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Replaceable sub-assemblies for electrostatographic reproducing machines.

@ In an electrostatographic printing/copying
machine, the developer device for developing
electrostatographic latent images with toner is
located in a replaceable sub-assembly, or cas-
sette. The sub-assembly is provided with a prog-
rammable memory which is connected with the
machine when the sub-assembly is inserted
therein. The memory receives and stores an
input from the machine representing the usage
of the sub-assembly. The memory indicates that
usage to the machine and at least one operating
parameter of the machine is adjusted accord-

ingly.
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The present invention relates to electrostato-
graphic reproducing machines and, in particular, to
machines which incorporate replaceable sub-assem-
blies.

Replaceable sub-assemblies, or cartridges, for
use in electrostatographic copiers and printers are
known. In some machines, for example, the machine
photoreceptor and its supporting hardware are as-
sembled into a process unit which can be removed
from the machine and replaced by a new unit as re-
quired. Similarly, developer cartridges and toner sup-
ply cartridges can be provided.

One form of replaceable unit for an electrostato-
graphic reproducing machine is described in US-A-4
827 308. That unit houses a belt photoreceptor and
various processing means, namely a development
device, a transfer corotron, a cleaner and a charge
corotron.

An electrostatographic reproducing machine that
employs a xerographic cartridge, a developer car-
tridge and a toner cartridge is described in US-A-4
961 088. Each cartridge has an identification/mem-
ory chip in the form of an EEPROM (Electrically Eras-
able Progammable Read Only Memory) integral
therewith, which is electrically connected with the
machine when the cartridge is inserted. The EE-
PROM ensures that only authorized cartridges are
used in the machine, and it also maintains a running
count of the number of images made while a cartridge
is in use so that a cartridge can be disabled when it
reaches the end of its life.

US-A-4 500 195 describes a replaceable unit for
an image forming apparatus, comprising a photosen-
sitive drum, a toner supply cartridge and a toner re-
covery container. When the replaceable unit is man-
ufactured, an arm on the outside of the unit is set to
a certain position dependent on the characteristics of
the photosensitive drum and, when the unit is insert-
ed in the machine, the arm automatically sets the ma-
chine to operate under the most appropriate image
forming conditions.

A replaceable sub-assembly for an electrostato-
graphic reproducing machine does not necessarily re-
main in place in a machine continuously for the whole
of its useful life. For example, if a different colour of
toner is required, a sub-assembly may be removed
and temporarily replaced by another. The present in-
vention is concerned in particular with subassem-
blies which incorporate a developer device and is di-
rected towards enabling the best performance to be
obtained from such a sub-assembly regardless of
how often it is removed from a machine or how many
different machines the sub-assembly is used in
throughout its life.

The present invention provides a replaceable
sub-assembly for an electrostatographic reproducing
machine, the sub-assembly including a developer de-
vice for developing, with toner, a latentimage on a cir-
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culating imaging member and being provided with a
programmable memory arranged to be connected
with the machine when the sub-assembly is inserted
therein and thereby to receive and store an input from
the machine representing the usage of the sub-as-
sembly, the memory indicating said usage to the ma-
chine to adjust one or more operating parameters of
the machine in dependence on that usage.

The memory may be arranged to receive an input
representing the number of images developed, or an
input representing the image area on which toner is
deposited by the developer device, while the sub-as-
sembly is inserted in a machine.

The operating parameter that is adjusted may be
the relationship between toner usage by the develop-
er device and operation of a toner dispensing means
which dispenses toner to the developer device.

The present invention further provides an elec-
trostatographic reproducing machine comprising a
circulating imaging member, means for generating a
latent image on the imaging member; a developer de-
vice for developing the latent image with toner, and
means for dispensing toner to the developer device
from a toner supply, wherein the developer device
forms part of a sub-assembly which can be removed
from, and replaced in, the machine, the subassembly
being provided with a programmable memory which
is connected with the machine when the sub-assem-
bly is inserted therein, thereby to receive and store an
input from the machine representing the usage of the
sub-assembly, the memory indicating said usage to
the machine to adjust an operating parameter of the
machine in dependence on that usage.

By way of example only, an embodiment of the in-
vention will be described with reference to the accom-
panying drawings, in which:

Fig. 1 is a diagrammatic view of an electrostato-

graphic printer;

Fig. 2 is a schematic cross-section of a replace-

able sub-assembly for the printer of Fig. 1;

Fig. 3 is a perspective view of the sub-assembly

shown in Fig. 2, illustrating the connection of the

sub-assembly in the printer;

Fig. 4 is a diagram illustrating the relationship be-

tween various parts of the printer, and

Figs. 5 is a flow diagram illustrating part of the

printer operating procedure.

Fig. 1 shows a laser printer employing a replace-
able sub-assembly in the form of a xerographic cas-
sette 1 which is shown in greater detail in Figs. 2 and
3. A xerographic imaging member in the form of an
endless flexible photoreceptor belt is housed within
the cassette 1, together with other xerographic proc-
ess means as described below. A raster output scan-
ner (ROS) 2 provides an imaging beam 3 which is di-
rected at the photoreceptor belt through an imaging
slit in the cassette 1 to form an electrostatic latent im-
age on the belt. The image is developed within the
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cassette and is transferred, at a transfer station 4, to
a copy sheet which is fed to that location from one of
four supply trays 5, 6, 7 and 8. The transferred image
is fused to the copy sheet at a fusing station 9 and the
copy sheet may then be delivered from the printer to
be collected either in a sample tray 10 on top of the
machine or in a stacking tray on the side of the ma-
chine. Alternatively, a copy sheet with a fused image
on one side only may be put into a trayless duplex
path within the machine, to be returned to the transfer
station 4 to receive an image on the other side before
being delivered from the machine into one of the trays
10, 11.

The raster output scanner 2 incorporates a He-Ne
laser to generate the imaging beam 3, a conventional
rotating polygon device to sweep the beam across
the surface of the photoreceptor belt, and an acoustic
modulator. The beam is modulated in accordance
with input signals received from a remote image
source, for example a user interface and keyboard
(not shown). The operation of a raster output scanner
of that type to generate a latent image on a photore-
ceptor is well understood and need not be described
here. The processing of the image signals from the re-
mote source is handled by an electronic sub-system
of the printer, indicated at 15, while operation of the
printer generally is under the control of a machine
control unit (not shown) which includes one or more
microprocessors and suitable memories, for holding
the machine operating software.

The cassette 1 may be similar to that described
in US Patent No. 4 827 308. In addition to the photo-
receptor belt 20, it includes a charge scorotron 21; a
developer device 22; a transfer corotron 23 and a
cleaning device 24. The charge scorotron 21 is locat-
ed upstream of the imaging slit in the cassette to de-
posit a uniform electrostatic charge on the surface of
the belt before it is exposed to the imaging beam 3.
The developer device 22 is located downstream of the
imaging slit to bring developer mixture into proximity
with, and thereby develop, the electrostatic latent im-
age on the belt. The developer mixture is a two-com-
ponent mixture comprising toner and a magnetically-
attractable carrier. Toner is transferred to the belt 20
during image development and replacement toner is
dispensed periodically, through operation of a toner
dispense motor (not shown), from a hopper (not
shown)into the housing of the developer device 22.
The transfer corotron 23 is located at the transfer sta-
tion 4 to assist in transferring the developed image
from the belt to the copy sheet which enters the cas-
sette at that at that point. Finally, the cleaning device
24 removes any residual toner particles from the sur-
face of the photoreceptor belt which is then illuminat-
ed by a discharge lamp to remove any electrostatic
charge remaining on the belt.

The cassette 1, as already mentioned, is remov-
able from the printer and can be replaced by another
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cassette if any of the process elements begins to de-
teriorate. Alternatively, it can be replaced by a cas-
sette which contains toner of a different colour.

The cassette 1 has a memory chip 30, shown in
Fig. 3, in the form of an EEPROM (Electrically Eras-
able Programmable Read Only Memory) mounted in
the top cover of the cassette. Contact pads 31 are
provided on the chip so that, when the cassette is in-
serted into the printer, the chip is automatically con-
nected to the machine control unit via a terminal block
32 on a part 33 of the printer. When inserted in the
printer, the memory 30 receives information from the
printer control unit reflecting the usage (and hence
the age) of the cassette 1, and stores that informa-
tion. For example, the memory 30 may receive and
store information concerning the number of prints
made while the cassette is in position in the printer,
that information being retained if the cassette is re-
moved from the printer for any reason. That informa-
tion is, in turn, utilized to adjust one or more operating
parameters of the xerographic system of the printer
to take account of the age of the cassette and thereby
to enable the output quality of the printer to be main-
tained and the operating life of the cassette to be pro-
longed. The operating parameters that may be adjust-
ed in dependence on the information stored in the
memory 30 include, for example, photoreceptor
charge level, exposure level, developer bias level and
the response level of the ADC (automatic density
control) system.

Throughout normal operation of the printer, the
ADC system regularly measures the toner density in
the prints produced and signals the printer control unit
to operate the toner dispensing motor to supply toner
to the developer device 22 when necessary. The re-
sponse of the control unit, and hence the amount of
toner dispensed, is determined by the so-called ADC
"setpoint" in the machine memory. Automatic density
control systems for use in electrostatographic repro-
ducing machines are well known and need not be de-
scribed in detail here. A known type of automatic den-
sity control system comprises means for generating a
test patch on the photoreceptor and a sensor for
measuring the reflectance of the developed patch to
determine the toner density: one such system is de-
scribed, for example, in US-A- 4 551 004, and a test
patch generator suitable for a laser printer of the type
shown in Fig. 1 is described in our co-pending Patent
Application No. (R/910186).

As the age of the cassette 1 increases, the de-
velopment characteristics of the developer device 22
may change, leading to, for example, deterioration of
the line development performance of the printer even
though the solid area development capability may re-
main constant due to the action of the ADC system.
It is however possible to regain the line development
performance at the expense of the solid area devel-
opment (SAD) performance by adjusting the ADC
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setpoint as the cassette ages, so that the line devel-
opment performance stays constant with age but the
SAD performance changes instead. Thus, one possi-
ble use of the information contained in the cassette
memory 30 is to enable such adjustment of the ADC
setpoint to be carried out. When the cassette shown
in Figs. 2 and 3 is inserted in the printer, the machine
control unit is immediately supplied with information
concerning the age of the cassette and at regular in-
tervals in the life of the cassette (as monitored by the
machine controller in conjunction with the memory
device 30), when it is estimated that the line density
performance will have drifted away from its intended
performance level, the ADC setpoint is adjusted to re-
store the line development performance. That is illu-
strated in Fig. 4 which shows the machine control unit
40 with an input from the conventional automatic den-
sity sensor 41 and also from the cassette memory 30.
The response of the machine control unit to the signal
from the sensor 41 is adjusted in accordance with the
input from the cassette memory 30 and in turn adjusts
the operation of the toner dispensing motor 42.

The change in the SAD performance which re-
sults from the above-described procedure may, how-
ever, be unacceptable. If so, a similar procedure can
be used to change other parameters such as the pho-
toreceptor charge level, the exposure level and the
developer bias voltage, in dependence on the age of
the cassette 1, at the same time as changing the ADC
setpoint so that the line development performance
and the SAD performance are both satisfactory.
More particularly, for any cassette age, it is possible
to select values of the ADC setpoint, the photorecep-
tor charge level, the exposure level and the developer
bias voltage such that both the line development per-
formance and the SAD performance meet their re-
quirements. For each additional parameter that is to
be adjusted, the appropriate control loop would ap-
pear in Fig. 4 in parallel with the loop 42, 22, 41.

Another effect that may occur as the cassette 1
ages is that the concentration of toner in the sump of
the developer device drops even though the print
quality parameters are satisfied. Use of the cassette
atsuch reduced toner concentration levels may cause
a shortening of the life of the developer material and
thus of the cassette. The adjustment of parameters
as described above can also be used to counteract
such effects, so that not only are all the print quality
parameters at their desired levels for any cassette
age, but the toner concentration is also at its desired
level, thus prolonging the usable life of the cassette.

Such optimum operating parameters may be de-
termined from experimental and theoretical dataon a
number of sample systems and held as look-up tables
or algorithms in the machine control unit. The storing
of the age of the cassette in the memory device 30
makes it possible to use such correction tables and
algorithms with accuracy and confidence, since the
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age of the cassette is stored even when the cassette
is withdrawn from the machine, and is retrieved by
the machine upon re-installing the cassette into the
machine.

Referring to Figs. 5, whenever the printer is pow-
ered up, the print count stored in the cassette mem-
ory 30 is read and stored in a non-volatile memory
(NVM) in the machine control unit 40. The machine is
programmed to update the print count in the cassette
memory periodically and, if the machine determines
that an update is due, the new value is written back
into the cassette memory 30 where it is retained even
if the cassette is then removed from the machine. For
example, the cassette memory may be updated
whenever the machine control unit determines that
200 prints have been made since the cassette mem-
ory was previously updated. The machine control unit
then examines the cassette print count to determine
whether or not it has reached a value at which the op-
erating parameters of the xerographic system should
be adjusted. The control unit may, for example, be
programmed to adjust the operating parameters
when the machine control unit determines that 8000
prints have been made since the previous adjust-
ment. Thereafter, on receipt of a print request, the ma-
chine control unit 40 counts the number of prints
made and, when a print run is completed, stores the
total number of prints made during that run for use in
updating the cassette print count as already descri-
bed. Alternatively, the cassette print count could be
updated during, rather than at the end of, a print run.

Because the machine is supplied with informa-
tion regarding the age of a cassette and can compen-
sate for changes that occur as the development sys-
tem ages, an improved performance can be achieved
together with more efficient use of the available toner
in the cassette.

Although the above description refers to the the
age of a cassette being related to the accumulated
number of prints made while the cassette is in use,
other factors could be used to indicate the age of a
cassette. For example, the cassette memory 30 could
store the number of revolutions of the photoreceptor
belt or the number of charge cycles that occur in the
cassette, both of which indirectly indicate the number
of prints made, or it could store the area coverage (as
represented by the number of pixels toned) while the
cassette is in use. Alternatively, the cassette memory
30 could be supplied continuously with, and store, in-
formation concerning the difference between the in-
tended and the actual charge on the photoreceptor 20
as an indication of the age of the cassette 1. When
the cassette is removed from the printer, for example
because a cassette containing toner of a different col-
our is required, the most recent measurement indicat-
ing the age of the cassette is stored and is immediate-
ly available for use by the machine controller as al-
ready described.
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Although the above description refers to the cas-
sette of Figs. 2 and 3 as being used in a laser printer,
that is not essential. A cassette incorporating a mem-
ory for storing information concerning the age of the
cassette could be used, for example, in an electrosta-
tographic copier which could be of the type described
in US-A-4 827 308. Moreover, the cassette need not
be of the type described above. The cassette could,
for example, simply be a toner cassette and need not
include the photoreceptor of the machine.

A cassette of the type described above could be
used in a printer of the type described in our co-pend-
ing U.K. Patent Application N0.9119484.5, in which
the number of pixels to be toned in a photoreceptor
cycle is used to indicate the amount of toner that
should be dispensed to the developer device 22 dur-
ing that cycle. In that printer, the toner density moni-
toring system is used to provide additional control
over the amount of toner that is dispensed to the de-
veloper device 22 in any given photoreceptor cycle.

Claims

1. Areplaceable sub-assembly (1) for an electrosta-
tographic reproducing machine, the sub-assem-
bly including a developer device (22) for develop-
ing, with toner, a latent image on a circulating im-
aging member (20) and being provided with a pro-
grammable memory (30) arranged to be connect-
ed with the machine when the sub-assembly is
inserted therein and thereby to receive and store
an input from the machine representing the us-
age of the sub-assembly, the memory indicating
said usage to the machine to adjust at least one
operating parameter of the machine in depend-
ence on that usage.

2. A sub-assembly as claimed in claim 1, in which
the memory is arranged to receive an input rep-
resenting the number of images developed while
the sub-assembly is inserted in a machine, or the
image area on which toner is deposited by the de-
veloper device.

3. Asub-assembly as claimed in claim 1 or claim 2,
in which an operating parameter that is adjusted
is the relationship between toner development by
the developer device and operation of a toner dis-
pensing means (42) which dispenses toner to the
developer device.

4. An electrostatographic reproducing machine
comprising a circulating imaging member (20),
means (2) for generating a latent image on the
imaging member; a developer device (22) for de-
veloping the latent image with toner, and means
(42) for dispensing toner to the developer device
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from a toner supply, wherein the developer de-
vice forms part of a sub-assembly (1) which can
be removed from, and replaced in, the machine,
the sub-assembly being provided with a pro-
grammable memory (30) which is connected with
the machine when the sub-assembly is inserted
therein, thereby to receive and store an input
from the machine representing the usage of the
sub-assembly, the memory indicating said usage
to the machine to adjust at least one operating
parameter of the machine in dependence on that
usage.

A machine as claimed in claim 4, in which the
memory is arranged to receive an input repre-
senting the number of images developed while
the sub-assembly is inserted in a machine, or the
image area on which toner is deposited by the de-
veloper device.

A machine as claimed in claim 4 or claim 5, in
which the toner dispensing means is operable in
dependence on toner development by the devel-
oper device, and in which an operating parameter
that is adjusted is the relationship between the
said toner development and operation of the to-
ner dispensing means.

A machine as claimed in any one of claims 4 to 6,
in which an operating parameter that is adjusted
is the charge level on the imaging member, the
exposure level to the image generating means
and/or the electrical bias in the developer device.

A machine as claimed in any one of claims 4 to 7,
in which the memory is updated whenever a pre-
determined number of prints has been made by
the machine.

A machine as claimed in any one of claims 4 to 8,
in which the said at least one operating parame-
ter is adjusted when the memory indicates a pre-
determined level of usage of the cassette.
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