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(54) [Title of Invention] Data Processing Device and Clock Switching Method

1

(57) [Scope of Patent Claims]

[Claim 1] A data processing device comprising:

a communication speed storage means for storing communication
speed data indicating the communication speed;

a transfer data storage means for storing transfer data;

a detection means for detecting access to the aforementioned
communication speed storage means and the aforementioned
transfer data storage means; and

a clock switching means that switches a clock signal serving as a
reference for CPU operation based on the communication speed
data stored in the aforementioned communication speed storage
means when access to the aforementioned communication speed
storage means is detected by the aforementioned detection means,
and switches to a clock signal of either the frequency during
normal operation or a lower frequency during standby mode when
it is detected by the aforementioned detection means that there
has been no access to the aforementioned transfer data storage
means for a certain amount of time.

[Claim 2] A data processing device comprising:

a communication speed storage means for storing communication
speed data indicating the communication speed;

a transfer data storage means for storing transfer data;

a detection means for detecting access to the aforementioned
communication speed storage means and the aforementioned
transfer data storage means; and

a clock switching means that switches the frequency of the clock
signal serving as a reference for CPU operation based on clock
information notified from an application program, and when
access to the aforementioned communication speed storage
means is detected by the aforementioned detection means,
switches the clock signal serving as a reference for CPU operation
based on the communication speed data stored in the
aforementioned communication speed storage means, and
switches to a clock signal of either the frequency during normal
operation or a lower frequency during standby mode when it is
detected by the aforementioned detection
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means that there has been no access to the aforementioned
transfer data storage means for a certain amount of time.

[Claim 3] A data processing device according to Claim 1 or 2,
which is a portable terminal device.

[Claim 4] A data processing device according to Claim 1, 2, or 3,
wherein the aforementioned clock switching means has a counter
that starts counting up when access to the aforementioned
communication speed storage means is detected by the
aforementioned detection means, and resets the count value when
access to the aforementioned transfer data storage means is
detected by the aforementioned detection means.

[Claim 5] A data processing device according to Claim 1 or 2,
wherein the aforementioned clock switching means is configured
as a BIOS program, wherein the aforementioned BIOS reads
communication speed data from the aforementioned
communication speed storage means based on a signal output
when access to the aforementioned communication speed storage
means is detected by the aforementioned detection means,
switches the frequency of the clock signal, and switches the clock
signal to the frequency during normal operation or a lower
frequency during standby mode based on the signal output when
it is detected by the aforementioned detection means that there
has been no access to the aforementioned transfer data storage
means for a certain amount of time.

[Claim 6] A clock switching method, wherein communication
speed data indicating the communication speed is stored in a
communication speed storage unit; access to the aforementioned
communication speed storage unit and a transfer data storage unit
that stores transfer data is detected; when access to the
aforementioned communication speed storage unit is detected, a
clock signal serving as a reference for CPU operation is switched
based on the communication speed data in the
aforementioned communication speed storage unit; and when it is

stored

detected that there has been no access to the aforementioned
transfer data storage unit for a certain amount of time, the clock
signal is switched to either the frequency during normal operation
or a lower frequency during standby mode.

[Claim 7] A clock switching method according to Claim 6,
wherein the user can set the frequency of the clock signal supplied
to the CPU during the execution of an application program that
the user wants to run at high speed among multiple executable
application programs.

[Detailed Explanation of the Invention]

[0001]

[Technical Field to Which the Invention Belongs] This invention
relates to a data processing device and a clock switching method
that has a function for switching the frequency of a clock signal.
[0002]

[Conventional Technology] As the processing capability of
microprocessors increases, their operating clocks have also been
accelerated. In battery-powered portable personal computers,
power-saving measures are being implemented to extend the
usable time of devices. Since the power consumption of a
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microprocessor increases in proportion to the frequency of its
operating clock, when the microprocessor is not executing any
processes, it operates at a low-speed clock to reduce power
consumption. For example, when the power is on and no key
input is detected for a certain amount of time, the clock frequency
is switched to a lower speed to minimize power consumption.
[0003] On the other hand, portable terminal devices such as
handheld terminals that have an input unit and a display unit,
which store data read by an optical reading unit like a barcode
reader or data entered from the input unit into internal memory,
have been widely used. Similar to portable personal computers,
these portable terminal devices are powered by batteries, so a
power-saving mode is established to switch the clock to a lower
speed when no input is detected to extend the available usage time.
[0004] In addition, there have been considerations for allowing
users to switch the frequency of the microprocessor's operating
clock, enabling them to set a lower clock frequency to extend the
device's available usage time.

[0005]

[Problems to be Solved by the Invention] However, setting the
microprocessor’s clock frequency lower to extend usable time can
lead to problems, such as a decrease in achievable communication
speed during data transfer even when the processing speed is
sufficient for normal operations.

[0006] The challenge of this invention is to reduce power
consumption during normal operation while achieving high-
speed processing.

[0007]

[Means for Solving the Problems] The data processing device
described in Claim 1 comprises a clock switching means for
switching the frequency of a clock signal that serves as a reference
for CPU operation based on clock switching information notified
from an application program, and an execution means for
executing the application program based on the clock signal
switched by the clock switching means.

[0008] According to the invention described in Claim 1, since the
frequency of the CPU (including microprocessors, etc.) clock
signal can be instructed to switch from the application program
side, it is possible to achieve high-speed processing by setting the
clock signal frequency higher when executing communication
processing than during normal operation, and to operate the CPU
at a lower frequency during normal operation, thereby reducing
power consumption and extending the available usage time of the
device.

[0009] The data processing device described in Claim 5
comprises a detection means for detecting the startup of a process
that needs to be executed at a speed faster than normal, and a
clock switching means for switching the frequency of the clock
signal that serves as a reference for CPU operation to a
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frequency higher than during normal operation when the startup
of that process is detected by the detection means.

[0010] According to the invention described in Claim 5, since the
CPU's clock signal can be set higher when executing processes
that require high-speed processing, it is possible to reduce power
consumption during normal operation while achieving high-
speed processing.

[0011] The data processing device described in Claim 7
comprises a communication speed storage means for storing
communication speed data that indicates the speed of data
communication, a detection means for detecting whether there
has been access to the communication speed storage means, a
reading means for reading the communication speed data stored
in the communication speed storage means when access to it is
detected by the detection means, and a clock switching means for
switching the frequency of the clock signal that serves as a
reference for CPU operation according to the read communication
speed data.

[0012] According to the invention described in Claim 7, during
data communication, the CPU can be operated with a clock signal
frequency corresponding to the communication speed, allowing
the CPU to operate at a processing speed that satisfies the required
communication speed.

[0013] The data processing device described in Claim 9
comprises a setup means for setting at least the name of a process
and the frequency of the CPU clock signal when executing that
process during setup, and a storage means for storing the process
name set by the setup means and the clock signal frequency when
executing that process.

[0014] According to the invention described in Claim 9, during
setup, it is possible to set the name of the process to be processed
at high speed and its execution frequency, which allows the CPU
to operate at a relatively low frequency during normal operation
to reduce the device's power consumption, and to operate at a high
frequency for specific processes to shorten processing time.
[0015]

[Embodiment of the Invention] The following describes this
embodiment of the invention with reference to the drawings. Here,
we will explain the case when this invention is applied to a
handheld terminal. A handheld terminal is a portable input
terminal device that comprises an input unit for entering data, a
display unit, and a communication unit. It has the functionality to
store the entered data or the processing results of that data
internally and transfer the stored data to a host computer or similar.
[0016] In Fig. 1, the chipset 11 comprises a main CPU 12, a clock
generator 13 including a digital PLL (DPLL), a real-time clock
(RTC) 15, a programmable interval timer (PIT) 16, and so on.
[0017] The clock generator 13 is a circuit that multiplies and
divides the 32KHz reference clock signal generated by the crystal
oscillator 14 to produce clock signals of desired
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frequencies. As shown in Fig. 2, the clock generator 13 comprises
a digital PLL circuit 21 that multiplies the 32KHz signal
generated by the crystal oscillator 14 (the phase locked loop;
composed of a phase comparator, error amplifier, voltage-
controlled oscillator, etc.), a division circuit 22 that further
divides the signal multiplied by the digital PLL circuit 21 into 1/2,
1/3, and 1/4 to output signals such as 66MHz, 33MHz, and
16MHz, a division circuit 23 that divides the signals output from
both the digital PLL circuit 21 and the division circuit 22, a
selector that selects one of the output from division circuit 23 and
the 14.318MHz signal output from the digital PLL circuit 21, and
an output circuit 25 that determines whether to output the output
from selector 24 externally or not, along with a division circuit 26
that further divides the output signal from output circuit 25 by 1/2
and outputs it.

[0018] The CPU clock switching register 27 in the clock
generator 13 is written by the main CPU 12 with the frequency
specified by the setup menu or application program described
later. The frequency written to this CPU clock switching register
27 determines the multiplication factor of the digital PLL circuit
21 and the division ratio of the division circuit 22, thereby
generating the clock signal of the specified frequency.

[0019] The CPU clock division register 28 stores data for further
dividing the signal multiplied by the digital PLL circuit 21 or the
signal divided by the division circuit 22. For example, data is
written to output a low-frequency clock signal from the division
circuit 23 during sleep mode.

[0020] The 14MHz setting enable register 29 is a register where
data is written to specify whether to select the 14.318MHz clock
signal using selector 24. Normally, data is written to disable the
setting of the 14.318MHz clock signal, so that selector 24 selects
the output signal from division circuit 23. Then, when switching
the frequency of the clock signal, data that enables the setting of
the 14.318MHz signal is written to the 14MHz setting enable
register 29, causing selector 24 to select the 14.318MHz clock
signal. As a result, when the frequency of the clock signal is
switched, the clock signal's frequency is temporarily switched to
14.318MHz before it changes to the specified frequency.

[0021] The CPU clock enable register 30 is a register that stores
data specifying whether to output the clock signal from output
circuit 25 or not. Typically, data is written that permits the output
of the clock signal. For example, if the CPU operation needs to
be halted during sleep mode, data that disallows the output of the
clock signal is written.

[0022] Returning to Fig. 1, the real-time clock (RTC) 15
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comprises a timing unit that measures the date and time, and
memory that stores operational conditions set by the setup menu,
and it is backed up by a battery so that it can continue measuring
the date and time even when powered off.

[0023] The programmable interval timer (PIT) 16 consists of
three (3) independent timers/counters that can be used
programmatically. The programmable interrupt controller (PIC)
17 accepts interrupt requests from external sources and interrupts
the main CPU 12.

[0024] The communication IC 18 is a circuit for transmitting and
receiving data. Transmitted data is output from the RS232C port
42 via the driver/receiver 41, while received data is input to the
communication IC 18 through the RS232C port 42 and the
driver/receiver 41.

[0025] A keyboard (KB) 43 for data input and a liquid crystal
display (LCD) 44 with a touch panel (TP) 45 are connected to the
keyboard controller 46. Operation signals from the touch panel 44
or keyboard 43 are detected by the keyboard controller 46 and
output to the chipset 11. The keyboard controller 46 has an
internal CPU and operates based on a clock generated by
oscillator 47.

[0026] The liquid crystal display (LCD) 44 displays data input
from the keyboard 43 and shows input keys or graphics indicating
the content of the input keys on the switch parts of the transparent
touch panel 45. The video graphic array (VGA) is a circuit that
controls the display of the liquid crystal display 44. The PC card
controller 49 is a controller that manages PC cards inserted into
PC card slots 50 and 51, having the capability to directly execute
program codes from the ROM or RAM within the PC card. The
aforementioned keyboard controller 46, video graphic array 48,
and PC card controller 49 are connected to the chipset 11 via the
ISA bus 53.

[0027] The communication controller 52 is a controller that
manages data transfer via infrared using the light-emitting and
light-receiving element 54. Transmission signals output from the
communication controller 52 are sent through the driver 55 to the
light-emitting and light-receiving element 54, while received
signals detected by the light-emitting and light-receiving element
54 are output back to the communication controller 52 through
the driver 55.

[0028] The flash ROM 56 is a 16M-bit ROM that stores control
programs for overall circuit management and application
programs like data transfer processing. The RAM 57 consists of
two (2) 2M-bit DRAMs that store data input from the keyboard
43. The RAM 58 is a 2M or 4M-bit DRAM that holds parity
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data for the data stored in RAM 57. These ROM 56, RAM 57,
and RAM 58 are connected to the chipset 11 via a local bus 59,
which enables high-speed data transfer.

[0029] The printer controller 60 is a circuit that controls the
printing of the printer 61 and has its own CPU for control
purposes. Signals output from this printer controller 60 are
amplified by the driver 62 and supplied to the print head of the
printer 61 for printing.

[0030] The power control unit 63 is a circuit that rectifies the
alternating voltage supplied from the charging terminal 64 to
create a power voltage for driving various circuit components.
The rectified voltage is supplied to the lithium secondary battery
65 to charge the lithium secondary battery 65. In addition, the
power control unit 63 supplies the voltage from the lithium
battery 66 to the memory of the real-time clock 15, ensuring that
the data in memory is protected even when powered off or if the
lithium secondary battery 65 discharges.

[0031] Next, Fig. 3 is a block diagram showing the configuration
of the communication IC 18. The select/control logic 72 is a
circuit that controls the selection of registers within the
communication IC 18 and the writing and reading of data to/from
the selected register based on address data A0 to A2 output from
the main CPU 12 and control signals such as the read signal RD
and write signal WR. The data DO to D7 sent from the main CPU
12 is first stored in the data buffer 71 and then transferred to the
appropriate register via the internal data bus under the control of
the select/control logic 72.

[0032] The modem control register 73 is a register where data is
written to control the modem control logic 74. The modem
control logic 74 sends and receives modem status signals with the
modem of the communication partner according to the data
written in the modem control register 73, establishing the state of
both the sending and receiving sides. The modem status register
75 is a register that stores data indicating the state of the modem
control logic 74.

[0033] When transmitting data, the communication speed data
indicating the transmission rate is first written to the data buffer
71. This communication speed data in the data buffer 71 is then
written to the communication rate setting register 76 under the
control of the select/control logic 72. The baud rate generator 77
generates a baud rate clock corresponding to the frequency of the
communication speed data and outputs it to the transmission
timing control 78 and externally.

[0034] Next, when the transmission data is written to the data
buffer 71, the data is transferred to the transmission register 79,
and further converted into serial data by the transmission shift
register 80 for output to the external system. The shifting
operation of the transmission shift register 80 is controlled by the
transmission timing control 78, and the shifting operation of
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the communication shift register 80 occurs at a timing
synchronized with the baud rate clock from the baud rate
generator 77.

[0035] When receiving data, serial received data is converted into
parallel data by the reception shift register 81 and written to the
reception buffer register 82. The parallel data is then written to
the data buffer 71 and transferred to the main CPU 12. The
shifting operation of the reception shift register 81 occurs at a
timing synchronized with the receive clock received by the
reception timing control 83.

[0036] Next, the operation of switching the frequency of the clock
signal for a specific process in a handheld terminal with the
configuration described above will be explained. First, the Ist
embodiment of this invention, which involves setting the
frequency of the clock signal in the setup menu, will be described
with reference to the flowchart in Fig. 4.

[0037] The clock information indicating the frequency of the
clock signal, etc., is stored in the memory of the real-time clock
15 of the chipset 11, and this memory is backed up by a battery
so that data is retained even when the power is off.

[0038] When the power is turned on, the BIOS (a part of the
operating system that controls input devices) initialization
process is activated (Fig. 4, S1). Once the initialization process is
activated, it is then determined whether a specific key was
operated during startup (S2). If the specific key has not been
operated, the process proceeds to step S3, where the clock
information for normal operation stored in the memory of the
real-time clock 15 is read out. Based on the stored clock
information, the frequency of the clock signal is written to the
CPU clock switch register 27 of the clock generator 13.

[0039] On the other hand, if it is determined in step S2 that a
specific key was operated, the setup process is activated, and the
setup screen is displayed (S5). In this setup process, three (3)
types of frequencies are displayed as the clock signal frequency
for normal operation: 16M, 33M, and 66MHz. In addition, three
different frequencies are shown as the clock signal frequency for
processing names that the user may want to execute at high speed
(e.g., data transfer processing). The user can select the normal
operational frequency and the processing they wish to perform at
high speed from the displayed options along with the clock signal
frequency for that process.

[0040] It is then determined whether the selection of the clock
signal frequency switch has been completed (S6). Once the
selection of the processing name and frequency is finished, the
selected processing name, frequency, and other clock information
are written to the previously mentioned memory of the real-time
clock 15 (S7).

[0041] If no processing name is selected in step S6 and only the
normal operational frequency is set, the clock information
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previously stored in memory will be overwritten with the newly
selected frequency. In addition, if both the processing name and
the clock signal frequency are selected, the clock information
consisting of the processing name and the frequency for executing
that process will be written to another memory area of the real-
time clock 15.

[0042] After the clock information in the memory is rewritten and
the system is reset, the BIOS reads the frequency stored in the
memory of the real-time clock 15 and writes that read frequency
to the CPU clock switch register 27 of the aforementioned clock
generator 13. As aresult, a clock signal of the specified frequency
is output from the clock generator 13, and the main CPU 12
operates at that frequency.

[0043] In addition, when the processing selected in the setup
program is activated, the frequency corresponding to the
processing name stored in the memory of the real-time clock 15
is read out and written to the CPU clock switch register 27. This
allows the frequency of the clock signal output from the clock
generator 13 to be switched when the specified processing is
executed.

[0044] By allowing the user to set the frequency of the clock
signal for normal operation and the frequency for executing
specific processes through the setup menu, it is possible, for
instance, to lower the frequency of the clock signal during normal
operation and increase the frequency during execution of high-
speed processes such as data transfer. This results in reduced
power consumption during normal operation, extending the
usable time of the handheld terminal while simultaneously
enabling fast data transfer.

[0045] Next, the 2nd embodiment of this invention will explain
how to instruct the switching of the clock signal frequency from
the application program side. Fig. 5 is an explanatory diagram of
a command that instructs the switching of the clock signal
frequency. The command for indicating the frequency switch is
"SYSCLK," with the value of the parameters following the
command specifying the frequency. For example, if "0" is
specified as a parameter, the clock signal frequency will switch to
the default value, which is the frequency at startup. If "1" is
specified as a parameter, the clock signal frequency will switch to
16MHz; if "2" is specified, it will switch to 33MHz; and if "3" is
specified, it will switch to 66MHz.

[0046] Fig. 6 shows an example of a program for switching the
clock signal frequency from the application program side. The
figure illustrates a program created in C language, where
system("command") is an instruction that executes the string
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indicated by "command" as a DOS command.

[0047] Assuming the default frequency is 16MHz, processing A
is executed with a clock signal of 16MHz. When processing A is
completed, and the next processing B executes system("sysclk 3"),
the program specified by that command will be activated.

[0048] Fig. 7 is a flowchart of the frequency switch process
activated by the command of the application program. First, the
specified parameters are checked (Fig. 7, S11), and it is
determined whether the parameter value is out of the range 0 to 3
(S12). If the parameter value is out of range, the process proceeds
to step S24, sets a parameter indicating abnormal termination, and
ends the process.

[0049] If the specified parameter is determined to be within range
at step S12, the process moves to step S13, where the main CPU
12 is set to interrupt-disabled status to prevent control from being
passed to other processes during the clock signal switching. Then,
it is determined whether the parameter value is "0" or not, which
indicates whether to switch to the default frequency (S14). If the
parameter value is determined to be "0," the process proceeds to
step S15, where the default clock information (clock signal
frequency) stored in the memory of real-time clock 15 is read out.
That read frequency is then written to the CPU clock switch
register 27 (S16). As a result, the frequency of the clock signal
generated by the clock generator 13 is switched to the default
value (for example, 16 MHz).

[0050] It should be noted that when rewriting the contents of the
CPU clock switch register 27, the 14MHz setting enable register
29 is first enabled, allowing the selector 24 to select a 14.318MHz
signal to temporarily switch the clock signal frequency to
14.318MHz. After that, the frequency of the CPU clock switch
register 27 is rewritten, and once the frequency switch is complete,
the 14MHz setting enable register 29 is disabled, allowing the
selector 24 to select the clock signal of the changed frequency.
[0051] When it is determined in step S14 that the parameter value
is not "0," the process proceeds to step S17, where it checks
whether the parameter value is "1," indicating a command to
switch to 16MHz. If the parameter value is "1" and indicates a
switch to 16MHz, the process advances to step S18, where the
value of 16MHz is written to the CPU clock switch register 27.
This results in the frequency of the clock signal generated by the
clock generator 13 being switched to 16MHz.

[0052] If, at step S17, the parameter value is determined not to be
"1," the process moves to step S19 to check whether the parameter
value is "2," indicating a command to switch to 33MHz. If the
parameter value is "2" and indicates a switch to
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33MHz, the process advances to step S20, where the value of
33MHz is written to the CPU clock switch register 27.
Consequently, the frequency of the clock signal generated by the
clock generator 13 is switched to 33MHz.

[0053] If it is determined at step S19 that the parameter value is
not "2," then it means the parameter value is "3," which indicates
a command to switch to 66MHz. The process then moves to step
S21, where the value of 66MHz is written to the CPU clock switch
register 27. As a result, the frequency of the clock signal
generated by the clock generator 13 is switched to 66MHz.
[0054] Once the frequency switching of the clock signal is
completed as described above, the process advances to step S22,
where interrupts to the main CPU 12 are enabled. This indicates
that the frequency switching process has been completed, so a
normal termination parameter is set (S23), and the frequency
switching process is concluded, returning control to DOS.

[0055] With the frequency of the clock signal switched as
described above, processing B shown in Fig. 6 is executed with a
66MHz clock signal. At the end of processing B, a command can
be executed to switch the clock signal frequency back to the
default (in this case, 16MHz), thereby restoring the clock signal
frequency to its original 16 MHz.

[0056] According to this 2nd embodiment, it is possible to switch
the operating frequency of the main CPU 12 from the application
program side. This allows the main CPU 12 to operate at a lower
frequency during normal use, reducing current consumption and
extending the usable time of the device. When high-speed
processing is required, the main CPU 12 can operate at a higher
frequency, thereby shortening processing time.

[0057] Next, the 3rd embodiment of this invention is explained
with reference to Fig. 8 and Fig. 9, which involves detecting
access to specific registers in order to switch the clock signal
frequency.

[0058] Fig. 8 is a block diagram of an access detection circuit 90
that detects accesses to the communication IC 18 during data
transfer. When sending data from a handheld terminal to a host
computer, the communication speed is set by writing the
communication speed to the communication rate setting register
76 of the communication IC 18 from the main CPU 12. The
decode circuit 91 decodes the address data output from the main
CPU 12 and, upon detecting that the address data matches the
address of the communication rate setting register 76, outputs an
address match signal to the access monitoring circuit 92. When
the access monitoring circuit 92 receives the address match signal
from the decode circuit 91, it instructs the interrupt generation
circuit 93 to output an interrupt signal and activates its internal
counter.

[0059] After the communication speed is set in the

IPR2025-01309; Samsung
Ex. 1028 - Page 7



O

13

communication rate setting register 76 of the communication IC
18 and data transfer begins, data is written to the transmission
register 79 at regular intervals. The decode circuit 91 compares
the address data output from the main CPU 12 with the address
of the transmission register 79, and if the addresses match, it
outputs an address match signal to the access monitoring circuit
92. Every time the access monitoring circuit 92 receives the
address match signal for the transmission register 79, it resets its
counter.

[0060] Once the data transmission is complete and access to the
transmission register 79 ends, the address match signal for the
transmission register 79 will no longer be output from the decode
circuit 91, causing the counter in the access monitoring circuit 92
to count up. When the counter counts up, the access monitoring
circuit 92 instructs the interrupt generation circuit 93 to output an
interrupt signal.

[0061] In other words, interrupt signals are output from the
interrupt generation circuit 93 when setting the communication
speed during data transmission and when the data transmission is
completed. Thus, when the BIOS detects this interrupt signal, it
can switch the clock signal frequency, enabling high-speed
processing of the data transfer operation.

[0062] Next, Fig. 9 is a flowchart showing the processing steps
for switching the frequency based on an interrupt signal from the
interrupt generation circuit 93. Upon detecting the interrupt signal,
the register of the programmable interrupt controller 17 is
referenced to check the cause of the interrupt (Fig. 9, S31). If the
interrupt cause relates to data transfer, it first determines whether
there has been access to the communication rate setting register
76 (S32). If it is determined in step S32 that there has been access
to the communication rate setting register 76, the process moves
to step S33, where the communication speed stored in the
communication rate setting register 76 is read out. The next step
(S34) checks whether the read communication speed is below a
predetermined value (for example, 38.4 KBPS) or exceeds this
value.

If the read communication speed is determined to be below the
predetermined value, the process advances to step S35, where the
clock frequency of 33MHz is written to the CPU clock switch
register 27 of the clock generator 13. This results in the clock
generator 13 outputting a 33MHz clock signal as the operating
clock for the main CPU 12.

[0063] On the other hand, if it is determined in step S34 that the
communication speed exceeds the predetermined value, the
process moves to step S36, where the clock frequency of 66 MHz
is written to the CPU clock switch register 27 of the clock
generator 13. Consequently, the clock generator 13 outputs a
66MHz clock signal as the operating clock for the main CPU 12.
[0064] If it is determined in step S32 that there has not been access
to the communication rate register 76, the process
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advances to step S37 to determine whether the counter in the
access monitoring circuit 92 has counted up. If the counter has
counted up, it is judged that the data transfer processing has
completed, and the process moves to step S38 to read the default
clock information stored in the memory of the real-time clock 15.
Then, the read frequency is written to the CPU clock switch
register 27 of the clock generator 13 (S39). As a result, the clock
generator 13 outputs the clock signal at the normal operating
frequency to the main CPU 12.

[0065] According to this 3rd embodiment, access to registers or
memory caused by processing that requires high-speed operations,
such as data transfer processing, is detected by hardware. During
the execution of such processes, the clock signal frequency of the
CPU is increased or switched to a frequency corresponding to the
communication speed. Once the processing is complete, it
switches back to the normal operating frequency. This allows the
main CPU 12 to operate at a lower frequency clock signal during
normal operation, reducing power consumption and extending the
device's available time. When executing processes that require
high-speed processing, the main CPU 12 can operate at a higher
frequency clock signal, achieving fast processing.
[0066] In the aforementioned embodiment, data transfer
processing was cited as an example, but the invention is not
limited to this; it can be applied to other processes that require
high-speed processing. In addition, in the 3rd embodiment, it is
also possible to store addresses accessed when a specific process
is triggered and detect the activation of that specific process by
detecting access to those addresses, thereby switching the clock
signal frequency at that time.

[0067] Furthermore, while the above embodiment has explained
the application of this invention to handheld terminals, it is not
limited to this; it can also be applied to portable personal
computers, portable small devices, and other data processing
apparatuses.

[0068]

[Effects of the Invention] According to this invention, when
executing programs that require high-speed processing, the
frequency of the CPU's operating clock is set higher than during
normal operation, thereby reducing power consumption during
normal operation and extending the device's usable time while
simultaneously achieving high-speed processing. Moreover,
since the switching of the clock signal frequency can be
performed from the application program side, the CPU can be
operated at a processing speed suitable for that program, reducing
power consumption and shortening processing time. Furthermore,
when performing data communication, by operating the CPU at a
frequency corresponding to the communication speed, power
consumption can be reduced while realizing high-speed data
communication.

[Brief Description of Drawings]

[Fig. 1] It is a block diagram of the handheld terminal of this
embodiment of the invention.
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[Fig. 2] It is a block diagram of the clock generator 13.

[Fig. 3] It is a block diagram of the communication IC 18.

[Fig. 4] It is a flowchart of the frequency switching process in
the 1st embodiment.

[Fig. 5] It is an explanatory diagram of a command that instructs
frequency switching of the clock signal in the 2nd embodiment.
[Fig. 6] It is a diagram showing an example of the application
side program in the 2nd embodiment.

[Fig. 7] It is a flowchart of the frequency switching process in
the 2nd embodiment. 10
[Fig. 8] It is a circuit block diagram of the access monitoring
circuit that detects access to the communication IC 18.

[Fig. 2]

Block diagram of the clock generator 13
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[Fig. 9] It is a flowchart of the frequency switching process in
the 3rd embodiment.

[Explanation of Reference Numerals]

11 Chipset

12 Main CPU

13 Clock Generator

18 Communication IC

27 CPU Clock Switching Register

76 Communication Rate Setting Register
91 Decode Circuit

92 Access Monitoring Circuit

[Fig. 4]

Flowchart of the frequency switching process in the 1st
embodiment
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complete?

37\]/

Write selection item information to
memory

I

83, ]

Read CPU clock information stored
in memory

Set CPU clock according to stored
CPU clock information using
multiplication / division

Processing complete )
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[Fig. 1]

Block diagram of the handheld terminal
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[Fig. 5]

An explanatory diagram of a command that instructs
frequency switching of the clock signal in the 2nd
embodiment

SYSCLK [Parameter]

[Specified Parameter] 0: Set CPU clock to default (CPU clock at rising edge)
1: Switch CPU clock to 16MHz.
2: Switch CPU clock to 33MHz.
3: Switch CPU clock to 66MHz.
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[Fig. 3]

Block diagram of the communication IC 18
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[Fig. 6]

An example of the application-side program in the 2nd
embodiment

[Format] ret = system("command"); * The argument command is executed as a DOS command.

<Overview>

A iA processing is handled at CPU clock 16MHz.

systen{ 'syselk & );

B IB processing is handled at CPU clock 66MHz.

* Executes the command to switch the CPU clock from 16MHz to 66MHz.

system( 'syselk {"); * Executes the command to switch the CPU clock to default (in this case, 16MHz).

C T C processing is handled at CPU clock 16MHz.

Patent No. 3179054

[Fig. 8]

Circuit block diagram of the access detection circuit 90
that detects access to the communication IC 18
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[Fig. 7]

Flowchart of the frequency switching process in the 2nd embodiment
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[Fig. 9]

Flowchart of the frequency switching process in the 3rd embodiment
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