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(57) Abstract: An apparatus for generating a pulse at a particular time dictated by an input. The apparatus may comprise an offset
& voltage generator for generating an offset voltage that is a function of the input, a current generator for generating a current, a ramp
& voltage generator for generating a ramp voltage having an initial value as a function of the offset voltage and a slope as a function
of the current, and a pulse generator for generating a pulse in response to the ramp voltage reaching a threshold voltage. With this
configuration, the time the pulse is generated is controlled by the input. This may be used in transceivers to control the time of
transmission and the time of reception. Such times may be used to set up communication channels, such as ultra-wide band (UWB)

channels, for communicating with other devices.
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APPARATUS AND METHOD FOR GENERATING FINE TIMING FROM
COARSE TIMING SOURCE

FIELD
[0001] This application relates generally to apparatus and method for

generating fine timing (e.g., a pulse) from a coarse timing source such as a

periodic clock.

BACKGROUND

[0002] Previous communication systems use techniques that are
typically power inefficient. These systems typically employ transmitters
and receivers that require continuous power even during times when they
are not transmitting or receiving communications. Such systems that
remain idle while consuming power are generally inefficient from a power

perspective.

[0003] In some applications, such power 1inefficient communication
systems may present limitation as to their extended use. For example,
portable communication devices that rely on battery power generally have a
relatively short continuous operational lifespan before their batteries need
to be replaced or recharged. In some situations, this may result in adverse
consequences, such as data loss, communication delays, dropped sessions

and down time.

[0004] On the other hand, communication systems that consume
substantially lower power during idle times are generally able to operate for
longer periods with a limited power source. Thus, communication systems
that power on a transmitter only when the signal is to be transmitted will
generally consume less power than a transmitter that i1s continuously
powered. Similarly, communication systems that power on a receiver only
when the signal is to be received will generally consume less power than a

receiver that is continuously powered.
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SUMMARY

[0005] A summary of sample aspects of the disclosure follows. For
convenience, one or more aspects of the disclosure may be referred to herein

simply as “some aspects.”

[0006] Some aspects of the disclosure relate to an apparatus for
generating a pulse based on an input. The apparatus comprises a first
generator for generating an offset voltage as a function of the input, a
second generator for generating a current, a third generator for generating a
ramp voltage having an initial value as a function of the offset voltage and a
slope as a function of the current, and a fourth generator for generating a

pulse in response to the ramp voltage reaching a threshold voltage.

[0007] If the input dictates an offset voltage that is closer to the
threshold voltage, the ramp voltage reaches the threshold voltage in a
relatively short time interval, resulting in the pulse being generated
relatively early. If, on the other hand, the input dictates an offset voltage
that 1s farther from the threshold voltage, the ramp voltage reaches the
threshold voltage in a relatively long time interval, resulting in the pulse
being generated relatively late. Thus, the time the pulse is generated 1s
controlled by the input. This may be used to enable transmitters and
receivers for the duration of the pulse to control the times of transmission
and reception of signals. Such times may be used to establish

communication channels for communicating with other devices.

[0008] In some aspects, the initial value of the ramp voltage may be
substantially the same as the offset voltage or related thereto. The offset
voltage may be generated by a digital-to-analog converter (DAC). A
calibration circuit may be employed to calibrate the offset voltage to
correlate the input with the generation of the pulse. More specifically, the
calibration circuit may determine a digital input word for the DAC that
corresponds to the upper limit of the offset voltage, e.g., the threshold
voltage of the pulse generator. The digital input word for the DAC
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corresponding to the lower limit of the offset voltage of the DAC may be
predefined. The input word for the DAC corresponding to offset voltages

between the upper and lower limits may be determined by interpolation.

[0009] In some aspects, the current, as well as the slope of the ramp
voltage, may be positive, negative, linear or non-linear. The current may be
generated by a current mode digital-to-analog converter (DAC). A
calibration circuit may be employed to calibrate the current to correlate the
mput with the generation of the pulse. More specifically, with the offset
voltage set to its lower limit, the current calibration circuit determines a
current that results in the ramp voltage reaching the threshold voltage at
the upper time limit for the generation of the pulse. A periodic clock source

may be used to define the interval in which the pulse is to be generated.

[0010] In some aspects, the apparatus may be configured as or used in
a communication device to establish, for example, one or more ultra-wide
band (UWB) channels for communicating with other devices using pulse
division multiple access (PDMA) techniques. A UWB channel may have a
fractional bandwidth on the order of 20% or more, a bandwidth on the order

of 500 MHz or more, or both.

[0011] In some aspects, the apparatus may be implemented as or used
in a headset, medical device, microphone, biometric sensor, heart rate
monitor, pedometer, EKG device, user I/O device, watch, remote control,
switch, tire pressure monitor, entertainment device, computer, point-of-sale
device, hearing aid, set-top box, cell phone, or a device with some form of
wireless signaling capability. In some aspects, the apparatus may be
implemented in or comprise an access device (e.g., a WiF1 access point) for a
communication system. For example, the apparatus may provide
connectivity to another network (e.g., a wide area network such as the

Internet) via a wired or wireless communication link.

[0012] Other aspects, advantages and novel features of the present

disclosure will become apparent from the following detailed description of
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the disclosure when considered in conjunction with the accompanying

drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0013] Figure 1A-B illustrate respective block diagrams of exemplary
apparatus for generating a pulse in accordance with some aspects of the

disclosure;

[0014] Figure 1C 1llustrates a flow diagram of an exemplary method of

generating a pulse in accordance with some aspects of the disclosure;

[0015] Figure 2A illustrates a graph of exemplary signals generated
by the exemplary apparatus for generating a pulse in accordance with some

aspects of the disclosure;

[0016] Figure 2B illustrates a graph of exemplary signals generated
by the exemplary apparatus for generating a pulse in accordance with some

aspects of the disclosure;

[0017] Figure 3 illustrates a schematic diagram of an exemplary
apparatus for generating a pulse in accordance with some aspects of the

disclosure;

[0018] Figures 4A-B illustrate graphs of exemplary signals generated
by the exemplary apparatus for generating a pulse in accordance with some

aspects of the disclosure;

[0019] Figure 5A 1llustrates a flow diagram of an exemplary method of
calibrating a current generated by the exemplary apparatus for generating

a pulse 1n accordance with some aspects of the disclosure;

[0020] Figures 5B-C 1llustrate graphs of various signals generated by
the exemplary apparatus for generating a pulse during a calibration

procedure 1n accordance with some aspects of the disclosure;

[0021] Figure 6 illustrates a flow diagram of an exemplary method of
calibrating an offset voltage generated by the exemplary apparatus for

generating a pulse in accordance with some aspects of the disclosure;
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[0022] Figure 7 1illustrates a block diagram of an exemplary

communication apparatus in accordance with some aspects of the disclosure;

[0023] Figure 8A-C illustrate timing diagrams of various pulse
division multiple access (PDMA) modulation techniques in accordance with

some aspects of the disclosure; and

[0024] Figure 9 illustrates a block diagram of various communication
devices communicating with each other via various channels in accordance

with some aspects of the disclosure.
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DETAILED DESCRIPTION

[0025] Various aspects of the disclosure are described below. It should
be apparent that the teachings herein may be embodied in a wide variety of
forms and that any specific structure, function, or both being disclosed
herein are merely representative. Based on the teachings herein one skilled
in the art should appreciate that an aspect disclosed herein may be
implemented independently of any other aspects and that two or more of
these aspects may be combined in various ways. For example, an apparatus
may be implemented or a method may be practiced using any number of the
aspects set forth herein. In addition, such an apparatus may be
implemented or such a method may be practiced using other structure,
functionality, or structure and functionality in addition to or other than one

or more of the aspects set forth herein.

[0026] As an example of some of the above concepts, 1n some aspects,
an apparatus for generating a pulse comprises a generator for generating an
offset voltage as a function of an input; a generator for generating a current;
a generator for generating a ramp voltage having an initial value as a
function of the offset voltage and a slope as a function of the current; and a
generator for generating a pulse in response to the ramp voltage reaching a
threshold voltage. In other aspects, the apparatus comprises a generator for
generating a ramp voltage as a function of an input; and a generator for
generating a timing event when the ramp voltage reaches a threshold

voltage.

[0027] Figure 1A illustrates a block diagram of an exemplary
apparatus 100 for generating a pulse in accordance with some aspects of the
disclosure. It shall be understood that the apparatus 100 is merely one
example of a timing event generator. The apparatus 100 generates a pulse
at a particular time dictated by a pulse position input. As discussed in more
detail below, the apparatus 100 may be used to enable a transmitter to

transmit a signal and/or a receiver to receive a signal. In this manner, one
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or more communication channels may be established by pulse modulation

techniques, such as pulse division multiple access (PDMA).

[0028] In summary, the apparatus 100 generates a ramp voltage that
includes an 1nitial offset voltage as a function of an input and a slope as a
function of a current. When the ramp voltage reaches a threshold voltage,
the apparatus 100 generates the pulse. By varying the offset voltage as a
function of the input, the ramp voltage reaches the threshold voltage at
different times. Thus, the time of the generation of the pulse can be

controlled by the input.

[0029] More specifically, the apparatus 100 comprises an offset
voltage generator 102, a current generator 104, a ramp voltage generator
106, and a pulse generator 108. The offset voltage generator 102 receives an
mput, such as a digital word, and generates a corresponding offset voltage.
The current generator 104 generates a current that may be substantially
constant, may vary linearly with time, or may vary non-linearly with time.
In some aspects, the current may flow from the current generator 104 to the
ramp voltage generator 106. In some other aspects, the current may flow

from the ramp voltage generator 106 to the current generator 104.

[0030] The ramp voltage generator 106 generates a ramp voltage from
the offset voltage received from the offset voltage generator 102 and the
current received from the current generator 104. In some aspects, the ramp
voltage generator 106 uses the offset voltage to set an initial value for the
ramp voltage. In some aspects, the ramp voltage generator 106 uses the
current to control the slope of the ramp voltage. As an example, the ramp

voltage generator 106 integrates the current to generate the ramp voltage.

[0031] The pulse generator 108 generates a pulse when the ramp
voltage reaches a predefined threshold voltage. As discussed, the input sets
the offset voltage, which is the initial value of the ramp voltage. Thus, by
varying the offset voltage, the ramp voltage reaches the threshold voltage at

different times dependent on the input. Thus, the timing of the generation
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of the pulse 1s controlled by the input. This 1s better explained with

reference to the following examples.

[0032] Figure 2A illustrates a graph of exemplary signals generated
by the exemplary apparatus 100 in accordance with some aspects of the
disclosure. In this example, the current generated by the current generator
104 1s substantially constant and flows from the current generator 104 to
the ramp voltage generator 106. The vertical axis of the graph represents
the ramp voltage and the horizontal axis represents time. A threshold
voltage 1s shown near the top of the graph. As discussed above, when the
ramp voltage reaches the threshold voltage, the pulse generator 108

generates a pulse.

[0033] As the graph illustrates, the time the ramp reaches the
threshold is dependent on the offset voltage. For example, if, based on the
mput, the offset voltage generator 102 generates an offset voltage of 400
milli-Volts (mV), the ramp voltage reaches the threshold at a time of 100
nanoseconds (ns). As another example, if, based on the input, the offset
voltage generator 102 generates an offset voltage of 1200 mV, the ramp
voltage reaches the threshold at a time of 60 nanoseconds (ns). As still
another example, if, based on the input, the offset voltage generator 102
generates an offset voltage of 2000 mV, the ramp voltage reaches the
threshold at a time of 20 nanoseconds (ns). Thus, the input controls the

time within the 100ns interval at which the pulse is generated.

[0034] Figure 2B illustrates a graph of exemplary signals generated
by the exemplary apparatus 100 in accordance with some aspects of the
disclosure. In this example, the current generated by the current generator
104 1s substantially constant and flows from the ramp voltage generator 106
to the current generator 104. Again, the vertical axis of the graph
represents the ramp voltage and the horizontal axis represents time. A
threshold voltage is shown near the bottom of the graph. As discussed
above, when the ramp voltage reaches the threshold, the pulse generator

108 generates a pulse.
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[0035] As the graph illustrates, the time the ramp reaches the
threshold is dependent on the offset voltage. For example, if, based on the
mput, the offset voltage generator 102 generates an offset voltage of
2000mV, the ramp voltage reaches the threshold at a time of 100
nanoseconds (ns). As another example, if, based on the input, the offset
voltage generator 102 generates an offset voltage of 1200mV, the ramp
voltage reaches the threshold at a time of 60 nanoseconds (ns). As still
another example, if, based on the input, the offset voltage generator 102
generates an offset voltage of 400mV, the ramp voltage reaches the
threshold at a time of 20 nanoseconds (ns). Thus, the input controls the

time within the 100ns interval at which the pulse is generated.

[0036] In the prior examples, the input controls when the pulse 1s
generated within a time interval. In this example, the time interval is
100ns. It shall be understood that the time interval may be of different time
lengths. Additionally, the time interval may be consecutively repeated in
response to a substantially constant frequency clock source. For example, a
10 MHz clock may be used to repeatedly initiate the 100ns time interval. A
new input for each time interval causes the pulse to be generated at a
particular time within the interval. As discussed in more detail below, the
position of one or more pulses within the time interval may be used to set up
one or more concurrent communication channels with another

communication device.

[0037] Figure 1B illustrates a block diagram of an exemplary
apparatus 150 for generating a pulse, as a function of an input. The
apparatus 150 may be implemented as one or more integrated circuits (ICs).
In this example, ICs 152, 154, 156, and 158 are used as means for
generating the offset voltage, current, ramp voltage, and pulse in a similar

manner as previously described.

[0038] Figure 1C illustrates a flow diagram of an exemplary method
170 of generating a pulse in accordance with another aspect of the

disclosure. According to the method 170, an offset voltage 1s generated that
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1s a function of an input, such as an input digital word (block 172).
Additionally, a current is generated (block 174). Further, a ramp voltage is
generated having an initial value as a function of the offset voltage and a
slope as a function of the current (block 176). Then, a pulse is generated

when the ramp voltage reaches a threshold voltage (block 178).

[0039] Figure 3 illustrates a schematic diagram of an exemplary
apparatus 300 for generating a pulse in accordance with some aspects of the
disclosure. The apparatus 300 1s one example of a detailed implementation
of the apparatuses 100 and 150 previously discussed. As in previous
aspects, the apparatus 300 generates a pulse at a particular time dictated
by an input. As discussed below in connection with a communication device,
the apparatus 300 may be used to set up one or more concurrent

communication channels using a particular type of pulse modulation, such

as PDMA.

[0040] In particular, the apparatus 300 comprises an offset voltage
generator 302, a current generator 320, a reset circuit 340, a ramp voltage
generator 360, and a pulse generator 380. The offset voltage generator 302
generates an offset voltage as a function of an input. The current generator
320 generates a substantially constant current. The ramp voltage generator
360 generates a ramp voltage that has an initial value as a function of the
offset voltage, and a slope as a function of the current. In these exemplary
aspects, the initial value of the ramp voltage is substantially the same as
the offset voltage. In addition, the ramp voltage generator 360 generates
the ramp voltage by substantially integrating the current received from the

current generator 320.

[0041] The pulse generator 380 generates a pulse when the ramp
voltage reaches a threshold voltage. The reset circuit 340 discharges the
integrator of the ramp voltage generator 360 in response to the lead edge of
the pulse to cause the pulse generator 380 to generate the tail edge of the
pulse when the integrator voltage falls below the threshold of the pulse
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generator 380. The reset circuit 340 may be configured to initiate the tail

edge of the pulse to achieve a particular pulse width for the generated pulse.

[0042] The offset voltage generator 302 also includes a calibration
circuit to calibrate the offset voltage to correlate the input with the
particular time of the generation of the pulse. More specifically, the offset
voltage calibration circuit determines the input that produces an offset
voltage substantially equal to the threshold voltage of the pulse generator
380. Additionally, the current generator 320 includes a calibration circuit to
calibrate the current to also correlate the input with the particular time of
the generation of the pulse. More specifically, the current calibration circuit
generates a current that produces a ramp voltage that reaches the threshold
voltage of the pulse generator 380 at approximately the end of a time
interval for an offset voltage that corresponds to the earliest pulse position
within the time interval. As discussed in more detail below, the reset circuit

340 assists 1n the calibration of the current.

[0043] In more detail, the offset voltage generator 302 comprises a
state machine 304, a digital-to-analog (DAC) converter 310, a transfer gate
316, a delay element 318, a differential amplifier 314, a threshold detector
312, a latch 308, and an AND-gate 306. The DAC 310 generates the offset
voltage in response to the input, which, in this example, may be an 8-bit
digital word. The transfer gate 316 transfers the offset voltage to the ramp
voltage generator 360 in response to a delayed edge of a clock signal Clk,
whose period defines a time interval. The remaining devices, namely the
state machine 304, differential amplifier 314, threshold detector 312, latch
308, and AND-gate 306 are used to calibrate the offset voltage, as discussed

1in more detail below.

[0044] The current generator 320 comprises a phase and frequency
detector (PFD) 322, a lock detector 324, and a current mode DAC 326. The
current mode DAC 326 generates a substantially constant current, which is
applied to the ramp voltage generator 360. The PFD 322 and lock detector

324 are used to calibrate the current, as discussed in more detail below.
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[0045] The ramp voltage generator 360 comprises a capacitive element
C and a transistor 362. The capacitive element C serves to initially receive
the offset voltage from the offset voltage generator 302 so that the ramp
voltage generated by the ramp voltage generator 360 has an initial value
substantially equal to the offset voltage. The capacitive element C also
serves as an integrator to substantially integrate the current received from
the current generator 320 to generate the ramp voltage. Accordingly, the
ramp voltage has an initial value as a function of the offset voltage, and a
slope as a function of the current. The transistor 362 is responsive to a reset
signal generated by the reset circuit 340 to discharge the capacitive element

C 1n response to the pulse being initiated, as explained in more detail below.

[0046] The pulse generator 380 comprises a pair of inverters 382 and
384 coupled 1n series. The input of the first inverter 382 receives the ramp
voltage from the ramp voltage generator 360. The output of the second
mverter 384 generates the pulse. The output of the second inverter 384 is
also fed back to the reset circuit 340 in order for the reset circuit 340 to
generate the reset signal that causes the discharge of the capacitive element
C. Thus, when the ramp voltage reaches the threshold voltage of the
inverter 382, the output of the inverter 382 changes from a logic high
voltage to a logic low voltage, which, in turn, causes the output of the
inverter 384 to change from a logic low voltage to a logic high voltage. This

produces the leading edge of the pulse.

[0047] The leading edge of the pulse 1s fed back to the reset circuit
340, which causes the reset circuit 340 to generate the reset signal. The
reset signal turns on the transistor 362, which forces the voltage on the
capacitor to ground potential. This, in turn, causes the output of the first
mverter 382 to change from a logic low voltage to a logic high voltage,
which, in turn, causes the output of the second inverter 384 to change from
a logic high voltage to a logic low voltage. This produces the trailing edge of
the pulse.



WO 2008/134094 PCT/US2008/051439
14

[0048] The reset circuit 340 comprises an AND-gate 350, a latch 348,
an inverter 342, a three-input AND-gate 344, and an OR-gate 346. As
previously mentioned, the reset circuit 340 generates the reset signal to
cause the discharge of the capacitive element C in response to the leading
edge of the pulse generated by the pulse generator 380. The reset circuit
340 1s also used in the calibration of the current generated by the current
generator 320, as discussed in more detail below. In normal operation, the
calibration signal CAL 1s set to a logic low level. In calibration mode, the

calibration signal CAL 1s set to a logic high level.

[0049] In normal operation, the AND-gate 350 propagates the
feedback signal to the clock input of the latch 348, since the inverted
calibration signal is logically high. Thus, in response to the pulse generator
380 generating the leading (e.g., rising) edge of the pulse, the AND-gate 350
generates a rising edge, which 1s applied to the clock input of the latch 348.
The rising edge causes the voltage at the data (D) input of the latch 348,
which 1s tied to a logic high voltage Va4, to propagate to the Q-output of the
latch 348. The OR-gate 346, in turn, propagates the logic high voltage at
the Q-output of the latch 348 to the gate of the transistor 362 of the ramp
voltage generator 360. This turns on the transistor 362, thereby grounding
the capacitive element C. Thus, the ramp voltage quickly goes to a logic low
voltage, causing the first inverter 382 to transition from a logic low voltage
to a logic high voltage, which, in turn, causes the second inverter 384 to
transition from a logic high voltage to a logic low voltage. This produces the

trailing edge of the pulse.

[0050] At the beginning of a new time interval, the latch 348 is reset
by the rising edge of the clock source Clk. This causes the Q-output of the
latch 348 to transition to a logic low voltage, which 1s propagated to the
transistor 362 by the OR-gate 346. This causes the transistor 362 to turn
off, thereby allowing the capacitive element C to receive a new offset voltage

and the current to generate the ramp voltage.
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[0051] The remaining elements of the reset circuit 340, namely the
mverter 342 and three-input AND-gate 344, are used exclusively for the
current calibration procedure, as discussed in more detail further below.
The normal operation of the apparatus 300 1s discussed in more detail below

with reference to Figures 4A-B.

[0052] Figures 4A-B illustrate graphs of the exemplary ramp voltages
and pulses 1n relation to time generated by the exemplary pulse position
modulator 300 in accordance with some aspects of the disclosure. In this
example, the times zero (0), 100ns, 200ns, and 300ns represent the
beginnings of different time intervals. These are delineated in the graphs as
respective vertical dashed lines, except for the solid vertical line
corresponding to time zero (0). A clock signal Clk having a frequency of, for

example, 10 MHz may be used to define the 100ns time interval.

[0053] With further reference to Figure 3, at time zero (0), the output
of the pulse generator 380 1s at a logic low voltage. This 1s because the
voltage across the capacitive element C is also at a logic low voltage (e.g., ~
0V), which causes the first inverter 382 of the pulse generator 380 to
generate a logic high voltage, which, in turn, causes the second inverter 384

of the pulse generator 380 to generate a logic low voltage.

[0054] As previously discussed, an edge (e.g., the rising edge) of the
clock signal Clk initiates a time interval. Thus, at time zero (0), the rising
edge of the clock signal Clk causes the latch 348 of the reset circuit 340 to
reset. In response, the latch 348 generates a logic low voltage at its Q-
output, which 1s transferred by the OR-gate 346 to the gate of the transistor
362, thereby turning off the transistor 362. This allows the capacitive
element C to receive the offset voltage from the offset voltage generator 302
and the current from the current generator 320. Also, at time zero (0), the
offset voltage generated by the DAC 310 in response to the input is
transferred by the transfer gate 316 to the capacitive element C in response

to delayed rising edge of the clock signal CIk.
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[0055] As shown in Figure 4A, in this example, the offset voltage 1s set
to slightly above the middle of its range. At time zero (0), the capacitive
element C begins to integrate the current from the current generator 320 to
produce the increasing ramp voltage. When the ramp voltage reaches the
threshold voltage of the first inverter 382 of the pulse generator 380, the
output of the first inverter 382 transitions from a logic high voltage to a
logic low voltage. This causes output of the second inverter 384 of the pulse
generator 380 to transition from a logic low voltage to a logic high voltage.

This produces the rising edge of the pulse at around 60ns.

[0056] The rising edge of the pulse 1s fed back to the input of the
AND-gate 350, which causes the output of the AND-gate 350 to transition
from a logic low voltage to a logic high voltage. This transition causes the
latch 348 to propagate the logic high voltage at its D-input to its Q-output.
The OR-gate 346, in turn, propagates the logic high voltage at the latch Q-
output to the gate of the transistor 362, thereby turning on the transistor
362. The turning on of the transistor 362 causes the capacitive element C to
shunt to ground, thereby dramatically reducing the ramp voltage as shown
by Figure 4A. This transition causes the output of the first inverter 382 to
transition from a logic high voltage to a logic low voltage. This transition, in
turn, causes the second inverter 384 to transition from a logic high voltage
to a logic low voltage, thereby producing the trailing edge of the pulse as
shown in Figure 4B. The feedback loop between the output of the pulse
generator 380 and the input of the ramp voltage generator 360 via the reset
circuit 340 may be configured to generate a pulse with a predefined width

(e.g., one ns).

[0057] After the completion of the first time interval, the clock source
Clk initiates the second time interval beginning at time 100ns. In the
second time interval, the DAC 310 generates a new offset voltage in
response to a new input. In this example, the new offset voltage 1s set
relatively low with respect to its range. Thus, as shown in Figure 4A,
because the new offset voltage is lower, it takes more time for the ramp

voltage to reach the threshold voltage. Consequently, the pulse 1s generated
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relatively late within the second time interval. As shown in Figure 4B, the
pulse was generated at approximately 190ns within the 100 to 200ns time

interval.

[0058] Similarly, after the completion of the second time interval, the
clock source Clk initiates the third time interval beginning at time 200ns.
In the third time interval, the DAC 310 generates a new offset voltage in
response to a new input. In this example, the new offset voltage 1s set
relatively high with respect to its range. Thus, as shown in Figure 4A,
because the new offset voltage is set relatively high, it takes less time for
the ramp voltage to reach the threshold voltage. Consequently, the pulse 1s
generated relatively early within the third time interval. As shown in
Figure 4B, the pulse was generated at approximately 230ns within the 200

to 300ns time interval.

[0059] Similarly again, a lower mid-range offset voltage generated by
the DAC 310 in response to a new input for the fourth time interval results
in a pulse generated, for example, at 370ns within the 300 to 400ns time

interval.

[0060] The apparatus 300 may be configured to provide a predefined
time resolution for the generation of the pulse. For example, the apparatus
modulator 300 may be configured to produce a pulse at a selected time slot
(dictated by the input) among 100 available time slots within the 100ns time
interval. For instance, the input may range from 0001110 {binary 28} to
1110010 {binary 228} in steps of 10 {binary 2} to correspond to time slots 1-
100ns within the time interval. Additionally, as previously discussed, the
feedback loop from the output of the pulse generator 380 to the input of the
ramp voltage generator 360 via the reset circuit 340 may be configured to
produce, for example, a one (1) ns pulse width. Thus, each pulse may be
generated at a unique and substantially non-overlapping time slot within

the time interval that 1s dictated by the input.

[0061] Figure 5A illustrates a flow diagram of an exemplary method

500 of calibrating a current generated by the exemplary apparatus 300 in
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accordance with some aspects of the disclosure. The current calibration
method 500 entails setting the offset voltage at the lowest value of its range,
which should correspond to the last time slot of the time interval; then,
initiating successive calibration intervals while adjusting the current for
each interval until the ramp voltage crosses the threshold voltage at the

beginning of the last time slot of the time interval.

[0062] With reference to both Figures 3 and 5A, according to the
current calibration method 500, the calibration signal Cal is set to a high
logic level (block 502). This disables the AND-gate 350, thereby preventing
the feedback (FB) signal from turning on the transistor 362 of the ramp
voltage generator 360. This also enables the three-input AND gate 344 to
allow the clock source Clk to discharge the capacitive element C at the
beginning of a calibration interval. Also, according to the current
calibration method 500, the DAC 310 1s configured to generate an offset
voltage corresponding to the lowest value of its range (block 504). In this
example, the lowest offset voltage may be 200 mV. Next, according to the
calibration method 500, the current mode DAC 326 1s set to generate an
mitial current (block 506).

[0063] Then, according to the current calibration method 500, a
calibration interval 1s initiated (block 508). For example, the rising edge of
the clock signal Clk may be used to initiate a calibration interval. In this
regard, the rising edge causes the reset circuit 340 to generate a reset signal
having a relatively low duty cycle pulse to remove any charges remaining on
the capacitive element C. This i1s accomplished by the three inputs of the
AND-gate 344 being at a logic high level immediately after the clock signal
Clk transitions to a logic high level. This generates the leading edge of the
pulse that causes the transistor 362 to conduct to discharge the capacitive
element C. When the inverter 342 inverts the logic high level into a logic
low level, the AND-gate 344 generates a logic low level, thereby generating
the trailing edge of the reset pulse. Thus, the delay of the resetting pulse 1s
substantially equal to the delay of the inverter 342 in generating the logic

low level in response to the clock signal transitioning to the logic high level.
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[0064] The rising edge of the clock signal also causes the transfer gate
316 to transfer the offset voltage to the capacitive element C after a delay
produced by delay element 318 that is substantially equal to the delay of the
mverter 342. The delay element 318 prevents the gating of the offset
voltage to the capacitive element C when the transistor 362 1s turned on. At
substantially the same time, the capacitive element C begins to integrate
the initial current generated by the current mode DAC 326 to develop the
ramp voltage. During this calibration interval, the PFD 322 monitors the
feedback signal (FB) to determine whether a pulse was generated during the
interval (block 510). In this regard, if the PFD 322 detects the arrival of the
rising edge of the clock signal Clk at its REF input without detecting the
rising edge of the pulse at its FB input, then no pulse was generated during
the calibration interval. If, on the other hand, the PFD 322 detects the
arrival of the pulse at its FB input before it detects the rising edge of the
clock signal Clk at its REF input, then a pulse was generated during the

calibration interval.

[0065] If the PFD 322 determines that a pulse was generated (block
512), then the PFD decrements the current generated by the current mode
DAC 326 by generating a logic high signal at its DEC output and a logic low
signal at its INC output (block 514). This means that the initial current was
set above the calibrated current. If, on the other hand, the PFD 322
determines that no pulse was generated (block 512), the PFD 322
increments the current generated by the current mode DAC 326 by
generating a logic high signal at its INC output and a logic low signal at its

DEC output (block 516).

[0066] The lock detector 324 then determines whether the previous
three or more current changes have toggled (block 518). If the previous
current changes have toggled, it means that the current generated by the
current mode DAC 326 1s calibrated to within one LSB. Thus, if the lock
detector 324 determines that the previous current changes have toggled
(block 520), the lock detector 324 sends a signal to the current mode DAC
326 to lock the current mode DAC 326 at the current setting (block 522).
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Preferably, the lock detector 324 locks the current mode DAC 326 at the
lowest current setting that causes the generation of the pulse. If, on the
other hand, the lock detector 324 has not determined that the previous
current changes have toggled, a new calibration interval is commenced per
block 508. Once the current mode DAC 326 1s calibrated, the calibration
signal CAL is set to a logic low level (block 524).

[0067] Figures 5B-C 1llustrate graphs of various signals generated by
the apparatus 300 during a calibration procedure in accordance with some
aspects of the disclosure. Figure 5B deals with the situation where the
nitial current generated by the current mode DAC 326 is lower than the
calibrated current. Whereas, Figure 5C deals with the situation where the
nitial current generated by the current mode DAC 326 is higher than the

calibrated current.

[0068] As Figure 5B illustrates, in the first calibration interval, the
ramp voltage does not reach the threshold voltage before the next rising
edge of the clock signal Clk. As a result, no pulse 1s generated in the first
calibration interval. This means that the initial current generated by the
current mode DAC 326 1s lower than the calibrated current. As previously
discussed, 1n response, the PFD 322 increases the current generated by the
current mode DAC 326. In the second calibration interval, the ramp voltage
still does not reach the threshold voltage before the next rising edge of the
clock signal Clk, but 1s closer than the ramp voltage of the first calibration
mterval. Consequently, no pulse 1s generated in the second calibration
interval. This means that the current generated by the current mode DAC
326 1s still below the calibrated current. Again, in response, the PFD 322

increases the current generated by the current mode DAC 326.

[0069] In the third calibration interval, the ramp voltage reaches the
threshold voltage before the next rising edge of the clock signal Clk. As a
result, a pulse is generated in the third calibration interval as shown. This
means that the current generated by the current mode DAC 326 may be

calibrated or above the calibrated current. In response, the PFD 322
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decreases the current generated by the current mode DAC 326. In the
fourth calibration interval, the ramp voltage does not reach the threshold
voltage before the next rising edge of the clock signal Clk. The lock detector
324 detects that the previous three current changes have toggled, and thus
locks the current mode DAC 326 at the lowest current that produces a pulse.

[0070] Similarly, as Figure 5C illustrates, in the first calibration
interval, the ramp voltage reaches the threshold voltage before the next
rising edge of the clock signal Clk. As a result, a pulse 1s generated in the
first calibration interval. This means that the initial current generated by
the current mode DAC 326 1s above the calibrated current. In response, the
PFD 322 decreases the current generated by the current mode DAC 326. In
the second calibration interval, the ramp voltage still reaches the threshold
voltage before the next rising edge of the clock signal Clk. Consequently, a
pulse 1s generated in the second calibration interval. This means that the
current generated by the current mode DAC 326 1s still above the calibrated
current. Again, in response, the PFD 322 decreases the current generated

by the current mode DAC 326.

[0071] In the third calibration interval, the ramp voltage does not
reach the threshold voltage before the next rising edge of the clock signal
Clk. As a result, no pulse is generated in the third calibration interval.
This means that the current generated by the current mode DAC 326 may
be calibrated or slightly below the calibrated current. In response, the PFD
322 increases the current generated by the current mode DAC 326. In the
fourth calibration interval, the ramp voltage does reach the threshold
voltage before the next rising edge of the clock signal Clk. The lock detector
324 detects that the previous three current changes have toggled, and thus
locks the current mode DAC 326 at the lowest current that produces a pulse.

[0072] Figure 6 illustrates a flow diagram of an exemplary method
600 of calibrating an offset voltage generated by the apparatus 300 in
accordance with some aspects of the disclosure. The offset voltage

calibration method 600 determines the input word for the DAC 310 that
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produces an offset voltage that corresponds to the threshold voltage of the
pulse generator 380. In this example, this is accomplished by setting the
input word for the DAC 310 initially at mid range. Then, through a process
of successive approximation, the input word for the DAC 310 1s successively
changed to produce an offset voltage that successively gets closer to the

threshold voltage, until it reaches the threshold voltage.

[0073] As shown 1n the legend of Figure 6, the most significant bit
(MSB) of the input word for the DAC 310 1s represented as the N-1 bat,
where N 1s the number of bits in the DAC input word. The least significant
bit (LSB) of the input word for the DAC 310 1s represented as the zero (0)
bit. The kth bit of the input word for the DAC 310 1s the bit index whose
value 1s to be determined so that the final input word for the DAC 310
results 1n an offset voltage substantially equal to the threshold of the pulse
generator 380.

[0074] With reference to both Figures 3 and 6, when the offset
calibration method 600 is initiated, the HOLD signal is set to a logic high
level (block 602). This enables the AND-gate 306 and allows the feedback
(FB) signal to trigger the latch 308, as discussed in more detail below. The
state machine 304 then sets the bit index k to the MSB (N-1) of the input
word for the DAC 310 (block 604). This 1s because the MSB of the DAC
input word 1s the first bit to be determined. During calibration of the offset
voltage, the transfer gate 316 1s disabled (block 606). This causes the ramp
voltage generated by the ramp voltage generator 360 to generate a ramp
voltage with an initial value near zero (0) Volt during calibration. This
ensures that the ramp voltage i1s always lower than the DAC voltage at the

beginning of a calibration cycle.

[0075] Then, the state machine 304 imitiates the DAC 310 with an
mput word having the bit index k equal to a logic one (1), the zero (0) to k-
1th bit(s) to a logic zero (0), and if applicable, the bit(s) k+1 to N-1 as
previously determined (block 608). Taking an 8-bit DAC word as an
example, the state machine 304 initially sets the 7th bit (MSB) to a logic one
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(1), and the zero (0) to 6th bits to a logic zero (0). The bit(s) k+1 to N-1 is not
applicable since the bit index k 1s currently set to the MSB. Thus, the first
DAC word 1s 1000000, which 1s the middle of the range for the DAC word.

[0076] Then, a calibration interval i1s mmitiated (block 610). In this
example, the calibration interval 1s initiated by the rising edge of the clock
signal Clk causing the latch 348 of the reset circuit 340 to reset and cause
the transistor 362 to turn off so that the capacitive element C 1s able to be

charged by the current generated by the current generator 320.

[0077] During the calibration interval, the differential amplifier 314
and the threshold detector 312 generate an output indicative of whether the
ramp voltage 1s greater than the DAC voltage. When the ramp voltage
reaches the threshold voltage of the pulse generator 380, the feedback (FB)
signal transitions to a logic high level. This causes the latch 308 to output
the results of the comparison of the threshold voltage to the DAC voltage to
the state machine 304 (block 612). The state machine 304 then determines
whether the threshold voltage 1s greater than the DAC voltage (block 614).
If the state machine 304 determines that the threshold voltage 1s greater
than the DAC voltage, the state machine 304 assigns the bit index k to a
logic one (1) (block 618). Otherwise, the state machine 304 assigns the bit
index k to a logic zero (0) (block 616).

[0078] The state machine 304 then decrements the bit index k so that
it 1s set to the next bit of the input DAC word (block 620). In this example,
the bit index k becomes the 6t bit of the input word for the DAC 310. The
state machine 620 then determines whether the bit index k is less than zero
(0). If 1t 1s not, the operations 608 to 620 are repeated again to determine
the value for the new bit index k. If the state machine 304 determines that
the bit index k 1s less than zero (0), which means that all the bits of the DAC
word have been determined, the state machine 304 stores the DAC word 1n
memory (block 624), and then the transfer gate 316 is enabled and the
HOLD signal 1s set to a logic low level to configure the programmable offset

voltage generator 302 to operation mode (block 626).
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[0079] After the current and the offset voltage are calibrated, the
correlation between the input and the time of the generation of the pulse is
known. For instance, the DAC word that results in the lowest offset voltage
1s known, and correlates with the earliest time slot for the pulse. Also, the
DAC word that results in the threshold voltage of the pulse generator is also
known, and correlates with the latest time slot for the pulse. The DAC
words for time slots between the earliest and latest time slots can be

determined by interpolation.

[0080] Figure 7 1illustrates a block diagram of an exemplary
communication device 700 that uses an apparatus for generating a pulse in
accordance with some aspects of the disclosure. The communication device
700 comprises a receiver 702, an antenna 704, a switch 706, a pulse
generating apparatus 708, a channel controller 710, a baseband unit 712,
and a transmitter 714. The transmitter 714 1s configured to establish a
channel, such as an ultra-wide band (UWB) channel, for transmission of
information to another communication device. The receiver 702 1is
configured to establish a channel, such as an ultra-wide band (UWB)
channel, for receiving information from another communication device. The
transmitting and receiving channels may be established concurrently. An
ultra-wide band channel may be defined as a channel having a fractional
bandwidth on the order of 20% or more, has a bandwidth on the order of 500
MHz or more, or has a fractional bandwidth on the order of 20% or more and
has a bandwidth on the order of 500 MHz or more. The fractional
bandwidth 1s a particular bandwidth associated with a device divided by its
center frequency. For example, a device according to this disclosure may
have a bandwidth of 1.75 GHz with center frequency of 8.125 GHz and thus
its fractional bandwidth 1s 1.75/8.125 or 21.5%.

[0081] If the communication device 700 1s configured as a wireless
device, such as an IEEE 802.11 or 802.15 related wireless device, the
antenna 704 serves as an interface to a wireless medium for wirelessly
transmitting and receiving information from other wireless device. Under

the control of the channel controller 710, the switch 706 substantially
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1solates the receiver 702 from the transmitter 714 when the communication
device 700 1s transmitting. The baseband unit 712 process baseband signals
received from the receiver 702, and process baseband signals for

transmission by the transmitter 714.

[0082] The pulse generating apparatus 708 of the communication
device 700 may be any of the exemplary aspects previously described herein.
Under the control of the channel controller 710, the apparatus 708 1s used to
enable the transmitter and receiver at different intervals defined by the
pulse widths for transmission and reception of signals. In such
configuration, communication channels may be established by using various
pulse division multiple access (PDMA) modulation schemes. Such PDMA
modulation schemes set up channels based on the position of pulses that
govern the time intervals for transmitting and receiving. Examples of
PDMA modulation schemes include pulse repetition frequency (PRF)
modulation, pulse position or offset modulation, and time hopping
modulations, as explained below. During times when the transmitter is not
transmitting and receiver 1s not receiving, these devices may be operated in
low or no power mode to conserve power, such as power provided by a

battery.

[0083] Figure 8A 1illustrates different channels (channels 1 and 2)
defined with different pulse repetition frequencies. Specifically, pulses for
channel 1 have a pulse repetition frequency (PRF) corresponding to a pulse-
to-pulse delay period 802. Conversely, pulses for channel 2 have a pulse
repetition frequency (PRF) corresponding to a pulse-to-pulse delay period
804. This technique may thus be used to define pseudo-orthogonal channels
with a relatively low likelihood of pulse collisions between the two channels.
In particular, a low likelihood of pulse collisions may be achieved through
the use of a low duty cycle for the pulses. For example, through appropriate
selection of the pulse repetition frequencies (PRF), substantially all pulses
for a given channel may be transmitted at different times than pulses for

any other channel. The channel controller 710 and pulse generating
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apparatus 708 may be configured to set up a pulse repetition frequency

(PRF) modulation.

[0084] The pulse repetition frequency (PRF) defined for a given
channel may depend on the data rate or rates supported by that channel.
For example, a channel supporting very low data rates (e.g., on the order of
a few kilobits per second or Kbps) may employ a corresponding low pulse
repetition frequency (PRF). Conversely, a channel supporting relatively
high data rates (e.g., on the order of a several megabits per second or Mbps)

may employ a correspondingly higher pulse repetition frequency (PRF).

[0085] Figure 8B 1illustrates different channels (channels 1 and 2)
defined with different pulse positions or offsets. Pulses for channel 1 are
generated at a point in time as represented by line 806 in accordance with a
first pulse offset (e.g., with respect to a given point in time, not shown).
Conversely, pulses for channel 2 are generated at a point in time as
represented by line 808 in accordance with a second pulse offset. Given the
pulse offset difference between the pulses (as represented by the arrows
810), this technique may be used to reduce the likelihood of pulse collisions
between the two channels. Depending on any other signaling parameters
that are defined for the channels and the precision of the timing between
the devices (e.g., relative clock drift), the use of different pulse offsets may
be used to provide orthogonal or pseudo-orthogonal channels. The channel
controller 710 and pulse generating apparatus 708 may be configured to set

up a position or offset modulation.

[0086] Figure 8C 1illustrates different channels (channels 1 and 2)
defined with different timing hopping sequences. For example, pulses 812
for channel 1 may be generated at times in accordance with one time
hopping sequence while pulses 814 for channel 2 may be generated at times
in accordance with another time hopping sequence. Depending on the
specific sequences used and the precision of the timing between the devices,
this technique may be used to provide orthogonal or pseudo-orthogonal

channels. For example, the time hopped pulse positions may not be periodic
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to reduce the possibility of repeat pulse collisions from neighboring
channels. The channel controller 710 and pulse generating apparatus 708

may be configured to set up a time hopping modulation.

[0087] It should be appreciated that other techniques may be used to
define channels i1n accordance with a PDMA scheme. For example, a
channel may be defined based on different spreading pseudo-random
number sequences, or some other suitable parameter or parameters.
Moreover, a channel may be defined based on a combination of two or more

parameters.

[0088] Figure 9 illustrates a block diagram of various ultra-wide band
(UWB) communication devices communicating with each other via various
channels 1in accordance with some aspects of the disclosure. For example,
UWB device 1 902 is communicating with UWB device 2 904 via two
concurrent UWB channels 1 and 2. UWB device 902 is communicating with
UWB device 3 906 via a single channel 3. And, UWB device 3 906 1s, in
turn, communicating with UWB device 4 908 via a single channel 4. Other

configurations are possible.

[0089] Any of these apparatuses described herein may take various
forms. For example, in some aspects, the apparatus may be implemented in
or comprise phone (e.g., a cellular phone), a personal data assistant (“PDA”),
a headset (e.g., a headphone, an earpiece, etc.), a microphone, a medical
device, a biometric sensor, a heart rate monitor, a pedometer, an EKG
device, a user I/O device, a watch, a remote control, a switch, a light switch,
a keyboard, a mouse, a tire pressure monitor, an entertainment device, a
computer, a point-of-sale device, a hearing aid, a set-top box, or a device
with some form of wireless signaling capabilities.  Moreover, these
apparatuses may have different power and data requirements. In some
aspects, any apparatus described herein may be adapted for use in low
power applications (e.g., through the use of a pulse-based signaling scheme
and low duty cycle modes), and may support a variety of data rates

including relatively high data rates (e.g., through the use of high-bandwidth
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pulses). In some aspects, any of the apparatuses described herein may be
implemented in or comprise an access point such as a WiFi1 node. For
example, such an apparatus may provide connectivity to another network
(e.g., a wide area network such as the Internet) via a wired or wireless

communication link.

[0090] Any of these apparatuses may include various components that
perform functions based on signals transmitted or received via the wireless
communication link. For example, a headset may include a transducer
adapted to provide an audible output based on a signal received via the
wireless communication link established by a receiver responsive to any of
the pulse generating apparatuses described herein. Such a headset may
also include a transmitter, responsive to any of the pulse generating
apparatuses described herein, for transmitting a wireless signal including
an audio output generated by a transducer. A watch may include a display
adapted to provide a visual output based on a signal received via the
wireless communication link by a receiver responsive to any of the pulse
generating apparatus described herein. A medical device may include a
sensor adapted to generate sensed signals to be transmitted via the wireless
communication link by a transmitter responsive to any of the pulse

generating apparatuses described herein.

[0091] The various illustrative logical blocks, modules, and circuits
described in connection with the aspects disclosed herein may be
implemented within or performed by an integrated circuit (“IC”), an access
terminal, or an access point. The IC may comprise a general purpose
processor, a digital signal processor (DSP), an application specific integrated
circuit (ASIC), a field programmable gate array (FPGA) or other
programmable logic device, discrete gate or transistor logic, discrete
hardware components, electrical components, optical components,
mechanical components, or any combination thereof designed to perform the
functions described herein, and may execute codes or instructions that
reside within the IC, outside of the IC, or both. A general purpose processor

may be a microprocessor, but in the alternative, the processor may be any
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conventional processor, controller, microcontroller, or state machine. A
processor may also be implemented as a combination of computing devices,
e.g., a combination of a DSP and a microprocessor, a plurality of
mIiCroprocessors, one or more microprocessors in conjunction with a DSP

core, or any other such configuration.

[0092] Various aspects of the disclosure have been described above. It
should be apparent that the teachings herein may be embodied in a wide
variety of forms and that any specific structure, function, or both being
disclosed herein 1s merely representative. Based on the teachings herein
one skilled in the art should appreciate that an aspect disclosed herein may
be implemented independently of any other aspects and that two or more of
these aspects may be combined in various ways. For example, an apparatus
may be implemented or a method may be practiced using any number of the
aspects set forth herein. In addition, such an apparatus may be
implemented or such a method may be practiced using other structure,
functionality, or structure and functionality in addition to or other than one
or more of the aspects set forth herein. As an example of some of the above
concepts, In some aspects concurrent channels may be established based on
pulse repetition frequencies. In some aspects concurrent channels may be
established based on pulse position or offsets. In some aspects concurrent
channels may be established based on time hopping sequences. In some
aspects concurrent channels may be established based on pulse repetition

frequencies, pulse positions or offsets, and time hopping sequences.

[0093] Those of skill in the art would understand that information and
signals may be represented using any of a variety of different technologies
and techniques. For example, data, instructions, commands, information,
signals, bits, symbols, and chips that may be referenced throughout the
above description may be represented by voltages, currents, electromagnetic
waves, magnetic fields or particles, optical fields or particles, or any

combination thereof.
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[0094] Those of skill would further appreciate that the various
illustrative logical blocks, modules, processors, means, circuits, and
algorithm steps described in connection with the aspects disclosed herein
may be implemented as electronic hardware (e.g., a digital implementation,
an analog implementation, or a combination of the two, which may be
designed using source coding or some other technique), various forms of
program or design code incorporating instructions (which may be referred to
herein, for convenience, as “software” or a “software module”), or
combinations of both. To clearly illustrate this interchangeability of
hardware and software, various illustrative components, blocks, modules,
circuits, and steps have been described above generally in terms of their
functionality. Whether such functionality is implemented as hardware or
software depends upon the particular application and design constraints
imposed on the overall system. Skilled artisans may implement the
described functionality in varying ways for each particular application, but
such 1mplementation decisions should not be interpreted as causing a

departure from the scope of the present disclosure.

[0095] It 1s understood that any specific order or hierarchy of steps in
any disclosed process is an example of a sample approach. Based upon
design preferences, it 1s understood that the specific order or hierarchy of
steps in the processes may be rearranged while remaining within the scope
of the present disclosure. The accompanying method claims present
elements of the various steps in a sample order, and are not meant to be

limited to the specific order or hierarchy presented.

[0096] The steps of a method or algorithm described in connection
with the aspects disclosed herein may be embodied directly in hardware, in
a software module executed by a processor, or in a combination of the two.
A software module (e.g., including executable instructions and related data)
and other data may reside in a data memory such as RAM memory, flash
memory, ROM memory, EPROM memory, EEPROM memory, registers, a
hard disk, a removable disk, a CD-ROM, or any other form of computer-

readable storage medium known in the art. A sample storage medium may
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be coupled to a machine such as, for example, a computer/processor (which
may be referred to herein, for convenience, as a “processor’) such the
processor can read information (e.g., code) from and write information to the
storage medium. A sample storage medium may be integral to the
processor. The processor and the storage medium may reside in an ASIC.
The ASIC may reside in user equipment. In the alternative, the processor
and the storage medium may reside as discrete components in user
equipment. Moreover, 1n some aspects any suitable computer-program
product may comprise a computer-readable medium comprising codes
relating to one or more of the aspects of the disclosure. In some aspects a

computer program product may comprise packaging materials.

[0097] While the aspects of the disclosure have been described in
connection with various aspects, it will be understood that the aspects are
capable of further modifications. This application is intended to cover any
variations, uses or adaptation of the various aspects of the disclosure
following, in general, the principles of the disclosure, and including such
departures from the present disclosure as come within the known and

customary practice within the art to which the disclosure pertains.
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What 1s claimed 1s:

1. An apparatus for generating at least one pulse based on an
input, comprising:

a first generator adapted to generate an offset voltage as a function of
the input;

a second generator adapted to generate a current;

a third generator adapted to generate a ramp voltage having an
mitial value as a function of the offset voltage and a slope as a function of
the current; and

a fourth generator adapted to generate the at least one pulse in

response to the ramp voltage substantially reaching a threshold voltage.

2. The apparatus of claim 1, wherein the slope of the ramp

voltage 1s positive, negative, linear or non-linear.

3. The apparatus of claim 1, wherein the first generator
comprises a digital-to-analog converter (DAC), and further wherein the

mput comprises a digital word.

4, The apparatus of claam 1, further comprising a calibration
circuit adapted to calibrate the offset voltage to correlate the input with the

generation of the at least one pulse.

5. The apparatus of claim 1, wherein the second generator

comprises a current mode digital-to-analog converter (DAC).

6. The apparatus of claam 1, further comprising a calibration
circuit adapted to calibrate the current to correlate the input with the

generation of the at least one pulse.
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7. The apparatus of claim 1, wherein the third generator
comprises an integrating device adapted to integrate the current to generate

the ramp voltage.

8. The apparatus of claim 7, wherein the integrating device

comprises a capacitive element.

9. The apparatus of claim 1, wherein the fourth generator

comprises a plurality of inverters coupled in series.

10. The apparatus of claam 1, further comprising a reset circuit
adapted to generate a reset signal that initiates the generation of a tail edge

of the at least one pulse.

11. The apparatus of claam 1, further comprising a clock source
adapted to define a time interval within which the at least one pulse is

generated.

12. The apparatus of claim 11, wherein the clock source 1s adapted

to initiate the generation of the at least one pulse.

13. The apparatus of claim 1, further comprising a transceiver,
wherein in response to the at least one pulse generated by the fourth
generator, the transceiver is adapted to establish at least one ultra-wide
band communication channel with another apparatus using pulse division

multiple access.

14. The apparatus of claim 13, wherein each ultra-wide band
channel has a fractional bandwidth on the order of 20% or more, has a
bandwidth on the order of 500 MHz or more, or has a fractional bandwidth
on the order of 20% or more and has a bandwidth on the order of 500 MHz

Oor more.
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15. A method of generating at least one pulse based on an input,

comprising:

generating an offset voltage as a function of the input;

generating a current;

generating a ramp voltage having an 1nitial value as a function of the
offset voltage and a slope as a function of the current; and

generating the at least one pulse in response to the ramp voltage

substantially reaching a threshold voltage.

16. The method of claim 15, wherein the slope of the ramp voltage

1s positive, negative, linear or non-linear.

17. The method of claim 15, wherein the initial value of the ramp

voltage 1s substantially equal to the offset voltage.

18. The method of claim 15, wherein generating the offset voltage
comprises converting a digital word to the offset voltage, and further

wherein the digital word is a function of or the same as the input.

19. The method of claim 15, further comprising calibrating the
offset voltage to correlate the input with the generation of the at least one

pulse.

20. The method of claim 15, wherein generating the current

comprises converting digital information to the current.

21. The method of claim 15, further comprising calibrating the

current to correlate the input with the generation of the at least one pulse.

22.  The method of claim 15, wherein generating the ramp voltage

comprises integrating the current.
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23. The method of claim 22, wherein integrating the current

comprises employing a capacitive element to integrate the current.

24.  The method of claim 15, wherein generating the at least one
pulse comprises employing at least a pair of inverters coupled in series to

generate the at least one pulse

25.  The method of claim 15, further comprising generating a clock

that defines a time interval within which the at least one pulse is generated.

26. The method of claim 15, further comprising generating a clock

to 1initiate the generation of the at least one pulse.

27. The method of claim 15, further comprising controlling a
transceiver with the at least one pulse to establish at least one ultra-wide

band communication channel using pulse division multiple access.

28. The method of claim 27, wherein each ultra-wide band channel
has a fractional bandwidth on the order of 20% or more, has a bandwidth on
the order of 500 MHz or more, or has a fractional bandwidth on the order of

20% or more and has a bandwidth on the order of 500 MHz or more.

29. An apparatus for generating at least one pulse based on an
input, comprising

means for generating an offset voltage as a function of the input;

means for generating a current;

means for generating a ramp voltage having an initial value as a
function of the offset voltage and a slope as a function of the current; and

means for generating the at least one pulse in response to the ramp

voltage substantially reaching a threshold voltage.
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30. The apparatus of claim 29, wherein the slope of the ramp

voltage 1s positive, negative, linear or non-linear.

31. The apparatus of claim 29, wherein the means for generating
the offset voltage comprises a digital-to-analog converter, and further

wherein the input comprises a digital word.

32. The apparatus of claim 29, further comprising means for
calibrating the offset voltage to correlate the input with the generation of

the at least one pulse.

33. The apparatus of claim 32, wherein the means for calibrating
the offset voltage comprises:

a comparator adapted to generate an output indicative of whether the
offset voltage 1s greater than the ramp voltage at the time the at least one
pulse was generated; and

a device adapted to determine a new offset voltage from the output of
the comparator, wherein the new offset voltage 1s a closer approximation of
the ramp voltage at the time the at least one pulse was generated than the

present offset voltage.

34. The apparatus of claim 29, wherein the means for generating

the current comprises a current mode digital-to-analog converter (DAC).

35. The apparatus of claim 29, further comprising means for
calibrating the current to correlate the input with the generation of the at

least one pulse.

36. The apparatus of claim 35, wherein the means for calibrating

the current comprises a phase and frequency detector.
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37. The apparatus of claim 29, wherein the means for generating

the ramp voltage comprises a capacitive element.

38. The apparatus of claim 29, wherein the means for generating

the at least one pulse comprises a plurality of inverters coupled in series.

39. The apparatus of claim 29, further comprising means for
generating a clock adapted to define a time interval within which the at

least one pulse is generated.

40. The apparatus of claim 29, further comprising means for

generating a clock to initiate the generation of the least one pulse.

41. The apparatus of claim 29, further comprising means for
establishing at least one ultra-wide band communication channel using the

at least one pulse.

42. The apparatus of claim 41, wherein each ultra-wide band
channel has a fractional bandwidth on the order of 20% or more, has a
bandwidth on the order of 500 MHz or more, or has a fractional bandwidth
on the order of 20% or more and has a bandwidth on the order of 500 MHz

Oor more.

43. A computer program product for generating at least one pulse
based on an input, comprising:
a computer readable medium comprising codes executable by at least
one computer to:
generate an offset voltage as a function of the input;
generate a current;
generate a ramp voltage having an initial value as a function of

the offset voltage and a slope as a function of the current; and
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generate the at least one pulse in response to the ramp voltage

substantially reaching a threshold voltage.

44. A headset for wireless communications, comprising:

a first generator adapted to generate an offset voltage as a function of
the input;

a second generator adapted to generate a current;

a third generator adapted to generate a ramp voltage having an
mitial value as a function of the offset voltage and a slope as a function of

the current;

a fourth generator adapted to generate at least one pulse in response

to the ramp voltage substantially reaching a threshold voltage;
a transducer adapted to generate sensed data; and

a transmitter adapted to transmit the sensed data in response to the

at least one pulse generated by the fourth generator.

45. A watch for wireless communications, comprising:

a first generator adapted to generate an offset voltage as a function of
the input;

a second generator adapted to generate a current;

a third generator adapted to generate a ramp voltage having an
mitial value as a function of the offset voltage and a slope as a function of

the current;

a fourth generator adapted to generate the at least one pulse in

response to the ramp voltage substantially reaching a threshold voltage;

a receiver adapted to receive a signal in response to the at least one

pulse generated by the fourth generator; and

a display adapted to provide a visual output based on the signal.
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46. A medical device for wireless communications, comprising:

a first generator adapted to generate an offset voltage as a function of
the input;

a second generator adapted to generate a current;

a third generator adapted to generate a ramp voltage having an
mitial value as a function of the offset voltage and a slope as a function of

the current;

a fourth generator adapted to generate at least one pulse in response

to the ramp voltage substantially reaching a threshold voltage;
a sensor adapted to generate sensed data; and

a transmitter adapted to transmit the sensed data in response to the

at least one pulse generated by the fourth generator.
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