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MEMORY DEVICE FOR A PAGE PRINTER

The present invention relates to a memory device

. for a page printer of the kind that forms print by

scanning a photosensitive drum with a light beam
modulated with print data.

A conventional page printer forms print based on the

princrple of xerography, (Xerox is a trade mark) and is
capable of printing not only characters but also
figures whilst maintaining a very high quality. .--In
order to print a mixture of characters and figures on
the same'page, the data for printing the characters and
the data for printing the images must be combined
together.

For this purpose, the conventional page printer
comprises, as shown in Figure 10, a central processing
unit a which operates according to-a control program, a
program ROM b which stores a program for controlling the
printing steps, a font ROM ¢ which stores character
pattern data, a work memory e connected to the central
processing unit via a memory control circuit 4, and a
two-port memory £ which stores image data and which
processes the print data taking each bit as a unit.

'~ When the image data is stored in the image data
memory £, the'character pattern data is read from the
font ROM ¢ by the central processing unit a and is sent
to the image'data memory, where the image data and the
character pattern data are superposed upon each other at
high speeds. Further, the image data memory f is
capable of processing the data with a bit as a unit, and
can shift the print data formed in the image data memory
to adjust the printing position finely and at high
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MEMORY DEVI CE FOR A PAGE PRI NTER The present invention relates to

a, printer device of.the kind that forns print by scanning:a? phofo$ensrttve
diumwith a | i ght beam : SRR R R Pk
: 2

speeds.

Although various processing for the print data can
be achieved, the image data memory must be a two. port
memory having an input port and an output port

5 independent of one another. Such a memory is expensive,
~ which increases the overall cost of the device.

Further, the work memory is a one-port memory and
is of a different type from the image data memory.
Hence, the two memories must be handled as independent

10 memories, and idle capacities cannot be shared between
them, which diminishes their utilization and their
efficiency. o

The page printer forms images using very small

dots, enabling some of the print data to be picked up
15 and copied elsewhere.

Such a copying process requires a form of
processing which prevents the'data to be copied from
being affected by the data already present in the region
where the copy is to be made. Since the processing.is

20 carried out by means of software using a central
processing unit, an extended period of time is required
for the copylng process, and so the high-speed printing
performance of the page printer is not utilized.

_ The present invention provides a memory device for

25 a page printer comprising a central processing unit for
processing the print data and characterised by a main
memory, first and second memory means for storing data
representing a head address and a tail address received
via a data bus of said central processing unit, first

30 and second comparator means for comparing the head
address data and the tail address data stored in said
first and second memory means with address data received
via an address bus of said central processing unit, and
means for addressing either a first memory region of the
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nmodultated with print data. A conventional page prlnter fprns A
based on the principle of xerography, (Xerox is a trade. nar Fndlril\Fl.l
capabl e of printing not only characters but also figures thTs nalnta|n|ng
a very high quality. In order to print m xture of characters and figures
on-fhe same page, the data for printing the characters and the data for
printing the images nust be conbined together:.

main memory speczfledaby said head address and said tail
address or. another memory region of the main memory in
reeppnse to a signal from said bomparator means.

A single one-port random access memory may be

5 employed for the main memory.

Thus, both a work memory :nd an image data
processing memory may be provicd:d by dividing the same
memory into two memory regions.

- The same one4port random access memory may
10 therefore be divided into a work memory region and an
image data processing memory region, the data -from the
work region being transferred to the image data
processing memory region in use. Thus the memory may
be divided depending upon the print data, and may be
15 effectively utilized.

Advantageously, such a memory device processes the
data to be transferred with a b1t as a unit in order to
carry out high-speed processxng

The present invention will be described further,

20 by way of example with referenca: to the accompanying
drawings, in which:- |

Figure 1 is a diagram il istrating the contruction
‘of a page printer to which the present invention is
applied;

25 Figure 2 is a block diagram illustrating a memory
device according to the present invention;

Figure 3 is a block diagram illustrating one
embodiement of a memory controller of the above memory
device;

30 Figure 4 is a schematic diagram illustrating the
structure of a memory of the above memory device;

Figure 5 is a blounr dlagram illustrating one
embodiment of a circuit for effecting division of the
memory into a work memory region and an image data
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-For thi s purpose, the conventional page printer conprises, as.shown:in,
Flgure 10, a central processing unit a which operates acGor ng ~to-a 5
control program a program ROM b which stores a program for EOnTroIrfﬁg‘the
printing steps, a font ROM c which storés character pattern data, a work
menory e connected to the central processing unit via a nenory contr.ol
circuit d, and a two-port nenory f which stores imge data and which
processes t hprpreeasingt memakyngegden;bit as a unit.

Figure 6 is a block diagram illustrating one
embodiment of a masking circuit of the above memory
device;

5 ' Flgures 7 and 8 are tables for data produced from
'step decoders of the masking circuit; .
' Figure 9 is a timing chart for explaining the
operation of the device; and

Figure 10 is a block diagram illustrating a

10 conventional image processor for a page printer. _

' Figure 1 illustrates a printing mechanism_of a

page printer to which the present invention is.applied.
A paper feed device is detachably mounted on an upper
portion of a page printer body 2, and is provided with

15 stackers 3, 5 for stacking printing paper P, P' of two
dissimilar sizes and with pick-up rollers 7, 9 for
taking the printing paper sheet by sheet from the
stackers 3 and 5 respectively. The printing paper is
fed from a paper exit port 11 of the paper feed device 1

20 to a paper feed port 13 of the printer body 2.

Under the paper feed port 13, there is disposed a
paper detector 15, which detects whether a sheet of
paper P to be printed is set or not, and under this
there is a pair of gate rollers 17 for placing the

25 leading edge of the sheet of paper at a predetermined
position and feeding the sheet to a printing mechanism
(described below).
Downstream of the pair of gate rollers 17 is a
photosensitive drum 21, which is arranged to rotate in a
30 direction (shown by arrow A in Figure 1) to move the
printing paper downwards and which is in the path of a
light beam from a light beam control mechanism 19, the
light beam control mechanism 19 receiving data from a
meméry as will be described later and converting it into

i i



When‘the inmage data is stored in the inmage data menmory f, tie ichatact er:
pattern data is read fromthe font ROMc by the central ptoGeSSLng bntt La

and is sent to the i mage data nenory, where the inmage data and the
character pattern data are superposed upon each other at high speeds.
Further, the imge data nenory f is capable of processing the data with a
bit as a unit, and can shift the print data formed _ in the inmage data nenory
to adjust theherlpghtobeamitiAn éleetyostatat Highd generator 23, a

toner sleeve 27 of a developing device 25, a transfer
device 29, a toner recovering device 31 and an eraser 33
are all arranged about the periphery of the

5 photosensitive drum 21. Furthermore a fixing device 35
is arranged under the photosensitive drum 21 to £ix the
toner transferred to the paper P.

Paper exit rollers are provided under the fixing
device to feed the printing paper P by way of a fixed

10 guide plate 37 out of the page printer through a paper
exit port 39.

When the print instruction is generated, ‘sheets of
the printing paper P stacked in the stackers 3, 5 of the
paper feed device 1 are fed by the pick-up rollers 7, 9

15 to the paper feed port 13 and are held at their leading
edges by the gate rollers 17. :

Each sheet of the prlntlng paper P is then fed
further until the paper detector 15 is actuated. In
response to a signal from the paper detector 15, the

20 gate rollers 17 rotate in synchronism with the
photosensitive drum 21 so that the printing paper is fed
towards the drum 21. The transfer device 29 effects the
transfer of toner by applying an electrostatic field to
the printing paper such that toner on the surface of the

25 photosensitive drum 21 is attracted by the printing
paper P. The transferred toner is caused to adhere to
the printing paper P by thermal melt adhesion as the
paper passes through the fixing device 35.

After leaving the fixing device 35, the printing

30 paper P is guided by the fixed guide plate 37 to the
paper exit rollers 41 and is discharged out of the page
printer
through a paper exit port 39.

Figure 2 showns schematically the data processing
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circuitry emplé?ed with the above-mentioned page printer.

A central processing unit 50 is designed so as to
provide continuous access to memory space in a non-
segmentation system, and is connected via a bus 51, to
a memory control circuit 52, a parallel-series converter
§3, a program ROM storing a work prdgram and a font ROM
55 storing character pattern data. The central
processing unit 50 sends print data from a host
apparatus, td which it is connected via a communication
control circuit 56, to an image data write mechanism
including the light beam control mechanism 19, by way of
the converter.

A one-port random access Memory 57 (hereinafter
simply referred to as a memory) is connected to the
central processing unit 50 via the memory control
circuit 52 and provides an image processing memory
region and a work memory region.

Figure 3 illustrates one embodiment of a memory-
region dividing circuit consituting a portion of the
memory control circuit 52 and ‘including an address
select circuit 61, which defines a work memory region
and an image data processing memory region in dependence
on an output from central processing unit 50 and which
produces image data processing memory signals and work
memory signals so as to variabl& maintain a storage
capacity necessary for processing the image data. A
mediation circuit 62 determines the allotment of the
image data processing memory region and the work memory
region. Upon reéeipt of a signzl from the mediation
circuit 62, a timing generator &3 generates a timing
signal that initiates access to the image data
processing memory region and the work memory region.

A register 64 stores an add address produced from
the central processing unit 50 on a data bus 69, and a
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2 Speeds. Al t hough various processing for the print data can be
achi eved, the image data nenory nust be a two port menogy, h@VPﬂgxanflnput

L

port and an out put port independent ; {jl IkJ'i\

signal therefrom is applied to an addef circuit 65 where
the signal is added to a signal from the central processing
unit 50 on an address bus 60 for input to one terminal

66a of an address select circuit 66. The signal on the

5 address bus 60 is also input directly to the other
terminal 66b of the address select circuit 66. In
response to a signal from the timing generator 63, the
address select circuit 66 selects an address according
to the signal at one of its terminals, and accesses the

10 memory 57 based on the address that is selected.

The image data thus read out from the memory 57 is
transmitted to the data bus 69 via a data bus 70. The
data supplied to the data bus 69 is input to the
parallel-series converter 53 via a bus 71.

15 In this instance the memory 57 is divided into a
work memory region 90 and an image data processing
memory region 91 as shown in Figure 4 with the image
data processing memory region 91 comprising at least
two. small memory portions 92 and 93 having storage

20 capacities such that no delay develops in the printing
steps in the page printer. |

Figure 5 illustrates the address select circuit 61 of
Figure 3 which forms a portion of the memory control
circuit for dividing the memory 57 intc regions and

25 which comprises first and second memory circuits 80 and
81 provided respectively with a D-terminal connected to
the data bus 69 from the central processing unit 50 and
with a C-terminal connected to input means for setting
the image data processing memory region. The memory

30 circuits 80, 81 are arranged to produce a signal "1",
respectively, when the data at the D-terminal and the
data at the C-terminal are in agreement with each other.

The first memory circuit 80 receives through the
C-terminal a lower limit value for the image data

e
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of orie another. Such a nenory is expensive, which increases the overal

cost of the device. Further, the work nenory is a ne~peﬁbznennny
and is of a different type from the inage data nenory. Fb&ca \ﬂhglUWp
menori es nmust be handl ed as i ndependent8 nenories, and idle capacities
cannot be shared between them which dimnishes their

processing memory region in order to prevent the work
memory region from being destroyed, and further receives
through the D-terminal a head address for the image data
processing memory region sent from the data bus 69.

5 The second memory circuit 81 receives through the
C-terminal thereof an upper limit value for the image
data processing memory region in order to prevent the
work memory region from being destroyed, and receives
through the D-terminal a tail address for the image data

10 processing memory region sent from the data bus 69.

A first comparator circuit 82 has a P-terminal for
receiving the data from the first memory circuit 80 and
a Q-terminal for receiving the address data from the
address bus 60 of the central processing unit. The

15 circuit 82 produces a signal "1" when a value for the
data at the Q-terminal is greater than a value for the
data at the P-terminal (P<Q). '

A second comparator circuit 83 has. a Q-terminal
for receiving thé data from the second memory circuit 81

20 and a P-terminal for receiving the data from the address
bus 60 of the central processing unit, and produces a
signal "1" when a value for the data at the Q-terminal
becomes greater than a value for the data at the
P-terminal (P<Q).

25 Upon receipt of an address of the image data
processing memory region set by external input means
such as a keyboard or the like, the central processing
unit 50 sends the address data to the first and second
memory circuits 80 and 81 via the data bus .69. The

30 first memory circuit 80 stores the head address of the
image data processing memory region and the second
memory circuit 81 stores the tail address of the image
data processing memory region. In the event that the
data input from the data bus 69 deviates from the
beginning address and the last address in the
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utilirzation and their efficiency. The page prlntep\tornﬁ\lnages
u3|ng very small dots, enabling sone of the print data to belpreked up and
copi ed el sewhere. Such a copyi ng process reqU|res a form of - -
processi ng which prevents the data to 9

memory circuits 80 and 81, respectively; these
memory circuits produce signals to halt the operation of
the comparator circuits 82 and 83.

On the other hand when a head and tail address are

5 produced within the preset limits, subsequent address
data from the address bus 60 of the central processing
unit is input to the first and second comparator
circuits 82 and 83, and is compared with the addresses
stored in the first and second memory circuits 80 and

10 8l.

When the address data that is input is within the
range of data stored in the first and second méﬁory
circuits 80, 81, the comparator circuits 82 and 83 each
produce the signal "1". An AND circuit 84 receives the

15 - signals from the first and second comparator circuits 82
and 83, and produces the signal "1" to access the image
data processing memory region in the memory 57.

On the other hand, when the address data-
transmitted on the address bus 60 lies outside the range

20 of data stored in the first and second memory circuits
80 and 81, at least one of the first and second
comparator circuits 82 and 83 produces the signal "0".
The AND circuit 84 then supplies the signal "0" to
access the work memory region in the memory 57.

25 Now, the output terminal of the AND circuit 84
branches into two leads 84a and 84b, one lead 84a being
connected directly to an image data processing memory
region access terminal of the memory 57 and the other
lead 84b being connected via an inverter 85 to a work

30 memory region access terminal of the memory 57.

Therefore, when the address data transmitted on
the address bus 60 signifies an address that lies within
the image data processing memory region, the AND circuit
84 produces the signal "1" which provides access to the
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be copied frombeing affected by the data already present in the region
where the copy is to be made. Since the processing is carrled out by nmeans
of software using a central processing unit, an extended péri U éflt\r7%ﬂs
required for the copying process, and so the hi gh- speed prhnﬂ |
performance of the page printer is not 3 lised. usS 4573119

di scloses a digital conmputing systemw th a central processing unit

image data procéssing memory region of the memory 57.
The signal "1" is inverted by the inverter 85 to supply
a signal "0" so that no access is provided to the work
memory region.

5 Equally when the address data produced on the
address bus 60 lies outside the range of data stored in
the first and second memory cirutuits 80 and 81, at least
one of the first and second comparator circuits 82 and
83 produces the signal "0" as described earlier, and the

10 AND circuit 84 produces a signal "O" which is input Pbia
the inverter 85 to the work memory region access
terminal, thereby providing access to the work memory
region of the memory 57 and blocking access from the
image data processing memory region.

15 Depending upon the kind of image data to be
printed, it may become ﬂeﬂessary to maintain in the
memory 57 an image data processing memory reglon having
a large capacity.

In such a case, if the necessary capacity is

20 instructed from the external d:ta input means by means
of a head address and a tail adiress for the image data
processing memory region, the aidress data is then
stored in the first and second memory circuits 80 and 81
in order to maintain the image data processing memory

25 region at the required capacity.

Upon receipt of a print data transfer request from
the light beam write control mechanism 19 (Figure 1) under
the condition where the imaée data processing memory
region is maintained, the central processing unit 50

30 provides access to the image data processing memory
region in the memory 57 via the memory control circuit
52. '

The parallel-series converter circuit 53 detects
the moment at which the central processing unit 50

This Sheet Has Been R.
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(CPUy and random access nmenory (RAM. An operation code detector detects a
uni que operation code stored in the RAM and fetched by the CPU; and:puts .
out a signal when the unique operation code is detected. An ‘addreSs ilatch.
stores a high and a low digital boundat¥ address put out by the CPU when
the address latch is enabled by the signal fromthe operation code

detector. An address conparator conpares digital addr ess
produces address data on the address bus 60, and reads

the data on the data bus 69 after a predetermined period
of time has elapsed following such detection, i.e.,
after the data is read out from the memory 57 by the

5 central processing unit 50.

The data is produced from the memory 57 to the

central processing unit 50 in parallel form on the data
bus 69, and the parallel-series converter circuit 53
latches the image data being produced on the data bus 69

10 in parallel form'and converts the data into a serial
form for transmission to the light beam write control
mechanism 19 (Figure 1). At the moment when the data is

" produced from the memory 57 on the data bus 69 of the

central processing unit 50 as described above, the

15 parallel-series converter 53 latches such data, without
the need for waiting for the transfer of data from the
central processing unit 50, to provide data of a serial
form necessary for operating the page printer.
Therefore, the data can be transferred at high speeds

20 from the print data buffer to the page printer, and the
image data can be processed at high speeds without using
an expensive two-port memory. '

A circuit 200 (Figure 3) carries an erasing circuit,
a memory bus control circuit and a masking circuit (Figure 6)
25 ~and monitors the moment at which the reading of the first
portion 92 of the image data processing memory region 91 is
finished, and sends either a signal'“O" or a signal "1" to
the first portion at the moment when the reading is finished.
Without the need for waiting for an erase instruction
30 from the central processing unit, therefore, the data that
has become unnecessary is successively erased from the
image data processing memory region, i.e. the erase
processing is effected at a high speed.
The central processing unit 50 transfers the data
in the work memory region of the first portion. When a

This Sheet Has Bee;

Tl



subsequently put out by the CPU with the. stored boundary address and puts
out a signal as the result of the conparison. The address conparator
signal controls a swtch which enables or disables an addréess tirah qrﬁek
and a bi-directional data transforner. 12 The present rﬂvedtkbhl
provides a printer device including a menory and a central processing unit
for processing the print data said printed device being characterised by a
mai n next transfer request is produced from the page printer,

the central processing unit 50 enables the address
select circuit 61 to designate a head address of the
second portion 93 such that the data of the second

5 portion is produced on the data bus 69. The data of
parallel form on the data bus 69 is then converted into
data of serial form in the same manner described above,
and is sent to the page printer.

' As described above, the data is transferred while

10 alternating between the two memory portions having a
small memory capacity and, hence, the memory capacity is
saved and the memory is efficiently used. ;

The idle portion of the image data processing
memory region is used for storing charater code data

15 from the host equipment. With the character code data
being stored in the memory in advance as described
above, the printing speed can be increased without the
need for waiting. for the t:ahsfer of data from ‘the host
‘equipment. ' '

20 ' Figure 6 shows an embodiment of a masking circuit
having a group of registers generally designated 100. A
first register 101 sets a bit number for continuously
producing signals "0" from the most significant bit
towards the least significant bit in one byte of the

25 data stored in the work memory region of the memory 57.
A second register 102 sets the mask quantity of the left
hand side of the image data in terms of a bit number,
and a third register 103 sets the mask quantity on the
right hand side of the image data in terms of a bit

30 number.

By way of example, five transfer bytes are set
into the register 101, three bits representing the mask
width of the left hand side are set into the register
102, four bits representing the mask width of the right
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hand side are set into the register 103, and a zero
shift quantity is set into the register 104.

A counter 106 counts the amount of data
transferred from the work memory region of the memory 57
with the byte as a unit, being set to zero in the
initial condition. .

A comparator circuit 107 has a reference value
that is set to "0", and produces a signal "1" when the
count value of the counter 106 agrees with the reference
value. A first step decoder 109 is enabled when the
signal "1" is produced from the first comparator circuit
107 to generate data having a length of eight bits that
increases stepwise from the most significant bit towards
the least significant bit in accordance with the set value
of the register 102 as shown in Figure 7. When not
enabled, the first step decoder 109 may be arranged to
produce the output "11111111".

For example, in the case that a mask quantity of
"3" has been set into the register 102, the first step
decoder generates the output "00011111".

A comparator circuit 108 compares the value in the
register 101 with the count value of the counter 106,
and produces the signal "1" when the two agree with each
other. If they are not in agreement, the signal "0" is
produced.

A second step decoder 110 is enabled when the
signal "1" is produced from the second comparator
circuit 108, and produces data having a length of
eight bits that increases stepwise from the least
significant bit towards the most significant bit in
accordance with the set value of the register 103 as shown
in Figure 8. When not enabled, i.e. when the count
value of the counter 106 is not in agreement with the
value in the register 101, the second step decoder 110
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menory, consisting of a first nmenory region and anot her nenory -f egi-on; .
first and second nenory neans for storing data representing a:hedd-address
and a tail address received via a data bus of said central processing unit;"
first and second conparator neans for cd#paring the head address data and
the tail address data stored in said first and second nenory neans with
address data received via an address bus of said central processing unit,
and means foPPhdeB3dilygPEPdRErsskhe ontputntddiylidgi'on B ANP FBER nenory

specified byi3ai grhaadedddnesioghdalapolidbt 8€dER8SoutpatEi ExbmMeRBI Y
regi on bei ng gt mage 93La BLOCE3R' DMa EHD' el Deed’ asdbde2 155, ™M"Y
regi on of thEiFEFNSHERDAS! P '
for example in the present instance "00011111" which is
5 the output of the first step decoder 109. |
A seledto: 114 receives the signal from the AND
gate 111 and transmits an output from an AND operation
unit 113 for each bit position in which the signal from
the AND gate 111 is a "1", and causes a signal
10 representing image data stored in the register 105 to be
produced in respect of each bit position which displays
the signal "0". 1In this instance therefore, since the
AND gate 111 produces the signal "00011111", the
selector 114 produces the data stored in the register
15 105 for the most significant three bits and produces a
signal from the AND operation unit 113 for the least
significant five bits.
As the first byte is thus processed and the data
of a second byte is then input, the counter 106 is
20 incremented by 1. Therefore, the first and second
"comparator circuits 107 and 108 both produce the signals
"0". Both the first and second step decoders 109 and
110 thus become inoperative and produce the output
”11111111". The AND gate 111 produces the signal "1"
25 for every bit and the selector 114 selects the output of
the AND operation circuit 113 and supplies it to the
image data processing memory region of the memory 57.
When the processing is finished for the second byte, the
counter 106 is again incremented by 1, and the above-
30 mentioned steps are repeated.
The first and second comparator circuits 107 and
108 produce the signal "0" up to the fifth byte, and the
selector 114 transmits the signal of the AND operation
circuit 113, i.e. produces the signal of the data bus
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sai d other menmory region being a work nenory region in respaonse..to.a slgnal
from said conparator neans, wherein access to the other mem)ry r—egloni Iis

bl ocked when said first menory region is accessed, and actess ‘t'o’ the T rst
menory region is blocked when said othdd5 nenory region is accessed.

69. Since the data of the data bus 69 is produced
directly from the second byte to the fifth byte, no
masking takes place.

After the processing up to the fifth byte is

5 completed, the count value of the counter 106 becomes

 "§" yhich accords with the set value of the register
101, and the second comparator circuit 108 produces the
signal "0". The second step decoder 110 produces a mask
pattern "11111100" selected according to the set value

10 of the register 103. The selector 114 selectively
produces the data from the data bus 69 for the most
significant six bits, and selectively produces'ihe data
from the register 105 for the least s1gn1f1cant two
bits.

15 As a result of such processing, the data for one
line is converted as described below. Namely, the first
byte is converted into "10101011" (AB in hexadecimal

‘notation) and "00001011" (OB in hexadecimal notation).
The second byte "11001101" (CD in hexadecimal notation),

20 and the third byte "11101111" (EF in hexadecimal
notation), the fourth byte "00000001" (01 in hexadecimal
notation), and the f£ifth byte "00100011" (23 in
hexadecimal notation) are not converted. The sixth byte
"01000101" (45 in hexadecimal notation) is converted

25 into "01000000".

That is, a blank of three bits is formed at the
right and left hand sides. The above-mentioned
operation is hereinafter repeated a required line number
of times. :

30 Then, the data can be written to the image data
processing memory region simultaneously with the reading
of data from the work memory region of the memory 57
while executing the masking. Therefore, no extra
working time is required by the central processing unit,.
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and the masking processing and the data transfer are
carried out at high speeds.

As described above, the present invention .
comprises a central processing unit for processing the
print data, a one-port random access memory which
constitutes a main memory unit of said central

_ processing unit, first and second memory means that

store data representing a head address and a tail
address via a data bus of said central processing unit,
first and second comparator means that compare the head
address data and the tail address data stored in said
first and second memory means with address datd from an
address bus, and means for providing access either to a
first memory region specified by said head address and
said tail address or to any other memory region in
response to a signal from said comparator means.

Therefore, a cheap one—bort memory.is not required
and, further, the work memory region and the image data
processing memory region afé constituted by a common
memory. Namely, the same memory can be flexibly used
for the work memory region and the image data processing
memory region, and can hence be used efficiently.

Furthermore, the present invention is conveniently
equipped with means for transmitting data from the data
bus to image data conversion means in synchronism with
the image data read signals from the central processing
unit. Therefore, the image data is sent to the image
data coversion means from the central processing unit
without passing through write steps, and the image data
can be read at high speeds.
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A sirgle one-port random access nenory may be enployed for the main nenory.
Thus, both a work menmory and an image data processing menory may, be. .
prOV|ded by dividing the sane nenory |niﬂ two menory regions. T TQé
same one-port random-aceess nenory nay erefore be dividéd intd ‘a mork

menory rem*m'c”m("ﬂl I"rﬁ,(ile -data processing nmenory region, the data fromthe
LI T

CLAIMS

(1) A memory device for a page printer comprising a
central processing unit (50) for proéessing the print
5. data and characterised by a main memory (57), first and
' second memory means (80, 81) for storing data
representing a head address and a tail address received
via a data bus (69) of said central processing unit,
first and second comparator means (82, 83) for-comparing
10 the head address data and the tail address data stored
in said first and second memory means with address data
received via an address bus (60) of said central
processing unit, and means (84, 85) for accessing either
a first memory region (91) of the main mémory specified
15 by said head address and said tail address or another
memory region (90) of the main memory in response to a
signal from said comparator means,

(2) A memory device according to claim 1, further

20 characterised by means for transmitting data from the
data bus to image data conversion means (53) in response
to image data read signals from said central processing
unit.

25 (3) A memory device according to claim 1 or 2,

characterised in that the main memory is a one-port
random access memory.

- 30
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wor k tegion being transferred to the image data processi ng nenory regiéﬁs;n
use. Thus the nenory may be divi ded dependi ng upon the print data, and may

be effectively utilized. Advant&geousl y, such a menory device
processes the data to be transferred with a bit as a unit in order to carry
out hi gh-speed processing. © The present invention will be descri bed

further, by way of exanple with reference to the acconpanylng
ABSTRACT '

MEMORY DEVICE FOR A PAGE PRINTER

A memory device for a page printer comprises a central
processing unit (50) for processing print data, and a
main memory (57) which is divided into a work memory
region (90) and an image data procession memory region

5 (91). First and second memories (80, 81) store data
representing head and tail addresses received via a data
bus (69) of the central processing unit. First and
second comparator circuits (82, 83) compare the head and
tail address data stored in the first and second

10 memories with address data received via an address bus
(60) of the cental processing unit for specifying either
the work memory region or the image data processxng
region.

15 Figure 5.

20
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draw ngs, in which:- Figure 1 is a diagramillustrating tJJ?L
contruction of a page printer to which the present invention is applied]
Figure 2 is a block diagramillustratimg a nmenory device according to tte-
present invention; : Figure 3 is a block diagramillustrating one
enbodi enent of a menory controller of the above QPPD[y’dEViCE; .

e e
1
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Figure 4 is a schematic diagramillustrating the structure of a n%@bry of

t he above nenory devi ce; Figure 5 is a block diagramillustrating one
enbodlnent of a circuit for effecting dIVISIon of the menory into a work
menory region and an i nage data
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4 processi ng nenory region, Figure 6 is a bl ock diagram
illustrating one 3{
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enbodi nent of a masking circuit of the above nenory device; 46/7‘Fi gures 7

and 8 are tables for data produced from step decoders of the masking
circuit; Figuré 9 is atimng chart for expl ai ning the operation of

t he device; and Figure 10 is a black gramillustrating a
conventional inmage processor for a pag é Figure 1 illustrates

a printing nechani smof a
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page brinter to which the present invention is applied. A paé%ﬁlfeed devi ce
i s detachably nounted on an upper portion of a page printer bedy 2, and is
provi ded wi.th stackers 3, 5 for stacking printing paper P, P of two
dissimlar "sizes and with pick-up rollers 7, 9 for taking the printing

paper sheet by sheet fromthe stackers 3 and 5 respectivelly. The printing
paper is fed froma paper exit port 11 of the paper feed device 1 to a '
paper feed port 13 of the printer body 2.

Frg.7

sxg.:laaal f%g;mfé output of 109 _%
1] o |t ot o111ty
I A T I+ T TR T TR B T
vl o2 Joo v o111
1 3 Q0 0 1 ¢t 1t 1 1
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|XTRS
signlani jgfues § output of 110 %
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| } 11 00 00 0O
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Under the paper feed port 13, there is disposed a paper detector 15, which
detects whether a sheet of paper P to be printed is set or not, and u%
this there is a pair of gate rollers 17 for placing the | eadi ng edge 7%%3
sheet of paper. at a predeterm ned position and feeding the sheet to a
printing nmechani sm (described bel ow). ~—— Downstream of the pair of gate
rollers 17 is a photosensitive drum 21, which is arranged to rotate in.a

- ' Frg
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(&) 131 ___-_
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diregtion (shown by arrow A in Figure 1) to nove the printing paper
downwards and which is in the path of a |ight beamfroma |ight bea :
control nechanism 19, the |ight beam control nechani sm 19 receiving Z
froma nenory as will be described |later and converting it into
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MEMORY DEVICE FOR A PAGE PRINTER

The present invention relates to a memory device
for a page printer of the kind that forms print by
scanning a photosensitive drum with a light beam
modulated with print data.

A conventional page printer forms print based on the
principle of xerog}aphy, (Xerox is a trade mark) and is
capable of printing not only characters but also
figures whilst maintaining a very high quality. 1In
order to print a mixture of characters and figures on
the same page, the data for printing the characters and
the data for printing the images must be combined
together.

For this purpose, the conventional page printer
comprises, as shown in Figure 10, a central processing
unit a which operates according to-a control program, a
program ROM b which stores a program for controlling the
printing steps, a font ROM ¢ which stores character
pattern data, a work memory e connected to the central
processing unit via a memory control circuit d, and a
two-port memory f which stores image data and which
processes the print data'taking each bit as a unit.

When the image data is stored in the image data
memory £, the character pattern data is read from the
font ROM c by the central processing unit a and is sent
to the image data mempry, where the image data and the
character pattern data are superposed upon each other at
high speeds. Further, the image data memory £ is
capable of procqssxng“the data, w1th-a bit as a unit, and
can shift the print data formed in the image data memory
to adjust the printing position fznely.and at high

This is the replaceme
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are all arranged about the periphery of the photosensitive drum 21
Fgrthernore a fixing device 35 is arranged under the photosensitive drum 21
to fiix the toner transferred to the paper P. Paper exit rollers are
provi ded under the fixing device to feed the printing paper P by way of a
fixed guide plate 37 out of the page printer through a paper exit port 39.
When the print instruction is generated, fheets of

speeds.

Although various processing for the print data can
be achieved, the image data memory must be a two.port
memory having an input port and an output port
independent of one another. - Such a memory is expensive,
which increases the overall cost of the device.

Further, the work memory is a one-port memory and
is of a different type from the image data memory.
Hence, the two memories must be handled as independent
memories, and idle capacities cannot be shared between
them, which diminishes their utilization and their
efficiency. |

The page printer forms images using very small
dots, enabling some of the print data to be picked up

\ and copied elsewhere.

Such a copying process requires a form of
processing which prevents the data to be copied from
being affected by the data already present in the region
where the copy is to be made. Since the processing is
carried out by means of software using a central
processing unit, an extended period of time is required
for the copying process, and so the high-speed printing
performance of the page printer is not utilized.

_ The present invention provides a memory device for
a page printer comprising a central processing unit for
processing the print data and characterised by a main
memory, first and second memory means for storing data
representing a head address and a tail address received
via a data bus of said central processing unit, first
and second comparator means for comparing the head
address data and the tall address data stored in said
flrst-and-second memory means w1th address data received
via an address bus of said central processing unit, and
means for addressing either a first memory region of the
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the printing paper P stacked in the stackers 3, 5 of the paper feed device
1 are fed by the pick-up rollers 7, 9 to the paper feed port 13 and are
Rel d at .their |eading edges by the gate rollers 17. Each sheet of the
printing paper P is then fed further until the paper detector 15 is
actuated. In response to a signal fromthe paper.detector 15, the gate
rollers 17 rotate in synchronismwth the3photosen5|t|ve drum 21 so that

t he pr|nt|ng paper is fed

main memory spec;fled»by said head address and said tail
address or,another memory region of the main memory in
resgpnse to a signal from said bomparator means.

A single one-port random access memory may be
employed for the main memory.

Thus, both a work memory :nd an image data
processing memory may be provid:d by dividing the same
memory into two memory regions.

The same one-port random access memory may
therefore be divided into a work memory region and an
image data processing memory region, the data from the
work region being transferred to the image data
processing memory region in use. Thus the memory may
be divided depending upon the print data, and may be
effectively utilized.

Advantageously, such a memory device processes the
data to be transferred with a blt as a unit in order to
carry out high-speed process;ng

The present invention will be described further,
by way of example with referencz to the accompanying
drawings, in which:- _

Figure 1 is a diagram illistrating the contruction
of a page printer to which the present invention is
applied;

Figure 2 is a block diagram illustrating a memory
device according to the present invention; )

Figure 3 is a block diagram illustrating one-
embodiement of a memory controller of the above memory
device;

Figure 4 is a schematic diagram illustrating the
structure of a memory of the above memory device;

Figure 5 is a bloux diagram illustrating one
embodiment of a circuit for effecting division of the
memory into a work memory region and an image data

o acement sheet
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towards the drum 21. The transfer device 29 effects the transfer of toner
by applying an electrostatic field to the printing paper such that toner on
the surface of the photosensitive drum?21 is attracted by the printing
paper P. The transferred toner is caused to adhere to the printing paper P
by thermal nelt adhesion as-the paper pas;es t hrough the fixing device 35.
After 'l eaving the fixing device 35, the printing paper P is guided by the
fixed guide plate 37 to the

processing memory region;

Figure 6 is a block diagram illustrating one
embodiment of a masking circuit of the above memory
device;

Figures 7 and ‘8 are tables for data produced from
step decoders of the masking circuit; '

Figure 9 is a timing chart for explaining the
operation of the device; and

Figure 10 is a block diagram illustrating a
conventional image processor for a page printer.

Figure 1 illustrates a printing mechanism of a
page printer to which the present invention is applied.
A paper feed device is detachably mounted on an upper
portion of a page printer body 2, and is provided with
stackers 3, 5 for stacking printing paper P, P' of two
dissimilar sizes and with pick-up rollers 7, ¢ for
taking the printing paper sheet by sheet from the

- stackers 3 and 5 respectively. The printing paper is
fed from a paper exit port 11 of the paper feed device 1
to a paper feed port 13 of the printer body 2.

Under the paper feed port 13, there is disposed a
paper detector 15, which detects whether a sheet of
paper P to be printed is set or not, and under this
there is a pair of gate rollers 17 for placing the
leading edge of the sheet of paper at a predetermined
position and feeding the sheet to a printing mechanism
(described below). _

Downstream of the pair of gate rollers 17 is a
photosensitive drum 21, which is arranged to rotate in a
direction (shown by arrow A in Figure 1) to move the
printing paper downwards and which is in the path of a
light beam from a light beam control mechanism 19, the
light beam control mechanism 19 receiving data from a
memory as will be described later and converting it into
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paper exit rollers 41 and is discharged out of the page printer through a
paper exit port 39. Figure 2 showns schematically the data processing

.~

the light beam. An electrostatic field generator 23, a
‘toner sleeve 27 of a developing device 25, a transfer
device 29, a toner recovering device 31 and an eraser 33
are all arranged about the periphery of the
photosensitive drum 21. Furthermore a fixing device 35
is arranged under the photosensitive drum 21 to fix the
toner transferred to the paper P.

Paper exit rollers are provided under the fixing
device to feed the printing paper P by way of a fixed
guide plate 37 out of the page printer through a paper
exit port 39.

When the print instruction is generated, sheets of
the printing paper P stacked in the stackers 3, 5 of the
paper feed device 1 are fed by the pick-up rollers 7, 9
to the paper feed port 13 and are held at their leading
edges by the gate rollers 17.

Each sheet of the printing paper P is then fed
further until the paper detector 15 is actuated. 1In
response to a signal from the paper detector 15, the
gate rollers 17 rotate in synchronism with the
photosensitive drum 21 so that the printing paper is fed
towards the drum 21. The transfer device 29 effects the
transfer of toner by applying an electrostatic field to
the printing paper such that toner on the surface of the
photosensitive drum 21 is attracted by the printing
paper P. The transferred toner is caused to adhere to
the printing paper P by thermal melt adhesion as the
paper passes through the fixing device 35.

After leaving the fixing device 35, the printing
paper P is guided by the fixed guide plate 37 to the
paper exit rollers 41 and is discharged out of the page
printer '
through a paper exit port 39. .

Figure 2 showns schematically the data processing
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6 circuitry enployed with the above-nenti oned page printer. A
central processing unit 50 is designed so as to

circuitry employed with the above-mentioned page printer.

A central processing unit 50 is designed so as to
provide continuous access to memory space in a non-
segmentation system, and is connected via a bus 51, to
a memory control circuit 52, a parallel-series converter
53, a program ROM storing a work program and a font ROM
55 étoring character pattern data. The central
processing unit 50 sends print data from a host
apparatus, to which it is connected via a communication
control circuit 56, to an image data write mechanism
including the light beam control mechanism 19, by way of
the converter.

A one-port random access memory 57 (hereinafter
simply referred to as a memory) is éonnected to the
central processing unit 50 via the memory control
circuit 52 and provides an image processing memory
region and a work memory region.

Figure 3 illustrates one embodiment of a memory-
region dividing circuit consituting a portion of the
memory control circuit 52 and ‘including an address
select circuit 61, which defines a work memory region
and an image data processing memory region in dependence
on an output from central processing unit 50 and which
produces image data processing memory signals and work
memory signals so as to variabli maintain a storage
capacity necessary for processing the image data. A
mediation circuit 62 determines the allotment of the
image data processing memory vegion and the work memory
region. Upon receipt of a signal from the mediation
circuit 62, a timing generator 83 generates a timing
signal that initiates access to the image data
processing memory region and the work memory region.

A'register 64 stores an add address produced from
the central processing unit 50 on a data bus 69, and a

This Sheet Has Been R This is the replacement sheet

LT ome: 02 101 198



provi de continuous access to nenobry space in a non- segnentation system
and is connected via a bus 51, to a nmenory control circuit 52, a
parall el -series converter 53, a program ROM 54 storing a work program and a
. font ROM 55 storing character pattern data. The central processing unit 50
sends print data froma host. apparatus, to which it is connected via a
communi cation control circuit 56, to an kmage data wite mechani sm

i ncluding the |light beam control nechanism 19, by way of

signal therefrom is applied to an adder circuit 65 where
the signal is added to a signal from the central processing
unit 50 on an address bus 60 for input to one terminal
66a of an address select circuit 66. The signal on the

i address bus 60 is also input directly to the other
terminal 66b of the address select circuit 66. 1In
response to a signal from the timing generator 63, the
address select circuit 66 selects an address according
to the signal at one of its terminals, and accesses the
memory 57 based on the address that is selected.

The image data thus read out from the memory 57 is
transmitted to the data bus 69 via a data bus 70. The
data supplied to the data bus 69 is input to the
parallel-series converter 53 wvia a bus 71.

In this instance the memory'57 is divided into a
work memory region 90 and an image data processing
memory region 91 as shown in Figure 4 with the image
data processing memory region 91 comprising at least
two small memory portions 92 and 93 having storage
capacities such that no delay develops in the printing
steps in the page printer.

Figure 5 illustrates the address select circuit 61 of
Figure 3 which forms a portion of the memory control
circuit for dividing the memory 57 into regions and

2 which comprises first and second memory circuits 80 and
81 provided respectively with a D-terminal connected to
the data bus 69 from the central processing unit 50. and
with a C-terminal connected to input means for setting
the image data processing memory region. The memory

) circuits 80, 81 are arranged to produce a signal "1",
respectively, when the data at the D-terminal and the
data at the C-terminal are in agreement with each other.

The first memory circuit 80 receives through the
C-terminal a lower limit value for the image data
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t he converter. A one-port random access nmenory 57 (hereinafter sinply
referred to as a nenory) is connected to the central processing unit 50 via
t'he menory control circuit 52 and provides an inmage processing nmenory -
region and a work nenory region. Figure 3 illustrates one~enbodi nent
of a menory- region dividing circuit consituting a portion of the nenory
control circuit 52 and including an addr

processing memory region in order to prevent the work
memory region from being destroyed, and further receives
through the D-terminal a head address for the image data
processing memory region sent from the data bus 69.

The second memory circuit 81 receives through the
C-terminal thereof an upper limit value for the image
data processing memory region in order to prevent the
work memory region from being destroyed, and receives
through the D-terminal a tail address for the image data
processing memory region sent from the data bus 69.

A first comparator circuit 82 has a P-terminal for
receiving the data from the first memory circuit 80 and
a Q-terminal for receiving the address data from the
address bus 60 of the central processing unit. The
circuit 82 produces a signal "1" when a value for the
data at the Q-terminal is greater than a value for the
data at the P-terminal (P<Q).

A second comparator circuit 83 has a Q-terminal
for receiving the data from the second memory circuit 81
and a P-terminal for receiving the data from the address
bus 60 of the central processing unit, and produces a
signal "1" when a value for the data at the Q-terminal
becomes greater than a value for the data at the
P-terminal (P<Q).

Vo Upon receipt of an address of the image data
processing memory region set by external input means
such as a keyboard or the like, the central processing
unit 50 sends the address data to the first and second
memory circuits 80 and 81 via the data bus 69. The

] first memory circuit 80 stores the head address of the
image data processing memory region and the second
memory circuit 81 stores the tail address of the image
data processing memory region. In the event that the
data input from the data bus 69 deviates from the
beginning address and the last address in the
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select circuit 61, which defines a work nmenory region and an i mage data

processi ng nenory region in dependence on an output from central

processi ng

unit 50 and which produces i mage data processing nenory signals and work
menory signals so as to variably naintain a storage capacity necessary for

processing the inage data. A nediation circuit 62 determnes the

al | ot ment

of the image data processing nenory regign and the work menory region. Upon

recei pt of a signal fromthe nediation

memory circuits 80 and 81, respectively, these

memory circuits produce signals to halt the operation of
the comparator circuits 82 and 83.

On the .other hand when a head and tail address are
produced within the preset limits, subsequent address
data from the address bus 60 of the central processing
unit is input to the first and second comparator
circuits 82 and 83, and is compared with the addresses
stored in the first and second memory circuits 80 and
81.

When the address data that is input is within the
range of data stored in the first and second memory
circuits 80, 81, the cbmparator circuits 82 and 83 each
produce the signal "1". An AND circuit 84 receives the
signals from the first and second comparator circuits 82
and 83, and produces the signal "1" to access the image
data processing memory region in the memory 57.

On the other hand, when the address data
transmitted on the address bus 60 lies outside the range
of data stored in the first and second memory circuits
80 and 81, at least one of the first and second
comparator circuits 82 and 83 produces the signal "O0".
The AND circuit 84 then supplies the signal "O0" to
access the work memory region in the memory 57.

Now, the output terminal of the AND circuit 84
branches into two leads 84a and 84b, one lead 84a being
connected directly to an image data processing memory
region access terminal of the memory 57 and the other
lead 84b being connected via an inverter 85 to a work
memory region access terminal of the memory 57.

Therefore, when the address data transmitted on
the address bus 60 signifies an address that lies within
the image data processing memory region, the AND circuit
84 produces the signal "1" which provides access to the
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circuit 62, a timng generator 63 generates a timng signal that initiates
access to the image data processing nenory region and the work nenory
region. A register 64 stores an add address produced fromthe central
processing unit 50 on a data bus 69, and a

10

image data processing memory region of the memory 57.
The signal "1" is inverted by the inverter 85 to supply
a signal "0" so that no access is provided to the work
memory region. :

Equally when the address data produced on the
address bus 60 lies outside the range of data stored in
the first and second memory cir-zuits 80 and 81, at least
one of the first and second comparator circuits 82 and
83 produces the signal "0" as described earlier, and the
AND circuit 84 produces a signal "0" which is input bia
the inverter 85 to the work memory region access
terminal, thereby providing access to the work memory
region of the memory 57 and blocking access from the
image data processing memory region.

Depending upon the kind of image data to be
printed, it may become necessary to maintain in the
memory 57 an image data process1ng memory region having
a large capacity.

In such a case, if the necessary capacity is
instructed from the external d:ta input means by means
of a2 head address and a tail adiress for the image data
processing memory region, the address data is then
stored in the first and second memory circuits 80 and 81
in order to maintain the image data processing memory
region at the required capacity.

Upon receipt of a print data transfer request from
the light beam write control mechanism 19 (Figure 1) under
the condition where the image data processing memory
region is maintained, the central processing unit 50
provides access to the'image data processing memory
region in the memory 57 via the memory control circuit
52. '

The parallel-series converter circuit 53 detects
the moment at which the central processing unit 50
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7 signal therefromis applied to an adder circuit 65 where the signal is
added to a signa

11

produces address data on the address bus 60, and reads
the data on the data bus 69 after a predetermined period
of time has elapsed following such detection, i.e.,
after the data is read out from the memory 57 by the
central processing unit 50.

The data is produced from the membry 57 to the
central processing unit 50 in parallel form on the data
bus 69, and the parallel-series converter circuit 53
latches the image data being produced on the data bus 69
in parallel form and converts the data into a serial
form for transmission to the light beam write control
mechanism 19 (Figure 1). At the moment when the data is
produced from the memory 57 on the data bus 69 of the
central processing unit 50 as described above, the
parallel-series converter 53 latches such data, without
the need for waiting for the transfer of data from the
central processing unit 50, to provide data of a serial
form necessary for operating the page printer.
Therefore, the data can be transferred at high speeds
from the print data buffer to the page printer, and the
image data can be processed at high speeds without using
‘an expensive two-port memory.

A circuit 200 (Figure 3) carries an erasing circuit,
a memory bus control circuit and a masking circuit (Figure 6)
: and monitors the moment at which the reading of the first

portion 92 of the image data processing memory region 91 is
finished, and sends either a signal "0" or a signal "1" to
the first portion at the moment when the reading is. finished.

Without the need for waiting for an erase instructi
from the central processing unit, therefore, the data that
has become unnecessary is successively erased from the
image data processing memory region, i.e. the erase
processing is effected at a high speed. '

The central processing unit 50 transfers the data
in the work memory region of the first portion. When a
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fromthe central processing unit 50 on an address bus 60 for input to one
termnal 66a of an address select circuit 66. The signal on the address
bus 60 is also input directly to the other term nal 66b of the address
select circuit 66. In response to a signal fromthe timng generator 63,
the address select circuit 66 selects an address according to the signal
at one of its termnals, and accesses thfznennry 57 based on the address
that is

next transfer request is produced from the page printer,
the central processing unit 50 enables the address
select circuit 61 to designate a head address of the
second portion 93 such that the data of the second
portion is produced on the data bus 69. The data of
parallel form on the data bus 69 is then converted into
data of serial form in the same manner described above,
and is sent to the page printer.

As described above, the data is transferred while
alternating between the two memory portions having a
small memory capacity and, hence, the memory capacity is
saved and the memory is efficiently used. |

The idle portion of the image data processing
memory region is used for storing charater code data
from the host equipment. With the character code data
being stored in the memory in advance as described
above, the printing speed can be increased without the
need for waiting for the transfer of data from the host
equipment.

Figure 6 shows an embodiment of a masking c1rcu1t
having a group of registers generally designated 100. A
first register 101 sets a bit number for continuously
producing signals "0" from the most significant bit
towards the least significant bit in one byte of the
data stored in the work memory region of the memory 57.
A second register 102 sets the mask quantity of the left
hand side of the image data in terms of a bit number,
and a third register 103 sets the mask quantity on the
right hand side of the image data in terms of a bit
number. ' o

By way of example, five transfer bytes are set
into the register 101, three bits representing the mask
width of the left hand side are set into the register
102, four bits representing the mask width of the right

' 1
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sel ect ed. The image data thus read out fromthe nmenory 57 is
transmtted to the data bus 69 via a data bus 70. The data supplied to the
data bus 69 is input to the parallel-series converter 53 via a bus 71

13

hand side are set into the register 103, and a zero
'shift quantity is set into the register 104.

A counter 106 counts the amount of data
transferred from the work memory region of the memory 57
with the byte as a unit, being set to zero in the
initial condition. f

A comparator circuit 107 has a reference value
that is set to "O0", and produces a signal "1" when the
count value of the counter 106 agrees with the reference
value. A first step decoder 109 is enabled when the
signal "1" is produced from the first comparator circuit
107 to generate data having a length of eight bits that
increases stepwise from the most significant bit towards
the least significant bit in accordance with the set value
of the register 102 as shown in Figure 7. When not
enabled, the first step decoder 109 may be arranged to
produce the output "11111111". _

For example, in the case that a mask quantity of
"3" has been set into the register 102, the first step
decoder generates the output "00011111".

A comparator circuit 108 compares the value in the
register 101 with the count value of the counter 106,
and produces the signal "1" when the two agree with each
other. If they are not in agreement, the signal "0" is
produced. - _

A second step decoder 110 is enabled when the

signal "1" is produced from the second comparator

circuit 108, and produces data having a length of

eight bits that increases stepwise from the least
significant bit towards the most sighificant bit in
accordance with the set value of the register 103 as shown
in Figure 8. When not enabled, i.e. when the count

value of the counter 106 is not in agreement with the
value in the register 101, the second step decoder 110
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In this instance the menory 57 is divided into a work nmenory region 90 and
an inmage data processing nenory region 91 as shown in Figure 4 with the

i mage data processing nenory region 91 conprising at |east two snall
menory portions 92 and 93 having storage capacities such that no delay
develops in the printing steps in the page printer.

14

optionally produces the output "11111111". An AND gate

111 produces the logical product of the outputs from the
first'step decoder 109 and the second step decoder 110,

for example in the present instance "00011111" which is

the output of the first step decoder 1089.

‘A selector 114 receives the signal from the AND
gate 111 and transmits an output from an AND operation
unit 113 for each bit position in which the signal from
the AND gate 111 is a "1", and causes a signal
representing image data stored in the register 105 to be
produced in respect of each bit position which displays
the signal "O". In this instance therefore, since the
AND gate 111 produces the signal "00011111", the
selector 114 produces the data stored in the register
105 for the most significant three bits and produces a
signal from the AND operation unit 113 for the least
significant five bits. -

As the first byte is thus processed and the data
of a second byte is then input, the counter 106 is
incremented by 1. Therefore, the first and second
comparator circuits 107 and 108 both produce the signals
"0". Both the first and second step decoders 109 and
110 thus become inoperative and produce the output
"11111111". The AND gate 111 produces the signal "1"
for every bit and the selector 114 selects the output of
the AND operation circuit 113 and supplies it to the
-image data processing memory region of the memory 57.
When the processing is finished for the second byte, the
counter 106 is again incremented by 1, and the above-
mentioned steps are repeated. ' '

The first and second comparator circuits 107 and
108 produce the signal "0" up to the fifth byte, and the
selector 114 transmits the signal of the AND operation
circuit 113, i.e. produces the signal of the data bus
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Figure 5 illustrates the address select circuit 61 of Figure 3 which forns

a portion

of the nmenory control circuit for dividing the nenory 57 into

regi ons and which conprises first and second nmenory circuits 80 and 81
provided with a Dterm nal connected to the data_bus 69 fromthe centra
processing unit 50 and with a Cterm nal

This Sheet Has Been Re[ilaced
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69. Since the data of the data bus 69 is produced
directly from the second byte to the fifth byte, no
masking takes place.

After the processing up to the fifth byte is
completed, the count value of the counter 106 becomes
"5" which accords with the set value of the register
101, and the second comparator circuit 108 produces the
signal "0". The second step decoder 110 produces a mask
pattern "11111100" selected according to the set value
of the register 103. The selector 114 selectively
produces the data from the data bus 69 for the most
significant six bits, and selectively produces the data
from the register 105 for the least significant two
bits.

As a result of such processing, the data for one
line is converted as described below. Namely, the first
byte is converted into "10101011" (AB in hexadecimal
notation) and "00001011" (OB in hexadecimal notation).
The second byte "11001101" (CD in hexadecimal notation),
and the third byte "11101111" (EF in hexadecimal
notation), the fourth bYte "00000001" (01 in hexadecimal
notation), and the fifth byte "00100011" (23 in
hexadecimal notation) are not converted. The sixth byte
"01000101" (45 in hexadecimal notation) is converted
into "01000000". :

That is, a blank of three bits is formed at the
right and left hand sides. The above-mentioned.
operation is hereinafter repeated a required line number
of times.

Then, the data can be written to the image data
processing memory region simultaneously with the reading
of data from the work memorylregion of the memory 57
while executing the masking. Therefore, no extra
working time is required by the central processing unit,




The first nenory circuit 80 receives through the D-term nal a head address

for the image data processing nenory region sent fromthe data bus 69.

The second nmenory circuit 81 received through the Dtermnal a tail address
for the inage data processing nenory region sent fromthe data bus 69.. .

A first conparator circuit 82 has a P-term nal for receiving the data from
the first 16

and the masking processing and the data transfer are
carried out at high speeds.

As described above, the present invention
comprises a central processing unit for processing the
print data, a one-port random access memory which
constitutes a main memory unit of said central
processing unit, first and second memory means that
store data representing a head address and a tail
address via a data bus of said central processing unit,
first and second comparator means that compare the head
address data and the tail address data stored in said
first and second memory means with address data from an
address bus, and means for providing access either to a
first memory region specified by said head address and
said tail address or to any other memory region in
response to a signal from said comparator means.

Therefore, a cheap one~port memory is not required
and, further, the work memory region and the image data
processing memory region are constituted by a common
memory. Namely, the same memory can be flexibly used
for the work memory region and the image data processing
memory region, and can hence be used efficiently.

Furthermore, the present invention is conveniently
equipped with means for transmitting data from the data
bus to image data conversion means in synchronism with
the image data read signals from the central processing
unit. Therefore, the image data is sent to the image
data coversion means from the central processing unit
without passing through write steps, and the image data
can be read at high speeds. '
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menory circuit 80 and a Qtermnal for receiving the address data fromthe
address bus 60 of the central processing unit. The circuit 82 produces a
signal "1" when a value for the data at the Qterminal is greater than a
val ue for the-dataat—the P-termnal (P < Q.

L 0 A I\ ! 17

CLAIMS

(1) A memory device for a page printer comprising a
central processing unit (50) for processing the print
data and characterised by a main memory (57), first and
second memory means (80, 81) for storing data
representing a head address and a tail address received
via a data bus (69) of said central processing unit,
first and second comparator means (82, 83) for comparing
the head address data and the tail address data stored
in said first and second memory means with address data
received via an address bus (60) of said central
processing unit, and means (84, 85) for accessing either
a first memory region (91) of the main memory specified
by said head address and said tail address or another
memory region (90) of the main memory in response to a
signal from said comparator means.

(2) A memory device according to claim 1, further
characterised by means for transmitting data from the
data bus to image data conversion means (53) in response
to image data read signals from said central processing
unit.

(3) A memory device according to claim 1 or 2,
characterised in that the main memory is a one-port
random access memory.
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8 A second conpar at or CIrCUIt 83 has a Qtermnal for receiving
the data fromthe :

18

ABSTRACT

MEMORY DEVICE FOR A PAGE PRINTER

A memory device for a page printer comprises a central
processing unit (50) for processing print data, and a
main memory (57) which is divided into a work memory
region (90) and an image data procession memory region
(91). First and second memories (80, 81) store data
representing head and tail addresses received via a data
bus (69) of the central processing unit. First and
second comparator circuits (82, 83) compare the head and
tail address data stored in the first and second
memories with address data received via an address bus
(60) of the cental processing unit for specifying either

" the work memory region or the image data processing
region.

Figure 5.
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second nmenory circuit 81 and a P-termnal for receiving the data fromthe

address bus 60 of the central processing unit, and produces a signal " 1"
When a value for the data at the Qterm nal beconmes greater than a val ue
for the data at the P-termnal (P < Q. Upon recei pt of an address

of the inmge data processing nmenory régﬂoﬁ set -.by external input neans
such as a keyboard or the like, the central processing unit 50 sends

JP 'P,
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the address data to the first and second nenory circuits 80 and 81 via the
data bus 69. The first nenory circuit 80 stores the head address of the

i mage data processing nenory region and the second nmenory circuit 81
stores the tail address of the image data. processing menory region.

control mechanism

light beanm

&~
by
N X

’v A
i o

(&) /

/
o /
2 //

C PU

——

This Sheet

i m /i‘““’

This is the replacement gheet

Date: 02 NOV 1986



Address data fromthe address bus 60 of the central processing unit is

,nput to the first and second conparator circuits 82 and 83, and is
conpared with the addresses stored in the first and second nenory circuits
80 and 81. Wien the address data fhat is input is within the range
of data stored in the first and second henory circuits 80, 81, the

conparator circuits 82 and 83 each produce the -
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signal " 1 ". An AND circuit 84 receives the signals fromthe first and
second conparator <circuits 82 and 83, and produces the signal " 1 " to

access the inmage data processing nenory region in the nenory 57.
t he ot her hand, when the address data transmitted on the address bus 60
lies outside the range of data stored in the first and second nenory

circuits 80 and 81, at 4
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| east one of the first and second conparator circuits 82 and 83 produces
the signal "0". The AND circuit 84 then supplies the signal "0" to access
the work nenory region in the nmenory 57. Now, the output term nal
of the AND circuit 84 branches into two_| eads 84a and 84b, one | ead 84a
bei ng connected directly to an i mge Uaﬁafprocessing menory region
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access termnal of the nmenory 57 and the other |ead 84b being connected via
an inverter 85 to a work nenory region access termnal of the nenory 57.
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9 Therefore, when the address data transmtted on the address bus
60 °si gnifies an address that lies within the image data processi ng nmenory

region, the AND circuit 84 produces the signal "1" which provides access to
t he
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MEMORY DEVICE FOR A PAGE PRINTER

The present invention relates to a memory device
for a page printer of the kind that forms print by
scanning a photosensitive drum with a light beam
modulated with print data.

A conventional page printer forms print based on the
principle of xerography, (Xerox is a trade mark) and is
capable of printing not only characters but also
figures whilst maintaining a very high quality. 1In
order to print a mixture of characters and figures on
the same page, the data for printing the characters and
the data for printing the images must be combined
together.

For this purpose, the conventional page printer
comprises, as shown in Figure 10, a central processing
unit a which operates -according to -a control program, a
program ROM b which stores a program for controlling the
printing steps, a font ROM c which stores character
pattern data, a work memory e connected to the central
processing unit via a memory control circuit d, and a
two-port memory f which stores image data and which
processes the print data'taking each bit as a unit.

When the image data is stored in the image data
memory £, the character pattern data is read from the
font ROM ¢ by the central processing unit a and is sent
to the image data memory, where the image data and the
character pattern data are superposed upon each other at
high speeds. Further, the image data memory f is
capable of processing the data with a bit as a unit, and
can shift the print data formed in the image data memory
to adjust the printing position finely and at high
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one of the first and second conparator circuits 82 and 83 produces the
signal "0" as described earlier, and the AND circuit 84 produces a signal
"0" which is input via the inverter 85 to the work menory regi on access
termnal, thereby providing access to the work nmenory region of the nenory
57 and bl ocki ng access fromthe inage data processing nenory region.
Dependi ng upon the kind of imge data to be prlnted It may becone
necessary to nmaintain in the 2 .-

speeds.

Although various processing for the print data can
be achieved, the image data memory must be a two. port
memory having an input port and an output port
independent of one another.  Such a memory is expensive,
which increases the overall cost of the device.

' Further, the work memory is a one-port memory and
is of a different type from the image data memory.
Hence, the two memories must be handled as independent
memories, and idle capacities cannot be shared between
them, which diminishes their utilization and their
efficiency.

The page printer forms images using very small
dots, enabling some of the print data to be picked up

\ and copied elsewhere.

Such a copying process requires a form of
processing which prevents the data to be copied from
being affected by the data already present in the region
where the copy is to be made. Since the processing'is
.carried out by means of software using a central
processing unit, an extended period of time is required
for the copying'process, and so the high-speed printing
performance of the page printer is not utilized.

The present invention provides a memory device for
a page printer comprising a central processing unit for
processing the print data and characterised by a main
memory, first and second memory means for storing data
representing a head address and a tail address received
via a data bus of said central processing unit, first
and second comparator means for comparing the head
address data and the tail address data stored in said
first and second memory means with address data received
via an address bus of said central processing unit, and
means for addressxng either a first memory region of the
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menory 57 an image data processing nenory region having a |arge capacity.
I'm such a case, if the necessary capacity is instructed fromthe external
data i nput nmeans by nmeans of a head address and a tail address for the

i mage data processing nenory region, the address data is then stored in:the
first and second nenory circuits 80 and 81 in order to nmaintain the inage

data processing nenory region at the required capacity.
- 3

main memory spec1f19d~by said head address and said tail
address orwanother memory reglon of the main memory in
resgpnse to a signal from said bomparator means.

A single one-port random access memory may be
employed for the main memory.

Thus, both a work memory :ind an image data
processing memory may be provid:d by dividing the same
memory into two memory regions.

The same one-port random access memory may
therefore be divided into a work memory region and an
image data processing memory region, the data from the
work region being transferred to the image data
processing memory region in use. Thus the memory may
be divided depending upon the print data, and may be
effectively utilized.

Advantageously, such a memory device processes the
data to be transferred with a bit as a unit in order to
carry out high-speed proceSSLng

The present invention will be described further,
by way of example with referenc: to the accompanying
drawings, in which:- |

Figure 1 is a diagram illstrating the contruction
of a page printer to which the present invention is
applied; ‘

Figure 2 is a block diagram illustrating a memory
device according to the present invention;

Figure 3 is a block diagram illustrating one-
embodiement of a memory controller of the above memory
device; _
Figure 4 is a schematic diagram illustrating the
structure of a memory of the above memory device;

Figure 5 is a blosk diagram illustrating one
embodiment of a circuit for effécting division of the
memory into a work memory region and an image data
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Upon receipt of a print data transfer request fromthe |ight beamwite
ccontrol nmechanism 19 (Figure 1) under the condition where the inmage data
processing nenory region is maintained, the central processing unit 50
provi des access to the inmage data processing nenory region in the menpry 57
via the nenory control circuit 52. The parallel-series converter
circuit 53 detects the nonent at mhich‘&he central processing unit 50

processing memory region;

Figure 6 is a block diagram illustrating one
embodiment of a masking circuit of the above memory
device;

Figures 7 and 8 are tables for data produced from
step decoders of the masking circuit;

Figure 9 is a timing chart for explaining the
operation of the device; and

Figure 10 is a block diagram illustrating a
conventional image processor for a page printer.

Figure 1 illustrates a printing mechanism of a
page printer to which the present invention is applied.
A paper feed device is detachably mounted on an upper
portion of a page printer body 2, and is provided with
stackers 3, 5 for stacking printing paper P, P' of two
dissimilar sizes and with pick-up rollers 7, 9 for
taking the printing paper sheet by sheet from the
stackers 3 and 5 respectively. The printing paper is’
fed from a paper'exit port 11 of the paper feed device 1
to a paper feed port 13 of the printer body 2.

Under the paper feed port 13, there is disposed a
paper detector 15, which detects whether a sheet of
paper P to be printed is set or not, and under this
there is a pair of gate rollers 17 for placing the
leading edge of the sheet of paper at a predetermined
position and feeding the sheet to a printing mechanism
(described below). _ .

Downstream of the pair of gate rollers 17 is a
photosensitive drum 21, which is arranged to rotate in a
direction (shown by arrow A in Figure 1) to move the
printing paper downwards and which is in the path of a
light beam from a light beam control mechanism 19, the
light beam control mechanism 19 receiving data from a
memory as will be described later and converting it into
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the light beam. An electrostatic field generator 23, a
toner sleeve 27 of a developing device 25, a transfer
device 29, a toner recovering device 31 and an eraser 33
are all arranged about the periphery of the
photosensitive drum 21. Furthermore a fixing device 35
is arranged under the photosensitive drum 21 to fix the
toner transferred to the paper P.

Paper exit rollers are provided under the fixing
device to feed the printing paper P by way of a fixed
guide plate 37 out of the page printer through a paper
exit port 39.

When the print instruction is generated, sheets of
the printing paper P stacked in the stackers 3, 5 of the
paper feed device 1 are fed by the pick-up rollers 7, 9
to the paper feed port 13 and are held at their leading
edges by the gate rollers 17. |

Each sheet of the printing paper P is then fed
further until the paper detector 15 is actuated. In
response to a signal from the paper detector 15, the
gate rollers 17 rotate in synchronism with the
photosensitive drum 21 so that the printing paper is fed
towards the drum 21. The transfer device 29 effects the
transfer of toner by applying an electrostatic field to
the printing paper such that toner on the surface of the
photosensitive drum 21 is attracted by the printing
paper P. The transferred toner is caused to adhere to
the printing paper P by thermal melt adhesion as the
paper passes through the fixing device 35. ,

- After leaving the fixing device 35, the printing
paper P is guided by the fixed guide plate 37 to the
papér exit rollers 41 and is discharged out of the page
printer '
through a paper exit port 39.

Figure 2 showns schematically the data processing
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produces address data on the address bus 60, and reads the data on the data
‘bus 69 after a predeterm ned period of tine has el apsed foll ow ng such
detection, i.e., after the data is read out fromthe nmenory 57 by the
central processing unit 50. The data is produced fromthe nenory 57
to the central processing unit 50 in parallel formon the data _

6 \..

Circuitry employed with the above-mentioned page printer.

- A central processing unit 50 is designed so as to
provide continuous access to memory space in a non-
segmentation system, and is connected via a bus 51, to
a memory control circuit 52, a parallel-series converter
53, a program ROM storing a work program and a font ROM
Ss-étoring character pattern data. The central
processing unit 50 sends print data from a host
apparatus, to which it is connected via a communication
control circuit 56, to an image data write mechanism
including the light beam control mechanism 19, by way.of
the converter. _ _ '

- A one-port random access memory 57 (hereinafter
simply referred to as a memory) is éonnected to the
central processing unit 50 via the memory control
circuit 52 and provides an image processing memory
region and a work memory region.

Figure 3 illustrates one embodiment of a memory-
region dividing circuit consituting a portion of the
memory control circuit 52 and ‘including an address
select circuit 61, which defines a work memory region
and an image data processing memory region in dependence
on an output from central processing unit 50 and which
produces image data processing memory signals and work
memory signals so as to variabl% maintain a storage
capacity necessary for processing the image data. A
mediation circuit 62 determines the allotment of the
image data processing memory region and the work memory
region. Upon receipt of a sign&l from the mediation
circuit 62, a timing generator 63 generates a timing
signal that initiates access to the image data
processing memory region and the work memory region.

A register 64 stores an add address produced from
the central processing unit 50 on a data bus 69, and a
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bus 69, and the parallel-series converter circuit 53 latches the i mage data
‘bei ng produced on the data bus 69 in parallel formand converts the data
into a serial formfor transmssion to the light beamwite control
mechani sm 19 (Figure 1). At the nonment when the data is produced fromthe
menory 57 on the data bus 69 of the central processing unit 50 as descri bed
above, the parallel-series converter 53 | atches such data, w thout the need

for waiting for the transfer of data frpmthe

signal therefrom is applied to an adder circuit 65 where
the signal is added to a signal from the central processing
unit 50 on an address bus 60 for input to one terminal

66a of an address select circuit 66. The signal on the
address bus 60 is also input directly to the other

terminal 66b of the address select circuit 66. In

response to a signal from the timing generator 63, the
address select circuit 66 selects an address according

to the signal at one of its terminals, and accesses the
memory 57 based on the address that is selected.

The image data thus read out from the memory 57 is
transmitted to the data bus 69 via a data bus 70. The
data supplied to the data bus 69 is input to the
parallel-series converter 53 via a bus 71.

In this instance the memory 57 is divided into a
work memory region 90 and an image data processing
memory region- 91 as shown in Figure 4 with the image
data processing memory region 91 comprising at least
two. small memory portions 92 and 93 having storage
capacities such that no delay develops in the printing
steps in the page printer.

Figure 5 illustrates the address select circuit 61 of
Figure 3 which forms a portion of the memory control
circuit for dividing the memory 57 into regions and .
which comprises first and second memory circuits 80 and
81 provided respectively with a D-terminal connected to
the data bus 69 from the central prdcessing unit 50 and
with a C-terminal connected to input means for setting
the image data processing memory region. The memory
circuits 80, 81 are arranged to produce a signal "1,
respectively, when the data at the D-terminal and the
data at the C-terminal are in agreement with each other.

The first memory circuit 80 receives through the
C-terminal a lower limit value for the image data
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central processing unit 50, to provide data of a-serial formnecessary for
‘operating the page printer. Therefore, the data can be transferred at high
speeds fromthe print data buffer to the page printer, and the inage data
can be:‘processed at high speeds wi thout using an expensive two-port nenory.
A circuit 200 (Figure 3) carries an erasing circuit, a menmory-bus control

circuit and a masking circuit (Figure 63 and nDnltors t he nonment at which

the reading of the first

processing memory region in order to prevent the work
memory region from being destroyed, and further receives
through the D-terminal a head address for the image data
processing memory region sent from the data bus 69.

The second memory circuit 81 receives through the
C-terminal thereof an upper limit value for the image
data processing memory region in order to prevent the
work memory region from being destroyed, and receives
through the D-terminal a tail address for the image data
processing memory region sent from the data bus 69.

A first comparator circuit 82 has a P-terminal for
receiving the data from the first memory circuit 80 and
a Q-terminal for receiving the address data from the
address bus 60 of the central processing unit. The
circuit 82 produces a signal "1" when a value for the
data at the Q-terminal is greater than a value for the
data at the P-terminal (P<Q).

A second comparator circuit 83 has. a Q-terminal
for receiving the data from the second memory circuit 81
and a P-terminal for receiving the data from the address
bus 60 of the central processing unit, and produces a
signal "1" when a value for the data at the Q-terminal
becomes greater than a value for the data at the
P-terminal (P<Q).

Upon receipt of an address of the image data
pProcessing memory region set by external input means
such as a keyboard or the like, the central processing
unit 50 sends the address data to the first and second
memory circuits 80 and 81 via the data bus .69. The
first memory circuit 80 stores the head address of the
image data processing memory region and the second
memory circuit 81 stores the tail address of the image
data processing memory region. In the event that the
data input from the data bus 69 deviates from the

beginning address and the last address in the
T T This is the replacement sheel
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portion 92 of the inmage data processing nenory region 91 is finished, and
Sends either a signal "0" or a signal "1" to the first portion at the
nonent when the reading is finished. Wt hout the need for waiting
for an erase instructi fromthe central processing unit, therefore, the
data that has beconme unnecessary i s successively erased frromthe image data
processing nmenory region, i.e. the erase processing is effected at a high
speed. The central processingaunit 50 transfers the data

memory circuits 80 and 81, respectively, these

memory circuits produce signals to halt the operation of
the comparator circuits 82 and 83.

On the ‘other hand when a head and tail address are
produced within the preset limits, subsequent address
data from the address bus 60 of the central processing
unit is input to the first and second comparator
circuits 82 and 83, and is compared with the addresses
stored in the first and second memory circuits 80 and
81.

When the address data that is input is within the
range of data stored in the first and second memory
circuits 80, 81, the comparator circuits 82 and 83 each
produce the signal "1". An AND circuit 84 receives the
signals from the first and second comparator circuits 82
and 83, and produces the signal "1" to access the image
data processing memory region in the memory 57.

. On the other hand, when the address data-
transmitted on the address bus 60 lies outside the range
of data stored in the first and second memory circuits
80 and 81, at least one of the first and second
comparator circuits 82 and 83 produces the signal "0".
The AND circuit 84 then supplies the signal "O" to
access the work memory region in the memory 57.

Now, the output terminal of the AND circuit 84
branches into two leads 84a and 84b, one lead 84a being
connected directly to an image data processing memory
region access terminal of the memory 57 and the other
lead 84b being connected via an inverter 85 to a work
memory region access terminal of the memory 57.

Therefore, when the address data transmitted on
the address bus 60 signifies an address that lies within
the image data processing memory region, the AND circuit
84 produces the signal "1" which provides access to the

This Sheet Has Been Repl, This is the replaeoment sheet

it e




in the work nenory region of the first portion. Wen a

10

image data processing memory region of the memory 57.
The signal "1" is inverted by the inverter 85 to supply
a signal "0" so that no access is provided to the work
memory region.

Equally when the address iata produced on the
address bus 60 lies outside the range of data stored in
the first and second memory ciz:uits 80 and 81, at least
one of the first and second comparator circuits 82 and
83 produces the signal "0" as described earlier, and the
AND circuit 84 produces a signal "o" which is input bia
the inverter 85 to the work memory region access
terminal, thereby providing access to the work memory
region of the memory 57 and biocking access from the
image data processing memory region.

Depending upon the kind of image data to be
printed, it may become necessary to maintain in the
memory 57 an image data processzng memory reglon hav1ng
a large capacity

In such a case, if the necessary capacity is

~instructed from the external d:ta input means by means
of a head address and a tail adiress for the image data
processing memory region, the aiddress data is then
stored in the first and second memory circuits 80 and 81
in order to maintain the image data processing memory
region at the required capacity.

Upon receipt of a print data transfer request from
the light beam write control mechanism 19 (Figure 1) under
the condition where the image data processing memory
region is maintained, the central processing unit 50
provides access to the image data processing memory
region in the memory 57 via the memory control circuit
52. ‘

The parallel-series converter circuit 53 detects
the moment at which the central processing unit 50

This Shect 1 This is the replassment sheel
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12 next transfer request is produced fromthe page printer, the central
processing unit 50 enables the address select circuit 61 to designhate a
head address of the second portion 93 such that the data of .the second
portion is produced on the data bus 69. The data of parallel form.on the
data bus 69 is then converted into 11

produces address data on the address bus 60, and reads
the data on the data bus 69 after a predetermined period
of time has elapsed following such detection, i.e.,
after the data is read out from the memory 57 by the
central processing unit 50.

The data is produced from the membry 57 to the
central processing unit 50 in parallel form on the data
bus 69, and the parallel-series converter circuit 53
latches the image data being produced on the data bus 69
in parallel form and converts the data into a serial
form for transmission to the light beam write control
mechanism 19 (Figure 1). At the moment when the data is
produced from the memory 57 on the data bus 69 of the
central processing unit 50 as described above, the
parallel-series converter 53 latches such data, without
the need for waiting for the transfer of data from the
central processing unit 50, to provide data of a serial
form necessary for operating the page printer.
Therefore, the data can be transferred at high speeds
from the print data buffer to the page printer, and the
image data can be processed at high speeds without using
an expensive two-port memory.

A circuit 200 (Figure 3) carries an erasing circuit,

a memory bus control circuit and a masking circuit (Figure 6)
and monitors the moment at which the reading of the first
portion 92 of the image data processing memory region 91 is
finished, and sends either a signal "0" or a signal "1" to
the first portion at the moment when the reading is. finished.

Without the need for waiting for an erase instructi
from the central processing unit, therefore, the data that
has become unnecessary is successively erased from the
image data processing memory region, i.e. the erase
processing is effected at a high speed.

The central processing unit 50 transfers the data

in the work memory region of the first portion. When a
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data of serial formin the same manner described above, and is sent to the
page printer. As descri bed above, the data is transferred while
alternating between the two nenory portions having a snmall nmenory capacity
and, hence, the nenory capacity is saved and the nenory is efficiently

used. The idle portion of the image data processing nenory region is
used for storing charater code data fromthe host eqU|pnent “Wth the
character code data 12

next transfer request is produced from the page printer,
the central processing unit 50 enables the address
select circuit 61 to designate a head address of the
second portion 93 such that the data of the second
portion is produced on the data bus 69. The data of
parallel form on the data bus 69 is then converted into
data of serial form in the same manner described above,
and is sent to the page printer.

As described above, the data is transferred while
alternating between the two memory portions having a
small memory capacity and, hence, the memory capacity is
saved and the memory is efficiently used.

The idle portion of the image data processing
memory region"is used for storing charater code data
from the host equipment. With the character code data
being stored in the memory in advance as described
above, the printing speed can be increased without the
need for waiting for the transfer of data from the host
‘equipment. '

_ Figure 6 shows an embodiment of a masking circuit
having a group of registers generally designated 100. A
first register 101 sets a bit number for continuously
producing signals "0" from the most significant bit
towards the least significant bit in one byte of the
data stored in the work memory region of the memory 57.
A second register 102 sets the mask quantity of the left
hand side of the image data in terms of a bit number,
and a third register 103 sets the mask quantity on the
right hand side of the image data in terms of a bit
number.

By way of example, five transfer bytes are set
into the register 101, three bits representing the mask
width of the left hand side are set into the register
102 four bits representzng the mask width of the right
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being stored in the nenory in advance as descri bed above, the printing
'speed can ‘be increased without the need for waiting for the transfer of
data fromthe host equi prent. Figure 6 shows an enbodi nent of a
masking circuit having a group of registers generally designated 100. A
first register 101 sets a bit nunber for continuously producing signals "0"
fromthe nost significant bit towards the least significant bit in one byte

of the _ 13

hand side are set into the register 103, and a zero
shift quantity is set into the register 104.

A counter 106 counts the amount of data
transferred from the work memory region of the memory 57
with the byte as a unit, being set to zero in the
initial condition.

A comparator circuit 107 has a reference value
that is set to "0", and produces a signal "1" when the
count value of the counter 106 agrees with the reference
value. A first step decoder 109 is enabled when the
signal "1" is produced from the first comparator circuit
107 to generate data having a length of eight bits that
increases stepwise from the most significant bit towards
the least significant bit in accordance with the set value
of the register 102 as shown in Figure 7. When not
enabled, the first step decoder 109 may be arranged to
produce the output "11111111".

For example, in the case that a mask quantity of
"3" has been set into the register 102, the first step
decoder generates the output "00011111".

A comparator circuit 108 compares the wvalue in the
register 101 with the count value of the counter 106,
and produces the signal "1" when the two agree with each
other. If they are not in agreement, the signal "0" is
produced.

A second step decoder 110 is enabled when the
signal "1" is produced from the second comparator
circuit 108, and produces data having a length of
eight bits that increases stepwise from the least
significant bit towards the most significant bit in
accordance with the set value of the register 103 as shown
in Figure 8. When not enabled, i.e. when the count
value of the counter 106 is not in agreement with the
value in the register 101, the second step decoder 110
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data stored in the work nenory region of the nenory 57. A second register
102 sets the mask quantity of the left hand side of the imge data in terns
of a bit nunmber, and a third register 103 sets the nask quantity on the
right hand side of the inage data in ternms of a bit nunber. . By way of
exanple, five transfer bytes are set into the register 101, three bits
representing the mask width of the left hand side are set into the register

14

optionally produces the output "11111111". An AND gate
111 produces the logical product of the ocutputs from the
first step decoder 109 and the second step decoder 110,
for example in the present instance "00011111" which is
the output of the first step decoder 109.

A selector 114 receives the signal from the AND
gate 111 and transmits an output from an AND operation
unit 113 for each bit position in which the signal from
the AND gate 111 is a "1", and causes a signal
representing image data stored in the register 105 to be
produced in respect of each bit position which displays
the signal "0". 1In this instance therefore, since the
AND gate 111 produces the signal "00011111", the
selector 114 produces the data stored in the register
105 for the most significant three bits and produces a
signal from the AND operation unit 113 for the least
significant five bits. -

As the first byte is thus processed and the data
of a second byte is then input, the counter 106 is
incremented by 1. Therefore, the first and second
comparator circuits 107 and 108 both produce the signals
"O0". Both the first and second step decoders 109 and
110 thus become inoperative and produce the output
"11111111". The AND gate 111 produces the signal "1"
for every bit and the selector 114 selects the output of
‘the AND operation circuit 113 and supplies it to the
image data processing memory region of the memory 57.
When the processing is finished for the second byte, the
counter 106 is again incremented by 1, and the above-
mentioned steps are repeated. '

The first and second comparator circuits 107 and
108 produce the signal "0" up to the fifth byte, and the
selector 114 transmits the signal of the AND operation
circuit 113, i.e. produces the signal of the data bus
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102, four bits representing the mask width of the right

15

69. Since the data of the data bus 69 is produced
directly from the second byte to the fifth byte, no
masking takes place.

After the processing up to the fifth byte is
completed, the count value of the counter 106 becomes
"S" which accords with the set value of the register
101, and the second comparator circuit 108 produces the
signal "0". The second step decoder 110 produces a mask
pattern "11111100" selected according to the set value
of the register 103. The selector 114 selectively
produces the data from the data bus 69 for the most
significant six bits, and selectively produces the data
from the register 105 for the least significant two
bits.

As a result of such processing, the data for one
line is converted as described below. Namely, the first
byte is converted into "10101011" (AB in hexadecimal
notation) and "00001011" (OB in hexadecimal notation).
The second byte "11001101" (CD in hexadecimal notationm),
and the third byte "11101111" (EF in hexadecimal
notation), the fourth byte "00000001" (01 in hexadecimal
notation), and the fifth byte "00100011" (23 in
hexadecimal notation) are not converted. The sixth byte
"01000101" (45 in hexadecimal notation) is converted
into "01000000".

That is, a blank of three bits is formed at the
right and left hand sides. The above-mentioned
operation is hereinafter repeated a requlred line number
of times.

Then, the data can be written to the image data
processing memory region simultaneously with the reading
of data from the work memory region of the memory 57
while executing the masking. Therefore, no extra
working time is required by the central processing unit,

' et
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13 hand side are set into the register 103, and a zero shift quantity is
set into the register 104. A counter 106 counts the anobunt of data
transferred fromthe work nenory region of the menory 57 with the byte as a
being set to zero in the

unit,

This Sheet
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and the masking processing and the data transfer are
carried out at high speeds.

As described above, the present invention .
comprises a central processing unit for processing the
print data, a one-port random access memory which
constitutes a main memory unit of said central
processing unit, first and second memory means that
store data representing a head address and a tail
address via a data bus of said central processing unit,
first and second comparator means that compare the head
address data and the tail address data stored in said
first and second memory means with address data from an
address bus, and means for providing access either to a
first memory region specified by said head address and
said tail address or to any other memory region in
response to a signal from said comparator means.

Therefore, a cheap one-port memory is not required
and, further, the work memory region and the image data
processing memory region are constituted by a common
memory. Namely, the same memory can be flexibly used
for the work memory region and the image data processing
memory region, and can hence be used efficiently.

Furthermore, the present invention is conveniently
equipped with means for transmitting data from the data
bus to image data conversion means in synchronism with -
the image data read signals from the central processing
unit. Therefore, the image data is sent to the image
data coversion means from the central processing unit
without passing through write steps, and the image data
can be read at high speeds.

il
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initial condition. A conparator circuit 107 has a reference val ue
that is set to "0", and produces a signal "1" when the count value of the
counter 106 agrees with tThe reference value. A first step decoder 109 is
enabl ed m" "1" is produced fromthe first conparator circuit
107 to ”uﬂmuﬁl’mﬁm. ng a length of eight bits that increases stepw se
fromthe* ndfst tsigni ficant bit towards the least significant bit in
accordance with the set val ue 17

CLAIMS

(1) A memory device for a page printer comprising a
central processing unit (50) for processing the print
data and characterised by a main memory (57), first and
second memory means (80, 81) for storing data
representing a head address and a tail address received
via a data bus (69) of said central processing unit,
first and second comparator means (82, 83) for comparing
the head address data and the tail address data stored
in said first and second memory means with address data
received via an address bus (60) of said central
processing unit, and means (84, 85) for accessing either
a first memory region (91) of the main mémory specified
by said head address and said tail address or another
memory region (90) of the main memory in response to a
signal from said comparator means .

(2) A memory device according to claim 1, further
characterised by means for transmitting data from the
data bus to image data conversion means (53) in response
to image data read signals from said central processing
unit.

(3) A memory device according to claim 1 or 2,
characterised in that the main memory is a one-port
random access memory.
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of the register 102 as shown in Figure 7. Wien not enabled, the first step
. decoder 109 may be arranged .to produce the output "11111111". For
exanple, in the case that a mask quantity of "3" has been set into the
regi ster 102, the first step decoder generates the output "00011111".

A conparator circuit 108 conpares the value in the register 101 with the
count value of the counter 106, and gy oduces the signal "1" when the two
agree with each .

ABSTRACT

MEMORY DEVICE FOR A PAGE PRINTER

A memory device for a page printer comprises a central
processing unit (50) for processing print data, and a
main memory (57) which is divided into a work memory
region (90) and an image data procession memory region
(91). First and second memories (80, 81) store data
representing head and tail addresses received via a data
bus (69) of the central processing unit. First and
second comparator circuits (82, 83) compare the head and

. tail address data stored in the first and second
memories with address data received via an address bus
(60) of the cental processing unit for specifying either
the work memory region or the image data processing
region.

Figure 5.
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other. If they are not in agreenment, the signal "0" is produced. A
.second step decoder 110 is enabled when the signal "1" is produced fromthe
second conparator circuit 108, and produces data having a | ength of eight
bits that increases stepwise fromthe |east significant bit towards the
nost significant bit in accordance m{tg t he set value of the register 103
as shown in Figure 8. Wen not enabl &d; 7.e. when the count
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value of the counter 106 is not in agreenment with the value in the register
101, the second step decoder 110
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14 optionally produces the output "11111111". An AND gate 111 produces
.the logical product of the outputs fromthe first step decoder 109 and the
second step decoder 110, for exanple in the present instance "00011111"
which is -
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the output of the first step decoder 109. A sel ector 114 receives the
signal fromthe AND gate 111 and transmits an output froman AND operation
unit 113 for each bit position in which the signal fromthe AND gate 111 is
a "1", and causes a signal representing inage data stored in the register
105 to be produced in respect of each Qgt posi tion which displays the

signal "0". In this instance therefore,’ since the AND gate 111 produces the
signal "00011111", the
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sel ector 114 produces the data stored in the register 105 for the nost
significant three bits and produces a signal fromthe AND operation unit
113 for the least significant five bits. As the first byte is thus
processed and the data of a second byte is then input, the counter 106 is
incremented by 1. Therefore, the first and second conparator circuits 107
and 108 both produce the signals "0". Both the first and second step

decoders 109 and -5 -
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110 thus becone inoperative and produce the output "11111111". The AND gate
111 produces the signal "1" for every bit and the selector 114 selects the
output of the AND operation circuit 113 and supplies it to the inage data
processing nenory region of the memory 57. When the processing is finished
for the second byte, the counter 106 isgagain increnented by 1, and the

above- nentioned steps are repeated. . The first and second conpar at or
circuits 107 and
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108 produce the signal "0" up to the fifth byte, and the selector 114
transmts the signal of the AND operation circuit 113, i.e. produces the
signal of the data bus
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15° 69. Since the data of the data bus 69 is produced directly fromthe
Second byte to the fifth byte, no masking takes place.

. 1. ' parallel-
A = series
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the counter 106 becones "5" which accords wg ¥
regi stef 101, and the second conparator cir¢yp

"0".tThe second step decoder 110 produces af
sel ected according to the set value of the r
sel ectively produces the data fromthe data
six bits, and selectively produces the data

MEMDRY DEVICE FOR A PAGE PRINTER

The present -invention relates to a.prlnter
device of the kind that forms print by _
scannlng a photosensitive drum with a light beam
modulated with print data. | '

A conventional page printer forms print based on the
principle of xerography, (Xerox is a trade mark) and is
capable of printing not only characters but also
figures whilst maintaining a very high quality. 1In
order to print a mixture of characters and figures on
the same page, the data for printing the characters and
the data for printing the images must be combined
together. -

For this purpose, the conventional page printer
comprises, as shown in Figure 10, a central processing
unit a which operates according to a control program, a
program ROM b which stores a program for controlling the
printing steps, a font ROM ¢ which stores character
pattern data, a work memory e connected to the central
processing unit via a memory control circuit 4, and a
two-port memory f£f which stores image data and which
processes the print data taking each bit as a unit.

- When the image data is stored in the image data
memory £, the character pattern data is read from the
font ROM ¢ by'the central processing unit a and is sent
toc the image data memory, where the image data and the
character pattern data are superposed upon each other at
high speeds. Further, the image data memory £ is
capable of processing the data with a bit as a unit, and
can shift the print data formed in the image data memory
to adjust the printing position finely and at high

o
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fromthe register 105 for the least significant two bits. As a result
of such processing, the data for one line is converted as descri bed bel ow.
Nanely, ‘the first byte is converted into "10101011" (AB i n hexadeci nal

not ati on) and "00001011" (OB in hexadeci mal notation). The second byte
"11001101" (CD in hexadeci mal notation), apd the third byte "11101111" (EF
I n hexadeci mal notation), the fourth byte“ 00000001" (01 in hexadeci nal

speeds. |

| Although various processing for the print data can be achieved, the image data-
memory must be a two port memory having an input port and an output port independent
of one another. Such a memory is ex'pensive, which increases the overall cost of the
device. |

Further, the work memory is a one-port memory and is of a different type from
the image data memory. Hence, the two memories must be handled as independent
memories, and idle capacities cannot be shared between thém, which diminishes their
utilization and their efficiency.

The page printer forms images using very small dots, enabling some of the print
data to be picked up and copied elsewhere.

Such a copying process requires a form of processing which prevents the data to
be copied from being affected by the data already present in the region where the copy is
to be made. Since the processing is carried out by means of software using a central
processing unit,. an extended period of time is required for the copying process, and so
the high-speed printing performance of the page printer is not utilised.

US 4573119 discloses a digital computing system with a central processing unit
(CPU) and random access memory (RAM). An operation code detector detects a 'unique
operation code stored in the RAM and fetched by the CPU, and puts out a signal when
the unique operation code is detected. An address latch stores a high and a low digital
boundary address put out by the CPU when the address-latch is enabled by the signal |
from the operation code detector. An address coxﬁparator compares digital address
subsequently put out by the CPU with the stored boundary address and puts out a signal
as the result of the comparison. The address comparator signal controls a switch which
enables or disables an address transformer and a bi-directional data transformer.

The present invention provides a printer device including a memory and a central

processing unit for processing the print data said printed device being characterised by a main
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notation), and the fifth byte "00100011" (23 in hexadeci mal notation) are
not converted. The sixth byte "01000101" (45 in hexadeci mal notation) is

converted into "01000000". That is, a blank of three bits is forned
at the right and I eft hand sides. The abgve-nentioned operation is
hereinafter repeated a required line nu r of tines. Then, the data

can be witten to the inmage data

memory, consisting of a first memory region and another memory region, first and second
memory means for storing data representing a head address and a tail address received via
a data bus of said central processing unit, first and second comparator means for
comparing the head address data and the tail address data stored in said first and second
memory means with address data received via an address bus of said central processing
unit, and means for accessing either said first memory region of the main memory
specified by said head address and said tail address, the first memory region being an
image data processing memory region, or said other memory region of the main memory,
said other memory region being a work memory region in response to a signal from said
comparator means, wherein access to the other memory region is blocked when said first
memory region is accessed, and access to the first memory region is blocked when said

other memory region is accessed.
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processing nenory region sinultaneously with the reading of data fromthe
work nmenory region of the nenory 57 while executing the masking. Therefore,
no extra working time is required by the central processing unit,

P ' 3

‘A single one-port random access memory may be
employed for the main memory.

Thus, both a work memory and an image data
processing memory may be provided by dividing the same
memory into two memory regions.

The same one-port random access memory may
therefore be divided into a work memory region and an
image data processing memory region, the data from the
work region being transferred to the image data
processing memory region in use. Thus the memory may
be divided depending upon the print data, and may be
effectively utilized. '

Advantageously, such a memory device processes the
data to be transferred with a bit as a unit in order to
carry out high-speed processing.

The present invention will be described further,
by way of example with reference to the accompanyihg
drawings, in which:-

Figure 1 is a diagram illustrating the contruction
of a page printer to which the present invention is
applied; |

Figure 2 is a block diagram illustrating a memory
device according to the present invention;

‘Figure 3 is a block diagram illustrating one
embodiement of a memory controller of the above memory
device; '

Figure 4 is a schematic diagram illustrating the
structure of a memory of the above memory device;

Figure 5 is a block diagram illustrating one
embodiment of a circuit for effecting division of the
memory into a work memory region and an image data
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16 and the maski ng processing and the data transfer are carried out at

hi gh speeds.
expensi ve dual

As described above, in the present invention an
ported nenory is not required,. a cheap one port nenory can

be used instead, and, further, the work

4

processing ﬁemory region;

Figure 6 is a block diagram illustrating one
embodiment of a masking circuit of the above memory
device; -

Figures 7 and 8 are tables for data produced from
step decoders of the masking circuit;

Figure 9 is a timing chart for explaining the
operation of the device; and

Figure 10 is a block diagram illustrating a
conventional image processor for a page printer.

Figure 1 illustrates a printing mechanism of a
page printer'to which the present invention is applied.
A paper feed device is detachably mounted on an upper
portion of a page printer body 2, and is provided with
stackers 3, 5 for stacking printing paper P, P' of two
dissimilar sizes and with pick~up rollers 7, 9 for
taking the printing paper sheet by sheet from the
stackers 3 and 5 respectively. The printing paper is
fed from a paper exit port 11 of the paper feed device 1
to a paper feed port 13 of the printer body 2.

Under the paper feed port 13, there is disposed a
paper detector 15, which detects whether a sheet of
paper P to be printed is set or not, and under this
there is a pair of gate rollers 17 for placing the
leading edge of the sheet of paper at a predetermined
position and feeding the sheet to a printing mechanism
(described bélow).

Downstream of the pair of gate rollers 17 is a
photosensitive drum 21, which is arranged to rotate in a
direction (shown by arrow A in Figure 1) to move the
printing paper downwards and which is in the path of a
light beam from a light beam control mechanism 19, the
light beam control mechanism 19 receiving data from a
memory as will be described later and converting it into
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menory region and the image data processing nenory region are constituted
by a compon nmenory. Nanely, the same nmenory can be flexibly used for the
work menory region and the inmage data processing nemory region, and can
hence” be used efficiently. Furthernore, the present invention is
conveni ently equi pped with neans for tramsmtting data fromthe data bus to
i mage data conversion neans in synchronismwth the i mge data read signals
fromthe central processing unit. Therefore, the inage data is sent to the
i mge data corcher diightnibean.f r an tdlectedstat v dield yenerdator t2duta

passing througl w169 «3heP%7 3 o HevdTadi i idevide b | ¢ Aindi gl speeds.
device 29, a toner recovering device 31 and an eraser 33
are all arranged about the periphery of the
photosensitive drum 21. Furthermore a fixing device 35
is arranged under the photosensitive drum 21 to fix the
toner transferred to the paper P.

Paper exit rollers are provided under the fixing
device to feed the printing paper P by way of a fixed
guide plate 37 out of the page printer through a paper
exit port 39.

When the print instruction is generated sheets of
the printing paper P stacked in the stackers 3, 5 of the
paper feed device 1 are fed by the pick-up rollers 7, 9
to the paper feed port 13 and are held at their leading
edges by the gate rollers 17.

Each sheet of the printing paper P is then fed
further until the paper detector 15 is actuated. 1In
response to a signal from the paper detector 15, the
gate rollers 17 rotate in synchronism with the
photosensitive drum 21 so that the printing paper is fed
towards the drum 21. The transfer device 29 effects the
transfer of toner by applying an electrostatic field to
the printing paper such that toner on the surface of the
photosensitive drum 21 is attracted by the printing
paper P. The transferred toner is caused to adhere to
the printing paper P by thermal melt adhesion as the
paper passes through the fixing device 35.

- After leaving the fixing device 35, the prlntlng
paper P is guided by the fixed gu;de plate 37 to the
paper exit rollers 41 and is discharged out of the page
printer
through a paper exit port 39.

Figure 2 showns schematically the data processing
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6

circuitry employed with the above-mentioned page printer.

A central processing unit 50 is designed so as to
provide'continuous access to memory space in a non-
segmentation system, and is connected via a bus 51, to
a memory control circuit 52, a parallel-series converter
53, a program ROM 54 storing a work program .and a font ROM
55 storing character pattern data. The central
processing unit 50 sends print data from a host
apparatus, to which it is connected via a communication
control circuit 56, to an image data write mechanism
including thé light beam control mechanism 19, by way of
the converter.

A one-port random access memory 57 (hereinafter
simply referred to as a memory) is connected to the
central processing unit 50 via the memory control
circuit 52 and provides an image processing memory
region and a work memory region.

Figure 3 illustrates one embodiment of a memory?
region dividing circuit consituting a portion of the
memory control circuit 52 and including an address
select circuit 61, which defines a work memory region
and an image data processing memory region in dependence
on an output from central processing unit 50 and which
produces image data processing memory signals and work
‘memory signals so as to variably maintain a storage
capacity necessary for-processing'the image data. A
mediation circuit 62 determines the allotment of the
image data processing memory region and the work memory
region. Upon receipt of a signal from the mediation
circuit 62, a timing generator 63 generates a timing
signal that initiates access to the image data
processing memory region and the work memory region.

A register 64 stores an add address produced from
the central processing unit 50 on a data bus 69, and a
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CLAI MS: 1. A printer device including a nenory and a central
processing unit (50) for processing the print data said printer device
bei ng characterised by a main nenory (57),

7

signal therefrom is applied to an adder circuit 65 where the signal is added to a signal
.from the central processing unit 50 on an address bus 60 for input to one terminal 66a of

 an address select cir¢uit 66. The signal on the address bus 60 is also input directly to the
other terminal 66b of the address select circuit 66. In respbnse to a signal from the
timing generator 63, the address select circuit 66 selects an address according to the
signal at one of its terminals, and accesses the memory 57 based on the address that is
selected.

The image 'data thus read out from the memory 57 is transmitted to the data bus
69 via a data bus 70. The data supplied to the data bus 69 is input to the parallel-series
converter 53 via a bus 71.

In this instance the memory 57 is divided into a work memory region 90 and an
image data processing memory region 91 as shown in Figure 4 with the image data
processing memory regibn 91 comprising at least two small memory portions 92 and 93
having storage capacities such that no delay develops in the printing steps in the page |
printer.

Figure 5 illustrates the address select circuit 61 of Figure 3 which forms a portion
of the memory control circuit for dividing the memory 57 into regions and which
comprises first and second memory circuits 80 and 81 provided with a D-terminal
connected to the data bus 69 from the central processing unit 50 and with a C-terminal.

The first memory circuit 80 receives through the D-terminal a head address for
the image data processing memory region sent from the data bus 69.

The second memory circuit 81 received through the D-terminal a tail address for
the image data prooessing memory region sent from the data bus 69.

A first comparator circuit 82 has a P-terminal for receiving the data from the first
memory circuit 80 and a Q-terminal for receiving the address data from the address bus
60 of the central processing unit. The circuit 82 produées a signal "1" when a value for
the data at the Q-terminal is greater than a value for the data at the P-terminal (P <Q).

This is the replacement shee!
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consisting of a first menmory region (91) and another nenory region (90),
first and second nenory neans (80, 81) for storing data representing a
head address and a tail address received via a data bus (69) of said
cent;ral processing unit (50), first and second conparator neans (82, 83)
for conparing the head address data and tshe tail address data

A second comparator circuit 83 has a Q-terminal for receiving the data from the
second memory circuit 81 and a P-terminal for receiving the data from the address bus
60 of the central processing unit, and produces a signal "1" when a value for the data at
the Q-términal becomes greater than a value for the data at the P-terminal (P <Q).

Upon receipt of an address of the image dé.ta processing memory region set by
external input means such as a keyboard or the like, the central processing unit 50 sends
the address data to the first and second memory circuits 80 and 81 via the data bus 69.
The first memory circuit 80 stores the head address of the image data processing memory
region and the second memory circuit 81 stores the tail address of the image data
processing memory region.

Address data from the address bus 60 of the central processing unit is input to the
first and second comparator circuits 82 and 83, and is compared with the addresses
stored in the first and second memory circuits 80 and 81.

When the address data that is input is within the range of data stored in the first
and second memory circuits 80, 81, the comparator circuits 82 and 83 each produce the
signal "1". An AND circuit 84 receives the signals from the first and second comparator
ciréuits 82 and 83, and produces the signal "1" to access the image data processing
memory region in the memory 57.

On the other hand, when the address data transmitted on the address bus 60 lies
outside the range of data stored in 'th_e first and second memory circuits 80 and 81, at
leaét one of the first and second comparator circuits 82 and 83 produces the signal "0".
The AND circuit 84 then supplies the signal "0" to access the work memory region in

~ the memory 57.

Now, the output terminal of the AND circuit 84 branches into two leads 84a and
84b, one lead 84a being connected directly to an image data processing memory region
access terminal of the memory 57 aﬁd the other lead 84b being connected via an inverter

85 to a work memory region access terminal of the memory 57.
This is the replacement shest
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stored in said first and second nenory neans with address data received via
an address bus (60) of said central processing unit, and neans (84, 85)
for accéssing either said first nenory region (91) of the main nenory
speci fied by said head address and said tail address, said first menory
region (91) being an inmage data processing nenory region, or said other
menory region (90) of the main nenory (57), said other nenory region being

Therefore, when the address data transmitted on the address bus 60 signifies an
" address that_lies within the image data processing memory region, the AND circuit 84

produces the signal "1" which provides access to the

3ot
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a work menory region, in response to a signal from said conparator neans,
wherein ,access to the other nmenory region (90) is bl ocked when said first
menory region (91) is accessed, and access to the first nenory region (91)
i s bl'ocked when said other nmenory region (90) is accessed.

10

image data processing memory region of the memory 57.
The signal "1" is inverted by the inverter 85 to supply
a signal "0" so that no access is provided to the work
memory region.

Equally when the address data produced on the
address bus 60 lies outside the range of data stored in
the first and second memory circuits 80 and 81, at least
one of the first and second comparator circuits 82 and
83 produces the signal "0" as described earlier, and the
AND circuit 84 produces a signal "0" which is inputvia
the inverter 85 to the work memory region access
terminal, thereby providing access to the work memory
region of the memory 57 and blocking access from the
image data processing memory region.

Depending upon the kind of image data to be
printed, it may become necessary to maintain in the
memory 57 an image data processing memory region having
a large capacity. -

In such a case, if the necessary capacity is
instructed from the external data input means by means
of a head address and a tail address for the image data
processing memory region, the address data is then
stored in the first and second memory circuits 80 and 81
in order to maintain the image data processing memory
region at the required capacity.

Upon receipt of a print data transfer request from
the light beam write control mechanism 19 (Figure 1) under
the condition where the image data processing memory
region is maintéined, the central processing unit 50
provides access to the image data processing memory
region in the memory 57 via the memory control circuit
52.

The parallel-series converter circuit 53 detects
the moment at which the central processing unit 50
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2. A printer device according to claim 1, further characterised by
means for transmtting data fromthe data bus (69) to image data
conversion neans (53) in response to inage data read signals fromsaid
central processing unit (50). 3. A printer device according to claim1
or 2, characterised in that the main nenoty

produces address data on the address bus 60, and reads
the data on the data bus 69 after a predetermined period
of time has elapsed following such detection, i.e.,
after ihe data is read out from the memory 57 by the
central processing unit 50.

The data is produced from the memory 57 to the
central processing unit 50 in parallel form on the data
bus 69, and the parallel-series converter circuit 353
latches the image data being produced on the data bus 69
in parallel form and converts the data into a serial
form for transmission to the light beam write control
mechanism 19 (Figure 1). At the moment when the data is
produced from the memory 57 on the data bus 69 of the
central processing unit 50 as described above, the
parallel-series converter 53 latches such data, without
the need for waiting for the transfer of data from the
central processing unit 50, to provide data of a serial
form necessary for operating the page printer.
Therefore, the data can be transferred at high speeds
from the print data buffer to the page printer, and the
iﬁage data can be processed at high speeds without using

- an expensive two-port memory.

A circuit 200 (Figure 3) carries an erasing circuit,
a memory bus control circuit and a masking circuit (Figure 6)
and monitors the moment at which the reading of the first
portion 92 of the image data processing memory region 91 is
finished, and sends either a signal "0" or a signal "1" to
the first portion at the moment when the reading is. finished.
' Without the need for waiting for an erase instructi
from the central processing unit, therefore, the data that
has become unnécessary is successively erased from the
image data processing memory region, i.e. the erase
processing is effected at a high speed.
The central processing unit 50 transfers the data
in the work memory region of the first portion. When a
This is the replacement sheet
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IS a one-port random access nenory.

12

next transfer request is produced from the page printer,
the central processing unit 50 enables the address
select circuit 61 to designate a head address of the
second portion 93 such that the data of the second
portion is produced on the data bus 69. The data of
parallel form on the data bus 69 is then converted into
data of serial form in the same manner described above,
and is sent to the page printer.

As described above, the data is transferred while
alternating between the two memory portions having a
small memory capacity and, hence, the memory capacity is
saved and the memory is efficiently used.

The idle portion of the image data processing
memory region is used for storing charater code data
from the host equipment. With the character code data
being stored in the memory in advance as described
above, the printing speed can be increased without the
need for waiting for the transfer of data from the host
equipment. -

Figure 6 shows an embodiment of a masking circuit
having a group of registers generally designated 100. A
first register 101 sets a bit number for continuously . |
producing signals "0" from the most significant bit
towards the least significant bit in one byte of the
data stored in the work memory region of the memory 57.
A second register 102 sets the mask quantity of the left
‘hand side of the image data in terms of a bit number,
and a third register 103 sets the mask quantity on the
right hand side of the image data in terms of a bit
number. _ -

By way of example, five transfer bytes are set
into the register 101, three bits representing the mask
width of the left hand side are set into the register
102, four bits representing the mask width of the right
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4. A printer device as clainmed in any precedi ng claimwherein the inmge
data "conversion neans (53) conprises a parallel series converter neans
(53) and characterised

i3

hand side are set into the registef 103, and a zero
shift quantity is set into the register 104.

.A counter 106 counts the amount of data
transferred from the work memory region of the memory 57
with the byte as a unit, being set to zero in the
initial condition. | .

A comparator circuit 107 has a reference value
that is set to "0", and produces a signal "1" when the
count value of the counter 106 agrees with the reference
value. A first step decoder 109 is enabled when the
signal "1" is produced from the first comparator circuit
107 to generate data having a length of eight bits that
increases stepwise from the most significant bit towards
the least significant bit in accordance with the set value
of the register 102 as shown in Figure 7. When not
enabled, the first step decoder 109 may be arranged to
produce the output "11111111".

For example, in the case that a mask quantity of
"3" has been set into the register 102, the first step
decoder generates the output "00011111".

A comparator circuit 108 compares the value in the
register 101 with the count value of the counter 106,
and produces the signal "1" when the two agree with each
‘other. If they are not in agreement, the signal "0" is
produced. -

A second step decoder 110 is enabled when the
signal "1" is produced from the second comparator
circuit 108, and produces data having a length of
eight bits that increases stepwise from the least
significant bit towards the most significant bit in
accordance with the set value of the register 103 as shown
in Figure 8. When not enabled, i.e. when the count
value of the counter 106 is not in agreement with the
value in the register 101, the second step decoder 110
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by a light beamwite control mechanism (19) arranged to receive data from
the main menmory via the parallel series converter means (53) 5. A
printer device as clainmed in any preceding claimcharacterised in that the
| mage data processing reglon (91) conprises at |east two nmenory portions
(92 and 93).

14

optionally produces the output "11111111". An AND gate
111 produces the logical product of the outputs from the
first'Step decoder 109 and the second step decoder 110,
for example in the present instance "00011111" which is
the output of the first step decoder 1069.

A selector 114 receives the signal from the AND
gate 111 and transmits an output from an AND operation
unit 113 for each bit positien in which the signal from
the AND gate_lil is a "1", and causes a signal
representing image data stored in the register 105 to be
produced in_tespect of each bit position which displays
the signal "0". 1In this instance therefore, since the
AND gate 111 produces the signal "00011111", the
selector 114 produces the data stored in the register
105 for the most significant three bits and produces a
signal from the AND operation unit 113 for the least
significant five bits.

As the first byte is thus processed and the data
of a second byte is then input, the counter 106 is
incremented by 1. Therefore, the first and second
comparator circuits 107 and 108 both produce the signals
"0". 3Both the first and second step decoders 109 and
110 thus become inoperative and produce the output
"11111111". The AND gate 111 produces the signal "1"
for every bit and the selector 114 selects the output of
the AND operation circuit 113 and supplies it to the
image data processing memory region of the memory 57.
When the processing is finished for the second byte, the
counter 106 is again incremented by 1, and the above-
mentioned steps are repeated.

The first and second comparator circuits 107 and -
108 produce the signal "0" up to the fifth byte, and the
selector 114 transmits the signal of the AND operation
circuit 113, i.e. produces the signal of the data bus

iy
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6. A printer device as clained in claim4 or 5 characterised in that a

| arge capacity

i mage data processing nenory is naintained in the nenory

(57) by nmeans of address data stored in first and second nenory circuits

(80, 81).

7.

A printer device as clainmed in claim6 characterised in

that the parallel series

15

69. Since the data of the data bus 69 is produced
directly from the second byte to the fifth byte, no
masking takes place.

After the processing up to the fifth byte is
completed, the count value of the counter 106 becomes
"5" which accords with the set value of the register
101, and the second comparator circuit 108 produces the
signal "0". The second step decoder 110 produces a mask
pattern "11111100" selected according to the set value

" of the register 103. The selector 114 selectively

produces the data from the data bus 69 for the most
significant six bits, and selectively produces the data
from the register 105 for the least significant two
bits.

As a result of such processing, the data for one
line is converted as described below. Namely, the first
byte is converted into "10101011" (AB in hexadecimal

notation) and "00001011" (OB in hexadecimal notation).

The second byte "11001101" (CD in hexadecimal notation),
and the third byte "11101111" (EF in hexadecimal
notation), the fourth byte "00000001" (01 in hexadecimal
notation), and the fifth byte "00100011" (23 in
hexadecimal notation) are not converted. The sixth byte
"01000101" (45 in hexadecimal notation) is converted
into "01000000".

That is, a blank of three bits is formed at the
right and left hand sides. The above-mentioned
operation is hereinafter repeated a required line number
of times.

Then, the data can be written to the image data
processing memory region simultaneously with the reading
of data from the work memory region of the memory 57

‘while executing the masking. Therefore, no extra

working time is required by the central processing unit,

This is the replacement sheet

14 JaN m

Date:



converter circuit (53) is arranged to detect when the central processing
unit (50) produces address data on the address bus (60), and is arranged
to read data on the data bus (69), at a predetermned interval after the
data’is read out fromthe nenory by the Egntral processing unit (50).

and the masking processing and the data transfer are carried out at high speeds.

As 'described above, in the present invention an expensive dual ported memory is
not required, a cheap one port memory can be used instead, and, further, the work
memory region and the image data processing memory region are constituted by a common
memory. Namely, the same merhory can be flexibly used for the work memory region and
the image data processing memory region, and can hence be used efﬁciently.- _

Furthermore, the present invention is conveniently equipped with means for
transmitting data from the data bus to image data conversion means in synchronism with
the image data read signals from the central processing unit. Therefore, the image data is
sent to the image data conversion means from the central processing unit without passing

through write steps, and the image data can be read at high speeds.
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CLAIMS:

1. A prihter device including a memory and a central processing unit (50) for
processing the print data said printer device being characterised by a main memory (57),
consisting of a first memory region (91) and another memory region (90), first and second
memory means (80, 81) for storing data representing a head address and a tail address
received via a data bus (69) of said central processing unit (50), first and second
comparator means (82, 83) for comparing the head address data and the tail address data
stored in said first and second memory means with address data received via an address
bus (60) of said central processing unit, and means (84, 85) for accessing either said first
memory region (91) of the main memory specified by said head address and said tail
address, said first memory region (91) being an image data brqcessing memory region, or
said other memory region (90) of the main memory (57), said other memory region being
a work memory region, in response to a signal from said comparator means, wherein
access to the other memory region (90) is blocked when said first memory region (91) is
accessed, and access to-the first memory region (91) is blocked when said other memory

_region (90) is accessed.

2. A printer device according to claim 1, further characterised by means for
transmitﬁng data from the data bus (69) to image dat_a conversion means (53) in response

to image data read signals from said central processing unit (50).

3. A printer device according to claim 1 or 2, characterised in that the main memory

is a one-port random access memory.
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4, A printer device as claimed in any preceding claim wherein the image data
conversion means (53) comprises a parallel series converter means (53) and characterised
by a light beam write control mechanism (19) arranged to receive data from the main

memory via the parallel series converter means (53)

5. A printer device as claimed in any preceding claim characterised in that the image -

data processing region (91) comprises at least two memory portions (92 and 93).

6. A printer device as claimed in claim 4 or 5 characterised in that a large capacity
image data processing memory is maintained in the memory (57) by means of address
data stored in first and second memory circuits (80, 81).

7. A printer device as claimed in claim 6 characterised in that the parallel series
converter circuit (53) is arranged to detect when the central processing unit (50) produces
address data on the address bus (60), and is arranged to read data on the data bus (69), at
a predetermined interval after the data is read out from the memory by the central |

processing unit (50).
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ABSTRACT

MEMORY DEVICE FOR A PAGE PRINTER

A memory device for a page printer comprises a central
processing unit (50) for prodessing-print data, and a
main memory (57) which is divided into a work memory
region (90) and an image data procession memory region
(91). Pirst and second memories (80, 81) store data
representing head and tail addresses received via a data
bus (69) of the central proceSsing unit. First and
second comparator circuits (82, 83) compare the head and
- tail address data stored in the first and second
memories with address data received via an address bus
(60) of the cental processing unit for specifying either
the work memory region or the image data processing
region.

Figure 5.
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