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ABSTRACT OF THE DISCLOSURE

In an information processing device 30 having engaged in
a detachable manner with, for processing, via an external bus 37,
47 in a second data width, a first game cartridge 20 housing first
memory 22 in a first data width, or a second game cartridge 40
being partially different in shape from the first game cartridge
20 and housing second memory 42 in the second data width, a shape
discriminator 35 discriminates between the first and second game
cartridges 20, 40, and a central processing unit accesses the
second memory 42 in a multiplex bus mode and the first memory 22
in a normal mode.

A second storage device 48 housed in the second game
cartridge 40 includes the memory 42 for recording data which
causes the information processing device 30 to execute processing,
and a multiaccess control part 44 for controlling address and
data exchange in a time-sharing manner.

The second memory 42 is driven by a first voltage of 3.3V,
while the first memory 22 by a second voltage of 5V. The
information processing device 30 supplies either of 5V or 3.3V
to the memory 22, 42 depending on the cartridge type currently
engaged. The central processing unit 360 is activated in a mode

corresponding to the voltage whichever supplied.
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BACKGROUND OF THE INVENTION
Field of the Invention

The present invention relates to an information processing
device having engaged with, in a detachable manner, any one
cartridge among a plurality of those each including memory varied
in type, and central processing means therein operates in a mode
corresponding to the engaged cartridge.

Further, the present invention relates to a storage device
corresponding to the cartridge, in a multiplex bus transfer mode,
engaged to such information processing device.

Still further, more specifically, the present invention
relates to a game system ensuring compatibility among game
software, and a game cartridge used for such game system.
Compatibility can be successfully ensured by making the game
cartridge applicable to both a first game machine of a
conventional type and a second game machine higher in performance
compared with the first. Such game machine is exemplified by a
portable game machine engageable, in a detachable manner, with

the game cartridge having a game program stored therein.
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Description of the Background Art

With reference to FIGS. 21, 22 and 23, described is a
conventional information processing system by taking a game
system as an example. First, as shown in FIG. 21, a conventional
information processing system CGB is mainly composed of a program
source 100 and a game machine 200. The program source 100 stores
information such as program necessary for the game machine 200
to display images and execute a game, and is structured to be
engageable to the game machine 200 in a detachable manner.

The program source 100 is preferably in a form of cartridge
including ROM 101, and as required, RAM 102, a clock 104, and a
memory bank controller 105. The ROM 101 is exemplarily
implemented by nonvolatile memory typified by read-only memory,
flash memory, or EE-PROM, and fixedly stores a game brogram.

The ROM 101 also stores DOT data of an image representing
a game character, for example, and as required, a program for data
exchange among other game machines (not shown) and a program for
ensuring compatibility with any program stored in other program
sources (not shown) in the conventional image-display game
devices. Hereinafter, the program source 100 is referred to as
cartridge. FIG. 23 shows an outer appearance of the cartridge
100.

The RAM 102 is implemented by writable/readable memory
typified by random-access memory, and has a region for storing

temporary data relevant to the course of the game.
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When a memory chunk of the ROM 101 is too large for a CPU
in the game machine 200, the memory bank controller 105 divides
the memory chunk into a plurality of memory banks, and provides
those to the ROM 101 as an upper address based on bank data provided
from the CPU. Also to the RAM 102, the memory bank controller
15 accesses in a similar manner. The ROM 101, RAM 102, and memory
bank controller 105 are detachably connected to the game machine
200 via a connector 103.

The game machine 200 is mainly composed of an operation key
part 202, a Central Processing Unit (CPU) 203, a connector 204,
RAM 205, a display controller 206, a liquid crystal display 207,
an interface 208, and a connector 209. To the CPU 203, the RAM
205 being working memory for temporarily storing data for game
processing, and the display controller 206 are connected. To the
display controller 206, the liquid crystal display (LCD) 207 is
connected. The CPU 203 is also connected with the connector 209
via the interface 208. The connector 209 is connected to another
connector 209 provided to other game machine 200 via a cable for
game data exchange with an owner (player) thereof. Here, the CPU
203 is connected to the cartridge 100 via the connector 204.

FIG. 22 shows the outer structure of the information
processing system CGB. 1In the information processing system CGB,
the connector 204 (FIG. 21) provided at the rear of the game machine
200 is engaged with the connector 103 (FIG. 21) of the cartridge

100 where memory is located. The operation key part 202 is located
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on the lower part of the surface (plane) of a housing 201 of the
game machine 200. And on the upper part thereof, the liquid
crystal display 207 is placed. Inthehousing 201, acircuit board
having the circuit components as shown in FIG. 21 mounted thereon
is accommodated.

The operation key 202 includes a direction switch 202a used
to move a cursor or direct any character available for the player
in desirable directions, an action switch 202b used for action
command for the character, a start switch 202¢, and a selection
switch 202d.

In such information processing system CGB, the CPU 203 is
an 8-bit CPU. Accordingly, the ROM 101, RAM 102, memory bank
controller 105, and connector 103 are also structured in a data
width of 8-bit specifications. Further, in the information
processing system CGB in 8-bit specifications, the ROM 101 and
RAM 102 are both driven by 5V. The data width hereinmeans a signal
width for all of a data signal, address signal, and control signal
exchanged between central processingmeans such as CPU and memory.

Even in such structured information processing system CGB,
the CPU needs to be higher in performance to answer back technology
innovation in components typified by the CPU, for example, and
users’ increasing demand for higher processing capability. As
a result of such technology innovation, the current CPU is
differed in processing bit from that in the information processing

system CGB. As one example, the CPU currently carries out
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processing in 32-bit, and accordingly memory system is required
to be the one in 32-bit specifications. Under suchcircumstances,
the connectors 103 and 204 are preferably also in 32-bit
specifications. Further, as the CPU becomes in higher in
performance, a memory space available therefor needs to be
increased (also increasing the nﬁmber of bits of an address
signal) in addition to increasing the number of processing bits.
For example, the number of bits of an address signal in the CPU
203 of the conventional information processing system CGB is 16,
while that in the CPU in the new information processing system
is 24 in some cases. In such case, a memory system needs to
correspond thereto, and so does a connector, preferably.
Further, with the advancing semiconductor technology, the
information processing system of a newly-released type using a
cartridge is generally equipped with an integrated circuit (IC)
lower in power consumption. As a result, in the new information
processing device, semiconductor memory such as ROM and RAM
incorporated in the CPU and the cartridge may be driven by
different voltage from that for the conventional. For example,
the memory system in the information processing system CGB is
driven by 5V, while the new-type information processing system
is set to be driven by 3.3 V. Therefore, if a cartridge
specifically developed for the information processing device low
in driving voltage is used in the conventional higher in driving

voltage, semiconductor memory in the cartridge suffers due to too
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much voltage applied thereto, resulting in memory corruption.

However, the conventional information processing system
CGB has been used by a lot of users over many years, and various
programs have been developed and supplied to the cartridges 100.
The issue here is, as described in the foregoing, in accordance
with the new-type CPU higher in performance, the new-type
information processing device shall adopt the bus transfer mode
between the CPU and the memory, the connector in 32-bit
specifications, and the memory systemdriven by 3.3V. Therefore,
this new-type information processing device cannot utilize such
programs supplied to the cartridges 100 which are huge software
resources so far developed for the conventional information
processing system CGB.

To get around this type of problem, such technique as
disclosed in Japanese Patent Laid-Open Publication No. 11-333144
(99-333144) is well known to keep cartridges compatible with one
another. With this technology, a monochrome-version cartridge
developed for an information processing device with a monochrome
display becomes applicable to another with a color display. As
a precondition to realize such application, CPUs in those two
information processing devices need to be equal in number of
processing bits and the number of bits of an address signal.
Another precondition is that those two information processing
devices need to be equal in number of connection terminals for

connection with the cartridge, and of bit specifications and the
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number of bits of an address signal in each CPU.

However, if the CPUs in the high- and low-end machines vary
in bit specifications and/or number of bits of an address signal,
the above technique is not a solution to keep game cartridges
compatible with one another.

Recently, in a fixed-type video game machine with a disk
drive for optical recording media such as CD-ROM and DVD, for
example, even if the recordingmedia differ in type, compatibility
has been successfully retained thereamong.

However, even in such video game machine successfully
retained compatibility as such, program data has to be first read
from the recording medium, and then transferred to a large-
capacity RAM in the video game machine for storage. Therefore,
this technique is limited in applicability to the cartridge-type
game machine.

In order to get around such problem, an information
processing device of the present invention (new information
processing device) is equipped with both an 8-bit CPU for the
conventional information processing system CGB and a 32-bit CPU
for the new so as to retain program compatibility (cartridge
compatibility) therebetween. With a cartridge for the
conventional information processing system CGB inserted, the
8-bit CPU system preferably operates, and the 32-bit CPU system
operates responding to a game cartridge for the new information

processing device.

-10-
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For such preferable operation, there needs to be prepared
for three subjects mentioned below.

Subject 1) Provide a function of identifying whether
memory and a program stored in a cartridge are for the new
information processing device or the information processing
system CGB. Then, insert a cartridge into the new information
processing device so that a voltage appropriate to drive the
cartridge is automatically selected before the CPU system of the
new information processing device is activated, and then
determine which CPU is appropriate for a program stored in the
cartridge. In this manner, there needs to switch a voltage to
drive the inserted cartridge before the CPU system corresponding
thereto is activated.

Subject 2) In order for the new information processing
device to be operable with respect to both types of cartridges
for the information processing system CGB and the new information
processing device, a connector which is an external bus needs to
be in 8-bit specifications in accordance with the information
processing system CGB. 1If suchconnector in 8-bit specifications
is used for data transfer between a cartridge and a corresponding
CPU system, the number of bits of a data signal to be transferred
is differed, 8 or 32 bits, depending on the type of cartridge for
the information processing system CGB or the new information
processing device. Further, if the CPU in the new information

processing device is increased in size of a memory space compared

11-
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with the conventional processing system CGB, the number of bits
of an address signal is increased. Thus, the data width used for
data transfer becomes larger to a greater degree. As such, there
needs to appropriately switch the bus transfer mode based on the
combination of the CPU and external bus differed in data width.

Subject 3) Further, the cartridge only for the new
information processing device needs to be provided with a
mechanism to deal with the above-described difference in data
width, that is, a mechanism to deal with the bus transfer mode
in which 32-bit data is transferable via the connector in 8-bit
specifications.

As to the subject 1, conventionally, such technology has
been disclosed that a slider is moved at the time of connection
between an IC card and a connector, and then an incoming signal
to the IC card is changed (Japanese Patent Laid-Open Publication
No. 8-180149 (96-180149); hereinafter, "prior art 1"). Another
is a technology of adapter for a memory card (Japanese Patent
Laid-Open Publication No. 10-222621 (98-222621); hereinafter,
"prior art 2"). Therewith, a power-supply voltage for a memory
card to be inserted is changed depending on whether the memory
card has a concave part or not.

Disclosure made in those prior arts 1 and 2 is changing the
voltage or signal supplied to the IC card based on the shape of
the IC card (or memory card) and nothing more than that. Therein,

the operation of central processing means corresponding thereto

12-
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is not disclosed at all.

As to the subject 2, the conventional information
processing device, game machine, and the like, are provided with
a processor and memory such as ROM and RAM. The processor and
such memory are connected through a bus, and the processor carries
out processing to read data stored in the memory or to write data
thereinto. The bus is varied in type including a separate bus
which is separated into an address bus and a data bus, and a
multiplex bus which is obtained by time-sharing a common bus by
address and data (or upper address and lower address, for example),
and these two types of bus specifications are selected based on
the specifications of the processor or memory.

Herein, a technology of switching the bus between the
separate system and the multiplex system is disclosed in Japanese
Patent Laid-Open Publication No. 5-204820 (93-204820)
(hereinafter, "conventional technology 1") and Japanese Patent
Examined Publication No. 6-42263 (94-42263) (hereinafter,
"conventional technology 2”). These conventional technologies
enable a single processor to access both memory of the separate
system (hereinafter, "first memory”) and memory of the multiplex
system (hereinafter, "second memory”).

However, with such conventional technologies 1 and 2, the
number of bits of a data signal outputted to the first memory (or
inputted from the first memory) is equal to the number of bits

of a data signal outputted to the second memory (or inputted from

10
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the second memory). Therefore, those are not applicable to
memories varied in type each having different number of bits of
data signal.

Also with such conventional technologies 1 and 2, the
central processing unit determines, based on an address space,
which to access the first memory or the second memory.
Consequently, those technologies are applicable only when the
central processing unit is connected with the first and second
memories simultaneously and fixedly. Those are not applicable
if the central processing unit is selectively and exchangeably
connected, via a connector, with any one memory among those varied
in type (game cartridge, and the like).

On the other hand, with the progression of processor
technology, processors equipped in information procesSing
devices and game devices, for example, are started to increase
in number of bits for data processing (also the number of bits
of an address signal). If the number of bits for data processing
is increased in the processors (also, with the larger number of
bits of the address signal), memories corresponding thereto are
also required to be wider in data width. In many cases, however,
using memories narrower in data width may be rewarding, for
example, cost-wise.

The information processing devices and game devices, for
example, may have several processors varied in number of bits for

data processing to ensure the compatibility with software

11

14-




+ .. 15

20

25

developed in the past. Although the conventional type of game
device including several processors is provided with a disk drive
for optical recording media, if memory cartridges are used
therefor, various types of game cartridges each corresponding to
the processors equipped therein are connected via a connector.
Here, such connector is preferably available for shared use among
those various game cartridges. Therefore, one connector shall
be connectable with memories each having different number of bits
of data signal (also, each different number of bits of an address
signal). In other words, there needs to make a bus available for
connecting memories varying in data width.

As to the subject 3, there has been a technology of dealing
with two types of memories differed in the number of bits of an
address signal, but not yet a technology of dealing with two types
of memories each having different number of bits of data signal.
Needless to say, no disclosure has been made so far as to memory,
in a cartridge having a function of discriminating whether stored
memory and program are for the new information processing device
or the information processing system CGB.

In order to get around the above-described subject 1, an
object of the present invention is to provide an information
processing device or a game system capable of discriminating
between the new and conventional cartridges (program sources),
differing in operation mode, for operation appropriate therefor.

To realize such information processing device, before a CPU

12
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therein accessing memory in a cartridge engaged thereto, adriving
voltage to the memory and the operation mode of the CPU are both
changed depending on the engaged cartridge.

In order to get around the above-described subject 2,
another object of the present invention is to provide an
information processing device or a game system capable of
discriminating between the new and conventional cartridges
(program sources) differing in operation mode, for operation
appropriate therefor. To realize such information processing
device, manners of accessing the cartridges are switched
depending on the engaged cartridge. Therefore, the cartridge
becomes accessible in each different manner determined for each
type of memory included therein.

Still another object of the present invention is to provide
an information processing device or a game system in which a
processor having relatively large number of bits for data
processing accesses memory having relatively small number of bits
of data.

In order to get around the above-described subject 3, still
another object of the present invention is to provide a cartridge
(storage device) having a mechanism corresponding to a multiplex
bus transfer mode, which allows data transfer relatively large
in quantity through a connector relatively narrow in data width.
This cartridge is applied to such information processing devices

as objected above.

13
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SUMMARY OF THE INVENTION

In accordance with the present invention there is
provided an information processing device comprising an
external bus having a first data width, and via the external
bus, having engaged with, in a detachable manner, either a
first cartridge which houses first memory having the first
data width or a second cartridge which houses second memory
having a second data width differed from the first data
width, and executing processing based on data stored in the
memory whichever housed in the cartridge selectively
engaged, wherein,

said second cartridge is provided with marker means to
be distinguished from said first cartridge,

said information processing device comprising:

cartridge discrimination means for discriminating,
based on said marker means, between said first cartridge and
said second cartridge;

central processing means for accessing the memory
whichever housed in said engaged cartridge;

first access control means for controlling said
external bus under a normal bus control method, and having
said central processing unit accessed to said first memory;

second access control means for controlling said
external bus under a method different from the control
method for said first access control means, and having said
central processing means accessed to said second memory; and

selection means for selecting said first access control
means when said cartridge discrimination means determined
the engaged cartridge as being said first cartridge, and
selecting said second access control means when determined

as being said second cartridge.
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The present invention also provides a storage device
being placed inside of a first cartridge engaged with an
information processing device in a detachable manner, and
storing data executed or utilized by the information
processing device, wherein,

said information processing device comprises a
connector being engageable with, in a detachable manner,
either said first cartridge whose bus is in a first data
width or a second cartridge whose bus is in a second data
width narrower than the first data width, and having the
same data width as said second data width; and

central processing means which accesses, when connected
with said first or second cartridge via the connector, to
the first cartridge in a multiplex bus transfer mode, and in
a normal bus transfer mode to the second cartridge, said
storage device comprising:

general-purpose memory having said first data width for
storing data to cause said central processing means to
execute processing; and

multiplex bus conversion means for controlling, in a
time-sharing manner, address and data exchange between said
central processing means and said general-purpose memory.

The present invention also provides a cartridgé engaged
with an information processing device, in a detachable
manner, via a connector having a first data width, the
cartridge comprising:

general-purpose memory for storing data to cause said
information processing device to execute processing, and
having a second data width wider than said first data width;

marker means for designating a method for accessing to
sald general-purpose memory is in a multiplex system; and

multiplex bus conversion means for controlling, in a

18-
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time-sharing manner, address and data exchange between said
information processing device and said general-purpose
memory.
The present invention also provides an information
5 processing device being engaged with, in a detachable
manner, either a first cartridge which houses first memory
driven by a first voltage or a second cartridge which houses
second memory driven by a second voltage, and executing
processing based on data stored in the memory whichever
10 housed in the engaged cartridge, wherein
sald first cartridge is provided with marker means to
be discriminated from said second cartridge,
said information processing device comprises:
cartridge discrimination means for discriminating,
15 based on said marker means, between said first cartridge and
said second cartridge;
voltage supply means for supplying said first voltade
when said cartridge discrimination means identifies the

engaged cartridge as being said first cartridge, and

20 supplies said second voltage when identifies said second
cartridge; and

central processing means which is activated in a first

mode when supplied with said first voltage, and is activated

in a second mode when supplied with said second voltage.

25 The present invention also provides a cartridge engaged

with an information processing device in a detachable
Ll manner,

said information processing device comprising: central

processing means for operating in a first or a second mode;

30 a connector for connecting either a cartridge housing memory

corresponding to the first mode or a cartridge housing

memory corresponding to the second mode; voltage supply

19-
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means for selecting either a first or a second voltage
depending on a cartridge type of the cartridge connected to
the connector for supply to the cartridge; and operation
mode setting means for setting an operation mode of the
central processing means in the first mode when the first
voltage is provided by the voltage supply means; and

said cartridge comprising:

memory for storing data to be executed or used by said
information processing device, being driven by the first
voltage, and corresponding to said first mode; and

marker means for specifying, with respect to said
voltage supply means, the first voltage being a driving
voltage for said memory.

The present invention also provides an information
processing device comprising an external bus having a first
data width, and via the external bus, having engaged with,
in a detachable manner, either a first cartridge which
houses first memory having the first data width or a second
cartridge which houses second memory having a second data
width differed from the first data width, and executing
processing based on data stored in the memory whichever
housed in the cartridge selectively engaged, wherein,

said second cartridge is provided with a marker to be
distinguished from said first cartridge,

said information processing device comprises:

a cartridge discriminator for discriminating, based on
said marker, between said first cartridge and said second
cartridge;

a central processing unit for accessing said first or
second memory whichever housed in said engaged first or
second cartridge;

a first access controller for controlling said external

-20-
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bus under a normal bus control method, and having said
central processing unit accessed to said first memory; and

a second access controller for «controlling said
external bus under a method different from the control
method for said first access controller, and having said
central processing unit accessed to said second memory; and

a selector for selecting said first access control
means when said cartridge discriminator determined the
engaged cartridge as being said first cartridge, and
selecting said second access controller when determined as
being said second cartridge.

The present invention also provides a storage device
being placed inside of a first cartridge engaged with an
information processing device in a detachable manner, and
storing data executed or wutilized by the information
processing device, wherein,

said information processing device comprises a
connector being engageable with, in a detachable manner,
either said first cartridge whose bus is in a first data
width or a second cartridge whose bus is in a second data
width narrower than the first data width, and having the
same data width as said second data width; and a central
processing unit which accesses, when connected with said
first or second cartridge via the connector, to the first
cartridge in a multiplex bus transfer mode, and in a normal
bus transfer mode to the second cartridge, and

said stofage device comprises:

general-purpose memory having said first data width for
storing data to cause said central processing means to
execute processing; and

a multiplex bus converter for controlling, in a time-

sharing manner, address and data exchange between said

21-
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central processing unit and said general-purpose memory.

The present invention also provides an information
processing device being engaged with, in detachable manner,
either a first cartridge which houses first memory driven by
a first voltage or a second cartridge which houses second

memory driven by a second voltage, and executing processing

based on data stored in said first or second memory

whichever housed in the engaged cartridge, wherein

said first cartridge is provided with a marker to be
discriminated from said second cartridge,

said information processing device comprises:

a cartridge discriminator for discriminating, based on
said marker means, between said first cartridge and said
second cartridge;

a voltage supply unit for supplying said first voltage
when said cartridge discrimination means 1identifies the
engaged cartridge as being said first cartridge, and
supplies said second voltage when identifies said second
cartridge; and

a central processing unit which is activated in a first
mode when supplied with said first voltage, and is activated
in a second mode when supplied with said second voltage.

The present invention also provides a game system,
comprising:

a first game machine including a first central
processing unit with low throughput;

a first cartridge to be engaged with the first game
machine in a detachable manner;

a second game machine higher in performance than the
first game machine which is compatible with; and »

a second cartridge to be engageable with the second

game machine, wherein

22
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said first cartridge comprises:

a first housing, said first housing accommodating first
semiconductor information storage element fixedly storing
game program data, and being accessible using a first data
width, and

a first circuit board, in a desired circuit pattern,
having a plurality of terminals formed on one side thereof,
and the first semiconductor information storage element
mounted thereon,

said second cartridge comprises:

a second housing being almost the same in outer shape
as said first cartridge with at least the same width and
depth, and having a to-be-detected part for distinction from
the first cartridge;

a second semiconductor information storage element for
fixedly storing game program data, and being accessible
using a second data width wider than said first data width;

a second circuit board, in a desired circult pattern,
having the same number of terminals in the same alignment
formed on one side thereof as said first circuit board; and

multiaccess control means for reading the game program
data stored in said second semiconductor information storage
element in the multiplex system, said second housing
accommodating

said second semiconductor information storage element
and the multiaccess control means both mounted on said
second circuit board, and

said second game machine comprises:

a connector for establishing electrical connection with
said second cartridge having the same number of terminals in
the same alignment as another connector provided in said

first game machine so that said first cartridge becomes

23-
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engageable;

a second central processing unit with higher throughput
compared with said first central processing unit;

a third central processing unit capable of carrying out
processing in an equivalent level to said first central
processing unit;

first access control means for accessing said first
cartridge;

second access control means for accessing sald second
cartridge in a multiplex system; and

detection means for detecting said to-be-detected part
provided to said second housing, wherein

when said detection means detects said to-be-detected
means, said second central processing unit and said second
access control means are activated to access said second
cartridge, and said multiaccess control means accesses said
second semiconductor information storage element, and

when said detection means does not detect said to-be-
detected part, said third central processing unit and said
first access control means are activated to access said
first cartridge.

The present invention also provides a game cartridge
used as a second cartridge in a game system comprising:

a first game machine low in performance;

a first cartridge to be engaged with the first game
machine in a detachable manner;

a second game machine being higher in performance than
the first game machine, and having compatibility with the
first game machine as does accept the first cartridge; and

the second cartridge to be engaged with the second game
machine in a detachable manner, wherein

said second cartridge comprises:

24-
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a housing being almost the same in outer shape as said
first cartridge with at least the same width and depth;

a to-be-detected part formed in said housing for
distinction from said first cartridge;

a second semiconductor information storage element
housed in said housing for fixedly storing game program data
for said second game machine and being accessed by a data
width wider than that of the first semiconductor information
storage element included in said first cartridge;

multiaccess control means for reading the game program
data stored in said second semiconductor information storage
element in a multiplex system; and

a circuit board, wherein

sald circuit board has the same number of terminals in
the same alignment formed on one side thereof as in said
first cartridge, and when said second semiconductor
information storage element and said multiaccess control
means are mounted thereon, a desired circuit pattern is so
established as to connect among the terminals, the second
semiconductor information storage element, and the
multiaccess control means.

The present invention also provides a game machine used
as a second game machine in a game system comprising:

a first game machine including a first central
processing unit with low throughput;

a first cartridge to be engaged with the first game
machine in a detachable manner;

the second game machine higher in performance than the
first game machine which is compatible with; and

a second cartridge to be engageable with the second
game machine, wherein

said first cartridge comprises
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a first housing, said first housing accommodating

a first semiconductor information storage element
fixedly storing game program data, and being accessible
using a first data width, and

a first circuit board, in a desired circuit pattern,
having a plurality of terminals formed on one side thereof,
and the first semiconductor information storage element
mounted thereon,

said second cartridge comprises:

a second housing being almost the same in outer shape
as saild first cartridge with at least the same width and
depth, and having a to-be-detected part for distinction from
the first cartridge;

a second semiconductor information storage element for
fixedly storing game program data, and being accessible
using a second data width wider than said first data width;

a second circuit board, in a desired circuit pattern,
having the same number of terminals in the same alignment
formed on one side thereof as said first circuit board; and

multiaccess control means for reading the game program
data stored in said second semiconductor information storage
element in the multiplex system, said second housing
accommodating

said second semiconductor information storage element
and the multiaccess control means both mounted on said
second circuit board, and

said game machine comprises:

a connector for establishing electrical connection with
sald second cartridge has the same number of terminals in
the same alignment as another connector provided in said
first game machine so that sald first cartridge becomes

engageable;
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a second central processing unit with higher throughput
compared with said first central processing unit;

a third central processing unit capable of carrying out
processing in an equivalent level to said first central
processing unit;

first access control means for accessing said first
cartridge;

second access control means for accessing said second
cartridge in a multiplex system; and

detection means for detecting said to-be-detected part
provided to said second housing, wherein

when said detection means detects said to-be-detected
means, said second central processing unit and said second
access control means are activated to access said second
cartridge, and said multiaccess control means accesses said
second semiconductor information storage element, and

when said detection means does not detect said to-be-
detected part, said third central processing unit and said
first access control means are activated to access said

first cartridge.
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BRIEF DESCRIPTION OF THE DRAWINGS

A preferred embodiment of the present invention is
hereinafter described, by way of example only, with
reference to the accompanying drawings, wherein:

FIG. 1 shows external views of an information processing
device of the present invention in assistance of explaining
a principle thereof;

FIG. 2 shows another type of external views of the
information processing device of FIG. 1 in assistance of
explaining the principle thereof;

FIG. 3 shows slanted views demonstrating, respectively, a
state when inserted into a second game machine in the
information processing device of FIG. 1 is a first and a
second game cartridges;

FIG. 4 shows diagrams in assistance of explaining a
cartridge discrimination method in the information
processing device of FIG. 1.

FIG. 5 shows diagrams in assistance of explaining a
cartridge discrimination method wutilizing a photoelectric
sensor;

FIG. 6 is a block diagram showing the system structure of
the information processing device of FIG. 1;

FIG. 7 is a block diagram showing main parts relevant to
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acartridge discrimination function of the information processing
device of FIG. 6;

FIG. 8 is a block diagram showing main parts relevant to
bus control in an 8-bit circuit and a 32-bit circuit shown in FIG.
6;

FIG. 9 is a slanted view showing the detailed structure of
the second game cartridge shown in FIG. 1:

FIG. 10 shows block diagrams each showing the detailed
structure of the first and second game cartridges shown in FIG.
6;

FIG. 11 is a circuit diagram showing connection, to a
connector, of ROM in the first game cartridge, and an IC including
both ROM and a multiaccess control part in the second game
cartridge shown in FIG. 6;

FIG. 12 is a table in assistance of explaining a cartridge
interface of the information processing device of FIG. 6:

FIG. 13 shows memory maps in the first and second game
cartridges shown in FIG. 6;

FIG. 14 is a block diagram showing the structure of a
multiplex conversion circuit;

FIG. 15 shows time charts in assistance of explaining
read/write access operation in the ROM and RAM of the first and
second game cartridges shown in FIG. 6;

FIG. 16 is a flowchart showing the operation of the

information processing device of FIG. 6;
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FIG. 17 is a block diagram showing main parts relevant to
cartridge discrimination processing, unlike the example shown in
FIG. 7, based on an identification code;

FIG. 18 is a flowchart showing a cartridge identification
method in the information processing device of FIG. 17;

FIG. 19 is a block diagram showing main parts relevant to
another cartridge discrimination processing, unlike the examples
shown in FIGS. 7 and 17, in case of a short being observed;

FIG. 20 is a flowchart showing a cartridge discrimination
method in the information processing device of FIG. 19;

FIG. 21 is a block diagram showing the structure of a
conventional information processing system CGB;

FIG. 22 shows an external view of the conventional
information processing system CGB shown in FIG. 21; and

FIG. 23 shows an external view of the cartridge shown in

FIG. 21.

DESCRIPTION OF THE PREFERRED EMBODIMENT

By referring to FIGS. 1 to 3, described is a case where an
information processing device according to an embodiment of the
present invention is applied to a game machine (or a game system
structured by this game machine). Specifically, FIGS. 1 and 2
show external views of such game system in assistance of
explaining the principle thereof. FIG. 3 shows slanted views

demonstrating, respectively, a state when inserted into a second
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game machine, which is the characteristic of the present invention,
is a first and a second game cartridges.

In FIG. 1 and (a) of FIG. 3, the game system includes a first
game machine 10 and a second game machine 30. Also included in
the game system are a first game cartridge 20 mainly usable for
the first game machine 10, and a second game cartridge 40 usable
for the second game machine 30, both usable in a detachable manner.
Here, those game cartridges 20 and 40 are information storage
media having a game program stored therein, for example. The
first game machine 10 corresponds to the above-described game
machine 200 in FIG. 21, and the first game cartridge 20 corresponds
to the program source 100 in FIG. 21. The first game machine 10
is equipped with a CPU with lower performance (e.g., equivalent
in performance to an 8-bit circuit 361 of FIG. 5, which will be
described later), and regarded as a low-end machine with lower
throughput (conventional type). On the other hand, equipped in
the second game machine 30 is a CPU with higher performance, and
regarded as a high-end machine (new type). Here, the CPU in the
second game machine 30 is tobe a 16-bit or 32-bit CPU, for example,
being higher in throughput than the first game machine 10. Such
CPU is exemplified by a 32-bit circuit 362 of FIG. 5, which will
be also described later. The second game machine 30 is
additionally provided with another CPU equivalent in performance
to the CPU (8-bit circuit 361 of FIG. 5) in the first game machine

10 for compatibility.
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As to the first game cartridge 20, a housing 21 thereof is
rectangular or almost square in shape, and its dimensions are al
high by bl wide by ciZ deep. One plane of the housing 21 is so
formed as to inwardly slant at both sides thereof to prevent
confusion about which plane is the top side, and such slanted plane
is denoted by a reference numeral 211. Also, the first game
cartridge 20 is internally provided with a circuit board (not
shown) having mounted thereon a semiconductor memory such as ROM
22 with a game program stored. This game program is executed by
the CPU in the first game machine 10, or the CPU (the 8-bit circuit
361) in the second game machine 30 equivalent in performance to
the CPU in the first game machine 10. Here, in the ROM 22, the
number of bits of a data signal is 8, that of an address signal
is 16, and the driving voltage is 5V. One side surface of the
first game cartridge 20 has an aperture 212, and therefrom, a
plurality of connection terminals (not shown) formed on one side
of such circuit board are protruding. Here, those connection
terminals structure an edge connector (mnot shown).

As to the first game machine 10, a housing 11 thereof carries
a liquid crystal display 12 on the upper part of one plane (same
plane as shown in (a) of FIG. 1). On the lower part thereof, found
are a direction switch 13a and an action switch 13b. On the other
plane of the housing 11, a concave part 14 is formed on the upper
part thereof for cartridge insertion. This concave part 14 is

in almost the same size as the first game cartridge 20 (aZ(H)
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X bI(W) X cI (D)) so as to accept the first game cartridge 20
therein. Here, the height of the concave part 14 may be shorter
than the height aZ. Inside the concave part 14, the connector
(not shown) is provided for electrical connection among the first
game cartridge 20 and various electrical components such as CPU
in the first game machine 10. Accordingly, once inserted into
the concave part 14, the first game cartridge 20 perfectly fits
therein, and the connection terminals of the first game cartridge
20 are electrically connected to the connector of the first game
machine 10. In this case, the first game machine 10 supplies a
first driving voltage (e.g., 5V) to the first game cartridge 20.

As to the second game cartridge 40, a housing 41 thereof
is also rectangular in shape as is the housing 21 of the first
game cartridge 20, and its dimensions are a2 high by b7 wide by
cl deep. Here, although the height @2 is shorter (a2 < aZ) than
the housing 21, the wid_th and depth are the same. As such, by
structuring the second game cartridge 40 in the same width and
depth as the first game cartridge 20, a concave part 34 of the
second game machine 30 can accept both the first and second game
cartridges 20 and 40. Note here that, the width and depth of the
first and second game cartridges 20 and 40 are determined
according to the purpose of the present invention. Similarly to
the housing 21 of the first game cartridge 20, one plane of the
housing 41 is so formed as to inwardly slant at both sides thereof,

and such slanted plane is denoted by areference numeral 411. Here,
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as to the second game cartridge 40, for the purpose of
distinguishing from the first game cartridge 20 by shape, a groove
412 is formed along one side plane, at the end where abutting the
concave part 34 when inserted. The groove 412 is exemplified for
a to-be-detected part in Claims. Here, the groove 412 may be
formed on both side planes of the second game cartridge 40 if
considered appropriate in terms of design. The second game
cartridge 40 also has a protrusion 413 formed, as a stopper when
inserted, at one or both ends of one lateral side, which is not
the side inserted into the concave part 14 of the first game machine
10. Therefore, the lateral side with the protrusion({s) becomes
somewhat longer than the other (b2), which is equal in length to
the first cartridge 20. The second cartridge 40 includes
semiconductor memory such as ROM 42 (FIG. 6) having stored a game
program to be executed by the 32-bit CPU (the 32-bit circuit 362)
of the second game machine 30, and RAM 43 (FIG. 6) for storing
backup data, and a circuit board 45 (FIG. 9) having mounted thereon
various types of integrated circuits (ICs) such as a multiaccess
control part 44 (FIG. 6). Here, in the ROM 42, the number of bits
of a data signal is 16, that of an address signal is 24, and the
driving voltage is 3.3V. As to the RAM 43, the number of bits
of a data signal is 8, that of an address signal is 16, and the
driving voltage is 3.3V. One side surface of the second game
cartridge 40, which is the side inserted into a game machine, has

an aperture 414, and therefrom, a plurality of connection
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terminals (or contacts) 46 (FIG. 9) formed on one side of the
circuit board 45 are protruding. Here, those connection
terminals 46 structure an edge connector 47 (FIG. 7).

As to the second game machine 30, a housing 31 thereof
carries a liquid crystal display 32 on the center part of one plane
(same plane as shown in (b) of FIG. 1). Also, with respect to
the liquid crystal display 32, a direction switch 33a is placed
on the left and an action switch 33b on the right. On the other
plane of the housing 31, the concave part 34 is formed on the upper
part thereof for cartridge insertion. This concave part 34 is
in almost the same size as the second game cartridge 40 (a2(H)
X bI{W) X ¢ (D)) so as to accept the second game cartridge 40
therein. Here, the height of the concave part 34 may be shorter
than the height a2. Inside the concave part 34, a connector 37
is provided for electrical connection among the second game
cartridge 40 and various electrical components such as CPU in the
second game machine 30. Accordingly, once inserted into the
concave part 34, the second game cartridge 40 perfectly fits
therein. In this case, the second game machine 30 supplies a
second driving voltage (e.g., 3.3V) to the second game cartridge
40.

Next, by referring to FIGS. 2 and 3, assuming that the second
game cartridge 40 is inserted into the first game machine 10 and
the first game cartridge 20 to the second game machine 30.

As shown in (a) of FIG. 2, if the second game cartridge 40
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is inserted into the first game machine 10, the connection
terminals 46 of the second game cartridge 40 do not reach the
connector of the first game machine 10, and thus no appropriate
connection is established. This is because the height &2 of the
second game cartridge 40 is not long encugh as the height &7 for
the connector of the first game machine 10. Also, the protrusion
413 works as a stopper with respect to the lateral side of the
concave part 14. Accordingly, no power-supply voltage is
supplied from the first game machine 10 to various IC components
including the semiconductor memory in the second game cartridge
40 via the connection terminals 46. Thus, those IC components
are successfully protected from corruption often caused by
overvoltage.

On the other hand, as shown in (b) of FIGS. 2 and 3, described
now is the case that the first game cartridge 20 is inserted into
the second game machine 30. In this case, as the height al of
the first game cartridge 20 is longer than the height a2 of the
concave part 34 (az < al), the connection terminals of the first
game cartridge 20 reach the connector 37 of the second game machine
30, and thus electrical connection is established. Here, as is
az < al, the first game cartridge 20 does not perfectly fit in
the concave part 34, and thus is left visible by the difference
of ail - az. At this time, the driving voltage supplied from the
second game machine 30 to the first game cartridge 20 is .the first

driving voltage (5V) instead of the second (e.g., 3.3V).
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As is known from the above, the first game cartridge 20 is
usable to both the first and second game machines 10 and 30, and
thus compatibility with the high-end machine is successfully
achieved. As to the second game cartridge 40 usable only to the
second game machine 30, even if erroneously inserted into the
first game machine 10, no electrical connection is established.
The semiconductor memory, for example, in the cartridge thus can
be protected from corruption often caused by overvoltage.

In this example, the driving voltage for the second game
cartridge 40 is lower than that for the first game cartridge 20.
This is because the second game cartridge 40 is equipped with
electrical components of types driven by lower voltage to reduce
power consumption. If there is no need to reduce power
consumption, the power-supply voltage to both game machines may
be in the same level. If so, the second game machine 30 has no
more need to change the voltage level depending on which cartridge
is now engaged to itéelf.

With reference to FIG. 4, described next is a method how
to discriminate between the first and second game cartridges 20
and 40. Here, the method demonstrated in FIG. 4 utilizes a
cartridge shape detection switch (hereinafter, referred to simply
as "detection switch”) 35 to detect any difference in shape. Such
method is described in detail below.

The detection switch 35 is exemplified by a selector switch,

and placed in the vicinity of the connector 37. The detection
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switch 35 is selectively connected with either a 3.3V output
terminal or a 5V output terminal provided in a DC-DC converter
383 (FIG. 6). With such structure, thus selected power-supply
véltage is supplied to a power-supply terminal of the cartridge
currently engaged to the connector 37. In the initial state, the
detection switch 35 is structured to be connected to the 3.3V
output terminal.

(a) of FIG. 4 shows, views from side, before and after the
second game cartridge 40 being inserted into the concave part 34
of the second game machine 30. In this example, the detection
switch 35 is placed in the vicinity of a side end part of the concave
part 34. Therefore, even if the second game cartridge 40 is
inserted into the concave part 34, the detection switch 35 is
prevented from abutting the second game cartridge 40 due to the
groove 412. 1In such structure, the detection switch 35 remains
in the initial state, and thus the second game machine 30 detects
the cartridge as being the second game cartridge 40, and supplies
the voltage of 3.3V therefor.

(b) of FIG. 4 shows, views from side, before and after the
first game cartridge 20 being inserted into the concave part 34
of the second game machine 30. Unlike the second game cartridge
40, the housing 21 of the first game cartridge 20 has no groove
412 formed. Therefore, the detection switch 35 is pushed down
by an end part of the housing 21, and thus the second game machine

30 detects the cartridge as being the first game cartridge 20.
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The voltage of 5V is thus supplied to the first game cartridge
20.

Here, described above is the case of the second game
cartridge 40 having the groove 412, This is not restrictive, and
the first game cartridge 20 may be the one provided with the groove.
Also, instead of the groove, a protrusion may be provided in a
position where abutting the detection switch 35. If these are
the cases, the detection switch 35 should be in the initial
position connected to the 5V output terminal. Also, the
processing is carried out in a different manner from that for the
example of FIG. 4.

In this example, cartridge discrimination by shape between
the first and second cartridges 20 and 40 is done by mechanically
contacting the detection switch 35 to the currently engaged
cartridge. Alternatively. cartridge discrimination can be done
without contacting the detection switch 35 to the cartridge. Such
non-contacting cartridge discrimination is carried out
exemplarily in a photoelectric sensor system and a read switch
system.

(a) and (b) of FIG. 5 exemplarily show the photoelectric
sensor system, which is an exemplary transmission-type for
identifying the cartridge based on whether 1light L is
transmissible or not. In (a) and (b), detection switches 35’ and
35" both include a light-emitting unit 35a and an optical sensor

35b. In (a), a rib 35s’ having an aperture 418’ is additionally
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included. In (b), a rib 35s” having no aperture is included
instead of the rib 35s’. Such structured rib 35s‘ or rib 35s”
is provided in the first and second game cartridges 20 and 40,
while the light-emitting unit 35a and the optical sensor 35b in
the concave part 34. Accordingly, the cartridge canbe identified
based on whether the light L is transmitted or not.

The photoelectric sensor system shown in (c) and (d) of FIG.
5 is an exemplary reflection-type for identifying the cartridge
based on whether the 1light L is reflectable or not. Here, in (c)
and (d), detection switches 35’ and 35'’' both include a light
emitting/receiving unit 35ab. In {¢), the rib 35s’ as above is
also included, and in (d), included is a rib 35r which is similar
to the rib 35s” but additionally has a reflection plane 419
reflecting the light L. Such structured rib 35s’ or rib 35r is
provided in the first and second game cartridges 20 and 40, and
the light emitting/receiving unit 35ab in the concave part 34.
Accordingly, the cartridge can be identified based on whether the
light L is reflected or not.

Other than the above, cartridge discrimination between the
first and second game cartridges 20 and 40 can be done in the read
switch system. In the system, a magnetic substance provided to
the cartridge drives a selector 355 (FIG. 7) of the detection
switch 35 provided in the concave part 34.

Next, by referring to FIG. 6, the system block of the game

system and game cartridge according to the embodiment of the
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present invention is roughly described. Here, FIG., 6 is a block
diagram showing the game system and game cartridge.

"In FIG. 6, the information processing system of the present
invention is mainly composed of the first and second game
cartridges 20 and 40, and the second game machine 30. The first
and second game cartridges 20 and 40 each store information such
as program necessary for the second game machine 30 to display
images and execute a game, and structured to be engageable to the
second game machine 30 in a detachable manner as described above.

The second game machine 30 includes the liguid crystal
display (LCD) 32, the connector 37, a central processing unit
(CPU) 360, and a power-supply unit 380. The CPU 360 includes both
the 8-bit circuit 361 and the 32-bit circuit 362, and is a unit
of a dual processor type. The 8-bit circuit 361 is equivalent
in performance to the CPU (not shown) equipped in the first game
machine 10, which is a low-end machine with lower throughput
carrying out 8-bit operation. As to the 32-bit circuit 362, its
performance is high and unique to the second game machine 30, and
carries out 32-bit operation, for example. To the 8-bit and
32-bit circuits 361 and 362, through buses, connected are an I/0
buffer controller 363, video RAM (V-RAM) 364, working RAM (W-
RAM) 365, an LCD controller 367, and peripheral circuits 368. The
peripheral circuits 368 perform sound processing, DMA (direct
memory access), timer control, input/output control, and the

like.
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To the CPU 360, connected are the liquid crystal display
32, the power-supply unit 380, an operation key 33, a sound
amplifier 391, and a speaker 392. The power-supply unit 380
includes a power supply 381, a power-supply switch 382, the DC-DC
converter 383, and a voltage detection IC 384. The power supply
381 is preferably a battery, and supplies power to the DC-DC
converter 383 wvia the power-supply switch 382. The DC-DC
converter 383 performs voltage transform to the direct-current
power provided by the power-supply 381, and generates direct
voltages varied in level (e.g., -15V, 2.5V, 3.3V, 5V, and 13.6V).
Responding to the user’'s (or the player's) operation on the
operation key 33, the CPU 360 executes the program stored in the
ROM 22 or 42 equipped in the first or second game cartridge 20
or 40. Thus, based on the result obtained thereby, a game image
is displayed on the LCD 32, and sound (or sound effects)
corresponding to the game image is outputted from the speaker 392.

The CPU 360 is also connected with the connector 37 in the
concave part 34. In relation to the position of the connector
37, the detection switch 35 exemplified by a selector-type
microswitch is provided. As already described, the detection
switch 35 detects which of the first and second game cartridges
20 and 40 is inserted into the concave part 34, thét is, engaged
with the second game machine 30. Specifically, the detection
switch 35 detects whether the inserted cartridge has the groove

412 or not. If the groove 412 is detected, the detection switch
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35 determines that the inserted cartridge as being the second game
cartridge 40, otherwise determines as being the first game
cartridge 20. If detected is the second game cartridge 40, the
detection switch 35 selects the power-supply voltage of 3.3V for
supply thereto. On the other hand, if detected is the first game
cartridge 20, selected is the power-supply voltage of 5V. The
CPU 360 also includes a switching circuit 369, which activates
either the 8-bit circuit 361 or the 32-bit circuit 362 in response
to the output from the detection switch 35.

FIG. 7 is a block diagram showing parts mainly used to
discriminate between the first and second game cartridges 20 and
40 in the second game machine 30 shown in FIG. 6. Specifically,
in the second game cartridge 40, the ROM 42 and RAM 43 structure
3.3V interface memory. The 3.3V interface memory enables data
transfer in the multiplex mode (details are left for later
description). In the first game cartridge 20, the ROM 22 is 5V
interface memory.

The CPU 360 includes the switching circuit 369, which
selectively activates either the 32-bit circuit 362 or the 8-
bit circuit 361 in response to a value of a register 362f provided
by the voltage detection IC 384. In more detail, the 32-bit
circuit 362 includes a second boot ROM 362e, a second CPU core
362a, the register 362f, andamultiplex/8-bit bus controller 362b.
Here, the term "second” denotes the 32-bit operation unique to

the second game machine 30.
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The 8-bit circuit 361 includes a first boot ROM 361c, a first
CPU core 36la, and an 8-bit bus controller 361b. Here. the term
"first” denotes the 8-bit operation unique to the first game
machine 10.

A reset circuit 385 resets the CPU 360.

The detection switch 35 includes the selector 35s which is
selectively connected with either the 3.3V output terminal or the
5V output terminal in the DC-DC converter 383 so that the voltage
from thus selected output terminal goes to the cartridge inserted
into the concave part 34. Note that, in this example, the selector
35s is located at the 3.3V output terminal when no cartridge is
in the concave part 34. That is, in the second game machine 30,
3.3V is the reference driving voltage in the memory system.

In this example, described next is a method of uniquely
determining an output voltage based on the cartridge type (the
first or second game cartridge 20 or 40). As described in the
foregoing, the detection switch 35 is placed in a part where the
first game cartridge 20 partially abuts the selector 35s when
inserted into the concave part 34.

With such structure, the selector 35s is pushed toward the
5V output terminal side as the first game cartridge 20 is coming
into the concave part 34. Thus, the selector 35s is not connected
with the 3.3V output terminal in the initial position any more,
but is securely connected with the 5V output terminal and then

retained at the other possible position. With the selector 35s
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being connected to the 5V output terminal, the first game
cartridge 20 is electrically connected to the connector 37, and
then is supplied with fhe DC output of 5V £from the DC-DC converter
383.

5 ]-{s described above, the second game cartridge 40 is so
shaped as not to abut the selector 35s on the way coming into the
concave part 34. Thus, after the second game cartridge 40 is
completely inserted into the concave part 34, the selector 35s
remains biased and connected to the 3.3V output terminal. As a

‘..t 10 result, the second game cartridge 40 is suppliedwith the DC output
of 3.3V from the DC-Dc converter 383.
FIG. 8 is a block diagram showing the detailed structures
of the 8-bit circuit 361 and the 32-bit circuit 362 shown in FIG.
7. In FIG. 8, the 8-bit circuit 361 includes the first CPU core
15 36la, the first access control part (8-bit bus controller) 361b,
and the first boot ROM 36lc. The first CPU core 36la processes
an activation program stored in the first boot ROM 361c, and also

carries out game processing based on a program for the first game

machine 10 stored in the ROM 22 in the first game cartridge 20.

20 The first CPU core 36la accesses the ROM 22 via the access control
part 361b.

The 32-bit circuit 362 includes the second CPU core 362a,

the second access control part (or multiplex/8-bit bus

controller) 362b, and the second boot ROM 362e. In more detail,

25 the access control part 362b includes a multiplex bus controller
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362c, and an 8-bit bus controller 362d. The second CPU core 362a
processes an activation program stored in the boot ROM 362e, and
also carries out game processing based on a program for the second
game machine 30 stored in the ROM 42 in the second game cartridge
40. The second CPU core 362a accesses the ROM 42 and RAM 43 in
the second game cartridge 40 via the access control part 362b.
In more detail, when controlling the ROM 42 for reading, the
multiplex bus controller 362c provides, with a first timing to
the ROM 42, address data A0 to A23 for accessing the ROM 42, and

receives data DO to D15 with a second timing. Accordingly, a bus

line is partially shared when providing and receiving data. The

8-bit bus controller 362d performs, when controlling the RAM 43
for data writing or reading, access control in the similar manner
to the 8-bit CPU. Depending on which of the ROM 42 and the RAM
43 is accessed by the CPU, selection is made between the multiplex
bus controller 362c and the 8-bit bus controller 3624
(specifically, as will be later described, this selection is made
according to the memory space assessed by the CPU).

Referring to FIG. 9, described next is the internal
structure of the second game cartridge 40. Here, FIG. 9 is a
slanted view showing the detailed structure of the second game
cartridge 40. 1In FIG. 9, the housing 41 of the second game
cartridge 40 is mainly composed of an upper housing 41a and a lower
housing 41b. The lower housing 41b has walls on both side planes

and an upper side, and the inner side of the walls on the side
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planes each have a concave part 415. In the vicinity of the
concave part 415 and on the inside plane of the lower housing 41b,
a protrusion 416 is formed for positioning the circuit board 45.
Another protrusion 417 (two, in the drawing) is formed on the inner
side of the wall on the upper side. The upper housing 4la has
still another protrusion (not shown; as many as the protrusion
417) in a position opposing to the protrusion 417. The protrusion
formed on the upper housing 4la is engaged in between the
protrusion 417 and the side wall of the lower housing 41b.
Consequently, the upper and lower housings 4la and 41b can be held
in position with limited lateral movement. The upper housing 4la
also has ribs each formed in a part opposing to the side walls
of the lower housing 41b for engagement therewith. Further, the
upper housing 41la has a convex part 418 in a part opposing to each
concave 415.

On the circuit board 45, a one-chip IC 48 including the ROM
42 and the multiaccess control part 44 is mounted, and as required,
the RAM 43 and a backup battery 46 are also mounted. On the circuit
board 45, the ROM 42, RAM 43, and battery 46 are connected as
appropriate in a desired circuit pattern for electrical
connection between those components and externals. The outer
edge of the circuit board 45 has notches 451 for engagement with
the protrusions 416. On the lower end part of the circuit board
45, a plurality of connection terminals 46 (46-1 to 46-32) are

aligned with predetermined intervals. Those connection

36

-47-




15

20

25

terminals 46-1 to 46-32 expose from the aperture 414 of the housing
41, and connected to the connector 37 of the second game machine
30. Accordingly, those connection terminals 46-1 to 46-32 formed
on the lower side of the circuit board 45 structure an edge
connector 47. Here, the edge connector 47 is in the same structure
as that in the first game cartridge 20. Here, the "structure”
means the shape of the lower side of the circuit board 45, and
alignment, interval between any two, and the number of the
connection terminals.

In this embodiment, the ROM 42 and the multiaccess control
part 44 are in the one-chip IC. This is not restrictive, and the
multiaccess control part 44 may be separately provided and wired
to the ROM 42. This structure is advantageously easy to
manufacture. Also, the ROMs 42 and 22 may be non-rewritable mask
ROM, rewritable flash ROM, or the like.

Next, by referring to FIGS. 10 and 11, the detailed
functional structures of the first and second game cartridges 20
and 40 are described. Here, FIG. 10 shows block diagrams showing
the detailed structures of the first and second game cartridges
20 and 40, and FIG. 11 is a circuit diagram showing connection,
to the connector 47, of ROM 22 in the first game cartridge 20,
and the IC 48 including both ROM 42 and the multiaccess control
part 44 in the second game cartridge 40. As shown in (a) of FIGS.
10 and 11, the ROM 22 is provided with a plurality of lead terminals.

These lead terminals include, for example, address terminals A0
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to Al5 connected to the 16-bit address bus, data terminals DO to
D7 connected to the 8-bit data bus, control signal terminals ( /WR:
write bar, /RD: read bar, /CS: chip select bar), and power-supply
terminals (VDD)}, and connected to the connection terminals 46-1
to 46-32. The IC 48 in the second game cartridge 40 carries the
ROM 42 and the multiaccess control part 44 in one chip, and also
has a plurality of lead terminals. The lead terminals of the IC
48 include, for example, terminals A0/DO to A15/D15 in charge of
lower 16-bit address data of 24-bit address data and 16-bit data
(multiplex system), terminals Al6 to A23 for upper 8-bit address
data of the 24-bit address data, control signal terminals (/WR,
/RD, /CS, and /CS2), a power-supply terminal (VDD), and the like.
Here, the terminals A0/D0 to A15/D15 are used with the connection
terminals (46-6 to 46-21; 6 to 21 are terminal numbers shown in
FIG. 12) between first and second timings (multiplex system}.

As shown in (b) of FIG. 10, in the second game cartridge
40, the /CS signal is connected to the IC 48 (ROM 42), while the
/CS2 signal to the RAM 43. That is, when the /CS signal is
outputted, the IC 48 (ROM 42) is activated, and the RAM 43 is
activated responding to the /CS2 signal. Here, the /CS and /CS2
signals are outputted to the access control part 362b based on
the address data from the second CPU core 362a (will be described
later).

By referring to FIG. 12, the cartridge interface of the

first and second game cartridges 20 and 40 is now described. Here,
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FIG. 12 is a table showing the relationship between the first and
second game cartridges 20 and 40 in view of applications and
functions of the terminals. In FIG. 12, a "NO." column on the
left side indicates the terminal number (1 to 32) of the connection
terminals 46. A "ROM22" column indicates terminal functions when
the ROM 22 in the first game cartridge 20 is the one to be accessed.
A "ROM 42" column indicates terminal functions when the ROM 42
in the second game cartridge 40 is the one to be accessed, and
a "RAM 43" column indicates terminal functions when the RAM 43
is the one to be accessed. The table shows that the connection
terminals 46-1 to 46-29, and 46-32 are used to access both the
ROM 22 and RAM 43. Among those connection terminals used to access
the ROM 42, the connection terminals 46-6 to 46-29 are used as
the address terminals A0 to A23 (i.e., terminals Al6é to A23 are
upper addresses) with the first timing, and with the second timing,
as the data terminals DO to D15. The connection terminals 46-6
to 46-21 work as the address line with the first timing, and as
the data line with the second timing. Thus, some of the connection
terminals work as two types of signal lines varying in functions
(multiplex system). In the below, the connection terminals 46-6
to 46-21 are denoted as ADO to AD15 to distinguish from those 46-22
to 46-29 which are used as only the address bus.

Here, with the second game cartridge 40 engaged, the 32-bit
circuit 362 is activated in the second game machine 30, wherein

the number of bits of a data signal is 32. On the other hand,
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as described in the foregoing, the terminal for the data signal
of the cartridge interface is 16 bits. Thus, the data is to be
inputted/outputted twice in unit of 16-bit.

By referring to FIG. 13, described next is a memory space
in the second game machine 30. Here, (a) of FIG. 13 is a memory
map showing a memory space of the 32-bit circuit 362, while (b)
of FIG. 13 is a memory map showing a memory space of the 8-bit
circuit 361. As shown in (a) of FIG. 13, addresses from 00000000h
to 08000000h are a memory space assigned for internal ROM,
internal RAM, an I/0, a register, and the like, in the 32-bit
circuit 362, addresses from 08000000h to 0OE000000h is a memory
space for the ROM 42, and addresses from 0EQ000000h to OEOOFFFFh
is a memory space for the RAM 43.

When the second game machine 30 accesses the second game
cartridge 40, switching processing between the ROM 42 and the RAM
43 is carried out as below. First, if the second CPU core 362a
outputs the addresses in the range of 08000000h to OE000000h, the
access control part 362b outputs the /CS signal, and thus the ROM
42 is activated. On the other hand, when the second CPU core 362a
outputs the addresses in the range of 0E000000h to OEOOFFFFh,
outputted is the /CS2 signal and thus the RAM 43 is activated.

As shown in (b) of FIG. 13, in the 8-bit circuit 361,
addresses from 0000h to 8000h is a memory space reserved for
internal ROM, internal RAM, an I/0, a register, and the like, in

the 8-bit circuit 361, and addresses from 8000h to FFFFh is a memory
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space for the ROM 22.

Next, by referring to FIG. 14, described is multiplex
conversion utilizing an address counter which enables the
sequential access. FIG. 14 is a block diagram showing the
structure of the multiaccess control part 44 in the second game
cartridge 40 for realizing access under the above described
multiplex system. In FIG. 14, the multiaccess control part 44
is structured by a multiplex conversion circuit including the
address counter 441 so that the sequential access and random
access are appropriately switched. This address counter 441 is
a 24-bit counter, and capable of retaining and incrementing the
address data. As to input/output terminals of the multiaccess
control part 44, A[23:16] to be inputted into the address counter
441 means the upper address A23 to Al6, and AD[15:0] means either
the lower address Al5 to A0 or the data bus D15 to DO depending
on the timing. Further, to a LOAD terminal of the address counter
441, the /CS signal (chip select bar; "/" denotes as being low
active) is inputted, and to a CLOCK terminal, the /RD signal (read
bar) is inputted. Based on these four inputs, the address counter
441 outputs a memory address bus MA [23:0] signal for accessing
the ROM 42. Also, a data bus MD [15:0] connected to the bus line
of the ROM 42 is connected to AD[15:0] of the terminals 46-6 to
46-21, and then the data D15 to DO is outputted.

By referring to FIG. 15, described next is read/write access

of the ROM 42, RAM 43, and ROM 22. FIG. 15 shows timing charts
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for the read/write access of the second game machine 30 to the
memory (ROM 22) of the first game cartridge 20 and the memory (ROM
42 and RAM 43) of the second game cartridge 40. Specifically,
(a) of FIG. 15 shows the read access to the ROM 42, (b) the write
access to the RAM 43, (c) the read access to the RAM 43, and (4)
the read access to the ROM 22. As to the time chart for the read
access of the first game machine 10 to the ROM 22, refer to (d)
of FIG. 15.

In (a) of FIG. 15, fromtop to bottom, Ck indicates awaveform
of a system clock, AD[15:0] indicates the multiplex transfer
operation of address and data in address A0/data DO to Al5/D15
in the terminal number of 6 to 21 shown in FIG. 12, /CS indicates
the operation of the chip select bar in the terminal number of
5 also shown in FIG. 12, /RD indicates the operation of the read
bar in the terminal number of 4 also shown in FIG. 12, A[23:16]
indicates an address output of address Al6 to A23 in the terminal
number of 22 to 29 shown in FIG. 12, and t0 to t13 at the bottom
each indicate a time synchronizing with a falling edge of the
system clock Ck.

In order to read data from the ROM 42, the random access
and sequential access can be switched as appropriate. In detail,
in response to the address data outputted from the second CPU core
362a, the multiplex bus controller 362c¢ in the second game machine
30 outputs the /CS signal with thel first timing (e.g., times tl

and t9), and also the address data to both the buses A[23:16] and
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AD[15:0]. At the falling edge of the /CS signal, the address
counter 441 loads (or latches) the upper address data provided
by the bus A[23:16] and the lower address data provided by the
bus AD[15:0]. A count value is then outputted to the ROM 42 as
the reading address data A0 to A23 (MA[{23:0]}). Thereafter, the
multiplex bus controller 362c outputs the /RD signal with the
second timing (e.g., time t3). At the falling edge of the /RD
signal, the multiaccess control part 44 outputs the data DO to
D15 (MD[15:0]) read from the ROM 42 to the terminals 46-6 to 46-21.
Thus outputted data DO to D15 is forwarded to the 32-bit circuit
362 via the I/0 buffer controller 363 of the second game machine
30.

In the address counter 441, every time the /RD signal comes
into the CLOCK terminal, the count value is incremented. In this
manner, the sequential access control can be realized.

As such, the ROM 42 is subjected to random access control
during times tl to t4, to sequential access control during times
t5 to t8, and to random access control again during times t9 to
t12. That means, during times tl1 to t8, the /CS signal is set
to low. In the meantime, the /RD signal is intermittently set
to low during times t3 to t4, times t5 to t6, and times t7 to t8.
Under such condition, a reading address is first outputted to
AD[0:15] from before time t1 to after time t2, and then data is
sequentially accessed before time t4 to before time t9 so that

the data is sequentially read over three blocks. After before
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time t9, the random-access control is made.

Here, the sequential access is applied when addresses are
sequentially read for contents of memory. Thus, when the
addressesaresequential,theCPUhasnoneedtooutpufanyaddress,
and accordingly memory address can be counted up only by using
a control signal (/RD). That is, data can be read faster by the
time supposedly taken for outputting addresses. Alternatively,
program data may be sequentially read in advance so as to smoothly
activate the program.

The random access is applied when addresses are non-
sequentially read for contents of memory. Therewith, there needs
to input an address every time memory is read, and thus reading
data takes time.

As such, in the IC 48, the reason why the random access
control and the sequential control are both applied (multiplex
system) is as follows. In detail, a multiplexed bus has an
advantage in less number of terminals (pins) for an interface bus,
and some connection terminals are used as a common bus for both
the address and data. Therefore, data output cannot be done
without address input, and consequently access speed takes longer
than the normal bus. This problem can be tackled if the
above-described sequential access control is applied. To carry
out the sequential access control, however, there needs to provide
memory side with a special c¢ircuit (address counter)

corresponding to the sequential access.
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On the other hand, writing/reading to/from the RAM 43, or
reading from the ROM 22 can be realized by the random access. Time
charts for the operation as such are shown in (b) to (d) of FIG.
15. In such case, data access is made separately through the
address bus and the data bus, and thus the rormal access system
is applied instead of the multiplex system.

With reference to FIG. 16, described next is the operation
of the present game system (especially, the second game machine
30). FIG. 16 is a flowchart showing the specific operation of
the game system. To play the game, first of all, the user inserts
either the first or the second game cartridge 20 or 40 into the
concave part 34 of the second game machine 30 for connection with
the connector 37 (step S1). Then, in step S2, the user turns on
the power-supply switch 382, and then the following processing
is carried out.

In step S3, the detection switch 35 identifies, based on
the state of the selector 35s, whether the inserted cartridge is
the first or the second game cartridge 20 or 40.

If the inserted cartridge is identified as being the second
game cartridge 40, the procedure goes to step S4, and processing
for such case is executed. 1In detail, in step S4, as the selector
35s remains OFF and is connected to the 3.3V output terminal in
the DC-DC converter 383, the power-supply voltage of 3.3V is
supplied to the second cartridge 40. The procedure then goes to

step S5.
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In step S5, the register 362f is loaded with a logical value
"1" (high level) indicating the second game cartridge 40 is the
one currently engaged. Then, the procedure goes to step S6.

In step S6, the reset circuit 385 resets and activates the
CPU 360. Then, the procedure goes to step S7.

In step S$7, the 32-bit circuit 362 in the second game machine
30 is activated, and in response, the second CPU core 362a carries
out an activation program stored iﬁ the second boot ROM 362e. The
procedure then goes to step S8.

In step S8, the second CPU core 362a determines whether the
value stored in the register 362f is "1" or not. If Yes, the
procedure goes to step S9.

In step S9, the processing based on the program in the second
boot ROM 362e is continuously executed. Then, the procedure goes
to step S10.

In step S10, the access control part 362b starts its
operation, and the ROM 42 in the second game cartridge 40 is
controlled for reading (the RAM 43 1is controlled for
reading/writing, if required). Here, as described above, the ROM
42 is controlled under the multiplex system. Inother words, with
one access, the address data A0 to Al5 (lower address) and Al6
to A24 (upper address) are generated with the first timing, and
forwarded to the ROM 42 via the terminals 46-6 to 46-29. And with
the second timing, the data DO to D15 is read through the terminals

46-6 to 46-21. In this manner, the terminals 46-6 to 46-21 are
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used with both timings. Such bus switching is performed by the
multiaccess control part 44. Here, in case of the RAM 43
controlled for writing/reading, the terminals are not used with
both timings, and thus the normal access control is applied
instead of the multiplex system. Then, the procedure goes to step
S11.

In step S11, the second CPU core 362a executes the game
program for the second game machine 30 read from the ROM 42, and
then generates a game image for display on the liquid crystal
display 32. Also, the sound effects of the game are outputted
to the speaker 392. The procedure then goes to step S12.

In step S12, it is determined whether the game is over. If
determined not yet, the procedure returns to step S10, and repeats
steps S10 and S11 until the game is through.

On the other hand, when the cartridge inserted into the
second game machine 30 is the first game cartridge 20, the
detection switch 35 determines that the cartridge has no groove
412 in step S3. The procedure then goes to step S21.

In step S21, the processing for the first game cartridge
20 is carried out. To be specific, as the selector 35s is ON and
is connected to the 5V output terminal in the DC-DC converter 383,
the power-supply voltage of S5V is provided to the first game
cartridge 20. Then, the procedure goes to step S22.

In step S22, the register 362f is loaded with a logical value

"0" (low level) indicating the first game cartridge 20 is the one
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currently engaged. Then, the procedure goés to steps S6 S7, and
S8, and then to step S23.

In step S$23, the switching circuit 369 is started up, and
then 32-bit circuit 362 is switched to the 8-bit circuit 361. Then,
the procedure goes to step S24.

In step S24, the second CPU core 362a is stopped, and the
first CPU core 361a is activated. The procedure goes to step S25.

In step S25, the first CPU core 36la executes an activation
program stored in the first boot ROM 361c. The procedure goes
to step S26.

In step S26, the 8-bit bus controller 361b controls the ROM
22 in the first game cartridge 20 for reading. In this case,
generated is the address data for processing of the first CPU core
361a with such timing as shown in (d) of FIG. 15. The procedure
then goes to step S$27.

In step S27, based on the game program for an 8-bit game
machine read from the ROM 22 in the first game cartridge 20, the
game processing for the first game machine is executed. The
procedure goes to step S28.

In step S28, it is then determined whether the game is now
over. If determined not yet, the procedure returns to step $26,
and repeats steps S26 and S27 until the game is through.

Hereinafter, by referring to FIGS. 17, 18, 19, and 20, some
examples of the cartridge discrimination means other than the

above are described.
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By referring to FIGS. 17 and 18, described first is an
example of discriminating the cartridge between the second game
cartridge 40 and the first game cartridge 20 by storing an
identification code each corresponding to the cartridge type in
a storage device provided in the cartridge, so that the
identification code is read when power is turned on.

FIG. 17 is, as is FIG. 7, a block diagram showing main parts
relevant to the above processing of discriminating the cartridge
between the first and second game cartridges 20 and 40. A second
game machine 30r in this example is, compared with the second game
machine 30 of FIG. 7, provided with a voltage selector 38 instead
of the detection switch 35. Also the second game cartridge 40
is replaced with a second game cartridge 40r therein. Further,
the voltage detector 384 and the register 362f provided in the
second game machine 30 are not provided. The voltage selector
38 is connected to the 32-bit circuit 362, and is controlled by
a control signal outputted therefrom.

In the second game cartridge 40r, instead of the groove 412,
the identification code representing its type is stored in an
identification code region 421 provided in the 3.3V interface
memories 42 and 43. As is the detection switch 35, the voltage
selector 38 is a switch for selecting an output from the DC-DC
converter 383, but operates not mechanically but electronically.
With such structure change, in this example, the voltage detector

384 and the register 362f shown in FIG. 7 are not necessary any
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more. Thus, for the purpose of discriminating from the CPU 360
and the second game machine 30 of FIG. 7, such differently-
structured CPU and the information processing device are referred
to as CPU 360r and second game machine 30r, respectively.

Described next 1is the operation for cartridge
discrimination wutilizing the identification code in the
above-described second game machine 30r. When the second game
machine 30r is turned on, the voltage of 3.3V goes to the first
or second game cartridge 20 or 40. Then, the second CPU core 362a
is activated.

The second CPU core 362a works to read the identification
code stored in a specific region in memories provided in the first
and second game cartridges 20 and 40. If successfully read and
if the read identification code indicates the second game
cartridge 40r, the second CPU core 362a keeps working.

If the read identification code does not indicate the second
game cartridge 40r, or if failed to read the identification code,
the second CPU core 362a identifies the cartridge as being the
first game cartridge 20. In this case, the 32-bit circuit 326
let the voltage selector 38 select 5V. The second CPU core 362a
then starts the switching circuit 369.

The switching circuit 369 stops the second CPU core 362a,
and starts the first CPU core 36la.

Next, by referring to a flowchart shown in FIG. 18, the

operation of the second game machine 30r in this example is

50

61-




sene
+ e
ae
.
“ere
sese
.
sevees
. .
R
ey
.
3L
snee
.
vosene
. .

oree

vese

10

15

20

25

described. In this flowchart, compared with the flowchart shown
in FIG. 16, steps 83, S5, S6, S21, and S22 are not included, step
S116 is included instead of step S7, step S118 is included instead
of step S8, and step 5120 is additionally included between steps
S118 and S23.

Hereinafter, the operation of the second game machine 30r
is described focusing on the steps unique to this example. First,
in step S1, the first game cartridge 20 or the second game cartridge
40 is inserted into the concave part 34 in the second game machine
30r. Then, a user turns on the power-supply switch 382 in the
second game machine 30r.

In step S4, the DC-DC converter 383 supplies, via the
voltage selector 38, DC of 3.3V to the cartridge. The procedure
then goes to step Sllé.

In step S116, the second CPU core 362a in the CPU 360x is
activated, starts executing the processing described in the
second boot ROM 362e, and then reads the identification code
stored in the identification code region in the inserted cartridge.
Specifically, when the connector 37 is engaged with the second
game cartridge 40r, the identification code is read from the
identification code region 421.

On the other hand, when the connector 37 is engaged with
the first game cartridge 20, as already described, the
identification code indicating the second game cartridge 40r is

not read. Then, the procedure goes to step S118.
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In step S118, based on the identification code read in step
S116, the type of cartridge engaged with the connector 37 is
determined. In this example, the cartridge being engaged is
determined whether the second game cartridge 40r or not.

Yes, that is, if determined as being the second game
cartridge 40r, the procedure goes to steps S9 to S12, which are
described in the foregoing.

No, that is, if determined as not being the second game
cartridge 40r but the first game cartridge 20, the procedure goes
to step S120.

In step 5120, the voltage selector 38 selects 5V instead
of 3.3V. Then, the procedure goes to steps S23 to S28, which are
described in the foregoing.

Here, the processing in steps S116 and S118 is described
more in detail. In the case that the second game cartridge 40r
is engaged, the processing is carried out as already described.
When the first game cartridge 20 is engaged, however, normal
access cannot be achieved with respect thereto in step S116. This
is because the voltage supplied thereto in step S4 is 3.3V. Even
if successfully accessed, the first game cartridge 20 has no
identification code region 421. As a result, in step S116, the
identification code indicating the first game cartridge 20 is not
read out, and thus it is determined as having the first game
cartridge 20 engaged, that is, determined as No.

Here, the second game cartridge 40r and the first game
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cartridge 20 may be driven by the same level of voltage (e.g.,.
3.3V), and are each provided with memory which is accessible by
common bus control (e.g., separate bus control) so as to store
the identification code only. If so, the second CPU core 362a
becomes accessible to the memory regardless of the cartridge type,
and can correctly read the identification code from the
identification code region 421 or an identification code region
for the first game cartridge 20.

Next, by referring to FIGS. 19 and 20, a method is described
for identifying the type of cartridge utilizing a signal-line
short. FIG. 19 is, as is FIG. 17, a block diagram showing main
parts relevant to processing of discriminating between the first
and second cartridges 20 and 40.

A second game machine 30rr in this example is, compared with
the second game machine 30 shown in FIG. 7, provided with the
voltage selector 38 instead of the detection switch 35. Also the
second game cartridge 40 is replaced with a second game cartridge
40rr therein. Further, the concave part 34 therein is
additionally provided with two signal lines W extending from the
voltage selector 38. The second game cartridge 40rr is provided
with a short S which causes those two signal lines W to short out
when the second game cartridge 40rr is inserted into the concave
part 34.

In such structured second game machine 30rr, the signal

lines W are not shortened when the first game cartridge 20 is the
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one inserted into the concave part 34. However, when the second
game cartridge 40rr is inserted into the concave part 34, those
two signal lines W are shortened by the short S. Such short
observed for those two signal lines Whelps the second game machine
30rr identify the cartridge type through detection. Here, based
on such short observed for those signal lines W, the voltage
selector 38 selects either 3.3V or 5V.

The operation of the second game machine 30rr for
identifying the cartridge type based on the short observed for
the two signal lines W is similar to that for the second game
machine 30r for identifying the cartridge utilizing the
identification code. Note that, in the second game machine 30rr,
thesecondCPUcore362adetectstheshortobservedforthesignal
lines instead of reading the identification code. Since detected
herein is only the‘short, it is possible to correctly detect the
short even when the voltage supplied is 3.3V responding to the
first game cartridge 20 engaged.

Next, by referring to the flowchart shown in FIG. 20, the
operation of the second game machine 30rr is described. Compared
with the flowchart shown in FIG. 16, this flowchart does not have
step S3, but is additionally provided with step S104 between step
S2 and step S4 or step S21. .

Hereinafter, the operation of the second game machine 30rr
is described focusing on the steps unique to this example. First,

in step S1, the cartridge is inserted into the concave part 34
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in the second game machine 30rr. In step S2, a user turns on the
power-supply switch 382 in the second game machine 30rr.

In step S104, it is determined whether the signal lines W
are shortened. Yes, that is, if the signal lines W are determined
as shortened by the short S provided in the second game cartridge
40rr, the processing in the above-described steps S4 to S12 is
executed.

No, that is, if the signal lines W are determined not as
shortened since the first game cartridge 20 has no short S, the
processing in the above-described steps S21 to S28 is executed.

As described in the foregoing, in the present invention,
the first game cartridge 20 for the first game machine 10 being
a low-end machine is usable also for the second game machine 30
being a high-end machine. Thus, compatibility among the game
cartridges (game soft) can be ensured. Further, depending on the
cartridge type currently engaged to a game machine, voltage switch
is automatically done and thus access control can be achieved.

Further, in the present invention, even if the level of the
voltage supplied to a cartridge and an access manner thereto vary
depending on the memory type therein, the memory in the cartridge
is accessible by identifying the cartridge, and according to the
result obtained thereby., by switching the voltage level and an
operation mode of central processing means.

When an information processing device or a game device, for

example, is provided with a professor in which the number of bits
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for data processing is rather large, data width of a
connector may not be wide enough. In the present invention,
however, memory which has the number of data bits
corresponding to the number of bits in the processor for

5 data processing may be connected to a common bus. Further,
when the information processing device or game device, for
example, 1is provided with processors each having the
different number of bits for data processing to retain
compatibility of software, for example, memories each

10 corresponding to those processors are connected to the
common bus to be accessed.

Still further, in the present invention, a multiplex
bus transfer mode technology may be applied to deal with not
only two types of memories differed in number of bits of an

15 address signal but those differed in the number of bits of a
data signal. Also, the present invention may provide memory
which is stored in a cartridge having a function used for
cartridge discrimination between the one for the second game
machine 30 and the one for the information processing system

20 CGB.

While the invention has been described in detail, the

foregoing description is in all aspects illustrative and not

eoes restrictive. It 1is understood that numerous other
modifications and variations can be devised without

25 departing from the scope of the invention.
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Throughout this specification and the claims which follow,
unless the context requires otherwise, the word '"comprise",
and variations such as "comprises' and "comprising", will be
understood to imply the inclusion of a stated integer or step
or group of integers or steps but not the exclusion of any
other integer or step or group of integers or steps.

The reference to any prior art in this specification is not,
and should not be taken as, an acknowledgement or any form
of suggestion that that prior art forms part of the common
general knowledge in Australia.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. An information processing device comprising an
external bus having a first data width, and via the external bus,
having engaged with, in a detachable manner, either a first
cartridge which houses first memory having the first data width
or a second cartridge which houses second memory having a second
data width differed from the first data width, and executing
processing based on data stored in the memory whichever housed
in the cartridge selectively engaged, wherein,

said second cartridge is provided with marker means to be
distinguished from said first cartridge,

said information processing device comprising:

cartridge discrimination means for discriminating, based
on said marker means, between said first cartridge and saia second
cartridge;

central processing means for accessing the memory whichever
housed in said engaged cartridge:

first access control means for controlling said external
bus under a normal bus control method, and having said central
processing unit accessed to said first memory;

second access control means for controlling said external
bus under a method different from the control method for said first
access control means, and having said central processing means

accessed to said second memory:; and
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selection means for selecting said first access control
means when said cartridge discrimination means determined the
engaged cartridge as being said first cartridge, and selecting
said second access control means when determined as being said

second cartridge.

2. The information processing device as described in claim
1, wherein said second data width is wider than said first data
width, and

said second access control means exchanges address and data
between said central processing means and said second memory by

using said external bus in a time-sharing manner.

3. The information processing device as described in claim
2, wherein said second access control means controls, in the
time-sharing manner, said external bus to be used with a first
timing for an address signal and with a second timing for a data

signal.

4, The information processing device as described in claim
1, wherein

said marker means is a shape difference between said first
cartridge and said second cartridge, and

said cartridge discrimination means abuts said engaged

cartridge, and based on said shape difference, identifies the
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engaged cartridge as being said first or second cartridge.

5. The information processing device as described in claim
2, wherein said second cartridge further houses third memory
having said first data width,

the. information processing device further comprises
determination means is further comprised to determine, when said
cartridge discrimination means identifies the engaged cartridge
as being said second cartridge, which of said second memory and
said third memory is to be accessed by said central processing
means, and

said second access control means controls said external bus
in the time-sharing manner when said determination means
determines said central processing means as being an access to
said second memory, and controls said external bus under the
normal bus control method when said determination means
determines said central processing means as being an access to

said third memory.

6. The information processing device as described in claim
5, wherein

an address space for said central processing means to access
said second memory is allocated to a first address space, and an
address space for said central processing means to access said

third memory is allocated to a second address space, and
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said determination means determines, when said first
address space is designated, said second memory as being accessed,
and when said second address space is designated, said third

memory as being accessed.

7. The information processing device as described in claim
1, wherein said central processing means comprises:

a first operation function for operating in said first data
width; and

a second operation function operating in said second data
width, and

said selection means selects said first operation function
when said cartridge discrimination means determines the engaged
cartridge as being said first cartridge, and selects said second
operation function when determined as being said second

cartridge.

8. The information processingdevice as described in claim
1, wherein

said second cartridge comprises:

address retention means for retaining an address value
outputted from said central processing means; and

increment means for incrementing the value retained by said

address retention means responding to a control signal outputted
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from said central processing means, and,
by designating the value retained in said address retention

means as an address value, sequential access is carried out.

9. The information processing device as described in claim
1, wherein

said marker means is memory housed in said second cartridge
for storing an identification code indicating a cartridge type,
and

said cartridge discrimination means reads out said
identification code, and based on said identification code,
identifies the engaged cartridge as being said first or second

cartridge.

10. The information processing device as described in
claim 1, wherein

said marker means is two signal lines being either shortened
or not-shortened, and

said cartridge discrimination means detects whether said
two signal lines are shortened or not-shortened, and based thereon,
identifies the engaged cartridge as being said first or second

cartridge.

11. A storage device being placed inside of a first

cartridge engaged with an information processing device in a
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detachable manner, and storing data executed or utilized by the
information processing device, wherein,

said information processing device comprises a connector
being engageable with, in a detachable manner, either said first
cartridge whose bus is in a first data width or a second cartridge
whose bus is in a second data width narrower than the first data
width, and having the same data width as said second data width;
and central processing means which accesses, when connected with
said first or second cartridge via the connector, to the first
cartridge in a multiplex bus transfer mode, and in a normal bus
transfer mode to the second cartridge, said storage device
comprising:

general-pﬁrpose memory having said first data width for
storing data to cause said central processing means to execute
processing; and

multiplex bus conversion means for controlling, in a
time-sharing manner, address and data exchange between said

central processing means and said general-purpose memory.

12. The storage device as described in claim 11, wherein
said multiplex bus conversion means comprises:

address retention means for retaining an address value
outputted from said central processing means; and

increment means for incrementing the value retained in said

address retention means responding to a control signal outputted
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from said central processing means, and

the value retained in said address retention means is
outputted to said general-purpose memory, and said central
processing means is caused to carry out sequential access with

respect to the general-purpose memory.

13. The storage device as described in claim 11 or 12,
wherein said general-purpose memory and said multiplex bus

conversion means are structured on one chip.

14. The storage device as described in claim 11, wherein
the data width of said general-purpose memory is wider than memory

housed in said second cartridge.

15. A cartridge engaged with an information processing
device, in a detachable manner, via a connector having a first
data width, the cartridge comprising:

general-purpose memory for storing data to cause said
information processing device to execute processing, and having
a second data width wider than said first data width;

marker means for designating a method for accessing to said
general-purpose memory is in a multiplex system; and

multiplex bus conversion means for controlling, in a
time-sharing manner, address and data exchange between said

information processing device and said general-purpose memory.
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16. The cartridge as described in claim 15, wherein

said marker means is in a shape of a cartridge.

17. The cartridge as described in claim 15, wherein,
in said information processing device, said connector
is selectively engaged in a detachable manner with another

cartridge which houses memory having said first data width.

18. The cartridge as described in claim 15, wherein

said information processing device can select between a
normal bus transfer mode and a multiplex bus transfer mode
when accessing to the memory housed in the cartridge, and

said marker means 1is used to let sald information

processing device select the multiplex bus transfer mode.

19. The cartridge as described in claim 17, wherein
said information processing device includes a first
operation function in said first data width, and a second
operation function in said second data width, and
sald marker means is used to let said information

processing device operate said second operation function.

20. The cartridge as described in claim 15, wherein
said marker means stores an identification code indicating a

cartridge type, and is memory housed in the cartridge.
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21. The cartridge as described in claim 15, wherein said
marker means is two signal 1lines being either shortened or

not-shortened.

22. An information processing device being engaged with,
in a detachable manner, either a first cartridge which houses
first memory driven by a first voltage or a second cartridge which
houses second memory driven by a second voltage, and executing
processing based on data stored in the memory whichever housed
in the engaged cartridge, wherein

said first cartridge is provided with marker means to be
discriminated from said second cartridge,

said information processing device comprises:

cartridge discrimination means for discriminating, based
on said marker means, between said first cartridge and said second
cartridge;

voltage supply means for supplying said first voltage when
said cartridge discrimination means identifies the engaged
cartridge as being said first cartridge , and supplies said second
voltage when identifies said second cartridge; and

central processing means which is activated in a first mode
when supplied with said first voltage, and is activated in a second

mode when supplied with said second voltage.

23. The information processing device as described in
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claim 22, wherein said voltage supply means comprises:
first output means for supplying said first voltage; and
second output means for supplying said second voltage. and
said cartridge discrimination means is biased to connect
to said first output means before being engaged with said first
or second cartridge, and connected to said second output means
when being engaged with said second cartridge, but remains
connected to the first output means when engaged with said first

cartridge.

24. The information processing device as described in
claim 22, wherein

said voltage supply means includes voltage detection means
for detecting a voltage supplied to the cartridge discrimination
means, and

said central processing means is activated according to an
activation program, and based on the voltage detected by said
voltage detection means, operates in either said first mode or

second mode.

25. The information processing device as described in
claim 24, wherein said central processing means comprises:

first operation means driven in said first mode; and

second operation means driven in said second mode, and

said information processing device comprises operation
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means switching means for selectively having either said first
operation means or said second operation means executed according

to the voltage detected by said voltage detection means.

26. The information processing device as described in
claim 22, wherein

said marker means is a shape difference between said first
cartridge and said second cartridge, and

said cartridge discrimination means abuts said engaged
cartridge, and based on said shape difference, identifies the

engaged cartridge as being said first or second cartridge.

27. A cartridge engaged with an information processing
device in a detachable manner,

said information processing device comprising: central
processing means for operating in a first or a second mode; a
connector for connecting either a cartridge housing memory
corresponding to the first‘mode or a cartridge housing memory
corresponding to the second mode; voltage supply means for
selecting either a first or a second voltage depending on a
cartridge type of the cartridge connected to the connector for
supply to the cartridge; and operation mode setting means for
setting an operation mode of the central processing means in the
first mode when the first voltage is provided by the voltage supply

means; and
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said cartridge comprising:

memory for storing data to be executed or used by said
information processing device, -geing driven by the first voltage,
and corresponding to said first mode; and

marker means for specifying, with respect to said voltage
supply means, the first voltage being a driving voltage for said

memory.

28. The cartridge as described in claim 27, wherein

said voltage supply means comprises:

first output means for supplying said first voltage; and

second output means for supplying the second voltage
different from said first voltage, and

said voltage supply means

is biased so as to connect to said first output means before
said cartridge is engaged thereto, and remained connected to the
first output means when said cartridge is engaged, and

is connected to said second output means when another

cartridge is engaged.

29. The cartridge as described in claim 27, wherein
said voltage supply means comprises voltage detection means
for detecting a voltage supplied to said cartridge discrimination

means, and

said central processing means is activated according to an
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activation program, and operates in either said first mode or said
second mode based on the voltage detected by said voltage

detection means.

30. The cartridge as described in claim 29, wherein said
central processing means comprises:

first calculation means driven in said first mode:

second calculation means driven in said second mode: and

calculation means switching means for selectively
activating either said first calculation means or said second
calculation means based on the voltage detected by said second

voltage detection means.

31. The cartridge as described in claim 27, wherein said

marker means is in a shape of said cartridge.

32. An information processing device comprising an
external bus having a first data width, and via the external bus,
having engaged with, in a detachable manner, either a first
cartridge which houses first memory having the first data width
or a second cartridge which houses second memory having a second
data width differed from the first data width, and executing
processing based on data stored in the memory whichever housed
in the cartridge selectively engaged, wherein,

said second cartridge is provided with a marker to be
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distinguished from said first cartridge,

said information processing device comprises:

a cartridge discriminator for discriminating, based on said
marker, between said first cartridge and said second cartridge;

a central processingunit for accessing said first or second
memory whichever housed in said engaged first or second cartridge;

a first access controller for controlling said external bus
under a normal bus control method, and having said central
processing unit accessed to said first memory;

a second access controller for controlling said external
bus under a method different from the control method for said first
access controller, and having said central processing unit
accessed to said second memory; and

a selector for selecting said first access control means
when said cartridge discriminator determined the engaged
cartridge as being said first cartridge, and selecting said second

access controller when determined as being said second cartridge.

33. A storage device being placed inside of a first
cartridge engaged with an information processing device in a
detachable manner, and storing data executed or utilized by the
information processing device, wherein,

said information processing device comprises a connector
being engageable with, in a detachable manner, either said first

cartridge whose bus is in a first data width or a second cartridge
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whose bus is in a second data width narrower than the first data
width, and having the same data width as said second data width;
and a central processing unit which accesses, when connected with
said first or second cartridge via the connector, to the first
cartridge in a multiplex bus transfer mode, and in a normal bus
transfer mode to the second cartridge, and

said storage device comprises:

general-purpose memory having said first data width for
storing data to cause said central processing means to execute
processing; and

a multiplex bus converter for controlling, in a time-
sharing manner, address and data exchange between said central

processing unit and said general-purpose memory.

34. An information processing device being engaged with,
in a detachable manner, either a first cartridge which houses
first memory driven by a first voltage or a second cartridge which
houses second memory driven by a second voltage, and executing
processing based on data stored in said first or second memory
whichever housed in the engaged cartridge, wherein

said first cartridge is provided with a marker to be
discriminated from said second cartridge,

said information processing device comprises:

a cartridge discriminator for discriminating, based on said

marker means, between said first cartridge and said second
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cartridge;

a voltage supply unit for supplying said first voltage when
said cartridge discrimination means identifies the engaged
cartridge as being said first cartridge, and supplies said second
voltage when identifies said second cartridge; and

a central processing unit which is activated in a first mode
when supplied with said first voltage, and is activated in a second

mode when supplied with said second voltage.

35. A game system, comprising:

a first game machine including a first central processing
unit with low throughput;

a first cartridge to be engaged with the first game machine
in a detachable manner:

a second game machine higher in performance than the first
game machine which is compatible with; and

a second cartridge to be engageable with the second game
machine, wherein

said first cartridge comprises:

a first housing, said first housing accommodating

first semiconductor information storage element fixedly
storing game program data, and being accessible using a first data
width, and

a first circuit board, in a desired circuit pattern, having

a plurality of terminals formed on one side thereof, and the first
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semiconductor information storage element mounted thereon,
said second cartridge comprises:

a second housing being almost the same in outer shape as
said first cartridge with at least the same width and depth, and
having a to-be-detected part for distinction from the first
cartridge;

a second semiconductor information storage element for
fixedly storing game program data, and being accessible using a
second data width wider than said first data width;

a second circuit board, in adesired circuit pattern, having
the same number of terminals in the same alignment formed on one
side thereof as said first circuit board; and

multiaccess control means for reading the game program data
stored in said second semiconductor information storage element
in the multiplex system, said second housing accommodating

said second semiconductor information storage element and
the multiaccess control means both mounted on said second circuit
board, and

said second game machine comprises:

a connector for establishing electrical connection with
said second cartridge having the same number of terminals in the
same alignment as another connector provided in said first game
machine so that said first cartridge becomes engageable;

a second central processing unit with higher throughput

compared with said first central processing unit;
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a third central processing unit capable of carrying out
processing in an equivalent level to said first central processing
unit;

first access control means for accessing said first
cartridge:

second access control means for accessing said second
cartridge in a multiplex system; and

detection means for detecting said to-be-detected part
provided to said second housing, wherein

when said detection means detects said to-be-detected means,
said second central processing unit and said second access control
means are activated to access said second cartridge, and said
multiaccess control means accesses said second semiconductor
information storage element, and

when said detection means does not detect said to-be-
detected part, said third central processing unit and said first

access control means are activated to access said first cartridge.

36. The game system as described in claim 35, wherein

said first semiconductor information storage element
outputs data of a first number of data bit, and

said second semiconductor information storage element
outputs data of a second number of data bit being larger than said

first number of data bit.
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37. The game system as described in claim 35, wherein

said first semiconductor information storage element is
accessed by address data of a first number of address bit, and

said second semiconductor information storage element is
accessed by address data of a second number of address bit being

larger than said first number of address bit.

38. The game system as described in claim 35, wherein said
second housing is structured to be shorter in height than said
first housing, and on one side plane not inserted into said second
game machine, a protrusion is so formed as to protrude at least

to one lateral direction.

39. The game system as described in claim 35, wherein said
multiaccess control means is integrally formed on a chip together
with said second semiconductor information storage element, and
electrically placed in between said second semiconductor
information storage element and a lead terminal connected to the
plurality of terminals in the circuit pattern of said circuit

board.

40. The game system as described in claim 35, wherein, when
accessed by said second central processing unit, said multiaccess
control means acquires a desired address of said second

semiconductor information storage element with a first timing to
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access the second semiconductor information storage element and
read information therefrom, and with a second timing, supplies
data read from the second semiconductor information storage

element to said second game machine.

41. The game system as described in claim 35, wherein

said second semiconductor information storage element is
driven by a second driving voltage different from a first driving
voltage for said first semiconductor information storage element,
and

after cartridge insertion, said second game machine
supplies the first driving voltage to the first cartridge and the
second driving voltage to the second cartridge so that the first

and the second cartridges both are selectively usable.

42. A game cartridge used as a second cartridge in a game
system comprising:

a first game machine low in performance;

a first cartridge to be engaged with the first game machine
in a detachable manner;

a second game machine being higher in performance than the
first game machine, and having compatibility with the first game
machine as does accept the first cartridge; and

the second cartridge to be engaged with the second game

machine in a detachable manner, wherein
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said second cartridge comprises:

a housing being almost the same in outer shape as said first
cartridge with at least the same width and depth;

a to-be-detected part formed in said housing for
distinction from said first cartridge;

a second semiconductor information storage element housed
in said housing for fixedly storing game program data for said
second game machine and being accessed by a data width wider than
that of the first semiconductor information storage element
included in said first cartridge;

multiaccess control means for reading the game program data
stored in said second semiconductor information storage element
in a multiplex system; and

a circuit board, wherein

said circuit board has the same number of terminals in the
same alignment formed on one side thereof as in said first
cartridge, and when said second semiconductor information storage
element and said multiaccess control means are mounted thereon,
a desired circuit pattern is so established as to connect among
the terminals, the second semiconductor information storage

element, and the multiaccess control means.

43. The game cartridge as described in claim 42, wherein
data outputted by said second semiconductor information storage

element is larger in number of data bits than data outputted by
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the first semiconductor information storage element included in

said first cartridge.

44, The game cartridge as described in claim 42, wherein
the number of address bits accessing said second semiconductor
information storage element is larger than the number of address
bits accessing said first semiconductor information storage

element.

45. The game cartridge as described in claim 42, wherein
said housing of said second cartridge is structured to be shorter
in height than said first cartridge for said first game machine,
and on one side plane not inserted into said second game machine,
a protrusion is so formed as to protrude at least to one lateral

direction.

46. The game cartridge as described in claim 42, wherein
said multiaccess control means is integrally formed on a chip
together with said second semiconductor information storage
element, and placed in between said@ second semiconductor
information storage element and a terminal part connected to the
plurality of terminals in the circuit pattern of said circuit

board.

47. The game cartridge as described in claim 42, wherein,
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when accessed by processing means included in said second game
machine, said multiaccess control means designates a desired
address of said second semiconductor information storage element
by address data of the address bit larger in number than the address
bit of said fi;st semiconductor information storage element, and
reads data of the designated address by using address terminals
in charge of lower number of bit address data for supply to said

second game machine.

48. The game cartridge as described in claim 42, wherein

said second semiconductor information storage element is
driven by a driv.ing voltage different from that for said first
semiconductor information storage element, and

said circuit board of said second cartridge includes a
power-supply terminal for receiving, from said second game
machine, a voltage supply different from that from said first game

machine.

49. The game cartridge as described in claim 42, wherein
said multiaccess control means comprises address retention means
for retaining an address value, and the address retention means
is so structured as to acquire an address val.ue on a bus responding
to a first signal, and increment déta of said address retention

means responding to a second signal.
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50. A game machine used as a second game machine in a game
system comprising:

a first game machine including a first central processing
unit with low throughput;

a first cartridge to be engaged with the first game machine
in a detachable manner;

the second game machine higher in performance than the first
game machine which is compatible with; and

a second cartridge to be engageable with the second game
machine, wherein

said first cartridge comprises

a first housing, said first housing accommodating

a first semiconductor information storage element fixedly
storing game program data, and being accessible using a first data
width, and

a first circuit board, in a desired circuit pattern, having
a plurality of terminals formed onone side thereof, and the first
semiconductor information storage element mounted thereon,

said second cartridge comprises:

a second housing being almost the same in outer shape as
said first cartridge with at least the same width and depth, and
having a to-be-detected part for distinction from the first
cartridge;

a second semiconductor information storage element for

fixedly storing game program data, and being accessible using a
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second data width wider than said first data width;

a second circuit board, in a desired circuit pattern, having
the same number of terminals in the same alignment formed on one
side thereof as said first circuit board; and

multiaccess control means for reading the game program data
stored in said second semiconductor information storage element
in the multiplex system, said second housin§ accommodating

said second semiconductor information storage element and
the multiaccess control means both mounted on said second circuit
board, and

said game machine comprises:

a connector for establishing electrical connection with
said second cartridge has the same number of terminals in the same
alignment as another connector provided in said first game machine
so that said first cartridge becomes engageable;

a second central processing unit with higher throughput
compared with said first central processing unit;

a third central processing unit capable of carrying out
processing in an equivalent level to said first central processing
unit;

first access control means for accessing said first
cartridge;

second access control means for accessing said second
cartridge in a multiplex system; and

detection means for detecting said to-be-detected part
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provided to said second housing, wherein

when said detection means detects said to-be-detected means,
said second central processing unit and said second access control
means are activated to access said second cartridge, and said
multiaccess control means accesses said second semiconductor
information storage element, and

when said detection means does not detect said to-be-
detected part, said third central processing unit and said first

access control means are activated to access said first cartridge.

51. The game machine as described in claim 50, wherein

said first semiconductor information storage element
outputs data of a first number of data bit, and

said second semiconductor information storage element
outputs data of a second number of data bit being larger than said

first number of data bit.

52. The game machine as described in claim 50, wherein
said first semiconductor information storage element is
accessed by address data of a first number of address bit, and
said second semiconductor information storage element is
accessed by address data of a second number of address bit being

larger than said first number of address bit.
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53. the game machine as described in claim 50, wherein said
second semiconductor information storage element is so selected
as to be driven by a first driving voltage different from a first
driving voltage for said first semiconductor information storage

5 element, and

when said detection means detects said to-be-detected part,
the second driving voltage is supplied to the second cartridge,
and when said detection means does not detect said to-be-detected
part, the first driving voltage is supplied to the first

10 cartridge.
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54. An information processing device substantially as

hereinbefore described with reference to the drawings.

55. A storage device substantially as hereinbefore

described with reference to the accompanying drawings.

56. A game system substantially as hereinbefore

described with reference to the drawings.

57. A cartridge substantially as hereinbefore

described with reference to the drawings.

58. A game machine substantially as hereinbefore

described with reference to the drawings.

DATED this 17th day of February 2004

NINTENDO CO., LTD.

. By its Patent Attorneys

DAVIES COLLISON CAVE
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