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This invention relates to ink jet printing
systems, and in particular, such systems which employ a
5 controller for controlling multiple printheads which are
spaced for printing on moving surfaces such as on cartons
or boxes being fed forward by a conveyor.
Ink jet printing systems include a plurality of
ink jet printheads, each having a matrix of ink jets.

10 Each ink jet has a nozzle constituting a valve seat at
its outlet end, the seat having an orifice for injectiom
of drops of ink. A solenoid actuated valve member
engages and disengages from the seat to close and open
the orifice. A controller for each printhead including a

15 microprocessor, processes data for actuating .the
solenoids to print messages and to store data. In the
past, such controllers communicated with each printhead
via a separate cable for each printhead which directly
connected the controller to each printhead. In addition,

20 such controllers employed a ASCII data format in which
parallel data was provided to each of the printheads.
This required a large amount of cabling and required each
printhead to print a separate line of text informationm.
There is a need for an ink jet printing system which

25 reduces the amount of cabling between the controller and
the printheads and which communicates with the printheads
via a serial data format. There is also a need for the
ability for such a system to allow one printhead to print
more than one line of text or to configure the system

30 such that a text line can span across more than one
printhead.

Summary of the Invention
It is an object of this invention to provide an
ink jet printer system which is low cost and flexible.
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printheads may be serially connected. It is another
object of this invention to provide an ink jet printer
system which distributes power as well as data in a
serial manner reducing the number of power cables which
aré necessary. It is another object of this inventiom to
provide an ink jet printer system which employs
printheads that can print more than one text line at a
time or which allows a text line to span across more than
one printhead without employing custom fonts. It is
another object of this invention to provide an ink jet
printer system having a controller which provides data in
a bit map format to its printheads.

In one form, the invention comprises a system
for ink jet printing of messages on articles being fed
forward one after another in a predetermined path. A
terminal including a keyboard is used for entering
message data representative of the messages. A
controller interconnected with the terminal processes the
message data received from the terminal and stores the
message data for the messages. The controller has an
output port for providing output data representative of
the messages. First and second serially connected ink
jet printheads are positioned adjacent the path to print
the messages on the articles in response to the output
data. A first interconnecting cable connects the output
port of the controller to the first printhead for
providing the output data to the first printhead. A
second interconnecting cable connects the first printhead
to the second printhead for providing to the second
printhead at least some of the output data provided to
the first printhead.

Other objects and features will be in part
apparent and in part pointed out hereinafter.
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Figure 1 is a schematic diagram illustrating
the ink jet system with serizl data printheads according
to the invention.

5 Figure 2 is a block diagram illustrating the
controller of Figure 1 according to the invention.
Figure 3 is block diagram illustrating one of
the printheads of Figure 1 according to the invention for
use with the controller of Figure 2.
10 Corresponding reference characters indicate
corresponding parts throughout the drawings.

Detailed Description of the Preferred Embodiments
Figure 1 illustrates an ink jet system 100 with

serially connected printheads 102 according to the

i5 invention. The conventional aspects of the system 100
are disclosed in the prior art, such as U.S. Patent Nos.
4,723,131, 4,792,817, and 4,924,241, each of these
patents being incorporated herein in their entirety by
reference. The purpose of ink jet system 100 is to print

20 messages on articles such as boxes 104 being fed forward
one after another in a predetermined path such as by a
conveyor 106.

System 100 includes a controller 108 for

controlling the operation of the system and particularly

25 for controlling printheads 102. Initially, the location
or position of each box is detected by a photocell 110
which precedes by a known offset 112 the last printhead
102C. Photocell 110 is connected to controller 108 to
provide such location or position information. In

30 addition, a speed encoder 114 is associated with the
conveyor 106 to indicate to controller 108 the speed at
which the conveyor is travelling. As a result,
controller 108 knows the position of each box 104 on
conveyor 106 at any point in tine. o
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5 controller 108 may be connected to a scale (not shown)
for weighing each box and controller 108 would control
printheads 102 to print the weight of each box on the box
104. Alternatively, controller 108 may be connected to a
bar code scanner (not shown} which reads the bar code on

10 each box 104 and prints information relating thereto,
such as serial number or manufacturing date. The
messages which are to be printed result from instructions
provided to the controller 108 by some type of input
device such as an LC100 hand-held terminal 116 or a

15 personal computer 118 having a keyboard for permitting an
operator to enter messages. Computer 118 may be
networked to the controller 108 via a local area network
(LAN) line 120 such as an ARCNET® by Datapoint
Corporation which interconnects LAN terminal boards 122

20 and 124 respectively located in the computer and the
controller.

Furthermore, controller 108 may have one or
more slots for receiving memory cards 126 for expanding
the memory of controller 108 or for providing

25 predetermined information to controller 108.

Each printhead 102 requires both a signal line
128 and a power line 130 for providing both data and
power to each printhead 102 for controlling the
printhead. Preferably, the printheads are serially

30 connected as illustrated in Figure 1. This connection is
sometimes referred to as a "daisy chain" comnnection in
that signal line 128 is connected to only the first
printhead 102A. A separate signal line 128AB
interconnects printheads 102A and 102B and another

35 separate signal liné 128BC interconnects printheads 102B
and 102C. As a result, signal line 128 is connected only
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the nmessages on_the articles in response to the output data. A first

i nt erconnecting cable connects the out put port of the controller to the
first printhead Tm{mﬁ&®M§ h g output data to the first printhead. A
second |nterconne§u nects the first printhead to the second

printhead for pro econd printhead at | east some of the output
data provided to head O her objects and features will be in
part apparent and in part p0|nted out hesei nafter. 3 Brief Description
of the Drawings Figure 1 is a schematic diagramillustrating

to the first printhead 102A and is not connected

directly, but is connected indirectly as will be
described below, to printheads 102B and 102C. Similarly,
power line 130 is connected only to the first printhead

5 102A. A separate power line 130AB interconnects
printheads 102A and 102B to provide power to printhead
102B. Additionally, a separate power line 130BC is
connected between printheads 102B and 102C to provide
power to printhead 102C,.

10 Power line 130 receives its power from power
supply 132. In general, power supply 132 may be also
used to energize a pump 134 which supplies pressurized
ink from a reservoir 136 through an accumulator 138 to an
ink supply line 140 which is connected tc each of the

x5 printheads 102. A quick disconnect 142 may be provided
in line with each of the printheads 102 to allow the
printhead 102 to be quickly separated from the ink
supply. In addition, an ink regulator 144 may be placed
in series with the pressurized ink line 140 connected to

20 each printhead 102 to regulate the volume or pressure of
ink being applied to each printhead by accumulator 138.
An example of such an ink delivery system with
accumulator is disclosed in co-pending, co-assigned
Serial No. filed March 4, 1994, titled "Ink Jet

25 Printing System.®

In general, controller 108 and power supply 132
are remotely located from the printheads 102. In some
cases, the remote location may be several hundred meters
from the location of the printheads 102. Therefore, the

30 invention provides a significant advantage over the prior
art in that a single signal line 128 is used to
interconnect the controller 108 and the first printhead
102A and a single power line 130 is used to interconnect
the power supply 132 and the first printhead 102A.

35 Signal lines 128AB and 128AC are relatively short since
the printheads are located contiguous to each other.
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contrast the prior art generally suggests that a

separate signal line interconnecting each printhead with
the controller and the power supply resulting in a
significant amount of cabling being necessary to
interconnect these devices.

Although Figure 1 is illustrated with only
three printheads 102A, 102B, and 102C, it is contemplated
that the invention may have any number of serially
connected printheads, such as 24 printheads in series.
In general, controller 108 provides serial data to the
first printhead 102A which is clocked through the
printhead and continues via signal line 128AB to the
second printhead 102B and continues via signal line 128AC
to the third printhead 102C. For example, suppose
printhead 102A will be printing a character "X,"
printhead 102B will be printing a character "Y," and
printhead 102C will be printing a character "Z" so that
the combined printheads would be printing "XYZ.*
Controller 108 would provide the serial data such that
character Z would be clocked into printhead 102A. Next,
controller 108 would clock character Y into printhead
102A causing character Z which had been previously
clocked into printhead 102A to be clocked into printhead
102B. Finally, controller 108 would clock character X
into printhead 102A causing character Y to be clocked
into printhead 102B and, in turn, causing character Z to
be clocked into printhead 102C. Each printhead would
then have the appropriate data for executing the print
operation.

Accordingly, system 100 comstitutes a system
for ink jet printing of messages on articles such as
boxes 104 being fed forward one after another along a
predetermined path such as the path defined by conveyor
106. System 100 includes terminal 116 and/or personal

i .

such



«reference.. The purpose of ink jet system 100 is to print nessages on
articles such as,; [ fed forward one after another in a

pr edet er mi ned pE? Siétt G Ila@&‘conveyor 106. System 100 includes a
controller 108 fé EEE rthe operation of the systemand particularly
for controlling Initially, the location or position of each
box is detected by a photocell 110 which_precedes by a known offset 112 the
| ast printhead 102C. Photocell 110 is cohnected to controller 108 to

provi o Such, | Eablt,oF B0 LL LR, DEOLARLONend 0y SOULL 21k B ppced oncote
speed at whi chinh#@uddngegokeybotrdvEbki agteAtng messddge davarol | er 108
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congtitutes a controller interconnected with the terminal
5 for processing the message data received from the
terminal and storing the message data for the messages.
Controller 108 has an output port to which signal line
128 is connected for providing output data representative
of the messages. Printheads 102A and 102B constitute

10 first and second serially connected ink jet printheads
positioned adjacent the path defined by conveyor 106 to
print the messages on the boxes 104 in response to the
output data. Signal line 128 constitutes first
interconnecting means connecting the output port of the

15 controller 108 to the first printhead 102A for providing
the output data to the first printhead. Signal line
128AB constitutes second intercomnecting means connecting
the first printhead 102A to the second printhead 102B for
providing to the second printhead at least some of the

20 output data provided to the first printhead. Reservoir
134, pump 136, and accumulator 138 constitute means for
supplying ink to the jets of the printheads 102.

Figure 2 illustrates in block diagram form one
preferred embodiment of the controller 108. Controller

25 108 is built around a central processing unit 200 such a
Motorola 68332 microprocessor. CPU 200 receives various
information as generally indicated above with regard to
Figure 1. In particular, a terminal with keyboard 116
may be connected to CPU 100 to define the messages.

30 Alternatively, or in addition, CPU 200 may be part of a
network including an LAN interface board 124
communicating with the CPU 200 either directly or via a
bidirectional parallel port (not shown). Controller 108
also includes an encoder interface 204 for communicating

35 with and receiving signals from the speed encoder 114
which monitors the velocity of conveyor 106.
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4 Controller 108 controls the printheads 102 in order to print specific

nessages on each of the boxes 104. The nessage nmay e sane on each "box
‘it may be specific to the particular box. For exa i lexd108

nay be connected to a scale (not shown) for melghlng ﬂ

controller 108 would control printheads 102 to prlnt each box

on the box 104. Alternatively, controller 108 nay be connected to a bar
code scanner (not shown) which reads thegoar code on each box 104 and
prints information relating thereto, such as serial nunber or nmanufacturing

date. The messagRsitHordl By £ donbeoPléNtarh riefihiady amgndtiddeati ons

interface 206 which communicates with and receives
signals from photocell 110 to monitor the position of the
boxes 104 as they enter the print area.

5 Information provided to CPU 200 is stored in a

' CPU memory 208 such as a random access memory which

stores information in a ASCII format. Additionally, a
buffer 210 may be provided to accommodate the additional
memory cards 126 which may be added to controller 108.

10 In order to convert the ASCII format
information stored in CPU memory 208, controller 108 also
includes a graphics co-processor 220 such as an RPX chip
manufactured by Cirrus Logic (CL-GP4150 Raster Printer
Accelerator). CPU 200 feeds the information in CPU

15 memory 208 wvia line 222 to co:processor 220, which
converts the ASCII format information stored within CPU
memory 208 into a bit map form. This bit map information
is stored by co-processor 220 in a dynamic random access
memory 224. CPU 200 controls a timer circuit 230 which

20 in turn controls a flip-flop circuit 232 which generates
a clock signal via line 234. Co-processor 220 may also
be associated with a reference oscillator 222. Timer 230
also generates a latch signal synchronized with the clock
signal, the latch signal being provided via line 236.

25 The clock signal via line 234 is used by co-processor 220
to clock the bit map data out of DRAM 224 and to provide
such data via data line 238. A serial transmitter such
as an RS-422 chip (SN75ALS197) manufactured by Texas
Instruments is connected to data line 238 as well as

30 being connected to clock line 234 and latch line 236 to
transmit the data, clock, and latch signals to the first
printhead 102A via signal line 128. The text and
graphics to be printed by the printheads 102 is bit
mapped in memory 224 and shifted out serially by the co-

35 processor 220. The printheads 102 are treated as if they
are one combined printhead stacked one on the other,
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.provided to the controller 108 by sone type of input device such as an
LC100 hand-held term nal 116 or a personal conputer 118 having a keyboard

for permitti ngms&@ﬁh@b&{,;{?&?eﬁer nessages. Conputer 118 nay be networked

to the controll cal area network (LAN) Iine 120 such as an
ARCNET[ err] by ration which interconnects LAN term nal
1

boards 122 and y located in the conputer and the controller
Furt her nore, controller 108 may have one _or nore slots for receiving nmenory
cards 126 for expanding the nennry of coftroller 108 or for provi di ng
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" power to each ﬁhenSbeadllbitsoprcwndedlV&agstgnal line 128 are shifted
through each printhead and onto the next printhead. The
number of times that the serial bits are shifted is the

5 sum of all the orifices in the printhead chain so that
when the shifting stops, each printhead has the proper
bits for that printhead. As a result, printheads having
different numbers of ink jets or different orifices may
be combined together. A text line can span across more

10 than one printhead and one printhead can print more than
one text line. In addition, text can be rotated or
inverted. This is in contrast to the prior art where a
custom font was needed if each printhead was not limited
to only one text line. According to the invention, any

15 gize and number of printheads can be connected to the
controller unit and daisy chained together, such as a
gseven dot head, a nine dot head, an eighteen dot head, a
twenty-four dot head, or a thirty-two dot head or any
other size.

20 Figure 3 illustrates in block diagram form one
preferred embodiment of the printhead 102. Preferably,
each printhead has the same configuration so that the
printheads are interchangeable. Each printhead 102
includes a serial receiver 300 which is connected to a

25 signal line connected to a previous printhead or to
controller 108. For example, the serial receiver (300)
of printhead 102A is connected te the serial transmitter
240 of controller 108 via signal line 128. The serial
receiver (300) of printhead 102B is connected to the

30 serial transmitter (316) of printhead 102A wvia signal
line 128AB., Similarly, the serial receiver (300) of
printhead 102C is connected to the serial transmitter
(316) of printhead 102B via signal line 128BC. BAs a

- regult of these connections, each serial receiver 300

35 receives a data signal which is provided via a data line

302, a clock signal which is provided via a clock line



.printhead Preferably, the printheads are serially connected as Lllus;rated
in Figure 1. This connection is sonetines referred to as a "dai sy chain”

connection in that signal line 128 is connected td i&h@a&l cefp’ 1 Nt head
102A. A separate signal |ine 128AB interconnects pr! and 102B
and anot her separate signal |ine 128BC interconnect OZB and
102C. As a result, signal line 128 is connected only st

printhead 102A and i s not connected dlrggsly, but is connected |nd|rectly
"as will be described below, to printhea 102B and 102C. Simlarly, power
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306. Prlnthead 102 includes an array of serial to

parallel registers 308 which are serially connected. The
number of registers depends on the number of ink jets of

5 the printhead. In the embodiment illustrated in Figure
3, an eighteen ink jet printhead is shown. Therefore,
two registers 308, each having nine outputs, are
employed. Initially, register 308A receives the data via
line 302 and converts the serial data to parallel

10 information for selectively energizing nine drivers 310A.
Drivers 310A selectively actuate nine solenoids 312 to
drive nine ink jets 314 which are arranged in a matrix
and supplied with ink via pressurized ink supply line 140
connected to accumulator 138. The solencids 312 and

15 their respective controlled ink jets 314 comnstitute a
plurality of electrically actuated valve means, one for
each jet, adapted for electrical operation in response to
the data bits for ejecting a drop of ink from its
respective nozzle.

20 Register 308A also receives both clock and
latch signals via clock line 304 and latch line 306,
respectively, so that data can be clocked through
register 308A and provided at its data out line to the
next serial to parallel register 308B. Once again,

25 register 308B converts the serial data to parallel
signals which are latched to energize nine drivers 310B
for actuating nine solenoids 312B which control nine ink
jets 314B. The data out.line of register 308B is then
connected to a serial transmitter 316 which is also

30 connected to the clock line 304 and they latch line 306.
Transmitter 316 transmits the data, clock, and latch
signals along with a 15 volt dc signal provided from the
power supply 132 and used to drive the solenoids 312, to
the next printhead in the daisy chain series. Printhead

35 102 also includes a voltage regulator 318 which reduces
and controls the 15 volt dc power line to provide a 5




-prihtheads 102A and 102B to provide power to printhead 102B. Additionally,

a separate power Rl . connected between printheads 102B and 102C

to-provi de power tj Power line 130 receives its power from
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power supply 132. r supply 132 may be al so used to energize
a punp 134 which s ized ink froma reservoir 136 t hrough an
accunmul ator 138 to an |nk supply line 140 which is connected to each of the
printheads 102. A quick disconnect 142 may be provided in line with each of
the printheads 102 to allow the printhead 102 to be quickly separated from
the ink suppl yvolh iddici shgnah WhRChegalamploiéd-hyytme pdmeedenns sef i es
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regul ate the vol une. or _pressure o eing applie
acgunulator 13grgntheadp102 also 1ncludes a tlggr 320 respon51ve to the

latch signal provided by latch line 306 to generate an
5 enable signal which enables the registers 308. Timer 320
is variable and determines size of the dots printed by
the ink jets as the jets eject drops of ink onto the
surface of the box. As a result, the dots are in
patterns selected from characters for the messages being
10 printed.

In general, printhead 102 of Figure 3 operates
as follows. Each serial receiver 300 and serial
transmitter 316 has a data line 302, a clock line 304,
and a latch line 306. The serial print data bit stream

15 is clocked synchronously into the first register 308A and
back out through to the next register 308B and finally to
the next printhead via transmitter 316. When controller
108 has completed clocking out all of the print data, it
sends a latch pulse via the latch line 306. The print

20 data is then latched into the registers 308 in the
printheads with the rising edge of the latch pulse. The
trailing edge of the latch pulse triggers timer 320 which
enables the parallel output of the registers 308 and
allows print data to go to the solenoid drivers 310. A

25 logic one turns on a solenoid driver to actuate its
solencid 312 and a logic zerc does not. When a solenoid
312 is energized, a valve is opened and ink, under
pressure as provided via ink supply line 140, passes
through an orifice. The adjustable timer 320 sets the

30 size of the dots by the amount of time that the ink valve
stays open.

More particularly, the printhead operation is
as follows. Receiver 300 converts differential signals
which are provided via the signal line 128 to standard

35 logic signal levels. "The differential signals consist of
two inputs for each signal line. When one of the signal
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s e



-An exanpl e of such an ink delivery systemw th accumul ator is disclosed in
co- pendi hg, - co-assighed- Serd-al---No. filed March 4, 1994, titled
"I nk, Jet Printijg
are renotely |ocC

| ocati on may be

102. Therefore, i Ml provides a significant advantage over the
prior art in that a single signal line 128 is used to interconnect the
control ler. 108 and the first printhead 102A and a single power line 130 is
used to ‘i nter cbiR@ciNPRES pgRRF EApPI YOIB, ahlae tPleney (DY iFRIR AP 192A.
Signal lines 128AEsa8tlod28A6LasRowt) alkvebinsfvéd HkrEds tdwcpri nt heads are

locat ed Contiggggﬁeégnggg Béggrto match the characteristic impedance
of the cable 128. Data line 302, clock line 304, and
5 latch line 306 are logic level signal outputs which may
be pulled up to 5 volts in order to interface these TTL
outputs to the CMOS inputs of the registers 308. The
data is shifted one bit with each clock pulse and shifted
out the data out port of register 308A to the data in
10 port of register 308B. In the same way, data is shifted
out of register 308B via its data out port to the serial
transmitter 316. '
When the controller 108 is finished shifting
out the data to all the printheads, it sends the latch
15 pulse via latch line 306 which is a positive going pulse.
The rising edge of the latch pulse latches the data into
the.registers 308 of each printhead. The pulse width of
the latch signal allows time for the propagation delay.
The falling edge of the latch pulse triggers timer chip
20 320 which is a 74HC221 manufactured by Texas Instruments.
When timer 320 is triggered, it provides an enable output
which goes low for a time period preset by a resistor
capacitor (RC) combination (not shown) which has a range
between 60 and 450 microseconds. The enable output of
25 timer 320 is connected to the enable ports of the
registers 308. Each register 308 has 9 parallel output
pins, totalling 18, which control the 18 solenoid driver
circuits. A low signal to the output enable pins of the
registers 308 causes the data in the registers to be
30 connected to their output pins and a logic one enables
the solenoid driver circuits 310 or a logic zero disables
the driver circuits 310. After the timer 320 times out,
the output enable pins of the registers 308 are brought
high and the outputs go into a high impedance state so
35 that the solencid driver circuits 310 are disabled by a
pull-down resistor (not shown).

§§‘ 1" 1n general, controller 108 and power supply 132

fplagedi nt heads 102. In sone cases, the renote
d neters fromthe | ocation of the printheads




-6 Simlarly, power |ines 130AB and 130BC are al so short because of the
close location of all the printheads. In contrast, the prior art generally
suggests that a separate signal line interconnecting each printhead with
the controller and the power supply resulting in a significant anmount of
cabling being necessary to interconnect these devices. Although Figure 1 is
Illustrated with only three printheads ﬁQZA 102B, and 102C, it is

contenpl ated that the. |nvent|on nay have™ any nunber of serially connected

print heads, such as 24 Sridhmely ggReLak, 25l lgr 108
provi des serial data to t e flrst %%’nthgﬁgmfégi WE % |§ clockeg t hr ough
t he printhead 102 over the prior art is that is minimizes the

amount of cabling from the controller 108 to a group of
printheads., For example, 24 printheads would require 24
5 cables connected to controller 108, on going to each

printhead. Since controller 108 is remote from the
printheads and sometimes several hundred feet from the
printheads, this requires a significant amount of
cabling. In contrast, the circuit of printhead 102

10 requires only one cable which connects controller 108 to
the first printhead 102A and then cables 128AB and 128BC
connect the first printhead 128A to the second printhead
128B and the second printhead 128B to the third printhead
128C. This also reduces the amount of circuitry required

15 in the controller 108 and reduces the number of wires in
the cable. A twenty-four dot printhead would normally
require a cable of 25 wires or more. The invention
reduces the cable connected to the controller 108 to only
the six wires needed for carrying the differential data

20 clock and latch signals.

In view of the above, it will be seen that the
several objects of the invention are achieved and other
advantageous results attained. -

As various changes could be made in the above

25 products without departing from the scope of the
invention, it is intended that all matter contained in
the above description and shown in the accompanying

drawings shall be interpreted as illustrative and not in
a limiting sense.
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-priﬁthead and continues via signal line 128AB to the second printhead 102B
and contjnues via signal line 128AC to the third printhead 102C. For
exanpl e, suppose ﬁ‘TTﬁTT?nfﬁHﬁb&\Ml | be printing a character "X, " printhead

102B wi | | be ter "Y," and printhead 102C wi Il be printing
a character Eﬂﬁonbined printheads would be printing "XYZ."
Controller 108*m0h|d pmoVis he serial data such that character Z woul d be

cl ocked inta printhead 102A. Next, contrp)ler 108 would clock character Y
into printhead 102A causing character Z Wwhich had been previously cl ocked

into printheadyd@2A310 g igleecked into printhead 102B. Finally, controller
108 woul d clock _character X into printhead 102A causing character Y to be

cl ocked into p 3d 102B and, in turn, causing character Z to be cl ocked
into printhead 102C. Each printhead mould

1. A gystem for ink jet printing of messages
on articles being fed forward one after another in a
predetermined path, said system comprising:

a terminal including a keyboard for entering

5 mesgsage data representative of the messages;

a controller interconnected with the terminal
for processing the message data received from the
terminal and storing the message data for the messages,
said controller having a output port for providing output

10 data representative of the messages;

first and second serially connected ink jet
printheads positioned adjacent said path to print the
messages on the articles in response to the output data;

first interconnecting means connecting the

15 output port of the controller to the first printhead for
' providing the output data to the first printhead;

second interconnecting means connecting the
first printhead to the second printhead for providing to
the second printhead at least some of the output data

20 provided to the first printhead; and
means for supplying ink to the jets.

2. The system of claim 1 wherein each
printhead comprises:

a serial input port,

a driver circuit connected to the serial input

5 ' port and responsive to the output data provided

to its serial inmput port,

a serial output port connected to the serial

input port,

a plurality of ink jets arranged in a matrix

10 and adapted for ejection of drops of ink from
T T nozzles onto a surface of the articles
TN -
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.then have the appropriate data for executing the print operation.

Accordingly——sys%en+400_QQﬂ§LLIutes a systemfor ink jet printing of
nmessages on such as boxes 104 being fed forward one after another
al ong a pred lﬂﬂﬂE ch as the path defined by conveyor 106.

System 100 ih 116 and/ or personal 7 conmputer 118, either
of which constitutes a ternlnal I ncl udi ng a keyboard for entering nessage
data representative of the nessages. Co groller 108 constitutes a
controller interconnected with the ternlnal for processing the nessage data

received fromthe travelling by the printhead to print dots on
said surface in patterns selected from
characters for said messages, and

15 a plurality of electrically actuated valve

means, one for each jet, connected to the
driver circuit, each valve means adapted for
electrical operation in response to the output
data provided to the driver circuit for

20 ejecting a drop of ink from its respective

nozzle;

wherein the output port of the controller
comprises a serial output port for providing the output
data in a serial format;

25 wherein the first interconnecting means
comprises a first cable connecting the serial output port
of the controller to the serial input port of the first
printhead; and

wherein the second interconnecting means

30 ' comprises a second cable connecting the serial output
port of the first printhead to the serial input port of
the second printhead whereby no cable is connected
directly between the controller and the second printhead.

3. The system of claim 2 wherein the serial
input port comprises a serial receiver and the serial
output port comprises a serial transmitter.

4. The system of claim 2 wherein the driver
circuit includes a serial to parallel register having a
serial input for receiving the serial input data provided
to the serial inmput port and having a plurality of
5 parallel outputs, one connected to each valve means.

5. The system of claim 4 further comprising an
adjustable timer for enabling the parallel outputs of the
register for a preset period of time whereby the size of

L
P
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~termnal and storing the nessage data for the nmessages Controller 108 has
an output port to which signal line 128 is connected for providing output
data representative of the-nessages. Printheads 102A and 102B constitute

first amd—second serlaIIE connected ink jet printheads positioned adjacent

the path 106 to print the messages on the boxes 104 in
response “Em a. Signal line 128 constitutes first
i nterconnee

I Ag heahs- connectlng the output port of the controller 108 to
the first printhead 102A for providing th® output data to the first

-printhead. Signal |line 128AB constitutes second interconnecting nmeans
‘connecti ng t he H19 So5s iBRIERE R RID Merzde: dfd dsterriesd Py2Bbeor

providing to tRhesRaoRskilddlt head at | east sone of the output data provided
to the first printhead. Reservoir 134, punp-136, and accumnul ator 138
constitute neans for

6. The system of claim 1 wherein the
controller comprises a CPU for receiving the message
data, a CPU memory for storing the message data, a bit
map memory, and a graphics processor for converting the

5 message data in the message memory into a bit map format
and storing the converted data in the bit map memory,
said graphics processor providing the converted data to
the output port of the controller.

7. The system of claim 1 further comprising a
power supply remotely located from the printheads for
supplying power to the printheads, a first power cable
connecting the power supply to the first printhead

5 thereby providing power to the first printhead and a
second power cable connecting the first printhead and the
second printhead thereby providing power to the second
printhead whereby no cable is connected directly between
the power supply and the second printhead.

8. A gystem for ink jet printing of messages
on articles being fed forward one after another in a
predetermined path, said system comprising:

a terminal including a keyboard for entering

5 message data representative of the messages;

a bit map memory; _

a controller interconnected with the terminal
for processing the message data received from the
terminal and storing the message data for the messages in

10 the bit map memory, said controller having a output port
for providing serial output data in a bit map format
representative of the messages;
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.supﬁlying I nk
bl ock di agram

to the jets of the printheads 102. Figure 2 illustrates in
formone preferred enbodi nent of the controller 108.

Controller 108
Mot or ol a 68332
general Iy indg
terminal wth?®

nessages. Alte
including an L
directly or vi
al so includes

signhals fromt
10615

20

25

10

15

20

I's burTt around a central processing unit 200 such a

U 200 receives various information as
Jgﬂﬂmalﬂﬂm, 'Fz)gard to Figure 1. In particular, a
‘keybdard 186 smy+* be connected to CPU 100 to define the

rnatively, or in additiong7CPU 200 nay be part of a network
AN interface board 124 communicating with the CPU 200 either

a a bi di re€tivenabndasatbrd poktjévopribvesds Goosividbeed 108
AIBREA0 Eal kA eosRcke LAETRUALERLS "R ILAD ABEiEge e
in response to the serial output data,

first interconnecting means connecting the
serial output port of the controller to the first
printhead for providing to the first printhead its
respective portion of the serial output data in the bit
map format to be printed;

second interconnecting means connecting the
serial output port of the controller to the second
printhead for providing to the second printhead its
respective portion of the output data in the bit map
format to be printed; and

means for supplying ink to the jets.

8. The system of claim 8 wherein each
printhead comprises:

a serial input port,

a driver circuit connected to the serial input

port and responsive to the output data provided

to its serial input port,

a serial output port connected to the serial

input port,

a plurality of ink jets arranged in a matrix

and adapted for ejection of drops of ink from

nozzles onto a surface of the articles

travelling by the printhead to print dots on

said surface in patterns selected from

characters for said messages, and

a plurality of electrically actuated valve

means, one for each jet, connected to the

driver circuit, each valve means adapted for

electrical operation in response to the output

data provided to the driver circuit for

ejecting a drop of ink from its respective
nozzle; —_
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.8 Additionally, controller 108 includes a photocell. interface 206 which
communi gates with and receives signals fromphotocell 110 to nonitor the
posi.ti on of The boxes 104 as /as they enter the print area. Information

provi ded t d in a CPU nenory 208 such as a random access
rrermry whi amumjmﬁuﬂ ion in a ASCIl1 format. Additionally, a buffer

10 may be prowi ded #o &ccbnmmodate the additional nenory cards 126 which
nay be added to controller 108. In ordggto convert the ASCII format

i nformation stored in CPU nenory 208, controller 108 al so includes a
graphi cs co-processor 2zHesédh dhed®iRBX ghtRrévnubactidgesleldsC rrus Logic
(CL-GP4150 Rast%& P”égza first cable connecting the serial output port
of the controller to the serial input port of the first
25 printhead; and
wherein the second interconnecting means
comprises a second cable connecting the serial output
port of the first printhead to the serial input port of
the second printhead, said serial output data being
30 provided to the second printhead wvia the serial input

port and the serial output port of the first printhead.

10. The system of claim 9 wherein the serial
input port comprises a serial receiver and the serial
output port comprises a serial transmitter.

11. The system of claim 9 wherein the driver
circuit includes a serial to parallel register having a
serial input for receiving the serial input data provided
to the serial input port and having a plurality of
5 parallel outputs, one connected to each valve means.

12. The system of claim 11 further comprising
an adjustable timer for enabling the parallel outputs of
the register for a preset period of time whereby the size
of the dots printed by each nozzle is determined by the
preset period.

13. The system of claim 8 wherein the
controller comprises a CPU for receiving the message
data, a CPU memory for storing the message data, a bit
map memory, and a graphics processor for converting the

5 mesgssage data in the message memory into a bit map format
and storing the converted data in the bit map memory,
saild graphics processor providing the converted data to
the output port of the controller. A

Y
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Accel erator). CPU 200 feeds the information in CPU nmenory 208 via |line 222
to co.processor 220, which converts the ASCI| format information stored

wi thin CPU nenp Ay map form This bit map information is

st or ed by co- pfﬂmmlﬂm /] dynam ¢ random access nenory 224. CPU 200
controls a tinpr*cigcuit S ch in turn controls a flip-flop circuit 232
whi ch generates a clock S|gnal via line 234. Co-processor 220 may al so be
associated with a reference oscillator 2. Timer 230 also generates a
l'atch signal synchronized with the clock™signal, the latch signal bei ng

provided via |ine 236. The, clpgk ﬂ% o4 %idﬂﬁ 82%%24 fomrising a

co-processor 220 to clock the Dbit data_out of to pr

such data vi a%%"(%rW‘FEPTE%SrEWE%q'Y O¢atRfd i Hme rthe Rt HheAiRFAM2 chip

(SN75ALS197)  neupth byl ng epowyr Tex ashé ok inthsdds | S RAac tpshd® dadre | i ne

238 as wel | asconnectlng the power supply to the first printhead

5 thereby providing power to the first printhead and a
second power cable connecting the first printhead and the
second printhead thereby providing power to the second
printhead whereby no cable is connected directly between

the power supply and the second printhead.

15. A ink jet printhead controller providing
serial output data for a system for ink jet printing of
messages, said system having a terminal including a
keyboard for entering ASCII message data representative
5 of the messages and a plurality of printheads responsive
to the serial output data to print the messages on
articles, said controller comprising:
a bit map memory;
a processing circuit interconnected with the
10 terminal for converting the ASCII message data received
from the terminal into a bit map format and storing the
converted bit map format message data in the bit map
memory, said processing circuit having a serial output
port for providing serial output data in a bit map format
15 representative of the messages; and
interconnecting means connecting the serial
output port of the processing circuit to each of the
printheads for providing to each printhead its respective

portion of the serial output data in the bit map format
20. to be printed.

16. The controller of claim 15 wherein the
interconnecting means comprises a first cable connecting
the serial output port of the controller to a serial
input port of a first one of the printheads and
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bei ng connected to'clock line 234 and latch line 236 to transnit the data,

clock,. and latch signals to the first printhead 102A via signal l|ine 128.
The text and:; graphics to be printed by the printheads 102 is bit mapped in

menory 224 aaﬂﬂ“ﬂm"mmn |aIIy by the co- processor 220. The
print heads 1 I f they are one conbi ned printhead stacked

one on the otter® * 9"alt hough they can be vertically spaced from one
another. The serial bits provi ded via stgnal line 128 are shifted through
each printhead and onto the next printhead. The nunber of tines that the
serifal bits areiditiifdred icalilles saniefllyl lintkeconnkbictdagi thehé ipsinthead

chain so thatof the printheads with the remaining printheads.

17. The controller of claim 15 wherein the
processing circuit comprises a CPU for receiving the
message data, a CPU memory for storing the message data,
a bit map memory, and a graphics processor for converting

5 the message data in the message memory into a bit map
format and storing the converted data in the bit map
memory, said graphics processor providing the converted
data as the output data.

18. An ink jet printhead for use with a
system for ink jet printing of messages, said system
having a terminal including a keyboard for entering
message data representative of the messages, a controller

5 interconnected with the terminal for processing the
message data received from the terminal and storing the
message data for the messages in a memory, said
controller having a serial output port for providing
serial output data in a bit map format representative of

10 the messages, said ink jet printhead comprising:

a serial input port adapted for comnnection to
the serial output port of the controller,

a driver circuit connected to the serial input
port and responsive to the serial output data provided to

15 the serial input port,

a serial output port connected to the serial
input port,

a plurality of ink jets arranged in a matrix
and adapted for ejection of drops of ink across a gap to

20 a surface of the articles travelling by the printhead to
print dots omn sald surface in patterns selected from
characters for said messages, and

a plurality of electrically actuated valve
means, ome for each jet, connected to the driver circuig,
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when t he shifting stops, each printhead has the proper bits for that
printhead. As a result, printheads having different nunbers of ink jets or
dlfferent o#+i+ees—ﬁay—be—CUﬂb‘ned together. A text |line can span across

nmore than on ne printhead can print nore than one text
line. In add "m ]rmm e rotated or inverted. This is in contrast to
the prior ag font was needed if each printhead was not
limited to only one text |ine. Accordlng2 o the invention, any size and

nunber of printheads can be connected to the controller unit and dai sy

chaizied toget helyc1SWellas n%a&f‘é’%ﬂiéﬁﬁed’%q’ eﬁe@'t%cﬁ@t oB%%g.tl@:?l eijght een

dot head, a twenty-four dot head, a thirty-two dot qQr any ot her
si ze. Figure 349SRRNSSt the H?LHEHPrdl%aalﬂrPUﬂﬁlﬁgnéopFéﬁerdFéﬁf%nbodl ment
of the printhead Adt Fef edpddting a drop of ink from its respective

nozzle.

19. The printhead of claim 18 further
comprising f£irst interconnecting means connecting the
serial output port of the controller to the printhead for
providing to the printhead its respective portion of the

5 serial output data in the bit map format to be printed,
and second interconnecting means connecting the serial
output port of the controller to a second printhead for
providing to the second printhead its respective portion
of the serial output data in the bit map format to be

10 printed.

20. The printhead of claim 18 wherein the
first interconnecting means comprises a first cable
connecting the serial output port of the controller to
the serial input port of the first printhead; and wherein

5 the second interconnecting means comprises a second cable
connecting the serial output port of the first printhead
to the serial input port of the second printhead, said
serial output data being provided to the second printhead
via the serial input port and the serial output port of

10 the first printhead.

21. The printhead of claim 18 wherein the
serial input port of the printhead comprises a serial
receiver and the serial output port of the printhead
comprises a serial transmitter.

22. The printhead of claim 18 wherein the
driver circuit includes a serial to parallel register
having a serial input for receiving the serial input data
provided to the serial input port of the printhead and
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each printhead has the sane configuration so that the printheads are

i nt erchangeabl e. Each printhead 102 i ncludes a serial receiver 300 which is
connected T0 a signal line connected to a previous printhead or to
controller the serial receiver (300) of printhead 102A is
connect ed tiﬂmmmummlusm tter 240 of controller 108 via signal |ine
128. The séri*al ¢rekei¥er? (300) of printhead 102B is connected to the serial
transnltter (316) of printhead 102A via signal line 128AB. Simlarly, the
serial receiver (300). of printhead 102C4% connected to the seria
transmtter (316) of prlnthead 102B vi a S|gnal line 128BC. As a result of

t hes® connect i 8a¥ingaéh plamadiltye &f Peraidel r BBEPYES s 2Ot §O8PEREPIWELCh i s
“provided via acdanavhEiie ¥ddnsy GndhaSiigak weirGBli suppavi gedtvicara cl ock

line providing the serial input data to the next register.

23. The printhead of claim 22 further
comprising an adjustable timer for emnabling the parallel
ocutputs of the register for a preset period of time
whereby the size of the dots printed by each nozzle is
determined by the preset period.
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10 304 and a latch signal which is provided via a latch Iine 306. Printhead
102 incluydes an array of serial to parallel registers 308 which are
serially connected. The nunber of registers depends on the number of ink
jets of the printhead. In the enbodinment illustrated in Figure 3, an
eighteen ink jet printhead is showmn. Therefore, two registers 308, each
havi ng nine outputs, are enployed. Initially, register 308A receives the
data via line 302 and converts the seridB data to parallel information for
sel ectively energizjing nine drlvers 310A. EX|vers 310A sel ectively actuate
ni ne sol enoi ds 312 EMRYIETS HoEERIAY DATA STEEABSged in a
matrix and supplied with ink via pressurlzed |nk supply line 140

Abstract of the Disclosure

A system for ink jet printing of messages on
articles being fed forward one after another in a
5 predetermined path. A terminal includes a keyboard for
entering message data representative of the messages. A
controller interconnected with the terminal processes the
message data received from the terminal and stores the
message data for the messages. The controller has an
10 output port for providing serial oﬁtput data in a bit map
format representative of the messages. A plurality of
ink jet printheads are serially connected and positioned
adjacent the path of the articles to print the messages
on the articles in response to the serial output data. A
15 single cable connects the output port of the controller
to the first printhead for providing the output data to
the first printhead. A separate cable interconnects each
printhead to its next succeeding printhead for serially
providing the data to the remaining printheads so that
20 the printheads are connected in a daisy chain
configuration. Power is also supplied to the printheads
in a daisy chain configuration.
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accunul ator 138. The sol enoids 312 and their respecti ve

i nk j ENRERNATIONALt iSEAREHa RERORT i ty of el elinterinttiona} applimssionitid- ed
ns, one for each jet, adapted for electrical} ®p8UaIDTS6I N response
ata bits for eiecting a drop of ink fromits kespactive nozzle

ﬁ& ﬁAréBhS@Fﬁ‘ﬁﬁﬁhh‘ﬁé\d?%&u&]a&ﬁ%fﬁ&ﬂs&ﬁe%t%ﬂe&f‘m s via clock line 304
respocil-vel data—can-—be-clocke

|1 ne 306 d 'rhrmmh

paral | o 1og: el ﬁv'dﬁ@? a‘g&qrn*ata °gtpévra3€m?aeﬁ§s$f@bziﬁ@eblaﬁ)data

to parallfor useg\mihsl system ford

actuat i
out lin
whi ch i

tcpranting of mesgages in ink d40) said systems or
Nochaving astermival dacRiiiy wikeyboardhforadntering message data3 Ja4a>ntifdﬂ¢exd at a
?.}errcsahéé@d witiP the &rfrﬁﬁzﬂ foR 16643ty theAmeSalpe! daltd 266¢TVed Fom 1he
@rmtnal and storing the message data for the messages in a memory, said
controller having a serial output port for providing serial output data in a bit map
format, said ink jet printhead comprising: a serial input port for connection to the
serial output port (308A 308B), driver circuits (310A, 310B) connected to the
serial input and responsive to the serial output data provided to the serial input
port, a plurality of electrically actuated valve means (312A, 312B) for each ink jet
connected to the driver circuit, a transmitter (316) to transmit data to the next
printhead, a regulator (318) connected to the solenoids, a timer (320) which enables
ports, and a receiver (300) which receives data from the controller or previous
printheads and includes the data line (302), the clock (304) and the latch (306).
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i ncl ude
306 to
IS vari

t het QS@EWééﬂghﬁgéf\gﬂgh Wgcgl l)ingevm ‘W“T@r%ﬁ“?d‘g’ ; : ;nal

fromthe power supply 132 and used to drive |t ﬁ’é‘r’gﬁﬁs’@ﬁé‘? ds 312, to

L .
[ IJI*I lu.llcau Tl LIIC Ualﬁy’ —L,Ilal Il DUFICD I'Ilmll au J.UL Cll OU III\.F[ UU'CS A

B&gul TEXT OBTHE WASTRACT dCanteation nliitegOidf thelfisst shea) 15 volt dc power |ine

—deﬁ—wmmrnyed—bmmﬂﬁf——
p 302A§Pﬁgi,@f pHfifa Yﬁ 8 had califyf Bf?ﬁ@ jet(102 3184, 3Pdpy S0

5 timer Sls to'r. ea ni UH$ 9o s? l'ine
gbhayta&?a G@Eﬂ@ﬁggéf dyig 2 k@v teg‘r “Sﬂfr\&me:‘és agf % cgo(z%,rollermr 520

interconnected with the terminal for processing the message data received from the
terminal and storing the message data for the messages in a memory, said
controller having a serial output port for providing serial output data in a bit map
format, said ink jet printhead comprising: a serial input port for connection to the
serial output port (308A 308B), driver circuits (310A, 310B) connected to the
serial input and responsive to the serial output data provided to the serial input
port, a plurality of electrically actuated valve means (312A, 312B) for each ink jet
connected to the driver circuit, a transmitter (316) to transmit data to the next
printhead, a regulator (318) connected to the solenoids, a timer (320) which enables
ports, and a receiver (300) which receives data from the controller or previous
printheads and includes the data line (302), the clock (304) and the latch (306).
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As a*result,

follows. Each
line 302, a c
streamis clo
through to th
transmtter 3
print.data, i
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timer 320 whi
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This invention relates to ink jet printing
systems, and in particular, such systems which employ a
controller for controlling multiple printheads which are
spaced for printing on moving surfaces such as on cartons
or boxes being fed forward by a conveyor.
- Ink jet printing systems include a plurality of
ink jet printheads, each having a matrix of ink jets.
Each ink jet has a nozzle constituting a valve seat at
its outlet end, the seat having an orifice for injection
of drops of ink. A solenocid actuated valve member
engages and disengages from the seat to close and open
the orifice. A controller for each printhead including a
microprocessor, processes data for actuating.the
solenoids to print messages and to store data. In the
past, such controllers communicated with each printhead
via a separate cable for each printhead which directly
connected the controller to each printhead. In addition,
such controllers employed a ASCII data format in which
parallel data was provided to each of the printheads.
This required a large amount of cabling and required each
printhead to print a separate line of text information.
There is a need for an ink jet printing system which
reduces the amount of cabling between the controller and
the printheads and which communicates with the printheads
via a serial data format. There is also a need for the
ability for such a system to allow one printhead to prlnt
more than one line of text or to configure the system
such that a text line can span across more than one
printhead.

Summary of the Invention

It is an object of this invention to provide an

ink jet printer system which is low cost and flexible.

S==Ffe print data
Is then latched into the reglsters 308 in the prlntheads with the rising.

Ztpbps of ink onto t et SUrface of the box“'
brns sel ected fir 8 characters: flof thesged 8.
, printhead 102% f Fi-gure 8 ope?ateSfaéiﬁn
tand seri al tran’ i tter-316:-has A data+d
latch Iine 306. ¥The ‘serial ; print. datacbi .
to the first reglster 308A and back out,

and filnal ly tq t,he next 1PNt reageivi a !
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enabl es the parallel output of the registers 30é¥§ﬁﬁ$ﬁﬂﬂﬁﬁﬁw-

¢ data to
go t,o the solenoid drivers 310. A |logic one turns on-a sorenoid lver. to
actuate its solenoid 312 and a | ogic zero does t]. g i efiofjd 312 is
energi zed, a valve is opened and ink, under presisyre~as proVi‘defl §fi a i nk
supply line 140, passes through an orifice. Thelja tinell B20 sets
the size of the dots by the anobunt of tine thatlithe ink valve staljys open:
More particularly, the printhead operati%n is as ~-Recetvet 300
converts differential signals which are provided via the signal ling 128 to
standard | ogi cX&i §haAnP sOPIREE P f%li‘g%ﬁ%‘fe%‘?’gcﬁél’%o c%’ﬁ%\gé ATt W .

inputs for eacliesighbhtét neystenwinhen odmpheysigmiy a single cable
between the controller and the printheads so that the
printheads may be serially connected. It is another
object of this invention to provide an ink jet printer
system which distributes power as well as data in a
serial manner reducing the number of power cables which
are necessary. It is another object of this invention to

. * provide an ink jet printer system which employs
printheads that can pfint more than one text line at a
time or which allows a text line to span across more than
one printhead without employing custom fonts. It is
another object of this invention to provide an ink jet
printer system having a controller which provides data in
a bit map format to its printheads.

In one form, the invention comprises a system
for ink jet printing of messages on articles being fed
forward one after another in a predetermined path. A
terminal including a Keyboard is used for entering
message data representative of the mességes. A
controller interconnected with the terminal processes the
message data received from the terminal and stores the
message data for the messages. The controller has an
output port for providing output data representative of
the messages. First and second serially connected ink
jet printheads are positioned adjacent the path to print
the messages on the articles in response tc the output
data. A first intercomnecting cable connects the output
port of the controller to the first printhead for
providing the output data to the first printhead. A
second interconnecting cable connects the first printhead
to the second printhead for providing to the second
printhead at least some of the output data provided to
the first printhead.

Other objects and features will be in part
apparent and in part pointed out hereinafter.



12 line inputs goes to 5 volts, the other input goes to
shown) i‘s connected across each differential pairjy i
characteristic inpedance of the cable 12.8. Data
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finished shifting out tﬁfg@aaaltszsaal sEHémQEiEtéfégéam' {1588d5athagl atch
the ink jet system with serial data printheads according
to the invention.
Figure 2 is a block diagram illustrating the
controller of Figure 1 according to the invention.
Figure 3 is block diagram illustrating one of
the printheads of Figure 1 according to the invention for
- "use with the controller of Figure 2.
Corresponding reference characters indicate
corresponding parts throughout the drawings.

Detailed Description of the Preferred Embodiments

Figure 1 illustrates an.ink jet system 100 with
serially connected printheads 102 according to the
invention. The conventional aspects of the system 100
are disclosed in the prior art, such as U.S. Patent Nos.
4,723,131, 4,792,817, and 4,924,241, each of these
patents being incorporated herein in their entirety by
reference. The purpose of ink jet system 100 is to print
messages on articles such as boxes 104 being fed forward
one after another in a predetermined path such as by a
conveyor 106. '

System 100 includes a controller 108 for
controlling the operation of the system and particularly
for controlling printheads 102. Initially, the location
or position of each box is detected by a photocell 110
which precedes by a known offset 112 the last printhead
102C. Photocell 110 is connected to controcller 108 to
provide such location or position information. In
addition, a speed encoder 114 is associated with the
conveyor 106 to indicate to controller 108 the speed at
which the conveyor is travelling. As a result,
controller 108 knows the position of each box 104 on
conveyor 106 at any point in tine.
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pri nthead. The pul se width of the latch signal alluﬁg%ééénair) t he
propagation delay. The falling edge of the |atgh er i mer chip
320 which is a 74HC221 manufactured by Texas | rstjrunents. \Wenftémer 320 is
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logic one enabﬁgsspecific to the particular box. For example,
controller 108 may be connected to a scale (not shown)
for weighing each box and controller 108 would control
printheads 102 to print the weight of each box on the box
104. Alternatively, controller 108 may be connected to a
bar code scanner (not shown) which reads the bar code on
each box 104 and prints information relating thereto,
such as serial number or manufacturing date. The
messages which are to be printed result from instruc;ions
provided to the controller 108 by some type of input
device such as an LC100 hand-held terminal 116 or a
personal computer 118 having a keyboard for permitting an
operator to enter messages. Computer 118 may be

networked to the controller 108 via a local area network

(LAN) line 120 such as an ARCNET® by Datapoint
Corporation which interconnects LAN terxrminal boards 122
and 124 respectively located in the computer and the
controller. '

- Furthermore, controller 108 may have one or
more slots for receiving memory cards 126 for expanding
the memory of controller 108 or for providing
predetermined information to controller 108.

Each printhead 102 requires both a signal line
128 and a power line 130 for providing both data and
power to each printhead 102 for controlling the
printhead. Preferably, the printheads are serially
connected as illustrated in Figure 1. This connection is
sometimes referred to as a "daisy chain" connection in
that signal line 128 is connected to only the first
printhead 102A. A separate signal line 128AB
interconnects printheads 102A and 102B and another
separate signal line 128BC interconnects printheads 102B
and 102C. 2As a result, signal line 128 is connected only



the solenoid driver circuits 310 or a logic zero disables the drlver

circuits 310. After the tinmer 320 tines out, thepoL

regi sters 308 are brought high and the outputs g OGN NG 3me-oance
state so that the solenoid driver circuits 310 afegdrsabl™ -y aj pul | - down
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printhead 102 over the prior art is that is mnifgile
fromthe controller 108 to a group of prlntheads‘

directly, but is connected indirectly as will be
described below, to printheads 1028 and 102C. Similarly,
power line 130 is connected only to the first printhead
102A. A separate power line 130AB interconnects
printheads 102A and 102B to provide power to printhead
102B. Additionally, a separate power line 130BC is
1donnected between printheads 102B and 102C to provide
power to printhead 102C. ' _

Power line 130 receives its power from power
supply 132. In general, power supply 132 may be also
used to energize a pump 134 which supplies pressurized
ink from a reservoir 136 through an accumulator 138 to an
ink supply line 140 which is connected to each of the
printheads 102. A quick disconnect 142 may be provided
in line with each of the printheads 102 to allow the
printhead 102 to be quickly separated from the ink
supply. In addition, an ink regulator 144 may be placed
in series with the pressurized ink line 140 connected to
each printhead 102 to regulate the volume or pressure of
ink being applied to each printhead by accumulator 138.
An example of such an ink delivery system with
accumulator is disclosed in co-pending, co-assigned
Serial No. filed March 4, 1994, titled "Ink Jet
Printing System.™"

In general, controller 108 and power supply 132
are remotely located from the printheads 102. In some
cases, the remote location may be several hundred.meters
from the location of the printheads 102. Therefore, the
invention provides a siénificant advantage over the prior
art in that a single signal line 128 is used to
interconnect the controller 108 and the first printhead
102A and a single power line 130 is used to interconnect
the power supply 132 and the first printhead 102A.

Signal lines 128AB and 128AC are relatively short since
the printheads are located contiguous to each other.
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first printhead 102A and then cables 128AB and 1}
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separate signal line interconnecting each printhead with
the controller and the power supply resulting in a
significant amount of cabling being necessary to
interconnect these devices.

Although Figure 1 is illustrated with only
three printheads 1023, 102B, and 102C, it is contemplated
that the invention may have any number of serially
connected printheads, such as 24 printheads in series.
In general, controller 108 provides serial data to the
first printhead 102A which is clocked through the
printhead and continues via signal line 128AB‘to the
second printhead 102B and continues via signal line 128AC
to the third printhead 102C. For example, suppose |
printhead 102A will be printing a character "X,"
printhead 102B will be printing a character "Y," and
printhead 102C will be printing a character "Z" so that
the combined printheads would be printing nxyz. v
Controller 108 would provide the serial data such that
character Z would be clocked into printhead 102A. Next,
controller 108 would clock character Y into printhead
102A causing character Z which had been previously
clocked into printhead 102A to be clocked into printhead
102B. Finally, controller 108 would clock character X
into printhead 102A causing character Y to be clocked
into printhead 102B and, in turn, causing character Z to
be clocked into printhead 102C. Each printhead would
then have the appropriate data for executing the print
operation.

Accordingly, system 100 comnstitutes a system
for ink jet printing of messages on articles such as
boxes 104 being fed forward one after another along a
predetermined path such as the path defined by conveyor
106, System 100 includes terminal 116 and/or personal
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ink jet printing of nessages on articles bgi orwa-ed dhe after
another in a predeterm ned path, said Systg 2 tter m nal !

i ncludi ng a keyboard for entering

computer 118, either of which constitutes a terminal
including a keyboard for entering message data
representative of the messages. Controller 108
constitutes a controller interconnected with the terminal
for processing the message data received from the
terminal and storing the message data for the messages,
Controller 108 has an output port to which signal line

128 is connected for providing output data representative

of the messages. Printheads 102A and 102B constitute
first and second serially connected ink jet printheads
positioned adjacent the path defined by conveyor 106 to
print the meésages on the boxes 104 in response to the
output data. Signal line 128 constitutes first '
interconnecting means connecting the'output port of the
controller 108 to the first printhead 102A for providing
the output data to the first printhead. Signal line
128AB constitutes second interconnecting means connecting
the first printhead 102A to the second printhead 102B for
providing to the second printhead at least some of the
output data provided to the first printhead. Reservoir
134, pump 136, and accumulator 138 constitute means for
supplying ink to the jets of the printheads 102.

Figure 2 illustrates in block diagram form one
preferred embodiment of the controller 108. Controller
108 is built around a central processing unit 200 such a
Motorola 68332 microprocessor. CPU 200 receives various
information as generally indicated above with regard to
Figure 1. In particular, a terminal with keyboard 116
may be connected to CPU 100 to define the messages.
Alternatively, or in addition, CPU 200 may be part of a
network including an LAN interface board 124
communicating with the CPU 200 either directly or via a
bidirectional parallel port (not shown). Controller 108
also includes an encoder interface 204 for communicating
with and receiving signals from the speed encoder 114
which monitors the velocity of conveyor 106.
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signals from photocell 110 to monitor the position of the
boxes 104 as they enter the print area.

Information provided to CPU 200 is stored in a

CPU memory 208 such as a random access memory which
stores information in a ASCII format. Additionally, a
,buffer 210 may be provided to accommodate the additiomnal
memory cards 126 which may be added to controller 108.

In order to convert the ASCII format
information stored in CPU memory 208, controller 108 also
includes a graphics co-processor 220 such as an RPX chip
manufactured by Cirrus Logic (CL-GP4150 Raster Printer
Accelerator). CPU 200 feeds the information in CPU
memory 208 wia line 222 to cosprocessor 220, which
converts the ASCII format information stored within CPU
memory 208 into a bit map form. This bit map information
is stored by co-processor 220 in a dynamic random access
memory 224. CPU 200 controls a timer circuit 230 which
in turn controls a flip-flop circuit 232 which generates
a clock signal via line 234. Co-processor 220 may also
be associated with a reference oscillator 222. Timer 230
also generates a latch signal synchronized with the clock
signal, the latch signal being provided wvia line 236.

The clock signal via line 234 is used by co-processor 220
to clock the bit map data out of DRAM 224 and to provide
such data via data line 238. A serial transmitter such
as an RS-422 chip (SN75ALS197) manufactured by Texas
Instruments is connected to data line 238 as well as
being connected to clock line 234 and latch line 236 to
transmit the data, .clock, and latch signals to the first
printhead 102A via signal line 128. The text and
graphics to be printed by the printheads 102 is bit
mapped in memory 224 and shifted out serially by the co-
processor 220. The printheads 102 are treated as if they
are one combined printhead stacked one on the other,
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means for supplying ink to the jets. 2. The s%;@gfj’
printhead conprises: a serial input port, a drifvg
serial input port and responsive to the output rtgéﬁﬁgﬁ
i nput port, a serial output port connected to jhg I n
plurality of ink jets arranged in a matrix andj
drops of ink fromnozzles onto .a surface of thd
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although they can be vertically spaced from one another.
The serial bits provided via signal line 128 are shifted
through each printhead and onto the next printhead. The
number of times that the serial bits are shifted is the
sum of all the orifices in the printhead chain so that
when the shifting stops, each printhead has the proper
bits for that printhead. As a result, printheads having

. = different numbers of ink jets or different orifices may
be combined together. A text line can span across more
than one prinﬁhead and one printhead can print more than
one text line. In addition, text can be rotated or
inverted. This is in contrast to the prior art where a
custom font was needed if each printhead was not limited
to only one text line. According to the invention, any
size and number of printheads can be connected to the
controller unit and daisy chained together, such as a
seven dot head, a nine dot head, an eighteen dot head, a
twenty-four dot head, or a thirty-two dot head or any )
other size.

P

Figure 3 illustrates in block diagram form one
preferred embodiment of the printhead 102. Preferably,
each printhead has the same configuration so that the
printheads are interchangeable. Each printhead 102
includes a serial receiver 300 which is connected to a
signal line connected to a previous printhead or to
controller 108. For example, the serial receiver (300)
of printhead 102A is connected to the serial transmitter
240 of controller 108 via signal line 128. The serial
receiver (300) of printhead 102B is connected to the
serial transmitter (316) of printhead 102A via signal
line 128AB. Similarly, the serial receiver (300) of
printhead 102C is connected to the serial transmitter
(316) of printhead 102B via signal line 128BC. As a
result of these connections, each serial receiver 300
receives a data signal which is provided via a data line
302, a clock signal which is provided via a clock line
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304 and a latch signal which is provided via a latch line -
306. Printhead 102 includes an array of serial to
parallel registers 308 which are serially connected. The
number of registers depends on the number of ink jets of
the printhead. In the embodiment illustrated in Figure
3, an eighteen ink jet printhead is shown. Therefore,
two registers 308, each having nine outputs, are
employed. Initially, register 308A receives the data via
line 302 and converts the serial data to parallel
information for selectively energizing nine drivers 310A.
Drivers 310A selectively actuate nine solenoids 312 to
drive nine ink jets 314 which are arranged in a matrix
and supplied with ink via pressurized ink supply line 140
connected to accumulator 138. The solencids 312 and
their respective controlled ink jets 314 comnstitute a
plurality of electrically actuated valve means, one for
each jet, adapted for electrical operation in response to
the data bits for ejecting a drop of ink from its
respective nozzle.

_ Register 308A also receives both clock and
latch signals via clock line 304 and latch line 306,
respectively, so that data can be clocked through
register 308A and provided at its data out line to the
next serial to parallel register 308B. Once again,
register 308B converts the serial data to parallel
signals which are latched to energize nine drivers 310B
for actuating nine solenoids 312B which control nine ink
jets 314B. The data out line of register 308B is then
connected to a serial transmitter 316 which is also
connected to the clock line 304 and they latch line 306.
Transmitter 316 transmits the data, clock, and latch
signals along with a 15 volt dc signal provided from the
power supply 132 and used to drive the solenoids 312, to
the next printhead in the daisy chain series. Printhead
102 also includes a voltage regulator 318 which reduces
and controls the 15 volt dc power line to provide a 5
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tinmer for enghlifihddif B dl@l MWIRUESIr 10, and registers 308.

Printhead 102 also includes a timer 320 responsive to the
latch signal provided by latch line 306 to generate an
enable signal which enables the registers 308. Timer 320
is variable and determines size of the dots printed by
the ink jets as the jets eject drops of ink onto the

_ sBurface of the box. As a result, the dots are in
patterns selected from characters for the messages being
printed.

In general, printhead 102 of Figure 3 operates
as follows. Each serial receiver 300 and serial
transmitter 316 has a data line 302, a clock line 304,
and a latch line 306. The serial print data bit stream
is clocked synchronously inta the first register 3082 and
back out through to the next register 308B and finally to
the next printhead wvia transmitter 316. When controller
108 has completed clocking out all of the print data, it
sends a latch pulse via the latch line 306. The print
data is then latched into the registers 308 in the
printheads with the rising edge of the latch pulse. The
trailing edge of the latch pulse triggers timer 320 which
enables the parallel output of the registers 308 and
allows print data to go to the solenoid drivers 310. A
logic one turns on a solenoid driver to actuate its
solenoid 312 and a logic zerxro does not. When a solenoid
312 is energized, a valve is opened and ink, under
pressure as provided via ink supply line 140, passes
through an orifice. The adjustable timer 320 sets the
size of the dots by the amount of time that the ink valve
stays open.

More particularly, the printhead operation is
as follows. Receiver 300 converts differential signals
which are provided via the signal line 128 to standard
logic signal levels. 'The differential signals consist of

- two inputs for each signal line. When one of the signal
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line inputs goes to 5 volts, the other input goes to C.
A resistor (not shown) is connected across each

differential pair to match the characteristic

impedance

of the cable 128. Data line 302, clock line 304, and

latch line 306 are logic level signal outputs
be pulled up to 5 volts in order to interface

which may
these TTL

outputs to the CMOS inputs of the registers 308. The

data is shifted one bit with each clock pulse
out the data out port of register 308A to the
port of register 308B. In the same way, data
out of register 308B wvia its data out port to
transmitter 316. _

When the controller 108 is finished

and shifted
data in

is shifted

the serial

shifting

out the data to all the printheads, it sends the latch
pulse via latch line 306 which is a positive going pulse.
The rising edgée of the latch pulse latches the data into
the registers 308 of each printhead. The pulse width of
the latch signal allows time for the propagation delay.
The falling edge of the latch pulse triggers timer chip
320 which is a 74HC221 manufactured by Texas Instruments.
When timer 320 is triggered, it provides an enable output
which goes low for a time period preset by a resistor
capacitor (RC) combination (not shown) which has a range
between 60 and ‘450 microseconds. The enable output of

timer 320 is connected to the enable ports of

the

registers 308. Each registexr 308 has 9 parallel output
pins, totalling 18, which control the 18 solenoid driver
circuits. A low signal to the output enable pins of the
registers 308 causes the data in the registers to be
connected to their output pins and a logic one enables
the solenoid driver circuits 310 or a logic zero disables

the driver circuits 310. After the timer 320

times out,

the output enable pins of the registers 308 are brought
high and the outputs go into a high impedance state so
that the solenoid driver circuits 310 are disabled by a

pull-down resistor (not shown).



power supply renotely |ocated fromthe printheads for supplying power to
the pri-ntheads, a first power cable connecting the power supply to the
first printhead thereby providing power to the first printhead and a second
power cable connecting the first printhead and the second printhead thereby
provi di ng power to the second printhead whereby no cable is connected .
directly between the power supply and the second printhead. 8. A system
for ink jet printing of nessages on ar%'cles being fed forward one after
another in a predeterm ned path, said %sten1conprising: a termna

i ncl udi ng a keyboard fgneerggﬂ;ior%%qﬁsgﬁag@é%er%%r%%%nth&jtc%ﬁq_t ofoft he

nmessages; a bit nap nmenory; ) “connected W he term nal
for processi Rrimdesss ddife avan thec@iniar frdmishdhat 'is minimizes the

amount of cabling from the controller 108 to a group of
printheads. For example, 24 printheads would require 24
cables connected to controller 108, on going to each
printhead. Since controller 108 is remote from the
printheads and sometimes several hundred feet from the
.printheads, this requires a significant amount of
’ cabling. In contrast, the c¢ircuit of printhead 102

requires only one cable which connects controller 108 to
the first printhead 102A and then cables 128AB and 128BC
connect the first printhead 128A to the second printhead
128B and the second printhead 128B to the third prinfhead
128C. This also reduces the amount of circuitry required
in the controller 108 and reduces the number of wires in
the cable. A twenty-four dot printhead would normally
require a cable of 25 wires or more. The invention
reduces the cable connected to the controller 108 to only
the six wires needed for carrying the differential data
clock and latch signals.

‘Iﬁ view of the above, it will be seen that the
several objects of the invention are achieved and other

- advantageous results attained. '

As various changes could be made in the above
products without departing from the scope of the _
invention, it is intended that all matter contained in
the above description and shown in the accompanying
drawings,shall be interpreted as illustrative and not in
a limiting sense.

REPLACEMENT SHEET
22 FEB 1997

S A il



termnal and storing the nessage data for the messages in the bit map
menory, -said controller having a output port for providing serial output
data in a bit nmap format representative of the nessages; 17 first and

second irﬂiﬂ ositioned adjacent said path to print the
nmessages lmml"'"gﬂ"ﬂmﬁ response to the serial

i nt erconnectirfg feahs tomnecting the serial output :wawﬁ: HRE
to the first printhead for providing to the first

portion of the serial output data in thg4bit map f

What is claimed is:
CLATMS :

1. A system for ink jet printing of messages
on articles being fed forward one after another in a
predetermined path, said system comprising:

a terminal including a keyboard for entering

- “message data representative of the messages;

a controller interconnected with the terminal
for processing the message data received from the
terminal and storing the message data for the messages,
said controller having a output port for providing output
data representative of the messages;

first and second serially connected ink jet
printheads positioned adjacent said path to print the
messages on the articles in response to the output data;

first interconnecting means comnecting the
output port of the controller to the first printhead for
providing the output data to the first printhead;

. Second interconnecting means connecting the
first printhead to the second printhead for providing to
the second printhead at least some of the output data
provided to the first printhead; and

means for supplying ink to the jets.

2. The system of claim 1 wherein each
printhead comprises:

a serial input port, ,' .

a driver circuit connected to the serial input

port and responsive to the output data provided

to its serial input port,

a serial output port connected to the serial

input port,

a plurality of ink jets arranged in a matrix

and adapted for ejection of drops of ink from

nozzles onto a surface of the articles



second i nterconnecting nmeans connecting the serial output port of the

controll er to-the-second—printhead for providi ng=t ~pqi nt head

its respectlve ortlon of out put data in thigidily ;

prlnted an "H Rhi ing ink to the jet.F9. The systehdf claim8
wher ei n eac ses a serial inpwt Ppobtsepndogrern dircuit
connect ed to the serlal |nput port and responS|; to the outpu ata
provided to its serial input port, a serial outp to thle
serial input port, a plurality of ink 4ets arrahged in a matri x gnd

adapted. for ejection of drops of ink from o e .
travelling by the printhead to print dots on .
said surface in patterns selected from
characters for said messages, and
a plurality of electrically actuated valve
means, one for each jet, connected to the
driver circuit, each valve means adapted for
electrical operation in response to the ocutput
¢ data provided to the driver circuit for
ejecting a drop of ink from its respective
nozzle; |
wherein the output port of the controller
comprises a serial output port for providing the output
data in a serial format;

wherein the first interconnecting means
comprises a first cable comnecting the serial output port
of the controller to the serial input port of the first

~ printhead; and
wherein the second interconnecting means

comprises a second cable connecting the serial output
port of the first printhead to the serial input port of
the second printhead whereby no cable is connected
~directly between the controller and the second printhead.

3. The system of claim 2 wherein the serial
input port comprises a serial receiver and the serial
output port comprises a serial transmittexr.

4. The system of claim 2 wherein the driver
circuit includes a serial to parallel register having a
serial input for receiving the serial input data provided
to the serial input port and having a plurality of
parallel outputs, one connected to each valve means.

5. The system of claim 4 further comprising an
adjustable timer for enabling the parallel outputs of the
register for a preset period of time whereby the size of



nozzles onto a surface of the articles travellin
dots oh sard surface 1 n patterns selected from
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nmessages, ! ' f electrically actuatied val ve neans, joge for
each jet, ﬂmﬂmllﬂmtm driver circuit, each jvdl vg 2 9% dapt ¢d for

el ectrical 'epetatu om I response to. the output datia provided toithe driver
circuit for ejecting a drop of ink fromits respecttrve TUOZZI'E; 18

wherein the first interconnecting neans
16
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the dots printed by each nozzle is determined by the
preset period.

6. The system of claim 1 wherein the
controller comprises a CPU for receiving the message
data, a CPU memory for storing the message data, a bit
map memory, and a graphics processor for converting the

. < message data in the message ﬁemory into a bit map format
and storing the converted data in the bit map memory,
said graphics processor providing the converted data to
the output port of the controller.

7. The system of claim 1 further comprising a
power supply remotely located from the printheads for
supplying power to the printheads, a first power cable
connecting the power supply to the first printhead
thereby providing power to the first printhead and a
second power cable connecting the first printhead and the
second printhead thereby providing power to the second
printhead wﬁereby no cable is connected directly between
the power supply and the second printhead.

8. A system for ink jet printing of messages
on articles being fed forward one after another in a
predetermined path, said system comprising:

a terminal including a keyboard for entering
message data representative of the messages;

a bit map memory;

a controller interconnected with the terminal .
for processing the message data received from the
terminal and storing the message data for the messages in
the bit map memory, said controller having a output port
for providing serial output data in a bit map format
representative of the messages;



conprises a first cable connecting the seri al o?hﬁ] ng control |l er
to.the'serial input port of the first printheadif&ah =it second

|nterconnee%rng‘neans conprises a second cabl e ¢opnecting the skrjal output
port of it d to the serial input}pdrt2@fFEh®%Hecpntl
print hea m \m‘ put data being providgqdito the second{pfinthead
via the s lnpwt Pport and the serial output jport=oT thHe T1irst

printhead. 10. The systemof claim9 wherein thg serial, input..paLl ‘
conprises a serial recelver and the séri al out put port conprises a seria

transmitter. 11. The s cl aim reip the cl udes
a serial to parallel r d1 nﬁa&Fﬁ&“ﬁ é&g FEIHﬁaFQ§SPEPe§ng#%énFﬁe .
seri al i nput addeaemtosaded ptatht e peinsl thepuespagesaod hhei pytacpearal ity
of in response to the serial output data,

first interconnecting means connecting the
serial output port of the controller to the first
printhead for providing to the first printhead its
respective portion of the serial output data in the bit
,map format to be printed;

' second interconnecting means connecting the
serial output port of the controller to the second
printhead for providing to the second printhead its
respective portion of the output data in the bit map
format to be printed; and

means for supplying ink to the jets.

9. The system of claim 8 wherein each
printhead comprises:

a serial input port,

a driver circuit connected to the serial input

port and responsive to the output data provided

"to its serial input port,

a serial output port connected to the serial

input port,

a plurality of ink jets arranged in a matrix

and adapted.for ejection of drops of ink from

nozzles onto a surface of the articles

travelling by the printhead to print dots on

said surface in patterns selected from

characters for said messages, and

a plurality of electrically actuated valve

means, one for each jet, comnected to the

driver circuit, each valve means adapted for

electrical operation in response to the output

data provided to the driver circuit for

ejecting a drop of ink from its respective

nozzle; '



paral | el outputs,

one connected to each val ve neans.
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port of the controller wherein the first interconnecting means
comprises a first cable connecting the serial output port
of the controller to the serial input port of the first

printhead; and

wherein the second interconnecting means

comprises a second cable connecting

the serial output

i

3.

m of
aral | el
ze of the
The
ving the

memory,
ssage

bit map

sai d graphics processor providing the converted data to the output

port of the first printhead to the serial input port of

. =the second printhead,

said serial output data being

provided to the second printhead via the serial input
port and the serial output port of the first printhead.

10.

input port comprises a serial receiver and the serial
output port comprises a serial transmitter.

1i1i.

The system of claim 9 wherein the serial

The system of claim 9 wherein the driver

circuit includes a serial to parallel register having a
serial input for receiving the serial input data provided

to the serial input poxrt and having

a plurality of

parallel outputs, one connected to each valve means.

12.

The system of claim 11 further comprising

an adjustable timer for enabling the parallel outputs of
the register for a preset period of time whereby the size
of the dots printed by each nozzle is determined by the

preset period.

13.

The system of claim 8 wherein the

controller comprises a CPU for receiving the message
data, a CPU memory for storing the message data, a bit

map memory, and a graphics processor for converting the
message data in the message memory into a bit map format
and storing the converted data in the bit map memory,
said graphics processor providing the converted data to

the output port of the controller.



19 14. The systemof claim8 further conprising._a. - y-rgnot el y
| ocat ed from the printheads for supplying power mg@gﬁﬁﬁﬁt Qﬁﬂs, a first

power cabl e connectln t he power supply to the

provi di ng ﬂ"l l“ t printhead and a se¢
the first second printhead the

second prlnthead mhereﬁy no cable is connected qi

reby

supply and the second printhead. 15. A ink jet
providing serial output data for a sysi®@m for i rikeset=prtiti'Hg. O

pf]hthead contro ler '

sai d system having a term nal including a keyboard for entering ASCl

message data represent a4 ve Tie tdyestrars seyed admd 8a fulrivhaly toomgir iwdngt lmeads

responsi ve

power supply remotely located from the printheads for
supplying power to the printheads, a first power cable
connecting the powér supply to the first printhead
thereby providing power to the first printhead and a
second power cable connecting the first printhead and the
second printhead thereby providing power to the second |

. *printhead whereby no cable is connected directly between

the power supply and the second printhead.

is5. A ink jet printhead controller providing
serial output data for a system for ink jet printing. of
méssages, said system having a terminal including a
keyboard for entering ASCII message data representative
of the messages and a plurality of prinﬁheads responsive
to the serial output data to print the messages on
articles, said controller comprising:

" a bit map memory;

a processing circuit intercomnnected with the
terminal for converting the ASCII message data received
from the terminal into a bit map format and étoring the

converted bit map format message data in the bit map

memory, said processing circuit having a serial output
port for providing serial output data in a bit map format
representative of the messages; and

interconnecting means connecting the serial
output port of the processing circuit to each of the
printheads for providing to each printhead its respective
portion of the sgerial output data in the bit map format -
to be printed. '

i6. The controller of claim 15 wherein the
interconnecting means comprises a first cable connecting
the serial output port of the controller to a serial
input port of a first one of the printheads and '

messages,



to the serial output data to print the nessages T AG) '
controll er conprising: a bi't map nenory; a proce éLAQENEﬁHEgHEET

i nt erconn m nal for converting {he ASCI|I nessage {data

recei ved amm‘ Mulma'm |nto a bit map format}apd2s2 BEBri§91 hg converted
bit map format nEssageSdata in the bit map nenory, | said processijng circuit
having a serial output port for providing serial{obrpur—datain a bit nap

format representative of the nmessages; and intergonnecting ngans nnecti ng
the seri al output port of the processi Af

for providin
dMainthe
wherein the
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of the prlntheads with the remaining printheads.

17. The controller of claim 15 wherein the
processing circuit comprises a CPU for receiving the
message data, a CPU memory for storing the message data,
a bit map memory, and a graphics processor for converting

.the message data in the message memory into a bit map

format and storing the converted data in the bit map
memory, said graphics processor providing the converted
data as the output data.

18. An ink jet printhead for use with a
system for ink jet printing of messages, said system
having a terminal including a keyboard for entering
message data representative of the messages, a controller
interconnected with the terminal for processing the
message data received from the terminal and storing the
message data for the messages in a memory, said
controller having a serial output port for providing
serial output data in a bit map format representative of
the messages, said ink jet printhead comprising:

a serial input port adapted for connection to
the serial output port of the controller,

a driver circuit connected to the serial input
port and responsive to the serial output data provided to
the serial input port, :

a serial output port connected to the serial
input port,

a plurality of ink jets arranged in a matrix
and adapted for ejection of drops of ink across a gap to
a surface of the articles travelling by the printhead to
print dots on said surface in patterns selected from
characters for said messages, and

a plurality of electrically actuated valve

.means, one for each jet, connected to the driver circuit,

circuit to each of the printheads
E pr| ead its respectlve porti,on of the serial output



port of- the controller_ta a serial input portaght 3
i nt heads and 20 addi tional cables serlarii'“

one of th rmﬂ"@:ﬂmm the remaining prin
claim15 sing circuit conpri
nessage data, a menory for storing the neg
and a graphics processor for converting the

menory into a bit map format and storlﬂ@.the 7

menory, said graphics processor providing the”converted .
each valve means adapted for electrical operation in

response to the output data provided to the driver
circuit for ejecting a drop of ink from its respective
nozzle.

19. The printhead of claim 18 further
comprising first interconnecting means connecting the
serial output port of the controller to the printhead for
providing to the printhead its respective portion of the
serial output data in the bit map format to be printed,
and second interconnecting means connecting the serial
output port of the controller to a second printhead for
providing to the second printhead its respective portion
of the serial output data in the bit map format to be
printed. '

L3

20. The printhead of claim 18 wherein the
first interconnecting means comprises a first cable
connecting the serial output port of the controller to
the serial input port of the first printhead; and wherein
the second interconnecting means comprises a second cable
connecting the serial output port of the first printhead
to the serial input port of the second printhead, said
serial output data being provided to the second printhead
via the serial input port and the serial output port of
the first printhead.

21. The printhead of claim 18 wherein the
serial input port of the printhead comprises a serial
receiver and the serial output port of the printhead
comprises a serial transmitter.

22. The printhead of claim 18 wherein the
driver circuit includes a serial to parallel register
having a serial input for receiving the serial input data
provided to the serial input port of the printhead and



data as the output data. 18. An ink jet printhead for use with a system
for.ink*jet_printing of nmessages, said systemhaving a termnal including a
keyboard for entering nﬁiﬁﬁé data representative of the nessages, a

controller ipﬂﬂuﬁmu h the terminal for processing the nessage data
received fro ' d storing the nessage data for the nessages in
a menory, said cont¥oll er havi ng a serial output port for providing serial
output data in a bit map format representative of the nessages, said ink'
jet printhead conprising: a serial inpuggsport adapted for connection to the
serial output port of the controller, a ariver circuit connected to the

seri a: i nput  pRAHIRNG ERRATSIMe O pdea SRS Buopiiy! &8l acdrouieed £9 the
seria |nput|%géu valve means, and having a serial output port for

providing the serial input data to the next register.

23. The printhead of claim 22 further
comprising an adjustable timer for enabling the parallel
outputs of the register for a preset period of time

. *whereby the size of the dots printed by each nozzle is
determined by the preset period.
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a serial output port connected to the serial input port, a plurality of ink
jets arranged in a matri x and adapted for ejection of drops of ink across a
gap to a surface of the articles travelling by the printhead to print dots
on said surface in patterns selected fromcharacters for said nessages, and
a plurality of electrically actuated val ve . neans, one for each jet,
connected to the driver circuit, 21 each val ve neans adapted for

el ectrical operation in response to the output data provided to the driVer
circuit for ejecting a drop of ink frodBits respective

INK JET SYSTEM WITH SERIAL DATA PRINTHEADS

_ Abstract of the Disclosure
A system for 1nk jet printing of messages on

articles being fed forward one after another in a
predetermined path. A terminal includes a keyboard for
enterlng message data representative of the messages. A
controller interconnected with the terminal processes the
message data received from the terminal and stores the
message data for the messages. The controller has an
output port for prOViding serial output data in a bit map
format representative of the messages. A plurality of
ink jet printheads are serially connected and positioned
adjacent the path of the articles to print the messages
on the articles in response to the serial output data. A
single cable connects the output port of the controller
to the first printhead for providing the output data to
the first printhead. A separate cable interconnects each
printhead to its next succeeding printhead for serially
providing -the data to the remaining printheads so that
the printheads are connected in a daisy chain

- configuration. Power is also supplied to the printheads
in a daisy chain configuration.

FPigure 3
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nozzle. 19. The printhead of claim 18 further conprising first

I nt ercohnecti ng nmeans connecting the serial output port of the controller
to the printhead for providing to the printhead its respective portion of
the serial output data in the bit map format to be printed, and second

I nt erconnecting nmeans connecting the serial output port of the controller
to a second printhead for providing to the second printhead its respective
portion of the serial output data in the bit map format to be printed. 20.
The printhead of claim 18 wherein the first interconnecting nmeans conpri ses
a first cable connecting the serial output port of the controller to the .
serial input port of the first printhead; and wherein the second

i nt erconnecting means conprises a second cabl e
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connecting the serial output port of the first printhead to the serial

I nput port of the second printhead, said serial output data being provided
to the second printhead via the serial input port and the serial output
port of the first printhead. 21. The printhead of claim 18 wherein the
serial input port of the printhead conpises a serial - ' P el i@
serial output port of the printhead corprises a seria{qugwﬁﬁﬁﬁﬁf\§%§&” The

pri nthead of claim 18 wherein the driver circuit incl,d" '
paral l el register having a serial input for receivingjthe sk oA P
provided to the serial input port of the printhead an fﬁ.FE@.W ]
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one connected to each val ve

23. The printhead of claim22 furthes
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means,* and having a serial output port for providing the serial

preset period of tine whereby the sizejof the dot BN B te

adjustable tinmer for enabling the parallel output
I's determ ned by the preset period.

22 having a plurality of parallel outputs,

to the next register.
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