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TITLE OF THE INVENTION
ACCESS TO PRINTING MATERIAL CONTAINER
BACKGROUND OF THE INVENTION
Field of the Invention
[0001] The present invention relates to storage devices that are

mutually connected via a bus. More specifically the present invention
pertains to a technique of identifying a desired storage device among a
plurality of storage devices that are connected with one another via a

bus.
Description of the Related Art

[0002] A variety of techniques have been proposed to select a
desired storage device among a plurality of storage devices (memories)
included in a memory module and carry out a writing/reading operation
of data into and from the selected storage device. In a system
including a plurality of storage devices connecting with a data signal
line and a clock signal line via a bus, one practical technique causes
identification information to be stored in advance in each storage
device in some physical way, for example, using a pull-up resistance,
and gains access to the desired storage device based on the
identification information. In this technique, a data array to be
transmitted includes a start bit representing start of the data array and
an end bit representing end of the data array. Access to each storage
device is specified by the combination of the start bit, the end bit, and

the clock signal.

[0003] Another practical technique uses chip select signal lines in
addition to the data signal line and the clock signal line and transmits a
chip select signal to select a desired storage device. This technique

gains access to only a storage device receiving the chip select signal
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among the plurality of storage devices and carries out the

writing/reading operation into and from the accessed storage device.

[0004] The former technique storing the physical identification
information in the storage device, for example, with a pull-up
resistance, however, it is practically impossible to rewrite the
identification information stored in each storage device. This
technique is accordingly not suitable for recycle. The access to each
storage device is specified by the combination of' the start bit, the end
bit, and the clock signal. [n the case of accidental cutoff of the power
supply during the access to the storage device, the writing operation of

data can not be concluded normally.

[0005] The latter technique requires a plurality of chip select signal
lines corresponding to the number of the storage devices. This
undesirably requires the heavy wiring load of the signal lines and
complicates the layout design. Only one chip select signal line is
utilized for access, which worsens the utilization efficiency of the signal

lines.

SUMMARY OF THE INVENTION

[00086] The object of the present invention is thus to provide a
storage device that enables identification data to be readily rewritten
and ensures normal completion of a data writing-operation in a short

time period.

[0007] At least part of the above and the other related objects is
attained by a first applicatioh of the present invention, which is directed
to a printing material container detachably attached to a printing
apparatus having a clock signal line, a data signal line, and a reset
signal line. The printing material container in the first application of

the present invention includes: a reservoir unit that keeps a printing
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material therein; a clock terminal that receives a clock signal sent
via the‘clock signal line of the printing apparatus; a data terminal that
transmits a data signal to and from the data signal line of the printing
apparatus; a reset terminal that receives a reset signal sent via the
reset signal line of the printing apparatus; a storage element having a
plurality of non-volatile storage areas that are sequentially accessed;
and a storage element control unit that is initialized at a first level of
the input reset signal and carries out a writing/reading operation of data
into and from the storage element according to the data signal
synchronously with the input clock signal when the reset signal is

switched over to a second level.

[0008} In the printing material container according to the first
application of the present invention, the writing/reading operation of
data into and from the storage element is performed in response to a
variation in level of the reset signal as the trigger. This arrangement
enables the writingfreading operation of data into and from a desired
printing material container (storage element) among a plurality of '

printing material containers (storage elements).

'[0009] In the printing material container according to the first

application of the invention, it is preferable that data are written into the
storage element bit by bit. This arrangement enables data to be
written quickly. Even when the reset signal is input during a writing'
operation, this arrangement ensures normal completion of the writing

operation of data without causing any abnormal conversion of the data.

[0010] In accordance with one preferable embodiment of the
printing material container in the first application of the invention, the
storage element stores identification information therein. The storage
element control unit includes: a data bus that connects the data

terminal with the storage element; an address counter that increments
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a count thereon synchronously with the clock signal input via the clock
terminal and resets the count to an initial value in fesponse to input of
the reset signal via the reset termfnal; an input-output controller that is
electrically connected with both the storage element and the data bus
and controls a direction of data transfer with regard to the storage
element as well as a direction of data transfer with regard to the data
bus: a comparator that compares printing material container
identification information, which is assigned to the printing material
container for identification thereof and is input via the data bus, with
identification information stored in the storage element to determihe
coincidence or incoincidence of the two pieces of identification
information; and a write/read enable unit that allows the writing/reading
operation of data into and from the storage element according to the
data signal in the case of coincidence of the two pieces of identification

information.

[0011] The above arrangement allows access only to a desired
printing material container (storage device). Especially in a system
including a pluralify of printing material containers, this arrangement
ensures access for a writing or reading operation to a desired printing
material container selected among the plurality of printing material
containers. The writing operation of data into the storage element is
not allowed during the comparison between the identification
information stored in the storage device of the printing material
container and the input identification information to determine
coincidence or incoincidence thereof. This keeps the read only state

of the identification information stored in the storage element.

[0012] In one preferable arrangement of the printing material
container according to the first application of the present invention, the

input-output controller sets the direction of data transfer with regard to
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the storage element to a reading direction and cuts off connection with

the datd bus as initial settings, in response to input of the reset signal.
This arrangement enables the storage element to be set in the read

only state in response to input of the reset signal as the trigger.

[0013} In accordance with one preferable embodiment of the first
application of the present invention, the printing material container
further includes a command decoder that connects with the data bus
and the comparator, analyzes a write/read command inp&t via the data
bus when a result of the determination by the comparator represents
coincidence of the printing material container identification information
with the identification information stored in the storage element, and
requires the input-output controller to switch over the direction of data
transfer with regard to the data bus based on a resuit of the analysis.
The input-output controller keeps the initial settings for the direction of
data transfer with regard to the storage element and the cutoff state of
connection with the data bus until the command decoder completes the

analysis of the write/fread command.

[0014] This embodiment enables data to be written into and read
from the storage device included in a selected printing material
container. This arrangement prohibits the writing/reading operation of
data into and from the storage element until completion of the analysis
of the write/read command. This allows data to be written &t or read

from a specific position in the storage element.

[0015] In accordance with another preferable embodiment
according to the first application of the invention, the printing material
container further includes: a test terminal that connects with a test
mode signal line; and a test mode controller that connects with the test
terminal and detects input of a test mode signal. The storage element

has a specific section between a head position and a predetermined

-
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position of the storage area, where the specific section is subjected to
a writing operation under a predetermined condition and otherwise
stores the identification information in an unrewritable manner. Here
the predetermined condition is detectioh of input of the test mode

signal. This arrangement enables data to be written in the specific

section of the storage element.

[0016] In one preferable application of the above embodiment, the
test mode controller outputs a test mode command to the command
decoder for analysis thereof when detecting the input of the test mode
signal, and prohibits increment of the count on the address counter
until the command decoder completes the analysis of the test mode
command. The command decoder requires the input-output controlier
to carry out a writing operation into the storage element and release of
the data bus after the analysis of the test mode command. The
input-output controlier carries out the writing operation into the storage
element and the release of the data bus in response to the requirement
from the command decoder. |n another preferable application of this
embodiment, the command decoder requires the input-output controller
to carry out a reading operation from the storage element and release
of the data bus after the analysis of the test mode command. The
input-output controller carries out the reading operation from the
storage element and the release of the data bus in response to the

requirement from the command decoder.

[0017] The above arrangement enables activation of the command
decoder without receiving the result of determination representing
coincidence of the two pieces of identification information from the
comparator. The input-output controller carries out the writing/reading
operation of data into and from the storage element, as well as the

release of the data bus. Incrementing the count on the address
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counter is prohibited until the command decoder completes the
analysis of the test mode command. Data can thus be written from the
head position in the storage element. This arrangement allows the
identification information stored in the storage element to be rewritten.
The arrangement of prohibiting increment of the count on the address
counter until the command decoder completes the analysis of the test
mode command also enables data to be read from the head position in

the storage element.

[0018] In the printing material container according to the first
application of the present invention, it is preferable the storage element
has a writable data area, in which data are writable, after a storage
area of the identification information. Data regarding at least a
quantity of the printing material may be written into the writable data
area. It is further preferable that the storage element has a specific
section between a head position and a predetermined position of the
storage area, where the specific section is subjected to a writing
operation under a predetermined condition and otherwise stores the
identification information in an unrewritable manner. This arrangement
enables the specific section between the head position and the

predetermined position tc be used as a read only area.

[0019] A second application of the present invention is a
non-volatile storage device that is detachably attached to a printing
material container and connects with a clock signal line, a data signal
line, and a reset signal line. The storage device in the second
application of the invention includes: a storage element having a
plurality of non-volatile storage areas that are sequentially accessed;
and a storage element control unit that is initialized at a first level of an
input reset signal and carries out a writing/reading operation of data

into and from the storage element according to a data signal
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synchronously with an input clock signal when the reset signal is

switched over to a second level.

[0020] The storage device in the second application of the present
invention exerts the same functions and effects as those of the printing
material container in the first application of the present invention. A
variety of arrangements and embodiments discussed above with regard
to the printing material container in the first application of the invention
are also applicable to the storage device in the second application of

the invention.

[0021] A third application of the present invention is actualized by a
plurality of printing material containers, each including a non-volatile
storage device that is mounted thereon and connects with a control unit
via a bus with a clock terminal, a data terminal, and a reset terminal.
The control unit has a clock signal generatio'n circuit that generates a
clock signal, a reset signal generation circuit that generates a reset
signal, an identification information output circuit that outputs
identification information to identify a desired printing material
container among the plurality of printing material containers, and a data
output circuit that transmits a data array including the output
identification information and a write/read command to a data signal
tine synchronously with the clock signal. Each of the printing material
containers in the third application of the invention includes: a data bus
that connects with the data terminal; a storage element that stores a
different piece of identification information assigned to each printing
material container and has a storage area sequentially accessed; a
comparator that connects with the data bus and compares the
identification information output from the control unit with the
identification information stored in the storage element to determine

coincidence or incoincidence of the two pieces of identification
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information; an input-output controller that is interposed between the
storage: element and the data bus and controls a direction of data
transfer with regard to the storage element as well as a direction of
data transfer with regard to the data bus; and a command decoder that
connects with the data bus and the comparator, analyzes the write/read
command input via the data bus when a result of the determination by
the comparator represents coincidence of the identification information
output from the control unit with the identification information stored in
the storage element, and requires the input-output controller to switch
over the direction of data transfer with regard to the data bus based on

a result of the analysis.

[0022] The arrangement of the third application of the present
invention enables a desired printing material container to be selected
among the plurality of printing material containers without any exclusive
signal line for the selection. The writing operation of data into the
storage element is not allowed during the comparison between the
identification information stored in the storage device and the input
identification information to determine coincidence or incoincidence
thereof. This keeps the read only state of the identification

information stored in the storage element. Data can be written into

and read from only the selected storage device.

[0023] In accordance with one preferable embodiment of the third
application of the present invention, each of the printing material
containers further includes an address counter that increments a
count thereon synchronously with the clock signal input via the clock
terminal to specify a position in the storage area of the storage element
to be accessed, and resets the count to an initial vaiue at a time of
initialization. The input-output controlier sets the direction of data

transfer with regard to the storage element to a reading direction and
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prohibits data transfer with regard to the data bus as initial settings,

and maintains the initial settings until the command decoder completes

the analysis of the write/read command.

[0024] This embodiment ensures the writing/reading operation of
data into and from the storage device included in the selected printing
material container. The writing/reading operation of data into and from
the storage element is prohibited until completion of the analysis of the
writé/read command. This arrangement enables data to be written or

read from a predetermined position in the storage element.

[0025] In the third application of the present invention, it is
preferable that the comparators of the respective storage devices have
common identification information common to all the storage devices.

This arrangement allows selection of all the printing material containers

‘as the desired printing material containers to be accessed.

[0026] In accordance with another preferable embodiment of the
third application of the invention, a power supply compensation circuit
included in the control unit gives compensational power supply to each
of the printing material containers for a predetermined time period after
cutoff of general power supply. The reset signal is generated on at
least either one of an occasion of starting power supply to the control
unit and an occasion of cutoff of the power supply. In the case of
detectioﬁ of input of the reset signal during a writing operation of data,
transmission of the data to the data terminal is terminated immediately
and preferential data is instantly transmitted to the each data terminal
one by one to be completely written in the predetermined time period
when the power supply compensation circuit gives the compensational

power supply.

[0027] Even in the case of accidental cutoff of the power supply,

this arrangement enables the preferential data, for example, data on

10
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the quantity of consumption of ink used as the printing material or on

the remaining quantity of ink, to be completely written in the storage

element.

[0028] In the third application of the present invention, the clock
signal input to the clock terminal may have a longer cycle in the case of
input of a write command than a cycle in the case of output of a read
command. This arrangement ensures a sufficient time period for the
writing operation of data, while shortening the access time to the

storage device.

[0029] In accordance with still another preferable embodiment of
the third application of the invention, the plurality of printing material
containers are mounted on a module substirate wifh a printing material
container detection signal line that is laid thereon to give cascade
connection with each printing material container and have one
grounded end and the other end connecting with the control unit. The
control unit determines whether or not all the printing material
containers are properly mounted on the module substrate, based on a

value of the printing material container detection signal line.

[0030] The embodiment detects proper or improper attachment of
the printing material containers to the module substrate. This
arrangement is adopted, for example, to determine whether or not ink
cartridges for an ink jet printer, which respectively h.ave the storage

devices, are properly attached to an ink cartridge holder.

[0031] In the third application of the present invention, it is
preferable that the control unit determines that all the printing material
containers are mounted properly on the moduie substrate when the
printing material container detection signal line shows a ground
voltage. It is also preferable that the control unit determines that at

least one printing material container is not properly mounted on the

11
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module substrate when the printing material container detection signal

line shows a voltage other than a ground voltage.

[0032] in the third application of the present invention, the storage
element may store a diversity of data regarding a type of the printing
material accommodated in each printing material container. In one
preferable configuration, power supply to each printing material
container is allowed only when the control unit carries out a
writing/reading operation of data. This arrangement ensures the

power supply to the storage device according to the requirements.

[0033] A fourth application of the present invention is actualized by
a plurality of non-volatile storage devices, each connecting with a
control unit via a bus with a clock terminal, a data terminal, and a reset
terminal. The control unit has a clock sighal generation circuit that
generates a clbck signal, a reset signal generation circuit that
generates a reset signal, an identification information output circuit that
outputs identification information to identify a desired storage device
among the plurality of storage devices, and a data output circuit that
transmits a data array including the output identification information
and a write/read command to a data signal line synchronously with the
clock signal. Each of the storage devices in the fourth application of
the invention includes: a data bus that connects with the data terminal;
a storage element that has a storage area sequentially accessed; a
comparator that connects with the data bus and compares the
identification information output via the identification information output
circuit and the data output circuit of the control unit with identification
information stored in the storage element to determine coincidence or
incoincidence of the two pieces of identification information; an
input-output controller that is interposed between the storage element

and the data bus and controls a direction of data transfer with regard to

12
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the storage element as well as a direction of data transfer with regard
to the data bus; and a command decoder that connects with the data
bus and the comparator, analyzes the write/read command input via the
data bus when a result of the determination by the comparator
represents coincidence of the identification information output from the
control unit with the identification information stored in the storage
element, and requires the input-output controller to switch over the
direction of data transfer with regard to the data bus based on a result

of the analysis.

[0034] The storage device in the fourth application of the present
invention exerts the same functions and effects as those of the printing
material container in the third application of the present invention. A
variety of arrangements and embodiments discussed above with regard
to the printing material container in the third application of the invention
are also applicable to the storage device in the fourth application of the

invention.

[0035] The present invention is further directed as its fifth
application to a printing material container detachably attached to a
printing apparatus having a clock signal line, a data signal line, and a
reset signal line. The printing material container in the fifth application
of the invention includes: a reservoir unit that keeps a printing material
therein; a clock terminal connecting with the clock signal line of the
printing apparatus via a bus; a data terminal connecting with the data
signal line of the printing apparatus via the bus: a reset terminal
connecting with the reset signal line of the printing apparatus via the
bus; a storage element that has a non-volatile storage area and is
subjected to a writing/reading operation based on a clock signal input
via the clock terminal and a data signal input and output via the data

terminal; a comparator that compares printing material container

13
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identification information, which is included in the data signal and
assigned to the printing material container for identification thereof,
with identification information stored in advance in the storage element
to determine coincidence or incoincidence of the two pieces of
identification information; and an input-output controller that allows the
writing/reading operation into and from the storage element when the

comparator determines coincidence of the two pieces of identification

information.

[0036] In the printing material container according to the fifth
application of the present invention, the identification information
stored in advance in the storage element is compared with the printing
material container identification information included in the data signal,
for the purpose of determination of coincidence or incoincidence of the
two pieces of identification information. This arrangement enables the
writing/reading operation of data to be carried out with regard to a
desired printing material container (storage element) selected among a

plurality of printing material containers (storage elements).

[0037] In the printing material container according to the fifth
application of the present invention, the identification information may
be stored in the storage element. It is preferable that the input-output
controller allows the writing/reading operation into and from the storage
element only when a reset signal input via the reset terminal satisfies a
predetermined condition. In this arrangement, the writing/reading
operation into and from the storage element is controlled by the reset

signal.

[0038] In the printing material container according to the fifth
application of the present invention, it is preferable that the storage
element is sequentially accessed in synchronism with the clock signal.

It is also preferable that the storage element has information regarding

14
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a quantity of the printing material kept in the printing material container,
and that the identification information is stored at a specific position
accessed prior to the information regarding the quantity of the printing
material. This arrangement enables the identification information to

be read out first.

[0039] In the printing material container according to the fifth
application of the present invention, the predetermined condition may
be that the reset signal input via the reset terminal switches over a
state thereof from a first level to a second level. The writing/reading
operation into and from the storage element can thus be controlled in

response to a variation in level of the reset signal as the trigger.

[0040] The present invention is further directed as its sixth
application to a non-volatile storage device that connects with a clock
signal line, a data signal line, and a reset signal line and is detachably
attached to a printing material container. The storage device in the
sixth application of the present invention includes: a storage element
that has a non-volatile storage area and is subjected to a -
writing/reading operation based on a clock signal input via the clock
signal line and a data signal input and output via the data signal line; a
comparator that compares printing material container identification
information, which is included in the data signal ‘and assigned to the
printing material container for identification thereof, with identification
information stored in advance in the storage element to determine
coincidence or incoincidence of the two pieces of identification
information; and an input-output controller that allows the
writing/reading operation into and from the storage element when the
comparator determines coincidence of the two pieces of identification

information.

[0041] The storage device in the sixth application of the present
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invention exerts the same functions and effects as those of the printing
material container in the fifth application of the present invention. A
variety of arrangements and embodiments discussed above with regard
to the printing material container in the fifth application of the invention
are also applicable to the storage device in the sixth application of the

invention.

[0042] The present invention is further directed as its seventh
application to a storage system including a plurality of printing material
containers and a control unit. Each printing material container has a
non-volatile storage device that connects with a clock signal line, a
data signal line, and a reset signal line via a bus and a reservoir unit
that keeps a printing material therein. The control unit connects with
the storage device included in the printing material container via the
clock signal line, the data signal line, and the reset signal line. The
control unit includes: a clock signal generation circuit that generates a
clock signal; a reset signal generation circuit that generates a reset
signal for initializing the storage device; an identification information
output circuit that outputs identification information to identify a storage
device included in a desired printing material container among the
plurality of printing material containers; and a data output circuit that
transmits a data array including the output identification information
and a write/read-command to the data signal line synchronously with
the clock signal. The storage device included in each printing material
container includes: a data bus that connects with the data signal line; a
storage element that has a storage area sequentially accessed; a
comparator that connects with the data bus and compares the
identification information output from the control unit with identification
information stored in the storage element to determine coincidence or

incoincidence of the two pieces of identification information; an

16
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input-output controller that is interposed between the storage element
and the data bus and controls a direction of data transfer with regard to
the storage element as well as a direction of data transfer with regard
to the data bus; and a command decoder that connects with the data
bus and the comparator, analyzes the write/read command input via the
data bus when a result of the determination by the comparator
represents coincidence of the identification information output from the
control unit with the identification information stored in the storage
element, and requires the input-output controller to switch over the
direction of data transfer with regard to the data bus based on a result

of the analysis.

[0043] The arrangement of the seventh application of the present
invention enables a desired printing material container to be selected
among the plurality of printing material containers without any exclusive
signal line for the selection. The writing operation of data into the
storage element is not allowed during the comparison between the
identification information stored in the storage device and the input
identification information to determine coincidence or incoincidence
thereof. This keeps the read only state of the identification

information stored in the storage element. Data can be written into

and read from only the selected storage device.

[0044] In accordance with one preferable embodiment of the
storage system in the seventh application of the present invention, the
storage device included in each printing material container further
includes an address counter that increments a count thereon
synchronously with the clock signal input via the clock signal line to
specify a position in the storage area of the storage element to be
accessed, and resets the count to an initial value at a time of

initialization. The input-output controller sets the direction of data

17
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transfer with regard to the storage element to a reading direction and
prohibits data transfer with regard to the data bus as initial settings,
and maintains the initial settings until the command decoder completes

the analysis of the write/read command.

[0045] The writing/reading operation of data into and from the
storage element is prohibited until completion of the analysis of the
write/read command. This arrangement enables data to be written or

read from a predetermined position in the storage element.

[0046] In one preferable embodiment of the storage system
according to the seventh application of the present invention, the
control unit causes the reset signal generation circuit to output the
reset signal to the reset signal line. The control unit then causes the
data output circuit to transmit the data array including the identification
information, which is assigned td the storage device included in the
desired printing material container to be accessed, and the write/read
command to the data signal line synchronously with the clock signal, so
as to gain access to the storage device in the desired printing material

container.

[0047] In another preferable embodiment of the storage system
according to the seventh application of the present invention, the
storage device included in each printing material container causes the
address counter to reset the count thereon to the initial value in
response to detection of the reset signal. The storage-device then
causes the comparator to compare the identification information
transmitted to the data bus with the identification information stored in
the storage element to determine coincidence or incoincidence of the
two pieces of identification information. When the result of the
determination by the comparator represents coincidence of the

identification information transmitted to the data bus with the
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identification information stored in the storage element, the storage
device causes the command decoder to analyze the write/read
command transmitted to the data bus, controls the data transfer with
regard to the data bus and the data transfer with regard to the storage
element based on the result of the analysis, and carries out either one
of an operation of writing data at a desired position in the storage
element and an operation of reading data from the storage element.
This arrangement enables the writing/reading ope'ration into and from

the storage element to be controlled by the reset signal.

[0048] In the storage system according to the seventh application
of the present invention, the identification information output circuit of
the control unit may output commeon identification information common
to all the storage devices, and the comparator of each storage device
may store the common identification information therein. This
arrangement ensures selection of all the printing material containers as
the desired printing material containers to be accessed. When there is
any data to be commonly written into the storage devices of all the
printing materiat containers, this arrangement enables data to be
written simultaneously into all the storage devices and thus desirably

shortens the time period required for the writing operation.

[0049] In accordance with one preferable embodiment of the
storage system according to the seventh application of the present
invention, the control unit further comprises a power supply
compensation circuit that gives compensational power supply for a
predetermined time period after cutoff of general power supply. The
reset signal generation circuit included in the control unit generates the
reset signal on at [east either one of an occasion of starting power
supply to the control unit and an occasion of cutoff of the power supply.

In response to detection of the reset signal during a writing operation of
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data, the data output circuit included in the control unit immediately
terminates transmission of the data and instantly transmits preferential
data to be completely written in the predetermined time period when
the power supply compensation circuit gives the compensational power
supply.

[0050] Even in the case of accidental cutoff of the power supply,
this arrangement enables the preferential data, for example, data on
the quantity of consumption of ink used as the printing material .or on
the remaining quantity of ink, to be completely written in the storage

element.

[0051] In the storage system according to the seventh application
of the present invention, it is preferable that the clock signal generation
circuit included in the control unit lengthens a cycle of the clock signal
in the case of output of a write command via the data output circuit
than a cycle in the case of output of a read command. This
arrangement ensures a sufficient time period for the writing operation

of data, while shortening the access time to the storage device.

[0052] In one preferable embodiment of the seventh application of
the present invention, the storage system further includes a module
substrate that has the plurality of storage devices mounted thereon and
a storage device detection signal line laid thereon to give cascade
connection with each storage device and have one grounded end aﬁd
the other end connecting with the control unit. The control unit further
has a storage device detection circuit that determines whether or not all
the storage devices are properly mounted on the module substrate,

based on a value of the storage device detection signal line.

[0053] The embodiment detects proper or improper attachment of
the printing material containers to the module substrate. This

arrangement is adopted, for example, to determine whether or not ink
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cartridges for an ink jet printer, which respectively have the storage

devices, are properly attached to an ink cartridge holder.

[0054] In the storage system according to the seventh application
of the present invention, it is preferable that the storage device
detection circuit included in the control unit determines that all the
storage devices are mounted properly on the module substrate when

the storage device detection signal line shows a ground voltage.

[0055] In the storage system according to the seventh application
of the present invention, it is also preferable the storage device
detection circuit included in the control unit determines that at ieast one
storage device is not properly mounted on the module substrate when
the storage device detection signal line shows a voltage other than a

ground voltage.

[0056] In the storage system according to the seventh application
of the present invention, the storage device may store a diversity of
data regarding a type of the printing material accommodated in each
printing material container. This arrangement enables a proper piece
of information to be written into a specific ink cartridge selected among
a plurality of ink cartridges set in a printer. It is also preferable that
power supply to each storage device is allowed only when the control
unit carries out a writing/reading operation of data into and from the
storag-e device. This arrangement ensures the power supply to the

storage device according to the requirements.

[0057] In the storage system according to the seventh application
of the present invention, it is further preferable that the storage element
included in each storage device has a specific section between a head
position and a predetermined position of the storage area, the specific
section being subjected to é writing operation under a predetermined

condition and otherwise storing the identification information in an
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unrewritable manner. This arrangement enables the specific section
between the head position and the predetermined position to be used
as a read only area. In the storage system according to the seventh
application of the present invention, the clock signal line, the data
signal line, and the reset signal line may be included in a flexible cable.
In this arrangement, the bus connection can reduce the number of
signal lines in the flexible cable, and thus an affection of an elastic

forces caused by the flexible cable can be prevented or reduced.

[0058] In eighth application of the present invention is a method of
gaining access to a storage device attached to a desired printing
material container among a plurality of printing material containers,
wherein each printing material container has a non-volatile storage
device that connects with a clock signal line, a data signal line, and a
reset signal line via a bus and stores proper identification information
therein. The method in the eighth application of the present invention
includes the steps of: outputting a reset signal to the reset signal line;
and transmitting a data array including identification information, which
is assigned to the storage device included in the desired printing
material container to be accessed, and a write/read command to the

data signal line synchronously with a clock signal.

[0059] The method in the eighth application of the present
invention enables selection of a desired printing material container
without any exclusive signal line for the selection, since the proper

identification information is stored in the storage device.

[0060] The present invention is also directed as its ninth application
to a method of processing an access requirement in a storage device
attached to a printing material container. The printing material
container has a storage device including a storage element, which has

a storage area sequentially accessed and a specific section between a
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head position and a predetermined position of the storage area to store
identification information therein. The storage device“shares a clock
bus that is connected to a clock signal line, a data bus that is
connected to a data signal line, and a reset bus that is connected to a
reset signal line with a storage device included in another printing
material container. The method in the ninth application of the present
invention includes the steps of: resetting a count on an address counter
to an initial value in response to detection of a reset signal on the reset
bus; comparing identification information transmitted to the data bus
with the identification information stored in the storage element to
determine coincidence or incoincidence of the two pieces of
identification information; when the result of the determination
represents coincidence of the identification information transmitted to
the data bus with the identification information stored in the storage
element, analyzing a write/read command transmitted to the data bus:
controlling data transfer with regard to the data bus and data transfer
with regard to the storage element based on the result of the analysis;
and carrying out either one of an operation of writing data at a desired
position in the storage element and an operation of reading data from

the storage element, based on the count on the address counter.

[0061] The method in the ninth application of the present invention
enables selection of a desired printing material container without any -
exclusive signal line for the selection, since the proper identification

information is stored in the storage element of the storage device.

[0062] In a printing material container having a non-volatile storage
device, which includes a storage element sequentially accessed, a
tenth application of the present invention is a method of storing
identification information in a specific section located between a head

position and a predetermined position of a storage area in the storage
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element. The method in the tenth application of the present invention
includes the steps of: resetting a count on an address counter to an

initial value and prohibiting increment of the count synchronously with a

.clock signal, in response to detection of a reset signal, setting a

direction of data transfer with regard to a data bus to a writing direction
and a direction of data transfer with regard to the storage element to a
writing direction, in response to a write command transmitted to the
data bus; allowing increment of the count on the addréss counter
synchronously with the clock signal after completion of the settings of
the directions of data transfer; and writing the identification information
between the head position and the predetermined position of the
storage area in the storage element and subsequently writing data into

the storage area according to the count on the address counter.

[0063] This arrangement enables identification information and
other data to be written in the test mode. The identification

information can be written from the head position of the storage area.

[0064] In a printing material container having a non-volatile storage
device, which includes a storage element sequentially accessed, an
eleventh application of the present invention is a method of reading
data stored in a storage area of the storage element from a head
position of the storage area. The method in the eleventh application
of the present invention includes the steps of: resetting a'count on an
address counter to an initial value and prohibiting increment of the
count synchronously with a clock signal, in response to detection of a
reset signal; setting a direction of data transfer with regard to a data
bus to a reading direction and a direction of data transfer with regard to
the storage element to a reading direction, in response to a read
command transmitted to the data bus; allowing increment of the count

on the address counter synchronously with the clock signal after
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completion of the settings of the directions of data transfer; and reading
data stored in the storage area of the storage element from the head
position of the storage area according to the count on the address

counter. This arrangement enables data to be read out in the test

mode.

[0065] In a printing material container having a non-volatile storage
device, which includes a storage element sequentially accessed, a
twelfth application of the presént invention is a method of storing
identification information in a specific section located between a head
position and a predetermined position of a storage area in the storage
element. The method in the twelfth application of the present
invention includes the steps of: carrying out retrieval to find a piece of
identification information that coincides with the identification
information stored in the storage element of the storage device; when
the piece of identification information that coincides with the
identification information stored in the storage element is found,
transmitting the piece of identification information and a write command
to the storage device; transmitting a data array to the storage device,
the data array including the identification information after data
corresponding to an end position of the storage area in the storage
element of the storage device; and writing data up to the end position
of the storage area in the storage-element and subsequently writing the
identification information from the head position to the predetermined
position of the storage area in the storage element, according to a

count on an address counter.

[0066] Even when the identification information stored in the
storage device attached to the printing material container is unknown,
the method according to the twelfth application of the present invention

enables the identification information stored in the storage device to be
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found and written in the specific section between the head position and
the predetermined position of the storage area in the storage element.
In the case of recycle of the printing material container, this
arrangément enables new pieces of identification information and data
to be readily written into the storage device. This enhances the

recycle of the storage device.

[0067] Any of the methods according to the eighth to the twelfth
applications of the present invention discussed above may be applied
to a set of printing material containers, each having a storage device

that stores a different piece of identification information therein.

[0068] The methods according to the eighth to the twelfth
applications of the present invention discussed above may be applied
to the storage device, instead of the printing material container. Such

application ensures the same functions and effects.

[0069] The present invention is also directed as its thirteenth
application to a non-volatile storage device that connects with a clock
signal line, a data signal line, and a reset signal line and is initialized in
response to a reset signal input via the reset signal line. The storage
device in the thirteenth application of the present invention includes a
storage element, which has a storage area sequentially accessed and a
specific section between a head position and a predetermined position
of the storage area. The specific section is subjected to a writing -
operation under a predetermined condition and otherwise stores

identification information in an unrewritable manner.

[0070] In the storage device according to the thirteenth application
of the present invention, the storage element has the specific section
that is subjected to a writing operation under a predetermined condition
and otherwise stores identification information in an unrewritable

manner. This arrangement enables selection of a desired storage
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device without any exclusive signal line for the selection. The
identification information is stored in the unrewritable manner. The
writing operation is, however, allowed under the predetermined
condition in the specific.section where the identification information is

stored. The identification information can thus be rewritten easily.

[0071] The present invention provides a printing material container
detachably attached to a printing apparatus. The printing material
container comprises a reservoir unit that keeps a printing material
therein, and a storage element. The storage element has a storage
area of an identification information, and a writable data area, in which
data are writable, after the storage area of the identification
information. Data regarding at least a quantity of the printing material
may be written into the writable data area. This arrangement is
abplicable to not only a three signal line system but also a two signal

line system.

BRIEF DESCRIPTION OF THE DRAWINGS

[0072]

Fig. 1 iliustrates the configuration of a storage system including
a plurality of storage devices and a host computer in a first

embodiment of the present invention;

Fig. 2 shows a data array transmitted from the host computer in

a normal mode as an example;

Fig. 3 shows a data array transmitted from the host computer in a test

mode as an example;

Fig. 4 is a block diagram illustrating the internal circuit structure

of the storage device in the first embodiment:

Fig. 5 is a flowchart showing a processing routine executed by

the host computer, which gains access to the storage devices;
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Fig. 6 is a flowchart showing a processing routine executed by
the respective circuit structures of the storage devices when being

accessed by the host computer;

Fig. 7 is a timing chart showing a time-based relationship
among the reset signal RST, the clock signal SCK, the data signal SDA,

and the count on the address counter at the time of reading data;

Fig. 8 is a timing chart showing a time-based relationship
among the reset signal RST, the clock signal SCK, the data signal SDA,

and the count on the address counter at the time of writing data;

Fig. 9 illustrates the configuration of a storage system including
a plurality of storage devices and a host computer in a second

embodiment of the present invention;

Fig. 10 is'a block diagram illustrating the internal circuit

structure of the storage device in the second embodiment;

Fig. 11 is a flowchart showing a routine of writing process in the

test mode in a third embodiment of the present invention;

Fig. 12 shows one example of connection between a host
computer for testing and a storage device to actualize the writing

process in the test mode in the third embodiment;

Fig. 13 is a flowchart showing a routine of writing_process in the

test mode in a fourth embodiment of the present invention;

Fig. 14 shows one example of connection between the host
computer for testing and a storage device to actualize the writing

process in the test mode in the fourth embodiment;

Fig. 15 shows one application of the storage devices to ink

cartridges; and

Fig. 16 schematically illustrates the internal structure of an ink
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jet printer as an example, to which any of the storage systems of the

above embodiments is applicable.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0073] Some embodiments of the present invention constructed
as storage systems including storage devices according to the present
invention are discussed below in the following sequence by referring to

drawings:

A. Configuration of Storage System in First Embodiment
B. Structure of Storage Device iln First Embodiment

C. Operations of Storage System in First Embodiment

D. Configuration of Storage System and Structure of Storage Device in

Second Embodiment

E. Process of Writing Identification Data into Storage Device in Test

Mode (in factory Setting Process) in Third Embodiment

F. Process of Writing Identification Data into Storage Device in Test

Mode (in factory Setting Process) in Fourth Embodiment
A. Configuration of Storage Systemﬂin First Embodiment

[0074] The schematic structure of a storage system in a first
embodiment of the present invention is di_scussed below with reference
to Fig. 1. Fig. 1 illustrates the configuration of a storage system
including a plurality of storage devices and a host computer in the first

embodiment of the present invention.

[0075] The storage system of this embodiment includes a host
computer 10 and five storage devices 20, 21, 22, 23, and 24, which are
mounted on a memory module substrate 200 and are under access
control of the host computer 10. The storage devices 20, 21, 22, 23,

and 24 are respectively provided in five color ink cartridges C1, C2, C3,
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C4, and C5 for an ink jet printer as shown in Fig. 15. The five color
ink cartridges C1, C2, C3, CA_,, and C5 keep five different color inks
therein; for example, cyan, light cyan, magenta, light magenta, and
yellow. An EEPROM that keeps the contents of storage in a
non-volatile manner and makes the contents of storage rewritable is

applied for each of the storage devices in this embodiment.

[0076] Although only the storage devices 20, 21, 22, 23, and 24 are
ilustrated in Fig. 1 for the simplicity of explanation, the storage devices
20, 21, 22, 23, and 24 of this embodiment are actually incorporated in
the ink cartridges C1, C2, C3, C4, and C5 as mentioned previously.

[0077] Data signal terminals DT, clock signal terminals CT, and
reset signal terminals RT of the storage devices 20, 21, 22, 23, and 24
are connected respectively via a data bus DB, a clock bus CB, and a
reset bus RB (see Fig. 4). The host computer 10 is connected with
the data bus DB, the clock bus CB, and the reset bus RB via a data
signal line DL, a clock signal line CL, and a reset signal line RL,
respectively. These signal lines may be actualized by, for example, a
flexible feed cable (FFC). A power supply positive electrode terminal
VDDH of the host computer 10 is connected to power supply positive
electrode terminals VDDM of the respective storage devices 20, 21, 22,

23, and 24 via a power supply line VDL. A power supply negative

" electrode signal line VSL is laid on the memory module substrate 200

to serially connect power supply negative electrode terminals VSS of
the respective storage devices 20, 21, 22, 23, and 24. One end of the
power supply negative electrode signal line VSL is grounded, whereas
the other end is connected to a cartridge out detection terminal COT of

the host computer 10 via a cartridge out signal line COL.

[0078] The host computer 10 is a controller including a clock signal

generation circuit, a reset signal generation circuit, a power supply
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monitor circuit, a power supply circuit, a power supply compensation
circuit, ‘a data storage circuit, and a control circuit for controlling the
preceding circuits (not shown). The host computer 10 controls access
to the storage devices 20, 21, 22, 23, and 24. The host computer 10,
which is incorporated in, for example, the main body of the ink jet
printer, obtains data regarding the quantity of ink consumption and the

attachment time of each ink cartridge and stores such data in the data

storage circuit.

[0079] The control circuit of the host computer 10 gains access to
the storage devices 20, 21, 22, 23, and 24 at the time of power supply
to the ink jet printer, on the occasion of replacement of an ink cartridge,
at the time of completing a print job, and at the time of cutting off the
power supply to the ink jet printer. When gaining access to the
storage devices 20, 21, 22, 23, and 24, the control circuit of the host
computer 10 requires the reset signal generation circuit to generate a
reset signal RST. This arrangement ensures generation of the reset
signal RST even in the case of blackout or an accidental pullout of a
power plug. The power supply compensation circuit of the host
computer 10 ensures additional power supply for a predetermined time
period (for example, 0.3 seconds) in the case of cutoff of the power
supply. Even when the power supply is suddenly cut off, for example,
due to blackout or the accidental pullout of the power plug, in the
course of writing data, such compensation enables writing of
preferential data to be completed in the predetermined time period. A
capacitor is, for example, applied for the power supply compensation

circuit.

[o080] The control circuit of the host computer 10 controls the
power supply circuit to regulate the output of positive power supply.

The host computer 10 of this embodiment does not continuously supply
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the power to the respective storage devices 20, 21, 22, 23, and 24 but
supplies the positive power to the storage devices 20, 21, 22, 23, and

24 only in response to requirement of access to the storage devices 20,

21, 22, 23, and 24.

[0081] Data arrays transmitted from the host computer 10 are
discussed with referring to Figs. 2 and 3. Fig. 2 shows a data array
transmitted from the host computer 10 in a normal mode as an
example. Fig. 3 shows a data array transmitted from the host

computer 10 in a test mode as an example.

[0082] The data array transmitted from the host computer 10 in the
normal mode includes a 3-bit identification data section, a 1-bit
write/read command section, and a 1-bit to 252-bit write/read data
section as shown in Fig. 2. The data array transmitted from the host
computer 10 in the test mode section includes a 1-bit write/read
command section and a 1-bit to 255-bit write data section as shown in
Fig. 3. The first 3 bits from the head of the write data section are

allocated to the identification data.

[0083] The clock signal generation circuit of the host computer 10
generates a clock signal SCK, for example, at intervals of 4 us in the
case of reading data from the storage devices 20, 21, 22, and 23 and
at intervals of 3 ms in the case of writing data into the storage devices
20, 21, 22, and 23.

B. Structure of Storage Device in First Embodimént

[0084] The internal structure of each of the storage devices 20, 21,
22, 23, and 24 is discussed below with referring to Fig. 4. Fig. 4 is a
block diagram illustrating the internal circuit structure of the storage
device 20. The storage devices 20, 21, 22, 23, and 24 have identical

internal structures, except identification data (identification information)
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and proper data stored therein. The following description thus regards

the internal structure of the storage device 20 as a typical example.

[0085] The storage device 20 includes a memory array 201, an
address counter 202, an ID comparator 203, an operation code decoder

204, an 1/0O controller 205, and a factory setting unit 206.

[0086] The memory array 201 has a storage area of a preset
capacity, for example 256 bits. The storage area of 3 bits from the
head is assigned to identification data, and the 4™ bit from the head is
set as an invalid storage area. As mentioned above, the identification
data is registered in the first 3 bits from the head of the data array
transmitted from the host computer 10 in the normal mode. The 4™ bit
from the head is allocated to a write/read command. Data are
accordingly written in the storage area at and after the 5" bit from the
head. Such structure of the storage area in the memory array 201
assigns the first 4 bits to a read only storage area. In the memory
array 201, the 5% bit from the head starts the storage area in which
preferential data, for example, the quantity of ink consumption or the
remaining quantity of ink, is written. Even in the case where the
power supply is accidentally cut off by some cause other than a normal
operation of a power switch, this arrangement enables the preferential
data to be completely written into the memory array 201 in the
predetermined time period when the power supply compensation circuit

gives the compensational power supply.

[0087] The address counter 202 is connected with the memory
array 201 and increments its count synchronously with the clock signal
SCK supplied via the factory setting unit 206. The count is related to
the position (address) in the storage area of the memory array 201.
The writing position or the reading position in the memory array 201

may be specified by the count on the address counter 202. The
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address counter 202 is also connected to the reset signal terminal RT
and resets its count to an initial value in response to input of the reset
signal RST. The initial value may be any value related to the head

position of the memory array 201, and is generally set equal to 0.

[0088] The |ID comparator 203 is connected with the clock signal
terminal CT, the data signal terminal DT, and the reset signal terminal
RT and compares the identification data inc‘luded in the data array input
via the data signal terminal DT with the identification data stored in the
memory array 201 to determine coincidence or incoincidence thereof.

In accordance with a concrete procedure, the |D comparator 203
obtains the 3-bit identification data input after the reset signal RST.

The |D comparator 203 has a 3-bit register (not shown) for storing the
identification data included in the data array and another 3-bit register
(not shown) for storing the identification data obtained from the memory
array 201 via the I/D controller 205. Coincidence or incoincidence of
the two identification data is determined, based on the coincidence or
incoincidence of the values in the two 3-bit registers. In the case of
coincidence of the two identification data, the ID comparator 203
transmits an access enable signal EN to the operation code decoder
204. The ID comparator 203 clears the values in the registers in
response fo input of the reset signal RST. Common identification data,
for example, (1,1,1) in this embodiment, is stored in the ID comparators
203 of all the storage devices 20, 21, 22, 23, and 24. The presence of
the common identification data in the |D comparators of all the storage
devices 20, 21, 22, 23, and 24 enables common data to be
simultaneously written into the respective storage devices 20, 21, 22,
23, and 24.

[0089] The operation code decoder 204 is connected with the /0

controller 205, the clock signal terminal CT, and the data signal
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terminal DT and acquires the write/read command input as the 4™ bit
data after the reset signal RST. In response to input of the access
enable signal EN, the operation code decoder 204 analyzes the
acquired write/read command and outputs a writing requirement or a
reading requirement to the 1/O controller 205. The operation code
decoder 204 is also connected with the factory setting unit 206 and
transmits an analysis termination notice to the factory setting unit 206

on completion of analysis of the write/read command in the test mode.

[0090] The I/O controller 205 is connected with the data signal
terminal DT and the memory array 201 and changes over the direction
of data transfer with regard to the memory array 201 and the direction
of data transfer with regard to the data signal terminal DT (that is, the
direction of data transfer on the signal line connecting with the data
signal terminal DT). The /O controller 205 is alsé connected with the
reset signal terminal RT and receives the reset signal RST. The I/O
controller 205 has a first buffer memory (not shown) for temporarily
storing data read from the memory array 201 and data to be written into
the memory array 201, as well as a second buffer memory (not shown)
for temporarily storing data transmitted from the data bus DB and data
to be transmitted to the data bus DB. |

[0091] The 1/O controller 205 is initialized by the input of the reset
signal RST. "At'the time of initialization, the 1/O controller 205 sets the
direction of data transfer with regard to the memory array 201 to the
reading direction and outputs a high impedance to the signal line
connecting with the data signal terminal DT, so as to prohibit the data
transfer with regard to the data signal terminal DT. The state of the
initialization is maintained until input of a writing requirement or a
reading requirement from the operation code decoder 204. The first

4-bit data in the data array input via the data signal terminal DT after
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the reset signal RST is thus not written into the memory array 201.
The data stored in the first 4 bits (invalid data at the 4" bit) of the
memory array 201 is, on the other hand, transmitted to the 1D
comparator 203. The first 4 bits in the memory array 201 is

accordingly set in the read only state.

[0092] The factory setting unit 206 is connected with a test signal
terminal TT, the clock signal terminal CT, and the data signal terminal
DT, and cal;ries out a predetermined series of processing in the test
mode in response to input of a test signal. The factory setting unit 206
transfers the input clock signal SCK to the address counter 202 in the
case of no input of the test signal. In the case of input of the test
signal, on the other hand, the factory setting unit 206 does not transfer
the input clock signal SCK to the address counter 202 until receiving
the analysis termination notice sent from the operation code decoder
204. The factory setting unit 206 sends a test mode command to the
operation code decoder 204. A pull-down resistance is connected to
the test signal terminal TT, which is set in the inactive state in the

normal mode.
C. Operations of Storage System in First Embodiment

[0093] The following describes the operations of the storage
system in this embodiment with referring to Figs. 5 through 8. Fig. 5 is
a flowchart sho-wing a processing routine executed by the host
computer 10, which gains access to the storage devices. 20, 21, 22, 23,
and 24. Fig. 6 is a flowchart showing a processing routine executed
by the respective circuit structures of the storage devices 20, 21, 22,
23, and 24 when being accessed by the host computer 10. Fig. 7 is a
timing chart showing a time-based relationship among the reset signal
RST, the clock signal SCK, the data signal SDA, and the count on the
address counter at the time of reading data. Fig. 8 is a timing chart
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showing a time-based relationship among the reset signal RST, the
clock signal SCK, the data signal SDA, and the count on the address

counter at the time of writing data.

[0094] The control circuit of the host computer 10 stands by until an
input value CO of the cartridge out signal line COL is set equal to 0 at
step S100 (as long as the decision point S100 gives negative answer).
In the case where all ink cartridges are properly held in an ink cartridge
holder, the power supply negative electrode signal line VSL is serially
connected and grounded. In this case, the input value CO of the
cartridge out signal line COL shows the ground voltage (for example,
about 0 voit). In the event that even one ink cartridge is not properly
held in the ink cartridge holder, on the other hand, the power supply
negative electrode signal line VSL is not serially connected nor
grounded. The value corresponding to the circuit voltage of the
control circuit thus appears on the cartridge out signal line COL. The
procedure of the embodiment carries out binarization on the basis of a
predetermined threshold value, in order to eliminate adverse effects of
noise. The input value CO of the cartridge out signal line COL is

accordingly either 0 or 1.

[0095] When the input value CO of the cartridge out signal line COL
is set equal to 0 (that is, in the case of affirmative answer at step
$100), the control circuit of the host computer 10 supplies the power
source voltage to the power supply positive electrode terminals VDDM
of the storage devices 20, 21, 22, 23, and 24 via the power supply line
VDL (VDD=1), causes the reset signal generation circuit to generate
the reset signal RST at its low level (that is, to set RST =0), and
transmits the reset signal RST =0 to the reset bus RB via the reset
signal line RL at step S110 as shown in Figs. 7 and 8. Unless all the

ink cartridges are properly held in the ink cartridge holder, the power
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source voltage is not supplied to the storage devices 20, 21, 22, 23,
and 24: The reset signal RST is active at its low level. The
terminology 'to generate or input the reset signal RST' in the
specification hereof represents generation-or input of the reset signal

RST in its low level, unless otherwise specified.

[0096] The control circuit of the host computer 10 subsequently
causes the reset signal generation circuit to generate the reset signal
RST at its high level (that is, to set RST =1) at step $S120 as shown in
Figs. 7 and 8. The control circuit of the host computer 10 then outputs
identification data (hereinafter may be referred to as ID data) of an ink
cartridge to be accessed (corresponding to one of the storage devices
20, 21, 22, 23, and 24) at step S130. The output ID data is
transmitted to the data bus DB via the data signal line DL
synchronously with rising edges of the clock signal SCK as shown in
Figs. 7 and 8. The control circuit of the host computer 10 compares
the output ID data with (1,1,1) at step S140. As mentioned previously,
(1,1,1) is the common identification data stored in advance in the ID
comparators of all the storage devices 20, 21, 22, 23, and 24. In the
case of the output ID data =(1,1,1), data can be written simultaneously
into all the storage devices 20, 21, 22, 23, and 24.

{0097] When it is determined that the output ID data is equal to
(1,1,1) (that is, in the case of affirmative answer at step S140), the
control circuit of the host computer 10 outputs a write command at step
S150. The output write command is transmitted to the data bus DB
via the data signal line DL synchronously with a 4" rising edge of the
clock signal SCK after the switchover of the reset signal RST from the
fow level to the high level as shown in Figs. 7 and 8. The control
circuit of the host computer 10 subsequently requires the clock signal

generation circuit to lower the rate of the clock signal SCK, that is, to
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extend the cycle of the clock signal SCK at step S160. The time
period required for writing data into the EEPROM is, for example, about
3 ms, whereas the time period required for reading data from the
EEPROM is, for example, about 4 us. This means that the time period
required for writing data is approximately 1000 times the time period
required for reading. The procedure of this embodiment gains access
to the storage devices 20, 21, 22, 23, and 24 at the higher clock signal
rate until output of the write command. The procedure lowers the
clock signal rate at the time of writing data. This arrangement
advantageously shortens the access time while ensuring proper data

writing.

[0098] When it is determined that the output ID data is not equal to
(1,1,1) (that is, in the case of negative answer at step S140), on the
other hand, the control circuit of the host computer 10 outputs either a
read command or a write command at step S170. The output
command is transmitted to the data bus DB via the data signal line DL.
In the case of outputting the write command at step S170, the control
circuit of the host computer 10 lowers the rate of the clock signal SCK
at step S160. In the case of outputting the read command at step
S170, on the contrary, the current rate of the clock signal SCK is kept

unchanged.

[0099] The control circuit of the host computer 10 outputs a specific
number of pulses of the clock signal SCK, which corresponds to a
desired address (position) in the memory array 201 for data writing, at
step S180. The storage device 20 of this embodiment is a sequential
access type. The control circuit is thus required to output the number
of pulses of the clock signal SCK corresponding to the desired address
for data writing, and increments the count on the address counter 202

to a value corresponding to the desired address. The control circuit of
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the host computer 10 lastly causes the reset signal generation circuit to
generate the reset signal RST at its low level (that is, to set RST =0)
and transmits the reset signal RST =0 to the reset bus RB via the reset
signal line RL, so as to terminate the access to the storage devices 20,
21, 22, 23, and 24 at step S190. The access is terminated by output
of the reset signal RST =0 (that is, the reset low signal). The reset
signal RST is also output in the case of cutoff of the power supply.
Even when the power supply is suddenly cut off in the course of writing
data, this arrangement enables the writing process to be normally
concluded with regard to at least the data that have already been

written.

[0100] The following describes a series of processing executed by
the respective circuit structures of the storage devices 20, 21, 22, 23,
and 24 when being accessed by the host computer 10, with reference
to Fig. 6. The discussion regards the storage device 20 as a typical

example,

[0101] The factory setting unit 206 of the storage device 20 first
determines whether there is an input of the test signal (TEST =1) or no
input (TEST =0) at step S200. When the factory setting unit 206
determines that there is an input of the test signal (that is, in the case
of negative answer at step S200), a factory setting process discussed

later is carried out.

[0102] When the factory setting unit 206 determines- that there is no
input of the test signal (that is, in the case of affirmative answer at step
S§200), the respective constituents of the storage unit 20 are actuated
and operated in response to the diverse signals sent from the host
computer 10. The operations of the storage device 20 at the output
timings of the signals from the host computer 10 are discussed below

with referring to Figs. 7 and 8.
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[0103] in response to input of the reset low signal to the reset bus
RB, the address counter 202 resets its count to the initial value (0) at
step S210. The ID comparator 203 and the I/O controller 205 are also
initialized. In accordance with a concrete procedure, the 1D

comparator 203 clears its two internal registers. The I/O controller

205 sets the direction of data transfer with regard to the memory array
201 to the reading direction and outputs the high impedance to the
signal line connecting with the data signal terminal DT to prohibit the

data transfer.

[0104] As described previously, the host computer 10 transmits a
diversity of data synchronously with rising edges of the clock signal
SCK after the switchover of the reset signal RST from the low level to
the high level. The address counter 202 increments its count one by
one from the initial value synchronously with rising edges of the clock
signal SCK after the switchover of the reset signal RST from the low

level to the high level.

[0105] The ID comparator 203 obtains 3-bit ID data, that is, data
transmitted to the data bus DB synchronously with three rising edges of
the clock signal SCK after the switchover of the reset signal RST from
the low level to the high level, and stores the 3-bit ID data into the first
3-bit register at step S220a. Simultaneously the ID comparator 203
obtains 3-bit ID data stored in the memory array 201, that is, data at
specific addresses of the memory array 201 specified by counts '00',
'01', and '02' on the address counter 202, and stores the ID data into
the second 3-bit register at step S220b.

[0106] The ID comparator 203 then compares the 3-bit [D data
stored in the first register with the 3-bit ID data stored in the second
register at step S230 to determine coincidence or incoincidence

thereof. The ID comparator 203 also compares the common |D data
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stored in advance with the ID data stored in the first register to
determine coincidence or incoincidence thereof. When the ID
comparator 203 determines incoincidence of the ID data (that is, in the
case of negative'answer at step S230), the host computer 10 is not
allowed to access the memory array 201. This concludes the series of
processing to gain access to the storage device 20. In this case,

access is allowed to one of the other storage devices 21, 22, 23, and
24,

[0107] In the case of coincidence of the ID data (that is, in the case
of affirmative answer at step S230), the ID comparator 203 transmits
the access enable signal EN to the operation code decoder 204. In
this case, the host computer 10 is allowed to access the memory array
201 of only the storage device 20 among the plurality of storage
devices 20, 21, 22, 23, and 24. In the case of the ID data =(1,1,1), the
host computer 10 is allowed to access the memory arrays 201 of all the
storage devices 20, 21, 22, 23, and 24. The operation code decoder
204 receiving the access enable signal EN obtains a write/read
command, which is transmitted to the data bus DB synchronously with
the 4" rising edge of the clock signal SCK after the switchover of the
reset signat RST from the low level to the high level, and determines
whether the obtained command is the write command or the read

command at step S240.

[0108] In the case of the write command (that is, in the case of
affirmative answer at step S240), the operation code decoder 204
transmits the write command to the 1/O controller 205. The I/O
controller 205 receiving the write command changes the direction of
data transfer with regard to the memory array 201 to the writing
direction and cancels the high impedance setting on the signal line

connecting with the data signal terminal DT, so as to allow the data
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transfer at step $250. [n this state, data transmitted to the data bus
DB are sequentially written bit by bit at specific addresses (positions) in
the memory array 201, which are specified by the count on the address
counter 202 that is successively incremented synchronously with the
rising edges of the clock signal SCK. The storage device 20 of this
embodiment is accessed sequentially in this manner. The data
transmitted from the host computer 10 accordingly have identical
values (0 or 1) with the data currently stored in the memory array 201,
except the data corresponding to addresses that require rewriting.
Namely the data at the addresses in the memory array 201 that do not

require rewiring are overwritten by the same values.

[0109] In the case of the read command (that is, in the case of
negative answer at step S240), the operation code decoder 204
transmits the read command to the I/O controller 205. The I/O
controller 205 receiving the read command changes the direction of
data transfer with regard to the memory array 201 to the reading
direction and cancels the high impedance setting on the signal line
connecting with the data signal terminal DT, so as to allow the data
transfer at step $260. In this state, data stored in the memory array
201 are sequentially read bit by bit from specific addresses (positions)
in the memory array 201, which are specified by the count on the
address counter 202 that is successively incremented synchronously
with the rising edges of the clock signal SCK, and successively
overwrite the contents of the first buffer memory in the 1/0O controller
205.

[0110] Only the data at the last addresses (the data at the
addresses specified by the host computer 10) are eventually kept in the
second buffer memory of the 1/O controller 205. The data kept in the

second buffer memory are transmitted to the data bus DB via the data
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signal line DT and transferred to the host computer 10 by the function

of the /O controllel_' 205.

[0111] In response to re-input of the reset low signal, the address
counter 202, the ID comparator 203, and the 1/0 controller 205 are
initialized, and the data writing or reading process is terminated. The
reading data or the writing data is established by the bit unit, and the
re-input of the reset low signal is not required to establish the data.
As mentioned previously, the reset signaf RST is also output on the
occasion of cutoff of power supply. Even when the power supply is
accidentally cut off in the course of writing data, this arrangement
enables the writing process to be normally concluded with regard to the
data that have already been written. Data are written bit by bit in the
procedure of this embodiment. There is accordingly no problem of

abnormal conversion of data that have already been written.

[0112] In the case of cutoff of the power supply, the reset signal
RST is output, and the power supply compensation circuit gives the
compensational power supply for a predetermined time period when
preferential data, such as the remaining quantity of ink or the quantity

of ink consumption, is written first. That is, when the reset signal RST

is output, the writing process, which is currently carrying, is interrupted.

After interrupting the writing process, the first preferential data is
written in the storage devices 20, 21, 22, 23 and 24, respectively, and
then the second preferential data is written in the storage devices 20,
21, 22, 23 and 24, respectively. In the case where the writing
operation is required for the plurality of storage devices 20, 21, 22, 23,

and 24, this arrangement enables the preferential data to be properly

and completely written in all the storage devices 20, 21, 22, 23, and 24.

{0113] . Configuration of Storage System and Structure of Storage

Device in Second Embodiment
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[0114] The following discussion regards the configuration of a
storage:system and the internal structure of a storage device in a
second embodiment of the present invention with referring to Figs. 9
and 10. Fig. 9 illustrates the configuration of a storage system
including a plurality of storage devices and a host computer in the
second embodiment of the present invention. Fig. 10 is a block
diagram illustrating the internal circuit structure of the storage device in

the second embodiment.

[0115] The storage system of the second embodiment is
characterized by that each of storage devices 40, 41, 42, 43, and 44
included in the storage system does not have a test signal terminal TT
for the test mode. The other constituents of the storage system of the
second embodiment, which are identical with those of the storage
system of the first embodiment, are expressed by the like numerals and
are not specifically described here. As illustrated in Fig. 10, the
storage device 40 has no test signal terminal TT nor a circuit
corresponding to the factory setting unit 206 included in the storage
device 20 of the first embodiment. The factory setting unit is required
when identification information and data are written into the storage
device according to a method discussed later as a third embodiment of
the present invention. The factory setting unit is, however, not
required when identification information and déta are written into the
storage device according to a method discussed later as a fourth
embodiment of the present invention. The storage device 40
illustrated in the second embodiment accordingly does not have the
circuit structure corresponding to the factory setting unit 206. The
circuit structure of the storage device 40 other than the test signal
terminal TT and the factory setting unit 206 is identical with the circuit

structure of the storage device 20 of the first embodiment. The
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respective constituents are thus expressed by the like numerals and
are not 'speciffcal!y described here. The general operafions of the
storage system and the storage device 40 of the second embodiment -
are similar to those of the storage system and the storage device 20 of

the first embodiment, and are thus not specifically described here.

D. Process of Writing Identification Data into Storage Device in

Test Mode (in factory Setting Process) in Third Embodiment

[0116] The following describes a process of writing identification
data and initial data into the storage devices 20, 21, 22, 23, and 24 in
the test mode in a third embodiment of the present invention. Fig. 11
is a flowchart showing a routine of the writing process in the test mode
in the third embodiment. Fig. 12 shows one example of cohnection
between a host computer for testing and a storage device to actualize

the writing process in the test mode in the third embodiment.

[0117] The writing process in the test mode according to the third
embodiment is applied for the storage device having the identical
internal circuit structure with that of the storage device 20 included in
the storage system of the first embodiment. The respective
constituents are thus expressed by the like numerals and are not
specifically described here. The processing of the third embodiment is
carried out under the connection of one-to-one mapping of signal lines
from a host computer 100 for testing (or the host computer 10) to the
respective terminals CT, DT, RT, and TT (probe) of the storage device
20 as shown in Fig. 12, while the storage device 20 is mounted on a
new ink cartridge at the time of manufacture or while the storage

device 20 is removed after collection of a used ink cartridge.

[0118] The processing routine of Fig. 11 starts after transmission of
a Test signal from the host computer 100 to the storage device 20, that

is, after shift of the processing to the factory setting process in the
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flowchart of Fig. 6. When the program enters the processing routine
of Fig. 11, the factory setting unit 206 first prohibits transmission of the
input clock signal to the address counter 202 and thereby increment of
the count on the address counter 202 at step S300. The factory
setting unit 206 then outputs a test mode command to the operation
code decoder 204 at step S310. The test mode command causes the
operation code decoder 204 to be activated without the access enable
éignal EN output from the ID comparator 203 and to obtain command
data transmitted first to the data bus DB after input of the TEST signal.
The data array input to the data bus DB in the test mode is shown in
Fig. 3. The command obtained by the operation code decoder 204 is

either the write command or the read command.

[0119] The operation code decoder 204 analyzes the obtained
command and requires the 1/O controller 205 to set the direction of data
transfer with regard to the memory array 201 to either the writing
direction or the reading direction and to make the signal line connecting
the data bus DB with the I/O controller 205 in a data transfer enable
state at step S320.

[0120] On completion of the command analysis, the operation code
decoder 204 notifies the factory setting unit 206 of completion of the
command analysis. The factory setting unit 206 receiving the
notification transmits the input clock signal SCK to the address counter
202 at step S330. In the case where the result of analysis by the
operation code decoder 204 shows the write command at step S340,
data to be written at addresses of the memory array 201 specified by
the count of the address counter 202 are successively transmitted to
the data bus DB at step S350. The data following the write command
may be written at addresses starting from '00' in the memory array 201.

The 3-bit identification data following the write command can thus be
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written in the first 3 bits of the memory array 201.

[0121] " The host computer 100 for testing reads the existing data
from the memory array 201 at step S360, and compares the input data
from the memory array 201 with the output data to the data bus DB to
determine coincidence or incoincidence thereof at step S370. In the
case of coincidence (that is, in the case of affirmative answer at step
S370), the host computer 100 for testing determines that the writing
process is concluded properly and te.rminates the factory setting
process. In the case of incoincidence (that is, in the case of negative
answer at step S370), on the other hand, the host computer 100 for

testing carries out the data writing process again.

[0122] In the case where the result of analysis by the operation
code decoder 204 shows the read command at step S340, on the other
hand, data are successi.vely read from addresses in the memory array
201 specified by the count on the address counter 202 and transmitted

to the host computer 10 via the data bus DB at step S380.

E. Process of Writing Identification Data into Storage Device in

Test Mode (in factory Setting Process) in Fourth Embodiment

[0123] The following describes a writing process in the test mode in
a fourth embodiment of the present invention. Fig. 13 is a flowchart
showing a routine of the writing process in the test mode in the fourth
embodiment. Fig. 14 shows one example of connection between a
host computer for testing and a storage device to actualize the writing
process in the test mode in the fourth embodiment. The writing
process of the fourth embodiment is applied for the storage device
having the same internal circuit structure as that of the storage device
40 of the second embodiment. The respective constituents are thus
expressed by the like numerals and are not specifically described here.

The process of the fourth embodiment is characterized by the structure
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where the storage device 40 does not have the test terminal TT or the
factory:setting unit 206 to invalidate the ID check by the ID comparator
203 as shown in Fig. 10.

[0124] The processing of the fourth embodiment is carried out
under the connection of one-to-one mapping of signal lines from the
host computer 100 for testing (or the host computer 10) to the
respective terminals CT, DT, and RT (probe) of the storage device 40
as shown in Fig. 14, while the storage device 40 is mounted on a new
ink cartridge at the time of manufacture or while the storage device 40

is removed after collection of a used ink cartridge.

[0125] When the program enters the processing routine of Fig. 13,
the host computer 100 for testing successively generates and outputs
arbitrary ID data to the ID comparator 203 via the data bus DB at step
S400 until the arbitrary output ID data coincideé with the ID data stored
in the memory array 201 at step S410. In the procedure of this
embodiment, as both the |D data are 3-bit data, there are eight possible

combinations.

[0126] The host computer 100 for testing carries out the
determination of coincidence or incoincidence of the output ID data with
the stored 1D data, for example, according to the procedure discussed
below. The operation code decoder 204 is set to require the 1/O
controller 205 to transmit a data array having all the values equal to 1
or equal to 0 in response to input of a write/read command, while the
ID comparator 203 does not generate the access enable signal EN. In
the case where the values of the data array are all equal to 1 or all
equal to 0, the host computer 100 for testing determines that the output
ID data does not coincide with the ID data stored in the storage device
40 and outputs another ID data to the storage device 40. In the case

where the values of the data array are not all equal to 1 or not all equal
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to 0, on the other hand, the host computer 100 for testing determines
that the-output |D data coincides with the ID data stored in the storage
device 40. Namely the host computer 100 for testing iteratively
outputs arbitrary ID data to the storage device 40 and obtains the data
array transmitted to the data bus DB until the output |ID data coincides

with the 1D data stored in the storage device 40.

[0127] When the output ID data coincides with the ID data stored in
thé memory array 201 (that is, in the case of affirmative answer at step
S410) and the access enable signal EN sent from the ID comparator
203 is detected, the host computer 100 for testing writes data of a
specific capacity, which is equal to the capacity of the memory array
201, into the memory array 201 at step S420. In the structure of this
embodiment, the memory array 201 has the capacity of 256 bits, so
that the data having the capacity of 252 bits are written at writable 5%
to 256" bits. The host computer 100 for testing subsequently writes
the 3-bit data (ID data) at addresses corresponding to 257" to 259
bits at step S430. Since data have already been written at the
addresses up to the 256" bit in the memory array 201, the 3-bit data is
written in the first 3 bits, that is, at the 1% to 3" bits, of the memory
array 201. This results in writing the ID data in the first 3 bits of the

memory array 201.

[0128] The host computer 100 for testing may alternatively monitor
the access enable signal EN generated by the ID comparator 203 to
determine coincidence or incoincidence of the output |D data with the
ID data stored in the storage device 40. The ID comparator 203
generates the access enable signal EN when the output 1D data

coincides with the ID data stored in the storage device 40.

[0129] The technique of this embodiment enables the memory array

201 to be overwritten with new identification information, irrespective of
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the current identification information stored in the storage device 40,

when the storage device 40 is removed from the collected ink cartridge.

The storage device 40 does not require the factory setting unit 206 and

accordingly has a less number of circuit structures.

[0130] Any of the arrangements discussed above in the respective
embodiments is applied to, for example, an ink jet printer shown in Fig.
16. Fig. 16 schematically illustrates the internal structure of an ink jet
printer as an example, to which any of the s'torage systems of the

above embodiments is applicable.

[0131] Referring to Fig. 16, a color ink jet printer 300, which is
capable of generating color images, creates a dot pattern on a printing
medium (for example, printing paper), for example, with ejected five
color inks, cyan (C), light cyan (LC), magenta (M), light magenta (LM},
and yellow (Y) to print an image. The principle of the present
invention is also applicable to printers of the electrophotographic
technique that transfer and fix color toners on the printing medium to

print an image, as well as to color ink jet printers.

[0132] The color ink jet printer 300 has a mechanism of actuating
print heads IH1 to IH5 mounted on a carriage 301 for ink ejection and
dot creation, a mechanism of driving a carriage motor 302 to move the
carriage 301 back and forth along the axis of a platen 303, a
mechanism of driving a sheet feed motor 304 to. feed sheets of printing
paper P, and a control circuit 330 (corresponding to the host computer
10). The mechanism of reciprocating the carriage 301 along the axis
of the platen 303 includes a sliding shaft 305 that is arranged in
parallel with the axis of the platen 303 to support the carriage 301 in a
slidable manner and a pulley 307 that is combined with the carriage

motor 302 to support an endless drive belt 306 spanned therebetween.

[0133] The control circuit 330 transmits signals to and from an
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operation panel 350 of the printer 300 and adequately controls the
operations of the sheet feed motor 304, the carriage motor 302, and
the print heads I1H1 to [H5. The ink cartridges C1 to C5 described in

the above embodiments are attached to the carriage 301.

[0134] The sheet of printing paper P supplied to the color printer
300 is held between the platen 303 and a sheet feed roller and fed by a
predetermined length corresponding to the rotating angle of the platen
303. A CPU 331 incorporated in the control circuit 330 writes and
reads data into and from the storage devices mounted on the ink
cartridges C1 to C5, in response to control signals output from a
personal computer PC. The control circuit 330 also controls the
operations of the respective constituents of the printer 300 to
implement printing operations, in response to print control signals

output from the personal computer PC.

[0135] The storage devices 20, 21, 22, 23 and 24 mounted on the
carriage 301 are connected with the control circuit 330 by a flexible
cable that contains the signal lines. A movement of the carriage 301
deforms the flexible cable, and a deformation of the flexible causes an
elastic forces. The elastic forces hamper the smooth movement of the
carriage 301. In some cases, an additional motor control for the
carriage motor 302 is required to realize the smooth movement of the
carriage 301. The elastic forces of the flexible cable increase in
proportion to the number of the signal lines included in the flexible
cable. In the present embodiments, the storage devices 20, 21, 22, 23
and 24 are connected via the bus each other on the memory module
substrate 200. The bus connection reduces the number of the signal
lines between the control circuit 330 and the memory module substrate
200. Therefore, the present embodiments can reduce an affection of

the elastic forces and realize the smooth movement of the carriage
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301.

[0136] Reducing the nﬁmber of signal lines in the flexible cablé
also can reduce the occurrence of noise that is caused by the signal
line. This advantage is useful when two terminals are contacted with
by a face-contact. It is preferable to reduce noise factors, especially

when the face-contact is employed.

[0137] In any of the configurations of the storage systems
discussed above in the first through the fourth embodiments, the
identification data is stored in the 3-bit head area of the memory array
of each storage device. This arrangement enables selection of a
desired storage device among a plurality of storage devices. The area
for storing the identification data is the read only area in the normal
mode but allows writing in the test mode. The identification data can
thus be rewritten eaéily. This arrangement facilitates rewriting the
identification data when a storage device is removed from a used ink
cartridge and attached to a new ink cartridge. This accordingly

enhances the recycle of the storage devices.

[0138] The above description regards the storage systems and the
storage devices in some preferred embodiments of the present
invention. These embodiments are, however, to be considered in all
aspects as illustrative and not restrictive. There may be many
modifications,' changes, and élterations without departing from the
scope or spirit of the main characteristics of the present invention. All
changes within the meaning and range of equivalency of the claims are
therefore intended to be embraced therein. Some examples of

possible modification are given below.

[0139} In the above embodiments, the EEPROM is, for example,
used for the storage device. Any storage element other than the

EEPROM is, however, applicable to the storage device of the present
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invention, as long as the storage element enables data to be stored in

a non-volatile but rewritable manner.

[0140] In the above description, the data regarding the remaining
quantity of ink and the quantity of ink consumption are enumerated as
the preferential data. Any other suitable data in place of or in addition

to such data may be specified as the preferential data.

[0141] In the storage system including the plurality of storage
devices discussed above, the identification data for gaining access to a
certain storage device are stored in first 3 bits of a memory array 201
of the certain storage device. The capacity of the identification data
may be varied adequately according to the number of storage devices
to be identified. The capacity of the memory array 201 is not
restricted to 256 bits but may be varied adequately according to the

capacity of data to be stored.

[0142] In the above embodiments, the five storage devices are
mounted on the five separate ink cartridges of five different color inks.
The storage devices may also be applied for ink cartridges of 2 to 4

different color inks or 6 or more color inks.

[0143] In the above embodiments, the storage device is applied for
the ink cartridge of the ink jet printer to store various pieces of
information on the ink cartridge. The storage device of the present

invention may also be used in a diversity of other applications.
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WHAT IS CLAIMED IS:

1. A printing material container detachably attached to a printing
apparatus having a clock signal line, a data signal line, and a reset

signal line, said printing material container comprising:
a reservoir unit that keeps a printing material therein;

a clock terminal that receives a clock signal sent via the clock

signal line of said printing apparatus;

" - a data terminal that transmits a data signal to and from the data

signal line of said printing apparatus;

a reset terminal that receives a reset signal sent via the reset

signal line of said printing apparatus;

a storage element having a plurality of non-volatile storage

areas that are sequentially accessed; and

a storage element control unit that is initialized at a first level of
the input reset signal and carries out a writing/reading operation of data
into and from the storage element according to the data signal
synchronously with the input clock signal when the reset signal is

switched over to a second level.

2. A printing material container in accordance with claim 1,

wherein data are written into the storage element bit by bit.

3. A printing material container in accordance with claim 1,
wherein the storage element stores identification information therein,

and the storage element control unit comprises:
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a data bus that connects the data terminal with the storage
element;

an address counter that increments a count thereon
synchronously with the clock signal input via the clock terminal and
resets the count to an initial value in response to input of the reset

signal via the reset terminal;

an input-output controller that is electrically connected with both
the storage element and the data bus and controls a direction of data
transfer with regard to the storage element as well as a direction of

data transfer with regard to the data bus;

a comparator that compares printing material container
identification information, which is assigned to said printing material
container for identification thereof and is input via the data bus, with
identification information stored in the storage element to determine
coincidence or incoincidence of the two pieces of identification

information; and

a write/read enable unit that allows the writing/reading operation
of data into and from the storage element according to the data signal
in the case of coincidence of the two pieces of identification

information.

4. A printing material container in accordance with claim 3,
wherein the input-output controller sets the direction of data transfer
with regard to the storage element to a reading direction and cuts off
connection with the data bus as initial settings, in response to input of

the reset signal.

5. A printing material container in accordance with claim 4, said
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printing material container further comprising:

a command decoder that connects with the data bus and the
comparator, analyzes a write/read command input via the data bus
when a result of the determination by the comparator represents
coincidence of the printing material container identification information
with the identification information stored in the storage element, and

requires the input-output controller to switch over the direction of data

. transfer with regard to the data bus based on a result of the analysis,

wherein the input-output controller keeps the initial settings for
the direction of data transfer with regard to the storage element and the
cutoff state of connection with the data bus until the command decoder

completes the analysis of the write/read command.

6. A printing material container in accordance with claim 5, said

printing material container further comprising:
a test terminal that connects with a test mode signal line; and

a test mode controller that connects with the test terminal and

detects input of a test mode signal,

wherein the storage element has a specific section between a head
position and a predetermined position of the storage area, the specific
se'c:tion being subjected to a writing operation under a predete'rmined
condition and otherwise storing the identification information in an

unrewritable manner, and

the predetermined condition is detection of input of the test mode

signal.

7. A printing material container in accordance with claim 6,
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wherein the test mode controller outputs a test mode command to the
command decoder for analysis thereof when detecting the input of the
test mode signal, and prohibits increment of the count on the address

counter until the command decoder completes the analysis of the test

mode command,

the command decoder requires the input-output controller to
carry out a writing operation into the storage element and release of

the data bus after the analysis of the test mode command, and

the input-output controller carries out the writing operation into
the storage element and the release of the data bus in response to the

requirement from the command decoder.

8. A printing material container in accordance with claim 6,
wherein the test mode controller outputs a test mode command to the
command decoder for analysis thereof when detecting the input of the
test mode signal, and prohibits increment of the count on the address
counter until the command decoder completes the analysis of the test

mode command,

the command decoder requires the input-output controller to
carry out a reading operation from the storage element and release of

the data bus after the analysis -of the test mode command, and

the input-output controller carries out the reading operation from
the storage element and the release of the data bus in response to the

requirement from the command decoder.

9. A printing material container in accordance with claim 3,
wherein the storage element has a writable data area, in which data are

writable, after a storage area of the identification information.
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0. A printing material container in accordance with claim 9,
wherein data regarding at least a quantity of the printing material is

written into the writable data area.

11. A printing material container in accordance with claim 9,
wherein the storage element has a specific section between a head
position and a predetermined position of the storage area, the specific
section being subjected to a writing operation under a predetermined
condition and otherwise storing the identification information in an

unrewritable manner.

12. A non-volatile storage device that is detachably attached to
a printing material container and connects with a clock signal line, a

data signal line, and a reset signal line, said storage device comprising:

a storage element having a plurality of non-volatile storage

areas that are sequentially accessed; and

a storage element control unit that is initialized at a first level of
an input reset signal and carries out a writing/reading operation of data
into and from the storage element according to a data signal
synchronously with an input clock signal when the reset signal is

switched over to a second level.

13. A storage device in accordance with claim 12, wherein data

are written into the storage element bit by bit.

14. A storage device in accordance with claim 12, wherein the
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storage element stores identification information therein, and the

storage element control unit comprises:

a data bus that connects the data signal with the storage

element;

an address counter that increments a count thereon
synchronously with the input clock signal and resets the count to an

initial value in response to input of the reset signal;

an input-output controller that is interposed between the storage
element and the data bus and controls a direction of data transfer with
regard to the storage element as well as a direction of data transfer

with regard to the data bus;

a comparator that compares printing material container
identification information, which is assigned to said printing material
container for identification thereof and is input via the data bus, with
identification information stored in the storage element to determine
coincidence or incoincidence of the two pieces of identification

information; and

a write/read enable unit that allows the writing/reading operation
of data into and from the storage element according to the data signal
in the case of coincidence of the two pieces of identification

information.

15. A storage device in accordance with claim 14, wherein the
input-output controller sets the direction of data transfer with regard to
the storage element to a reading direction and cuts off connection with

the data bus as initial settings, in response to input of the reset signal.
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16. A storage device in accordance with claim 15, said storage

device further comprising:

a command decoder that connects with the data bus and the
comparator, analyzes a write/read command input via the data bus
when a result of the determination by the comparator represents
coincidence of the printing material container identification information
with the identification information stored in the storage element, and
requires the input-output controller to switch over the direction of data

transfer with regard to the data bus based on a result of the analysis,

wherein the input-output controller keeps the initial settings for
the direction of data transfer with regard to the storage element and the
cutoff state of connection with the data bus until the command decoder

completes the analysis of the write/read command.

17. A storage device in accordance with claim 14, wherein the
storage element has a writable data area, in which data are writable,

after a storage area of the identification information.

18. A storage device in accordance with claim 17, wherein the
storage element has a specific section between a head position and a
predetermined position of the storage area, the specific section being
subjected to a writing operation under a predetermined condition and

otherwise storing identification information in an unrewritable manner.

19. A plurality of printing material containers, each comprising a
non-volatile storage device that is mounted thereon and connects with
a control unit via a bus with a clock terminal, a data terminal, and a

reset terminal, said control unit comprising a clock signal generation

61

TR R 0

Y e it



10

15

20

25

circuit that generates a clock signal, a reset signal generation circuit
that generates a reset signal, an identification information odtput circuit
that outputs identification information to identify a desired printing
material container among said plurality of printing material containers,
and a data output circuit that transmits a data array including the output
identification information and a write/read command to a data signal

line synchronously with the clock signal,
each of said printing matérial containers comprising:
a data bus that connects with the data terminal;

a storage element that stores a different piece of identification
information assigned to said each printing material container and has a

storage area sequentially accessed;

a comparator that connects with the data bus and compares the
identification information output from said control unit with the
identification information stored in the storage element to determine
coincidence or incoincidence of the two pieces of identification

information;

an input-output controller that is interposed between the storage
element and the data bus and controls a direction of data transfer with
regard to the storage element as well as a direction of data transfer

with regard to the data bus; and .

a command decoder that connects with the data bus and the
comparator, analyzes the write/fread command input via the data bus
when a result of the determination by the comparator represents
coincidence of the identification information output from said control
unit with the identification information stored in the storage element,
and requires the input-output controller to switch over the direction of

data transfer with regard to the data bus based on a result of the
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analysis.

20. A plurality of printing material containers in accordance with

claim 19, each of said printing material containers further comprising:

an address counter that increments a count thereon
synchronously with the clock signal input via the clock terminal to
specify a position in the storage area of the storage element to be
accessed, and resets the count to an initial value at a time of

initialization,

wherein the input-output controller sets the direction of data
transfer with regard to the storage element to a reading direction and
prohibits data transfer with regard to the data bus as initial settings,
and maintains the initial settings until the command decoder completes

the analysis of the write/read command.

21. A plurality of printing material containers in accordance with
claim 19, wherein the comparators of the respective storage devices
have common identification information common to all said storage

devices.

22. A plurality of printing material containers in accordance with
claim 19, wherein a power supply compensation circuit included in said
control unit gives compensational power supply to each of said printing
material containers for a predetermined time period after cutoff of

general power supply,

the reset signal is generated on at least either one of an

occasion of starting power supply to said control unit and an occasion
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of cutoff of the power supply,

in the case of detection of input of the reset signal during a
writing operation of data, transmission of the data to the data terminal
is terminated immediately and preferential data is instantly transmitted
to the each data terminal one by one to be completely written in the
predetermined time period when the power supply compensation circuit

gives the compensational power supply.

23. A plurality of printing material containers in accordance with
claim 19, wherein the clock signal input to the clock terminal has a
longer cycle in the case of input of a write command than a cycle in the

case of output of a read command.

24. A plurality of printing material containers in accordance with
claim 19, said plurality of printing material containers being mounted on
a module substrate with a printing material container detection signal

line that is laid thereon to give cascade connection with each printing

_material container and have one grounded end and the other end

connecting with said control unit,

wherein said control unit determines whether or not all said
printing material containers are properly mounted on the module
substrate, based on a value of the printing material container detection

signal line.

25. A plurality of printing material containers in accordance with
claim 24, wherein said control unit determines that all said printing
material containers are mounted properly on the module substrate

when the printing material container detection signal line shows a
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ground voltage.

26. A plurality of printing material containers in accordance with
claim 24, wherein said control unit determines that at least one printing
material container is not properly mounted on the module substrate
when the printing material container detection signal line shows a

voltage other than a ground voltage.

27. A plurality of printing materiai containers in accordance with
claim 19, wherein the storage element stores a diversity of data
regarding a type of the printing material accommodated in each printing

material container.

28. A plurality of printing material containers in accordance with
claim 19, wherein power supply to each printing material container is
allowed only when said control unit carries out a writing/reading

operation of data.

29. A plurality of non-volatile storage devices, each connecting
with a control unit via a bus with a clock.terminal, a data terminal, and
a reset terminal, said control unit comprising a clock signal generation
circuit that generates a clock signal, a reset signal generation circuit
that generates a reset signal, an identification information output circuit
that outputs identification information to identify a desired storage
device among said plurality of storage devices, and a data output
circuit that transmits a data array including the output identification
information and a write/read command to a data signal line

synchronously with the clock signal,
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each of said storage devices comprising:
a data bus that connects with the data terminal;

a storage element that has a storage area sequentially

accessed;

a comparator that connects with the data bus and compares the
identification information output via the identification information output
circuit and the data output circuit of said control unit with identification
information stored in the storage element to determine coincidence or

incoincidence of the two pieces of identification information;

an input-output controller that is interposed between the storage
element and the data bus and controls a direction of data transfer with
regard to the storage element as well as a direction of data transfer

with regard to the data bus; and

a command decoder that connects with the data bus and the
comparator, analyzes the write/read command input via the data bus
when a result of the determination by the comparator represents
coincidence of the identification information output from said control
unit with the identification information stored in the storage element,
and requires the input-output controller to switch over the direction of
data transfer with regard to the data bus based on a result of the

analysis.

30. A plurality of storage devices in accordance with claim 29,

said each storage device further comprising:

an address counter that increments a count thereon
synchronously with the clock signal input via the clock terminal to
specify a position in the storage area of the storage element to be

accessed, and resets the count to an initial value at a time of
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initialization,

" wherein the input-output controller sets the direction of data
transfer with regard to the storage element to a reading direction and
prohibits data transfer with regard to the data bus as initial settings,
and maintains the initial settings until the command decoder completes

the analysis of the write/fread command.

31. A plurality of storage devices in accordance with either one
of claims 29 and 30, wherein the comparators have common

identification information common to all said storage devices.

32. A plurality of storage devices in accordance with any one of
claims 29 to 31, wherein a power supply compensation circuit included
in said control unit gives compensational power supply to each of said
storage devices for a predetermined time period after cutoff of general

power supply,

the reset signal is generated on at least either one of an
occasion of starting power supply to said control unit and an occasion

of cutoff of the power supply,

in the case of detection of input of the reset signal during a
writir.tg operation of data, transmission of.the data to the data terminal
is terminated immediately and preferential data is insténtly transmitted
to the each data terminal one by one to be completely written in the
predetermined time period when the power supply compensation circuit

gives the compensational power supply.

33. A plurality of storage devices in accordance with any of
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claims 29 to 32, wherein the clock signal input to the clock terminal has
a longer cycle in the case of input of a write command than a cycle in

the case of output of a read command.

34. A plurality of storage devices in accordance with any of
claims 29 to 33, said plurality of storage devices being mounted on a
module substrate with a storage device detection signal line that is laid
thereon to give cascade connection with each storage device and have

one grounded end and the other end connecting with said control unit,

wherein said control unit determines whether or not all said
storage devices are properly mounted on the module substrate, based

on a value of the storage device detection signal line.

35. A plurality of storage devices in accordance with claim 34,
wherein said control unit determines that all said storage devices are
mounted properly on the module substrate when the storage device

detection signal line shows a ground voltage.

36. A plurality of storage devices in accordance with claim 34,
wherein said control unit determines that at least one storage device is
not properly mounted on the module substrate when the storage device

detection signal line shows a voltage other than a ground voltage.

37. A plurality of storage devices in accordance with any of
claims 29 to 36, wherein power supply to each storage device is

allowed only when said control unit carries out a writing/reading
operation of data.
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"38.A printing material container detachably attached to a
printing apparatus having a clock signal line, a data signal line, and a

reset signal line, said printing material container comprising:
a reservoir unit that keeps a printing material therein:

a clock terminal connecting with the clock signal line of said

printing apparatus via a bus;

a data terminal connecting with the data signal line of said

printing apparatus via the bus;

a reset terminal connecting with the reset signal line of said

printing apparatus via the bus;

a storage element that has a non-volatile storage area and is
subjected to a writing/reading operation based on a clock signal input
via the clock terminal and a data signal input and output via the data

terminal;

a comparator that compares printing material container
identification information, which is included in the data signal and
assigned to said printing material container for identification thereof,
with identification information stored in advance in the storage element
to determine coincidence or incoincidence of the two pieces of

identification information; and

an input-output controller that allows the writing/reading
operation into and from the storage element when the comparator

determines coincidence of the two pieces of identification information.

39. A printing material container in accordance with claim 38,

wherein the identification information is stored in the storage element.
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40. A printing material container in accordance with claim 38,
wherein the input-output controller allows the writing/reading operation
into and from the storage element only when a reset signal input via

the reset terminal satisfies a predetermined condition.

‘41. A printing material container in accordance with claim 40,
wherein the storage element is sequentially accessed in synchronism

with the clock signal.

42. A printing material container in accordance with claim 41,
wherein the storage element has information regarding a quantity of the
printing material kept in said printing material container, and the
identification information is stored at a specific position accessed prior

to the information regarding the quantity of the printing material.

43. A printing material container in accordance with any one of
claims 40 to 42, wherein the predetermined condition is that the reset
signal input via the reset terminal switches over a state thereof from a

first level to a second level.

44. A non-volatile storage device that connects with a clock
signal line, a data signal line, and a reset signal line and is detachably
attached to a printing material container, said storage device

comprising:

a storage element that has a non-volatile storage area and is

subjected to a writing/reading operation based on a clock signal input
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via the clock signal line and a data signal input and output via the data
signal line;

a comparator that compares printing material container
identification information, which is included in the data signal and
assigned to said printing material container for identification thereof,
with identification information stored in advance in the storage element
to determine coincidence or incoincidence of the two pieces of

identification information; and

an input-output controller that allows the writing/reading
operation into and from the storage element when the comparator

determines coincidence of the two pieces of identification information.

45. A storage device in accordance with claim 44, wherein the

identification information is stored in the storage element.

46. A storage device in accordance with claim 44, wherein the
input-output controller allows the writing/reading operation into and
from the storage element only when a reset signal input via the reset

signal line satisfies a predetermined condition.

47. A storage device in accordance with claim 44, wherein the
storage element is sequentially accessed in synchronism with the clock

signal.

48. A storage device in accordance with claim 47, wherein the
storage element has information regarding a quantity of a printing

material accommeodated in said printing material container, and the
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identification information is stored at a specific position accessed prior

to the information regarding the quantity of the printing material.

49. A storage device in accordance with any one of claims 46 to
48, wherein the predetermined condition is that the reset signal input

via the reset signal line switches over a state thereof from a first level

to a second level.

50. A storage system comprising a plurality of printing material
containers and a control unit, each printing material container having a
non-volatile storage device that connects with a clock signal line, a
data signal line, and a reset signal line via a bus and a reservoir unit
that keeps a printing material therein, said control unit connecting with
said storage device included in said printing material container via the

clock signal line, the data signal line, and the reset signal line,
said control unit comprising:
a clock signal generation circuit that generates a clock signal;

a reset signal generation circuit that generates a reset signal for

initializing said storage device;

an identification information output circuit that outputs
identification information to identify a storage device included in a
desired printing material container among said plurality of printing

material containers; and

a data output circuit that transmits a data array including the
output identification information and a write/read command to the data

signal line synchronously with the clock signal,

said storage device included in said each printing material
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container comprising:
a data bus that connects with the data signal line;

a storage element that has a storage area sequentially

accessed;

a comparator that connects with the data bus and compares the
identification information output from said control unit with identification
information stored in the storage element to determine coincidence or

incoincidence of the two pieces of identification information;

an input-output controller that is interposed between the storage
element and the data bus and controls a direction of data transfer with
regard to the storage element as well as a direction of data transfer

with regard to the data bus; and

a command decoder that connects with the data bus and the
comparator, analyzes the write/read command input via the data bus
when a result of the determination by the comparator represents
coincidence of the identification information output from said control
unit with the identification information stored in the storage element,
and requires the input-output controller to switch over the direction of
data transfer with regard to the data bus based on a result of the

analysis.

51. A storage system in accordance with claim 50, wherein said
storage device included in said each printing material container further

comprises:

an address counter that increments a count thereon
synchronously with the clock signal input via the clock signal line to
specify a position in the storage area of the storage element to be

accessed, and resets the count to an initial value at a time of
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initialization,

‘wherein the input-output controller sets the direction of data
transfer with regard to the storage element to a reading direction and
prohibits data transfer with regard to the data bus as initial settings,
and maintains the initial settings until the command decoder completes

the analysis of the write/read command.

52. A storage system in accordance with claim 50, wherein said
control unit causes the reset signal generation circuit to output the

reset signal to the reset signal line, and

said control unit causes the data output circuit to transmit the
data array including the identification information, which is assigned to
said storage device included in said desired printing material container
to be accessed, and the write/read command to the data signal line
synchronously with the clock signal, so as to gain access to said

storage device in said desired printing material container.

53. A storage system in accordance with claim 52, wherein said
storage device included in each said printing material container causes
the address counter to reset the count thereon to the initial value in

response to detection of the reset signal,

said storage device causes the comparator to compare the
identification information transmitted to the data bus with the
identification information stored in the storage element to determine
coincidence or incoincidence of the two pieces of identification

information, and

when the result of the determination by the comparator

represents coincidence of the identification information .transmitted to
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the data bus with the identification information stored in the storage
element, said storage device causes the command decoder to analyze
the write/read command transmitted to the data bus, controls the data
transfer with regard to the data bus and the data transfer with regard to
the storage element based on the result of the analysis, and carries out
either one of an operation of writing data at a desired position in the
storage element and an operation of reading data from the storage

element.

54. A storage system in accordance with claim §3, wherein the
identification information output circuit of said control unit outputs
common identification information common to all said storage devices,

and

the comparator of each storage device stores the common

identification information therein.

55. A storage system in accordance with any one of claims 50 to
54, wherein said control unit further comprises a power supply
compensation circuit that gives compensational power supply for a

predetermined time period after cutoff of general power supply,

the reset signal generation circuit included in said control unit
generates the reset signal on at least either one of an occasion of
starting power supply to said control unit and an occasion of cutoff of

the power supply, and

in response to detection of the reset signal during a writing
operation of data, the data output circuit included in said control unit
immediately terminates transmission of the data and instantly transmits

preferential data to be completely written in the predetermined time
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period when the power supply compensation circuit gives the

compernisational power supply.

56. A storage system in accordance with any one of claims 50 to 55,
wherein the clock signal generation circuit included in said control unit
lengthens a cycle of the clock signal in the case of output of a write
command via the data output circuit than a cycle in the case of output

of a read command.

57. A storage system in accordance with any one of claims 50 to 56,

said storage system further comprising:

a module substrate that has said plurality of storage devices mounted
thereon and a storage device detection signal line iaid thereon to give
cascade connection with each storage device and have one grounded

end and the other end connecting with said control unit,

wherein said control unit further comprises a storage device
detection circuit that determines whether or not all said storage devices
are properly mounted on the module substrate, based on a value of the

storage device detection signal line.

58. A storage system in accordance with claim 57, wherein the
storage device detection circuit included in said control unit determines
that all said storage devices are mounted properly on the module
substrate when the storage device detection signal line shows a ground

voltage.

58. A storage system in accordance with claim 57, wherein the
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storage device detection circuit included in said control unit determines
that at least one storage device is not properly mounted on the moduie
substrate when the storage device detection signal line shows a

voltage other than a ground voltage.

60. A storage system in accordance with any one of claims 50 to
59, wherein said storage device stores a diversity of data regarding a
type of the printing material accommodated in said each printing

material container.

61. A storage system in accordance with any one of claims 50 to
58, wherein power supply to each storage device is allowed only when
said control unit carries out a writing/reading operation of data into and

from said storage device.

62. A storage system in accordance with claim 50, wherein the
storage element included in said each storage device has a specific
section between a head position and a predetermined position of the
storage area, the specific section being subjected to a writing operation
under a predetermined condition and otherwise storing the

identification information in an unrewritable manner.

63. A storage system in accordance with claim 50, wherein the
clock signal line, the data signal line, and the reset signal line are

inciuded in a flexible cable.

84. A method of gaining access to a storage device attached to

- 77

A O



10

15

20

25

a desired printing material container among a plurality of printing
material:containers, each printing material container having a
non-volatile storage device that connects with a clock signal line, a
data signal line, and a reset signal line via a bus and stores proper

identification information therein,
said method comprising the steps of:
outputting a reset signal to the reset signal line; and

transmitting a data array including identification information,
which is assigned to said storage device included in said desired
printing material container to be accessed, and a write/read command

to the data signal line synchronously with a clock signal.

65. A method of processing an access requirement in a storage
device attached to a printing material container, said printing material
container having a storage device that includes a storage element,
which has a storage area sequentially accessed and a specific section
between a head position and a predetermined position of the storage
area to store identification information therein, said storage device
sharing a clock bus that is connected to a clock signal line, a data bus
that is connected to a data signal line, and a reset bus that is
connected to a reset signal line with a storage device included in

another printing material container,
said method comprising the steps of:

resetting a count on an address counter to an initial value in

response to detection of a reset signal on the reset bus;

comparing identification information transmitted to the data bus
with the identification information stored in the storage element to

determine coincidence or incoincidence of the two pieces of
_ 78

RN



10

15

20

25

identification information;

_ \;vhen the result of the determination represents coincidence of
the identification information transmitted to the data bus with the
identification information stored in the storage element, analyzing a

write/read command transmitted to the data bus;

controlling data transfer with regard to the data bus and data transfer

with regard to-the storage element based on the result of the analysis;

and

carrying out either one of an operation of writing data at a desired
position in the storage element and an operation of reading data from

the storage element, based on the count on the address counter.

66. In a printing material container having a non-volatile storage
device, which includes a storage element sequentially accessed, a
method of storing identification information in a specific section located
between a head position and a predetermined position of a storage

area in the storage element,
said method comprising the steps of:

resetting a count on an address counter to an initial value and
prohibiting increment of the count synchronously with a clock signal, in

response to detection of a reset signal;

setting a direction of data transfer with regard to a data bus to a
writing direction and a direction of data transfer with regard to the
storage element to a writing direction, in response to a write command

transmitted to the data bus:

allowing increment of the count on the address counter

synchronously with the clock signal after completion of the settings of
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the directions of data transfer; and

v&riting the identification information between the head position
and the predetermined position of the storage area in the storage
element and subsequently writing data into the storage area according

to the count on the address counter.

67. In a printing material container having a non-volatile storage
device, which includes a storage element sequentially accessed, a
method of reading data stored in a storage area of the storage element

from a head position of the storage area,
said method comprising the steps of:

resetting a count on an address counter to an initial value and
prohibiting increment of the count synchronously with a clock signal, in

response to detection of a reset signal;

setting a direction of data transfer with regard to a data bus to a
reading direction and a direction of data transfer with regard to the
storage element to a reading direction, in response to a read command

transmitted to the data bus;

allowing increment of the count on the address counter
synchronously with the clock signal after completion of the settings of

the directions of data transfer; and

reading data stored in the storage area of the storage element
from the head position of the storage area according to the count on

the address counter.

68. In a printing material container having a non-volatile storage

device, which includes a storage element sequentially accessed, a
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method of storing identification information in a specific section located
between a head position and a predetermined position of a storage

area in the storage element,
said method comprising the steps of:

carrying out retrieval to find a piece of identification information
that coincides with the identification information stored in the storage

element of said storage device;

when the piece of identification information that coincides with
the identification information stored in the storage element is found,
transmitting the piece of identification information and a write command

to said storage device;

transmitting a data array to said storage device, the data array
including the identification information after data corresponding to an
end position of the storage area in the storage element of said storage

device: and

writing data up to the end position of the storage area in the
storage element and subsequently writing the identification information
from the head position to the predetermined position of the storage
area in the storage element, according to a count on an address

counter,

69. A method in accordance with any one of c!aims 64 to 68,
said method being applied to a set of at least two printing material
containers, each having said storage device that stores a different

piece of identification information.

70. A method of gaining access to a desired storage device

81

A



10

15

20

25

among a plurality of non-volatile storage devices, each storage device
connecting with a clock signal line, a data signal line, and a reset

signal line via a bus and storing proper identification information

therein,
said method comprising the steps of:
outputting a reset signal to the reset signal line; and

transmitting a data array including identific'at'ion"information,
which is assigned to said desired storage device to be accessed, and a
write/read command to the data signal line synchronously with a clock

signal.

71. A method of processing an access requirement in a storage
device, said storage device having a storage element that includes a
storage area sequentially accessed and a specific section between a
head position and a predetermined position of the storage area to store
identification information therein, said storage device sharing a clock
bus that is connected to a clock signal line, a data bus that is
connected to a data signal line, and a reset bus that is connected to a

reset signal line with another storage device,
said method comprising the steps of:

resetting a count on an address counter to an initial value in

response to detection of a reset signal on the reset bus;

comparing identification information transmitted to the data bus
with the identification information stored in the storage element to
determine coincidence or incoincidence of the two pieces of

identification information:

when the resulit of the determination represents coincidence of
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the identification information transmitted to the data bus with the
identification information stored in the storage element, analyzing a

write/read command transmitted to the data bus;

controlling data transfer with regard to the data bus and data transfer

with regard to the storage element based on the result of the analysis;

and

carrying out either one of an operation of writing data at a desired
position in the'storage element and an operation of reading data from

the storage element, based on the count on the address counter,

72. In a non-volatile storage device having a storage element
sequentially accessed, a method of storing identification information in
a specific section located between a head position and a

predetermined position of a storage area in the storage element,
said method comprising the steps of:

resetting a count on an address counter to an initial value and
prohibiting increment of the count synchronously with a clock signal, in

response to detection of a reset signal;

setting a direction of data transfer with regard to a data bus to a
writing direction and a direction of data transfer with regard to the
storage element to a writing direction, in response to a write command

transmitted to the data bus;

allowing increment of the count on the address counter
synchronously with the clock signal after completion of the settings of

the directions of data transfer; and

writing the identification information between the head position

and the predetermined position of the storage area in the storage
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element and subsequently writing data into the storage area according

to the count on the address counter.

73. In a non-volatile stofage device having a storage element
sequentially accessed, a method of reading data stored in a storage

area of the storage element from a head position of the storage area,
" said method comprising the steps of:

resetting a count on an address counter to an initial value and
prohibiting increment of the count synchronously with a clock signal, in

response to detection of a reset signal,

setting a direction of data transfer with regard to a data bus to a
reading direction and a direction of data transfer with regard to the
storage element to a reading direction, in response to a read command

transmitted to the data bus;

allowing increment of the count on the address counter
synchronously with the clock signal after completion of the settings of

the directions of data transfer; and

reading data stored in the storage area of the storage element
from the head position of the storage area according to the count on

the addrqss counter,

74. In a non-volatile storage device having a storage element
sequentially accessed, a method of storing identification information in
a specific section located between a head position and a

predetermined position of a storage area in the storage element,
said method comprising the steps of:

carrying out retrieval to find a piece of identification information
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that coincides with the identification information stored in the storage

element of said storage device;

when the piece of identification information that coincides with
the identification information stored in the storage element is found,
transmitting the piece of identification information and a write command

to said storage device;

transmitting a data array to said storage device, the data array
including the identification information after data corresponding to an
end position of the storage area in the storage element of said storage

device; and

writing data up to the end position of the storage area in the
storage element and subsequently writing the identification information
from the head position to the predetermined position of the storage
area in the storage element, according to a count on an address

counter.

75. A non-volatile storage device that connects with a clock
signal line, a data signal line, and a reset signal line and is initialized in

response to a reset signal input via the reset signal line,

said storage device comprising a storage element, which has a
storage area sequentially éccessed and a specific section between a
head position and a predetermined position of the storage area, the
specific section being subjected to a writing operation under a
predetermined condition and otherwise storing identification information

in an unrewritable manner.

76. A printing material container detachably attached to a

printing apparatus, said printing material container comprising:
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a reservoir unit that keeps a printing material therein;

a storage element having a storage area of an identification
information, and a writable data area, in which data are writable, after

the storage area of the identification information.
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