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[57] ABSTRACT

A monitoring system for replaceable units, such as toner
cartridges in an electrophotographic printer. includes on the
unit an electronic count memory and an electronic flag
memory. The count memory maintains a one-by-one count
of prints made with the cartridge. The flag memory includes
a series of bits which are alterable from a first state to a
second state but not alterable from the second state to the
first state. The bits in the flag memory are altered at
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MONITORING SYSTEM WITH DUAL
MEMORY FOR ELECTROPHOTOGRAPHIC
PRINTING MACHINES USING
REPLACEABLE CARTRIDGES

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

The present invention relates to electrophotographic
reproducing machines, and more particularly to a monitor-
ing system for the use of one or more replaceable cartridges
in such a reproducing machine.

Recently. electrophotographic reproducing machines
have been developed which use one or more replaceable
subassembly units, familiarly termed cartridges. One typical
cartridge comprises a toner supply and the necessary sup-
porting hardware therefor assembled in a single unit
designed for imsertion and removal into and out of the
machine. When the cartridge is used up, the old cartridge is
removed and a new one substituted. Other replaceable
cartridges including developer cartridges. photoreceptor
cartridges, etc., may also be envisioned for this purpose.

However, where the cartridge also serves as the vehicle
for billing the customer for the number of prints or copies
made, it becomes important that the cartridge not only
reliably provide all the copies for which the customer has
paid, but also that there be a reliable and fail safe way to
control and monitor the cartridge’s use. The customer should
get exactly the number of prints guaranteed for the cartridge.
If less, the manufacturer should make up the difference free
of charge.

Also, the customer should get no more than the print
number warranted. But since any customer would obviously
find it advantageous to obtain more prints than he is sup-
posed to get and can probably be expected to try to use the
cartridge beyond the warranty stage, it is also important to
the manufacturer to make sure, once all of the prints have
been made and the cartridge is exhausted, that the cartridge
is disabled and that no further prints can be made by the
cartridge. Further, it is highly desirable that the customer be
given a warning when the cartridge is close to the end of its
life so that there is time for the customer to obtain a fresh
cartridge before the old cartridge is used up.

U.S. Pat. No. 4,551,000 discloses a replaceable *“‘process
kit” for an image-forming apparatus, such as a copier or
printer, which includes apparatus for indicating when the
useful life of the process kit is about to expire and when it
has expired.

U.S. Pat. No. 4,961,088, which is incorporated into the
present application by reference, discloses a system for
monitoring replaceable cartridges in printers or copiers.
Each replaceable cartridge includes an EEPROM
(Electrically Eraseable Programable Read Only Memory).
The EEPROM associated with each cartridge may be pro-
grammed with an identification number and means for
retaining a count of prints or copies made with the unit. The
EEPROM may also be designed to retain a cartridge replace-
ment warning count and a termination count at which the
cartridge is disabled from further use.

U.S. Pat. No. 5.021,828 discloses a replaceable unit for
use in a copier or printer, in which initial use and near-end-
of-life use is recorded by electrical means including a
portion, itself removable from the replaceable unit, com-
prising two fuses. A first fuse is blown when a few copies
have been made with the replaceable unit, and the second
fuse is used to prevent further use of the replaceable unit
when a certain number of copies or prints have been made

therewith.
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With any electronic record-keeping device for maintain-
ing a cumulative count of prints made of a particular
cartridge, there is a disadvantage in that the most practical
kind of memory, in which a running tally of print count is
continuously maintained, is a volatile electronic memory.
That is, the simplest possible design would be one in which
a single number is held in a volatile memory associated with
the cartridge, and 1 is subtracted from this number with
every print made with the cartridge. However, this subtrac-
tion is. in effect, the erasing of one number and its replace-
ment with another number 1 less than the preceding number.
The volatility of a memory which enables this running count
also allows the memory to be easily tampered with: if a
number less than the preceding number is repeatedly loaded
into the memory, it would not be difficult for a sophisticated
nser of the machine to figure out how to load numbers out
of sequence, thereby artificially extending the life of the
cartridge. A purpose of the present invention is to enable a
design which has the simplicity of a volatile memory, but
which is substantially tamperproof.

According to the present invention, there is provided a
monitoring system for a replaceable unit in an electropho-
tographic apparatus, the replaceable unit being adapted to
produce, or otherwise relate to, a predetermined number of
prints. A first memory, permanently associated with the
replaceable unit, is adapted to retain counting data relating
to the cumulative output of the replaccable unit, and a
second memory, also permanently associated with the
replaceable unit, includes a plurality of electronic “flags™
associated therewith. Each flag is in the form of a portion of
electronic memory and statable in a first state or a second
state. Each flag in the second memory may be altered from
the first state to the second state, but not from the second
state to the first state. Means are provided in the system for
altering one flag in the second memory from the first state to
the second state when a predetermined cumulative output 1s
reached by the replaceable unit. Means are provided for
comparing counting data in the first memory with the
number of flags in a given state in the second memory. so
that the counts from the first memory and the second
memory may be made consistent.

In the drawings:

FIG. 1 is a schematic diagram showing details of the
machine control unit and the coupling therewith with the
EEPROMs of the photoreceptor, developer, and toner car-
tridges;

FIG. 2 is symbolic representation of a count memory and
flag memory which comprise the EEPROM of one of the
replaceable cartridges according to the present invention;

FIG. 3 is a flow-chart illustrating the operation of a
system according to the present invention at system start-up;

FIGS. 4A and 4B together form a flow-chart illustrating
the operation of a system according to the present invention
during a printing operation;

FIG. 5 is a simplified schematic diagram illustrating parts
of a printing machine and an associated cartridge useful in
carrying out a method associated with the invention;

FIG. 6 is a schematic elevational view of a prior-art
automatic electrophotographic reproducing machine having
replaceable photoreceptor. developer, and toner cartridges.
each monitored and warranted for a predetermined number
of copies in accordance with the teachings of the present
invention;

FIG. 7 is a perspective view showing details of the
replaceable photoreceptor cartridge for the machine shown
in FIG. 6 together with the mechanism for establishing
electrical contact between the photoreceptor cartridge
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EEPROM and the machine control unit on insertion of the
cartridge into place; and

FIG. 8 is a perspective view showing details of the
replaceable developer and toner cartridges for the machine
shown in FIG. 6.

The invention will now be described with reference to a
preferred embodiment of the monitor/warranty system of the
present invention using Customer Replacecable Units
(CRUs) in the form of cartridges. Although the system of the
present invention is particularly well adapted for use in
automatic electrophotographic reproducing machines, it
should become evident from the following description that
it is equally well suited for use in a wide variety of
processing systems including other electrophotographic sys-
tems and is not necessarily limited in application to the
particular embodiment shown herein.

Referring to FIGS. 6-8, there is shown by way of
example an automatic electrophotographic reproducing
machine 10 of the type adapted to implement the system of
the present invention shown, reproducing machine 10 com-
prises a laser printer employing replaceable photoreceptor,
developer, and toner cartridges 12. 14, 16 respectively, each
of which is designed to provide a preset number of images
in the form of prints or copies. And while machine 10 is
exemplified in the ensuing description and drawings as a
printer, other types of reproducing machines such as copiers,
ink jet printers, etc. may be envisioned.

In the ensuing description. as will appear more fully,
cartridges 12. 14. 16 are each warranted to produce a preset
number of images (Y). When the number of remaining
images reaches a predetermined level (X). a warning is
given. This warning is to allow the customer time to order
a new cartridge. After the above mentioned warning has
been given. the machine will continue to make the last
remaining images (X). At this point the total images (Y)
have been made and the cartridge is disabled and further
operation of machine 10 is prevented. At that point, the
‘dead’ cartridge 12, 14, or 16 must be removed and replaced
by a new ‘live’ cartridge for further operation of machine 190.

Photoreceptor cartridge 12 includes a photoreceptor
drum 20. the outer surface 22 of which is coated with a
suitable photoconductive material, and a charge corotron 28
for charging the drum photoconductive surface 22 in prepa-
ration for imaging. Drum 20 is suitably journaled for rota-
tion within the cartridge body 28, drum 20 rotating in the
direction indicated by the arrows to bring the photoconduc-
tive surface thereof past exposure, developer, and transfer
stations 32. 34, 36 of machine 10 on installation of cartridge
12 in the machine. To receive photoreceptor cartridge 12. a
suitable cavity 38 is provided in machine frame 18, the
cartridge body 25 and cavity 38 having complementary
shapes and dimensions such that on insertion of cartridge 12
into cavity 38. drum 20 is in a predetermined operating
relation with exposure, developer, and transfer stations 32,
34, 36 respectively. With insertion of cartridge 12. drum 20
is drivingly coupled to the drum driving means (not shown)
and the electrical connections to cartridge 12 made.

In the photoreceptor process practiced, the photoconduc-
tive surface 22 of drum 20 is initially uniformly charged by
charge corotron 28, following which the charged photocon-
ductive surface 22 is exposed by imaging beam 40 at
exposure station 32 to create an electrostatic latent image on
the photoconductive surface 22 of drum 20.

Imaging beam 40 is derived from a laser diode 42
modulated in accordance with image signals from a suitable
source 44. Image signal source 44 may comprise any suit-
able source of image signals such as memory, document
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scanner, communication link. etc. The modulated imaging
beam 40 output by laser diode 42 is impinged on the facets
of a rotating multi-faceted polygon 46 which sweeps the
beam across the photoconductive surface 22 of drum 20 at
exposure station 32.

Following exposure, the electrostatic latent image on the
photoconductive surface 22 of drum 20 is developed by a
magnetic brush development system contained in developer
cartridge 14. The magnetic brush development system
includes a suitable magnetic brush roll 50 rotatably jour-
naled in body 52 of cartridge 14. developer being supplied
to magnetic brush roll 50 by toner cartridge 16. To receive
developer cartridge 14, a suitable cavity 34 is provided in
machine frame 18, cartridge body 52 and cavity 54 having
complementary shapes and dimensions such that on inser-
tion of cartridge 14 into cavity 54, magnetic brush roll 50 is
in predetermined developing relation with the photoconduc-
tive surface 22 of drum 20. With insertion of cartridge 14,
magnetic brush roll 50 is drivingly coupled to the developer
driving means (not shown) in machine 10 and the clectrical
connections to cartridge 14 made.

Toner cartridges 16 provides a sump 56 within which
toner for the magnetic brush development system in devel-
oper cartridge 14 is provided. A rotatable auger 58 mixes the
toner is sump 56 and provides toner to magnetic brush roli
50. Magnetic brush roll 50 is suitably journaled for rotation
in the body 52 of cartridge 16.

As seen best in FIG. 8, body 52 of developer cartridge 14
forms a cavity 62 for receipt of toner cartridge 16, cavity 62
of cartridge 14 and body 64 of cartridge 16 having comple-
mentary shapes and dimensions such that on insertion of
cartridge 16 into cavity 62, cartridge 16 is in predetermined
operating relation with the magnetic brush roll 50 in devel-
oper cartridge 14. With insertion of toner cartridge 16. auger
88 is drivingly coupled to the developer driving means (not
shown) and the electrical connections to cartridge 16 made.

Prints of the images formed on the photoconductive
surface of drum 20 are produced by machine 10 on a suitable
support material, such as copy sheet 68 or the like. A supply
of copy sheets 68 is provided in plural paper trays 70. 72, 74.
Each tray 70. 72, 74 has a feed roll 76 for feeding individual
sheets from the stack of sheets in tray 70, 72, 74 to a
registration pinch roll pair 78. Following registration, the
sheet is forwarded to transfer station 36 in proper timed
relation with the developed image on drum 20. There, the
developed image is transferred to the copy sheet 68. Fol-
lowing transfer, the copy sheet bearing the toner image 1s
separated from the photoconductive surface 22 of drum 20
and advanced to fixing station 80 wherein roll fuser 82 fixes
the transferred powder image thereto. A suitable sheet sensor
85 senses each finished print as the print passes from fixing
station 80 to output tray 86. After fusing, the toner image to
the copy sheet, the sheet 68 is advanced by print discharge
rolls 84 to print output tray 86.

Any residual toner particles remaining on the photocon-
ductive surface 22 of drum 20 after transfer are removed by
a cleaning mechanism (not shown) in photoreceptor car-
tridge 12.

To control operation of machine 10, a suitable control
panel 87 with various control and print job programming
elements is provided. Panel 87 additionally includes a suit-
able message display window 88 for displaying various
operating information to the machine operator.

Referring particularly to FIGS. 7 and 8, in order to assure
that only authorized and unexpired photoreceptor,
developer. and toner cartridges are used as well as to
maintain running count of the number of images made with
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each cartridge and prevent further use when the cartridge is
used up. each cartridge 12, 14, 16 has a memory 90 in the
form of a chip integral therewith. To enable memory 90 to
be electrically connected and disconnected with the machine
on installation or removal of the cartridges, contact pads 92A
or 92B are provided. Terminal blocks 94 and a terminal
board 97 are employed to complete the electrical connection
between memories 90 and the machine control unit.

As seen in FIG. 7, the terminal block 94 for photorecep-
tor cartridge 12 is mounted on a part 96 of the cavity 38
within which photoreceptor cartridge 12 fits. On installation
of photoreceptor cartridge 12, contact pads 92A engage
contacts 95 of the terminal block 94 to complete the elec-
trical connection to the memory 90. As seen in FIG. 8, the
terminal block 94 for toner cartridge 16 is mounted on
terminal board 97. The EEPROM 90 for developer cartridge
14 is also mounted on board 97. Contact pads 92B on board
97 serve to electrically couple the memory 90 of developer
cartridge 14 and. through the intermediary of terminal block
94, the memory 90 of toner cartridge 16 to the machine
control unit. On installation of toner cartridge 16 into the

cavity 62 formed by developer cartridge 14, contact pads
92A of the toner cartridge memory 90 engage contacts 95 of
the terminal block 94 for toner cartridge 14 on board 97. On
installation of the developer cartridge 14 into machine 190,
contacts 92B for both the memory 90 of toner cartridge 16
and the memory 99 of developer cartridge 14 mate to a
second set of contacts mounted on the machine frame (not
shown) to complete the electrical connection.

Referring now to FIG. 1. a suitable machine control unit
(MCU) 100 which includes one or more miCroprocessors
101 and suitable memory, such as ROM (Read Only
Memory) and RAM (Random Access Memory) memories
102. 103 respectively for holding the machine operating
system software, programming data, etc., is provided, con-
trol unit 100 operating the various component parts of
machine 10 in an integrated fashion to produce prints.

The memory 90 for each cartridge 12, 14, 16 provides
addressable memory for storing or logging a count of the
number of images remaining on each cartridge, the count
being stored on the various memories 90 by control unit 100
at the end of each run. Each memory is pre-programmed
with a maximum count Y reflecting the maximum number of
images that can be made by the cartridge. The counting
system is a decrementing type system with the count Y in
memories 90 being decremented as images are made to
provide a current image count. When the current image
count Y reaches a termination count which in the example
described is zero, the cartridge is rendered unusable. To alert
or warn the customer when the cartridge is nearing the end
of life, a warning count X reflecting the predetermined
number of remaining images left on the cartridge is also
provided in memories 90. When the warning image count X
is reached, a message is displayed in message display
window 88 of control panel 87 to warn the operator that the
cartridge currently in use is nearing end of life and should be
replaced. Typically the warning count X provides a few
hundred to a few thousand images within which the operator
must obtain a replacement cartridge if continued operation
of the machine is to be assured.

Maximum image count Y and the warning image count
X are typically pre-programmed into the memories 90 at the
factory. Additionally, in order to assure that only authorized
Memories are used, an identification number is preferably
pre-programmed and stored in the EEPROM for each car-
tridge 12, 14, 16.

Whenever machine 10 is powered up, an initialization
routine is entered in which the identification numbers of
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cartridges 12, 14, 16 are read and compared with the
corresponding recognition numbers stored in ROM 102.
Where the identification number of any cartridge does not
match the recognition number for that cartridge, operation of
machine 10 is prevented and the message (WRONG TYPE
CARTRIDGE) is displayed in display window 88. The basic
principle of operation of a cartridge-identification system is
described in detail in, for example, U.S. Pat. No. 4.961.088.
assigned to the assignee of the present application and
incorporated herein by reference.

Presuming that the correct cartridges are installed, a
check is made to see if the cartridges have reached the end
of the cartridge life. For this, the current image count logged
in each memory 90 is obtained and compared with the
termination count, here zero. Where the current image count
is equal to or less than zero the cartridge is exhausted and the
message (END OF LIFE) is displayed for the exhausted
cartridge in display window 88. Operation of machine 10 is
inhibited until the exhausted cartridge is replaced. Presum-
ing that the cartridges 12. 14, 16 have not reached the end
of life (and that no other faults are found), the machine
enters the standby state ready to make prints.

On a print request, machine 10 cycles up and commences
to make prints. Control unit 100 counts each time a finished
print is detected by print sensor 85 as the finished print
passes from fixing station 80 into output tray 86. When the
print run is completed and the machine cycles down. the
total number of images made during the run, i.e., the image
run count, is temporarily stored in RAM 103. Control unit
100 fetches the current image count from the memory 90 of
each cartridge 12. 14, 16 and. using the image run count
from RAM 103, calculates a new current image count for
each memory 99 reflecting the number of images remaining
on the cartridge. Control unit 100 then writes the new
current image count back into the individual memories 90 of
each cartridge 12, 14, 16. This new count is then verified to
insure accuracy.

Prior to returning the new current image counts to
memories 90, control unit 100 compares each new current
image count against the warning count X stored in memories
90 of each cartridge 12, 14, 16. Where the new current image
count is equal to or less than the warning count X, a message
(ORDER REPLACEMENT CARTRIDGE) is displayed for
the particular cartridge in the control panel message display
window 88. This alerts the operator to the fact that the
identified cartridge is about to expire and that a new replace-
ment cartridge should be available.

The new current image count for each cartridge is also
compared with the termination count, exemplified here by
zero. Where the current image count is equal to or less than
zero for a cartridge, the cartridge is disabled and the message
(END OF LIFE) for the cartridge is displayed in the message
display window 88. Control unit 160 prevents further opera-
tion of machine 10 until the expired cartridge is replaced by
a fresh cartridge.

FIG. 2 is a symbolic representation of a memory 90
which is permanently associated with one or more of the
cartridges 12, 14, 16. Any type of electronic memory systcm
could be adapted for use in the present invention, such as
ROM, RAM, magnetic stripe, barcode, or optical memory
systems; further, it is possible that each cartridge may
include multiple memory means, of different types. As
mentioned above, the memory 90 for each cartridge pro-
vides addressable memory for storing or logging a count of
the number of images remaining on each cartridge. Accord-
ing to the present invention, the memory 90 comprises at
least two separate memories, a count memory generally
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indicated as 112, and a flag memory 114. Flag memory 114
comprises a series of electronic “flags,” which are embodied
as a set of bits 116. The representation of the memory 90 in
FIG. 2 is purely symbolic, but one skilled in the art of
read-only memories will appreciate the embodiment of
memories 112 and 114 in an EEPROM. Count memory 112
is a section of memory adapted to retain a running count
(starting from maximum count Y, as described above) of
how many prints or copies are produced or otherwise
associated with a particular cartridge on which the memory
90 is permanently attached. Typically. count memory 112 is
initially loaded with a maximum count Y, a number equal to
the number of copies or prints the manufacturer intends to be
output with the cartridge, which is typically a number on the
order of 20.000. The cumulative count in count memory 112
is typically started in a new cartridge at the number of
intended copies. and then is caused to count down in a
manner as described above, one by one from maximum
count Y down to zero.

Simultaneous with the one-by-one counting stored in
count memory 112 is the action of flag memory 114. Flags
116 are in the form of identifiable bits in the EEPROM
which are alterable from a 1-state to a 0-state, but not from
a (-state to a 1-state. Thus, while an individual flag 116,
originally in a 1-state, may be caused to be altered to a
O-state. the individual flag 116 can never be “revived” from
a O-state to a 1-state. It will be appreciated by those skilled
in the art of computer memories that such a once-only
memory may be created by hardware means associated with
the memory. such as by locating flag memory 114 on a
PROM portion of memory 90, or by disabling or omitting
means such as the “charge pump” which are typically used
in EFPROMs to alter a bit from a (-state to the 1-state for
the flag 116 in flag memory 114. Because of this hardware
structure. each fiag 116 in flag memory 114 can, in the
course of use, be altered only “downward.”

The function of the flag memory is to act as a second
memory with which the one-by-one count in the count
memory 112 must be generally consistent. That is, the flags
116 in flag memory 114 are used to provide a rough indicator
of the remaining life on the cartridge with which the
EEPROM is associated. The flag memory 114 thus acts as a
tamper-proof check on the count memory 112. Because the
flags 116 in flag memory 114 cannot be artificially moved
upward, as can the count memory 112, the flag memory 114
will act to prevent or override any attempts at artificially
extending the life of a cartridge by altering the count
memory 112.

In the illustrated embodiment of the present invention,
flag memory 114 is in the form of a set-aside set of 64 bits
of PROM within memory 90. Assuming. for purposes of the
present example, that the intended life of a cartridge which
memory 90 is permanently associated is 20,000 copies, one
flag 116 will be altered from the 1-state to the O-state at a
regular interval of counts from the count memory 112. A
simple implementation would be to design for an interval
that is a multiple of two, such as 128.256. or 512. This will
greatly simplify the required calculations within the machine
controller. The interval value is preferably stored in a
“once-only” memory 118, such as a PROM, within memory
90, so that it is factory-adjustable depending on the maxi-
mum intended life of the cartridge. It is preferable to have
this interval as small as possible, as it will determine the
extent of tamper-proofing.

Thus, assuming a cartridge is designed to have a useful
life Y of 20.000 prints or copies; the number of available
flags 116 in the flag memory 114 is 64; and the interval for
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altering each flag will be 1024 prints or copies; the preferred
additional number of intervals is 20, because 20,000 divided
by 1024 is 19.5. The initial factory programming of the flag
memory 114 would clear (permanently set to zero) the first
44 of the 64 available flags. leaving the remaining 20 flags
set to logic 1. The control system in the copier or printer will
check the bits and determine that the maximum life of the
cartridge is 20.480 (1024x20). Finding this. the system will
determine that the cartridge has not been tampered with as
the original remaining life in count memory 114 is 20,000,

As the cartridge is used, as the count memory 112 is
reduced by one with each print, an important point is a
remaining life of 1024x19, or 19.456. At this point, the
system will alter the first available 1-state flag 116 in flag
memory 114 to 0. If, after this point, someone were to
tamper with the device by setting the remaining life in count
memory 112 to a higher value, the system would change the
remaining count in count memory 112 to a value equal to the
number of 1-state flags 116 in flag memory 114, times 1024.
For example, if the cartridge was used until the remaining
life in the count memory 112 was 3,000 copies, because of
the incremental altering of flags 116 in flag memory 114,
there will remain three flags remaining at the 1-state. If the
remaining count in count memory 112 were changed to
20.000, to artificially increase the life of the cartridge, the
system would determine that this count was in excess of the
maximum available life and revise the count in count
memory 112 to 3072 (1024x3). The symbolic value of
remaining copies associated with the cartridge is maintained
by the number of remaining flags in flag memory 114.
Because flag memory 114 is tamper-proof, flag memory 114
acts as an override, if necessary. for the one-by-one count
downward from Y in count memory 112.

It will further be appreciated by those skilled in the art of
computer memories that the memory 90 permanently asso-
ciated with each individual cartridge 12, 14, 16 may also
have associated therewith the necessary peripheral
hardware, such as an address pointer, data latches, shift
register, etc., to allow the various portions of memory 990 to
be accessed by the general machine system as needed to
carry out the invention.

FIG. 3 is a flow chart showing the operation of a control
system for a printer during the power-up stage of the printer
operation. At power-up, which may follow the replacement
of a CRU in the machine, the system embodied in the
machine itself will, as shown in the boxes at the beginning
of the process indicated as 200, first read a counter value
(“CTR1”) from count memory 112 in memory 90, and then
read an interval value from memory 118. As mentioned
above, the symbolic value of the number of copies remain-
ing in the CRU 12, 14, or 16, as held in the flag memory 114
must be consistent with the current cumulative number of
prints produced, held in count memory 112. However this
system is carried out, the number of one-state flags can then
be used, as shown at box 202, to generate a maximun count
(“MAXCT1”) which is typically the number of one-state
flags remaining, times the preselected interval from memory
118 which each one-state flag is intended to represent, e.g.
512. This maximum count MAXCT1 thus represents the
actual intended remaining number of prints left in the
particular CRU. Thus, regardless of the value of CTRI1 in
count memory 112, the value of MAXCT1 shall always
override CTR1, and provision must be made in the system
for carrying out this override, as shown by the decision tree
204 in the flow chart. Finally, there may also be supplied in
the system. a provision whereby at a predetermined number
of remaining prints toward the end of the life of the CRU,
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a warning message may be displayed by the machine to
indicate that the CRU is nearing the end of its life, as at
decision tree 206. One way of doing this is to assign one of
the last remaining flags 116 in flag memory 114 to activate,
upon the change of state thereof, a system within the
machine to cause the warning message to be displayed.

FIGS. 4A and 4B, together form a single flow chart
illustrating the operation of a counting system according to
the present invention during the copying or printing of n
copies. In a particular job. whether in copying or printing. a
certain preselected number n of prints or copies will be made
with the machine. This number is entered, either by selecting
an appropriate button on the control panel (in the case of the
copier). or. determined by the size of a printing job queued
into a printer. In this embodiment of the method of the
present invention, counting apparatus within the machine
will, either just before or just after execution of a particular
job. read the value of copies remaining from memory 112,
to obtain the number of copies left on the particular cartridge
in question, and this value is read as CTR1. With the
execution of a particular job, the value of CTR1 read into the
machine is modified by subtracting n, the number of prints
made, to obtain the new value of CTR1, which represents the
number of prints available on the cartridge after execution of
the job. This step is shown as box 300 in FIG. 4. Following
the change in value of CTR1, as shown by the decision tree
generally marked 302, the new value of CTR1 is compared
to 0 to make sure the new value of CTRI1 is not a negative
number. The value of CTR1 may become negative if the
number of prints n made in a particular job exceeds the
original value of CTRI1. In such cases, it is typically allow-
able to have the job finish even though the final result will
be to cause the value of CTR1 to become negative. A
practical downside of this feature is that copies of poor
quality may be created, but only a limited number of copies
may be made in excess of CTR1 anyway, because of
constraints such as replenishing a paper supply. I the new
value of CTR1 is less than O, it is simply set to O at the end
of the job.

The newly calculated value of CTR1 determined in the
machine is then written into memory 112 on the cartridge, as
shown at box 304. This written value of CTRI1 is then
verified, as shown in the decision block 306, wherein the
value of counter 1 in the machine control is compared to the
new value of CTR1 in the cartridge. Then, the value of
CTR1 from the cartridge is compared to () as shown at
section 308 of the flow chart. If the value of CTR1 1s 0, a
message is preferably displayed, as shown, instructing the
user to replace the cartridge. Also, as shown at section 310,
the value of CTR1 can be compared to a “warn” value when
a preselected level of prints have been made. If the value of
CTR1 on the cartridge is less than a predetermined WARN
value, a message may be displayed. as shown, to alert the
user to order a new cartridge.

In addition to modifying the value of CTR1, which
maintains the one-by-one count of prints or copies made
with the cartridge, the condition of the flags 116 in flag
memory 114 in the cartridge is also checked and, if
necessary, manipulated to be consistent with the value of
CTR1. As shown in box 312, the number of flags in a
particular condition in flag memory 114 can be theoretically
calculated from the value of CTR1 through an algorithm
which would be apparent depending on the specific design
of the system, particularly from the value of the intended
interval from memory 118. This calculated flag value based
on CTR1 is then compared to the actual condition of flags in
the cartridge. As shown in section 314 of the flow chart, the
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actual value of the flags in the cartridge, which cannot be
artificially changed, overrides the calculated value; that is, if
there is an inconsistency between the value of CTR1 and the
number of flags of a certain state in flag memory 114, the
value of CTR1 will be amended (lowered) to be made
consistent with the number of flags in the one-state. This

value is then verified, at section 314, and then the machine
is placed on standby, ready for the next job.

FIG. § is a schematic view showing the relationship of
the portions 112, 114, and 118 of a memory 90 in a cartridge
which may be 12, 14, or 16, with a microprocessor such that
shown as 101 in FIG. 1. As part of the permanent structure
of copier or printer 10, there is provided read/write means
400. and also processing means 402. The read/write means
400 arc adapted to read the existing value of CTR1 from
memory 112 of a given cartridge, the intended interval each
flag is supposed to represent from memory 118, and also the
state of the flags in flag memory 114. Processing means 402,
which may be embodied as a portion of a standard
microprocessor, is adapted to carry out the steps shown in
FIGS. 3 and 4, by means of, for example, a program routine
carried out by the processor, similarly. the processor means
402 is adapted to cause the read/writc means 400 to change
the value of CTR1 in memory 112 as needed, and to alter the
state of a particular flag in flag memory 114.

While the present invention has been described in con-
nection with a preferred embodiment thereof, it will be
understood that it is not intended to limit the invention to
that embodiment. On the contrary, it is intended to cover all
alternatives, modifications, and equivalents as may be
included within the spirit and scope of the invention as
defined by the appended claims.

I claim:

1. A replaceable unit relating to an output of a predeter-
mined number of [prints] print sheets in [an electrophoto-
graphic} a printer. comprising:

a first memory, permanently associated with the replace-
able unit, adapted to retain counting data relating to a
cumulative number of output print sheets relating to the
replaceable unit; and

a second memory, permanently associated with the
replaceable unit, having a plurality of flags associated
therewith, each flag being statable in one of a first state
and a second state, each flag being alterable from the
first state to the second state but not alterable from the
second state to the first state.

2. A unit as in claim 1. further comprising an integrated

circuit, comprising the first memory and second memory.

3. A unit as in claim 1, wherein the first memory com-
prises an EEPROM.

4. A unit as in claim 1, further comprising a toner supply.

5. Aunit as in claim 1, further comprising a photoreceptor.

6. A unit as in claim 1, further comprising a third memory
permanently associated with the replaceable unit, adapted to
retain a number related to a relationship between the cumu-
lative output relating to the replaceable unit and the number
of flags in a state in the second memory.

7. A monitoring system for a replaceable unit in [an
electrophotographic] a printing apparatus, the replaceable
unit being adapted to relate to an output of a predetermined
number of [prints] print sheets, comprising:

a first memory, permanently associated with the replace-
able unit, adapted to retain counting data relating to a
cumulative number of output print sheets relating to the
replaceable unit;

a second memory, permancntly associated with the
replaceable unit, having a plurality of flags associated
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therewith, each flag being statable in one of a first state
and a second state, each flag being alterable from the
first state to the second state but not alterable from the
second state to the first state;

means for altering one flag in the second memory from the
first state to the second state in response to a predeter-
mined cumulative output relating to the replaceable
unit; and

means for comparing counting data in the first memory

and the number of flags in a predetermined state in the
second memory.

8. A monitoring system as in claim 7. further comprising
an integrated circuit comprising the first memory and second
memory. |

9. A monitoring system as in claim 7, further comprising
means for revising the counting data in the first memory to
be consistent with the number of flags in a predetermined
state in the second memory.

10. A monitoring system as in claim 7, wherein the first
memory comprises an EEPROM.

11. A monitoring system as in claim 7, wherein the
replaceable unit comprises a toner supply.

12. A monitoring system as in claim 7, wherein the
replaceable unit comprises a photoreceptor.

13. A monitoring system as in claim 7, further comprising
a third memory permanently associated with the replaceable
unit, adapted to retain a number related to the predetermined
cumulative output relating to the replaceable unit.

14. A method of monitoring a cumulative use of a
replaceable unit relating to an output of a predetermined
number of [prints] print sheets in [an electrophotographic
printer] @ printing apparatus, comprising the steps of:

changing a number stored in a first memory in accordance

with the number of [prints] print skeets outputted; and

altering one flag in a second memory from a first state to
a second state when the predetermined number of
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[prints] print sheets are outputted, each flag in the
second memory being selectable alterable from the first
state to the second state but not alterable from the
second state to the first state.

15. A method as in claim 14, further comprising the step
of comparing the number in the first memory with a number
of flags in a predetermined state in the second memory.

16. A method as in claim 14, further comprising the step
of revising a number stored in the first memory to be
consistent with the predetermined number of prints output-
ted causing a flag in the second memory to be altered.

17. The system of claim 7, further comprising:

an identification memory, permanently associated with
the replaceable unit, adapted to retain cartridge type
identification data associated with a characteristic of
the replaceable unit; and

identification means, associated with the printing
apparatus, for reading cartridge type identification
data in the identification memory of a replaceable unit
installed in the printing apparatus.

18. The system of claim 7, further comprising:

disabling means, associated with the printing apparatus,
for preventing operation of the replaceable unit in
response to a predetermined cumulative output relating
to the replaceable unit.

19. The method of claim [4, further comprising the steps

of:

retaining cartridge type identification data associated
with a characteristic of the replaceable unit in an
identification memory permanently associated with the
replaceable unit; and

reading the cartridge type identification data in the iden-
tification memory of a replaceable unit installed in the
printing apparatus.
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