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DESCRIPTION

METHOD FOR REDUCING POWER CONSUMPTION, AND PORTABLE
ELECTRONIC DEVICE AND ENTERTAINMENT SYSTEM THAT
EMPLOY THE METHOD

Technical Field
This invention concerns a method, a portable electronic device, and an
entertainment system in each of which power consumption can be

economized by changing a CPU operation clock.

Background of the Invention

A conventional memory card device, etc. (slave machine) that is used
with being inserted into an information device or other master machine such -
as an entertainment system represented by a game machine has an interface
for connecting it to the main unit (master machine) of the information device
and a nonvolatile memory element for storing data.

Figure 1A shows an example of the composition of the key parts of
such a conventional memory card device. The conventional memory card 10
has a control unit 11 for controlling its 6peration, a connector 12 for
connecting the card device to a terminal provided in a slot of an information
device, and a nonvolatile memory 16 for storing data. Connector 12 and
nonvolatile memory 16 are connected by the control unit 11.

Control unit 11 may be, for example, a microprocessor (so labeled in
the diagrams). Used as nonvolatile memory 16 is, for example, a flash

memory such as an EEPROM (electrically erasable and programmable ROM).
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A microprocessor is also sometimes used for the connection interface with an

" information device, etc. as a control means for interpreting the protocol.

Figure 1B shows the control elements in control unit 11 of
conventional memory card 10.

Thus a conventional memory card has a main unit connection interface -
for connecting with the main unit of the information device, etc., and a

memory interface for inputting and outputting data to and from the

- nonvolatile memory.

A conventional video game device such as a home video game device
has the function of storing game data, etc. in an auxiliary mémory. The
memory card device is also used as an auxiliary memory of such video game
device.

Fi"gure 2 shows an éxample of a conventional video game device that

‘uses a memory card as an auxiliary memory. Main unit 2 of this

convcntionallvideo game device 1 has a disk loading unit 3, which is
accommodated in a roughly rectangular housing and in the center of which is
mounted an optical disk, which is a recording medium on which video game

application programs are stored, a reset switch 4 for resetting the game at

- will, a power switch 6, and, for example, two slots 7A'and 7B.

Memory card 10, which is used as an auxiliary memory, is loaded in
slots 7A and 7B, and for example, the results, etc. of a game played on the -
video game device 1 are sent from control means -(CP.U) 19 and are written -
into nonvolatile memory 16. Multiple operation devices '(contréllers) not -
shown can also be connected to slots 7A and 7B, allowing multiple users to
play competitive games, etc. simultaneously. .
| One could further give the function of executing a game and other

programs to a slave machine that is connected using the memory card slot of
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an entertainment system, which serves as the master machine. That is, it is
thought that after at least part of a program such as a game will be

downloaded from the master machine, the program itself will be executed,

. and if the program is a game, it will be given the function of allowing the

growth, etc. of the characters in the game. Such a portable electronic device
(slave machine) can be used without modification as a portable information
terminal, and by making communication with other devices easier, its range
of applications can be expanded, thereby leading to the stimulation of new -
demand.

Removed from the master machine, such a portable electronic device
drives, using an AC adaptor, a battery, etc., a central processing unit (CPU)

that performs image processing, audio processing, etc. In particular, a

. battery is used if the portable electronic device is used portably. Witha  -:

portable electronic device in such a case, it_: is important how efficiently the
limited battery is used.

Meanwhile, among portable electronic devices, with those that employ
a system m which the speaker is driven from the CPU via a digital/analog -
converter (DAC), if a musical piece or sound effects are to be emitted, a
frequency at least twice that of the frequency to be emitted is required, so it
is considéred difficult to emit high-quality sounds without a rather high
operation clock.

However, as stated above, in order to emit high-quality sound witha
portable electronic device in which a CPU and DAC are directly connected, -
the CPU operation clock must be made high, creating the problem of high -

power consumption.
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Disclosuré of the Invention

This invention, which was devised with the above problems in mind,
provides, for the problems to ﬁe solved, a method and device that can use the
battery of a portable electronic device efficiently without lowering the
quality of the music, sound effects, and other sound that 1s emitted.

According to a first aspect of the present invention, there is provided a
method of reducing power consumption, wherein a speaker is driven under a -
CPU instruétion, and when audio 'sound is to be output, an operation clock.
with a CPU is varied by a sound emission request. The operation clock can
be changed to either a high-spe'ed mode or a medium-speed mode by the
sound emission request, and otherwise it is set to a low-speed mode.

According to a second aspect of the present invention, there is
provided a portable electronic device comprising a speaker driven by a CPU
viaa digifal,/arialog converter, wherein a sound emission request is input to a
bus cohtiolier that is linked to said CPU; and a clock variation means
controlled in accordance with the input to said bus controller, and an
operation clock is made variable.

According to a third aspect of the piesent invention, an entertainment

system is provided, which includes an entertainment device that has a

_program execution function and a portable electronic device that is

detachably mounted on said entertainment device and includes an interface -
for making an electrical connection to said entertainment device, and in
which the portable electronic device comprising a speaker driven by a CPU
via a digital/analog conveérter, wheréin sound emission requests aré input to a
bus controller that is linked to said CPU; a clock variation means controlled
in accordance with the input to said bus controller, and wherein an operation

clock is made variable.
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Brief Description of the Drawings
Figure 1 shows an example of the configuration of a cohventiona]
memory card;
5 Figure 2 shows an example of a conventional video game device that
employs a memory card as an auxiliary memory;
Figure 3 is a flowchart for explaining the method of the present
invention; .
-Figs. 4A, 4B and 4C are front, plan, and rear views, respectively of
10 the portable electronic device of the present invention;
Figure 5 is a block diagram of the portable electronic device of the .
present invention;
. Figure 6 shows an arrangement of a control unit of the portable
electronic device of the invention;
15 Figure 7 is a plan view of the entertainment system of the present
Jinvention;.
Figure 8 is a perspective view of the entertainment system of the
invention; and
Figure 9 shows a relationship between a CPU clock frequency and
20 operation time in the case where .the CPU clock frequency of the portable

electronic device is modified according to the present invention.

Best Mode for Carrying Out the Invention
The present invention will hereinafter be described in detail.
25 A method according to a first aspect of the present invention will be

described.
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For both, long battery life of the portable electronic device and quality -
of the sound emission thereof, an operation clock of the CPU is controlled
dynamically. That is, when there is no sound emission, the CPU is run at a
low clock, and if there is a sound emission request (trigger) as an occasion
for varying the CPU clock, the CPU will be switched to run at a high clock,
and when the sound emission ends, the CPU will again be made to run'at a-
low clock. Also, since simply changing the CPU clock will also change the
speed of screen drawing, the processing is done so that one does not feel any
apparent clock change; this is done by making the processing wait longer if
the clock is high, and conversely, making the processing wait shorter if the
clock is low.

In this specification, the "processing wait" means the processing time

for maintaining the screen drawing constant and is also referréd as "interrupt

-latency”. -

Here, if it is the case of a portable electronic device, which will be

. .described later on, a sound emission request may be a request for sound

emission upon startup or a request for sound emission given by pressing an
operation button, etc. In the case of a portable electronic device that has an’ |
indication means such as a cursor, one can cite cases in where reéquest is
made for a sound emission such as a sound to be emitted when an object is-
clicked with the cursor. Also, a sound emission request for emitting an
alarm sound can be given in the case of, for example, a portable electronic
device that has a built-in clock méchanism. '

In the following, the first aspect of the invention will be described
specifically with reference to the flowchart of Fiéure 3. Referring to Figure

3, the process is shown, in which the CPU clock frequency and the image -



10

15

- 20

WO 00/43860

drawing speed are cﬂanged while a game is being played on a portable
electronic device. detachably attached to a game machine.

With the portable electronic device, as shown in step 1 (ST1), the
CPU handles the control of, for example, a key input for moving a game
character, a screen processing such as drawing images of the background and
characters, and sound emission information such as music or sound effects.
In step 2 (ST2), it is decided, during such control, whether there is a new
sound emission request.

In step 2 (ST2), if there is o new sound emission request, it is
decided in step 3 (ST3) whether the sound emission is currently taking place,
and if it is, in step 4 (ST4) the current processing wait is maintained, and the
key input and screen processing,.etc. in step 1 (ST1) are continued.

If there is no new sound emission request and it is decided in step 3
(ST3) that the sound emission is not currently taking place, the CPU clock is -
switched to the low-speed mode in step 5 (ST5). .

Also, for example ina portable electronic device, the clock of the .
CPU is normally run at a range from 32 kHz to 8 MHz..

If the CPU clock is switched to a low speed, because merely switching
it to the low speed will also change the speed at which the screen drawing is
done, it is necessary to control the screen drawing to keep the screen drawing
constaﬁt_ so that there is no apparent change in the CPU clock. This
processing is done in step 6 (ST6) and step 4 (ST4). More specifically, in
step 6 (ST6), an interrupt processing such as a time interrupt processing is
executed, and the screen drawing processing time is set to a short time. Then,
in step 4 (ST4), control is executed so that the processing wait becomes a
short time. Specifically, the prescribed interrupt time needed for the image

drawing is set, and this interval of the interrupt time with respect to the

PCT/IP00/00279
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interrupt time duration is made short in accordance with the CPU clock.
After such processing is completed, the key input and screen processing, etc.:
of step 1 (ST1) is continued. - '

Returning to step 2, it will be now explained what happens if there is a
new sound emission request.

If there is a sound emission request, following step 2 (ST2), one
proceeds to step 7 (ST7), and the CPU clock is switched to a high-speed
mode. Here, in the case of a portable electronic device, which is described
below, the sound emission request could be a sound cmiséion request upon a
startup or a sound emission request due to an operation button being pressed,

and in the case of a game, the sound emission request cdpld be a request to

~ play sound effects or a musical piece requested in the game program.

As stated above, the CPU clock is switched to a high speed when there -
is a sound emission request. However, because such switching to a high

speed also changes the speed of the screen drawing, it is necessary to ‘control

.the screen drawing so that the screen drawing is kept constant and there is no

change in the apparent CPU clock. This processing is done in step 8 (ST8) = .
and step 4 (ST4). That is, in step 8 (ST8), the interrupt processing such as a
time interrupt processing is done, and the screen drawing processing time is
set to a long time period. Then, in step 4 (ST4), control is executed so that:
the processing wait becomes a long time. Specifically, the prescribed -
interrupt time needed for the image drawing is set, and this interval of the
interrupt time with respect to interrupt time is made long in accordance with
the CPU clock. After such processing is done, the key input and screen
processing, etc. in step 1 (ST1) is continued.

As described above, in the method of the present invention, the CPU

clock is changed in accordance with sound emission requests and the
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drawing speed is con:tn;lled so that there is no apparent change. In the- -
method of this invention, the CPU clock and the drawing speed need not be
controlled by the software according to the above procedure. The control
may also be executed by mechanical means.

Also, in the method of the present invention, the CPU clock may be
changed in two or more stages. For example, it may be done in two or three

stages. For example, the clock frequency may be set to 512 kHz and 4 MHz

if the clock is changed in two stages, or 512 kHz, 4 MHz, and 1 MHz if the

clock is changed in three stages. By thus changing the clock in three stages,
an appropriate clock frequency can be set in accordance with the sound
emission request, and the appropriéte.clock frequency can be set by the
relationship between the sound emission request and the burden on the CPU.

Also, in the method of the present invention, a sound emission request -
was cited as the occasion (trigger) for changing the CPU clock, but the CPU -
clock may be changed when the necessity arises to do screen drawing that .
involves heavy processing. In such a case, the appropriate clock frequency - -
can be selected from the relationship between the power consumption and the
burden on the CPU by changing the clock in three stages.

A second embodiment of the present invention will be described. = -

- A second aspect of the present invention will be described.

A portable electronic device, shown in Figs. 4A-4C and Figs. 5-6, has
a speaker driven by a CPU via a:digital/analég converter. Sound emission
requests are input to a bus controller that is linked to the CPU, a clock -
variation unit is controlled in accordance with the input to. the bus controller,
and the operation clock is varied.

.. More specifically, an arrangement of the portable electric device will

be described. Figure 4A-4C show a portable electronic device 400, which is



10

15

- 20

25

' WO 00/43860 : , PCT/JP00/00279

10

an embodiment of the portable electronic device of this invention. As a
detachable portable electronic device, the portable electronic device 400
constitutes a part of the entertainment system shown in Figures 7 and 8.
As shown in Figures 4A through 4C, portable electronic device 400
includes a housing 401 and has an operation unit 420 for the input of various
information, a display unit 430, which consists of a liquid crystal display
(LCD), etc., and a window 440 for performing wireless communication by,
for example, infrared rays by a wireless communication ﬁnit.
- Housed inside housing 401, which consists of an upper shell 401a and: -
a lower shell 401b,'-is a-substrate on which are mounted memory elements,

etc. The housing 401 is shaped soas to allow insertion into prescribed slots

- of the main unit of an entertainment system such as the video game device

described below. -

Window 440 is provided at the other end of housing 401, which is
formed in a roughly semicircular shape. Display unit 430 takes up about half
the area of the upper shell 401a, which constitutes part of housing 401, and is
positioned near the window 440.

Operation unit 420, which has one or more operation buttons 421, 422
for performing an event input and making various selections, is formed in
upper shell 401a in the same way as window 440, and takes up about half the
area of the side opposite the part where window 440 is positioned. Also, the -
operation unit 420 is positioned on a cover 410, which is supported rotatably
with respect to housing 401. Here, operation buttons 421, 422'5_:e arranged
from the upper surface side to the lower surface side of cover 410 and pierce
the cover 410. The operation buttons 421, 422 ca.n- move in or out with
respect to the upper surface part of cover 410 and are supported by the cover

410. -
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Portable electronic device 400, which is insidé hbusing 401, has a
substrate positioned so as to be opposed to the cover 410, and also has switch
pressing units on the top of the substrate. With cover 410 closed, the switch
pressing units are provided in positions corresponding to the positions of
operation buttons 421, 422. Thus when operation buttons 421, 422 are
pressed, the switch pressing units press on pressing switches such as
diaphragm switches.

As shown in Figure 5, portable electronic device 400 has a control
unit 441, a connector 442, an input unit 443, a display 444, a clock function
unit 445, a nonvolatile memory 446, a speaker 447, a wireless
communication unit 448 and 5 wireless reception unit 449 as data

transmission and reception means, a battery 450, and a power source

. terminal 451 and a diode 452, which constitute. a power storage means.

The control unit 441 is constituted using, for example, a -
microprocessor. As shown in Figure 6, control unit 441 includes a program
memory 441a, which is a program storage means, a CPU core unit 441b, the
bus controller unit 441c, and the clock variation unit 441d.

In varying the CPU clock according to this invention, any trigger
information.(information that results in a request for sound emission) such as
key operation 441e or a RTC (real-time clock) 441f that is input to the clock
variation unit 441d via the bus controller 441c, and the CPU clock is -
changed by the clock variation unit 441d. An example of a request for sound
emission by RTC 441f would be an alarm output instruction at fixed times.
A PLL (phase-locked loop) may be used for the clock variation unit 441d. A
crystal may also be used as clock variation unit 441d. However, the crystal =

will then be positioned outside the.control unit 441,
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Connector 442 is constituted for connecting to the slot of another

information device. For example; connector 442 has a data communication

~ function for sending and receiving data to and from, for example, a video

game device.
~ Input unit 443 has operation buttons, étc. for operati'ng a stored
program. | |
Display 444 has a liquid crystal display (LCD), etc., which is a -
display means for displaying various information.

Clock function unit 445 is constituted so as to display the time; for

example, it can perform time display to display 444.

Nonvolatile - memory 446 is an element for storing various data. For
example, one can use for nonvolatile memory 446 a semiconductor memory
element, such as a flash memory, in which the stored state lingers evén if the -
power is cut off. |

" ‘Because portable electronic device 400 has battery 450, one can use as
nonvolatile memory 446 a static random access memory (SRAM), which
allows data to be input and output at high speed.

Also, the provision of battery 450 makes it possible for the portable
electronic device 400 to operate independently even in the state in which it is’
removed from the video game device main unit. -

Battery 450 may be, for example, a rechargeable secondary baitery.
With portable electronic device 400 inserted into the video game device,
battery 450 is supplied with power from the video game device. In this case,
a power source terminal 451 is connected to the connection terminal of
battery 450 via a reverse current prevention diode 452, and power is suppl.ied
when the portable electronic device 400 is connected to the video game

device main unit.
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Wireless comﬁmnication unit 448 is a part thaf performs data |
communication with another memory card, etc. by infrared rays, etc.

Wireless reception means 449 is a part that has an antenna and a
demodulation circuit, etc. That is, it is the part that receives various data
that is transmitted by wireless broadcasting. This wireless reception unit 449 -
may have a memory for temporarily storing the broadcast data that is.
received.

Speaker 447 is a sound emission means that emits sound in accordance
with the program, etc.

All of the above parts are connected to control unit 441 and operate
under the control of control unit 441. |

If for example the power of portable electronic device 400 is turned
‘on, control unit 441 (microprocessor) shown in Figure 5 performs an
operation confirmation and other initialization of portable electronic device -
400 as a whole, and then executes the application program stored in program :
memory 441a. By execution of this application program, control unit 441. -
controls display 444, speaker 447, etc. in accordance with the input from the
user and consequently controls the display of images and the generation of
sound effects and music.

In the portable electronic device of this invention, the above-described
method of the present invention is carried out by the control unit 441. This
procedure will hereinafter be described. In the following description, each
step shown in Figure 3 is cited in parentheses. |

During the execution of a program stored in the program memory, for
example, it is decided by control unit 441 whether there is a new sound
emission request (ST2). If there is no new input information, it is decided

whether a sound is currently being emitted (ST3), and if the sound is being
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emitted, the current processing wait is maintained (ST4), and the key input
and the screen processing, etc. is continued (ST1). |

If it is decided that no sound is currently being emitted, the CPU clock
is switched tb the low-speed mode (ST5). The switchover of the CPU clock
to the low-speed mode is done, as described above, by clock variation unit
441d, such as a PLL or crystal oscillator, that can be used with the portable
electronic device 400.

B Also, for example in the portable electronic device, the clock of the

CPU is normally run at a range from 32 kHz to 8 MHz.

If the CPU clock is switched to a low speed, because merely switching

it to the low speed will also change the speed at which the screen drawing is .

- done, it is necessary to control the screen drawing to keep it constant, with -

" -no apparent change in the CPU clock. In this processing, the interrupt

processing such as the time interrupt processing is done, and the screen

drawing processing time is set to a short time (ST6). Then control is'

~ executed so that the processing wait becomes a short time (ST4). - -

Specifically; the prescribed interrupt time needed for the image drawing is
set, and the interval of the interrupt time is made shorter in accordance with

the CPU clock as compared with respect to the interrﬁpt time. After such

-processing is done, key input and screen processing, etc. is continued (ST1).

It will be described next the-case where there is a sound emission
request. |

If there is a sound emission request, the CPU clock is swifched toa
high-speed mode. The switching to the high-speed mode is done by clock
control unit 441d, such as a PLL or crystal oscillaior.. Here, the sound

emission request could be a sound emission request due to an operation
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button being pressedi O.ll;_ the sound emission request éould be a request to
play sound effects or a musical piece requested in the game program.

As stated above, the CPU clock is switched to the high speed when
there is a sound emission request. However, because the switching to the
high speed also changes the speed of the screen drawing, it is necessary to .
control the screen drawing so that the screen drawing is kept constant and
there is no change in the apparent CPU clock. In this processing, first,
interrupt processing such as the time interrupt processing is done, and the
screen drawing processing time is set to a long time. Then control is
executed so that the processing wait becomes a long time (ST8 and ST4).
Specifically, the prescribed interrupt time needed for the image drawing is
set, and the interval of the interrupt time is made longer in accordan_ce with -
the CPU clock as compared with respect to the interrupt time. After such -
processing is done, key input and screen processing, etc. is continued (ST1). -

As described above, this invention provides a device that changes the
CPU clock in accordance with sound emission requests and controls.the .
drawing speed so that there is no apparent changg.. In the portable electronic
device of this invention, the CPU clock and the drawing speed can be
controlled by hardware as in the above procedure, but they can also be
controlied by softwhre- means.

Also, in the portable electronic device of this invention, the CPU
clock frequency may be changed in two or more stages. Two or three stages
are preferable. Specifically, it may be changed at 512 kHz and 4 MHz if the
clock frequency is changed in two stages, or 512 kHz, 4 MHz, and 1 MHz if
the clock frequency is changed in three stages.

Also, in the portable electronic device of this invention, a sound

emission request was cited as the occasion (trigger) for changing the CPU
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clock, but the CPU clock may be changed when the necessity arises to do
screen drawing that involves heavy processing.

" A third aspect of the present invention will be described.

- An entertainment system of the present invention has an entertainment
device that has a program execution function and a portable eléctronié: device
that is detachably mourited on the entertainment device and has an interface
for making an electrical connection to the entertainment device. In the |
entertainment system the portable electronic device'is constituted so that the
speaker is driven by the CPU via a digital/analog convert'e_r, sound emission -
requests are input to a bus controller that is linked to CPU, a clock variation
unit is controlled in accordance with the input to the bus cbntroller, and the
operaﬁon clock is made variable.

* An arrangement of the entertainment system of the present inven'i:ibn
will be described.

As shown in Figures 7 and 8, the entertainment system of this
invention includes a video game device 301 and the portable electronic
device 400, which can be attached to and detached from the video game
device 301 and performs data communication with the video game device
301. In the entertainment system, the video game device 301 is constituted
as the master machine, and portable electronic device 400 is constituted as a
slave machine.

As shown in Figures 7 and 8, the video game device 301 reads an
application program recorded on a recording medium and executes the
program in accordance with instructions from the user (gaihe player). For
example, the progress, display and audio control of the game are done mainly

by execution of the game.
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A main unit 3020f video game device 301 haS # disk loading unit 303,
‘which is accommodated in a roughly rectangular housing in the center of
which is loaded an optical disk, such as a CD-ROM, which is a recording
medium for supplying a video game and other application programs, a reset:
switch 304 for resetting the video game at will, a power switch 305, a disk
operation switch 306 for performing the operation of mounting the optical
disk, and two slots 307A and 307B.

In video game device 301, the application program is not only
supplied from a recording medium but is supplied via a communication
circuit.

- The portable electronic device 400 and controller 320 can be
connected to slots 307A and 307B. A memory card system can also be - -
connected to slots 307A and 307B. -

Controller 320 has first and second operation units 321 and 322, a left -
button 323L and a right button 323R, a start button 324, a selection button
325, operation.units 331 and 332 that are capable of analog operation, an
operation mode selector switch 333 thét selects the operation mode of
operation units 331 and 332,and a disp_laj unit 334 for_displaying the
selected operation mode. Also, provided inside controller 320 is a vibration
mechanism.(not shoﬁvn). The vibration mechanism vibrates cont_foller 320 in

accordance with, for example, the progress of the video game. The

. controller 320 is electrically connected by a connector 326 to slot 307B of

the main unit 302.
For example, by connecting two controllers 320 to slots 307A and
307B, two game players can share this entertainment system. For example, a

competitive game can be played by two game players. Slots 307A and 307B

- are not limited to the two as is the case here.
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In an entertainment system constructed in this way, the portable

electronic device 400 can be detachably attached to the entertainment system.

- The appearance of video game device 301 and port_able- electronic
device 400 is constituted as described above.

The entertainment system of this invention has portable electronic
device 400 of the above discussed configuration, and in the portable
electronic device, the CPU clock can'be varied as explained above. - -

According to the present invention, in the case of the portable -
electronic device 400, the power consumption when waiting can be rediced,
for example, to about one-sixth (from 3.2 mA to 550 pn A).

Also, the change in the continuous operation fime with respect to the
change in the clock frequency of the CPU was measured using portable

electronic device 400 of this invention. The -resultS-are'presented in Table 1 -

below. -
" Table 1: Operation frequency versus operation time
Operation .| Power consumption | Continuous operation
frequency (kHz) (mA) time (hr)
7 0.46 . 3300
62.5 ' 0.82 : 180.0
125 ] 110 0 120.0
250 ... 1.38 ' ____90.0 _
- 500 ' - 1.70 ~ 65.0
1000 . 2.10 45.0
2000 3.20 19.0
4000 - | 5.50 - 4.0

Table 1 shows the operation frequency (Hz), current consumption
(mA), and continuous operation time (hr). For example, in the case of an
operation frequency of 500 kHz, 1 MHz, and 4 MHz, the current

consumption and continuous operation time were, respectively, 1.70.(mA),
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65.0 (hr), 2.10 (mAji 45 (hr), and 5.50 (mA), 4.0 (hi'.)a.lhzThat is, it is clear that
there is an up to 16-fold difference in operation time between a 500-kHz
operation frequency and a 4-MHz operation frequency.

With this invention, for.example, by changing the clock frequency of
the CPU in accordance with sound emission requests, the lifetime of the
battery used with the portable electronic device can be significantly
prolonged, with no reduction in the quality of sound emission such as sound

effects and music.
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'CLAIMS
1. A power-consumption reduction method for reducing power

consumption of an electronic device which o'utpu'ts'andio sound, comprising
the steps 6f:
driving a speaker based on CPU instructions; and
- changing, when audio sound is to be output, an operation clock of said

- CPU in accordance with a sound emission request. -

2. The method according to claim 1, wherein in the step of changing,
when audio sound is to be output, an operation clock of said CPU in
-accordance with a sound emission request , said clock is set to a high-speed

mode in accordance with a sound emission request and is set to a low-speed

- mode in other cases.

3. The method according to claim 2, wherein said high-speed modé is set

-in multiple stages.

4; A portable electronic device for driving a speaker by a CPU via a
digital/analog converter, comprising:

a means in which sound emission requests are input to a bus controller
coupled to said CPU, a clock variation means is controlled in accordance
with an input to said bus controller, and an operation clock of said CPU is

made variable.

5. The portable electronic device according to claim 4, wherein said

sound emission request is either a key input operation or a real-time clock.
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6. The portable electronic device according to claim 4, wherein.the
operation clock is set to a high-speed mode by said sound emission request

and is set to a low-speed in other cases.

7. An entertainment system having an entert_ainment device which has a
program execution function, and a portable electronic device which is
detachably mounted on said entertainment device and has an interface for
making an electrical connection to said entertainment device, comprising:

means in which said portabie electronic drives a speaker by a CPU via
a digital/analog converter; and

heans in w_hich.sound emiss_ion requests are input to said bus
controller coupled to said CPU, and said clogk variation means is controlled
in accordance with an input to a bus controller, and an operation clock of

said CPU is made variable.



