
BACKGROUNDOF THE INVENTION Field of the Invention
[0001] This patent document relates generally to
communication apparatus including radio frequency (RF)
circuits and, more particularly, to timer units within
communication apparatus. Description of the Related
Art [0002] High performance wireless communication
apparatus such as RF receivers, transmitters, and
transceivers typically include RF front-end circuitry
that operates on an RF signal being received or
transmitted. For example, the front-end circuitry may
down-convert a received RF signal to baseband and/or
up-convert a baseband signal for RF transmission.
[0003] The RF front-end circuitry typically includes
analog circuits such as low noise amplifiers and
mixers that have a relatively high sensitivity to
noise and interference. The RF circuitry in some
applications, such as in mobile communication cellular
handsets, may be required to detect signals as small
as a few micro-volts or less in amplitude. It is thus
often important to minimize noise and interference
from sources external or even internal to the
communication apparatus. [0004] In addition to the RF
front-end circuitry, typical wireless communication
apparatus may also include digital processing
circuitry that performs various digital functions
including, for example, low level baseband signal
processing, implementation of the communication
protocol stack, and various user interface
functionality. The digital processing circuitry may
include a variety of specific hardware such as a DSP
(digital signal processor), an MCU (microcontroller
unit), hardware accelerators, memory, and/or I/O
interfaces, among numerous other specific hardware
devices. [0005] Unfortunately, the digital processing
circuitry of a typical communication apparatus can be
a significant source of detrimental noise and
interference. More particularly, the digital
processing circuitry in a typical high performance
communication apparatus produces digitals signals with
relatively small rise and fall times, or with fast
transitions or sharp edges. Furthermore, those signals
often have relatively high frequencies. As a result,
their Fourier series or transforms have rich harmonic
contents. The harmonics, or higher-frequency Fourier
series components, cause spurious emissions that may
interfere with, and may adversely impact, the
performance of the RF front-end circuitry. Thus, in
many systems, the RF front-end circuitry is
implemented on an integrated circuit die that is
separate from the integrated circuit die on which the
digital processing circuitry is implemented.
Additionally, the RF front-end circuitry and digital
processing circuitry are often placed in separate
electrical cavities, where the shielding of the
cavities helps to isolate the electrical and magnetic
coupling. [0006] Implementing the RF front-end
circuitry and the digital processing circuitry on
separate dies, however, has several disadvantages,
such as increased component count, size, and overall
cost, and more potential for 



decreased reliability and increased manufacturing
failures. It is thus desirable to allow integration of
the RF frontend circuitry and digital processing
circuitry on a single integrated circuit die without
significant degradation and performance due to
interference.SUMMARY OF THE INVENTION [0007] Various
embodiments of a communication apparatus and methods
employing dual timer units are disclosed. In one
embodiment, a communication apparatus includes a radio
frequency circuit that operates on a radio frequency
signal and a digital processing circuit coupled to the
radio frequency circuit. The digital processing
circuit includes a first timing circuit that provides
timed signals to control timing of system operations
during an active mode of operation of the digital
processing circuit, and a second timing circuit that
provides timing signals to control timing of system
operations during an active mode of operation of the
radio frequency circuit. [0008] In one particular
embodiment, at least a portion of the first timing
circuit is disabled when the radio frequency circuit
is active (receiving or transmitting). During radio
activity, various other portions of the digital
processing circuit may also be placed in a shutdown
mode. The first timing circuit may be configured to
send a signal to the second timing circuit indicating
a change from the active mode of operation of the
digital processing circuit to an active mode of
operation of the radio frequency circuit. The second
timing circuit may be configured to send a signal
causing disablement of at least a portion of the first
timing circuit during the active mode of operation of
the radio frequency circuit. [0009] In another
embodiment, a mobile phone includes a radio frequency
transceiver that operates on a radio frequency signal
and a digital processing circuit coupled to the radio
frequency transceiver. The digital processing circuit
includes a first timing circuit configured to provide
timed signals controlling timing of system operations
during an active mode of operation of the digital
processing circuit, and a second timing circuit
configured to provide timed signals controlling timing
of system operations during an active mode of
operation of the radio frequency transceiver. [0010]
In yet another embodiment, a communication apparatus
includes a radio frequency circuit configured to
operate on a radio frequency signal and a digital
processing circuit coupled to the radio frequency
circuit. The digital processing circuit includes a
first timing circuit configured to provide timed
signals controlling timimg of system operations during
a shutdown mode of operation of the RF circuit, and a
second timing circuit configured to provide timed
signals controlling timing of system operations during
an active mode of operation of the radio frequency
circuit. [0011] In still a further embodiment, a
mobile phone includes a radio frequency transceiver
that operates on a radio frequency signal and a
digital processing circuit coupled to the radio
frequency transceiver. The radio frequency transceiver
and the digital processing circuit are fabricated on a
single integrated circuit chip. The digital processing
circuit includes a first timing circuit configured to
provide timed signals controlling timing of system 



operations during a shutdown mode of operation of the
radio frequency transceiver, and a second timing
circuit configured to provide timed signals
controlling timing of system operations during an
active mode of operation of the radio frequency
transceiver. [0012] Methods to accomplish the
functionality described above are also disclosed.
BRIEF DESCRIPTION OF THE DRAWINGS [0013] FIG. 1
illustrates a generalized block diagram of a
communication apparatus including an RF front-end
circuit and a digital processing circuit.[0014] FIG. 2
illustrates a set of events that occur in a
communication apparatus according to time domain
isolation. [0015] FIG. 3 illustrates a block diagram
of an example of an implementation of circuitry within
a digital processing circuit. [0016] FIG. 4
illustrates a sequence of operations of a main timer
unit and an RF timer unit. [0017] FIG. 5 illustrates
details of one embodiment of a main timer unit and an
RF timing unit. [0018] FIG. 6 illustrates details of
transitions between a shutdown mode of an RF circuit
and an active mode of an RF circuit. [0019] FIG. 7
illustrates operations performed in response to an
execution of a transfer-to-RF-unit instruction in one
embodiment. [0020] FIG. 8 illustrates a timing of a
transfer of control from a main timer unit to an RF
timer unit. [002 1] FIG. 9 illustrates a timing of a
transfer of control from an RF timer unit to a main
timer unit. [0022] While the invention is susceptible
to various modifications and alternative forms,
specific embodiments are shown by way of example in
the drawings and are herein described in detail. It
should be understood, however, that drawings and
detailed description thereto are not intended to limit
the invention to the particular form disclosed, but on
the contrary, the invention is to cover all
modifications, equivalents and alternatives falling
within the spirit and scope of the present invention
as defined by the appended claims. DETAILEDDESCRIPTION
[0023J FIG. 1 illustrates a generalized block diagram
of a communication apparatus 100 including an RF
frontend circuit 110 coupled to a digital processing
circuit 120. As shown, various user interfaces
including a display 122, a keypad 124, a microphone
126, and a speaker 128 may be coupled to digital
processing circuit 120, depending upon the specific
application of communication apparatus 100 and its
desired functionality. An antenna 130 is also shown
coupled to RF front-end circuit 110. Digital
processing circuit 120 contains a real time event
controller (RTEC) 150 for controlling timing of
various system events. [0024] Communication apparatus
100 is illustrative of various wireless devices
including, for example, mobile and cellular phone
handsets, machine-to-machine (M2M) communication
networks (e.g., wireless communications 



for vending machines), so-called "911 phones" (a
mobile handset configured for calling the 911
emergency response service), as well as devices
employed in emerging applications such as 3G,
satellite communications, and the like. As such,
communication apparatus 100 may provide RF reception
functionality, RF transmission functionality, or both
(i.e., RF transceiver functionality). [0025]
Communication apparatus 100 may be configured to
implement one or more specific communication protocols
or standards, as desired. For example, in various
embodiments communication apparatus 100 may implement
the Global System for Mobile Communications (GSM)
standard, the Personal Communications Service (PCS)
standard, the Digital Cellular System (DCS) standard,
the General Packet Radio Service (GPRS) standard,
and/or the Enhanced General Packet Radio Service
standard (E-GPRS), which may also be referred to as
the Enhanced Data for GSM Evolution (EDGE) standard,
among others.[0026] RF front-end circuit 110 may
accordingly include circuitry to provide the RF
reception capability and/or RF transmission
capability. In one embodiment, front-end circuit 110
may down-convert a received RF signal to baseband
and/or up-convert a baseband signal for RF
transmission. RF front-end circuit 110 may employ any
of a variety of architectures and circuit
configurations, such as, for example, low-IF receiver
circuitry, directconversion receiver circuitry, direct
up-conversion transmitter circuitry, and/or
offset-phase locked loop (OPLL) transmitter circuitry,
as desired. RF front-end circuit 110 may additionally
employ a low noise amplifier (LNA) for amplifying an
RF signal received at antenna 130 and/or a power
amplifier for amplifying a signal to be transmitted
from antenna 130. In alternative embodiments, the
power amplifier may be provided external to RF
front-end circuit 110. [0027] Digital processing
circuit 120 may provide a variety of signal processing
functions, as desired, including baseband
functionality. For example, digital processing circuit
120 may be configured to perform filtering,
decimation, modulation, demodulation, coding,
decoding, correlation and/or signal scaling. In
addition, digital processing circuit 120 may perform
other digital processing functions, such as
implementation of the communication protocol stack
and/or control of user I/O operations and
applications. To perform such functionality, digital
processing circuit 120 may include various specific
circuitry, such as a software programmable MCU and/or
DSP, as well as a variety of specific peripheral
circuits such as memory controllers, direct memory
access (DMA) controllers, hardware accelerators, voice
coder-decoders (CODECs), UARTs (universal asynchronous
receiver transmitters), and user interface circuitry.
The choice of digital processing hardware (and
firmware/software, if included) depends on the design
and performance specifications for a given desired
implementation, and may vary from embodiment to
embodiment. [0028] In one embodiment, RF front-end
circuit 110 and digital processing circuit 120 may be
integrated on the same integrated circuit die 140. To
reduce interference and thus accommodate high
performance functionality, communication apparatus 100
may implement a technique referred to as time domain
isolation, or TDI. FIG. 2 



illustrates a set of events that occur in
communication apparatus 100 according to time domain
isolation. Broadly speaking, two alternative events
take place in such a system: RF reception or
transmission, and signal processing. The system
arranges in time the RF reception or transmission
activities and the signal processing activities so as
to avoid or reduce interference between the RF
front-end circuit 110 and the digital processing
circuit 120. [0029] As shown in FIG. 2, communication
apparatus 100 employs a plurality of timeslots
210A-210F, and so on. During RF timeslots 210A, 210C
and 210E, RF front-end circuit 110 may receive RF
signals, process the received signals, and store the
results. Subsequently, during signal processing
timeslots 210B, 210D and 210F, respectively, digital
processing circuit 120 may perform signal processing
tasks on the stored results. [0030] Alternatively,
during RF timeslots 210A, 210C and 210E, RF front-end
circuit 110 may transmit RF signals. Thus, in this
mode of operation, during signal processing timeslots
210B and 210D, digital processing circuit 120 performs
signal processing tasks on input data (e.g., voice,
data), and stores the results. Subsequently, during RF
timeslots 210C and 210E, respectively, RF front-end
circuit 110 may perform RF operations on the stored
results (for example, up-conversion) and transmit an
RF signal. As will be described further below, in one
embodiment RTEC 150 is configured to generate
precisely timed signals to control transitions between
timeslots. [0031] It is noted that, depending on the
specific protocol, architecture, and circuitry used,
communication apparatus may receive and transmit
simultaneously, as desired. More commonly, however,
the system eithertransmits signals or receives signals
during any one of RF time-slots 210A, 210C, 210E, etc.
For example, a GSMcompliant system or apparatus, such
as a mobile telephone that complies with the GSM
specifications, either receives or transmits RF
signals in one or more bursts of activity during each
of RF time-slots 210A, 210C, 210E, etc. [0032] It is
further noted that the RF time-slots may have the same
or different durations, as desired. RF timeslots may
have unequal lengths so as to accommodate a wide
variety of circuitry, systems, protocols, and
specifications, as desired. [0033] Similarly, the
signal-processing time-slots may have similar or
dissimilar durations, as desired. Each of
signal-processing time-slots 210B, 210D, 210F, etc.
may include several other time-slots or time
divisions, depending on the particular communication
protocol and/or signal-processing techniques and the
particular circuitry and technology used. For example,
a signal-processing time-slot may include several
time-slots, with a portion or a particular circuit of
digital processing circuit 120 actively processing
signals during one or more of the time-slots. [0034]
To implement time domain isolation, digital processing
circuit 120 may be placed in a shutdown mode of
operation when an RF timeslot commences (Le., when the
radio is active). In one embodiment, during the
shutdown mode of operation, a clock signal or signals
within digital processing circuit 120 are disabled or
inhibited. More specifically, by using static metal
oxide semiconductor (MOS) circuitry, for example, the
clock signal or signals within the digital processing
circuit 120 may be shut down without losing data
present within that circuitry. 



Accordingly, the digital processing circuit 120 can
preserve the data within it while the RF front-end
circuit 110 is active. Once the RF front-end circuit
110 has completed its reception or transmission (e.g.,
an RF timeslot has ended), the shutdown mode of
digital processing circuit 120 may be discontinued by
re-enabling the clock signal or signals. Digital
processing operations on the data may then continue or
commence. By disabling the clock or clocks in digital
processing circuit 120 while RF front-end circuit 110
is active (Le., receiving or transmitting), the amount
of digital noise and thus spurious signals at the RF
band of interest may be reduced, thus accommodating
high performance. [0035] It is noted that although
FIG. 2 depicts the operation of the RF front-end
circuit 110 and the digital processing circuit 120 as
alternative events, these operations need not be
mutually exclusive. Generally, it may be desirable to
reduce or minimize the amount of overlap between the
operation of the RF front-end circuit 110 and the
digital processing circuit 120. Depending on a number
of factors, however, the active operation of RF
front-end circuit 110 and signal processing operations
of digital processing circuit 120 may overlap to a
certain extent. [0036] It is also noted that in some
alternative embodiments, the shutdown mode of digital
processing circuit 120 may be implemented by causing
at least portions of the circuitry to be held inactive
or to be otherwise inhibited using other techniques
(Le., other than by disabling a clock signal(s)). For
example, power may be removed from particular
circuitry within digital processing circuit 120.
Likewise, flip-flops or other circuits may be disabled
(e.g., through an enable input). In addition, it is
noted that some portions of the digital processing
circuit 120, such as dynamic memory, may remain active
during the shutdown mode (i.e., the circuitry of
digital processing circuitry 120 may be partially
powered down, disabled, or inhibited during the
shutdown mode). [0037] In addition to other elements
of digital signal processing circuit 120, RTEC 150 may
also be a source of interference that may adversely
impact the performance of RF front-end circuit 110.
Thus, to further reduce interference while RF
front-end circuit 110 is active, in one embodiment a
portion of RTEC 150 may also be placedin a shutdown
mode of operation during periods of RF activity. More
particularly, in one embodiment RTEC 150 may include a
main timer unit and a separate RF timer unit that are
collectively employed to control timing of system
events. During periods of RF activity, the RF timer
unit may be used to control timing of selected system
events, while the main timer unit is placed in a
shutdown mode. Further details regarding aspects of
specific embodiments of RTEC 150 are provided below.
[0038] FIG. 3 illustrates an example of an
implementation of circuitry within one specific
embodiment of digital processing circuit 120. In the
embodiment of FIG. 3, digital processing circuit 120
includes a DSP subsection 310, an MCU section 350, and
RTEC 150. [0039] As shown, DSP subsection 310 may
include a DSP core 312 coupled to an associated memory
314. Various DSP peripheral devices 317 may be coupled
to DSP core 312 through one or more buses 316. In one
embodiment, DSP peripherals 317 may include a hardware
accelerator, an audio CODEC, a receive buffer, and a 



transmit buffer. It is noted that the specific number
and types of peripheral devices provided within DSP
subsection 310 may vary depending upon the application
as well as the desired functionality and performance.
[0040] MCU subsection 350 includes an MCU core 352
coupled to an associated memory 354. Various
peripherals including a DMA controller 356 and an
external memory controller 358 are shown coupled to
MCU 352 through one or more buses 360. Additional MCU
peripherals 363 are further shown coupled to bus 360.
In one embodiment, peripherals 363 may include a
universal asynchronous receiver-transmitter (UART), a
real time clock, a keypad I/F, and an interrupt
controller. It is noted that various alternative
peripherals may be provided, as desired, depending
upon the desired functionality. In some embodiments,
for example, RTEC 150 may itself be implemented as an
MCU peripheral device. [0041] A host interface 372 is
further shown for accommodating communications between
DSP subsection 310 and MCU subsection 350. An external
memory 380 is shown coupled to external memory
controller 358. External memory 380 may comprise, for
example, SRAM, flash, EEPROM, and/or other types of
memory. It is noted that various additional external
components (not shown in FIG. 3) may be coupled to
digital processing circuit 120 including, for example,
a keypad, a display, and interface cards such a SIM
card, etc. [0042] During operation, DSP subsection 310
may process data received from RF front-end circuit
110 through a receive buffer included among DSP
peripherals 317. DSP subsection 310 may likewise
provide processed data to a transmit buffer included
among DSP peripherals 317, which is then conveyed to
RF front-end circuit 110 through a digital-to-analog
converter (DAC). Another DSP peripheral such as an
audio CODEC may receive an audio signal from an
external microphone or provide an audio signal to a
speaker. In some implementations, other DSP
peripherals such as a hardware accelerator may perform
various low-level signal processing functions such as,
for example, filtering, decimation, modulation,
demodulation, coding, decoding, correlation and/or
signal scaling, as desired. [0043] In one embodiment,
MCU subsection 350 is provided to perform higher-level
processing functionality. For example, in one
implementation, MCU subsection 350 may provide
functionality to support the communication protocol
stack and the housekeeping tasks as described
previously. MCU subsection 350 may additionally
implement interfaces such as an MMI
(man-machine-interface) and may provide an execution
environment for applications running in the system.
The configuration of FIG. 3 may embody a baseband
circuit of, for example, amobile telephone and/or
modem. In one embodiment, digital processing circuit
120 implements both the GSM communication standard as
well as the GPRS standard. [0044] The RTEC 150 of FIG.
3 includes a main timer unit 302 and an RF timer unit
303. During operation, RTEC 150 maintains a system
time value that is synchronized with a base station
with which communication system 100 communicates. Main
timer unit 302 may be configured to control timing of
system events during signalprocessing time-slots (such
as 210B, 210D and 210F in FIG. 2), and RF timer unit
303 may be configured to control 



the timing of system events during RF time-slots (such
as 210A, 210C and 210E). As described in greater
detail below, the precise timing of the starting and
ending of time-slots 2 1OA-F may also be controlled by
signals generated by main timer unit 302 and RF timer
unit 303. To reduce interference between the RF
circuitry and the digital processing circuitry in
accordance with the TDI techniques described above, in
the embodiment shown in FIG. 3, at least a portion of
the circuitry included in main timer unit 302 is
disabled during RF time-slots. (Other circuitry within
digital processing circuit 120 may also be disabled
during RF time-slots, as described earlier.) During
such periods when main timer 302 is disabled, RF timer
unit 303 is responsible for providing timed signals
used to control timing of system events. [0045] FIG. 4
illustrates a sequence of operations of main timer
unit 302 and RF timer unit 303 during successive
periods of signal processing and RF activity. Main
timer unit 302 manages timing of system events during
signal processing periods. As shown in FIG. 4, upon
completion of a period of signal processing (410),
during which RF front-end circuit 110 is inactive,
control is transferred from main timer unit 302 to RF
timer unit 303, and main timer unit 302 is disabled.
During a period when RF front-end circuit 110 is
active (420), main timer unit 302 remains disabled
while RF timer unit 303 manages timing of certain
system events. At the end of a period of RF activity,
main timer unit 302 is again enabled and control for
timing system events is passed back to main timer unit
302 for the successive signal processing period (430).
Further details regarding control of system event
timing by main timer unit 302 and RF timer unit 303
are provided below. [0046] It is noted that various
implementation techniques may be used to disable main
timer unit 302 in different embodiments, similar to
the techniques described above for disabling other
components of digital processing circuit 120. For
example, in some embodiments, clock signals used by
main timer unit 302 may be disabled. In addition, it
is also noted that not all of the circuitry comprising
main timer unit need be disabled or inhibited during
periods of RF activity; that is, the circuitry of main
timer unit 302 may be partially powered down,
disabled, or inhibited during such periods. [0047]
Main timer unit 302 and RF timer unit 303 may be
implemented in a variety of ways in different
embodiments. In one embodiment, shown in FIG. 5, main
timer unit 302 includes an execution unit 520, an
instruction store 530, and a timebase counter 540. RF
timer unit 303 includes a second execution unit 560, a
second instruction store 570 and a second timebase
counter 580. In this embodiment, main timer unit 302
and RF timer unit 303 generate signals that control
the timing of system events in response to execution
of instructions. Execution unit 520 may be capable of
executing instructions from a first instruction set,
and execution unit 560 may be capable of executing
instructions from a second instruction set. Such a use
of programmable instructions to control the operation
of main timer unit 302 and RF timer unit 303 may
provide a flexible mechanism to support a range of
functionality in different communication devices. In
some embodiments, the first and second instruction
sets may 



include specific instructions to send interrupts to
other components of the digital processing circuit,
such as an MCUor a DSP, for example to prepare the
other components for an impending RF time-slot during
which the other components may be partly or fully
disabled. It is noted that in some embodiments, the
first instruction set may differ from the second. It
is also noted that the number of different
instructions executable by RF timer unit 303 may be
relatively small, thus allowing for a relatively small
circuit implementation (in comparison to, e.g., the
circuit '5 implementation of execution unit 520). In
addition, the total number of instructions actually
executed by RF timer unit 303 during operation may be
relatively low; thus, instruction store 570 may be
smaller in overall size than instruction store 530.
Accordingly, the complexity of RF timer unit 303 may
be less than that of main timer unit 302, and the
overall amount of circuitry required to implement RF
timer unit 303 may be smaller than the amount of
circuitry required for main timer unit 302. 0 [0048]
In one embodiment, MCU 352 (FIG. 3) may download a
sequence of instructions (e.g., stored in memory 354)
into instruction store 530 periodically. The times at
which MCU 352 downloads instructions may vary with
different communication protocols and/or
implementations. In an embodiment where communication
apparatus 100 implements the GSM standard, for
example, MCU 352 may download instructions at the
beginning of each GSM frame. A system time value
maintained in timebase counter 540 may be used to
schedule instruction 5 executions by execution unit
520. Such instructions may include, for example, an
instruction whose execution results in the generation
of an interrupt signal to MCU 352 and/or DSP 312,
indicative of an impending change from an active mode
of the digital processing circuit to a shutdown mode
of the digital processing circuit. In response to such
an interrupt signal, MCU 352 and/or DSP 312 may
perform operations to prepare for the shutdown mode of
operation of the digital processing circuit. In some
embodiments, using the instruction set supported by
main timer 0 unit 302, main timer unit 302 may be
programmed to transfer a second sequence of
instructions to instruction store 570. RF timer unit
303 may be configured to provide timed signals in
response to execution of the second sequence of
instructions by execution unit 560. In such
embodiments, execution unit 560 may schedule
instruction execution using a value of system time
maintained in timebase counter 580, or by using some
other mechanism such as a delta time technique
described below. In some embodiments, the second
sequence of instructions may be a subset of the 5
sequence of instructions downloaded by MCU 352 into
instruction store 530. [0049] As described above, main
timer 302 may be disabled during an active mode of
operation of the RF front-end circuit 110 to reduce
interference with RF circuitry. Thus, in such
embodiments, control over generating timed signals for
timing system events is passed from main timer unit
302 to RF timer unit 303 before main timer unit 302 is
disabled. Control over the maintenance of system time
may further be transferred in a synchronized 0 manner
from main timer unit 302 to RF timer unit 303. In one
embodiment, this may be achieved by loading the
contents of timebase counter 540 into timebase counter
580. Upon completion of the active mode of operation
of RF front-end circuit 110, control of system timing
is passed back to main timer unit 302. In one specific
embodiment, 



these transfers of control are implemented using two
specific instructions in an instruction set supported
by main timer unit 302 and RF timer unit 303: a
transfer-to-RF-unit instruction and a
transfer-to-main-unit instruction. 5 [0050] FIG. 6
shows additional details of a transition from a
shutdown mode of operation of RF front-end circuit 110
to an active mode and from the active mode back to a
shutdown mode for one specific embodiment of main
timer unit 302 and RF timer unit 303. In general,
instructions downloaded by MCU 352 into instruction
store 530 may include a variety of instructions,
arranged in a sequence designed to accomplish a
desired functionality. In such a sequence, a
transfer-to-RF-unit instruction may be followed by one
or more other instructions, which may bein turn be
followed by a transfer-to-main-unit instruction. In
one specific embodiment, execution of a transfer-to-
RF-unit instruction may generate a signal that may
cause (at time 610 in FIG. 6) main timer unit 302 to
download a sequence of instructions in the instruction
stream between the transfer-to-RF-unit instruction and
a subsequent transfer-to-main-unit instruction
(including the transfer-to-main-unit instruction) into
instruction store 570. Further, upon completion of the
downloading, the execution of the transfer-to-RF-unit
instruction may also cause the value stored in
timebase counter 540 to be loaded into timebase
counter 580 (time 620 in FIG. 6). These two operations
- the downloading of instructions into instruction
store 570, and the loading of timebase counter 580 -
performed in response to an execution of a
transfer-to-RF-unit instruction, are illustrated in
FIG. 7. It is noted that, in other embodiments,
instructions to be executed by execution unit 560 may
be provided directly from a source (e.g., MCU 352)
rather than indirectly through instruction store 530.
[0051] After timebase counter 580 is loaded with the
value from timebase counter 540 as described above,
timebase counter 580 may continue to increment at a
rate required to maintain an accurate value for system
time. Execution unit 560 may begin executing the
instructions downloaded into instruction store 570.
The instructions in instruction store 570 may include
a specific instruction, such as a TDI-clock-gate
instruction, whose execution may result in a signal
disabling at least a part of main timer unit 302, as
illustrated at time 630 in FIG. 6. Other components of
digital processing circuit 120 may also be disabled at
time 630 in response to the signal. A variety of
techniques may be used to disable the main timer unit
302 and other components of the digital processing
circuit 120, including gating clocks, as described
earlier. After main timer unit 302 is disabled,
execution unit 560 may continue execution of
instructions downloaded into instruction store 570 to
manage timing of system events during an RF time-slot.
The execution of such instructions by execution unit
560 may, for example, result in antenna switches being
enabled to begin RF operations (time 640 in FIG. 6);
receive buffers for storing RF data being advanced,
and gain changes being made in various circuitry. RF
front-end circuit 110 may be operating to receive RF
signals during a given RF time-slot, to transmit RF
signals, or to both receive and transmit RF signals,
as illustrated in FIG. 6. [0052] The timing of
execution of instructions by execution unit 560 may be
controlled in a variety of ways in different
implementations. For example, in one implementation,
an instruction may be timed to execute when 



timebase counter 580 reaches a specific time value. In
other implementations, a second counter for
maintaining delta times (time values relative to the
time when a previous instruction was executed) may be
maintained in RF timer unit 303, and instructions may
be timed for execution by instruction engine 560 using
such delta times. In one such implementation, each
instruction in the instruction set supported by
instruction execution unit 560 may include a field
encoding the desired delta time at which the
instruction should be executed, relative to the
execution of the previous instruction. [0053] It is
noted that in some embodiments, a global clock or
clocks may be used to support the maintenance of
timebase values with high precision in counters 540
and 580. In one implementation, counter 540 may be
configured to increment at a rate that is proportional
to the clock rate of a more precise global clock:
e.g., counter 540 may be incremented once for every
four clocks of the global clock. In such an
implementation, the transfer of contents of timebase
counter 540 to timebase counter 580 may be accompanied
by a corresponding transfer of a global clock value to
an additional counter in RF timer unit 303. This
transfer may be accomplished in a synchronized manner
with respect to the global clock (Le., within one
cycle of the global clock) to maintain systemtime with
a high degree of precision. Further, the transfer may
occur at any cycle of the global clock within the time
taken to increment timebase counter 540; for example,
if timebase counter 540 is incremented once for every
four clocks of a global clock, the transfer could
occur at any one of the four global clock transitions
that occur while timebase counter 540 contains a
particular value of system time. [0054] When the
receive and/or transmit operations of the RF time-slot
are complete, the RF timer unit may generate a signal
or signals (e.g., in response to a specific
instruction) disabling the RF front-end (at time 650
in FIG. 6) in some embodiments. Execution unit 560 may
further execute a specific instruction, such as a
TDI-clockenable instruction, that results in a signal
which enables portions of digital processing circuit
120, including main timer unit 302 (at time 660 in
FIG. 6), that had been disabled during the RF
time-slot. The enablement of the digital processing
circuit 120 may be accomplished in some embodiments by
enabling clock signals, as described earlier. In some
embodiments, as described above, a
transfer-to-main-unit instruction may then be executed
by execution unit 560 to transfer control for timing
system operations back to main timer unit 302 (time
670 in FIG. 6). Execution of a transfer-to-main-unit
instruction in such an embodiment may result in
timebase counter 540 being loaded with the current
value in timebase counter 580, and control being
transferred back to main timer unit 302. Thus, main
timer unit 302 may resume the execution of any
instructions remaining in instruction store 530 beyond
the transfer-to-RFunit instruction. [0055] FIG. 8
shows a timing diagram of timebase counter value
transfer from main timer unit 302 to RF timer unit 303
in response to execution of a transfer-to-RF-unit
instruction in one specific embodiment. In this
embodiment, the loading of system time values from
timebase counter 540 to timebase counter 580, and from
timebase counter 580 to timebase counter 540, occurs
without any timing slip, that is, within a single
cycle of a 



global system clock. At main timebase counter value
"100", a transfer-to-RF-unit instruction is executed
by execution unit 520, starting a download of
instructions from main timer unit 302 to RF timer unit
303. Downloading is completed when the main timebase
counter reaches value "103" in the illustrated
example; at this point, the value "103" is loaded into
timebase counter 580 in the RF timer unit. The time
required for downloading instructions may vary in
different embodiments; for example, it may be
determined based on the size of instruction store 570,
that is, based on the maximum number of instructions
that can be downloaded to RF timer unit in a specific
implementation. "Timebase counter 580 then maintains
system time while the main timer unit may be disabled;
that is, at any given time, timebase counter 580 has
the same value that timebase counter 540 would have
had, if timebase counter 540 had not been disabled. In
the implementation illustrated in FIG. 8, timing of
instruction execution in RF timer unit 303 is
controlled using a delta time counter as described
earlier. The delta time counter is reset when timebase
counter 580 is loaded, as shown in FIG. 8, where the
delta time counter is set to "0" when timebase counter
580 is set to "103". The delta time counter may also
be reset when an instruction is executed by execution
unit 560. [0056] Upon completion of an active RF mode
of operation, control and timing may be transferred
back to main timer unit 302 from RF timer unit 303
using a transfer-to-main-unit instruction as described
above. The timing of such a transfer is illustrated in
FIG. 9 for one embodiment. In some embodiments,
instruction store 530 may already contain any
remaining instructions that may need to be executed by
main timer unit 302, so instructions may not need to
be transferred back from RF timer unit 303 to main
timer unit 302. As shown in FIG. 9, the timebase
counter value ("107") may be transferred from timebase
counter 580 to timebase counter 540 at a first clock
signalafter a transfer-to-main-unit instruction is
executed by execution unit 560. FIG. 9 also shows that
a delta time counter may be reset to "0" when the
transfer-to-main-unit instruction is executed. [0057]
It is noted that aspects of main timer unit 302 and RF
timer unit 303 may vary in different embodiments. In
one embodiment, a subset of the circuitry used for
performing some of the operations of main timer unit
302 described earlier may also be used for performing
some of the operations of RF timer unit 303; that is,
certain functionality of the two timer units may be
implemented using common circuitry. In another
embodiment, a portion (or all) of the circuitry
forming RF timer unit 303 may be disabled during
signal processing time-slots, just as a portion of
main timer unit 302 may be disabled during RF
time-slots. [0058] It is also noted that a signal
indicating a change from a shutdown mode of operation
of front-end RF circuit 110 to an active mode of
operation may be generated in various other ways, for
example using a third timer unit or a peripheral
device, or in response to a change made in the value
of a configuration register by an MCU. In addition, in
some embodiments, both main timer unit 302 and RF
timer unit 303 may be configured to send control
signals to a common destination; for example both
timer units may be configured to provide signals to
set and reset antenna configurations. Components
within main timer unit 302 and RF timer unit 303 may
be implemented using a variety of techniques. For
example, instruction stores 530 and 570 may each be
implemented as a random-access 



memory, a frst-in-first-out (FIFO) memory, or any
other kind of memory that may suit specific system
requirements. Main timer unit 302 and RF timer unit
303 may further include other elements, for example
timing adjust registers and timebase adjust registers,
to support other functionality that may be required
(e.g., to advance or retard the RTEC time such that it
matches the base station time). Configuration and
synchronization of timebase counter 540 may be
controlled using other registers in some
implementations. In some implementations, instructions
loaded into instruction store 530 and/or 570 may need
to be sorted based on encoded relative execution times
(e.g., by MCU 352). [0059] Various alternative
specific implementations of main timer unit 302 and/or
RF timer unit 303 are also possible in other
embodiments. In some embodiments, main timer unit 302
and/or RF timer unit 303 may control system timing
without executing instructions. For example, some
implementations of main timer unit 302 and/or RF timer
unit 303 may employ hardware state machines (e.g.,
implemented using a variety of specific circuitry, as
desired) that control system timing. In addition, in
some alternative embodiments, operations of main timer
unit 302 and RF timer unit 303 may be independent of
other components of digital processing circuit 120,
such as MCU 352. [0060] Finally, while the embodiment
of Fig. 3 includes a DSP 512 and an MCU 352,
embodiments are also possible that employ other
digital processing circuits. For example, some
embodiments may employ one or more DSPs in the place
of MCU 352. Likewise, embodiments are possible that
employ one or more MCUs (or CPUs), without a DSP.
Still further embodiments may employ programmable
logic devices (PLDs) or other hardware circuits in
place of MCU 352. [0061] In addition, it is noted that
in some alternative embodiments, RF front-end circuit
110 may transmit and/or receive continuously. In such
embodiments, dual timers as described above may also
be utilized to reduce interference during certain
periods of RF activity (e.g., a main timer unit may be
disabled while an RF timer unit controls system
timing).[0062] Although the embodiments above have
been described in considerable detail, numerous
additional variations and modifications will become
apparent to those skilled in the art once the above
disclosure is fully appreciated. It is intended that
the following claims be interpreted to embrace all
such variations and modifications.WHAT IS CLAIMED IS:
1. A communication apparatus comprising: a radio
frequency (RF) circuit configured to operate on a
radio frequency signal, and a digital processing
circuit coupled to the RF circuit, wherein the digital
processing circuit includes a first timing circuit and
a second timing circuit; wherein the first timing
circuit is configured to provide timed signals
controlling timing of system operations during an
activemode of operation of the digital processing
circuit, and wherein the second timing circuit is
configured to provide timed signals controlling timing
of system operations during an active mode of
operation of the RF circuit. 



2. The communication apparatus as recited in Claim 1,
wherein at least a portion of the first timing circuit
is disabled during the active mode of operation of the
RF circuit. 3. The communication apparatus as recited
in Claim 2, wherein portions of the digital processing
circuit in addition to the first timing circuit are
disabled during the active mode of operation of the RF
circuit. 4. The communication apparatus as recited in
Claim 3, wherein the portions of the digital
processing circuit are disabled in response to a
signal generated by the second timing circuit. 5. The
communication apparatus as recited in Claim 2, wherein
the at least a portion of the first timing circuit is
disabled in response to a signal generated by the
second timing circuit. 6. The communication apparatus
as recited in Claim 2, wherein the at least a portion
of the first timing circuit is disabled by a signal
that disables one or more clocks that clock the first
timing circuit. , 7. The communication apparatus as
recited in Claim 2, wherein the active mode of
operation of the RF circuit is a transmission mode of
operation 8. The communication apparatus as recited in
Claim 2, wherein the active mode of operation of the
RF circuit is a reception mode of operation. 9. The
communication apparatus as recited in Claim 2, wherein
the at least a portion of the first timing circuit
disabled during the active mode of operation of the RF
circuit is enabled during the active mode of operation
of the digital processing circuit. 10. The
communication apparatus as recited in Claim 9, wherein
the at least a portion of the first timing circuit is
enabled in response to a signal generated by the
second timing circuit.11. The communication apparatus
as recited in Claim 9, wherein at least a portion of
the first timing circuit is enabled during the active
mode of operation of the digital processing circuit by
a signal that enables one or more clocks that clock
the first timing circuit. 12. The communication
apparatus as recited in Claim 2, wherein the second
timing circuit is configured to provide the timed
signals during the active mode of operation of the RF
circuit in response to a signal indicative of a change
from the active mode of operation of the digital
processing circuit to the active mode of operation of
the RF circuit. 13. The communication apparatus as
recited in Claim 12, wherein the signal indicative of
the change from the active mode of operation of the
digital processing circuit to the active mode of
operation of the RF circuit is provided by the first
timing circuit. 14. The communication apparatus as
recited in Claim 12, wherein the first timing circuit
includes a first counter for maintaining a system
time, wherein the second timing circuit includes a
second counter for maintaining the system time,
wherein contents of the first counter are loaded into
the second counter in response to the signal
indicative of the change from the active mode of
operation of the digital processing circuit to the
active mode of 



operation of the RF circuit. 15. The communication
apparatus as recited in Claim 14, wherein contents of
the second counter are loaded into the first counter
in response to a signal indicative of a change from
the active mode of operation of the RF circuit to the
active mode of operation of the digital processing
circuit. 16. The communication apparatus as recited in
Claim 14, wherein the contents of the first counter
are loaded into the second counter with no timing
slip, and the contents of the second counter are
loaded into the first counter with no timing slip. 17.
The communication apparatus as recited in Claim 14,
wherein the first timing circuit further includes a
first instruction execution unit for executing
instructions from a first instruction set, and wherein
the second timing circuit further includes a second
instruction execution unit for executing instructions
from a second instruction set. 18. The communication
apparatus as recited in Claim 17, wherein the first
timing circuit is further configured to provide the
timed signals controlling timing of system operations
during the active mode of operation of the digital
processing circuit in response to execution of
instructions by the first instruction execution unit,
and the second timing circuit is further configured to
provide the timed signals controlling timing of system
operations during the active mode of operation of the
RF circuit in response to execution of instructions by
the second instruction execution unit. 19. The
communication apparatus as recited in Claim 18,
wherein the first timing circuit further includes a
first instruction store unit, and wherein the second
timing circuit further includes a second instruction
store unit.20. The communication apparatus as recited
in Claim 19, wherein the digital processing circuit
further includes a microcontroller unit (MCU), wherein
the MCU is configured to download instructions into
the first instruction store unit for execution by the
first instruction execution unit. 21. The
communication apparatus as recited in Claiml9, wherein
the first timing circuit is further configured to
download instructions into the second instruction
store unit for execution by the second execution unit.
22. The communication apparatus as described in Claim
20, wherein the first timing circuit is further
configured to send an interrupt signal to the MCU
indicative of a change from an active mode of the
digital processing circuit to a shutdown mode of
operation of the digital processing circuit. 23. The
communication apparatus as described in Claim 20,
wherein the digital processing circuit further
includes a digital signal processor (DSP), and wherein
the first timing circuit is further configured to send
an interrupt signal to the DSP indicative of a change
from an active mode of the digital processing circuit
to a shutdown mode of operation of the digital
processing circuit. 24. The communication apparatus as
described in Claim 22, wherein the interrupt signal is
generated in response to an execution of an
instruction by the first instruction execution unit.
25. The communication apparatus as described in Claim
23, wherein the interrupt signal is generated in 



response to an execution of an instruction by the
first instruction execution unit. 26. A method of
operating a communication apparatus including a radio
frequency (RF) circuit and a digital processing
circuit, the method comprising: providing timed
signals from a first timing circuit controlling timing
of system operations during an active mode of
operation of the digital processing circuit; receiving
a signal at a second timing circuit indicative of a
change from the active mode of operation of the
digital processing circuit to an active mode of
operation of the RF circuit; and providing timed
signals from the second timing circuit controlling
timing of system operations during the active mode of
operation of the RF circuit. 27. A method of operating
a communication apparatus including a radio frequency
(RF) circuit and a digital processing circuit, the
method comprising: providing timed signals from a
first timing circuit controlling timing of system
operations during an active mode of operation of the
digital processing circuit; receiving a first signal
at a second timing circuit indicative of a change from
the active mode of operation of the digital processing
circuit to an active mode of operation of the RF
circuit; disabling at least a portion of the first
timing circuit;providing timed signals from the second
timing circuit controlling timing of system operations
during the active mode of operation of the RF circuit;
enabling the portion of the first timing circuit;
receiving a second signal at the first timing circuit
indicative of a change from the active mode of
operation of the RF circuit to the active mode of
operation of the digital processing circuit; and
resuming providing timed signals from the first timing
circuit controlling timing of system operations in
response to the second signal. 28. The method as
recited in Claim 27, wherein the first signal is
generated by the first timing circuit. 29. The method
as recited in Claim 27, wherein the second signal is
generated by the second timing circuit. 30. A
communication apparatus comprising: a radio frequency
(RF) circuit configured to operate on a radio
frequency signal, and a digital processing circuit
coupled to the RF circuit, wherein the digital
processing circuit includes a first timing circuit and
a second timing circuit; wherein the first timing
circuit is configured to provide timed signals
controlling timing of system operations during a
shutdown mode of operation of the RF circuit, and
wherein the second timing circuit is configured to
provide timed signals controlling timing of system
operations during an active mode of operation of the
RF circuit. 



31. The communication apparatus as recited in Claim
30, wherein at least a portion of the first timing
circuit is disabled during the active mode of
operation of the RF circuit. 32. The communication
apparatus as recited in Claim 31, wherein portions of
the digital processing circuit in addition to the
first timing circuit are disabled during the active
mode of operation of the RF circuit. 33. The
communication apparatus as recited in Claim 32,
wherein the portions of the digital processing circuit
are disabled in response to a signal generated by the
second timing circuit. 34. The communication apparatus
as recited in Claim 31, wherein the at least a portion
of the first timing circuit is disabled in response to
a signal generated by the second timing circuit. 35.
The communication apparatus as recited in Claim 31,
wherein the at least a portion of the first timing
circuit is disabled by a signal that disables one or
more clocks that clock the first timing circuit. 36.
The communication apparatus as recited in Claim 31,
wherein the at least a portion of the first timing
circuit disabled during the active mode of operation
of the RF circuit is enabled during the shutdown mode
of operation of the RF circuit.37. The communication
apparatus as recited in Claim 36, wherein the at least
a portion of the first timing circuit is enabled in
response to a signal generated by the second timing
circuit. 38. The communication apparatus as recited in
Claim 31, wherein the second timing circuit is
configured to provide the timed signals during the
active mode of operation of the RF circuit in response
to a signal indicative of a change from the shutdown
mode of operation of the RF circuit to the active mode
of operation of the RF circuit. 39. The communication
apparatus as recited in Claim 38, wherein the signal
indicative of the change from the shutdown mode of
operation of the RF circuit to the active mode of
operation of the RF circuit is provided by the first
timing circuit. 40. A method of operating a
communication apparatus including a radio frequency
(RF) circuit and a digital processing circuit, the
method comprising: providing timed signals from a
first timing circuit controlling timing of system
operations during a shutdown mode of operation of the
RF circuit; receiving a signal at a second timing
circuit indicative of a change from the shutdown mode
of operation of the RF circuit to an active mode of
operation of the RF circuit; and providing timed
signals from the second timing circuit controlling
timing of system operations during the active mode of
operation of the RF circuit. 41. A mobile phone
comprising: a radio frequency (RF) transceiver
configured to operate on a radio frequency signal, and
a digital processing circuit coupled to the RF
transceiver, wherein the digital processing circuit
includes a first timing circuit and a second timing
circuit; 



wherein the first timing circuit is configured to
provide timed signals controlling timing of system
operations during an active mode of operation of the
digital processing circuit, and wherein the second
timing circuit is configured to provide timed signals
controlling timing of system operations during an
active mode of operation of the RF transceiver. 42.
The mobile phone as recited in Claim 41, wherein at
least a portion of the first timing circuit is
disabled during the active mode of operation of the RF
transceiver. 43. The mobile phone as recited in Claim
42, wherein portions of the digital processing circuit
in addition to the first timing circuit are disabled
during the active mode of operation of the RF
transceiver. 44. The mobile phone as recited in Claim
43, wherein the portions of the digital processing
circuit are disabled in response to a signal generated
by the second timing circuit. 45. The mobile phone as
recited in Claim 42, wherein the at least a portion of
the first timing circuit is disabled in response to a
signal generated by the second timing circuit.46. The
mobile phone as recited in Claim 42, wherein the at
least a portion of the first timing circuit is
disabled by a signal that disables one or more clocks
that clock the first timing circuit. 47. The mobile
phone as recited in Claim 42, wherein the at least a
portion of the first timing circuit disabled during
the active mode of operation of the RF transceiver is
enabled during the active mode of operation of the
digital processing circuit. 48. The mobile phone as
recited in Claim 47, wherein the at least a portion of
the first timing circuit is enabled in response to a
signal generated by the second timing circuit. 49. The
mobile phone as recited in Claim 42, wherein the
second timing circuit is configured to provide the
timed signals during the active mode of operation of
the RF transceiver in response to a signal indicative
of a change from the active mode of operation of the
digital processing circuit to the active mode of
operation of the RF transceiver. 50. The mobile phone
as recited in Claim 49, wherein the signal indicative
of the change from the active mode of operation of the
digital processing circuit to the active mode of
operation of the RF transceiver is provided by the
first timing circuit. 51. A method of operating a
mobile phone including a radio frequency (RF)
transceiver and a digital processing circuit, the
method comprising: providing timed signals from a
first timing circuit controlling timing of system
operations during an active mode of operation of the
digital processing circuit; receiving a signal at a
second timing circuit indicative of a change from the
active mode of operation of the digital processing
circuit to an active mode of operation of the RF
transceiver; and providing timed signals from the
second timing circuit controlling timing of system
operations during the 



active mode of operation of the RF transceiver. 52. A
mobile phone comprising: a radio frequency (RF)
transceiver configured to operate on a radio frequency
signal, and a digital processing circuit coupled to
the RF transceiver, wherein the digital processing
circuit includes a first timing circuit and a second
timing circuit; wherein the first timing circuit is
configured to provide timed signals controlling timing
of system operations during a shutdown mode of
operation of the RF transceiver; wherein the second
timing circuit is configured to provide timed signals
controlling timing of system operations during an
active mode of operation of the RF transceiver; and
wherein the RF transceiver and the digital processing
circuit are fabricated on a single integrated circuit
chip.53. The mobile phone as recited in Claim 52,
wherein at least a portion of the first timing circuit
is disabled during the active mode of operation of the
RF transceiver. 54. The mobile phone as recited in
Claim 53, wherein portions of the digital processing
circuit in addition to the first timing circuit are
disabled during the active mode of operation of the RF
transceiver. 55. The mobile phone as recited in Claim
54, wherein the portions of the digital processing
circuit are disabled in response to a signal generated
by the second timing circuit. 56. The mobile phone as
recited in Claim 53, wherein the at least a portion of
the first timing circuit is disabled in response to a
signal generated by the second timing circuit. 57. The
mobile phone as recited in Claim 53, wherein the at
least a portion of the first timing circuit is
disabled by a signal that disables one or more clocks
that clock the first timing circuit. 58. The mobile
phone as recited in Claim 53, wherein the at least a
portion of the first timing circuit disabled during
the active mode of operation of the RF transceiver is
enabled during the shutdown mode of operation of the
RF transceiver. 59. The mobile phone as recited in
Claim 58, wherein the at least a portion of the first
timing circuit is enabled in response to a signal
generated by the second timing circuit. 60. The mobile
phone as recited in Claim 53, wherein the second
timing circuit is configured to provide the timed
signals during the active mode of operation of the RF
transceiver in response to a signal indicative of a
change from the shutdown mode of operation of the RF
transceiver to the active mode of operation of the RF
transceiver. 61. The mobile phone as recited in Claim
60, wherein' the signal indicative of the change from
the shutdown mode of operation of the RF transceiver
to the active mode of operation of the RF transceiver
is provided by the first timing circuit. 


