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(57) A customer replaceable unit monitor (CRUM)
unit that can be mounted in an image forming apparatus
includes a decoder which receives first clock signals from
the image forming apparatus and converts the first clock
signals into second clock signals, a memory which stores
data related with a consumable unit, and a controller
which manages the memory based on data signals trans-
mitted from the image forming apparatus and the second

clock signals. The first clock signals are divided into a
data section in which the data signals are transmitted
and received and an idle section in which the data signals
are not transmitted and received. The first clock signals
have a first frequency on the data section while having
a second frequency on the idle section, and the second
clock signals are clock signals maintaining a high value
or a low value on the idle section.
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Description

[0001] The present invention relates to a customer replaceable unit monitor (CRUM) unit mountable in a consumable
unit of an image forming apparatus, and an image forming apparatus using the same, and more specifically, to a CRUM
unit which is able to use an existing universal memory controller while requiring a reduced number of connecting terminals
to connect to an image forming apparatus, and an image forming apparatus using the same.
[0002] Various types of electronic products are developed with the help of the advancing electronic technology. As
the computers are widely distributed, the distribution rate of computer-related peripherals is enhanced. These peripherals
are provided to enhance utilization of the computers. A representative example includes an image forming apparatus
such as a printer, a scanner, a copy machine, or a multifunction unit.
[0003] The image forming apparatuses use an ink or a toner to print images on paper sheet. The ink or the toner is
used (i.e., consumed) whenever an image forming job is performed, and depleted when used for a certain period time.
In this case, a unit storing the ink or the toner should be newly replaced. An accessory or a unit that can be replaced
during use of the image forming apparatuses is referred to as a consumable unit or a removable unit. The term ’consumable
unit’ will be used herein for convenience of explanation.
[0004] The consumable units include not only the units that need to be replaced due to depleting ink or toner, but also
the units that need to be replaced for reduced possibility of provisioning good printing quality due to deteriorating features
after a certain period of use. Specifically, not only the respective color developers, but also the component such as an
intermediate transfer belt may correspond to a consumable unit, as the belt is depleted or "consumed" during use. This
consumable unit needs to be replaced at proper replacement intervals.
[0005] The replacement intervals may be determined by using a use status index of the image forming apparatus.
The use status index indicates the degree the image forming apparatus has been used, and may include, for example,
a number of paper sheets printed and outputted in the image forming apparatus or a number of dots forming images.
The image forming apparatus may determine the time for replacing each consumable unit by counting the number of
paper sheets or dots.
[0006] Recently, each consumable unit is mounted with a customer replaceable unit monitor (CRUM) unit for a user
to correctly determine the time to replace the consumable unit.
[0007] When a consumable unit is mounted in the image forming apparatus, the CRUM unit may communicate with
the image forming apparatus through the consumable unit. The consumable unit includes a power terminal to receive
the power provided from the image forming apparatus. Therefore, the power provided from the image forming apparatus
is delivered to the power terminal, and the CRUM unit may receive the power from the power terminal and operate
accordingly.
[0008] However, in view of structure, the power terminal to provide the power may be one of the factors to increase
a number of terminals for the consumable unit or a number of interfaces for the CRUM unit. Further, increase in a number
of terminals or interfaces may increase the size of the consumable unit or CRUM unit, which affects the cost of the
consumable unit or CRUM unit.
[0009] Therefore, recently suggested is a method of connecting the image forming apparatus with a CRUM unit only
with three terminals (clock terminal, data terminal, and ground terminal) in which the power terminal is removed.
[0010] However, because the abovementioned method modifies the related method of generating clocks according
to the standard I2C communication, there is a problem that the CRUM unit cannot be implemented using existing universal
ICs.
[0011] Therefore, a new method is necessary, which is capable of implementing the CRUM unit by using an existing
universal IC while reducing the number of connecting terminals between the image forming apparatus and CRUM unit.
[0012] According to an embodiment, a technical objective is to provide customer replaceable unit monitor (CRUM)
unit which is able to use an existing universal controller while requiring a reduced number of connecting terminals to
connect to an image forming apparatus, and an image forming apparatus using the CRUM unit.
[0013] A technical objective is to provide a customer replaceable unit monitor (CRUM) unit that can be mounted in an
image forming apparatus, which may include a decoder configured to receive first clock signals generated from a body
of the image forming apparatus and convert the received signals into second clock signals, a memory configured to
store data related with a consumable unit and a controller configured to manage the memory based on data signals
transmitted from the body of the image forming apparatus and the second clock signals. The first clock signals may be
divided into a data section in which the data signals are transmitted and received and an idle section in which the data
signals are not transmitted and received, the first clock signals having a first frequency on the data section while having
a second frequency on the idle section, and the second clock signals may be clock signals maintaining a high value or
a low value on the idle section.
[0014] The first frequency of the first clock signals on the data section may be smaller than the second frequency of
the first clock signals on the idle section.
[0015] When a section maintaining either a high value or a low value regarding the first clock signals exceeds a
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predetermined time, the decoder may convert an output value of the second clock signals alternately based on a time
corresponding to the first frequency at the time of exceeding the predetermined time, and when the section maintaining
either the high value or the low value regarding the first clock signals is less than the predetermined time, the decoder
may maintain an output value of the second clock signals.
[0016] The second clock signals may be compatible with clock protocols of the inter-integrated circuit (I2C, IIC) bus.
[0017] The decoder may include an input configured to receive the first clock signals, a decoding controller configured
to store standard time information, a decoding processor configured to generate the second clock signals based on the
stored standard time information and the first clock signals, and an output configured to output the generated second
clock signals.
[0018] The input may receive the data signals, and the output may output the data signals inputted to the input as
they are.
[0019] The decoder may extracts power from the first clock signals, and provide the extracted power to at least one
of the memory and the controller.
[0020] The CRUM unit may additionally include a power extract circuit configured to extract power from the first clock
signals.
[0021] The controller may divide the data section or the idle section of the data signals based on the second clock
signals, and transmit and receive the data signals on the data section.
[0022] The controller may determine that a section is changed into the data section when an edge of the second clock
signals changes, and may determine that a section is changed into the idle section when a section maintaining either
the high value or the low value regarding the second clock signals exceeds the predetermined time.
[0023] The memory and the controller may consist of at least one integrated circuit (IC).
[0024] The CRUM unit may additionally include a plurality of interfaces configured to be connected to the body. The
plurality of the interfaces may additionally include a first interface configured to receive the first clock signals from a clock
terminal of the body, and provide the received first clock signals to the decoder, a second interface configured to transmit
and receive the data signals to and from a data terminal of the body, and a third interface configured to be connected
to a ground terminal of the body.
[0025] The CRUM unit may additionally include a plurality of interfaces configured to be connected to the body. The
plurality of the interfaces may additionally include a first interface configured to receive the first clock signals from the
clock terminal of the body, and provide the received first clock signals to the decoder, a second interface configured to
transmit and receive the data signals to and from the data terminal of the body, a third interface configured to be connected
to a power terminal of the body, and a fourth interface configured to be connected to the ground terminal of the body.
[0026] Meanwhile, in one embodiment, an image forming apparatus may include a body including a main controller
configured to control operation of the image forming apparatus, a consumable unit configured to be mounted in the body
so as to perform communication with the main controller, and a customer replaceable unit monitor (CRUM) unit configured
to store information of the consumable unit. The main controller may transmit first clock signals having a first frequency
on a data section in which data signals are transmitted and received and a second frequency on an idle section in which
the data signals are not transmitted and received to and from the CRUM unit, and the CRUM unit may convert the first
clock signals into second clock signals maintaining a high value or a low value on the idle section, and process the data
signals by using the second clock signals.
[0027] The CRUM unit may include a decoder configured to convert the first clock signals generated from the body
of the image forming apparatus into the second clock signals, a memory configured to store data related with the
consumable unit, and a controller configured to manage the memory based on the data signals transmitted from the
body of the image forming apparatus and the second clock signals.
[0028] According to a further aspect of the invention, there is provided a CRUM unit for an image forming/image
reading apparatus having a consumable unit, comprising a decoder configured to receive first clock signals from the
apparatus and to convert the received first clock signals into second clock signals, a memory configured to store data
related to the consumable unit and a controller configured to manage the memory based on the second clock signals
and data signals transmitted between the CRUM unit and the apparatus, wherein data signals are transmitted during a
data period and not transmitted during an idle period. The first clock signals may be different in the data and idle periods,
for example may have different frequencies, or may have a first clock signal frequency in the data period and a constant
value in the idle period. The decoder may be arranged to convert the clock signal of the first clock signals in the idle
period into a logical high or low level signal in the corresponding period of the second clock signals, for example to
provide compatibility with a protocol such as the I2C bus protocol.
[0029] The above and/or other aspects of the present inventive concept will be more apparent by describing certain
exemplary embodiments of the present inventive concept with reference to the accompanying drawings, in which:

FIG. 1 is a block diagram of an image forming apparatus according to an embodiment;
FIG. 2 illustrates one side of the consumable unit shown in FIG. 1;
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FIGS. 3 and 4 are views provided to explain a connecting method between an image forming apparatus and a
consumable unit;
FIG. 5 is a block diagram of an image forming apparatus according to another embodiment;
FIG. 6 illustrates one side of the consumable unit shown in FIG. 3;
FIG. 7 is a schematic block diagram of a customer replaceable unit monitor (CRUM) unit according to an embodiment;
FIG. 8 is a detailed block diagram of a CRUM unit according to an embodiment;
FIG. 9 is a detailed block diagram of a CRUM unit according to another embodiment;
FIG. 10 is a detailed block diagram of a CRUM unit according to yet another embodiment;
FIG. 11 is a detailed block diagram of a CRUM unit according to yet another embodiment;
FIGS. 12 and 13 are circuit diagrams illustrating examples of power extract circuit shown in FIG. 8;
FIG. 14 illustrates specific constitution of the decoder in FIG. 7;
FIGS. 15 to 17 are views provided to explain various examples of wave forms according to data signals, clock signals
and decoding signals;
FIGS. 18 is a flowchart provided to explain a method of delivering the data signals according to an embodiment; and
FIG. 19 is a flowchart provided to explain in detail the converting operation of FIG. 18.

[0030] Referring to FIG. 1, the image forming apparatus includes a body 100, a main controller 110 provided in the
body 100, and a consumable unit 200 that can be attached to and detached from the body 100. Herein, the image
forming apparatus is a device for performing generating, printing, receiving, and transmitting of image data, which may
be exemplified to be a printer, a copy machine, a fax or a multifunction unit combining the above functions. Although
embodiments will be described herein with reference to an example of an apparatus for forming images (i.e. image
forming apparatus), the embodiments may be also applied to an image reading apparatus such as scanner, or to an
apparatus which operates as both an image forming apparatus and an image reading apparatus.
[0031] The main controller 110 may be mounted in or on the body 100 of the image forming apparatus and control
overall functions of the image forming apparatus. Specifically, the main controller 110 may include a controller (not
illustrated) to control each unit within the image forming apparatus, and perform printing jobs according to control com-
mands inputted by a user.
[0032] Further, the main controller 110 may transmit signals for the recording of information regarding consumable
units used for performing image forming jobs and the reading of the information regarding the consumable units to the
customer replaceable unit monitor (CRUM) unit 210.
[0033] Herein, the main controller 110 may communicate with the CRUM unit 210 either through three interface
terminals consisting of clock signals, data signals and ground, or through four interface terminals consisting of first clock
signals, data signals, power, and ground. In both of the above examples, the main controller 100 may generate and
transmit to the consumable unit 200 the first clock signals having a first frequency in a data section (period) in which the
data signals are transmitted and received, while having a second frequency in an idle section (period) in which the data
signals are not transmitted and received. The first clock signals are clock signals which may be incompatible with I2C
protocols. Thus, according to an embodiment, the first clock signals received by the CRUM unit 210 may be converted
into second clock signals compatible with I2C protocols. Herein, the interface terminals may be provided to connect
terminals included within the body, and may thus be referred to as the ’connectors’.
[0034] Meanwhile, specific operation and constitution of an example of using the three interface terminals will be
explained below by referring to FIGS. 8 to 10, and specific operation and constitution of an example of using the four
interface terminals will be described below by referring to FIG. 11.
[0035] The consumable unit 200 may be various types of units mounted in the body 100 of the image forming apparatus,
and involved in image forming jobs directly or indirectly. Regarding the laser image forming apparatus for example, the
consumable units may be electrical charging unit, exposing unit, developing unit, transfer unit, fixing unit, various rollers,
belt, or OPC drum. Additionally, other various types of units such as developing unit (e.g., developing cartridge or toner
cartridge) that need replacement during use of the image forming apparatus may also be defined as consumable unit 200.
[0036] As described above, the consumable unit 200 may have a limited service life. Therefore, the CRUM unit 210
may be attached to and detached from the consumable unit 200 so that the replacement can be performed at a proper time.
[0037] The CRUM unit 210 is mounted in the consumable unit 200 and records various pieces of information. The
CRUM unit 210 may consists of one single chip, or a plurality of elements integrated on a board. Meanwhile, by the
above statement that the CRUM unit 210 is mounted in the consumable unit, it means that CRUM unit 210 can be
physically attached to the consumable unit. Thus, the CRUM unit 210 may be connected electrically to the body while
being mounted in the consumable unit 200. Further, depending on cases, the CRUM unit 210 may be directly connected
to the body of the image forming apparatus physically and electrically, without requiring the consumable unit.
[0038] The CRUM unit 210 includes a memory. Therefore, the CRUM unit 210 may be interchangeably referred to as
’memory’ or ’CRUM unit memory’, for convenience of explanation, it will be herein referred to as the ‘CRUM unit 210’.
[0039] The memory of the CRUM unit 210 may store various pieces of feature information regarding the consumable



EP 3 007 007 A1

5

5

10

15

20

25

30

35

40

45

50

55

unit 200, the CRUM unit 210, and the image forming apparatus, use information related with implementation of image
forming jobs, or programs.
[0040] Specifically, various programs stored in the CRUM unit 210 may include an operating system (O/S) program
and an encrypt program, as well as existing applications. Further, the feature information may include information
regarding a manufacturer of the consumable unit 200, information regarding a manufacturer of the image forming ap-
paratus, a device name of image forming apparatuses that can be mounted, information regarding a manufacturing date,
a serial number, a model name, an electronic signature information, an encrypt key, or encrypt key index. Further, the
using information may include information regarding how many paper sheets have been printed up to now, how many
paper sheets are left for printing jobs, and how much amount the toner remains. The feature information may be also
referred to as unique information.
[0041] For one example, various pieces of information may be stored on the CRUM unit 210 include:

[0042] In the above table, the memory of the CRUM unit 210 may store information regarding a service life of the
consumable unit, information of the consumable unit and information regarding setup menu, in addition to brief information
regarding the consumable unit 200. Further, the memory may store the O/S to be used by the CRUM unit itself separately
from the body of the image forming apparatus.
[0043] Additionally, the CRUM unit 210 may further include a CPU (not illustrated) for managing the memory, imple-
menting various programs stored in the memory, and communicating with controllers of the body in the image forming
apparatus or other devices.
[0044] Meanwhile, when the consumable unit 200 including the CRUM unit 210 is mounted in the body 100 of the
image forming apparatus, the CRUM unit 210 may communicate with the main controller 110 through a plurality of the
terminals through each of the terminals 121, 122, 123 in the body 100 of the image forming apparatus.
[0045] For example, the body 100 of the image forming apparatus includes the three terminals 121, 122, 123 in which

[Table 1]

General Information

OS Version CLP300_V1.30.12.35 02-22-2007
SPL-C Version 5.24 06-28-2006
Engine Version 6.01.00(55)
USB Serial Number BH45BAIP914466B.
Set Model DOM
Service Start Date 2007-09-29

Option

Total Page Count 774/93 Pages(Color/mono)

Fuser Life 1636 Pages
Transfer Roller Life 864 Pages
Tray1 Roller Life 867 Pages
Total Image Count 3251 Images
Imaging Unit/Deve Roller Life 61 Images/19 Pages
Transfer Belt Life 3251 Images

Toner Image Count 14/9/14/19 Images(C/M/Y/K)

Toner Information

Custom Color

SAMSUNG(DOM)
SAMSUNG(DOM)

SAMSUNG(DOM)
SAMSUNG(DOM)
SAMSUNG(DOM)

Color Menu

Power Save 20 Minutes
Auto Continue On
Altitude Adj. Plain
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each of cables 131, 32, 33 connected to the three terminals 121, 122, 123 may be connected to the main controller 110.
In this case, the consumable unit 200 may also include the three terminals 221, 222, 223 contacting with the three
terminals 121, 122, 123 included in the body 100. Because the three terminals 221, 222, 223 are connected to the CRUM
unit 210, the CRUM unit 210 may communicate with the main controller 110 through the three terminals 221, 222, 223
included in the consumable unit 200. Meanwhile, the above example describes that the three terminals 221, 222, 223
are included in the consumable unit for convenient explanation. However, the three terminals 221, 222, 223 may be
terminals of the CRUM unit 210.
[0046] The three terminals 121, 122, 123 included in the body 100 may be clock terminal, data terminal and ground
terminal, respectively. Likewise, the three terminals 221, 222, 223 included in the consumable unit 200 or the CRUM
unit 210 may be clock terminal, data terminal and ground terminal, respectively.
[0047] The clock terminal 221 of the consumable unit 200 may receive the clock signals, by being connected to the
clock terminal 121 included in the body 100 of the image forming apparatus. Further, the data terminal 222 of the
consumable unit 200 may transmit and receive the data signals by being connected to the data terminal 122 included
in the body 100 of the image forming apparatus. The ground terminal 223 of the consumable unit 200 may be connected
to the ground terminal 123 included in the body 100 of the image forming apparatus.
[0048] Meanwhile, when the first clock signals are received through the clock terminal 221, the CRUM unit 210 may
convert the received signals into the second clock signals, and transmit and receive the data signals with the body 100
of the image forming apparatus by using the converted second clock signals. Herein, the first clock signals may be
signals having a first frequency on the data section and a second frequency on the idle section, and may be changed
I2C clock signals for power extraction. This will be described below. Further, the second clock signals may be signals
having a predetermined frequency only on the data section, and maintaining a high value or a low value (logical high
and low levels) on the idle section while being compatible with the clock protocols of I2C bus.
[0049] Meanwhile, the CRUM unit 210 may extract the power from the clock signals when the clock signals are received
through the clock terminal 221. Thus, the CRUM unit 210 may provide the power by charging a capacitive element (e.g.,
capacitor) when the clock signals have a high value. Specific operation of extracting power will be described below by
referring to FIGS. 12 and 13.
[0050] According to an embodiment, the method of extracting the power may be implemented to be various methods
according to wave forms of the clock signals. Further, wave forms of the clock signals may be different according to the
data section where the data signals are received and the idle section where the data signals are not received.
[0051] According to an embodiment, the first clock signals may have a clock wave form in which a high value and a
low value are alternately repeated according to a predetermined pattern in the idle section.
[0052] Thus, the first clock signals may maintain the clock wave form even in the idle section. In this case, the clock
signals on the data section may have a first frequency (or a first pulsewidth) and a second frequency different from the
first frequency (or a second pulsewidth different from the first pulsewidth) on the idle section. Herein, the first frequency
may be established to be smaller than the second frequency; however, it may not be limited to the above.
[0053] Specifically, regarding the first clock signals, a high value and a low value may alternately be repeated within
the time of the preset second pulsewidth on the idle section, and within the time of the preset first pulsewidth on the data
section. Lengths of a high value and a low value may be different or same in the length of the first time or the second
time. Thus, in the first time or the second time, length of a high value may be longer, shorter, or same compared to
length of a low value. Herein, a high value may be 3V or 4V. Further, a low value may be above zero, but less than a
high value. Alternatively, a low value may be zero.
[0054] According to an embodiment, because the clock signals include a high value on the idle section and the data
section, the CRUM unit 210 may be operated by extracting the power from a high value of the clock signals on the idle
section and the data section. Specifically, because a high value and a low value of the clock signals are repeated based
on the time of the second pulsewidth on the idle section, the CRUM unit 210 may be continuously operated without a
recess of the power by repeatedly extracting the power from a high value. Thus, in a related I2C communication method,
the capacitor may be discharged and an IC may malfunction according to operating status of software because the clock
signals maintain a low value on the idle section between the data. Further, the operation of the image forming apparatus
may be delayed because a reset occurs due to the falling of the power and the access should start from the beginning
due to a loss in temporary storing data and certification data. Because frequent resetting may lead to a loss in the CRUM
unit, it may be difficult to implement the technology of charging the capacitor with the clock signals and using the power.
[0055] When the power is extracted from the data signals, consecutive low values may be possibly maintained regarding
the data, and the above described problem may occur.
[0056] According to another embodiment, regarding the clock signals, a high value and a first low value may alternately
be repeated based on a predetermined first time on the data section while one of a high value and a second low value
may be maintained for a time longer than the first time on the idle section. Herein, a high value may be 3V or 4V. Further,
a second low value may be above zero and less than a high value. Also, a first low value may be same as the second
low value or zero.
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[0057] According to another embodiment, the first clock signals may maintain a second low value exceeding zero on
the idle section, and may include a high value on the data section. Thus, the operating may be performed by extracting
the power from a second low value on the idle section and a high value on the data section.
[0058] Meanwhile, the CRUM unit 210 may receive the first clock signals in which one of a high value and a second
low value is maintained during a second time longer than the first time. Therefore, regarding the idle section, the power
may be extracted from one value constantly maintained on a corresponding section among a high value and a second
low value of the first clock signals.
[0059] The CRUM unit 210 according to the above embodiment may not require an interface for connecting to the
power terminal, and thus, a cost regarding CRUM unit 210 can be reduced because a size of the CRUM unit 210 and
a number of interfaces may decrease. Further, because the power terminal may not be provided and circuits to control
the power terminal may not be necessary, circuits can have simpler structure.
[0060] Further, the CRUM unit 210 may convert the transmitted first clock signals incompatible with the clock protocols
of I2C bus into the second clock signals compatible with the clock protocols of I2C bus and use the same. Thus, the
CRUM unit may be implemented by using an existing universal IC operating with I2C bus.
[0061] FIG. 2 illustrates one side of the consumable unit shown in FIG. 1.
[0062] Referring to FIG. 2, the consumable unit 200 may include a terminal unit 220 to communicate with the main
controller 110 provided on the image forming apparatus. The terminal unit may be one part of CRUM unit 210. The
terminal unit 220 may include the clock terminal 221, the data terminal 222 and the ground terminal 223, as shown in FIG. 1.
[0063] The clock terminal 221, the data terminal 222, and the ground terminal 223 may be classified as contact type,
and connected electrically by contacting the three terminals 121, 122, 123 provided on the body 100 of the image forming
apparatus.
[0064] Meanwhile, the above embodiment describes that the clock terminal 221, the data terminal 222, and the ground
terminal 223 may be formed on the consumable unit 200. However, the above terminals may be formed on the CRUM
unit 210 in certain implementation.
[0065] FIGS. 3 and 4 are views provided to explain a method of connecting the image forming apparatus with the
consumable unit.
[0066] Specifically, FIG. 3 illustrates the connecting between the consumable unit 200 implemented to be contact type
and the body 100 of the image forming apparatus.
[0067] Referring to FIG. 3, the body 100 of the image forming apparatus may include a main board 140 to arrange a
plurality of units such as terminal unit 120 and main controller 110 and a connecting cable 130 to connect the main board
140 with the terminal unit 120.
[0068] When the consumable unit 200 is included in the body 100 of the image forming apparatus, the terminal unit
220 included in the consumable unit 200 and the terminal unit 120 of the body 100 may be drawn to contact each other
for electrical connection. Herein, the terminal unit 220 may be also one part of the CRUM unit 210.
[0069] FIG. 4 illustrates an example of exterior constitution of a connector-type terminal unit 220.
[0070] Referring to FIG. 4, the body 100 of the image forming apparatus may include a port-type terminal unit 120 in
which a connector can be inserted. The terminal unit 120 may include the three terminals 121, 122, 123.
[0071] The consumable unit 200 may include a connector-type clock terminal 221. The clock terminal 221 may be
inserted into the clock terminal 121 provided on the terminal unit 120.
[0072] Further, although not shown in the drawings, the consumable unit 200 may further include the data terminal
222 and the ground terminal 223 in the connector type. The above two terminals may be inserted into the data terminal
122 and the ground terminal 123 provided on the terminal unit 120, respectively.
[0073] Although the above describes that the consumable unit 200 is connected to the body 100 through the three
terminals, the consumable unit 200 may be connected to the body 100 through four terminals in certain implementation.
Further will be explained below by referring to FIG. 5.
[0074] FIG. 5 is a block diagram of the image forming apparatus according to another embodiment.
[0075] Referring to FIG. 5, the image forming apparatus includes the body 300, the main controller 310 provided on
the body 300, and the consumable unit 400 that can be mounted in the body 300.
[0076] When the body 300 of the image forming apparatus includes the consumable unit 400 provided with the CRUM
unit 410 as shown in FIG. 5, the CRUM unit 410 may communicate with the main controller 310 of the image forming
apparatus through the consumable unit 400.
[0077] The main controller 310 may be electrically connected to the consumable unit 400 from the four terminals 321,
322, 323, 324 provided on the body 300 through the cables 331, 332, 333, 334 connected to the terminals 321, 322,
323, 324 respectively.
[0078] Further, the consumable unit 400 includes the four terminals 421, 422, 423, 424 contacting with the four terminals
321, 322, 323, 324 of the body 300.
[0079] According to an embodiment, the four terminals 321, 322, 323, 324 included in the body 300 may be clock
terminal, data terminal, power terminal, and ground terminal, respectively. Likewise, the four terminals 421, 422, 423,
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424 included in the consumable unit 400 may be also clock terminal, data terminal, power terminal, and ground terminal.
[0080] Meanwhile, the clock terminal 421 of the consumable unit 400 may receive the first clock signals by being
connected to the clock terminal 321 included in the body 300 of the image forming apparatus. Further, the data terminal
422 of the consumable unit 400 may transmit and receive the data signals by being connected to the data terminal 322
included in the body 300.
[0081] Further, the power terminal 423 of the consumable unit 400 may be connected to the power terminal 323
included in the body 300, and the ground terminal 424 of the consumable unit 400 may be connected to the ground
terminal 324 of the body 300.
[0082] Meanwhile, when the CRUM unit 410 may extract the power from the first clock signals, the power terminal
323 included in the body 300 of the image forming apparatus may be maintained in the inactivating state. In this case,
the power terminal 323 may not be used to provide the power.
[0083] When the CRUM unit 410 does not extract the power by using the clock signals, the power terminal 423 of the
consumable unit 400 may provide the power from the body to each unit within the CRUM unit 410.
[0084] Further, the consumable unit 400 may be standardized to be four terminals corresponding to the image forming
apparatus. Therefore, the consumable unit 400 may also include the four terminals 421, 422, 423, 424.
[0085] Meanwhile, the CRUM unit 410 may further include a plurality of interfaces (not illustrated) to connect with the
four terminals 421, 422, 423, 424 included in the consumable unit 400. Among a plurality of interfaces, one interface
may be connected to the power terminal 423 included in the consumable unit 400.
[0086] Meanwhile, currently commercialized image forming apparatuses and consumable units usually include the
four terminals including the clock terminal, the data terminal, the power terminal and the ground terminal. Therefore,
when modifying or updating protocols only related with the clock signals stored in the main controller of the currently
commercialized image forming apparatus, the CRUM unit 410 according to an embodiment may be mounted and used.
Thus, existing CRUM unit may be compatible with the CRUM unit 410.
[0087] Meanwhile, according to another embodiment, the four terminals 321, 322, 323, 324 included in the body 300
of the image forming apparatus may be clock terminal, first data terminal, second data terminal, and ground terminal.
Likewise, the four terminals 421, 422, 423, 424 included in the consumable unit 400 may be clock terminal, first data
terminal, second data terminal, and ground terminal.
[0088] The clock terminal 421 of the consumable unit 400 may receive the clock signals by being connected to the
clock terminal 321 included in the body 300 of the image forming apparatus. Further, the first data terminal 422 of the
consumable unit 400 may transmit and receive the data signals by being connected to the first data terminal 322 included
in the body 300 of the image forming apparatus. Further, the second data terminal 423 of the consumable unit 400 may
be connected to the second data terminal 323 included in the body 300 of the image forming apparatus. The ground
terminal 424 of the consumable unit 400 may be connected to the ground terminal 324 included in the body 300 of the
image forming apparatus.
[0089] The body 300 of the image forming apparatus and the consumable unit 400 may respectively include the two
data terminals (322 and 323, 422 and 423), and thus, the main controller 310 and CRUM unit 410 may transmit and
receive the data signals through the data terminals contacted to each other (322 and 422, 323 and 423).
[0090] Specifically, when the main controller 310 transmit and receives the data signals from the CRUM unit 410, it
may transmit and receive the data signals through the first data terminal 322. According to the above operation, the
CRUM unit 410 may transmit and receive the data signals through the first data terminal 422 connected to the first data
terminal 322.
[0091] Meanwhile, when the CRUM unit 410 transmits the data signals to the main controller 310, it may transmit the
data signals through the second data terminal 423. According to the above operation, the main controller 310 may
transmit and receive the data signals through the second data terminal 323 connected to the second data terminal 423.
[0092] Meanwhile, according to the above embodiments, the CRUM unit 410 may generate the second clock signals
from the received first clock signals when the first clock signals are received. The method of converting the clock signals
is described above by referring to FIG. 1, which will not be further explained.
[0093] Therefore, the CRUM unit 410 may be activated by extracting the power from the clock signals if the body 300
of the image forming apparatus and the consumable unit 400 include or exclude the power terminals.
[0094] FIG. 6 illustrates one side of the consumable unit shown in FIG. 5.
[0095] Referring to FIG. 6, the consumable unit 400 includes the terminal unit 420 to communicate with the main
controller 310 provided on the image forming apparatus.
[0096] The terminal unit 420 may include the four terminals 421, 422, 423, 424 to be connected to the four terminals
321, 322, 323, 324 included in the body 300 of the image forming apparatus.
[0097] In other words, the terminal unit 420 may additionally include one terminal 423 as well as clock terminal 421,
data terminal 422 and ground terminal 424. The one additional terminal 423 may be power terminal or additional data
terminal according to the implementing.
[0098] The four terminals 421, 422, 423, 424 may be classified as contact type, and connected electrically by contacting
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to the four terminals 321, 322, 323, 324 provided on the body 300 of the image forming apparatus.
[0099] Meanwhile, when explaining FIGS. 2 to 5, the above describes that the consumable unit may be connected to
the body of the image forming apparatus, and thus, the CRUM unit may be connected to the body through the consumable
unit. However, this explanation is provided for the case in which the CRUM unit is physically mounted on the consumable
unit. The CRUM unit and the consumable unit may be physically separated and implemented. In this case, the CRUM
unit may be connected to the body of the image forming apparatus physically and electrically without using the consumable
unit. Further, the terminals of the consumable unit in FIGS. 2 to 6 may be used as terminals of the CRUM unit.
[0100] Further, even when the CRUM unit is attached on the consumable unit, i.e., when the CRUM unit is mounted
in the body through the consumable unit physically, the CRUM unit may be connected to the body electrically without
passing through the consumable unit. Also in this case, the terminals of the consumable unit in FIGS. 2 to 6 may be
used as terminals of the CRUM unit.
[0101] FIG. 7 is a schematic block diagram of the CRUM unit according to an embodiment.
[0102] Referring to FIG. 7, the CRUM unit 210 may include a decoder 211, a controller 212, and the memory 213.
[0103] The decoder 211 may receive the first clock signals generated from the body 100 of the image forming apparatus
through the consumable unit 200, and convert the received first clock signals into the second clock signals. Specifically,
when a section maintaining one of a high value and a low value regarding the first clock signals exceeds a predetermined
time (e.g., T_Change), the decoder 211 may convert an output value of the second clock signals alternately based on
a time corresponding to a first frequency at the time of exceeding the predetermined time. When a section maintaining
one of a high value and a low value regarding the first clock signals is less than the predetermined time, the decoder
211 may maintain an output value of the second clock signals. Meanwhile, specific constitution of the decoder 211 will
be described below by referring to FIG. 14.
[0104] The decoder 211 may extract the power from the received first clock signals. Specifically, the decoder 211 may
extract the power by only extracting DC component from the first clock signals with a diode and the capacitor, or extract
the power from the first clock signals with a plurality of resistances, a switch and the capacitor.
[0105] The controller 212 manages the memory 213 based on the data signals and the second clock signals. Specif-
ically, the controller 212 may transmit and receive the data signals with the body 100 based on the second clock signals
provided from the decoder 211. More specifically, the controller 212 may distinguish the data section and the idle section
of the data signals based on the second clock signals, and transmit and receive the data signals with the body 100 of
the image forming apparatus on the divided data section. In other words, the controller 212 may exchange data, such
as usage data, with the body 100 during the data period(s). For example, when an edge of the second clock signals
changes on the idle section, the controller 212 may determine that a section is changed into the data section. Further,
when a section maintaining one of a high value and a low value regarding the second clock signals exceeds the prede-
termined time, the controller 212 may determine that a section is changed into the idle section.
[0106] The memory 213 may store data related with the consumable unit. Information stored in the memory within the
CRUM unit 210 is already described above by referring to FIG. 1, which will not be further explained below.
[0107] The CRUM unit according to the above embodiment may convert and use the received clock signals into the
clock signals compatible with the clock protocols of I2C bus. Thus, the CRUM unit may be implemented by using an
existing universal memory IC.
[0108] The above explains the operation of the decoder 211 by assuming that the first clock signals have a positive
frequency in the idle section. However, the decoder 211 may be implemented to convert the first clock signals into the
decoding signals compatible with I2C protocols as shown in FIGS. 16 and 17 even when the first clock signals have a
zero frequency in the idle section, as shown in FIGS. 16 and 17, in other words where the signal level is constant in the
idle section.
[0109] Meanwhile, although the above explains that the decoder 211 may extract the power from the first clock signals,
another exterior circuits than the decoder 211 (i.e., power extract circuit) may extract the power from the first clock
signals in certain implementation.
[0110] FIG. 8 is a detailed block diagram of a CRUM unit according to an embodiment.
[0111] Referring to FIG. 8, the CRUM unit 210 may include the first to third interfaces 214, 215, 216, the power extract
circuit 217, the decoder 211 and the controlling unit 218.
[0112] The first to the third interfaces 214, 215, 216 may be connected respectively with the clock terminal 221, the
data terminal 222, and the ground terminal 223 included in the consumable unit 200, and may communicate with the
image forming apparatus.
[0113] Specifically, the first interface 214 may receive the first clock signals from the image forming apparatus through
the clock terminal 221, and the second interface 215 may transmit and receive the data signals from the image forming
apparatus through the data terminal 222. Further, the third interface 216 may be connected to the ground terminal 223.
[0114] The power extract circuit 217 may be connected to the first interface 214, and extract the power from the first
clock signals when the first clock signals are received through the first interface 214. The first clock signals may have
different wave forms according to sections of the data signals received through the second interface 215, and may be
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implemented to be various forms.
[0115] According to an embodiment, the first clock signals may have a first pulsewidth on the data section in which
the data signals are received and a second pulsewidth different from the first pulsewidth on the idle section in which the
data signals are not received. In this case, the first pulsewidth may be preferably greater than the second pulsewidth.
[0116] Further, the first clock signals may have different frequencies of the clock signals to each other on the data
section and the idle section. Specifically, the clock signals may have a wave form in which a high value and a low value
may be alternately repeated based on a predetermined first time on the idle section (i.e., the clock signals may move
with a first frequency), and in which a high value and a low value may be alternately repeated based on a predetermined
second time longer than the first time on the data section (i.e., the clock signals may move with a second frequency
smaller than the first frequency).
[0117] Further, the first clock signals may have a wave form in which a high value and a low value may be alternately
repeated based on the predetermined first time on the data section, and in which a predetermined value which is not
zero may be maintained on the idle section.
[0118] Therefore, when the first clock signals have a wave form in which a high value and a low value may be alternately
repeated on both of the idle section and the data section, the power extract circuit 217 may extract the power from a
high value on the idle section and the data section. Herein, a high value may be 3V or 4V. Further, a low value may be
above zero, but less than a high value. Alternatively, a low value may be zero.
[0119] Meanwhile, when the first clock signals may have a second low value (i.e., constant value which is not zero)
on the idle section while a high value and a low value may alternately be repeated only on the data section, the power
extract circuit 217 may extract the power from a high value on the data section, and extract the power from a constantly
maintained value among a high value and a second low value on the idle section. Herein, a high value may be 3V or
4V while a second low value may be above zero and less than a high value.
[0120] The decoder 211 may receive the first clock signals from the first interface 214, and convert the received first
clock signals into the second clock signals. Specifically, the first clock signals may have various shapes as described
above; the decoder 211 may convert the first clock signals into the second clock signals compatible with I2C protocols.
[0121] For example, when the first clock signals may have a first pulsewidth on the data section and a second pulsewidth
different from the first pulsewidth on the idle section while having a uniform frequency on both of the data section and
the idle section, or when the first clock signals may have different frequencies to each other on the data section and the
idle section, the decoder 211 may output the signals having a pulsewidth or a frequency corresponding to the first clock
signals and having a high value and a low value which are alternately repeated on the data section, and convert into
the second clock signals outputting a high value or a low value constantly on the idle section.
[0122] Meanwhile, when the first clock signals may have a first pulsewidth on the data section and output a second
low value which is not zero on the idle section, the decoder 211 may output the signals having a pulsewidth or a frequency
corresponding to the first clock signals and having a high value and a low value which are alternately repeated on the
data section, and convert into the second clock signals outputting a high value or a low value constantly on the idle
section. Further operation of the decoder 211 will be described below by referring to FIGS. 15 and 16.
[0123] The decoder 211 may by-pass the received data signals through the second interface 215 and provide the
signals to the controlling unit 218. Meanwhile, although the above describes that the data signals are provided to the
controlling unit 218 through the decoder 211, in certain implementation, the data signals may be provided to the controlling
unit 218 without passing through the decoder 211. Further operation of the decoder 211 will be described below by
referring to FIGS. 16 and 17.
[0124] The controlling unit 218 may include an interior interface 219, a controller 212 and a memory 213. The controlling
unit may consist of one IC (integrated circuits), or may be scattered and consisting of a plurality of IC.
[0125] The interior interface 219 may receive the inputting of the power delivered from the power extract circuit 217,
may receive the inputting of the second clock signals and the data signals delivered from the decoder 211, and may be
ground through the third interface 216.
[0126] The controller 212 may manage the memory 213 based on the data signals and the second clock signals
delivered from the interior interface 219. The operation of the controller 212 is already described above by referring to
FIG. 7, which will not be further explained below.
[0127] The memory 213 may store data related with the consumable unit. Information stored on the memory within
the CRUM unit 210 is described above by referring to FIG. 1, which will not be further explained below.
[0128] According to the above embodiments, the CRUM unit 210 may operate without another power terminal by
extracting the power from the clock signals received through the first interface 214. Thus, the CRUM unit 210 may not
have a request to include the interface to be connected to the power terminal, and a size of the CRUM unit 210 and a
number of interfaces can be reduced.
[0129] Further, even if the clock signals are changed to be incompatible with I2C protocols in order to provide the
power, the decoder may modify and use the clock signals to be compatible with I2C protocols. Therefore, the CRUM
unit may consist of a universal IC using the communication with I2C protocols.
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[0130] Meanwhile, the above describes that the controlling unit 218 and the interior interface 219 are separate units
when explaining FIG. 8. However, in certain implementation, the above two units may be constituted to be one unit.
Further, the two units may be implemented to be one IC with the memory, as described above.
[0131] Further, the above describes that the decoder 211 is arranged on the exterior of the controlling unit 218 and
implemented to be separate IC. However, the decoder 211 and the controlling unit 218 may be implemented to be one
unit. Further will be explained below by referring to FIG. 10.
[0132] The above also describes that the power is extracted and used by using the separate power extract circuit
when explaining FIG. 8. However, the decoder 211 may perform the extracting the power in certain implementation. The
relevant will be described below by referring to FIG. 9.
[0133] FIG. 9 is a detailed block diagram of a CRUM unit according to another embodiment.
[0134] Referring to FIG. 9, the CRUM unit 210’ includes the first to the third interfaces 214, 215, 216, the decoder 211’
and the controlling unit 218. Herein, because the other units than the decoder 211’ are same as the units of the CRUM
unit 210 in FIG. 8, the other units than the decoder 211’ will not be specifically explained below.
[0135] The decoder 211’ may receive the first clock signals generated from the body 100 of the image forming apparatus
through the consumable unit 200, and convert the received first clock signals into the second clock signals. The specific
converting operation is described above, which will not be further explained below.
[0136] The decoder 211’ may extract the power from the received first clock signals. The decoder 211’ may provide
the extracted power to each unit within the CRUM unit 210’ (e.g., controlling unit).
[0137] The decoder 211’ may by-pass the data signals received through the second interface 215 and provide to the
controlling unit 218. Meanwhile, although the above describes that the data signals are provided to the controlling unit
218 through the decoder 211’, the data signals may be directly provided to the controlling unit 218 without passing
through the decoder 211’ in certain implementation.
[0138] FIG. 10 is a detailed block diagram of a CRUM unit according to another embodiment.
[0139] Referring to FIG. 10, the CRUM unit 210" includes the first to the third interfaces 214, 215, 216, the power
extract circuit 217 and the controlling unit 218’. Herein, because the other units than the controlling unit 218’ are same
as the units of the CRUM unit 210 in FIG. 8, the other units than the controlling unit 218’ will not be specifically explained
below.
[0140] The controlling unit 218’ includes the interior interface 219’, the decoder 211", the controller 212 and the memory
213. The controlling unit may consist of one IC, or scattered and consisting of a plurality of IC. Herein, the controller 212
and the memory 213 are same as the units of FIG. 8 except for the interior interface 219’ and the decoder 211", which
will not be specifically explained below.
[0141] The interior interface 219’ may receive the inputting of the power delivered from the power extract circuit 217,
may receive the inputting of the first clock signals delivered from the first interface 214, may receive the inputting of the
data signals delivered from the second interface 215, and may be ground through the third interface 216.
[0142] The decoder 211" may convert the received first clock signals through the interior interface 219’ into the second
clock signals compatible with I2C protocols. Further, the decoder 211" may provide the converted second clock signals
to the controller 212.
[0143] The decoder 211" may by-pass the data signals received through the interior interface 219" and provide to the
controller 212. Meanwhile, although the above describes that the data signals are provided to the controller 212 through
the decoder 211", the data signals may be provided to the controller 212 without passing through the decoder 211" in
certain implementation.
[0144] FIG. 11 is a detailed block diagram of a CRUM unit according to another embodiment.
[0145] Referring to FIG. 11, CRUM unit 410 may include the first to the fourth interfaces 411, 412, 413, 414, the
decoder 415, and the controlling unit 416.
[0146] The consumable unit may be standardized with the four terminals 421, 422, 423, 424. Therefore, the CRUM
unit 410 may include the four interfaces 411, 412, 413, 414 corresponding to the consumable unit.
[0147] The first to the fourth interfaces 411, 412, 413, 414 may be respectively connected to the clock terminal 421,
the data terminal 422, the power terminal 423, and the ground terminal 424, and may communicate with the image
forming apparatus.
[0148] Specifically, the first interface 411 may receive the first clock signals from the image forming apparatus through
the clock terminal 421, and the second interface 412 may transmit and receive the data signals from the body 100
through the data terminal 422. Further, the third interface 413 may be connected to the power terminal 423, and the
fourth interface 414 may be connected to the ground terminal 424.
[0149] Meanwhile, the first interface 411 may be connected to the decoder 415, and deliver the first clock signals to
the decoder 415.
[0150] Further, the second interface 412 may be connected to the decoder 415, and deliver the data signals to the
decoder 415. Meanwhile, although the above describes that the data signals are provided to the controlling unit 416
through the decoder 415, the data signals may be provided to the controlling unit 416 without passing through the decoder
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415, in certain implementation.
[0151] The third interface 413 may provide the power to each unit within the CRUM unit 410 requesting the power.
[0152] Further, the fourth interface 414 may be connected to the ground within CRUM unit 410.
[0153] The decoder 415 may convert the first clock signals delivered through the first interface 411 into the second
clock signals, and provide to the controlling unit 416.
[0154] The controlling unit 416 is same as the controlling unit 218 shown in FIG. 8, which will not be further explained
regarding specific constitution and operation of the controlling unit 416.
[0155] According to the embodiments as described above, the CRUM unit 410 may be connected to the body through
the four terminals, and satisfy the standard of the consumable unit 400 consisting of the four terminals.
[0156] Meanwhile, the CRUM unit 410 may be mounted on the consumable unit consisting of the four terminals which
is currently commercialized, and compatible with a related CRUM unit.
[0157] FIGS. 12 and 13 are circuit diagrams describing the power extract circuit of CRUM unit shown in FIG. 8.
Specifically, FIG. 12 illustrates the power extract circuit according to an embodiment, and FIG. 13 illustrates the power
extract circuit according to another embodiment.
[0158] Referring to FIG. 12, the power extract circuit 217 may include the diode 217a and the capacitor 217b.
[0159] Regarding the diode, an anode may be connected to the first interface 214, and a cathode may be commonly
connected to one end of the capacitor 217b and a power end of the CRUM unit 210. Therefore, the diode 217a may
pass the clock signals having a high value on the idle section and the data section of the first clock signals delivered
through the first interface 214. Meanwhile, although the embodiment may pass a high value of the clock signals to the
capacitor 217b by using the diode 217a, another element that can pass a voltage more than specific electrical potential,
e.g., another switch element such as FET may be used in certain implementation.
[0160] One end of the capacitor 217b may be commonly connected to the cathode of the diode 217a and the power
end of the CRUM unit 210, and the other end of the capacitor 217b may be connected to the ground end of the CRUM
unit 210. By being connected, the capacitor 217b may charge the power by using a high value delivered through the
diode 217a, and provide the power to each unit within the CRUM unit 210. The above describes that the power may be
charged by using the capacitor. However, another capacitive element than the capacitor may be used, or a second
power such as battery may be used in certain implementation.
[0161] Meanwhile, the above describes that the diode 217a may pass the clock signals having a high value on both
the idle section and the data section; however, it may not be limited to herein. For example, when the clock signals are
received according to another embodiment, the clock signals having a high value may be passed on the data section
while the clock signals having a second low value may be passed on the idle section. In this case, a second low value
may be above zero, and less than a high value. Further, a second low value may have the power to drive CRUM unit
210, which may be 2.7V or 3.0V.
[0162] Meanwhile, the power extract circuit 217 may not be limited to FIG. 12, and also may be constituted according
to FIG. 13.
[0163] Referring to FIG. 13, the power extract circuit 217’ may include the switching element 217c, the series-connected
resistance 217d, and the capacitor 217e.
[0164] One end of the switching element 217c may be connected to the first interface 214, and the other end may be
connected to one end of the capacitor 217e. Further, the switching element 217c may be switch-controlled by the voltage
of a middle node in the series-connected resistance 217d. Meanwhile, the series-connected resistance 217d may be
arranged between the ground end and the first interface 214, and the switching element 217c may pass the clock signals
having a high value by operating the on/off switching according to the clock signals.
[0165] One end of the capacitor 217e may be commonly connected to the other end of the switching element 217c
and the power end of the CRUM unit 210, and the other end of the capacitor 217e may be connected to the ground end
of the CRUM unit 210. By being connected, the capacitor 217e may charge the power by using a high value delivered
through the switching element 217c, and provide the power to each unit within CRUM unit 210.
[0166] Meanwhile, the above describes that the switching element may switch-on on a high value section of the clock
signals having a high value on both the idle section and the data section, and pass a high value; however, it may not
be limited to herein. For example, when the clock signals are received according to another embodiment, the clock
signals having a high value may be passed on the data section while the clock signals having a high value or a second
low value may be passed on the idle section.
[0167] When explaining FIGS. 12 and 13, the outputting of the power extract circuit may be directly connected to the
controller 212. However, the power extract circuit may be connected to or arranged within the decoder 211, in which the
decoder may deliver the power to other units within the CRUM unit, in certain implementation.
[0168] FIG. 14 illustrates specific constitution of the decoder in FIG. 7.
[0169] Referring to FIG. 14, the decoder 211 may include a clock unit 211a, a decoding controller 211b, an input 211c,
a decoding processor 211d, and an output 211e.
[0170] The clock unit 211a may generate clocks of a predetermined frequency.
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[0171] The decoding controller 211b may store standard time information. Herein, the standard time information may
be time information of determining conditions (or comparing conditions) during the decoding process (e.g., T Value,
T_Cut, T_Change). Herein, T_Value may be value to be used in generating T_Cut and T_Change.
[0172] Meanwhile, the above describes that the decoding controller 211b may store the time information. However,
in certain implementation, the clock unit 211a may store the standard time information with information regarding a clock
number of the clocks generated in the clock unit 211a in order to create the above time (or frequency).
[0173] The input 211c may receive the inputting of the first clock signals. Specifically, the input 211c may be connected
to the first interface 214 and receive the inputting of the first clock signals from the first interface 214.
[0174] Further, the input 211c may receive the inputting of the data signals. Specifically, the input 211c may receive
the data signals from the second interface 215. Further, the input 211c may output the data signals of the controller 212
delivered from the output 211e to the second interface 214.
[0175] The decoding processor 211d may generate the second clock signals based on the standard time information
and the first clock signals. Specifically, when a section maintaining one of a high value and a low value regarding the
first clock signals exceeds a predetermined time (T_Change), the decoding processor 211d may convert an output value
of the second clock signals alternately based on a time corresponding to a first frequency at the time of exceeding the
predetermined time. Further, when a section maintaining one of a high value and a low value regarding the first clock
signals is less than the predetermined time, the decoding processor 211d may generate the second clock signals by
maintaining an output value of the second clock signals.
[0176] The output 211e may output the second clock signals generated in the decoding processor 211d. Further, the
output 211e may output the data signals inputted to the input 211c as they are.
[0177] The decoder 211 according to the above embodiment may convert the clock signals, which are converted for
generating the power, into the second clock signals compatible with I2C protocols. Therefore, the CRUM unit may use
an existing memory IC operating with I2C protocols.
[0178] FIGS. 15 to 17 are views provided to explain various examples of wave forms according to the data signals,
the clock signals (e.g., the first clock signals), and the decoding signals (e.g., the second clock signals).
[0179] Specifically, FIG. 15 illustrates wave forms of the data signals, the clock signals (e.g., the first clock signals),
and the decoding signals (e.g., the second clock signals) which are decoded from the clock signals (e.g., the first clock
signals).
[0180] Referring to FIG. 15, the clock signals may have different clock wave forms to each other on the idle section
and the data section, and have different pulsewidths to each other. Specifically, the clock signals may have a first
pulsewidth on (in) the data section and a second pulsewidth different from the first pulsewidth on (in) the idle section.
In this case, the first pulsewidth may be preferably greater than the second pulsewidth.
[0181] Meanwhile, on a first idle section, the clock signals may have a wave form in which a high value based on 1-1
time (t1-1) and a low value based on 1-2 time (t1-2) are alternately repeated. The CRUM unit may extract the power
from a high value received for 1-1 time (t1-1) on the first idle section. Herein, a low value may be oV, and a high value
may be 3.3V. However, a low value and a high value may not be limited to the above, and different according to model
or specification of the image forming apparatus.
[0182] The data signals may not include substantial data on the first idle section. However, the data signals may have
a wave form having any one value among a high value and a low value on the first idle section, and a wave form of the
data signals may be voluntarily determined on the first idle section. The data signals may have the above features on
the other idle sections.
[0183] Meanwhile, when a high value based on 1-1 time (t1-1) and a low value based on 1-2 time (t1-2) regarding the
clock signals are alternately repeated on the first idle section, and when a section maintaining a low value of the clock
signals exceeds a first time (t1), the CRUM unit may be determined the time of exceeding the first time (t1) to be starting
time (A) of the transmitting and receiving the data signals. Herein, the starting time (A) of the transmitting and receiving
the data signals may be time of informing that the data signals are received from the image forming apparatus.
[0184] The first idle section may be changed into a first data section based on the transmitting and receiving starting
time (A). In this case, the clock signals may have a wave form in which a high value based on 2-1 time (t2-1) determined
longer than the first time (t1) and a low value based on 2-2 time (t2-2) are alternately repeated.
[0185] 2-1 time (t2-1) may be preferably twice more than 1-1 time (t1-1). However, it may not be limited to the above.
2-1 time (t2-1) may be time (t) of extracting the power sufficient to drive the CRUM unit for one period from a high value
of the clock signals. When 2-1 time (t2-1) is shorter than the time (t), CRUM unit may not be driven because the power
may not be remained. Therefore, a second time (t2) may be established to be uniform to or longer than the time (t).
[0186] Meanwhile, when a high value and a low value regarding the clock signals are alternately repeated on the first
data section, and when a high value of the clock signals has 1-1 time (t1-1), the CRUM unit may be determined a time
when a high value of the clock signals become 1-1 time (t1-1) to be first section changing time (B) when a section is
changed into a second idle section.
[0187] Meanwhile, the time when a section is changed into the second idle section is different from a time when a
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next section is changed into another idle section. Thus, when a high value based on 2-1 time (t2-1) and a low value
based on 2-2 time (t2-2) are alternately repeated on the first data section, and when a high value of the clock signals
has 1-1 time (t1-1), the CRUM unit may recognize that another data section is continued after the idle section. Therefore,
the CRUM unit may maintain the activating state in connecting with the image forming apparatus.
[0188] Meanwhile, the clock signals may have a wave form in which a high value based on 1-1 time (t1-1) and a low
value based on 1-2 time (t1-2) are alternately repeated on the second idle section.
[0189] When a high value based on 1-1 time (t1-1) and a low value based on 1-2 time (t1-2) are alternately repeated
on the second idle section, and when a section maintaining a high value of the clock signals exceeds 1-1 time (t1-1),
the CRUM unit may be determined that a second data section starts at the time of exceeding 1-1 time (t1-1). Thus,
CRUM unit may be determined the time of exceeding 1-1 time (t1-1) to be second section changing time (C).
[0190] On the second data section, the clock signals may have a wave form in which a high value based on 2-1 time
(t2-1) and a low value based on 2-2 time (t2-2) are alternately repeated. When a high value based on 2-1 time (t2-1)
and a low value based on 2-2 time (t2-2) are alternately repeated in the clock signals on the second data section, and
when a high value of the clock signals has 1-1 time (t1-1), CRUM unit may recognize that a third idle section is continued
after the second data section.
[0191] Thus, the CRUM unit may recognize the time when a high value of the clock signals becomes 1-1 time (t1-1)
to be third section changing time (D) when the second data section is changed into the third idle section.
[0192] Meanwhile, on the third idle section following after the second data section, the clock signals may have a wave
form in which a high value based on 1-1 time (t1-1) and a low value based on 1-2 time (t1-2) are alternately repeated.
When a time maintaining a high value of the clock signals exceeds 2-1 time (t2-1), the CRUM unit may recognize the
time when a high value exceeds 2-1 time (t2-1) to be time (D") of finishing the receiving the data signals.
[0193] Based on the receiving finish time (D"), the CRUM unit and the image forming apparatus may be connected
while being stand-by status and the receiving operation of the data signals may be finished. When CRUM unit is connected
to the image forming apparatus at the stand-by status, the data signals may not received from the image forming
apparatus. Thus, a section may be changed into a fourth idle section.
[0194] Although FIG. 15 explains that the two data sections are included; however, it may not be limited to the above.
When an amount of the data to be transmitted and received is greater, the idle section and the data section may be
included repeatedly more than three times. Further, when an amount of the data to be transmitted and received is smaller,
the third idle section and the second data section may not be included.
[0195] As described above, because the data transmitting and receiving time is created with the length of the clock
signals, the second time which is clock signal length of the data effective section should be longer than the first time,
and the data transmitting and receiving time should be determined to be time of exceeding the first time for the constant
data transmitting and receiving.
[0196] Further, although the above describes that a low section and a high section regarding the clock signals are
same in terms of length, there may be difference in that lengths of the low section and the high section may be respectively
less than the first time on the idle section while lengths of the low section and the high section may be respectively more
than the second time on the data section.
[0197] Meanwhile, the CRUM unit may decode the data signals based on the clock signals, and generate the decoding
signals as a result of decoding. Such decoding operation may be performed by the interface controller 212 included in
the CRUM unit.
[0198] Referring to FIG. 15, when receiving the clock signals (e.g., first clock signals) in which a high value and a low
value change based on the first time (t1) like in the first to the third idle sections, constant decoding signals (e.g., second
clock signals) may be generated with one value of "0" and "1" because the data signals are not received. When receiving
the clock signals in which a high value and a low value exceed the first time (t1) like in the first and the second data
sections, the data section may be recognized.
[0199] Therefore, on the first and the second data sections, the decoding signals having a wave form, in which "0"
and "1" are alternately repeated at each time when a high value and a low value of the clock signals exceed the first
time (t1), may be generated.
[0200] As a result, the decoding signals of FIG. 15 may have a wave form in which one of "0" and "1" is constantly
maintained on the first to the third idle sections and "0" and "1" are alternately repeated according to the second time
(t2) on the first and the second data sections.
[0201] Meanwhile, FIG. 15 describes that a low value included in the clock signals has zero on the data section and
the idle section; however, it may not be limited to herein. Thus, a low value may have a value above zero and less than
3.3V which is a high value on the data section and the idle section. The decoding signals regarding the above case may
be uniform to that shown in FIG. 15.
[0202] Although FIG. 15 describes that the third idle section is connected right after the second data section, it may
not be limited to the above. Specifically, the second idle section may be connected right after the second data section
according to software generating the clock signals.
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[0203] FIG. 16 illustrates wave forms of the data signals, the clock signals according to another embodiment and the
decoding signals decoded from the data signals.
[0204] Referring to FIG. 16, the clock signals may have a wave form in which a high value is constantly maintained
on a first idle section. The data signals may not have any substantial data and may have a wave form in which any one
of a high value and a low value may be obtained on the first idle section. The above is same as the other idle sections.
[0205] When a high value is maintained for a second time (t2) longer than a first time (t1) and changed into a first low
value on the first idle section, the CRUM unit 210 may determine a time when a high value is changed into a first low
value to be starting time (E) of the receiving the data signals. At this receiving starting time (E), the image forming
apparatus and CRUM unit may finish the stand-by status for receiving the data signals and may be connected to be
activating state. Herein, a high value may be 3.1∼3.7V, and a low value may be above zero and less than a high value,
which may be 2.7∼3.0V. However, a high value and a low value may not be limited to the above; they may be different
according to model or specification of the image forming apparatus.
[0206] Based on the receiving starting time (E), the first idle section may be changed into a first data section. On the
first data section, the clock signals may have a wave form in which a high value and a low value are alternately repeated
based on the first time (t1). The first time (t1) may have a predetermined time according to the protocols between the
image forming apparatus and the CRUM unit, and the second time (t2) may be longer than the first time (t1) without the
separately determined time.
[0207] When a high value and a low value are alternately repeated based on the first time (t1) and when a low value
of the clock signals exceeds the first time (t1), the CRUM unit may be determined a time when a low value exceeds the
first time (t1) to be first section changing time (F) when the first data section is changed into a second idle section.
[0208] Meanwhile, on the second idle section, the clock signals may have a wave form in which a low value is constantly
maintained. When a low value is constantly maintained and changed into a high value on the second idle section, the
CRUM unit may recognize a time when a low value is changed into a high value to be second section changing time
(G). Thus, based on the second section changing time (G), the second idle section may be changed into a second data
section.
[0209] Although FIG. 16 describes that the second idle section and the second data section are included one by one,
it may not be limited to herein. When an amount of the data to be transmitted and received is greater, the second idle
section and the second data section may be included repeatedly more than two times. Further, when an amount of the
data to be transmitted and received is smaller, the second idle section and the second data section may not be included.
[0210] When a high value and a low value of the clock signals are alternately repeated on the second data section,
and when a high value exceeds the first time (t1), the CRUM unit may be determined a time when a high value exceeds
the first time (t1) to be finishing time (H) of the receiving the data signals.
[0211] Based on the receiving finishing time (H), the CRUM unit and the image forming apparatus may be connected
in the stand-by status, and the receiving operation of the data signals may be finished. When the CRUM unit is connected
to the image forming apparatus in the stand-by status, the data signals may not be received from the image forming
apparatus. Thus, a section may be changed into a third idle section.
[0212] Therefore, the CRUM unit may be determined the receiving starting time (E), the first and the second section
changing times (F, G), and the receiving finishing time (H), and perform the transmitting and receiving the data signals
and the extracting the power.
[0213] Meanwhile, the CRUM unit may decode the data signals based on the clock signals and generate the decoding
signals as a result of decoding.
[0214] Referring to FIG. 16, because the data signals are not received on the first, the second and the third idle
sections, the constant decoding signals may be generated with one of "0" and "1."
[0215] Further, when receiving the clock signals having a high value and a low value of the first time (t1) as in the first
and the second data sections, the data sections may be recognized.
[0216] Therefore, a high value and a low value of the clock signals may be alternately repeated according to the first
time (t1) on the first and the second data sections. Therefore, the decoding signals having a wave form in which "0" and
"1" are alternately repeated according to the first time (t1) may be generated.
[0217] As a result, the decoding signals of FIG. 16 may have a wave form in which one of "0" and "1" is constantly
maintained on the first to the third idle sections, and "0" and "1" are alternately repeated according to the first time (t1)
on the first and the second data sections.
[0218] Meanwhile, although FIG. 16 describes that a low value on the first to the third idle sections is uniform to a low
value on the first and the second data sections, it may not be limited to herein. In other words, a low value on the first
to the third idle sections may be 2.7V∼3V while a low value on the first and the second data sections may be zero. The
decoding signals regarding such case may be same as shown in FIG. 16.
[0219] Meanwhile, the third idle section of FIG. 16 may not be necessarily requested, and selectively included according
to programming methods of the image forming apparatus or the software. When there is no third idle section, the CRUM
unit may finish the transmitting and receiving operation of one data set at the receiving finishing time (H). Further, the
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CRUM unit may repeat the first idle section in order to start the transmitting and receiving operation of another data set.
[0220] Further, FIG. 16 illustrates and describes that the third idle section may be connected right after the second
data section. However, it may not be limited to the above. Specifically, the second idle section may be connected right
after the second data section according to software generating the clock signals. The relevant will be explained below
by referring to FIG. 17.
[0221] FIG. 17 illustrates a modifying example of the above embodiment. Although FIG. 17 does not illustrate a first
idle section and a first data section, they are same as shown in FIG. 16, and a second idle section may be also same
as shown in FIG. 16.
[0222] When a high value and a low value of the clock signals are alternately repeated based on the first time (t1) on
a second data section, and when a low value exceeds the first time (t1), the CRUM unit may recognize that the second
idle section may be continued right after the second data section.
[0223] Therefore, the CRUM unit may be determined a time when a high value of the clock signals exceeds the first
time (t1) to be third section changing time (H’) when a section is changed into the second idle section again.
[0224] Meanwhile, the clock signals may have a wave form in which a low value is constantly maintained on the second
idle section following after the second data section. When a low value is constantly maintained on the second idle section,
changed into a high value, and this high value exceeds the first time (t1), the CRUM unit may recognize a time of
exceeding the first time (t1) to be finishing time (H") of the receiving the data signals.
[0225] Based on the receiving finishing time (H"), the CRUM unit and the image forming apparatus may be connected
in the stand-by status, and the receiving operation of the data signals may be finished. When the CRUM unit is connected
to the image forming apparatus in the stand-by status, the data signals may not be received from the image forming
apparatus. Thus, a section may be changed into a third idle section.
[0226] FIG. 18 is a flowchart explaining a method of delivering the data signals according to an embodiment.
[0227] Referring to FIG. 18, the first clock signals may be received at S1810. Specifically, the first clock signals having
a first frequency on the data section and a second frequency on the idle section may be received from the body of the
image forming apparatus. Meanwhile, the embodiment describes that the data section and the idle section may have
predetermined frequencies. However, when the body of the image forming apparatus generates the clock signals shown
in FIG. 16, only the data section may have a predetermined frequency (while the frequency in the idle section can be
considered to be zero).
[0228] At S1820, the received first clock signals may be converted into the second clock signals. Specifically, the
received first clock signals may be converted into the second clock signals in which a high value or a low value may be
maintained in the idle section. More specifically, when a section maintaining one of a high value and a low value regarding
the first clock signals exceeds a predetermined time (T_Change), an output value is changed alternately based on a
time corresponding to the first frequency at the time of exceeding the predetermined time. When a section maintaining
one of a high value and a low value is less than a predetermined time (T_Cut), the second clock signals may be generated
by maintaining an output value of the second clock signals. Specific converting method will be explained below by
referring to FIG. 19.
[0229] At S1830, the data signals may be transmitted and received using the second clock signals. Specifically, when
an edge of the second clock signals changes on the idle section, a section may be determined to be changed into the
data section, and the data signals may be transmitted and received. Meanwhile, when a section maintaining one of a
high value and a low value regarding the second clock signals exceeds the predetermined second time on the data
section, it may be determined that the data section is changed into the idle section, and finish the transmitting and
receiving the data signals.
[0230] At S1840, the memory storing the data related with the consumable unit is managed, using the received data
signals. Specifically, information may be recorded in the memory according to the received data signals in the data
section, or the information stored in the memory may be transmitted and received with the body.
[0231] The above-explained method of delivering the data signals according to an embodiment may convert the first
clock signals transmitted incompatibly with the clock protocols of I2C bus into the second clock signals compatibly with
the clock protocols of I2C bus, and use. Therefore, the CRUM unit may be implemented by using a related existing
universal IC operating with I2C bus. The data signal delivering method of FIG. 19 may be implemented in the image
forming apparatus of FIG. 1 or in the CRUM unit of FIGS. 7 to 11. Further, the above method may be implemented in
another image forming apparatus or the CRUM unit.
[0232] The data signal delivering method as described above may be implemented to be program (or application)
including algorithms that can run in a computer, and the program may be stored and provided on non-transitory computer
readable recording medium.
[0233] Non-transitory computer readable recording medium indicates a medium which stores data semi-permanently
and can be read by devices, not a medium storing data temporarily such as register, cache, or volatile memory. Specif-
ically, the above various applications or programs may be stored and provided in non-transitory computer readable
recording medium such as CD, DVD, hard disk, Blu-ray disk, USB, memory card, or ROM.
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[0234] FIG. 19 is a flowchart specifically explaining the converting operation of FIG. 18.
[0235] Referring to FIG. 19, T_Change and T_Cut may be created by using the previously stored standard time
information (T_Value, C1, C2) at S1905. Herein, T_Value is variable including the standard time information which may
be stored in a table format within the decoder, and changed by using another external controlling method. Further, C1
and C2 may be variables between 0 and 1 which may be stored and provided within the decoder, or defined to be fixed
value.
[0236] Further, T_Cut is variable for the analyzing internally, which may be created by multiplying T_Value with C1.
Further, T_Change is variable for the analyzing internally which may be created by multiplying T_Cut with C2.
[0237] At S1910, a level of the internally-determined signals may be determined. Specifically, it may be determined
whether an output value of the second clock signals may have a high value or a low value (logical high or low level),
and output the signals according to the determining.
[0238] The input signals may be observed at S1915, and it may be determined whether a level of the input signals
has a high value according to the observing result at S1920.
[0239] As a determining result, when a level of the input signals has a high value at S1920-Y, it may be determined
whether the retention time of the high value is longer than the previously created T-Cut at S1925. On the contrary, when
a level of the input signals does not have a high value at S1920-N, or when the retention time of the high value is shorter
than T_Cut at S1925-N, operation may move on to S1935 to determine the retention time of the input signals at S1935.
In other words, the currently input signals may be determined to be idle section, and the internally-determined signals
may be determined not to change.
[0240] As a determining result, when the retention time regarding a high value of the input signals is longer than T_Cut
at S1925-Y, the retention time of the input signals may be changed into T_Cut at S1930.
[0241] At S1935, it may be determined whether the retention time of a high value or a low value is longer than T_Change.
[0242] As a determining result, when the retention time of a high value or a low value is shorter than T_Change at
S1935-N, the previous observing may be performed again at S1915. Specifically, when the level retention time of the
first clock signals is currently shorter than T_Change, the second clock signals may maintain a low value or a high value
because a current section is the idle section in which the data signals are not transmitted and received.
[0243] On the contrary, when the retention time of a high value or a low value is longer than T_Change at S1935-Y,
it may be determined whether a level of the input signals is a high value or not at S1940. Specifically, when the retention
time regarding a level of the input signals is longer than T_Change, the internally-determined signals (or current outputting
status of the second clock signals) may be converted to be high at S1945. When the internally-determined signals are
maintained to be high, the level may be maintained to be high. When the internally-determined signals are low, the level
may be converted to be high. On the contrary, when the input signals are low, a level of the internally-determined signals
may be converted to be low at S1950. When the internally-determined signals are low, the level may be maintained to
be low. When the internally-determined signals are high, the level may be converted to be low.
[0244] At S1955, the clock signals may be outputted according to the internally-determined signals determined at the
previous steps.
[0245] The above process may be repeated until the communication is finished at S1960.
[0246] The converting operation according to an embodiment may convert the first clock signals transmitted incom-
patibly with the clock protocols of I2C bus into the second clock signals compatibly with the clock protocols of I2C bus,
and use. Therefore, the CRUM unit may be implemented by using a related existing universal IC operating with I2C bus.
The converting method of FIG. 19 may be performed on the decoder of FIG. 14, or on another decoder.
[0247] Further, the data converting operation described above may be implemented to be program including algorithms
that can run on a computer, and the program may be stored and provided in ASIC.
[0248] The present teaching can be readily applied to other types of apparatuses. Further, the foregoing exemplary
embodiments and advantages are merely exemplary and are not to be construed as limiting the invention as defined by
the claims.

Claims

1. A customer replaceable unit monitor CRUM unit that can be mounted to an apparatus which is at least one of an
image forming apparatus and an image reading apparatus, comprising:

a decoder configured to receive first clock signals from the apparatus and to convert the received first clock
signals into second clock signals;
a memory configured to store data related to a consumable unit; and
a controller configured to manage the memory based on data signals transmitted from the apparatus and
received by the CRUM unit and the second clock signals, wherein the first clock signals have a data section in
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which data signals are transmitted from the apparatus and an idle section in which data signals are not transmitted
from the apparatus, the first clock signals having a first frequency in the data section and a second frequency
in the idle section, and
the second clock signals are clock signals maintaining a first or second value in the idle section, the first value
being higher than the second value.

2. The CRUM unit of claim 1, wherein the first frequency is lower than the second frequency.

3. The CRUM unit of claim 2, wherein,
when a respective clock signal of the first clock signals maintains either a high value or a low value for more than
a predetermined time, the decoder begins converting an output value of the second clock signals alternately based
on a time corresponding to the first frequency, and
when a respective clock signal of the first clock signals maintains either the high value or the low value for less than
the predetermined time, the decoder maintains an output value of the second clock signals.

4. The CRUM unit of any one of the preceding claims, wherein the second clock signals are compatible with clock
protocols of inter-integrated circuit I2C bus.

5. The CRUM unit of any one of the preceding claims, wherein the decoder comprises:

an input configured to receive the first clock signals;
a decoding controller configured to store standard time information;
a decoding processor configured to generate the second clock signals based on the stored standard time
information and the first clock signals; and
an output configured to output the generated second clock signals.

6. The CRUM unit of claim 5, wherein the decoder by-passes the data signals by receiving the data signals through
the input and outputting the data signals through the output.

7. The CRUM unit of any one of claims 1 to 6, wherein the decoder extracts power from the first clock signals, and
provides the extracted power to at least one of the memory and the controller.

8. The CRUM unit of any one of claims 1 to 6, further comprising:

a power extract circuit configured to extract power from the first clock signals to be used by the CRUM unit.

9. The CRUM unit of any one of the preceding claims, wherein the controller is arranged to determine a data section
or an idle section of the data signals based on the second clock signals, and transmits and receives the data signals
in the data section.

10. The CRUM unit of claim 9, wherein the controller is arranged to determine that the data signals are changed into
the data section when an edge of the second clock signals changes, and determines that the data signals are
changed into the idle section when a respective clock signal of the second clock signals maintains either the high
value or the low value for more than a predetermined time.

11. The CRUM unit of claim 9, wherein the memory and the controller include at least one integrated circuit (IC).

12. The CRUM unit of any one of the preceding claims, further comprising:

a plurality of interfaces configured to be connected to the apparatus,
wherein the plurality of interfaces comprise:

a first interface configured to receive the first clock signals from a clock terminal of the apparatus, and
provide the received first clock signals to the decoder;
a second interface configured to transmit and receive the data signals to and from a data terminal of the
apparatus; and
a third interface configured to be connected to a ground terminal of the apparatus.
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13. The CRUM unit of any one of claims 1 to 11, further comprising:

a plurality of interfaces configured to be connected to the apparatus,
wherein the plurality of interfaces comprise:

a first interface configured to receive the first clock signals from the clock terminal of the apparatus, and
provide the received first clock signals to the decoder;
a second interface configured to transmit and receive the data signals to and from the data terminal of the
apparatus;
a third interface configured to be connected to a power terminal of the apparatus; and
a fourth interface configured to be connected to the ground terminal of the apparatus.

14. An apparatus which is at least one of an image forming apparatus and an image reading apparatus, the apparatus
comprising:

a main controller configured to control operation of the apparatus;
a consumable unit; and
a customer replaceable unit monitor CRUM unit according to any one of the preceding claims configured to
store information of the consumable unit,
wherein the main controller transmits first clock signals having a first frequency in a data section in which data
signals are transmitted from the apparatus and received by the CRUM unit and a second frequency on an idle
section in which the data signals are not transmitted from the apparatus and received by the CRUM unit, and
the CRUM unit converts the first clock signals into second clock signals maintaining a first or second value in
the idle section, the first value being higher than the second value, and processes the data signals by using the
second clock signals.
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