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cartridge and a color ink cartridge. A print controller in the 
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stored into both the EEPROM of the print controller and a 
memory cell included in the storage element of the ink car 
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the print controller is carried out at every time the remaining 
quantity of each ink is calculated, whereas the writing opera 
tion into the memory cell in the storage element of the ink 
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that is, the su?icient reliability of data and the restriction of 
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PRINTER AND INK CARTRIDGE ATTACHED 
THERETO 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions 
made by reissue. 

Notice: More than one reissue application has been?led 
for the reissue of US. Pat. No. 6,196, 670. The reissue appli 
cations are application Ser. Nos. 11/056,608 (the present 
application) and 09/996,986. 

This application is a continuation ofapplication Ser. No. 
09/996,986, which is a reissue of US. Pat. No. 6,196,670, 
?led on Nov. 26, 1999, for PRINTER AND INK CAR 
TRIDGE ATTACHED THERETO. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a printing apparatus, such 
as an ink jet printer and an ink jet plotter, and also to an ink 
cartridge detachably attached to a printer main body of the 
printing apparatus. More speci?cally the invention pertains 
to a technique of processing and storing required pieces of 
information in the ink cartridge. 

2. Description of the Related Art 
A printing apparatus such as the ink jet printer and the ink 

jet plotter mainly includes an ink cartridge, in which one or 
plural inks are kept, and a printer main body with a print 
head to carry out actual printing operations on a printing 
medium. The print head ejects ink fed from the ink cartridge 
onto the printing medium, such as printing paper, so as to 
implement printing on the printing medium. The ink car 
tridge is designed to be detachably attached to the printer 
main body. A new ink cartridge has a predetermined quantity 
of ink kept therein. When the ink kept in an ink cartridge 
runs out, the ink cartridge is replaced with a new one. Such a 
printing apparatus is arranged to cause the printer main body 
to calculate the remaining quantity of ink in the ink cartridge 
based on the amount of ink ejected from the print head and to 
inform the user of a state of running out of the ink, in order to 
prevent the printing procedure from being interrupted by the 
out-of-ink. 

Another proposed ink cartridge stores certain pieces of 
information, such as the type and the capacity of each ink 
kept in the ink cartridge, in advance. These pieces of infor 
mation are stored, for example, in the form of a barcode, in 
the ink cartridge. The printer, to which such an ink cartridge 
is attached, scans the barcode and reads the certain pieces of 
information, such as the type of ink kept in the ink cartridge, 
thereby enabling a printing process suitable for the ink to be 
carried out. 

While the certain pieces of information, such as the type 
of each ink kept in the ink cartridge, are stored in the ink 
cartridge, other pieces of information relating to the ink 
cartridge, such as a remaining quantity of each ink, are 
stored in the printer or a printer driver for the printer. In the 
event that the ink cartridge is replaced with a new one in the 
course of a printing process, the information relating to the 
ink cartridge, such as the remaining quantity of each ink, 
may be lost or made incorrect. 

SUMMARY OF THE INVENTION 

The object of the present invention is thus to provide a 
printer that adequately processes and stores information 
relating to a cartridge, such as a remaining quantity of each 
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2 
ink, as well as a cartridge, which is detachably attached to 
such a printer, without increasing the manufacturing cost of 
the ink cartridge. 

At least part of the above and the other related objects is 
actualiZed by a printer, to which a cartridge is detachably 
attached, the cartridge keeping ink therein and having a 
rewritable non-volatile memory, wherein the ink kept in the 
cartridge is transferred from a print head mounted on a 
printer main body of the printer to a printing medium, so as 
to implement printing. The printer includes: a memory writ 
ing unit that writes plural pieces of information relating to 
the cartridge into the rewritable non-volatile memory of the 
cartridge at a preset timing and thereby at a certain fre 
quency; a rewritable storage device incorporated in the 
printer main body of the printer; and an information writing 
unit that writes speci?c information into the rewritable stor 
age device of the printer main body at a speci?ed frequency 
that is higher than the certain frequency, at which the plural 
pieces of information relating to the cartridge are written 
into the non-volatile memory of the cartridge, the speci?c 
information being identical with at least part of the plural 
pieces of information relating to the cartridge. 
The present invention is also directed to a method of man 

aging information in a printer, which corresponds to the con 
?guration of the printer discussed above. In the method, a 
cartridge, which is detachably attached to the printer, keeps 
ink therein and has a rewritable non-volatile memory, 
wherein the ink kept in the cartridge is transferred from a 
print head mounted on a printer main body of the printer to a 
printing medium, so as to implement printing. The method 
includes the steps of: writing plural pieces of information 
relating to the cartridge into the rewritable non-volatile 
memory of the cartridge at a preset timing and thereby at a 
certain frequency; and writing speci?c information into a 
rewritable storage device incorporated in the printer main 
body of the printer at a speci?ed frequency that is higher 
than the certain frequency, at which the plural pieces of 
information relating to the cartridge are written into the non 
volatile memory of the cartridge, the speci?c information 
being identical with at least part of the plural pieces of infor 
mation relating to the cartridge. 

In the printer and the corresponding method of the present 
invention, the rewritable non-volatile memory is mounted on 
the cartridge, which is detachably attached to the printer. 
Information relating to the cartridge is written into the stor 
age device incorporated into the printer main body of the 
printer at a speci?ed frequency, which is higher than a cer 
tain frequency, at which the information is written into the 
non-volatile memory of the cartridge. The information relat 
ing to the cartridge is thus updated at the higher frequency in 
the storage device of the printer, whereas the writing opera 
tion of the information into the non-volatile memory of the 
cartridge is restricted. This arrangement enables a storage 
element having a relatively low allowable frequency of 
rewriting to be applied for the non-volatile memory of the 
cartridge. This arrangement also prevents a possible trouble, 
that is, making the writing operation of information into the 
non-volatile memory incomplete, which occurs in a conven 
tional structure when the power supply is suddenly cut off, 
for example, by power failure or by pulling the power plug 
out of the socket, in the course of the writing operation into 
the non-volatile memory of the cartridge. 
The difference in frequency of writing may be attained by 

a speci?c con?guration, wherein data are written into the 
non-volatile memory at the preset timing, whereas data are 
written into the storage device of the printer main body at the 
preset timing as well as at another timing. 
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In accordance With one preferable application of the 
present invention, the plural pieces of information are Writ 
ten into the reWritable non-volatile memory of the cartridge 
at a poWer-off time of the printer and/ or at a time of replace 
ment of the cartridge. While the poWer supply to the printer 
continues and the same cartridge is used, it is thought that 
the contents of the storage in the storage device of the printer 
main body accurately re?ect the information relating to the 
cartridge attached to the printer. 

In accordance With one preferable application of the 
present invention, the speci?c information is Written into the 
reWritable storage device on completion of printing With 
regard to one page or on completion of printing With regard 
to at least one raster line. This is because the information 
relating to the cartridge is generally updated With the 
progress of the printing operation. By Way of example, the 
amount of ink consumption gradually increases With the 
progress of the printing operation. It is accordingly effective 
to Write the information regarding the amount of ink con 
sumption into the storage device of the printer main body 
When the printing operation is completed With regard to one 
page or With regard to at least one raster line. 

In accordance With another preferable application of the 
present invention, the printer further includes a cleaning unit 
that is activated in response to a predetermined operation, so 
as to carry out a head cleaning process, Which causes the 
print head to eject a predetermined quantity of ink. In this 
structure, the speci?c information is Written into the reWrit 
able storage device at a timing When the cleaning unit is 
activated. This is because the head cleaning process con 
sumes a relatively large quantity of ink. The timing of Writ 
ing information into the storage device may be in the course 
of the head cleaning process, on completion of the head 
cleaning process, or before the head cleaning process is ini 
tiated. 

In accordance With one preferable embodiment of the 
printer, the non-volatile ink transmits data by serial access. 
In this case, the plural pieces of information are Written into 
the non-volatile memory of the cartridge in synchronism 
With a clock for specifying an address. The non-volatile 
memory that transmits data by serial access is generally 
inexpensive and desirably applied for the expendable car 
tridge. 

In accordance With another preferable embodiment of the 
printer, the reWritable storage device of the printer main 
body is a non-volatile memory that holds contents of storage 
even after a poWer-off operation of the printer. In this case, 
the information in the storage device of the printer main 
body, Which is reWritten at the high frequency, is kept even in 
the case of an accidental poWer off. In accordance With still 
another preferable embodiment of the printer, a Writing rate 
of the reWritable storage device of the printer main body is 
higher than a Writing rate of the reWritable non-volatile 
memory of the cartridge. Applying a high-speed storage ele 
ment for the storage device of the printer main body that is 
reWritten at a high frequency enables the high-speed access 
in the printer main body and favorably reduces the total 
access time. Either a DRAM or an SRAM may be applicable 
as the high-speed storage element. The DRAM is generally 
inexpensive and readily available. The SRAM, on the other 
hand, does not require the refreshing process and is readily 
backed up. 

The reWritable storage device of the printer main body 
may be disposed in a control IC, Which directly controls the 
Writing operation of the plural pieces of information into the 
non-volatile memory of the cartridge. In this structure, the 
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4 
printer main body is in charge of controlling the Writing 
operation of data into the storage device of the printer main 
body incorporated in the control IC. In the case Where there 
is a requirement for Writing data into the non-volatile 
memory of the cartridge, for example, in the case of poWer 
failure, hoWever, the control IC is in charge of controlling 
the Writing operation into the non-volatile memory of the 
cartridge. This arrangement favorably relieves the loading to 
the printer main body, and enables the Writing operation into 
the non-volatile memory of the cartridge to be carried out 
quickly. When there is a requirement for Writing data, for 
example, in the case of cutting the poWer supply off, the 
printer main body outputs a Writing instruction to the control 
IC. The control IC receives the Writing instruction and 
directly Writes the contents of storage in the storage device 
disposed therein into the non-volatile memory of the car 
tridge. 
The printer may have a carriage, to Which both a black ink 

cartridge, in Which black ink is kept, and a color cartridge, in 
Which a plurality of different color inks are kept, are detach 
ably attached. In general, the printer may have a structure 
that receives any cartridge that keeps only one ink or a com 
bination of selected inks. In this structure, a non-volatile 
memory should be provided in each cartridge, that is, respec 
tively in the black cartridge and the color cartridge. The 
information relating to each cartridge is Written into the non 
volatile memory of the cartridge. 

Although the Writing operations into the non-volatile 
memory of the cartridge and into the reWritable storage 
device of the printer main body are carried out at different 
frequencies, the information is Written into both the non 
volatile memory and the reWritable storage device at some 
identical timings. For example, it is desirable that the data 
are Written into both the storage device of the printer main 
body and into the non-volatile memory of the cartridge at a 
poWer-off time of the printer. In this case, the information 
may be Written into the non-volatile memory of the 
cartridge, before the information is Written into the storage 
device of the printer main body. This arrangement causes the 
contents of storage in the non-volatile memory of the car 
tridge to be securely updated. Even in the event that the 
cartridge is replaced With a neW one during the poWer-off 
time of the printer, this enables the accurate pieces of infor 
mation to be stored in the non-volatile memory of the car 
tridge. 

In accordance With an alternative structure, the informa 
tion is Written into the non-volatile memory of the cartridge, 
after the Writing operation of the information into the storage 
device of the printer main body is completed. In this case, a 
non-volatile storage element is applied for the reWritable 
storage device of the printer main body. This enables the 
storage device of the printer main body to securely hold the 
information relating to the cartridge. A storage element that 
enables the high-speed access is generally applied for the 
storage device of the printer main body. This advantageously 
completes the Writing operation of the information relating 
to the cartridge Within a short time period. 
The printer and the corresponding method may further has 

a structure that determines Whether or not the contents of 
storage in the non-volatile memory of the cartridge are coin 
cident With the contents of storage in the reWritable storage 
device of the printer main body at a time of poWer supply to 
the printer and/ or at a time of initiating a replacement of the 
cartridge. The structure reconciles the contents of storage in 
one of the non-volatile memory and the reWritable storage 
device With the contents of storage in the other of the non 
volatile memory and the reWritable storage device, in the 




























