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{54) Access to printing material container

(57)  The present invention provides a storage de-
vice (20-24) that enables identification data to be readily
rewritten and ensures normal completion of a data writ-
ing operationin a short time period. In the storage device
of the invention, an |D comparator {203} determines
whether or not identification data transmitted from a host
computer coincides with identification data stored in a
memeory array (201}. In the case of coincidence, the iD
comparator sends an access enable signal EN to an op-

eration code decoder (204), The operation code decod-
er (204) analyzes a writefread command, switches over
a direction of data transfer with regard to the memory
array based on a result of the analysis, and requires an
I/Q controller to change a high impedance setting of a
signal line cannecting with a data terrminal DT This se-
ries of processing allows access to an address in the
memory array specified by a count on an address coun-
ter.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to storage devic-
es that are mutually connected via a bus. More specifi-
cally 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 technigues have been proposed to
select a desired storage device among a plurality of stor-
age devices {memories) included in a memory module
and carry outa 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 sig-
nal line and a clock signal line via a bus, one practical
technique causes identification information to be stored
inadvance ineach storage device in some physical way,
for example, using a pull-up resistance, and gains ac-
cess to the desired storage device based on the identi-
fication 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
stgnaj.

[0003] Another practical technique uses chip select
signal lines in addition to the data signal line and the
ciock 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 among the plurality of storage devices and carries
out the writing/reading operation into and from the ac-
cessed storage device.

{0004] The former technique storing the physical
identification information in the storage device, for ex-
ample, with a puil-up resistance. however, it ts practical-
iy impossible to rewrite the identification information
stored in each storage device. This technique is accord-
ingly not suitable for recycle. The access to each stor-
age device is specified by the combination of the start
bit, the end bit, and the clock signal. In the case of ac-
cidental cutoff of the power supply during the access to
the storage device, the writing operation of data can not
be conciuded normatly.

[6005] The latter technique requires a plurality of chip
select signal lines corresponding to the number of the
storage devices. This undesirably reguires the heavy
wiring load of the signal lines and complicates the layout
design. Only one chip select signal line is utilized for ac-
cess, which worsens the utilization efficiency of the sig-
nal lines.
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SUMMARY OF THE INVENTION

[0006] The cbject 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 tire period.
[0007] Atleast part of the above and the other related
objects is attained by a first application of the present
invention, which is directed to a printing material con-
tainer detachably attached to a printing apparatus hav-
ing a clock signal line, a data signal line, and a reset
signalline, The printing material container in the first ap-
plication of the present invention includes: a reservoir
unit that keeps a printing material therein; a clock termi-
nal that receives a clock signal sent via the clock signal
line of the printing apparatus; a data terminal that trans-
mits 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 appa-
ratus; a storage element having a plurality of non-vola-
tile 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 operaticn of data into and from the storage el-
ement according to the data signal synchronously with
the input clock signal when the reset signal is switched
over to a second levetl,

[0008] In the printing materal container according to
the first application of the present invention, the writing/
reading operaticn of data into and from the storage el-
ement is performed in response to a variation in level of
thereset signal as the trigger. This arrangement enables
the writing/reading operation of data into and from a de-
sired printing material container (storage element)
among a plurality of printing material containers (stor-
age 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 writ-
ing operation of data without causing any abnormal con-
versicn of the data.

[0040] !n accordance with cone preferable embodi-
ment of the printing material container in the first appli-
cation of the invention, the storage element stores iden-
tification information therein. The storage element con-
trol unit includes: a data bus that connects the data ter-
minal with the storage eiement; an address counter that
increments a count thereon synchroncusly with the
clock signal input via the clock terminal and resets the
count 10 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 ele-
ment 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
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comparator that compares printing matenal container
identification information, which is assigned to the print-
ing material container for identification thereof and is in-
put via the data bus, with identification information
stored in the storage element to determine coincidence
or incoincidence of the two pieces of identification infor-
mation; and a write/read enable unit that allows the writ-
ing/reading operation of data into and from the storage
element according to the data signal in the case of co-
incidence 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 plurality 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 print-
ing material containers, The writing operation of data in-
to the storage element is not allowed during the com-
parison between the identification information stored in
the storage device of the printing material container and
the input identification information to determine coinci-
dence or incoincidence thereof. This keeps the read on-
ly state of the identification information stored in the stor-
age 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 the storage
alement to a reading direction and cuts off connection
with the data bus as initial settings. in response to input
of the reset signal. This arrangement enables the stor-
age element to be set in the read only state in response
to input of the reset signal as the trigger.

[0D13] In accordance with one preferable embodi-
ment 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 com-
parator, analyzes a write/read command input via the
data bus when a result of the determinaticn by the com-
parator represents coincidence of the printing matenal
container identification information with the identifica-
tion information stored in the storage element, and re-
quires the input-output controller to switch over the di-
rection of data transfer with regard to the data bus based
on a result of the analysis. The input-cutput controlier
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 de-
coder completes the analysis of the write/read com-
mand.

{0014] This embodiment enables data to be written in-
to and read from the storage device included in a select-
ed printing material container. This arrangement prohib-
its the writingfreading 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
at orread from a specific position in the storage element.
[0015] Inaccordance with another preferale embod-
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iment 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 termi-
nal and detects input of a test mode signal. 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.
Here the predetermined condition is detection of input
of the test mode signal. This arrangement enables data
to be written in the specific section of the storage ele-
ment.

[0016] Inone preferable application of the above em-
bodiment, 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 re-
quires 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.,
The input-output controller carries out the wiiting oper-
ation into the storage element and the release of the da-
ta bus in response to the requirement from the com-
mand decoder, In another prefarable 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-out-
put controlier carries cut the reading operation from the
storage element and the release of the data bus in re-
sponse to the requirement from the command decoder.
[0017] The above arrangement enables activation of
the command decoder without receiving the result of de-
termination representing coinctdence of the two pieces
of identification infermation from the comparator. The in-
put-cutput controller carries out the writing/reading op-
eration of data into and from the storage element, as
well as the release of the data bus. Incrementing the
count on the address counter is prohibited until the com-
mand decoder completes the apalysis of the test mode
command. Data can thus be written from the head po-
sitton in the storage element. This arrangement aliows
the identification information stered in the storage ele-
ment to be rewritten. The arrangement of prohibiting in-
crement 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 positien in the storage element.

[0018] In the printing material container according to
the first application of the present invention, it is prefer-
able the storage element has a writable data area, in
which data are writable, after a storage area of the iden-
tification information. Data regarding at least a quantity
of the printing material may be written into the writable
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data area. It is further preferable that the storage ele-
ment has a specific section between a head position and
a predetermined position of the storage area, whera 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 betwean
the head position and the predetermined position to be
used as a read only area.

[0019] A second application of the present invention
is a non-volatile storage device that is detachably at-
tached 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 ac-
cessed; and a storage element control unit that is initial-
ized 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 synchro-
nously with an input clock signal when the reset signal
is swilched 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 ar-
rangements and embodiments discussed above with re-
gard to the printing materiat container in the first appli-
cation 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 generation
circuit that generates a clock signal, a reset signal gen-
eration circuit that generates a reset signal, an identifi-
cation information output circuit that outputs identifica-
tion information to identify a desired printing material
container among the plurality of printing material con-
tainers, and a data output circuit that transmits a data
array including the output identification information and
a writefread command to a data signal line synchro-
nously with the clock signal. Each of the printing material
cantainers in the third application of the invention n-
cludes: a data bus that connects with the data ferminal;
a storage element that stores a different piece of iden-
tification information assigned te each printing material
centainer and has a storage area sequentiafly ac-
cassed; 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 in-
coincidence of the two pieces of identification informa-
tion; an input-output controller that is interposed be-
tween the storage etement and the data bus and con-
trols a direction of data transfer with regard to the stor-
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age element as well as a direction of data transfer with
regard to the data bus; and a command deceoder that
conhects with the data bus and the comparator, analyz-
as the write/read command input via the data bus when
a result of the determination by the comparator repre-
sents coincidence of the identification information out-
put from the control unit with the identification informa-
tion stored in the storage element, and requires the in-
put-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 stor-
age element is not allowed during the comparison be-
tween the identification information stored in the storage
device and the input identification information to deter-
mine 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 embodi-
ment 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 elemant to be accessed, and resets the count
to an initial value at a time of initialization. The input-
cutput contratler 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.

[0024]) This embodiment ensures the writing/reading
operation of data into and from the storage device in-
cluded in the selected printing material container. The
writing/reading operation of data into and from the stor-
age glement is prohibited until completion of the analy-
sis of the writefread command. This arrangement ena-
bles data to be written or read from a predetermined po-
sition in the storage element

[0025] Inthe 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
aliows selection of all the printing material containers as
the desired printing material containers to be accessed.
[0026] In accordance with another preferable embod-
iment 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 print-
ing 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 start-
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ing power supply to the control unit and an oceasion of
cutoff of the power supply. In the case of detection of
input of the reset signal during a writing cperation of da-
ta, transmission of the data to the data terminal is ter-
minated immediately and preferential data is instantly
transmitted to the each data terminail 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 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] Inthe 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
wrifing operation of data, while shortening the access
time to the storage device.

{0029] In accordance with still another preferable em-
bodiment of the third application of the invention, the plu-
rality of printing material containers are mounted on a
mndule substrate with a printing material container de-
tection 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 wheth-
er 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 ex-
ample, to determine whether or not ink cartridges for an
ink jet printer. which respectively have the storage de-
vices, are properly attached to an ink cartridge holder,
[0031]) In the third application of the presentinvention,
it is preferable that the control unit determines that all
the printing material containers are mounted properly on
the module substrate when the printing material contain-
er detection signal line shows a ground voitage. ltis also
preferable that the control unit determines that at least
one printing material container is not properly mounted
on the module substrate when the printing material con-
tainer detection signal line shows a voltage other than
a ground voltage.

[0032] Inthe third application of the presentinvention,
the storage element may store a diversity of data regard-
ing a type of the printing material accommodated in each
printing material container. In one preferable configura-
tion, 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.
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[0033] A fourth application of the present invention is
actualized by a plurality of non-volatile storage devices,
each connacting with a control unit via a bus with a clock
terminal, a data terminal, and a reset terminal. The con-
trol unit has a clock signal generation circuit that gener-
ates 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 the plurality of
storage devices, and a data cutput circuit that transmits
a data array including the output identification informa-
tion and a write/read command to a data signal line syn-
ehrenausly with the clock signal. Each of the storage de-
vices in the fourth application of the invention includes:
a data bus that connects with the data terminal; a stor-
age element that has a storage area sequentially ac-
cessed; a comparator that connects with the data bus
and compares the identification information output via
the identification information output cireuit and the data
output circuit of the control unit with identification infor-
maticn stored in the storage element to determine coin-
cidence or incoincidence of the two pieces of identifica-
tion information; an input-output controller that is inter-
posed 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 trans-
fer with regard to the data bus: and a command decoder
that connects with the data bus and the comparator, an-
alyzes 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 infor-
mation stored in the storage element, and requires the
input-output controller to switch over the direction of da-
ta transfer with regard to the data bus based on a result
of the analysis.

[@034] The storage device in the fourth application of
the present invention exerts the same functions and ef-
fects 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 ap-
plication of the invention are also applicable to the stor-
age device in the fourth application of the invention.
[0035] The present invention is further directed as its
fifth application 1o a printing material container detach-
ably attached to a printing apparatus having a clock sig-
nal line, a data signal line, and a reset signatl iine. 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 connect-
ing 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 oper-
ation based on a clock signal input via the clock terminal
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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 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 iden-
tification information; and an input-output controtler that
allows the writing/reading operaticn into and from the
storage element when the comparator determines coin-
cidence of the two pieces of identification information.
[0036] In the printing material container according to
the fifth application of the present invention, the identi-
fication information stored in advance in the storage el-
ement is compared with the printing material container
identification information included in the data signal, for
the purpose of determination of coincidence or incoin-
cidence 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 ele-
ments).

{0037] In the printing material container according to
the fifth application of the present invention, the identi-
fication information may be stored in the storage ele-
ment. It is preferable that the input-output controller al-
lows the writing/reading operation into and from the stor-
age element only when a reset signal input via the reset
terminal satisfies a predetermined condition. in this ar-
rangement, the writing/reading operation into and from
the storage element is controlied by the reset signal.
[0038] in the printing material container according to
the fifth application of the present invention, itis prefer-
able that the storage element is sequentially accessed
in synchronism with the clock signal. Itis also preferable
that the storage element has information regarding a
quantity of the prinfing material kept in the printing ma-
terial container, and that the identification information is
stored at a specific positicn accessed prior o the infor-
mation regarding the quantity of the printing material.
This arrangement enables the identification information
ta be read out first.

[0039] In the printing material container according to
the fifth application of the present invention, the prede-
termined 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 cpera-
tion into and from the storage element can thus be con-
trolled in response to a variation in level of the reset sig-
nal 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
areset signal line and is detachably attached to a print-
ing 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 sub-
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jected to a writing/reading operation based on a clock
signal input via the clock signal line and a data sighail
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 as-
signed to the printing material container for identification
thereof, with identification information stored in advance
in the storage element to determine coincidence or in-
caincidence of the two pieces of identification informa-
ticn; and an input-output controller that allows the writ-
ing/reading operation into and from the storage element
when the comparator determines coincidence of the two
pieces of identification information.

{00411 The storage device in the sixth appiication of
the present invention exerts the same functions and ef-
fects as those of the printing material container in the
fifth application of the present invention. A variety of ar-
rangements and embodiments discussed above with re-
gard to the printing material container in the fifth appli-
cation of the invention are also applicable to the storage
device in the sixth application of the invention.

[0042] The presentinvention is further directed as its
seventh application to a storage system including a plu-
rality of printing material containers and a control unit.
Each printing material container has a non-volatile stor-
age device that connects with a clock signal line, a data
signal line, and a reset signal line via a bus and a res-
ervoir unit that keeps a printing material therein. The
control unit connects with the storage device included
in the printing matenal container via the clock signalline,
the data signal line. and the reset signal line. The control
uhit includes: a clock signal generation circuit that gen-
erates a clock signal; a reset signal generation circuit
that generales 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 writefread
command to the data signal line synchronously with the
clock signal. The storage device included in each print-
ing material container includes: a data bus that connects
with the data signal tine: a storage element that has a
storage area sequentially accessed: a comparator that
connects with the data bus and compares the identifi-
cation information output from the control unit with iden-
tification information stored in the storage element to de-
termine 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 com-
mand 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
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information output from the control unit with the identifi-
cation information stored in the storage element, and re-
quires the input-output controller to switch over the di-
rection of data transfer with regard to the data bus based
on a result of the analysis.

[0043]) The arangement of the seventh application of
the present invention enables a desired printing material
container to be selected among the plurality of printing
material containets without any exclusive signal line for
the selection. The writing operation of data into the stor-
age element is not allowed during the comparison be-
tween the identification information stored in the storage
device and the input identification information to deter-
mine 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 embodi-
ment of the storage systaem in the seventh application
of the present invention, the storage device included in
each printing material container further includes an ad-
dress counter that increments a count thereon synchro-
nously with the clock signak input via the clock signal ling
to specify a position in the storage area of the storage
element to be accessed, and resets the countto aninitial
value at a time of initialization. The input-output control-
ler 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 initiai settings until the command de-
coder completes the analysis of the write/read com-
mand.

[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 arrange-
ment enables data to be written or read from a prede-
termined position in the storage element.

[0046] In one preferable embediment of the storage
system according to the seventh application of the
present invention, the control unit causes the reset sig-
nal 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 to the stor-
age device included in the desired printing materiat con-
tainer to be accessed, and the write/read command to
the data signat line synchronously with the clock signal.,
so as to gain access ta the storage device in the desired
printing material container.

[0047] In ancther preferable embodiment of the stor-
age 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 in-
formation transmitted to the data bus with the identifica-
tion information stored in the sterage element to deter-
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mine coincidence or incoincidence of the two pieces of
identification information, When the result of the deter-
mination by the comparator represents coincidence of
the identification information transmitted to the data bus
with the identification information stored in the storage
element, the storage device causes the command de-
coder 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 oper-
ation of reading data from the storage element. This ar-
rangement enables the writing/reading operation into
and from the storage element to be controlled by the
reset signal.

[0048] Inthe storage system according to the seventh
application of the present invention, the identification in-
formation output circuit of the control unit may output
commaon 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 ma-
terial containers to be accessed. When there is any data
to be commonly written into the storage devices of all
the printing material containers, this arrangement ena-
bles data to be written simuftaneously into all the storage
devices and thus desirably shortens the time period re-
quired for the writing operation.

[0049] In accordance with one preferable embedi-
ment of the storage system according fo the seventh ap-
plication of the present invention, the control unit further
comprises a power supply compensation circuit that
gives compensational power supply for a predetermined
time perioad after cutoff of general power supply. The re-
set signal generation circuit included in the control unit
generates the reset signal on at least either one of an
occasion of starting power supply to the contrel unit and
an occasion of cutoff of the power supply. In response
to detection of the reset signal during a writing operation
of data, the data output circuit included in the contrcl
unit immediately terminates transmission of the data
and instantly transmits preferential data tc be complete-
ty written in the predetermined time period when the
power supply compensation circuit gives the compen-
sational power supply.

[0050] Evan 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] Inthe storage system according to the seventh
application of the present inventicn, it is preferable that
the clock signal generation circuit included in the control
unit lengthens a cycie of the clock signal in the case of
output of a write command via the data output circuit
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than a cycle in the case of output of a read command.
This arrangement ensures a sufficient time period for
the writing cperation of data, while shortening the ac-
cess 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 therson and a storage de-
vice detection signal line laid thereon to give cascade
connection with each storage device and have one
grounded end and 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 de-
tection signal line.

[0053] The embodiment detects proper or improper
attachment of the printing material containers to the
module substrate. This arrangement is adopted, for ex-
ample, to determine whether or not ink cartridges for an
ink jet printer, which respectively have the storage de-
vices, are properly attached to an ink cartridge holder.

[0054] Inthe storage system according to the seventh
application of the present invention, it is preferabie that
the storage device detection circuit included in the con-
trol 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] Inthe storage system according to the seventh
application of the present inventicon, it is also preferable
the storage device detection circuit included in the con-
trol unit determines that at least one storage device is
not praperly mounted on the module substrate when the
storage device detection signalline shows a voltage oth-
er than a ground voltage.

[0056] inthe 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 print-
ing material accommodated in each printing material
container. This arrangement enables a proper piece of
information to be written into a specific ink cartridge se-
lected among a plurality of ink cartridges setin a printer.
It is also preferable that power supply to each storage
device is allowed only when the control unit carries out
a writingfreading operation of data into and from the
storage device. This arrangement ensures the power
supply to the storage device according to the require-
ments.

[0057] Inthe storage system according to the seventh
application of the present invention, it is further prefer-
able 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 a writing operation
under a predetermined condition and otherwise storing
the identification information in an unrewritable manner.
This arrangement enables the specific section between
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the head position and the pradetermined position to be
used as a read only area, In the storage system accord-
ing to the seventh application of the present invention,
the clock signal line, the data signal line, and the raset
signal line may be included in a flexible cable. In this
arrangement, the bus comnecticn 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.

[DD58] In eighth application of the present invention is
amethod 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 identifi-
cation information therein. The method in the eighth ap-
plication of the present invention includes the steps of:
outputting a reset signal to the reset signal line; and
transmitting a data array including identification informa-
tion, 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 syn-
chronously 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 starage device including 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 infor-
mation 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 i 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 identifi-
cation information stored in the storage element to de-
termine coincidence or incoincidence of the two pieces
of identification information; when the result of the de-
termination represents coincidence of the identification
information transmitted to the data bus with the identifi-
cation information stored in the storage element, ana-
lyzing 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 ei-
ther one of an operation of writing data at a desired po-
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sition 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 ele-
ment sequentially accessed, a tenth application of the
presentinventicn is a method of storing identification in-
formation 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 tenth appli-
cation of the present invention includes the steps of: re-
setting a count on an address counter to aninitial 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 synchronousiy with the clock signal af-
ter completion of the settings of the directions of data
transfer;, and writing the identification information be-
tween the head position and the predetermined position
of the storage area in the storage element and subse-
quently writing data into the storage area according to
the count on the address counter.

[oD63} This arrangement enables identification infor-
mation 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 ele-
ment 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
appfication of the presant invention includes the steps
of. resetting a count on an address counter to an iniial
value and prohibifing increment of the count synchro-
nously with a clock signal, in response to detection of a
reset signal; setting a direction of data transfer with re-
gard to a data bus to a reading direction and a direction
of data transfer with regard to the storage elementto a
reading direction, in response to a read command trans-
mitted 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. This arrangement enables data to be read out
in the test mode.

(0065} In a printing material container having a non-
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volatile storage device, which includes a storage ele-
ment sequentially accessed, a twelfth application of the
presentinvention is a method of storing identification in-
formation in a specific section located between a head
position and a predetermined position of 3 storage area
in the storage element. The method in the twelfth appli-
cation of the present invention includes the steps of: car-
rying out retrieval to find a piece of identification infor-
maticn that coincides with the identification information
stored in the storage element of the storage device;
when the piece of identification information that coin-
cides with the identification information stored in the
storage element is found, transmitting the piece of iden-
tification information and a write command to the stor-
age device; transmitting a data array to the storage de-
vice, the data array including the identification informa-
tion after data corresponding to an end pesition of the
storage area in the storage slement of the storage de-
vice; and writing data up to the end position of the stor-
age areain the storage element and subsequentty writ-
ing 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 ma-
terial 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 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 re-
cycle of the printing material container, this arrangement
ahables new pieces of identification information and da-
ta to be readily written into the storage device. This en-
hances the recycle of the storage device.

[0067] Any of the methods according to the eighth to
the twelfth appiications of the present invention dis-
cussed above may be applied to a set of printing mate-
rial 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
apove may be apphed to the storage device, insiead of
the printing material container. Such application en-
sures 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 signai input via the reset signal line. The storage
device in the thirteenth application of the present inven-
tion includes a storage element. which has a storage
area sequentially accessed and a specific section be-
tween a head paosition 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 unrewri-
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table manner.

[0078] In the storage device according to the thir-
teenth application of the present invention, the storage
element has the specific section that s subjected to a
writing operation under a predetermined condition and
otherwise storesidentification inforrmation in an unrewri-
table manner. This arrangement enables selection of a
desired storage 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 informatien can thus be re-
written easily.

[0071] The present invention provides a printing ma-
terial container detachably attached to a printing appa-
ratus. The printing material container comprises a res-
ervoir unit that keeps a printing material therein, and a
storage element. The storage etement has a storage ar-
ea 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 gquantity of the printing material may be written into the
writable data area. This arrangementis applicable to not
only a three signal line system but also a two signal line
system.

BRIEF DESCRIPTION OF THE DRAWINGS

[0072)

Fig. 1 illustrates the configuration of a storage sys-
tem 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 fransmitted from the host
computer in a test mode as an exampie:

Fig. 4 is a bfock diagram itlustrating the intermnal cir-
cuit structure of the storage device in the first em-
bodiment;

Fig. 5 is a flowchart showing a processing routine
executed by the host computer, which gains access
to the storage devices:

Fig. 6 is a flowchart showing a processing routine
executed by the respective circuit structures of the
starage devices when being accessed by the host
computer;

Fig. 7 is a timing chart showing a time-based rela-
tionship among the reset signal RST, the clock sig-
nal SCK, the data signal SDA, and the count on the
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address countsr at the time of reading data;

Fig. 8 is a timing chart showing a time-based rela-
tionship among the reset signal RST, the clock sig-
nal SCK, the data signal SDA, and the count on the
address counter at the time of writing data;

Fig. 9 Hlustrates the configuration of a storage sys-
tem 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 intemnal
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 emboediment 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 devic-
es to inK cartridges; and

Fig. 16 schematically illustrates the internat struc-
ture of an ink jet printer as an example, to which any
of the storage systems of the above embodiments
is applicable.

BESCRIPTION OF THE FREFERRED
EMBODIMENTS

[0073] Some embodiments of the present invention
constructed as storage systems including storage de-
vices according to the present invention are discussed
below in the following sequence by referring to draw-
ings:

A. Configuration of Storage System in First Embod-
iment

B. Structure of Storage Device in First Embodiment

C. Operations of Storage System in First Embodi-
ment
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D. Configuration of Storage Systern and Structure
of Storage Device in Second Embodiment

E. Process of Writing Identification Data into Stor-
age Device in Test Mode (in factory Setting Proc-
ess) in Third Embodiment

F. Process of Writing Identification Data into Stor-
age Device in Test Mode (in factory Setting Proc-
ass) in Fourth Embodiment

A. Configuration of Storage System in First Embodiment

[0074] The schematic structure of a storage system
in a first embodiment of the present invention is dis-
cussed below with reference to Fig. 1. Fig. 1 illustrates
the configuration of a storage system including a plural-
ity of storage devices and a host computer in the first
embadiment of the present invention.

[0075] The storage system of this embodiment in-
cludes 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 confrol of
the host computer 10. The storage devices 20, 21, 22,
23, and 24 are respectively provided in five colorink car-
tridges C1, C2, C3, C4, and C5 for an ink jet printer as
shown in Fig. 15. The five color ink cartridges C1, C2,
C3, C4, 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 stor-
age 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 illustrated 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 previ-
ously.

[0077] Data signal terminals DT, clock signal termi-
nals CT, and reset signal terminals RT of the storage
devices 20, 21, 22, 23, and 24 are connected respec-
tively 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 sighal line RL, respectively. These signal
lines may be actualized by, for example, a flexible feed
cable (FFC). A power supply posttive electrode terminal
YDOH of the host computer 10 is connected o power
supply positive electrode terminals VDDM of the respec-
tive storage devices 20, 21, 22, 23, and 24 via a power
supply line VDL. A power supply negative electrode sig-
nal line VSL is laid on the memory module substrate 200
to sertally connect powet supply negative electrode ter-
minals V5SS of the respective storage devices 20, 21,
22, 23, and 24. One end of the power supply negative
alectrode signal tine VSL is grounded, whereas the oth-
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er end is connected to a carfridge out detection terminal
COT of the host computer 10 via a cartridge out signai
line COL.

[0078] The host computer 10 is a controller including
a clock signal generation circuit, a reset signal genera-
tion circuit, a power supply monitor circuit, a power sup-
ply 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, obiains
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 cceasion 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 contral circuit of the host computer 10 requires the
reset signal generation circuit to generate a reset signat
RST. This arrangement ensures generation of the reset
signal RST evenin 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 peiiod (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 blackeut or the accidental pullout of the power
plug, in the course of writing data, such compensation
enables writing of preferentiat data to be completed in
the predetermined time period. A capacitor is, for exam-
ple, applied for the power supply compensation circuit.
[¢080] The control circuit of the host computer 10 con-
trols the power supply circuit to regulate the oufput of
positive power supply. The host computer 10 of this em-
bodiment does not continuously supply 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 oniy in response to requirement of
access to the storage devices 20, 21, 22, 23, and 24.
[0081] Data arrays transmitted from the host compu-
ter 10 are discussed with referring to Figs. 2 and 3. Fig.
2 shows a data array transmitted from the host computer
10inanormal 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 com-
puter 10 in the nermal mode includes a 3-bit identifica-
tion data section, a 1-bit wnite/read command section,
and a 1-bit to 252-bit write/read data section as shownh
in Fig. 2. The data array transmitted from the host com-
puter 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
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of the write data section are allocated to the identifica-
tion data.

[0083] The clock signal generation circuit of the host
computer 10 generates a clock signal SCK, for example,
atintervals 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 Embodiment

{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 iden-
tical internal structures, except identification data (iden-
tification information) and proper data stored therein.
The following description thus regards the internal struc-
ture of the storage device 20 as a typical example.
{0085] The storage device 20 includes a memory ar-
ray 201, an address counter 202, an 1D comparator 203,
an operation code decocder 204, an [/O contraller 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 ar-
ea of 3 bits from the head is assigned to idenfification
data, and the 4! bit from the head is set as an invalid
storage area. As mentioned above, the identification da-
ta 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 memaory array 201, the 5t bit from the head starts
the storage area in which preferential data, for example,
the guantity of ink consumption or the remaining quan-
tity of ink, is written. Even in the case where the power
supply is accidentally cut off by some cause cther than
a normal operation of a power switch, this arrangement
enables the preferential data to be completely written
into the memory array 2071 in the predetermined time
pericd 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 synchro-
nously with the clock signal SCK supplied via the factory
setting unit 206. The count is related to the position (ad-
dress) in the storage area of the memory array 201. The
writing position or the reading position in the memory
array 201 may be specifiad by the count on the address
counter 202. The 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
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equal to 0.

[0088] The ID comparator 203 is connected with the
clack signal terminal CT, the data signal terminat DT, and
the reset signal terminal RT and compares the identifi-
cation data included 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 in-
coincidence thereof. In accordance with a concrete pro-
cedure, the ID comparator 203 obtains the 3-bit identi-
fication data input after the reset signal RST. The ID
comparator 203 has a 3-bit register (not shown)] for stor-
ing the identification data included in the data array and
another 3-bit register {not shown) for storing the identi-
fication data obtained from the memory array 201 via
the 1D 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 1D comparator 203 transmits an
access enable signal EN to the operation code decoder
204. The ID comparator 203 clears the values in the reg-
isters in response to input of the reset signal RST. Com-
mon identification data, for example, (1,1,1} in this em-
bodiment, 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 ID comparators
of all the storage devices 20, 21, 22, 23, and 24 enables
common data to be simultanecusly written into the re-
spective storage devices 20, 21, 22, 23, and 24,
[0083] The operation code decoder 204 is connected
with the /O controller 205, the clock signal terminal CT,
and the data signal terminal DT and acquires the write/
read command input as the 4t 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/fread command and outputs a writing re-
quirement or a reading requirement to the /O controller
205. The cperation code decoder 204 is also connected
with the factory setting unit 206 and transmits an anal-
ysis termination notice to the factory setting unit 206 on
compietion of analysis of the write/read command in the
test mode.

[0090] The I/O controlier 205 is connected with the da-
ta 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 trans-
fer with regard to the data signal terminai DT (that is,
the direction of data transfer on the signal fine connect-
ing with the data signal terminal DT). The IO controller
205 is also connected with the reset signal terminal RT
andreceives the reset signal RST. The IO controller 245
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 stor-
ing data transmitted from the data bus DB and data to
he transmitted to the data bus DB.

[0091]) The IO controller 205 is initialized by the input
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of the raset signai RST. At the time of initialization, the
/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 connect-
ing 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 the
reset signal RST is thus not written into the memory ar-
ray 201. The data stored in the first 4 bits (invalid data
at the 4th bit) of the memory array 201 is, on the other
hand, transmitted to the |D comparator 203. The first 4
bits in the memaory array 201 is accordingly set in the
read only state.

{0092] The factory setting unit 206 is cannhected with
a test signal terminal TT, the clock signal terminal CT,
and the data signal terminal DT, and carries out a pre-
determined series of processing in the test mode in re-
sponse 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 re-
ceiving the analysis termination notice sent from the op-
eration code decoder 204. The factory setting unit 206
sends a test mode command to the operation code de-
coder 204. A pull-down resistance is connected to the
test signal terminal TT, which is setin the inactive state
in the normat 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 showing a
processing routine executed by the hast 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 18. Fig. 7 is a timing
chart showing a time-based relationship among the re-
set 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 fiming chart showing a time-
based relationship amoeng 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 3100 gives negative answer). In
the case where all ink cartridges are properly held in an
ink cartridge holder, the power supply negative elec-
trode signal line VSL is serially connected and ground-
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ed. In this case, the input vaiue CO of the cartridge out
signal line COL shows the ground voltage (for example,
about 0 volt}. 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 efectrode signal line
VSL is not serially connected nor grounded. The value
corresponding to the circuit voitage of the controtl 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.

[0085] When the input value CO of the cartridge out
signal line COL is set equal to O (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 jts
low level (thatis, to set RST =0), and transmits the reset
signal RST =0 to the reset bus RB via the reset signal
line RL at step $110 as shown in Figs. 7 and 8. Unless
allthe ink cartridges are properly held in the ink cartridge
holder, the power 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 gen-
erate or input the reset signal RST" in the specification
hereof represents generation or input of the reset signal
RST in its low [evel. unless otherwise specified.

[0096] The controt circuit of the host computer 10 sub-
sequently causes the reset signal generation circuit to
generate the reset signal RST at its high level (that is,
to set RST =1} at step 5120 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 5130. The output 1D data is transmitted to the data
bus DB via the data signal line DL synchronously with
rising edges of the clock signat SCK as shown in Figs.
7 and 8. The control circuit of the host computer 10 com-
pares the output ID data with {1,1,1) at step $140. As
mentioned previously, {1.1.1) is the common identifica-
tion data stored in advance in the |D comparators of all
the storage devices 20, 21, 22, 23, and 24. In the case
of the output (D data =(1.1.1), data can be written simul-
taneously into all the storage devices 20, 21, 22, 23, and
24,

[06097] When it is determined that the output [D data
is equal to (1,1,1) (that is, in the case of affirmative an-
swer at step §140), the control circuit of the host com-
puter 10 outputs a write command at step 5150. The
output write command is transmitted to the data bus DB
via the data signal line DL synchronously with & 4% rising
edge of the clock signal SCK after the switchover of the
reset signal RST from the low level to the high level as
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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 extend the cycle of the clock signal SCK
at step $160. 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 EEP-
ROM is, for example, about 4 us. This means that the
time pericd required for writing data is approximately
1000 times the time period required for reading. The pro-
caedure 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 1D data
is not equal to (1,1,1) (that is, in the case of negative
answer at step $140), on the other hand, the control cir-
cuit of the host computer 10 outputs either a read com-
mand or a write command at step $170. The output
command is transmitted to the data bus DB via the data
signal line DL. In the case of outputting the write com-
mand at step 5170, the control circuit of the host com-
puter 10 lowers the rate of the clock signal SCK at step
$160. In the case of outputting the read command at
step 8170, on the contrary, the current rate of the clock
signal SCK is kept unchanged.

[0099] The control circuit of the host computer 10 out-
puts 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 5180, The
storage device 20 of this embodiment is a sequential
access type. The control circuitis thus required to oulput
the number of pulses of the clock signal SCK corre-
sponding 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 confrol
circuit of the host computer 10 lastly causes the reset
signal generation circuit to generate the reset signal
RST atits low level (thatis, to set RST =8) and transmits
the reset signai RST =0 to the reset bus RB via the reset
signal line RL., so as to terminate the access to the stor-
age devices 20, 21, 22, 23, and 24 at step 3190. 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 arangement 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 stor-
age devices 20, 21, 22, 23, and 24 when being accessed
by the host computer 10, with reference to Fig. 8. The
discussion regards the storage device 20 as a typical
axample.

[0101] The factory setting unit 206 of the storage de-
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vice 20 first determines whether there is an input of the
test signal (TEST =1} or no input (TEST =0} at step
§200. 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 5200), 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 sighal (that is, in the case
of affirmative answer at step S200), the respective con-
stituents of the storage unit 20 are actuated and oper-
ated 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 com-
puter 10 are discussed below with referring to Figs. 7
and 8.

[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 com-
parator 203 and the /O controller 205 are also initial-
ized. In accordance with a concretas procedure, the D
comparator 203 clears its two internal registers. The I/
QO 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 con-
necting with the data signal terminal DT to prohibit the
data transfet.

[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 sighal 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 edg-
es of the clock signal SCK after the switchover of the
reset signal RST from the low level ta the high level.
[0105] The ID comparator 203 obtains 3-bit ID data,
that is, data transmitted to the data bus DB synchro-
nously with three rising edges of the clock signal SCK
after the switchover of the reset sighal RST from the low
level to the high level. and stores the 3-bit D data into
the first 3-bit register at step 3220a. Simultaneously the
ID comparater 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 1D data
into the second 3-bit register at step S220b.

[0106] The ID comparator 203 then compares the
3-bit ID data stored in the first register with the 3-bit 1D
data stored in the second register at step §230 to de-
termine coincidence or incoincidence thereof. The |D
comparator 203 also compares the common 1D data
stored in advance with the ID data stored in the first reg-
ister to determine coincidence or incoincidence thereof.
When the 1D comparator 203 determines incoincidence
of the ID data (that is, in the case of pegative answer at
step 5230). the host computer 10 is not allowed to ac-
cess 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 stor-
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age 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 8230), the
D comparator 203 transmits the access enable signal
EN to the operation code decoder 204. In this case, the
host computer 101is 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. |n 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 enabie 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 signal RST from
the low level to the high level, and determines whether
the obtained command s the write command or the read
command at step S5240.

[0108] In the case of the write command (that is, in
the case of affirmative answer at step $240), the oper-
ation code decoder 204 transmits the write command to
the 1/O controller 205. The IO controller 205 receiving
the write command changes the direction of data trans-
fer 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,
s0 as to allow the data transfer at step S250. In 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 thatis sticcessively increment-
ed synchronously with the 1ising edges of the clock sig-
nal SCK. The storage device 20 of this embodiment is
accessed sequentially in this manner. The data trans-
mitted from the host computer 10 accordingly have iden-
tical values (0 or 1) with the data currently stored in the
memory array 201, except the data corresponding to ad-
dresses 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] Inthe case of the read command (thatis, in the
case of negative answer at step 5240). the operation
code decoder 204 transmits the read command to the
1O controller 205. The 1/O controlier 205 receiving the
read command changes the direction of data transfer
with regard to the memory array 201 to the reading di-
rection and cancels the high impedance setting on the
signal line connecting with the data signal terminal DT,
50 a5 1o allow the data transfer at step S260. 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 increment-
ed syhchronously with the rising edges of the clock sig-
nal 3CK, and successively cverwrite the contents of the
first buffer memory in the /O controller 205.

[0110] Only the data at the last addresses {the data
at the addresses specified by the host computer 10} are
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eventually kept in the second buffer memory of the IYO
controlter 205. The data kept in the second buffer mem-
ory are transmitted to the data bus DB via the data signal
line DT and transferred {o the host computer 10 by the
function of the I/O controller 205,

[0111] In response to re-input of the reset low signal,
the address counter 202, the |D comparator 203, and
the 110 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 hot required to establish
the data. As mentioned previcusly, the reset signal 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
wtiting 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 com-
pensation circuit gives the compensational power sup-
ply for a predetermined time period when preferential
data, such as the remaining quantity of ink or the quan-
tity 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, respectivety,
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
arangement enables the preferential data to be prop-
erly and completely written in all the storage devices 20,
21,22, 23, and 24.

[0113] Configuration of Storage System and Struc-
ture of Storage Device in Second Embodiment

[0114] The following discussion regards the configu-
ration of a storage system and the internal structure of
a storage device in a second embodiment of the present
invention with referring to Figs. 8 and 10. Fig. 9 illus-
frates the configuration of a storage system including &
plurality of storage devices and a host computer in the
second embaodiment of the present invention. Fig. 10 is
a block diagram illustrating the internal cireuit structure
of the storage device in the second embodiment.
[0115] The storage system of the second embodi-
ment is characterized by that each of storage devices
40, 41, 42, 43, and 44 included in the storage system
does nothave a test signal terminal TT for the test mode.
The other constituents of the storage system of the sec-
ond 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 iliustrated in Fig. 10, the storage device 40 has
no test signal terminal TT nor a circuit corresponding to
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the factory setting unit 206 included in the storage de-
vice 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 in-
vention. The factory setting unit is, however, not re-
quired when identification information and data are writ-
ten into the storage device according to a method dis-
cussed later as a fourth embodiment of the present in-
vention. The storage device 40 itlustrated in the second
embodiment accordingly does not have the circuit struc-
ture 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
isidentical with the circuit structure of the storage device
20 of the first embodiment. The respective constituents
are thus expressed by the like numerals and are not spe-
cifically described here. The general operations 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 devic-
as 20, 21, 22, 23, and 24 in the test mode in a third em-
bkodiment 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
connection 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 humerals and are not specif-
ically described here. The processing of the third em-
bodiment is carried out under the connection of one-to-
ohe 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 de-
vice 20 as shown in Fig. 12, while the storage device 20
is mounted on a new ink cartridge at the time of manu-
facture 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 hostcomputer 100
to the storage device 20, that is, after shift of the
processing to the factory setting process in the flowchart
of Fig. 6. When the program enters the processing rou-
tine of Fig. 11, the factory setting unit 206 first prohibits
transmission of the input clock signal to the address

EP 11470132 A2

15

20

25

30

35

40

45

50

55

16

30

counter 202 and thereby increrment of the count on the
address counter 202 at step S300. The factory setting
unit 206 then outputs a test mode command to the op-
eration code decoder 204 at step 5310. The test mode
command causes the operation code decoder 204 to be
activated without the access enable signal EN cutput
from the ID comparator 203 and to obtain command da-
ta 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 cormmand.

[0119] The operation code decoder 204 anatyzes the
obtained command and requires the 1/O controller 205
to set the direction of data fransfer 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 $320.

[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 trans-
mits the input clock signal SCK to the address counter
202 at step S330. In the case where the result of anal-
ysis by the operation code decoder 204 shows the write
command at step 5340, 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 $350. 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 written in the
first 3 bits of the memory array 201.

[0121] The host computer 100 for testing reads the
existing data from the memaory array 201 at step S360,
and compares the input data from the memaory array 201
with the output data to the data bus DB to determine
coincidence or ingoincidence thereof at step S370. In
the case of coincidence (that is, in the case of affirmative
answer at step 3370), the host computer 100 for testing
determines that the writing process is concluded prop-
erly and terminates the factory setting process. In the
case of incoincidence (that is, in the case of negative
answer at step 5370), on the other hand, the host com-
puter 100 for testing carries out the data writing process
again.

[0122] Inthe 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 successively
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
5380.
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E. Process of Writing ldentification 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 in-
vention. Fig. 13 is a flowchart showing a routine of the
writing process in the test mode in the fourth embodi-
ment. Fig. 14 shows one example of cohnection be-
tween 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 intemal circuit structure as that of the storage de-
vice 40 of the second embodiment. The respective con-
stituents are thus expressed by the like numerals and
are not specifically described here. The process of the
fourth embodiment is characterized by the structure
where the storage device 40 does not have the test ter-
minal TT or the factory setting unit 206 to invatidate the
1D check by the |D 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 & used
ink cartridge.

[0125] When the program enters the processing rou-
tine of Fig. 13, the host computer 100 for testing suc-
cessively generates and outputs arbitrary ID data to the
{0 comparator 203 via the data bus DB at step 8400
until the arbitrary output ID data coincides with the 1D
data stored in the memory array 201 at step S410. In
the procedure of this embodiment, as both the ID 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 1D data with the stored 1D data, for exampie, ac-
cording to the procedure discussed below. The opera-
tion code decoder 204 is set to require the I/Q 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 1D comparater 203 does not gen-
erate 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 cutput 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 val-
ues of the data airay are not all equal to 1 of not all equal
to 0, on the other hand, the host computer 100 for testing
determines that the output ID data coincides with the |D
data stored in the storage device 40. Namely the host
computer 100 for testing iteratively outputs arbitrary |D
data to the storage device 40 and obtains the data array
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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 |D data coincides with the 1D
data stored in the memory array 201 (that s, in the case
of affirmative answer at step $410) and the access en-
able signal EN sent from the |D comparator 203 is de-
tected, the hast computer 100 for testing writes data of
a specific capacity, which is equal to the capacity of the
memory array 201, into the memary array 201 at step
5420. 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 5th
to 256 bits. The host computer 100 for testing subse-
quently writes the 3-bit data (ID data) at addresses cor-
responding to 257 to 259t pits at step 8430, Since
data have already been written at the addresses up to
the 256t bit in the memory array 201, the 3-bit data is
written in the first 3 bits, that is, at the 15t to 31 bits, of
the memory array 201, This results in writing the 1D data
in the first 3 bits of the memory array 201.

[0128) The host computer 100 for testing may alter-
natively monitor the access enable signal EN generated
by the |D comparator 203 to determing coincidence or
incoincidence of the output 1D data with the 1D data
stored in the storage device 40. The |D comparator 203
generates the access enable signal EN when the output
|D 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 identifica-
tion information, irespective of the currentidentification
information stored in the storage device 40, when the
storage device 40 is removed from the collected ink car-
tidge. The storage device 40 does not require the fac-
tory setting unit 206 and accordingly has a less number
of circutt structures.

[0130] Any of the arangements 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 storage systems of the
above embodiments is applicable.

{61311 Referring to Fig. 16, a color ink jet printer 300,
which is capable of generating cofor 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 yeilow (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 colorink jet printer 300 has a mechanism
of actuating print heads |H? o IH5 mounted on a car-
riage 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 ptaten 303, a mecha-
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nism of driving a sheet feed motor 304 to feed sheets of
printing paper P, and a control circuit 330 (correspond-
ing to the host computer 10). The mechanism of recip-
rocating the carriage 301 along the axis of the platen
303 includes a sliding shaft 305 that is arranged in par-
allel with the axis of the platen 303 to support the car-
riage 301 in a slidable manner and a pulley 307 that is
combined with the carriage motor 302 to support an end-
less drive belt 306 spanned therebetween.

[0133] The control circuit 330 transmits signals to and
from an operation panel 350 of the printer 300 and ad-
equately controls the operations of the sheet feed motor
304, the carriage motor 302, and the print heads IH1 to
IH5. 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 cor-
responding 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 mount-
ad onh the ink cartridges C1 to C5, in response to control
signals output from a personal computer PC. The con-
trol circuit 330 also controls the operations of the respec-
tive constituents of the printer 300 to implement printing
operations, in response to print control signals output
from the persenal 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 fiexible caus-
es 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 signallines included in
the flexible cable. In the present embodiments, the stor-
age 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 embodi-
ments can reduce an affection of the elastic forces and
realize the smoocth movement of the carriage 301.
[0136] Reducing the number of signal lines in the flex-
ible cable alsc 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-con-
tact. It is preferable to reduce noise factors, especially
when the face-contact is employed.

[0137] Inany of the configurations of the storage sys-
tems discussed above in the first through the fourth em-
bodiments, 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 stor-
age device among a plurality of storage devices. The
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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 eas-
ily. This arrangement facilitates rewriting the identifica-
tion 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 devic-
es.

[0138] The above description regards the storage
systems and the storage devices in some preferred em-
bodiments of the present invention. These embodi-
ments are, however, to be considered in all aspects as
illustrative and not restrictive. There may be many mod-
ifications, changes, and alterations 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 intend-
ed 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, applica-
ble to the storage device of the present 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 con-
sumpticn 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] Inthe storage system including the plurality of
storage devices discussed above, the identification data
for gaining access to a certain storage device are stored
infirst 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 ar-
ray 201 is not restricted to 256 bits but may be varied
adequately according to the capacity of data to be
stored.

[0142] Inthe above embodiments, the five storage de-
vices 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] Inthe 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.

Claims

1. Aprintingmaterial container detachably attached to
a printing apparatus having a clock signal line, a da-
ta signal line, and a reset signal line, said printing
material container comprising:
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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 ap-
paratus;

a data terminal that transmits a data signal to
and from the data signal line of said printing ap-
paratus;

aresetterminal that receives a reset signal sent
via the reset signal line of said printing appara-
tus;

a storage element having a plurality of non-vol-
atile storage areas that are sequentially ac-
cessead; and

a storage element control unit that is initiatized
at a first level of the input reset signal and car-
ries 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.

A printing material container in accordance with
claim 1. wherein the storage element stores identi-
fication information therein, and the storage ele-
ment control unit comprises:

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 in-
put via the clock terminal and resets the count
to aninitial value in response to input of the re-
set 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
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incoincidence of the two pieces of identification
information; and

a write/read enable unit that allows the writing/
reading operatton of data into and from the stor-
age element according to the data signal in the
case of coincidence of the two pieces of iden-
tification 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 connec-
tion with the data bus as initial settings, in response
to input of the reset signal,

A printing material container in accordance with
claim 4, said printing material container further com-
prising:

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 co-
incidence of the printing material container identifi-
cation information with the identification information
stored in the storage efement, and requires the in-
put-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 controlier 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 untit the command
decoder completes the analysis of the write/read
command.

A printing material container in accordance with
claim 5, said printing material container further com-
prising:

a test terminal that connects with a test mode
signal line; and

a test mode controtler 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 po-
sition of the storage area, the specific section being
subjected to a writing operation under a predeter-
mined condition and otherwise storing the identifi-
cation information in an unrewritable manner, and

the predetermined condition is detection of input of
the test mode signal.

A printing material container in accordance with
claim 6, wherein the test mode controller outputs a
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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-out-
put controller to carry out a writing operation in-
to the storage element and release of the data
bus after the analysis of the test mode com-
mand, and

the input-output controller carries out the writ-
ing operation into the storage element and the
release of the data bus in response to the re-
quirement from the command decoder.

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-out.
put controller to carry out a reading operation
from the storage elernent and release of the da-
ta bus after the analysis of the test mode com-
mand, and

the input-output controller carries out the read-
ing operation from the storage element and the
release of the data bus in response to the re-
quirement from the command decoder.

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.

A printing material container in accordance with
claim 8, wherein data regarding at least a quantity
of the printing material is written into the writable
data area.

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

A non-volatile storage device that is detachably at-
tached to a printing material container and connects
with a clock signal line, a data signal line, and a re-
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13.

14.

15.

set signal line, said storage device comprising:

a starage element having a plurality of non-vol-
atile storage areas that are sequentially ac-
cessed; and

a storage element control unit that is initialized
atafirstlevel of an input reset signat and carries
out a writing/reading operation of data inte 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 sec-
ond level,

A storage device in accordance with claim 12,
wherein data are written into the storage element
bit by bit.

A storage device in accordance with claim 12,
wherein the storage element stores identification in-
formation 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 sig-
nal and resets the count to an initial value in
response to input of the reset signal;

an input-output controller that is interposed be-
tween the storage element and the data bus
and controls a direction of data transfer with re-
gard to the storage element as well as a direc-
tion 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 determing ceincidence or
incoincidence of the two pieces of identification
information; and

a write/read enable unit that allows the writing/
reading ocperation of data into and from the stor-
age element according to the data signal in the
case of coincidence of the two pieces of iden-
tification information.

A storage device in accordance with claim 14,
wherein the input-output controlier sets the direc-
tien of data transfer with regard to the storage ele-
ment 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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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 co-
incidence of the printing material container identifi-
cation information with the identification information
stored in the storage element, and requires the in-
put-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 directicn 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.

A storage device in accordance with claim 14,
wherein the storage element has a writable data ar-
ea, in which data are writable, after a storage area
of the identification information.

A storage device in accordance with claim 17,
wherein the storage element has a specific section
between a head position and a predetermined po-
sition of the storage area, the specific section being
subjected to a writing operation under a predeter-
mined condition and otherwise storing identification
information in an unrewritabte manner.

A plurality of printing material containers, each com-
prising a non-volatile storage device that is mount-
ed thereon and connects with a controt unit via a
bus with a clock terminal, a data terminal, and a re-
set terminal. said control unit comprising a clock sig-
nal generation circuit that generates a clock signal,
a reset signal generation circuit that generates are-
setsignal, an identificationinfermaticn output circuit
that outputs identification information to identify a
desired printing material container among said piu-
rality of printing material containers, and a data out-
put circuit that transmits a data array including the
output identification information and a write/read
command to a data signal line synchroncusly with
the clock signal,

each of said printing materiat containers com-
prising:

a data bus that connects with the data terminai:
a storage element that stores a different piece
of identification information assigned to said
each printing material container and has a stor-

age area sequentially accessed,;

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

an input-output contreller that is interposed be-
tween the storage element and the data bus
and controls a direction of data transfer with re-
gard to the storage element as well as a direc-
tion of data transfer with regard to the data hus;
and

a command decoder that connects with the da-
ta 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 in-
formation output from said control unit with the
identification information stored in the storage
element, and requires the input-output control-
ler to switch over the direction of data transfer
with regard to the data bus based on a result of
the analysis.

A plurality of printing material containers in accord-
ance 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-outpput controlier sets the di-
rection 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 set-
tings, and maintains the initial settings until the com-
mand decoder compietes the analysis of the write/
read command.

A plurality of printing material containers in accord-
ance with claim 19, wherein the comparators of the
respective storage devices have common identifi-
cation information common to all said storage de-
vices.

A plurality of printing matetial containers in accord-
ance with claim 19. wherein a power supply com-
pensation circuit included in said control unit gives
compensational power supply to each of said print-
ing material containers for a predetermined time pe-
riod after cutoff of general power supply,

the reset signat is generated on at Jeast either
one of an occasion of starting power supply to
said control unit and an cccasion of cutoff of the
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power supply,

in the case of datection of input of the reset sig-
nal during a writing operation of data, transmis-
sion of the data to the data terminal is terminat-
ed immediately and preferential datais instant-
ly transmitted to the each data terminal one by
one to be completely written in the predeter-
mined time period when the power supply com-
pensation circuit gives the compensational
power supply.

A plurality of printing material containers in accord-
ance with claim 18, 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
af output of a read cammand.

A plurality of printing material containers in accord-
ance 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 theraon to give cascade connection
with each printing material container and have oneg
grounded end and the other end conpecting with
said control unit,

wherein said control unit determines whether
or not alt said printing material containers are prop-
erly mounted on the module substrate, basedon a
value of the printing material container detection
signal line.

A plurality of printing material containers in accord-
ance with claim 24, wherein said control unit deter-
minas that all said printing material containers are
mounted properly on the module substrate when
the printing material container detection signal line
shows a ground voltage.

A plurality of printing material containers in accord-
ance with claim 24, wherein said control unit deter-
mines that at least one printing materiat container
is not properly mounted on the module substrate
when the printing material container detection sig-
nal line shows a voltage other than a ground volt-
age.

A plurality of printing material containers in accord-
ance 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.

A plurality of printing material containers in accord-
ance with claim 19, wherein power supply to each
printing material container is allowed only when
said control unit carries out a writing/reading oper-
ation of data.
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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 cfock signal genaration cir-
cuit 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 stor-
age 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 synchro-
nously with the clock signal,
each of said storage devices comprising:

a data bus that connects with the data terminal:

a storage element that has a storage area se-
quentially 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 be-
tween the storage element and the data bus
and controls a direction of data transfer with re-
gard to the storage element as well as a direc-
tion of data transfer with regard to the data bus;
and

a command decoder that connects with the da-
ta 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 in-
formation output from said controt unit with the
identification information stored in the storage
element. and requires the input-output control-
ler 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 compris-
ing:

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
initializaticn,

wherein the input-output controller sets the di-
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rection 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 set-
tings, and maintains the initial settings until the com-
mand decoder completes the analysis of the write/
read command.

A plurality of storage devices in accordance with ei-
ther one of claims 29 and 30, wherein the compa-
rators have commoan identification information com-
mon to all said storage devices.

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 o each of said
storage devices for a predetermined time period af-
ter 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 sig-
nal during a writing cperation of data, transmis-
sion of the data to the data terminal is terminat-
ed immediately and preferential data is instant-
ly transmitted to the each data terminal one by
one to be completely written in the predeter-
mined time period when the power supply com-
pensation circuit gives the compensational
power supply.

A plurality of storage devices in accordance with
any of 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.

A plurality of storage devices in accordance with
any of claims 29 to 33, said plurality of storage de-
vices being mounted on a module substrate with a
storage device detection signal line that is laid ther-
eon to give cascade connection with each storage
device and have one greunded 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 signat line.

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 de-
tection signal line shows a ground voltage.
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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.

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 con-
trol unit carries out a writing/reading operation of da-
ta.

A printing material container detachably attached to
a printing apparatus having a clock signal line, a da-
ta signal line, and a reset signal line, said printing
matenal container comprising:

a reservoir unit that keeps a printing material
therein;

a clock terminal connecting with the clock sig-
nal 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 stor-
age 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 out-
put via the data terminal;

a comparator that compares printing material
container identification information, whichis in-
cluded in the data signa!l 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 writ-
ing/reading operation inte and from the storage
element when the comparator determines co-
incidence of the two pieces of identification in-
farmation.

A printing material container in accordance with
claim 38, wherein the identification information is
stored in the storage element.

A printing material container in accordance with
claim 38, wherein the input-cutput controller allows
the writing/reading operaticn into and from the stor-
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age element only when a reset signal input via the
reset terminal satisfies a predetermined condition,

A printing material container in accordance with
claim 40, wherein the storage element is sequen-
tially accessed in synchronism with the clock signal.

A printing material container in accordance with
claim 41, wherein the storage element has informa-
tion regarding a quantity of the printing material kept
in said ptinting material container, and the identifi-
cation information is stored at a specific position ac-
cessed prior ta the information regarding the quan-
tity of the printing material.

A printing material container in accordance with any
one of claims 40 tc 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.

A non-volatile storage device that connects with a
clock signal line, a data signal line, and a reset sig-
nal line and is detachably attached to a printing ma-
terial container, said storage device comprising:

a storage element that has a nen-volatile stor-
age area and is subjected to a writing/reading
operation based on a clock signat input via the
clock signal line and a data signal input and out-
put via the data signal line;

a comparator that compares printing material
comtainer identification information, whichis in-
cluded in the data signal and assigned to said
printing material container for identification
thereof, with identification information stored in
advance Iin the sforage element to determine
coincidence or incoincidence of the two pieces
of identification information; and

an input-output controller that allows the writ-
ingfreading operation into and fram the storage
element when the comparator determines co-
incidence of the two pieces of identification in-
formation.

A storage device in accordance with claim 44,
whaerein the identification informationis storedin the
storage element.

A storage device in accordance with claim 44,
wherein the input-output controtler allows the writ-
ing/reading operation into and from the storage el-
aement only when a reset signal input via the reset
signal line satisfies a predetermined condition.

A storage device in accordance with claim 44,
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wherein the storage element is sequentially ac-
cessed in synchronism with the clock signal.

A storage device in accordance with claim 47,
wherein the storage element has information re-
garding a quantity of a printing material accommo-
dated in said printing material container, and the
identification information is stored at a specific po-
sition accessed prior to the information regarding
the quantity of the printing material.

A storage device in accordance with any one of
claims 46 to 48, wherein the predetermined condi-
tion is that the reset signal input via the reset signal
line switches over a state thereof from a first level
to a second level.

A storage system comprising a plurality of printing
material containers and a control unit, each printing
rmaterial container having a non-volatile storage de-
vice 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 de-
vice 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 de-
vice;

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 print-
ing 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 print-
ing material container comprising:

a data bus that connects with the data sig-
nal line;

a storage element that has a storage area
sequentially accessed;

a comparator that connects with the data
bus and compares the identification infor-
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mation ocutput from said control unit with
identification information stored in the stor-
age element to detarmine coincidence or
incoincidence of the two pieces of identifi-
cation 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

acommand deccder that connects with the data bus
and the comparator, analyzes the write/read com-
mand input via the data bus when a result of the
determination by the comparator represents coinci-
dence of the identification information output from
said control unit with the identification information
stored in the storage element, and requires the in-
put-output controlter to switch over the direction of
data transfer with regard to the data bus based on
a result of the analysis.

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
initialization,

wherein the input-output controller sets the di-
rection 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 set-
tings, and maintains the initiai settings until the com-
mand decoder completes the anatysis of the write/
read command.

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 de-
vice included in said desired printing material con-
tainer to be accessed, and the writefread 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.

A storage systemn 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 1o the initial value
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in response to detection of the reset signal,

said storage device causes the comparator to
compare the identification information transmit-
ted to the data bus with the identification infor-
mation stored in the storage element to deter-
mine coincidence or incoincidence of the two
pieces of identification information, and

when the result of the determination by the
comparator represents coincidence of the iden-
tification information transmitted to 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 da-
ta bus and the data transfer with regard to the
storage element based on the result of the anal-
ysis, and carries out either cne of an operation
of writing data at a desired position in the stor-
age element and an operation of reading data
from the storage element.

A storage system in accordance with claim 53,
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 comman identification information therein.

A storage system in accordance with any cne of
claims 50 to 54, wherein said control unit further
comprises a power supply compensation circuit that
gives compensational power supply for a predeter-
mined time period after cutoff of general power sup-

ply,

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

in response to detecticn of the reset signal dur-
ing a writing operation of data, the data output
circuit included in said control unit immediately
terminates transmission of the data and instant-
ly transmits preferential data to be completely
written in the predetermined time period when
the power supply compensation circuit gives
the compensational power supply.

A storage system in accordance with any one of
claims 50 to 55, wherein the clock signal generation
circuit included in said contro! unit lengthens a cycle
of the clock signal in the case of output of a write
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command via the data output circuit than a cycle in
the case of output of 2 read command.

A storage system in accordance with any one of
claims 50 to 56, said storage systemn further com-
prising:
a module substrate that has said plurality of storage
devices mounted thereon and a storage device de-
tection signal line laid thereon to give cascade con-
nection 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 cn the module substrate, based ona value
of the storage device detection signal line,

A storage system in accordance with ciaim 57,
wherein the storage device detection circuit includ-
ed in said control unit determines that all said stor-
age devices are mounted properly on the module
substrate when the storage device detection signat
line shows a ground voltage.

A storage systermn in accordance with claim 57,
wherein the storage device detection circuit includ-
ed in said control unit determines that at least one
storage device is not preperly mounted on the mod-
ule substrate when the storage device detection
signal line shows a voltage other than a ground volt-
age.

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 mate-
rial container.

A storage system in accordance with any one of
claims 50 to 59, wherein power supply to each stor-
age device is allowed enly when said control unit
carries out a writing/reading operation of data into
and from said storage device.

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 con-
dition and otherwise storing the identification infor-
mation in an unrewritable manner.

A storage system in accordance with claim 50,
wherein the clock signal line, the data signal line,
and the reset signal ling are included in a flexible
cable.
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64.

65.

A method of gaining access to a storage device at-
tached to a desired printing material container
among a plurality of printing material containers,
each printing material container having a non-vola-
tile storage device that connects with a clock signal
line, a data signai 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
deviceincluded in said desired printing material
container to be accessed, and a write/read
command to the data signal line synchronously
with a clock signal.

A method of processing an access requirement in
a storage device attached to a printing material con-
tainer, said printing material container having a stor-
age device that includes a storage element, which
has a storage area sequentially accessed and a
specific section between a head position and a pre-
determined position of the storage area to store
identification information therein, said storage de-
vice 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 inciuded in
another printing material container,
said method comprising the steps of:

resetting a count on an address counter to an
initial vatue in response to detection of a reset
signal on the reset bus:

comparing identification information transmit-
ted to the data bus with the identification infor-
mation stored in the storage elament to deter-
ming coincidence or incoincidence of the two
pteces of identification information:;

when the result of the determination represents
coincidence of the identification information
transmitted ¢ the data bus with the identifica-
tion 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 cut either one of an operation of writing da-
ta at a desired position in the storage element and
an operation of reading data from the storage ele-
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ment, based on the count on the address counter,

In & printing material container having a non-volatile
storage device, which includes a storage element
sequentially accessed, a mathod of storing identifi-
cation information in a specific section located be-
tween 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 re-
sponse to detection of a reset signal;

setting a direction of data transfer with regard
to a data bus to a writing direction and a direc-
tion of data transfer with regard to the storage
element to g 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 af-
ter completion of the settings of the directions
of data transfer; and

writing the identification information between
the head position and the predetermined posi-
tion of the storage area in the storage element
and subseguently writing data into the storage
area according to the count on the address
counter.

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 cn an address counter to an
initial value and prohibiting increment of the
count synchronousty with a clock signal, in re-
sponse to detection of a reset signal;

setting a direction of data transfer with regard
o a data bus o a reading direction and a divec-
tion 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 ciock signal af-
ter 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
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68.

69,

70.

52

storage area according to the count on the ad-
dress counter.

In a printing material container having a non-volatile
storage device, which includes a storage element
seguentially accessed, a method of storing identifi-
cation information in a specific section located be-
tween 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 identifi-
cation information that coincides with the iden-
tification information stored in the storage ele-
ment of said storage device:

when the piece of identification information that
coincides with the identification information
stored in the storage element is found, trans-
mitting 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 infor-
mation after data comresponding to an end po-
sition 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, ac-
cording to a count on an address counter.

A method in accordance with any one of claims 64
to 68, said methad being applied to a set of at least
two printing material containers, each having said
storage device that stores a different piece of iden-
tification information.

A method of gaining access to a desired storage
device among a plurality of non-volatile storage de-
vices, 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 informa-
tion 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 desired
storage device to be accessed, and a write/
read command to the data signal line synchro-
nously with a clock signal.
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A method of processing an access requirement in
a storage device, said storage device having a stor-
age element that includes a storage area sequen-
tially 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
ts 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 transmit-
ted to the data bus with the identification infor-
mation stored in the storage element to deter-
mine 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 identifica-
tion information stored in the storage element,
analyzing a writefread 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 da-
ta at a desired position in the sterage element and
an operation of reading data from the storage ele-
ment, based on the count on the address counter.

In a non-volatile storage device having a storage

element sequentially accessed, a method of storing

identification information in a specific section locat-

ed 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
inittat value and prohibiting increment of the
count synchronously with a clock signal, in re-
sponse to detection of a reset signal;

setting a direction of data transfer with regard
to a data bus to a writing direction and a direc-
tion of data transfer with regard to the storage
element to a writing direction. in response o a
write command transmitted to the data bus;

allowing increment of the count on the address
counter synchronously with the clock signal af-
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ter completion of the settings of the directions
of data transfer; and

writing the identification information between
the head position and the predetermined posi-
tion of the storage area in the storage element
and subsequently writing data into the storage
area according to the count on the address
counter.

73. In a non-volatile storage device having a storage

element sequentially accessed, a method of read-

ing data stored in a storage area of the storage el-

ement 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 prehibiting increment of the
count synchronously with a clock signal, in re-
sponse to detection of a reset signal;

setting a diraction of data transfer with regard
to a data bus to a reading direction and a direc-
tion 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 synchronousty with the clock signal af-
ter 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 positicn of the
storage area according to the count on the ad-
dress counter.

74. In a non-volatile storage device having a storage

elemant sequentially accessed, a method of storing

identification information in a specific section locat-

ed 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 identifi-
cation information that coincides with the iden-
tification information stored 'n the storage ele-
ment of said storage device;

when the piece of identification information that
coincides with the identification information
stored in the storage element is found, trans-
mitting 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 infor-
mation after data corresponding to an end po-
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sition 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, ac-
cording to a count on an address counter.

A non-volatile storage device that connects with a
clock signal line, a data signai line, and a reset sig-
nal line and is initialized in response to a reset signal
input via the reset signal line,

said storage device comprising a storage el-
ement, which has a storage area sequentially ac-
cessed and a specific section between a head po-
sition and a predetermined paosition of the storage
area, the specific section being subjected to a writ-
ing operation under a predetermined condition and
otherwise storing identification information in anun-
rewritable manner.

A printing material container detachably attached to
a printing apparatus, said printing material contain-
er comprising:

a reservoir unit that keeps a printing rmaterial
therein;

a storage element having a storage area of an
identification information, and a writable data
area, in which data are writable, after the stor-
age area of the identification information.
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