at a voltage level suitable for inputting to the mi-
crocontroller 34. For example if Dvs1 is a 10V Zener di-
ode, Rvs3 is a simple resistor, and the output voltage of
the voltage shifting device 58 is shifted between 13.5V
and 10.5V, the signal output at node B will shift between
3.5V and 0.5V. The signal at node B can be read and
interpreted as being either analog or digital.
[0032] Figure 5 illustrates yet another preferred em-
bodiment of the voltage shift detection circuit 42 includ-
ing a comparator C1 used to output a digital signal to
the microcontroller 34 at node B. In this embodiment, in
addition to the comparator C1, the voltage shift detec-
tion circuit 42 includes a voltage shift resistor Rvs4 and
a voltage shift resistor Rvs5. The comparator C1 has a
fixed voltage reference Vref on its inverting input and its
non-inverting input is connected between the and volt-
age shift resistors Rvs4 and Rvs5. The voltage signal out-
put from the comparator C1 shifts between a logic high
level signal and a logic low level signal in correlation with
the sequential shifting pattern of the voltage output from
the voltage shifting device 58. For example, if Rvs4 is
25K ohms, Rvs5 is 10K ohms, Vref is 2.5V, and the output
voltage V1 of the voltage shifting device 58 is 8V, then
the signal output at node B will be at a logic low level.
However, if the output voltage V2 of the voltage shifting
device 58 is 9V or greater, then node B will be at a logic
high level. Therefore, the shifting of the voltage output
from the voltage shifting device 58 between V1 and V2,
e.g. 8V and 9V or greater, creates a corresponding pulse
train at node B. This digital signal is read and interpreted
by the microcontroller 34 at port 34b. In an alternative
preferred embodiment, the comparator C1 is not includ-
ed in the voltage shift detection circuit 42, but rather in-
cluded in the microcontroller 34.
[0033] In another preferred embodiment, system 10
is adapted for unidirectional communication from the mi-
crocontroller 34 to the data reader 66. In this embodi-
ment, once operation of the microcontroller 34 is ena-
bled, the microcontroller 34 immediately downloads, i.
e. transmits, data to the data reader 66 in the same man-
ner as described above.
[0034] In yet another preferred embodiment, system
10 is adapted for unidirectional communication from the
second communications circuit 30 to the microcontroller
34. In this embodiment, once operation of the microcon-
troller 34 is enabled, the second communications circuit
30 immediately uploads, i.e. transmits, data to the mi-
crocontroller 34 in the same manner as described
above.
[0035] While unidirectional communication is within
the scope of the present invention, it is anticipated that
bi-directional communication will likely be the more pre-
ferred implementation. Bi-directional communication
enables important programming of the microcontroller
34 to be readily accomplished, as well as allowing tool
performance information to be downloaded from the tool
14.
[0036] Figure 6 is a flow chart 200 illustrating another
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preferred implementation for initiating the communica-
tions mode of the tool 14. Initially, the data transfer de-
vice 18 is connected to the power terminals 22a and
22b, as indicated at 202. The microcontroller 34 then
determines whether the voltage output by power source
54 is greater than or less than a predetermined thresh-
old voltage, for example 6.5 volts, as indicated at 204.
If the output of the power source 54 is less than the
threshold level then the microcontroller 34 enters the
communications mode, as indicated at 206. The com-
munications mode can be any of the bidirectional or uni-
directional communications modes described above.
Once in the communications mode, data is transmitted
between the first communications circuit 26 and the sec-
ond communications circuit 30 in the manner described
above, as indicated at 208. If the output of the power
source 54 is greater than or equal to the threshold level,
then the microcontroller 34 does not enter communica-
tions mode and a normal operational mode of the tool
14 is enabled, as indicated at 210.
[0037] Figure 7 is a flow chart 300 illustrating another
preferred implementation for initiating the communica-
tions mode of the tool 14. Initially, the data transfer de-
vice 18 is connected to the power terminals 22a and
22b, as indicated at 302. The microcontroller 34 then
determines whether there is a voltage shifting signal at
terminal 22a, as indicated at 304. That is, the microcon-
troller 34 determines whether there is a substantially
steady voltage signal, e.g. DC signal, or a shifting volt-
age signal, e.g. AC signal, at terminal 22a when the data
transfer device 18 is connected to power terminals 22a
and 22b. If the signal at terminal 22a is a shifting signal,
then the microcontroller 34 enters the communications
mode, as indicated at 306. The communications mode
can be any of the bidirectional or unidirectional commu-
nications modes described above. Once in the commu-
nications mode, data is transmitted between the first
communications circuit 26 and the second communica-
tions circuit 30 in the manner described above, as indi-
cated at 308. If the signal at terminal 22a is a steady
signal, then the microcontroller 34 does not enter com-
munications mode and a normal operational mode of the
tool 14 is enabled, as indicated at 310.
[0038] In still another preferred embodiment, wherein
the data transfer device 18 is a removable, portable bat-
tery pack, the system 10 transfers data immediately up-
on connection of the battery pack to the power terminals
22a and 22b. For example, immediately upon insertion
of the battery pack into the tool 14, the microcontroller
34 downloads data to the second communications cir-
cuit 30. Similarly, data from the second communications
circuit 30 can be immediately uploaded to the first com-
munications circuit 26 upon insertion of the battery pack
into the tool 14. As a further example, bidirectional com-
munication can also occur immediately upon connection
of the data transfer device 18, i.e. the battery pack in-
cluding the second communications circuit 30, to the
power terminals 22a and 22b. Bidirectional communica-

tions can occur by immediately downloading data to the
data reader 66 and then uploading data to the micro-
controller 34 immediately upon completion of the down-
load, or vice versa. In this embodiment the battery pack
not only immediately enables the microcontroller 34, but
also immediately provides operational power to the tool
14. Therefore, in any of the communications modes, the
microcontroller 34 will suspend or stop the transfer of
data if operation of the tool 14 is attempted.
[0039] The system 10 thus provides a means to pro-
vide unidirectional or bi-directional communications with
an electronic component located within the housing of
the power tool without requiring disassembly of the tool.
As a result, important tool programming can be accom-
plished quickly and easily without any disassembly of
the tool 14. This significantly simplifies manufacture of
the tool 14. Just as importantly, stored tool operation/
performance information can quickly and easily be down
loaded without any disassembly of the tool 14.
[0040] The description of the invention is merely ex-
emplary in nature and, thus, variations that do not depart
from the gist of the invention are intended to be within
the scope of the invention. Such variations are not to be
regarded as a departure from the spirit and scope of the
invention.

Claims

1. A method for communicating data between a cord-
less power tool and a host device, said method
comprising:

inserting the host device into a battery pack re-
ceptacle of the tool such that the host device is
connected to at least one battery terminal of the
tool;
entering a tool communications mode; and
transmitting data between the power tool and
the host device.

2. The method of Claim 1, wherein inserting the host
device comprises inserting a removable battery
pack including a communications circuit into the
battery pack receptacle, wherein the battery pack
is used to provide power to the tool during both the
communications mode and a tool operational mode.

3. The method of Claim 1, wherein transmitting data
comprises varying at least one of a voltage and a
current supplied by the host device to the tool be-
tween a first level and a second level to transmit
data from the tool to the host device.

4. The method of Claim 3, wherein varying a voltage
supplied by the host device to the tool comprises
sequentially alternating a voltage across a resistor
in the tool between a first voltage and a second volt-
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age.

5. The method of Claim 4, wherein varying a voltage
supplied by the host device to the tool further com-
prises sequentially alternating a voltage across a
resistor in the host device between a first voltage
and a second voltage as a result of sequentially al-
ternating the voltage across the tool resistor.

6. The method of Claim 5, wherein varying a voltage
supplied by the host device to the tool further com-
prises resolving the sequentially alternating voltage
across the host device resistor into digital signals
representative of the data transmitted from the tool
to the host device.

7. The method of Claim 6, wherein varying a voltage
supplied by the host device to the tool further com-
prises storing the data transmitted from the tool to
the host device in a data reader.

8. The method of Claim 1, wherein transmitting data
comprises shifting a voltage signal to a microcon-
troller of the tool between a first voltage and a sec-
ond voltage to transmit data from the host device to
the tool.

9. The method of Claim 8, wherein shifting a voltage
signal to a microcontroller comprises sequentially
switching a voltage supplied from the host device
to the tool between a first voltage and a second volt-
age.

10. The method of Claim 9, wherein shifting a voltage
signal to a microcontroller further comprises resolv-
ing the sequentially switching voltage supplied from
the host device to the tool into digital signals repre-
sentative of the data transmitted from the host de-
vice to the tool.

11. The method of Claim 10, wherein shifting a voltage
signal to a microcontroller further comprises:

inputting the digital signals to the microcontrol-
ler; and
storing the transmitted data in a tool memory
device.

12. The method of Claim 1, wherein transmitting data
comprises:

varying at least one of a voltage and a current
supplied by the host device to the tool between
a first level and a second level to transmit data
from the tool to the host device; and
shifting a voltage signal to a microcontroller of
the tool between a first voltage and a second
voltage to transmit data from the host device to

the tool.

13. The method of Claim 1, wherein entering a commu-
nications mode comprises determining whether a
power level provided by the host device to the tool
is less than a predetermined threshold.

14. The method of Claim 13, wherein entering a com-
munications mode further comprises entering the
communications mode if the power level is less than
the threshold.

15. The method of Claim 1, wherein inserting the host
device comprises inserting a connector of the host
device into the battery pack receptacle, wherein the
connector is shaped substantially similar to the re-
movable battery pack and communicatively linked
to a communications circuit of the host device.

16. A method of downloading data from a cordless pow-
er tool to a data receiving device, said method com-
prising:

removing a battery pack from the power tool;
connecting the data receiving device to the
power tool in substantially the same manner as
the battery pack is connected in the power tool,
thereby connecting the data receiving device to
at least one power terminal of the power tool
used for connecting the tool to the battery pack
during operation of the tool;
sequentially alternating at least one of a voltage
and a current supplied by the data receiving de-
vice to the tool between a first level and a sec-
ond level to transmit data from the tool to the
data receiving device; and
storing the data transmitted from the tool to the
data receiving device in a data reader.

17. The method of Claim 16, wherein sequentially alter-
nating a voltage supplied by the data receiving de-
vice to the tool comprises sequentially alternating a
voltage across a resistor in the tool between a first
voltage and a second voltage.

18. The method of Claim 12, wherein sequentially alter-
nating a voltage supplied by the data receiving de-
vice to the tool further comprises sequentially alter-
nating a voltage across a resistor in the data receiv-
ing device between a first voltage and a second volt-
age as a result of sequentially alternating the volt-
age across the tool resistor.

19. The method of Claim 18, wherein sequentially alter-
nating a voltage supplied by the data receiving de-
vice to the tool further comprises resolving the se-
quentially alternating voltage across the data re-
ceiving device resistor into digital signals represent-
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ative of the data transmitted from the tool to the data
receiving device.

20. The method of Claim 19, wherein storing the data
transmitted from the tool to the data receiving de-
vice comprises:

transmitting the digital signals to the data read-
er; and
storing the data in a memory device of the data
reader.

21. A method of uploading data from a programming
device to a cordless power tool, said method com-
prising:

removing a battery pack from the power tool;
connecting the programming device to the pow-
er tool in substantially the same manner as the
battery pack is connected in the power tool,
thereby connecting the programming device to
at least one power terminal of the tool used for
connecting the tool to a power supply during op-
eration of the tool;
sequentially alternating a voltage signal to a mi-
crocontroller of the tool between a first level and
a second level to transmit data from the pro-
gramming device to the tool; and
storing the data transmitted from the program-
ming device to the tool in a memory device of
the tool.

22. The method of Claim 21, wherein sequentially alter-
nating a voltage signal to a microcontroller compris-
es sequentially switching a voltage supplied from
the programming device to the tool between a first
voltage and a second voltage.

23. The method of Claim 22, wherein sequentially alter-
nating a voltage signal to a microcontroller further
comprises resolving the sequentially switching volt-
age supplied from the programming device to the
tool into digital signals representative of the data
transmitted from the programming device to the
tool.

24. The method of Claim 23, wherein storing the data
transmitted from the programming device to the tool
comprises inputting the digital signals to the micro-
controller.

25. A system for communicating data to and from a
cordless power tool, said system comprising:

a host device adapted to be interchangeable
with a removable battery pack of the tool such
that the host device is connected to at least one
power terminal of the tool, wherein the battery

pack is used to power the power tool during op-
eration of the power tool;
a first communications circuit included in the
tool adapted to vary a voltage supplied by the
host device to the tool between a first level and
a second level to transmit data from the tool to
the host device; and
a second communications circuit included in
the host device adapted to vary a voltage signal
to a microcontroller of the tool between a first
level and a second level to transmit data from
the host device to the tool.

26. The system of Claim 25, wherein, the first commu-
nications circuit includes a first resistor and micro-
controller adapted to sequentially alternate a volt-
age across the first resistor between a first voltage
and a second voltage.

27. The system of Claim 26, wherein the second com-
munications circuit includes a second resistor,
wherein a voltage across the second resistor is se-
quentially alternated between a first voltage and a
second voltage as a result of the sequentially alter-
nating voltage across the first resistor.

28. The system of Claim 27, wherein the second com-
munications circuit further includes a differential cir-
cuit adapted to resolve the sequentially alternating
voltage across the second resistor into digital sig-
nals representative of the data transmitted from the
tool to the host device.

29. The system of Claim 28, wherein the second com-
munications circuit further includes a memory de-
vice and a data reader adapted to receive the digital
signals and store the data in the memory device.

30. The system of Claim 28, wherein the second com-
munications circuit is further adapted to connect to
a remote computer device adapted to receive the
digital signals and store the data.

31. The system of Claim 25, wherein the second com-
munications circuit includes a voltage shifting de-
vice adapted to sequentially switch a voltage sup-
plied from the second communications circuit to the
first communications circuit between a first voltage
and a second voltage.

32. The system of Claim 31, wherein the first commu-
nications circuit includes a voltage shift detection
circuit adapted to resolve the sequentially switching
voltage supplied from the second communications
circuit to the first communications circuit into digital
signals representative of the data transmitted from
the host device to the tool.
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33. The system of Claim 32, wherein the first commu-
nications circuit further includes a memory device,
wherein the microcontroller is adapted to receive
the digital signals and store the data represented
thereby in the memory device.

34. The system of Claim 25, wherein the host device
comprises a removable battery pack that includes
the second communications circuit.

35. The system of Claim 25, wherein the host device
comprises a connector communicatively linked to a
computer based device including a communica-
tions circuit, the connector shaped substantially
similar to the battery pack.

36. The system of Claim 26, wherein the microcontrol-
ler is further adapted to determine if a power sup-
plied by the second communications circuit to the
first communications circuit is less than a predeter-
mined threshold level.

37. The system of Claim 36, wherein the microcontrol-
ler is further adapted to enter a communications
mode if the power level is less than the predeter-
mined level.

38. A cordless power tool adapted to communicate with
a data transfer device, said tool comprising:

a removable battery pack used to power the
tool when the tool is in an operation mode;
a battery pack receptacle adapted to inter-
changeably retain either the battery pack or a
data transfer device;
at least one power terminal within the recepta-
cle adapted to connect to the battery pack when
the tool is the operation mode and to the data
transfer device when the tool is in a communi-
cations mode; and
a first communications circuit housed within the
power tool and connected to the power termi-
nal, the first communications circuit adapted to
communicate with the data transfer device over
the power terminal.

39. The tool of Claim 38, wherein the first communica-
tions circuit is further adapted to sequentially vary
a voltage across a resistor in the data transfer de-
vice between a first level and a second level to
transmit data from the tool to the data transfer de-
vice.

40. The tool of Claim 39, wherein, the first communica-
tions circuit includes a microcontroller adapted to
sequentially alternate a voltage across a resistor in
the first communications circuit between a first volt-
age and a second voltage, thereby sequentially var-

ying the voltage across the resistor in the data trans-
fer device to transmit the data from the tool to the
data transfer device.

41. The tool of Claim 40, wherein the first communica-
tions circuit further includes a memory device, and
wherein the microcontroller is adapted to receive
the digital signals and store the data represented
thereby in the memory device.

42. The tool of Claim 38, wherein the first communica-
tions circuit is further adapted to receive a voltage
from the data transfer device that is sequentially
shifted between a first voltage and a second voltage
to transmit data from the data transfer device to the
tool.

43. The tool of Claim 42, wherein the first communica-
tions circuit further includes a voltage shift detection
circuit adapted to resolve the sequentially shifted
voltage received from the data transfer device into
digital signals representative of the data transmitted
from the host device to the tool.

44. The tool of Claim 38, wherein the host device com-
prises a removable battery pack that includes a sec-
ond communications circuit.

45. The tool of Claim 38, wherein the host device com-
prises a connector communicatively linked to a
computer based device including a communica-
tions circuit, the connector shaped substantially
similar to the battery pack.

46. The tool of Claim 40, wherein the microcontroller is
further adapted to determine if a power supplied by
a second communications circuit to the first com-
munications circuit is less than a predetermined
threshold level, the second communications circuit
included in the host device.

47. The tool of Claim 46, wherein the microcontroller is
further adapted to enter a communications mode if
the power level is less than the predetermined level.

48. The tool of Claim 38, wherein the communications
circuit is further adapted to:

sequentially vary a voltage across a resistor in
the data transfer device between a first level
and a second level to transmit data from the tool
to the data transfer device; and
receive a voltage from the data transfer device
that is sequentially shifted between a first volt-
age and a second voltage to transmit data from
the data transfer device to the tool.

49. A method for communicating data between a cord-
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less power tool and a host device, said method
comprising:

inserting the host device into a battery pack re-
ceptacle of the power tool such that the host
device is connected to at least one battery ter-
minal of the tool, wherein the battery pack re-
ceptacle is adapted to retain a removable bat-
tery pack during a tool operational mode;
determining whether a power level provided by
the host device to the tool is less than a prede-
termined threshold;
entering a communications mode if the power
level is less than the threshold; and
transmitting data between the power tool and
the host device upon entering the communica-
tions mode.

50. The method of Claim 49, wherein inserting the host
device comprises inserting a removable battery
pack including a communications circuit into the
battery pack receptacle, wherein the battery pack
is used to provide power to the tool during the tool
operation mode.

51. The method of Claim 49, wherein inserting the host
device comprises inserting a connector of the host
device into the battery pack receptacle, wherein the
connector is shaped substantially similar to the re-
movable battery pack and communicatively linked
to a communications circuit of the host device.

52. The method of Claim 49, wherein transmitting data
comprises immediately downloading data from the
tool to the host device upon entering the communi-
cations mode.

53. The method of Claim 49, wherein transmitting data
comprises immediately uploading data from the
host device to the tool upon entering the communi-
cations mode.

54. The method of Claim 49, wherein transmitting data
comprises immediately exchanging bidirectional
data transmissions between the host device and the
tool upon entering the communications mode.

55. The method of Claim 49, wherein transmitting data
comprises suspending the transmission of data if
the operational mode of the tool is activated.

56. A method for communicating data between a cord-
less power tool and a host device, where the cord-
less power tool has a receptacle with a power ter-
minal connection, a removable battery pack adapt-
ed to attach to the receptacle to make electrical con-
nection with the power terminal connection, and an
internal module in communication with the power

terminal connection, the method comprising:

removing the battery pack from the receptacle
of the tool;
coupling at least a portion of a host device to
the power terminal connection of the tool; and
using the host device to facilitate transmission
of information between the host device and the
module in the tool.

57. The method of Claim 56, wherein coupling a portion
of the host device to the power terminal connection
comprises inserting the host device into the recep-
tacle, wherein the host device is shaped substan-
tially similar to the battery pack.

58. The method of Claim 57, wherein inserting the host
device comprises inserting a removable battery
pack including a communications circuit into the
battery pack receptacle, wherein the battery pack
is used to provide power to the tool during the tool
operation mode.

59. The method of Claim 58, wherein inserting the host
device comprises inserting a connector of the host
device into the battery pack receptacle, wherein the
connector is shaped substantially similar to the re-
movable battery pack and communicatively linked
to a communications circuit of the host device.
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