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FIELD OF THE INVENTION

This invention relates to an elongated printing
head having a plurality of printing elements, a printing
method and apparatus using this printing head, and an
apparatus and method for correcting the printing head.

A printing apparatus such as a printer, copying
machine or facsimile machine prints an image comprising
a dot pattern on a printing medium such.as paper, .a thin
plastic sheet or cloth based upon image information.
Among these printing apparatus, those which are the
focus of attention because of their low cost make use of,-
printing heads that rely upon the ink jetting method,
the thermal printing method or LED method, etc., in
which a plurality of printing elements corresponding to
dots are arrayed on a substrate.

In a printing head in which printing elements such
as heating resistors or nozzles are arrayed to 
correspond to a certain printing w1dth the prlnting
elements can be formed through a process similar to that

used to manufacture semiconductors. Accordingly, a




A printing apparatus such as a prlnter copyi ng ”HCh'“enﬂks&%ﬁ%m%‘n%m,
gachine prints an image conprising a dot pattern on a pr| @3 GEh

A7as paper, a thin plastic sheet or cloth based upon inage nong
t hese printing apparatus, those mhlch_qge.the focus of at e of
their | ow cost make use of printing heads that rely upon the |nk jetting.
met hod, the thermal printing method or LED nethod, etc., in which a
plurality of printing elenents corresponding to dots are arrayed on a
substrate. In a printing head in.which printing el ements such

transition is now being made from a configuration in
which the printing head and driving integrated circuitry
are arranged separately of each other to a configuration
in which the driving integrated circuitry is formed on
5 the board of the head on which the printing elements are
arrayed. As a result, complications in driving the
printing head be avoided and the printing apparatus can
be reduced in size and cost.
Among these types of printing methods, the ink-jet
10 printing method is particularly advantageous. According
to this method, thermal energy is made to act upon ink
and the ink.is jetted by utilizing the pressure produced
by thermal expansion. This method is advantageous in
that the response to a printing signal is good and it is.
15 easy to group the discharge ports together at a'high
density. There are greater expectations for this method
in comparison with the other methods.
However, when the printing head is manufactured
through a process used to manufacture semiconductors, as
20 mentioned above, numerous printing elements to be made
to correspond to the printing width are arrayed over the
entire area of a board, and therefore it is very
difficult to manufacture all of the printing elements
‘without any defects. As a consequence, the
25 manufacturing yield of the printing head is poor and

this is accompanied by higher manufacturing cost. It is



‘as heatrng resrstors or nozzles are arrayed to correspond to a certain
&erntrng width, the printing elenents can be forned thro ﬁm‘m"d

simlar to that used to manufacture sem conductors. Accor

transition is now being made froma configuration in whic i{

head and driving integrated circuitry & e arranged separately of each ot her
to a configuration

very difficult to achieve such a printing head in
practice.

Accordingly, methods of manufacturing an elongated
printing head have been disclosed in the specifications

5 of Japanese Patent Application Laid-Open (KOKAI) Nos.
55-132253, 2-2009, 4-229278, 4-232749 and 5-24192 and in
the specification of USP 5,016,023. According-to these
methods, a large number high-yield printing head boards,
each having an array of a comparatively small number of

10 printing elements, e.g., 32, 48, 64 or 128 printing
elements, are placed upon a single heater board in
conformity with the density of the array of printing
elements, thereby providing an elongated printing head
whose length corresponds to the necessary printing

15 width.

It has recently become possible on the basis of
this technique to simply manufacture a full-line
printing head by arraying a comparatively small number
(e.g., 64 or 128) of printing elements on a substrate

20 and bonding these substrate (referred to as “heater
board” or “element substrate”) on which printing
elements are arrayed, in a row on a base plate which
serves as a base, in precise fashion in a length
corresponding to the necessary printing width.

25 Though it has become easy tolmanufacture a full-

line printing head, certain performance-related problems



in which the driving integrated circuitry is formed on the board of the
ﬂ'ead on which the printing elenments are arrayed. As a resuniis,Sheen IBeeeR
~in driving the printing head be avoi ded and the printing ap
reduced in size and cost. Anong these types of printing net

i nk-jet printing nmethod i s parti cul arl+y dadvant ageous. Accor-di ng o

nmet hod, thernmal energy is nmade to act upon ink and the ink is Jetted by
utilizing the pressure produced by thermal expansion. This nmethod is
advant ageous in that the response to a printing signal is good and it is

remain with regard to a printing head manufactured by
the foregoing manufacturing method. For example, a
decline in printing quality, such as irregular
distribution, cannot be avoided. The cause is a

5 variance in performance from one heater board to another
heater board in the row of such heater boards, a
variance in the characteristics of neighboring-printing
elements between heater boards and heat retained in each
driving block of the printing elements at the time of

10 printing.

In the case of an ink-jet printing head, not only a
variance in the neighboring printing elements between
the arrayed heater boards but also a decline in ink
fluidity owing to the gaps between heater boards results

15 in lower yield in the final stage of the head production
process. For this reason, the state of the art is such
that these printing heads are not readily available on
the market in large quantities regardless of the fact
these printing heads exhibit highly satisfactory

'20 capabilities.

Pig. 12 is a block diagram illustrating an example

of the circuit construction of a heater board aceording_l

to the prior art.

As shown in Fig. 12, numeral 900 denotesfen*eieﬂeg
25 substrate (heater board) having heating elements f |

(heating resistors) 901 power transistors 9202 for



’ﬁasy to gro charge ports together at a hlgh den5|ty There are

greater Latlons for s nmethod in conparison with the other methods.

However , Qg head is. manufactured through a process used to
,nanufactur as mentioned above, numerous printing el ements

to be made to t he printingw dth are arrayed over the entire
“area of a board, an efore it is very difficult to manufacture all of

the printing elenents wi t hout any defects. As a consequence, the
manuf acturing yield of the printing head is poor and

controlling flow of current to the heating elements 901;
a latch circuit 903 for latching printing data in sync
with a latch clock (on pad 907); a shift register 904,
the inputs to which are serial data (on pad 906) and a
S _ serial clock (on pad 905) synchronized to the serial

data, for latching one line of data; a resistance sensor
914 manufactured by the same forming proceSS'aé the
forming process of the heating elements 901, for
monitoring the resistance values of the heating elements

10 901; a temperatﬁre sensor 915 used to monitor the
temperature of the heater board 900; and input/output
terminals 905 ~ 913. Specifically, numeral 908 denotes
a driving pulse input (heating pulse) terminal for
externally controlling the ON time of the power

15 transistors 902, namely the time during whiéh a current
is flowed through the heating elements (rgsistors) 901
to drive them. Numeral 909 denotes a driving power-
supply (5 V) terminal for powering.logic circuitry.
Numeral 910 designates a ground terminal; 911 an input

20 terminal for powering the heating eléments 901; 912
terminals for driving and monitoring the resistance
sensor 914; and 913 terminals for driving and mbnitoripg
the temperature sensor 915.

In the arrangement described above, serially
25 entered printing data is stored in the shift reéistér

904 and latched in the latch circuit 903 by a 1atéh




this is acconpani ' r nﬁnufacturing cost. It is: -3 very
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e Patent Application Laid-Open (KOKAI) Nos.
278, 4-232749 an® 5-24192 and in

signal. 1In response to a heating pulse which enters
from the terminal 908 under these conditions, the
transistors 902 are turned ON in accordance with the
printing data to flow a current through the
corresponding heating elements 901, thereby heating ink
in the respective ink passageways so that the ink is
discharged from the ends of the nozzles in the form of
droplets.

Consider the energy needed to form bubbles in the
ink at the heating elements 901. If the thermal
radiation conditions are constant, the energy will be
expressed by the product of the necessary energy
introduced per unit area of the heating element 901 and
the surface area of the heating element 901. This means
that the voltage across the heating element 901, the
current flowing through it and the duration (pulse
width) of current flow should be set to vélues according
to which the necessary energy will be obtained. The
voltage impressed upon the heating element 901 can be
held substantially constant by supplying voltage from
the power supply of the printing apparatus per se. As
for the current flowed through the heatiné elements 901,

the resistance values of the heating elements 901 differ

. depending upon the lot or board owing to a variance in

the film thickness of the heating elements 901 ﬁ;ought

about in the process for manufacturing the heater board




’Q&Q,OZS. According to these nethods, a | arge

ad boards, each having an array of a
conparatlvely printing elements, .e.g., 32, 48, 64 or 128
printing elenme upon a singlge heater board in conformty with
the density of the_array_of printing elenments, thereby providing an

el ongated printing head whose | ength corresponds to the necessary printing
width. It has recently become possible on the basis of this technique to
sinply manufacture a full-1line

the spect 11 cagl.g egﬁastggg,

900. Accordingly, in a case where the applied pulse
width is constant and the resistance value of a heating
element 901 is greater than what the design calls for,
the value of the current flowing through this heating
5 element 901 declines and the amount of energy introduced

to the heating element 901 becomes inadequate. As a
result, the ink cannot be made to form bubbles'properly.
Conversely, if the resistance of a heating element 901
is too small, the current value will become greater than

10 the design valﬁe even if the same voltage is applied.
In this case, excessive energy is produced by the
heating element 901 and there is the danger that the
heating element 901 will burn out or have its service
life shortened. A method of dealing with this is to

15 constantly monitor the resistance values of the heating
elements 901 by the fesistance sensor 914 or the
temperature of the heater Board 900 by the temperature
sensor 915, change the power-supply voltage or heating
pulse wiath based upon the monitored values and arrange

20 it so that a substantially constant energy is applied to
the heating elements 901.

Next, consider the amount of ink discharged in the
jetted droplets. The amount of discharged ink is
related mainly to the volume of the ink bubbles. Since

25 the volume of an ink bubble varies depending upéﬁ the

temperature of the heating element 901 and the



printing head by arraying a conparatively small nunber (e.g.,-64 or 128)_of“~*"

printing el enents on a substrate and bondi ng these substrate (referred to .
as "heat efpibgé:Gias Boen Relesient substrate") on which printing elenents are
arrayed, i _ se .pl ate which serves as a base, in precise
fashion i njﬂlﬁ sponding to the %e‘cessary printing wdth. Though
it has bec o manufacture a full- line printi-ng head, certain

per formance-rel at ed probl ens

temperature of the surroundings, a pulse (a preheating
pulse) whose energy is not high enough to jet ink is
applied before the heating pulse that causes the jetting
of the ink, then the temperature of the heating.element
5 _ 901 and of its surroundings is adjusted by changing the
pulse width and output timing of the preheating pulse to
thereby discharge ink droplets in a constant - amount.
This makes it possible to maintain printing quality.
Correction of variance in the resistance values of
10 the heating elements 9201 and control of the substrate
temperature are carried out by feeding back signals from
the respective sensors 914, 915 and outputting a heating
signal whose heating pulse width, preheating pulse width
and prehéating/heating pulse timings have been altered
15 Dbased upon the feedback. However, in addition to the
foregoing problems, there is a structural variance in
the area of ﬁhe orifice openings and a variance in the
film thickness of a protective film provided on the
heating elements 901. As a result, there is a variance
20 in the amount of ink discharge produced by each nozzle.
This leads to irregular density and streaks at the time
of printingland'makes it necessary to control the amount
of ink discharge on a per-nozzle basis or in units of
several nozzles. Furthermore, in a case where a
25 plurality of the heater boards of Fig. 12 are pléced in

a row to construct an ink-jet head having a multiplicity



4 remai Wi ard to a printing head manuf act ur ed by the foregoing
mmg@&@pﬁg@g qh thod For exanple, a decline in printing quality, such as

|r M cSﬁﬂtlon cannot be avoided. The cause is a variance in
one heater board to another heater board in the row of
a variance in the characteristics of neighboring
prlntlng elenents betmeen heat er boards and heat retained in each driving
bl ock of the printing elenents at the tine of
of nozzles, the resistance values of the heating
elements 901 differ from one heater.board to the next.
Consequently, the heating pulses for discharging ink
must be changed for each heater board to bring the
5 applied energies into conformity. 1In other words, in
the case of a printing head constituted by a plurality
of heater boards, irregular density is caused not only
by the variance in orifice area but also by a
conspicuous differehce in density from one board to
10 another. This means that correcting the amount of
discharge on a per-nozzle basis within a heater board
becomes more important in a printing héad having a
plurality of heater boards than in a printing head

having a single heater board.
15

SUMMARY OF THE INVENTION

Accordingly, an object of the present invention is
to provide a printing head, as well as a printing method
and apparatus using the same, in which the printing head

20 is simple to manufacture, exhibits a high yield and does

not result in reduced printing quality.

Another object of the present invention is to
provide a printing head in which printing can be
performed while correcting for a variance in the

25 printing elements without greatly increasing the size of

the head circuit board, as well as a printing me£th and _

apparatus using this printing head and a printing-head



printing. ln the case of an ink-jet printing head, not only a variance in-
t he nei ghboring printing el ements between the arrayed heater boards but
al sﬁhlasuaﬂasnenklligw fluidity owing to the gaps between heater boards

resul eld in the final stage of the head production process.
For t e state of the art-i¥0 such that these printing heads are
not rea | y aval l'able on the market in large quantities regardless of the
fact these printing heads exhibit highly satisfactory capabilities.

correction method and apparatus in which correction data
can be determined.
Another objeét of the present invention is to
provide a printing head, as well as a printing method
5 and apparatus using the same, in which driving current
can be applied in a variety of ways while reducing
processing on the side of the printing apparatﬁs.
Another object of the present invention is to
provide a printing head, as well as a printing method

10 and apparatuslusing the same, in which printing
characteristics arising from a variance in the
resistance values of resistive elements (e.g. heat
resistors or thermal elements) can be adjusted by
heating pulses. |

15 A further object of the present invention is to
provide a printing head, as well as a printing method
and épparatus using the same, in which printing can be
performed while correcting for a variance in individual
printing elements of the printing head.

20 : A further object of the present invention is to
provide a printing method aﬁd apparatus in which
printing can be performed while correcting for variance
in the printing characteristics of the printing head by
preheating pulses.

25 Yet another object of thé present inventioﬁ_is to

provide a method and apparatus for correcting a printing



Fig. 12+ ock dlagran1lllustrat|ng an exanple of the circuit : .
keedboar d according to the prior art. As shown in Flgﬁ

constructlgﬂf a;ge (

12, nune an el ement substrate (heater board) having heating
el enent s A\l or s) 901; power transistors 902 for -6- signal
In respon ing pul se which ent&ks—

head, as well as a printing method and apparatus, in
which even if the printing head is constituted by a
plurality of elemenﬁ substrates, a variance in the heat
resistors of all of the element substrates can be

5 adjusted in a simple manner to allow printing.

Still another object of the present invention is to
provide is to provide a printing head in which—the
burden on control circuitry is reduced and the printing
head is driven in a highly precise menner to perform

10 printing.

Still another object of the present invention is to
provide is to provide a printing head in which

. processing on the side of the-printing apparatus is
reduced and pulse width is changed to apply driving

15 current.

A further object of the present invention is to
provide a printing method and apparatﬁs in which
printing is performed while correcting for variance of
individual printing elements.

20 Another object of the present invention is to
provide a printing method and apparatus in which
printing is performed while using heating pulses to
adjust printing characteristics arising from a variance
in the resistance values of heat resistors.

25 Another object of the present 1nventlon is to

provide a printing head, printing method and printing




fromjghe term nal 908 under these conditions, the transistors 902 are

t ur ned™Rest Rephisie Wi th the printing data to flow a current through
the'coj ‘& [ ting el enents 901, thereby heating ink in the
respec eways so that the ink is discharged fromthe ends of
the nozzles in the Tormof -droplets. €o¥dider the energy needed to form

bubbles in the ink at the heating elements 901. If the thermal radiation

conditions are constant, the energy will be expressed by the product of the
necessary energy

apparatus in which printing is performed while altering
the pulse width of heating pulses automatically upon
detecting a variance in the printing charactefistics of
the printing head.

5 Other features and advantages of the present
invention will be apparent from the following
description taken in conjunction with the accoﬁpanying
drawings, in which like reference Eharacters designate
the same or similar parts throughout the figures

10 thereof.

BRIEF DESCRIPTION OF THE DRAWINGS
The accompanying drawings, which are incorporated
in and constitute a part of the specification.

15 illustrate embodiments of the invention and, together
with the description, serve to explain the principle of
the invention.

Fig. 1 is a block diagram illustrating the
construction of an apparatus for correcting a printing

20 head in a firét embodiment of the present invention;

Fig. 2 is a perspective view showing the
construction of the apparatus for correcting the
printing head in the first embodiment;

Fig. 3 is a flowchart showing the operation oflthgzﬁ

25 apparatus for corfecting the printing head in the firsfif e

embodiment;



|ntroduced'per unit area of the heating el ement 901 and the surface area of
the heg}; pﬁe . This nmeans that the voltage across the heating
elenentiﬂmlﬁ nt flowing through it and the duration (pulse width)

of curr be set to val ues according to which the necessary.
ener gy d The vol t age 4 W% essed upon the heating el ement 901
can be held substantlally constant by supplying voltage fromthe power
supply of the printing apparatus per se. As for the current flowed through
t he heating elenents 901, the resistance values of the heating el enents 901
differ

Fig. 4 is an exploded perspective view for
describing the construction of the printing head of this
embodiment;

Fig. 5 is a detailed view showing heater boards

5 arranged side by side;

Figs. 6A through 6D show the shapes of a plate
member ;

Fig. 7 is a diagram showing the plate member and
heater boards in a fixed state;’

10 . Fig. 8 is a diagram showing an example of circuitry
on the element substrate (heater board) of a printing
head in a second embodiment Qf the present invention;

Fig. 9 is a structural view showing the
construction of a printing head according to the second -

15 embodiment;

Fig. 10A is a diagram showing an example of a
preheating selection circuit according to the second
embodiment;

Fig. 10B is a diagram showing an example of

20 preheating pulses;

Fig. 11A is a diagram showing an example of é
preheating selection circuit according to this
embodiment;

Fig. 11B is a diagram showing examples of

25 preheating pulses and selecting the preheating pulses; -



depending uponm the 1ot or board owing to a variance in the filn1thickné§%“ _
of t t'é a&fs%eglfe s 901 brought about in the process for manufacturing -
the h rﬂ iﬁmﬂ‘ﬂl - 900. Accordingly, in a case where the applied pul se

wi dt h the resistance value of a heating elenment 901 is.
greate design calls for #Be-value of the current flow ng
t hrough this heating

Fig. 12 is a diagram showing the circuit
arrangement on a heater board of a conventional printing
head;

Fig. 13 is a.block diagraﬁ showing a multiple-

5 nozzle head constituted by an array of a plurality of
heater boards;

Fig. 14 is a diagram showing driving currént
waveforms for driving the printing elements of Fig. 13;

Fig. 15 is an external perspective viéw showing the

10 principal portions of an ink-jet printing apparatus
according to this embodiment ;

Fig. 16 is a block diagram showing the general
construction of the printing apparatus of Fig. 15;

| Fig. 17 is a diagram showing the construction of an

15 ink-jet printer according to another embodiment;

Fig. 18 is a circuit diagram showing the

~construction of a printing head for oné color in Fig.
17;

Fig. 19 is a diagram showing an example of the
20 constitution of data in a memory (EEPROM);

Fig. 20 is a diagram showing the relationship

between select data A, B of Fig. 19 and preheating

pulses actually selected;
Fig. 21 is a flowchart showing printing process:
25 in a printing apparatus using a printing head aé@éi 2

to a third embodiment of the invention;



. .,:.'.-,,‘_q”_‘.._:é,.j'-k_ﬁ

eIenenL_QOL-dee%rﬁeS*aﬁd the anount of energy introduced to the heatlng
el emrent 901 becone n dequate. As a result, the i'nk cannot be nade to form

_bubbléﬂl rsely, -if the resistance of a heating element 901 is
t oo snal value w |l becone. greater than the design value even
| f the applied. In thislBase, excessive energy is produced

by the heatlng elenent 901 and there is the danger that the heating el enent
901 will burn out or have its service life shortened. A nethod of dealing
with this is to constantly nonitor the resistance values of the heating

Fig. 22 is a diagram showing the circuit
arrangement on a heater board of a printing head
according to the third embodiment;

Fig. 23 is a block diagram showing the construction

5 of a selecting circuit according to the third
embodiment;
' Fig. 24 is a diagram showing the operation timing
of the circuit illustrated in Fig. 23;
Fig. 25 is a flowchart showing the processing
10 performed by an ink-jet printing apparatus using the
printing head of the third embodiment;

Fig. 26 is a diagram showing the circuit
arrangemeﬁt on a heater board of a printing head
according to a fourth embodiment of the invention; and

15 Fig. 27 is a block diagram showing the construction
of a selecting circuit according to the fourth

embodiment.

20 Preferred embodiments of the present invention will
now be described in detail with reference to the
accompanying drawings.

Fig. 1 is a block diagram showing the C°n5tru0t1°n o

of a head correctlng apparatus for determlnlng | _
25 correction data of a printing head 12 accordlng to a

first embodiment of the present invention.




elenents 901 by the resistance sensor.914 or the tenperature of the heater

board aﬁﬁs ﬂ&h@ ﬁture sensor 915, change the power-supply voltage or
heatlng sed upon the nonitored values and arrange it so that
a substa nt energy is applied to the heating el ements 901.

Next , | er the anmount of ink dischal§ed in the jetted droplets. The

anount of di scharged ink is related mainly to the volune of the ink
bubbl es. Since the volune of an ink bubble varies dependlng upon t he
tenperature of the heating el enent 901 and the

In Fig. 1, a CPU 1, which controls the overall
correcting apparatus, manages various controllers,
described later. An I/O interface 2 interfaces the CPU
1 with the varioué components of the apparatus. An

5 'imége processor 3 uses a CCD camera 4 to read the
printing dot pattern on a recording medium placed upon a
paper feeding stage 5 and obtains pixels conforming to
printed dot diameter and'density. wWhen the dot data
corresponding to all printing elements (nozzles) of the

10 printing head 12 is sent from the image processor 3 to
the CPU 1, the latter operates upon the dét data, sends
density correction data to a driving signal controller 7
in conformity with a drive signal for driving the
printing head 12 and causes a memory controller 8 to_

15 develop the density correction data in a memory 13.

An image data controller 6 outputs a dot pattern to
be printed to the érinting heéd‘lz. 'The controller 6
transmits a density correction drive signal while
sending a synchronizing signal to the drive signal

20 controller 7 not only at the time of ordinary printing
but also when the density correction data has been
determined. The CPU 1 manages a head voltage controller
9 which controls the driving voltage of the p#inting._

head 12 and manages a paper-feed/stagé coptroller ll_for

.25 controlling the opération of the paper feeding stage 5/-

thereby setting a préper drive voltage and controlling



- enperature of the surroundings, a pulse (a preheating pul se) whose
ﬂ lagtd enough to jet ink is applied before the heating pul se
ettlng of the ink, then the tenperature of the heating
its surroundlngs I s adjusted by changing the pulse width

and output t|n1ng of the preheating pitse to thereby discharge ink droplets
in a constant amount.

(‘D""CD'

the movement of the stage 5 and paper feed.
Furthermore, a head data detector 10 is an important
portion which, for_the purpose of correcting density,
feeds back the characteristics of each element substrate
5 {heater board 1000, shown in Figs. 4 and 8) of the
printing head 12.
In the printing head 12 which, by way of example,
is composed of a row of a plurality heater boards 1000
on which 64 or 128 printing elements have been formed,
10 it is not known from which portions of a silicon wafer
or the like the heater boards 1000 (1000-1 ~ 1000-m)
have been cut. Accordingly, there are cases in which
the characteristics.differ from one heater board to
another. | |
15 In such case, a rank detecting resistor element RH
(resistor monitor 914 in Fig. 8) constituted by a sheet
resistance value identical with board of the printing
elements is provided in each heater board 1000 in order
that all printing heads can perform printing at an
20 identical density. There are also cases in which a
semiconductor element 915 (see Fig. 12) capable of
monitoring a change in temperature is provided for each
heater board 1000. The head data detector 10 monitors

these elements. When the head data detector 10 sends

T PR

25 data obtained by monitoring these elements to the,CPU 1,

the CPU 1 generates correction data, which is for



T i's makes it possible to maintain printing quality. Correction of variaﬂcé*”ﬂa
Q%m&ﬁﬂ$ aral ues of the heating elenents 901 and control of the .
subs re are carried out by feeding back signals fromthe
resp 914 915 and outputtlng a heating signal whose heating
pul s preheatlng pul se wi dth ard ﬁreheatlng/heatlng pul se tim ngs
have been altered based upon the feedback. However, in addition to the
foregoing problenms, there is a structural variance in the area of the ,
orifice openings and a variance in the f|In1th|ckness of a protective film
provi ded on the
correcting the data that drives each of the heater
boards 1000, in such a manner that each heater board
1000 can print at an average density.
When the above-mentioned correction data is
5 reflected in each controller of the correcting apparatus
of this embodiment, the printing operation by the
printing head 12 is executed under these conditions. 1In
the correcting apparatus, the results of printing are
again subjected to image processing by the CCD camera 4
10 @ and image processor 3, and the memory controller 8
writes the final correction data in a memory 13 (an
EEPROM or the like) at a stage at which the
predetermined rating of the printing head 12 is
satisfied.
15 Fig. 2 is a perspective view showing the
construction the printing-head correcting apparatus of
' the first embodiment, and Fig. 3 is a flowchart
illustrating the operation of the apparatus.
wWith the printing head 12 inserted into a slot 51

20 or 53 of a securing table 50, the table 50 is moved in

such a manner that the printing head 12 can perform

printing at a normal position. Under these condltlons, _

with the components shown in Fig. 1, and anh{nk supply
25 - device 52 is connected to the prlntlng head 12 (step

82). ©Next, in order to measure the rank of the prlntlng



heating elements 901. As a result, there is a variance in the amount of ink "
dlschmgg&apmeﬂuﬁ lsd each nozzle. This leads to irregular density and
strea an of printing and nekes it necessary to control the
anount rge on a per-nozzle basis or -in units of several

nozzl e ur ernDre In a case where a[ﬂﬂwallty of the heater boards of
Fig. 12 are placed in a row to construct an ink-jet head having a
multiplicity

head 12, a signal from the sheet resistance monitor 914
of each heater board 1000 is applied to the apparatus,
which proceeds to monitor theée signals (step S4). In
the case of an elongated (full-line) printing head unit,
5 the sheet resistance value of each block (of each heater

board in a case where the unit is constituted by an
array of a plurality of heater boards) is monitored,
driving power is decided separately for each heater
board and a test pattern is printed (step S6). As

10 preprocessing for printing the test pattern, preliminary
printihg {(aging) is carried out until the operation of
the printing head 12 stabilizes to enable stable
printing by the printing head 12. Aging is performed on
an aging tray juxtaposed on a head recovery processor

15 54, and recovery processing (ink suction, cleaning of

~

orifice surfaces, etc.) is executed in such a manner
that the test pattern can be printed correctly on a
paper. When a test pattern is thus printed, the printed
paper is moved to the position of the CCD camera 4 and
20 image processor 3, where the result of printing is
subjected to image processing by these compoﬁents and
compared with parameters for printing evaluation.
Processing is executed with regard to tﬁe following

items in relation to a variance in printing element: - . .. - ..

25 density, which is a parameter that can be improégd:



9““f‘n022+es—~%he~re5|stance val ues of the heating el ements 901 di #Her

ater board to the next. Consequently, the heating pul ses for":
dIS t be changed for each heater board to bring the applied
ene E ormty. In other words, in the case of a printing head
con plurality of heater boands i rregul ar density is caused

not onIy by the variance in orifice area but al so by a conspi cuous
difference in density fromone board to another. This neans that correcting
t he amount of

(In a case where the total number of printing
elements on each heater board is "n")
(1) The average dot area (dot diameter) of each
printing element and elements on either side thereof
5 (for a total of three elements) is calculated.
In particular, the following averages are
calculated with regard to the first and n—th'eiements:
in case of the first element — the average
dot area (dot diameter) of the n-th on the
10 neighboring heater board, lst and
2nd élements on the current.board;
in case of the n-th element — the average dot
area (dot diameter) of the (n-1) th, n-th on
the current board and
15 : 1st elements on the neighboring heater
board. |
(2) The following two values are found with regard
to the average dot area of each printing element
obtained in (1) above:
20 uneven density £(1) = [MAX of average dot area
of each heater board] - [MIN of average dot
area of each heater boardl
uneven density £(2) = MAX of change in average
dot-area of each heater board of successive

25 heater boards




di scharge—en—aper-nozzl e basis within a heater board becones nore -

I mportant _in r 1L\ head having a plurality of heater boards thaﬁu
) Bed RéplatQ

pri nti has singl e heater board. SUMMARY OF THE | NVENTI ON
Accor di of the present invention is to provide a printing
head, a nting nmethod and-aBparat us using the sanme, in which

the printing head is sinple to manufacture, exhibits a high yield and does
not result in reduced printing quality. Another object of the present
invention is to

These values are decided to determine the manner in
which each printing element should be corrected. For
exaﬁple, in a case where the driving power of each
printing element of the printing head 12 is decided by

5 pulse width, driving pulse-width data applied to an
integrated circuit for driving the'printing head 12 is
selected. As will be described later,.in a case where a
pulse-width selecting circuit (101: Fig. 8) of the
driving integrated circuit makes a selection from

10 several pulse widths, the MAX, MIN of the pulse width
selected on the basis of the values decided in (1), (2)
above are decided and a pulse width between these values
is set based upon the resolution allowed. The pulse
width is set so as to correct the printing density of

15 each element in conformity with the image processing
data, and the pulse width is made to correspond to each
printing element, whereby it is possible to average the
printing densities of the printing head unit 12. The
foregoing is repeated until the above-described

20 processing is finished; When this occurs, the resulting
data is stored in the memory 13. This proceésing is

carried out at steps S8 ~ S12 in Fig. 3.

Fig. 4 is an exploded perspective view for B
describing the construction of the printin§ headg1f:§£
25 this embodiment. In this example, a case is describéd

in which the printing elements are elements for



prov a printing head in which printing can be perforned while COTFeEC

for r§ fi5s Bebh RdpReddr i Nting el ements without greatly increasing the: si ze
of the ard as well as 'a printing method and appar at us u5|ng
this pr Rm% a printing-head =~ - 10 - correction nethod and _
appar at rection data carr B& det er mi ned.

generating ink discharging eﬁergy used to eject ink (in
an ink-jet printing method, each element comprises a
pair of electrodes and a heating résistor 901 provided
between these electrodes). In accordance with the

5 method described below, the full-line printing head 12,
which is fabricated without defects over its entire
width by a conventional technique such as -
photolithographic machining, is obtained at a very high
yield. Moreover, a single plate member 2000 having a

10 plurality of ink discharge ports formed in one end and a
plurality of grooves communicating these ink discharge
ports formed on the plate member 2000 from one end to
the other, is joined to this printing head 12 in such a
manner that the grooves are closed by the heater boards,

15 whereby a full-line, ink-jet printing head unit can be
manufactured in a very simple manner.

The.ink-jet printing head described in this
embodiment has ink discharging ports (nozziés) at a
density of 360 dpi (70.5 um), the number of nozzles

20 thereof being 3008 (for a printing width of 212 mm).
Furthermore, the printing head 12 is constituted by m-
number of heater boards 1000-1 ~ 1000-m, and'the'heater
boards 1000-1 ~ 1000-m bas1cally are composed of L
identical circuitry. o L  -

25 In Fig. 4, the heater board 1000 has 128 of the’

jetting-energy generating elements (heating resistors)




Anot her object of the present invention is to provide a printing head, as
wel | amszsh@f}llaaiBbdhgt od and apparatus using the same, in which driving
current d in-a variety of ways while reducing processing on

t he sidH |ng apparatus Anot her obj ect of the present invention
istop e a prln I ng head, as well as23 Printing nethod and appar at us
usi ng the sane in which printing characteristics arising froma variance
in the resistance values of resistive elenents (e.g. heat resistors or
thermal el enments) can be adjusted by

901 arranged at prescribed positions at a density of 360
dpi. Each heater board 1000 is provided with a signal
pad, and with a power pad 1020 for supplying the driving
power, to drive the heating resistors 901 at any timing
5 by externally applied electric signals.
The row of the heater boards 1000-1 ~ 1000-m is
fixedly bonded by a-bonding agent to the surface of a
base plate 3000 made of a material such as metal or
ceramic.

10 Fig. 5 is a detailed view showing the heater boards
in the arrayed state. The heater boards are fixedly
bonded to a prescribed location on the base plate 3000
by a bonding agent 3010 appliedAto a prescribed
thickness. At this time each heater board is fixedly

15 Dbonded in precise fashion in such a manner that the
pitch (spacing) between the heating resistors 901
situated at the respective edges of two mutually
adjacent heater boards will be equal to the pitch P (=
70.5 um) of the heating elements 901 on each heater

20 board. Further, the gaps produced between adjacent
heater boards are filled and sealad by a sealant 3020.

With reference again to Fig. 4, a printed circuit
-board 4000 is fixedly bonded to the base piate 3000"in

the same manner as the heater boards. At this tlme the””

25 printed circuit board 4000 is bonded to the base plate -

3000 in a state in which the pads 1020 on the heater



heating—putses. A Turther object of the present invention is to,prodeéT

~printing h §$1¥$§| as a printing nethod and apparatus using the s 5
in p plhget s an be perforned while correcting for-a variance in -
I ndi i i ‘el enents of -the printing head. A further object of the
pres s to provide a primtidfg-rethod and apparatus in which
printing can be perforned while correcting for variance in the printing
characteristics of the printing head by preheating pul ses.

boards are in close proximity to signal-power supply
péds 4010 provided on the printed circuit board 4000. A
connector 4020 for receiving a printing signal and
driving power from the outside is provided on the
5 printed circuit board 4000.
The plate member 2000 having the plural grooves
will now be described. -
Figs. 6A ~ 6D are diagrams showing the shape of the
plate member 2000. Fig. 6A is a front view in which the
10 plate member 2000 is seen from the front, 6B a top view
in which Fig. 6A is seen from the top, 6C a bottom view
in which Fig. 6A is seen from the bottom, and Fig. 6D a
sectional view taken along line X-X of Fig. 6A.
In Figs. 6A ~ 6D, the plate member 2000 is shown to
15 have a flow passageway 2020 provided to correspond to
each heating resistor 901 provided in the heater board
" 1000, an.orifice 2030 corresponding to each flow
passageway 2020 and communicating with the flow
passageway 2020 for discharging ink toward the recoxrding
20 medium, a liquid chamber 2010 communicating with each
flow passageway 2020 in order to supply it with ink, and
an ink supply port 2040 for feeding ink, which has been.

supplied from an ink tank (not shown), to the liguid . =

chamber 2010. The plate member 2000 natura11y isj{9rme&’uf-

25 to have a length large enough to substantiélly-quéyfthL.

row of ink ejecting-energy generating elements-SOl_; 
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Yét'énofher obj ect of'the present invention is to provide a nmethod and ,
@&H& egI(Repgr recting a printing head, as well ‘as a printing net hod

an mhlch even if the printing head is constituted by a
pl ]Hlﬂfrent substrates, a variance in the heat resistors of all. of

th ates can be adjusted-l%ﬁa-5|nple manner to all ow
prlntlng. Still another object of the present inventionis to

arranged by lining up a plurality of the heater boards
1000.
With reference again to Fig. 4, the plare.member
2000 is joined to the heatér boards 1000 in a state in
5 which the positions of the flow passageways 2020 are
made to exactly coincide with the positions of the
heating resistors 901 on the heater boards 1000 arranged
in a row on the base plate 3000.
Conceivable methods of joining the plate member
10 2000 are a method in which the plate member is pushed in
mechanically using springs or the like, a method in
which the plate member 2000 is fixed by a bonding agent,
and a method which is a combination of these methods.
The plate member 2000 and each of the heater boards
15 are secured in the relationship shown in Fig. 7 by any
of these methods.
The plate member 2060 can bé manufactured using
- well-known methods such as machining by cutting, a
molding method, injection method or a method relying
20 upon photolithography.
Fig. 8 is a block diagram showing an example of
circuitry on the heater board 1000 of the prlntlng head
12 in a second embodiment of the present 1nvent10n.:.
Components identical with those on the heater board of 'ff-

25 the conventional printing head shown in Flg. 12 are

designated by like reference numerals.



provide is to prOV|de a printing head in mhlch t he burden on control
Ci rc@?lmmmslaeeﬂﬂcpﬁdedand the printing head is driven in a highly precise

manne inting. Still another object of the present invention
S to prOV|de a printing head in which processing on the side
of the printing ap aratus is reduced and?®utse width is changed to apply

driving current. A further object of the present invention is to provide a
printing nethod and apparatus in which
The heater board 1000 of the printing head 12 has a
selecting circuit 101 for selecting preheating pulse
Qidth described later with reference to Figs. 10 and 11;
a latch circuit 102 for storing selection data which
5 selects preheating pulses 103; the latch circuit 903 for
latching printing data; the shift register 904 which, in
sync with a shift clock 116, holds serially inbutted
printing data 117 or selection data for selecting
preheating pulses 103; terminals 110 for entering
10 preheating pulses 103 provided by a controller in the
ink-jet printing apparatus of this embodiment; and
- terminals 111 for selecting and latching seléction data
latched by the latch circuit 102 and for entering
signals to read out the data. On the assumption of a
15 case in which the 1atch circuit 102 comprises a number
of stages, it is so arranged that a plurality of latch
clocks and readout-signals can be entered from the
terminals 111. wWhen the latch circuit 102 is composed
of a number of stages, the number of signal lines from
20 the latch circuit 102 to the selecting circuit 101 is
the same as the number of stages. Numeral 107 denotes
an OR circuit which, in dependence upon the printing
data, éombines the heating pulse outputted from an AND
gate 106 and a preheating pulse signal Selected and

25 outputted by the selecting circuit 101.




printing 1S performed-while correcting for variance of individual printing:
eleﬁg@gﬁmtiggth'r'object of the present invention is to provide a printing = -
met h HE laced i n whi ch printing is perforned while using heating. = .. - °:
pU|S§@uﬂg

resi

inting characteristics arising froma variance in the- : é
f heat resistors. Andfher object of the present ;
I nvention is to provide a printing head, printing nmethod and printing
Fig. 9 is a perspective view showing ;he structure
of the heater board 1000 in the printing head of this
embodiment. Flow passageway wall members 401 for
forming the flow passageways.2620 communicating with a
5 plurality of discharge ports (nozzles) 400 and the plate
member 2000 having the ink supply passage 2040 are
attached. Ink supplied through the ink supply passage
2040 collects in the common liguid chamber 2010 and is
supplied to each of the flow passageways 2020. By
10 supplying current to the heating resistors 901 on the
heater board 1000 in dependence upon the printing data,
ink is discharged from the discharge ports 400 to
perform printing.
The general operation performed by the foregoing
15 arrangement will now be described with reference to Fig.
8.

" After power is introduced to the apparatus, the
preheating pulse width of each heating resistor 901 is
decided in dependence upon the characteristic of the

20 amount of ink discharged (per impression of a prescribed
pulse at a fixed temperature) from each discharge port
(heating resistor) in conformity with each heater board.
The characteristic is measured in advance. Selection
data for selecting the decided preheating pulse_Wiath o

25 corresponding to each discharge port (nozzle)_iél |

transferred to the shift register 904 in sync with the




- 12 - apparatus in which prrntrng is perforned while altering the puf'"
mrdthmemwheﬁﬁsagkamkaes automatical |y upon detecting a variance in the""

printi tics of the printing head. O her features and
advant
descri

esent invention will be apparent fromthe follomnng
conj unction with tH8 acconpanyi ng draw ngs, in which

i ke reference characters designate the sane or simlar parts throughout

the figures

shift clock 116. Thereafter, the latch clock 111 is
outputted to latch the eelection data in the shift
register 904 to the latch circuit 102. It should be
noted that the above-mentioned characteristic of the

5 amount of discharged ink in conformity with each heater
board is stored in the memory 13 on the heater board
1000 of the printing head 12 in this embodiment.
However, it may be arranged to store the characteristic
in a memory (ROM 1702 in Fig. 16) of a controller,

10 described later. Thus, in accordance with this
embodiment, as indicated at point a in Fig. 8, the
output of the shift register 8504 is outputced to the
latch circuit 903 for holding printing data and to the
latch circuit 102 for holding the selectien data of the -

15 preheating pulse, and the shift register 904 for
entering image data is used also as a register for
entering the selection data for selecting the preheating
pulse. As a result, a shift register which enters the
selection data for selecting preheating pulse width can

20 be eliminated. This makes it possible to suppress an
increase in the scale and size of the circuitry even if
the latch circuit 102 for holding the selection data is
provided in multiple stages. | -

Further, by providing the latch circuit 102'J

25 plurality of stages, a number of preheating pulses can:

be enhanced. Alternatively, this will make it p0551hle 2



“t hErE‘Uf—BRI“EF_‘DESCRI—PTI ON OF THE DRAW NGS The acconpanying drawi ngs, whi iy

_areTh n and constitute a part of the specification, illustrate 3
enbo nvention and, together with the description, serve to
expl Ie of the |nvention.'Fig. 1 is a block diagram

|IIu nstruction of an appl@ratus for correcting a printing

head |n a flrst enbodi nent of the present invention; Fig. 2 is a
per spective view show ng the

to easily deal with a case in which the selection data
exceeds the number of stages of the shift register 904.
Tﬁe selection data for selecting the preheating

pulse can be saved at one time, such as when the

5 printing apparatus is started up. Accordingly, even if
this function is provided, the sequence for transfer of
printing data to the printing head 12 will be exactly
the same as in the prior art. However, in consideration
of a change (data blurring), produced by noise or the

10 1like, in the selection data stored in the latch circuit
102, it is preferred that the data be-saved in the latch
circuit 102 again during non-printing intervals.

Input of a heating pulse 105 after the selection
data for selecting the preheating pulse is latched in

15 the latch circuit 102 will now be described. This
embodiment is characterized by separately providing the
heating pulse 105 and a plurality of preheating pulses
103, which are for changing the amount of ink
discharged.

20 First, a signal.from the resistance sensor 914 for
monitoring the resistance values of the heating
resistors 901 is fed back and the pulse width of the
heating pulse 105 is decided in dependence upon the

resistance value in such a manner that energy suitable’

25 for discharging ink will be applied to the heatihg

resistors 901.



cohsLLumLLgn—e#—%he—aﬁparatus for correcting the printing head in t he fiJ
enbodlnent Fig |s a flowhart shomﬁng t he operation of the apparatus

- for inting head in the first enbodinment; - 13- Fig. ‘4 e
S an ectlve V|em1for descri bing the construction of the -
printi - 30 - o

With regard to the preheating pulses, these are

. decided by a controller in such a manner that the pulse
width and timing of each of the plurality of preheating
pulses 103 will change in dependence upon the valﬁe from

5 the temperature sensor 915. Thus, the plurality of

preheating pulses 103 can be set and applied in such a
manner that the amount of ejected ink will be rendered
constant for each nozzle even a prescribed temperature
condition. Data relating to the amouﬁt of discharged

10 ink from each discharge port (nozzle) is obtained from
the memory 13, and the width of the preheating pulses
103 is set correspondingly, thereby rendering the amount
of ink discharged constant to eliminate unevenness and
streaks in the printed image. By using selection data

15 for selecting preheating pulse thus entered and latched
in the latch circuit 102; zero, one or several of the
plurality of preheating pulses 103 can be selected to
perform printing. In the description that follows, the
term “sélection" covers no selection or one or multiple

20 selection of the preheating pulses 103, and the
invention is not limited to an alternative selection.

By suitably contriving a method of selecting

preheating pulse, the number of preheating pulses
supplies to the heating resistors 901 can be increased

25 further.



eandLnenL——Eeg——s—fs—a detail ed vremrshomnng heater boar ds arranged srt
by side; Figs. 6A through 6D show the shapes of a plate menmber; Fig.. 70

dragma@h | at e menber and heater boards in a fixed state Fig.. ‘8. =
s a Hi ﬁ; an exanple of circuitry on the el enent substrate .
(heat printing head in a sdcond enbodi ment of the present
|nvent|on Fig. 9 is a structural view show ng the

In this connection, the above-mentioned selection
data and constructions of the selecting circuit 101 for
selecting preheating pulse will be described with
reference to Figs. 10 and 11.

5 Fig. 10 is a diagram for describing an example in
which four types of preheating pulses 103 are supplied
to control discharged amount of ink in four stages.

Fig. 10A is a circuit diagram showing an example of the
construction of the selecting circuit 101 for selecting

10 desired pulses of the heating pulses 103, and Fig. 10B
is a chart showing an example of these pulses. As will
be evident from these diagrams, a preheating pulse 1 is
selectively outputted when selection.signals (S1, s2})
delivered by the latch circuit 102 are (0,0); a

15 preheating pulse 2 is selectively outputted when the
selection signals (S1, S2) are (1,0); a preheating pulse
3 is selectively outputted when the selection signals
(S1, 82) are (0,1); and a preheating pulse 4 is
selectively outputted when the selection signals (S1,

20 S2) are (1,1). As a result, the number of the
preheating pulses 103 and the number of the output
(selected) preheating pulses become equal.

In Fig. 11, on the other hand, ehe outputted . .
heating pulses are of four types with.respectVten'.

25 preheating pulses 1, 2 (in one type there is no

impression of preheating pulses). More specificailY{:iﬁ



constructi-en—ef—a—printt ng head according'to t he second enbodinentﬁ Fi g.

10A is a diagram showi ng an exanpl e of a preheating selection circuit

accor dhi ag peen #H enbodi nent ; Fig. 10B is a diagram showi ng an
exanpl g ' ] pul ses; Fig. 11A is a diagram show ng an exanpl e of
pr eheatl|i circuit according 88 this enbodinment; Fig. 11Bis a

di agram showi ng exanpl es of

- the circuit of Fig. 11A, no preheating pulse is produced
when the selection signals (S1, S2) are (0,0); a
preheating pulse 1 is outputted when the selection
signals (S1, S2) are (1,0); a preheating pulse 2 is

5 outputted when the selection signals (S1, S2) are (0,1);
and the sum of preheating pulses 1 and 2 is outputted
when the selection signals (S1, S2) are (1,1). Fig. 11B
shows an example of preheating pulses 1 and 2 and
outputs preheating pulses.

10 By adopting the circuit of Fig. 11A, the circuit
area on the heater bbéfd can be made small and the size
of the heater board can be made small. As a result, a
maximum of eight types of preheating pulses can be
produced even when, say, three types of preheating

15 pulses 103 enter from the input terminal 110.

Generally, in a case where P represents the number of

preheating pulse signals 103 supplied, the types P’ of
preheating signals generated (the types of amounts of

discharge) can be made a maximum of 2P.

20 By mounting the printing head 12 constructed as set
forth above in the ink-jet printing apparatus of this
embodiment and applying printing signals to the printing
head 12, it is possible to obtain an inkjjet printing f
apparatus capable of performing high-speed,:high—qua¥ity

25 printing.



preheaurﬁﬁ‘ﬁﬁr§€§‘and*se+ecting the preheating pul ses; - 14 - Figffizﬁi
a di agr ang SIRAWMDHeet Re CIrCUIt arrangenment on a heater board of a

conventl ghd; Fig. 13 is a block di agram showing a nultiple-
nozzle h , ll by an array of a %Iurallty of heater boards;

Fig. 13 is a block diagram showing the construction
of a multiple-nozzle printing head 12 in which a
plurality of heater boards 1000-1 ~ 1000-m are arrayed
in a row. 1In Fig. 13, the latch signals in each heater

5 board are deleted from the drawing.

Here the printing head 12 having a total of n-
number of nozzles is realized by.using the m-number of
heater boards 1000-1 ~ 1000-m. It should be noted that
a serial input pad 906 of the heater board 1000-2 is

10 connected to a serial output pad 104 of heater board
1000-1, and the serial output terminal 104 of each
heater board is similarly connected to the serial input
pad 906 of immediately preceding heater board.

The description below will focus on nozzles 1 and

15 100 of the heater board 1000-1 and nozzle 105 of the
heater board 1000-2.

As shown in Fig. 14, assume that the amounts of ink
discharged by nozzles 1, 100 and 150 are 36 pl, 40 pl
and 40 pl, respectively, at impression of a constant

20 pulse width at a constant temperature. The selection
data, latched in the latch circuit 102, with respect to
nozzles 100, 150 is set in such a manner that (s1,82) =
(1,0) is established, as indicated at (2) in Fig. 11B.
Further, the selection data with respect to nozzle 1

25 having the small amount of ink discharge is set'in such

a manner that (S1,82) = (1,1) is established, as



Fi g. 14 di.a %gq; omﬁng driving current waveforms for driving the
print g. 13; Fig. 15 is an external perspective view: .
show r‘gm Hm port ions of an ink-jet printing apparatus according
to thi 16 is a bl ock diagram showing the general
construction of the prlnting apparatus &% Fig. 15; Fig. 17 is a di agram
showi ng the construction of an ink-jet printer ‘according to another

enbodi ment; Fig. 18 is a circuit diagram show ng the construction of a
printing head for one color in Fig.

indicated at (4) in Fig. 11B. Since it is known from
the resistance sensor 914 that 200 Q holds for the
heater board 1000-1 and 210 Q holds for the heater board
1000-2 with regard to the main heaﬁing pulses 105, the

5 heating resistors 901 are driven by setting the width of
the main heating pulse applied to the heater board 1000~
2 to be greater than that applied to the heater board
1000~-1 so that the energy applied to the heater boards
1000-1 and 1000-2 wili be approximately constant. Fig.

10 14 illustrates driving current waveforms (preheating
pulse and main heat pulse) applied to the nozzles 1, 100
and 150 under these conditions.

It will be understood that the preheating pulse of

nozzle 1 which dischafges a small amount of ink has a

15 pulse width larger than that of the preheating pulses
for nozzles 100 and 150 (tl<t2). Further, the main
heating pulse width t4 for nozzle.lsd is larger than
that (t3) for the nozzles of heater board 1000-2
(t4>t3), as mentioned above. If Fig. 14, t5 represents

20 the minimum heating pulse width needed to foam the ink
and cause the ink droplets to eject from the nozzles.
The following relationship holds: tl1, t2 < t5 < t3, t4.

Thus, in accordance with this embodiment, the width

of the preheating pulses is changed under condltlons in ”;-

25 which the relations (tl<t2), (tl, t2<t5) held w1th

'respect to a change in the temperature of the heater



17 FiQT‘TQ_T§_3‘6Tagranrshdmﬁng an exanple of the constitution of data in -
a menor yrii&g ée#r 20 is a diagram showi ng the rel ationship between
sel ect daLﬂﬂBH E ced19 and preheating pul ses actually selected; Fig.

21 is a f rg printing processing in a printing apparatus using
a printin ng to a third enBddtnment of the invention;

board during printing. As a result, the amount of ink
discharged from each nozzle can be made approximately 40
pl at all times. This makes it possible to print a very
high-quality image without the occurrence of uneven
5 density or streaks. Furﬁhermore, with regard to the
heating pulses, the pulse width is adjusted in
dependence upon the resistance values of the heating
resistors of each heater board, whereby a constant
energy is applied without waste. This makes it possible
10 to extend the service life of the heating resistors.
Fig. 15 is an external view of an ink-jet printing
apparatus IJRA to which the present invention can be
applied.
In Fig. 15, a lead screw 5005 is rotated via
15 driving-force transmission gears 5011, 5009 in operative
association with the forward-reverse rotation of a drive
motor 5013. A carriaée HC engaged with a helical groove
5004 formed in the lead screw 5005 has a pin (not shown)
and is moved back and forth in the directions of arrows
20 a, b. An ink—jet cartridge IJC is mountéd on the
carriage HC. A paper retaining plate 5002 presses a
sheet of paper against a platen 5000 along the direction
in which the carriage HC moves! Photocouplers 5007,
5008 serve as home-position sensing means for senéiqg_

25 the presence of a lever 5006 provided on the céfriagé HC

in order to change over the direction of rotation of the



- 15 - Fig—22-+sa di agram showi ng the circuit arrangenent on a heater
board of a rintie a‘an,d according to the third enbodinent; Fig. 23 is a

bl ocKrhg g the construction of a selecting circuit according to
the th ( ' Fig. 24 is a diagram show ng the operation timng of
t he ci I ed in Fig. 23; Fig365is a flowhart show ng the

processi ng '

drive motor 5013. Numeral 5016 denotes a member
supporting a cap member 5022 which caps the front side
of the printing head 12, and number 5015 denotes suction
means for sucking ink via an opening 5023 of the cap
5 . from the nozzles of the printing head 12, to restbre the
printing head 12. Numeral 5017 denotes a cleaning blade
and 5019 a member which makes it possible to-move the
blade 5017 back and forth. These are supportéd on a
supporting plate 5018. It goes without saying that the
10 Dblade 5017 applied to this example is not limited to the
illustrated blade but can be any well-known cleaning
blade. Numeral 5012 denotes a lever for starting the
starting the sucking operation in suction restoration.
The lever 5012 moves to accompany rotation of a cam 5020
15 engaged with the carriage HC, and the movement thereof
is controlled by well-knéwn transmission means such as a
clutch for changing over the driving force from the
driving motor 5013.
These capping, cleaning and suction restoration
20 operations are carried out by executing the desired
processing at corresponding positions through the action
of the lead screw 5005 when the carriage HC has arrived
in an area on the side of the home position. If éhe';
desired operations are performed at the well-known '
25 timing, these operations can be apﬁlied to this éxample;:*i

<Description of Control Arrangement>




o~ e e

per f or med by'an I nk-] et printing apparatus using the pfinting head of thé'
t hi rdﬁﬁg ﬁ Len Rebifed 26 1S @ di agram.showi ng the circuit arrangenment on.a

heat er nting head according to a fourth embodi ment of the
i nventi 7 is a block diagram showi ng the construction of a

sel ect i ordlng to the fourtd enbodi nent. DETAI LED DESCRI PTI ON
OF THE PREFERRED ENBCDINENT Preferred enbodi nents of the present invention
will now be described in detail with reference to the

An arrangement for executing control of printing in
the apparatus set forth above will now be described with
reference té the block diagram of Fig. 16. Shown in
Fig. 16 are an interface 1700 for entering é printing

5 signal, an MPU 1701, a program ROM 1702 for storing a
control program executed by the MPU 1701, a dynamic RAM
1703 for saving various data (the above-mentioned
printing signal and printing data that is supplied to
the head 12), and a gate array 1704 for controlling

10 supply of printing data to the printing head 12. The
gate array 1704 also controls transfer of data among the
interface 1700, MPU 1701 and RAM 1703. Also shown are
the drive motor (carrier motor) 5013 for conveying the
printing head 12, a conveyance motor 1709 for conveying -

15 recording paper, motor drivers 1706, 1707 for driving
the conveyance motor 1709 and the carrier motor 5013,
respectively, a signal line 1711 for monitoring the
sensors 914, 915 of each heater board of the printing
head 12 as well as the memory i3 of the printing head

20 12, and a signal line 1712 for carrying the preheating
pulses, latch signals and heating pulses (main heating

| pulses) .
Fig. 17 is a diagram showing the general

construction of a color 1nk—3et printer hav1ng a llne—ﬂ'

25 type head according to another embodiment. The pr;ntep;f

has four ink-jet heads (each of which has a length of



acconpanying drawings..- Fig. 1 is a block diagram show ng the construction
of aTﬂggdagﬁgBaﬂE&iﬁxapparatus for determning correction data of a

printi : ording to a first enbodi nent of the present invention,
- 16 - CPU 1, which contngé;the overall correcting apparatus,
manage us controllers, - -

about 10 cm) for respective ones of four colors and
performs printing by conveying a recording paper P in
the direction of arrow F. Numeral 170 denotes a head
controller for supplying printing data to the heads and

5 for controlling heating, and numeral 171 designates a
paper-feed motor for conveying the recording paper P.
The ink-jet heads 12 (Y, M, C, K heads) corresponding to
the respective colors are each constituted by 11 heater
boards indicated at ICl ~ ICll. The arrangement is

10 shown in Fig. 18.

Components in Fig. 18 identical with those in the
foregoing diagrams are designated by like reference
numerals. Each heater board is equipped with 128
heating resistors. VH and PGND indicate power supply

15 lines and ground lines of the heating resistors 901; ODD
and EVEN represent control signal terminals for feeding
current separétely to odd- and even-numbered heating
resistors 901; and BENBO ~ 2 denote block selection
signals which prevails when the heating resistors are

20 electrified in block units in one heater board. The
circuits of the heater board corresponding to these
signals are shown in abbreviated form in Fig. 8, etc.

PHEAT 1 ~ 4 of the preheating pulse signais 103
corresponds to preheat 1 ~ 4 in Fig. 10B, for exémple,,

25 and the latch signals 111 are latch signals for-iatéhihg -

the selection signals S1, S2 of Fig. 10A in the.létch




described—tater—AR T/Ointerface 2 interfaces the CPU 1 with the vari®di
conponents_ o e%ﬁ i@pparatus. An i mage processor 3 uses a CCD camera 4 to-
readﬁ@ < 1 ot pattern on a recordyng medi um pl aced upon a paper
f eedi obtains pixels conformng to printed dot diameter and
densi“mm\t“ mot data corresponding@? o all printing el ements (nozzles)
of the printing head 12 is sent fromthe image processor 3 to the CPU 1,
the latter operates upon the dot data, sends density correction data to a
driving signal controller 7 in conformity with a drive signal for driving
the circuit 102. Numeral 13 denotes an EEPROM for storing
the drive conditions (data) of the printing head 12.
Numeral 908 denotes the main heating pulse applied tb
each heater board, and 913 a signal for detecting the
5 temperature of each heater board.
The printing data sent to each heater board is 128-
bit data for turning each of the 128 heating. resistors
901 on and off. This data is transferred whenever one
line is printed and is latched in the latch circuit 903
10 by the latch signal 118 (Fig. 8). More specifically,
each heating resistor 901 is turned oﬁ and off in
dependence upon both the main heating pulse and the
printing data. The preheating pulse, on the other hand,
is outputted irrespective of the printing data.
15 The selection data 1atched-in the latch circuit 102
is data for individually setting the preheating pulse
widths of the 128 heating resistors 901. Two bits (S1,
S2) correspond to one heating resistor 901 and therefore
the selection data is composed of a total of 256 bits.
20 The 256-bit selection data is transferred to each heater
board only one time before printing, e.g., when the
power supply is turned on, and is held continuously in
fhe latch circuit'102, which is composed of two stages.

The two-bit selection data is outputted to the selecting

25 circuit 101 from the latch circuit 102 and, as éhdwn in

Fig. 10 or 11, is used to select any one or two of the



printi, §kmm 12 and causes a nenory controller 8 to devel op the dens*ty -
correc c¢enory 13. An i mage data controller 6 outputs a dot
patter ]af(lﬂ{ﬁ to the printing head 12. The controller 6 transmts a .
densi t |ve si gnal- while sending a synchronizing signal to the
drive 5|gnal controller 7 not only at-t4e -tine of ordinary printing but

al so when the density correction-data has been determined. The CPU 1

manages a head voltage controller 9 which controls the driving voltage of
the printing head 12 and nmanages a paper-feed/stage controller 11 for

c four preheating pulses BPHEAT 1 ~ 4 in accordance with
the selection data.
Fig. 19 is a diagram showing the constitution of
the data in the memory 13 (EEPROM) of printing head 12.
s The data stored in the memory 13 is selection data
{(select A data and B data: corresponding to Sl1, S2,
respectively) for 1408 (128 X 11) heating resistors
corresponding to 11 heater blocks (the above-mentioned
heater boards 1000), setting data (PHEAT 1 ~ 4)

10 indicating the pulse widths of the four types of
preheating pulses (PHEAT 1 ~ 4), and setting data
(ﬁHEATB 01 ~ 11) indicating the pulses widths of the
main heating pulses for each heater board 1000. These
items of data are read out of the memory 13 by the head -

15 controller 170 (Fig. 17) or MPU 1701 (Fig. 16) prior to
the start of printing and are referred to in the setting
of the selection data in each heater board 1000.

Each item of the setting data PHEAT 1 ~ 4 is four-
bit data representing 0 ~ 10 (OAHQH denotes

20 hexadecimal). when the head 12 is manufactured, the
density characteristic of each nozzle of the head 12 is

" measured by tﬁe above-described head correcting
apparatus, and the setting data is selected as four
widths, in which density is averaged optimally, from

25 among 11 types (0.25 ~ 1.50 usec) capéble of heiﬁg set

as preheating pulse widths. The head controller 170 and




controlllng the operatlon of the paper feeding stage 5 thereby setting a

pr o hcsl:tHasGBeemi g and controlling - 17- the novenent of the stage 5
and’ rthernDre a head data detector 10 is an inportant
port t he purpose of correcting density, feeds back the

characterls

each el enent substr&te~ (heater board 1000, shown in

Figs. 4 and 8) of t he

10

15

20

25

MPU 1701 use a counter to generate the preheating pulses
BPHEAT 1 ~ 4, whose widths are.based upon the
transferred values of the setting data PHEAT 1 ~ 4, and
transfer the generated preheating pulses to each heater
board." .f

As set forth above, the selection data thus
transferred to each heater board prior to printing is
latched in the latch circuit 102 of each heater board,
and the selection circuit 101 selects any one of the
preheating pulses PHEAT 1 ~ 4 based upon the selection
data (A, B), whereby the heating resistors 901 are
preheated.

Fig. 20 is a diagram showing an example in which
such preheating pulses.(PHEAT 1'~ 4) are selected (See
Fig. 10B).

Fig. 21 is a flowchart showing printing processing
from turn-on of the power supply to the end of printing
of one page in , say, the ink-jet priﬁting apparatus of
Fig. 15 of this embodiment. The control program for
executing this processing is stored in the ROM 1702 and
is executed by the MPU 1701. Processing is basically
the same also in thé apparatus of Fig. 17 with the
exception of the fact that the 1atter apparatus performs -

color printing and has a line-type pr1nt1ng head.t__f_f

¢RI L

The process1ng shown in Fig. 21 is started by

turning on the power supply of the apparatus.~ A; step



pri nt+ng-head 12. I n the printing head 12 which, by way of exanple, is
conmposed of a row of a plurality heater boards 1000 on which 64 or 128

pri nt i"A§S Btes Rydaced been fornmed, it is not known from which portions of
a sili e li ke the heater bgards 1000 (1000-1 ~ 1000-m have
been c , there are cases i%f vihich the characteristics differ
fromone heater board to another. In such case, a rank detecting resistor

el ement RH (resistor nonitor 914 in Fig. 8) constituted by a sheet

S21 in the flowchart, the resistance values of the
heating resistors on the heater bbards 1000-1 ~ 1000-m
(m-number of heater boards) of the printing head 12 and
the ink discharge-quantity characteristic of each nozzle

5 (discharge port) of each heater board are read. The
read values are stored in the éAM 1703 at step S22. The
resistance values of the heating resistors 901 are
detected by the resistance sensor 914, and the iﬁk
discharge-quantity characteristic of each nozzle may be

10 stored in, say, the memory 13 provided in the printing
head 12, as shown in Fig. 19. Next, at step S23, the
above-mentioned selection data is decided in conformity
with the resistance values of the heating resistors of
each heater board and the ink discharge-quantity

15 characteristics, the selection data is transferred
seriélly to the shift register 904 on each heater board
of the printing head 12 and the selection data is
latched in the latch circuit 102 of each heater board.
When thé latch circuit 102 is constituted by multiple

20 stages, e.g. 2 stages as in this embodiment as shown in
Fig. 8, the latch signal and select signal (these
signals are collectively input from the terminals 111)
are outputted and latched in the latch circuit 102 stage

by stage.

25 Next, at step 8524, it is determined whether

printing data has entered from an external device (host



resié?aEEE_VETUE“TaéﬁTTEaI with board of the printing el ements is pro

I N eacthisisaék Bis Ha &400 in order that all printing heads can perform ™.
prlntln cal density. There are also cases'in which a = _
sem con m w'% 915 (see Fig. 12) capabl e of nonitoring a change in-
t enper at ur ed for each heatef3board 1000. The head data detector
10 nmonitors these elenents. Wien the head data detector 10 sends data

obtained by nonitoring these elenents to the CPU 1, the CPU 1 generates
correction data, which is for

computer), not shown, via the interface 1700. If
printing data has input, the program proceeds to step
S25, at which the received printing data is stored in
the RAM 1703. Next, the program proceeds to step S26,
5 at which it is determined whether one line of printing,
for example, is capable of starting.' If the answer is
NO, the program returns to step S24. If the. answer is
YES, the program proceeds to step S27.
At step S27, printing data to be printed on an

10 initial single row is transferred serially to the shift
register 904. Next, the program proceeds to step S28,
at which the output of the latch circuit 102 is supplied
with the selecting circuit 101. The preheating pulses
103 are then supplied with all heater boards of the

15 printing head 12. As a result, as shown in Fig. 10 or
11, one or some of the preheating pulses 103 are
selected in dependence upon the selection éignal (2 bits
:81, 82) from the latch circuit 102, whereby the
printing head 12 is preheated. The program then

20 proceeds to step $29, at which the heating pulses (main
heating pulses) 105 are outputted to each heater board
to actually print an image.

The reception of data from the host computer and _

the transfer of the next series of prlnt data to the

e ARt

25 shift register 904 of each heater board are carrled outi-ff

even during preheatlng processing or heatlng proces31ngf-



SUC

the
prlntlng
appar at us,

10

15

20

25

correctln ‘data that drives each of the heater boards 1006'"*'%”ff§

&mk qt each heat'er board 1000 can print at an average density.
4 oned correction data is reflected in each controller of
aratus of .this enbodi ment, the printing operation by the -
i s executed under thed4€ tonditions. In the correcting
the results of printing are

(output of the main pulsesj for actual printing.
Further, when the printing head 12 is composed of the
plurality of heater boards 1000-1 ~ 1000-m, as shown in
Fig. 13 or Fig. 18, an arrangement may be adopted in
which the heating resistors are electrified on a per-
board basis at staggered times instead of the
arrangement in which the heating resistors of all heater
boards are electrified simultaneously at step S29. By
virtue of this arrangement, the capacity of the power
supply of. the apparatus can be reduced. Next, at step
830, it is determined whether the printing of one line
haS'ended. If the printing of one line hes ﬁot ended,
the progfam returns to step S27 to repeat processing
from this step.

When the printing processing for one line ends, the
program proceeds froﬁ step S30 to step S31, where the
conveyance motor 1709 is rofated to convey the recording
paper in the sub-scan direction by an amount equivalent
to one line. This is followed by step S32, at which it
is determined the printing of one page has ended. If
the answer is NO, then the program returns to_step 825,

at which it is determined whether reception of the next -

line of printing data has been completed. When the’
printing of one page of an image is finishé”-by_
repeating the above-described operation, pfiﬁtiné

processing is terminated.



- agai jected to image processing by the CCD canera 4 and inage processor:: .«¥
3, and the nenory con roller 8 wites the final correction data in a nenory

13 (dhmBEﬁEﬁmmmﬁ eyl ke) at a stage at mhlch the predeterm ned rating of
t he pr |s satisfied. Fig. is a perspective vi ew showi ng the
-constr Eﬁ ﬂ nting- head correctlﬁﬁ'apparatus of the first _

enbodi ne ' 3is aflowhart illustrating the operation of the

apparatus "Wth the printing head 12 inserted into a slot 51

A printing head according to a.third embodiment of
the invention will now be described.

Fig. 22 is a block diagram illustrating an example
of the circuit arrangement of a heater board 1000a, one

5 of the heater boards of the printing head 12 of the ink-

jet printing apparatus IJRA of the third embodiment.
Components in Fig. 22 identical with those of the heater
board 1000 of the printing head shown in Fig. 8 are
designated by like reference numerals.

10 In Fig. 22, numeral 1000a denotes the element
substrate (heater board) of the printing head 12 of this
embodiment, numeral 300 designates a heating-pulse
generating circuit for deciding heating pulse width,
described below with reference to Figs. 23 and 24, and

15 numeral 903 denotes the latch circuit for latching
printing data. Printing data or data for deciding
heating pulse width enters the shift register 904
serially in sync with the shift clock 116 and is held by’
the shift register 904. NUmeral 221 denotes a terminal

20 for entering the clock éignal which decides the heating
pulse width, and 222 denotes a latch clock for latching
the data from the shift register 904 in the heating-
pulse generating circuit 300. _'

Fig. 23 is a block diagram showing part of the e

25 construction of the heating-pulse generating cifcpié.ibﬁfﬁvT

of the third embodiment. This circuit generates the



eé %ascgeeﬁak

acgrlng table 50 the table 50 is noved in such a manner that

ad 12 can. perforn1pr|nt|ng at a normal position. Under these

Ee printing head 12 is brou into electrical contact with
shown in Fig. 1, and a‘n‘#%k's

the prlntlng head 12 (step 82). Next, in order to nmeasure the rank of the

printing

10

15

20

25

head 12, a signal fromthe sheet resistance nonitor 914

heating pulses for the heating resistors 901 in upits of
eight heating resistors. A four-bit counter 201 counts
the clock signal 221 applied thereto. 'Data from the
shift register 904 for deciding the width of the heating
pulses of the eight heating elements is input an eight-
bit latch circuit 202 and is latched thereby.
Comparators 203, 204 compare the output of the counter
201 and the outputs of the latch circuit 202 and output
pulse signals when the compared signals agree; A
set/reset-type flip-flop 205 is set by the output of
comparator 203 and reset by the output of an OR circuit
207. |

Numeral 210 denotes leading-edge data, which is
supplied with the shift register 904, for deciding the
leading-edge timing of the heating pulses, and numeral
211 denotes trailing-edge data, which is supplied with
from the shift register 904, for deciding the trailing-
edge timing of the héating pulses. In the example of
Fig. 24, let the leading-edge data be *0010” (a binary
nﬁmber), and let the trailing-edge data be *1011* (a
binary number), by way of example. As a result, when
the output of the counter 201 agrees with the value (2)
of the leading-edge data after the counter 201 has

started counting in-response to the clock signal (CLK)

221, the output of the comparator 203 attains the high

level and so does” j"utpul: of the flip-flop 205

upply device 52 is connected to. -



of each—heater—board 1000 is applied to the apparatus, which proceeds-to;iwi*:
nmoni tor these signals (step S4). In the case of an elongated (full-line). - - -

print. eplacdde sheet resistance value of each bl ock (of each
heat er | n e where the .unit js constituted by an array of a
“plurali t oards) is nonitor®d, —driving power is decided

separately for each heater board and a test pattern is printed (step S6).
As preprocessing for printing the test pattern, prelimnary printing
(aging) is carried out until the operation of the printing head 12

stabilizes to enable stable
({timing T1). As the counter 201 counts further and the

output value thereof comes into agreement with the
trailing-edge data (0BH), the output of the comparator
204 attains the high level and the flip-flop 205 is |

5 reset (timing T2). As a result, heating pulses for
eight heating resistors 901 are generated and outputted.

In the third embodiment, heating pulse width is

decided for each one of the prescribed number of heating
resistors 901. However, this does not impose a

10 limitation upon the invention. For example, the latch
circuit 202 of Fig. 22 can be constructed of multiple
stages and one-bit data from the shift register 904 can
be entered and latched a total of'eight times, whereby
heating pulse widths in a plurality of stages can be

15 decided in units of one heating resistor 901. In this
case, it is required that the number of latch clocks 222
conform to the number of stages. Further, in thé.
circuiﬁ of Fig. 23, an ideal arrangement is to provide a’
reset-signal input terminal, which is for inputting the

20 reset signal (RESET) that is supplied with the MPU 1701,
in order to prevent erroneous oberation of the heating-
pulse generating circuit 300. The counter 201 and flip-
flop 205 are reset by this reset signal.

Further, the counter 201 is a four-bit éoun:er in
25 the third embodiment. However, the-number.of-bi;s in

the counter can be decided appropriately'deﬁehd{ﬁgfupdﬁ7 




.pfiT&+ﬁﬁT+ﬂ#ﬁ4ﬁ3—pFFﬁPFﬂg-head-l?. Aging is perforned on an aging tray

j uxt aposed on a head recovery processor 54, and recovery processing (ink

SUCtFYHm ¢edorj fice surfaces, etc.) is executed in such a manner
t hat- | ‘n can be printed correctly on a paper. \Wen a test
patte Hﬁﬁmﬁm&‘m&t ed, the print e-d‘péBeF I's nmoved to the position of the
CCD canera 4 and i mage processor 3, where the result of printing is
subj ected to i nage processing by these conponents and conpared with
parameters for printing evaluation. Processing is executed with regard to
the f0||OMArE£e pulse width of the heating pulses desired to be
produced, the resolution of timing and the frequency of
the clock 221. Further, if, in a case where it is
desired to generate a plurality of heating pulse signals
5 having different resolutions, the necessary number of
pulses (the number of bits in the counter 201) is
increased in order to conform to a finer resolution,
signals having frequencies that differ from one another
are generated using a plurality of the clock signals 221
10 and these signals are combined, thereby making it
possible to generated heating pulse signals having
mutually different resolutions without increasing the
number of bits of the shift register 904.
The heating-pulse generating circuit 300 may be
15 incorporated on the heater board 1000a in the printing
head or it may be formed as an IC circuit and then
mounted on ﬁhe heater board 1000a. Further, the circuit
of this embodiment can also be applied to a case-in
which all of the heating resistors 901 are not driven
20 simultaneously but in segments in order to suppress an
increase in power supply capacity.
Operation based upon the foregoing arrangement_Will
now be described. o
After the power supply of the apparatus is turned

25 on, the heating pulse'width of each heating resiétor 901

is decided in dependence upon the characteristic of the

P JPARPIVSVIE L



| t ers—t+A—+etattoen—toe—a variance in printing el enent density, whi

paraneter that can be inproved: - 20 - (In a case where the to

of Bhis Sheetias Bee on each heater board is "n") (1) The average dot
(dot H ach printing el ement and el enents on either side-th
(for ee elements) is ca &9 at ed.

amount of ink discharged (per impression of a prescribed -
pulse at a fiked temperature) from eéch discharge port
(nozzle: heating resistor) in conformity with the heater
board of the printing head 12. The characteristic is

5 measured in advance. ’The leading-edge and trailing-edge
data for deciding the heating pulse width corresponding
to each discharge port is transferred to the-shift
register 904 in sync with the shift clock 116.
Thereafter, the latch clock 118 is outputted to latch

10 the leading-edge and trailing-edge data of the shift

register 904 in the latch circuit 202 of the heating-

e AR o'w .

pulse generating circuit 300. It should be noted that
the above-mentioned characteristic of ﬁhe amount of ink
discharged in conformity with each heater board may be
15 stored in the memory 13 on the heater board of the
printing head 12 in this embodiment. Alternatively, it
may be arranged to store the characteristic in the ROM
1702 oi RAM 1703. When printing is thus actually
carried out, the clock signal 221 is outputted in 16
.20 pulses in a case where the counter 201 is a four-bit
counter, by way of example. As a result, heating pulse

width is decided in dependence upon the 1eadingfe§ge:andh

trailing-edge data stored in the latch circuit 202
shown in the timing chart of Fig. 24, whereby;;h'"

25 heating resistors 901 are heated.



In_particular, the follomrng'averages are calculated wth regar:
first and n-th elenents: in case of the first elenent [err] the: h
ar edhi &}Esnﬁﬁk. aredof the n-th on the neighboring heater board, 1st-and-'
2nd E current board; in case of the n-th el enent [err] t he

aver ot dianeter) of th&0(r-1) th, n-th on the current board
and t he nei ghboring heater board.

By mounting the printing head 12 constructed as set
forth above in the ink-jet printing apparatus of this
embodiment and applying printing signals to the printing
head 12, it is possible to obtain an ink-jet printing
5 apparatus capable of performing high—speed, high-quality
printing. _
Fig. 25 is a flowchart showing printing—pfocessing
from turn-on of the power supply to the end of printing
-of one page in the ink-jet printing apparatus of the
10 third embodiment. The control program for executing
this processing is stored in the ROM 1702 and is %
executed by the MPU 1701.
The processing shown in Fig. 25 is started by
turning on the power supply of the épparatus. At step
15 S41 in the f;owchart, the resistance values of the
heating resistors 901 on each heater board 1000a of the
printing head 12 and the ink discharge-quantity
characteristic of each nozzlé (discharge pdrt) of the
heater board are read. The read values are stored in
20 the RAM 1703 at step S42. The resistance values of the

heating resistors 901 are detected by the resistance N o

sensor 914, and the ink discharge-quantity
characteristic of each nozzle is s;o;éd-inr sa’
memory 13 provided in the printing head 12 -
25 step S43, the above-mentioned leadlng-edge

edge data is decided in conformlty with the resistan



(2)—TFhe—fel-ewing—two-val ues are found with regard to the averagé*de

of each printing el enent obtained in (1) above: uneven density f(1)

~of avaf m ce m&*ﬂ‘ ‘each heater board] - [MN of average dot area -o_f:.;"-'»-

each neven density f(2) = MAX of change in average dot'aréé
of eac of successive heat Bt boards

values of the heating resistors 901 of the heater board
1000a and the ink discharge-quantity characteristics,
this data is transferred serially to the shift register
904 on each heater board 1000a of the printing head 12

5 and the data is latched in the latch circuit 202 of the
heating-pulse génerating circuit 300 of each heater
board. When the latch cifcuit 202.is constituted by
multiple stages, the latch signal and select signal
(these signals entér collectively) are outputted and

10 latched in the latch circuit 202 stage by stage.

Next, at step S44, it is determined whether
printing data has entered from an external de&ice (host
computer), not shown, via the interface 1700. If
printing data has entered, the program proceeds to step -

15 845, at which the received printing data is stored in
the RaM 1703. Next, the program proceeds to step 546,
at which it is determined whether one line of printing,
for example, is capable of starting. If the answer is
NO, the program returns to step S44. If the answer is

20 YES, the program proceeds to step S47.

At step S47, printing data to be printed on an
initial single row is transferred serially to the shift
register 904. Next, one line of p;inting data is
latched in the latch circuit 903 of each heater board

25 1000a and the data is outputted to the AND-gate:_'Nékpin-

at step S48, the clock signals (CLK) 221 of 16-pulsesf-




These values are deci to deternine the manner in which each prrn

el e mwwﬂseaﬂ; Lyected. ‘For exanple, in a case where the driving"p
c

of ea nent of the printing head 12 is decided by pulse. mndfh, ES
drivi data applied-to an integrated circuit for driving the .~
a

printing he sel ected. As wil+ 3% described later, in a case where
a pulse-width selecting circuit (101: Fig. 8) of the driving I nt egrat ed
circuit makes a selection fromseveral pulse widths, the MAX, MN of the
pul se wi dth -
according to this embodiment are supplied with the
counter 201. As a result, as shown for example in Fig.
24, the pulse widths of thé heating pulses are decided
in dependence upon the leading-edge and trailing-edge
5 data from the latch circuit 202, whereby the heating
resistors 901 on each heater board of the printing head
12 are electrified (heated). Actual printing of an
image is thus carried out.
The reception of data from the host computer and
10 the transfer 6f the_next series of printing data to the
shift register 904 of each heater board are carried out
even during heating processing for actual printing.
Further, an arrangement may be adopted in which the

heating resistors are electrified in sections at

15 staggered times instead of the arrangement in which all

heating resistors 901 are electrified simultaneously at
step S48. By virtue of this arrangement, the capacity
of the power supply of the apparatué can be reduced.
Next, at step S49, it is determined whether the printing
20 of one line has ended. If the printing of one line has
not ended, the program returns to step S47 to repeat
processing from this step.
When the printing processing for one line ends, the
prégram proceedé from step S49 to step S50, where the

25 conveyance motor 1709 is rotated to convey the fgcbrding .

paper in the sub-scan direction by an amount equivalent
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sel ected on the basis of the val ues decided in (1), (2) above are.d@éﬁﬂéd
and This[SHéebBas\Wesi REpR@lWeen t hese val ues i s set based upon the resol utiion

. aIIowﬁMﬂmm u/vidt_h is set” so as to correct the printing density of
each _ formty with the i mage processing data, and the pul se-
wi dth'l rrespond to each priS&ing el enent, whereby it is
possible to average the printing densities of the printing head unit 12.
The foregoing is repeated until the above-descri bed processing is finished.
When this occurs, the resulting data is stored in the menory 13. This
processing i s
to-one printed line. This is followed by step 851, at
which it is determined the printing of one page has
ended. If the answer is NO, then the program returns to
step S46, at which it is determined whether reception of
5 the next line of printing data has been completed. When
the printing of one page of an image is finished by
repeating the above-described operation, printing'
processing is terminated.
In accordance with the third embodiment, as
10 described above, the width of heating pulses can be
changed through a simple arrangement. ‘At the time 6f
actual output of heating pulses (actual printing of an
image), the clock signal 221 need only be outputted, as
a result of which the burden upon the MPU 1701 can be
15 reduced. In this embodiment, the value of the sensor
914 is detected only at the beginning of the printing
processing of one line. However, an arrangement may Se
adopted in which this is carried out whenever the
heating resistors are electrified.
20 Further, in accordance with the third embodiment,
as described above, a heating pulse and a plurality of
preheating pulses are supplied separately to each heater
board of the ink-jet head, preheating pulses are
selected by the latch circuit 102 provided within the

25 Theater board to save selection data, and the préheating _

pulse is combined with a main heating pulse for printing




carried out at sreps—SB - S12 in F|g 3. Fiag. 4 is an expl oded pef¥

Vi eﬁ:iéh@etﬁﬁsﬁ%eﬁ the construction of the printing head 12 of thi

exanple a case is described in which the printing < - --
ele umr H ts for - 22 - generating ink discharging ener gy used
to e i nk-j et printing-nB#éhod, each el enent conprises a

(the AND of the main heating pulse and image data),
thereby making it possible to exploit the conventional
shift register 904 effectively. As a result, circuit
portions for entering the selection data can be deleted

5 to prevent an increase in.the space occupied by the
circuitry.

Furthermore, any preheating pulse can be selected
with ease merely by.storing the selection data, which
selects one or some of the preheating pulses, in each

10 heater board of the priﬁting head 12. As a result, the
amount of ink discharged from each nozile can be
controlled in a simple manner. |

Further, printing can be performed while holding
applied energy substantially constant even in a printing

15 head constituted by a plurality of heater boards. As a
result, it is possible to obtain a high-quality printed
image free of uneven density and streaking that
accompany a fluctuation in amount of ink discharge.

Further, it is possible to provide a long-life

20 printing head and a printing apparatus which uses this

head.

Fig. 26 is a block diagram illustrating the
construction of a heater board 1000b, one- of_thefh

boards in the printing head 12 accordlng to a ourt:

25 embodiment. Components in Fig. 26'1dent1ca1 Wlthf;h .



" pair: of electrodes and a heati ng resistor 901 provi ded between these %
eleciﬁﬁggﬁhkhkamﬁ@c acghrice with the method descri.bed bel ow, the fuII-I|n

prlntlnc Ch‘IS fabricated w thout defects over its entire wndthﬁh
by a co"maﬂl hm\que such as - photol I t hographi ¢ machining, is
obtalne very high yield. Mreover,53 single plate menber 2000 havi ng
a plurality of ink discharge ports forned in one end and a plurality of
grooves conmuni cating these ink discharge ports formed on the plate nenber
2000 fromone end to the other, is joined to this printing head 12 in such
2 of the foregoing embodiment are designated by like
reference numerals aﬁd need not be described again.
In the fourth embodiment, the heating-pulse
generating circuit 301 obtains the resistance
5 characteristics of the heating resistors 901 using the
sensor 914, sélects the proper pulse width automaticallj
and drives the heating elements 901.
| In Fig. 26, the heating-pulse generating circuit
301 latches leading-edge data and trailing-edge data
10 applied thereto, just as in third embodiment. However,
this embodiment differs from the third embodiment in
that the heating-pulse generating.circuit 301 latches
plural types of leading-edge data and trailing-edge data
applied thereto, detects the resistance value of the
15 resistance sensor 914 directly connected to the circuit
301 and selects a pulse width (trailing-edge data)
conforming to thié resisﬁance value. It should be noted
that the resistance sensor 914 is formed on the heater
board 1000b at the same time as the heating resistors
20 901 and faithfully reflects the resistance

characteristics of the heating resistors 901.

Fig. 27 is a block diagram showing part of the

construction of the heating-pulse generatlng c1rcu-
of the fourth embodiment. Operation will be degc

25 with reference to this drawing.



manner that the qrooves are cl osed by t he heater boards, mhereby a _

full-line, ink-jet printing head unit can.be nanufactured in a very sinp e

MeR{Y §heet HA3BednMplhc@d Printing head described in this enmbodi ment has ink

dis (nozzles) at a density. of 360 dpi” (70.5 [err]), the
HHM]IME EU!R t hereof being 3008-(Bbr-a printing width of 212 nm.

Fur ‘printing head 12 is constituted by m nunber of heater

boards 1000-1 - 1000-m and the heater boards 1000-1 - 1000-m basically are
conposed of identical circuitry.

In Fig. 27, numeral 330 denotes a four-bit counter
similar to that of the counter 201, and numerals 331 ~
334 denote comparators similar to the comparator 203 or
204 of the foregoing embodiment. The comparators 331 ~

5 334 each compare the output value of the counter 330
with the leading-edge data and t;ailing—edge data
latched in the latch circuit 335 and output a high-level
signal when agreement is achieved. A flip-flop 336 is
similar to the flip-flop 205 and decides the pulse width

10 of the heating pulse signal. A selecting circuit 337
selects one of the outputs of the comparators 332 ~ 334,
i.e., the trailing-edge timing (i.e., pulse width) of
the heating pulses. A window comparator 338 decides the
trailing-edge timing, which is to be selected by the

15 selecting circuit 337, in dependence upon the voltage
level outputted by an amplifier/current source 339.

In cénformity with the resistance value of the
resistance sensor 914, the selecting circuit 337 selects
any one of trailing-edge timings of a pulse signal based

20 upon plural items of trailing-edge data that have been
set. As a result, it is possible to realize the drive
of heating resistors 901 at a heating pulse width
conforming to the resistance values of the heating

resistors 901.

Jrpar—

25 In the fourth embodiment also, as in the féxegoing

embodiment, the latch circuit 335 is constituted by a



In Figffﬂﬂ_th,hﬁaLEL—bOard 1000 has 128 of the jetting-energy generat
el ements (heating resistors) - 23 - 901 arranged at prescribed positi
at ap, %Hétﬁagmén\&ﬁgélpl Each heater board 1000 is provided with a signal.

pad, - ;E“ \m““ r pad 1020 for supplying the driving power, to drive
the h
S|gnal

s 901 at any timmyady-externally applled electric
plurality of stages, and inputs are made in the form of

one-bit data in each stage, thereby making it possible
to set a pulse width corresponding to one heating
resistor 901.

S In the description given above, the sensor 914 is

described as being a resistance sensor. However, this

T

may be a temperature sensor such as a thermistor, by way
of example. In such case, the temperature of the heater
board or the extent to which heat is retained by the

10 Theating resistors 901 may be sensed to realize printing
control (excitation control) conforming thereto. This
makes it possible to obtain a printed image of even
higher quallty

With regard to processing executed by the MPU 1701 -

15 in this case, the step of reading the value of the
sensor 914 at step S41 is no longer necessary. Further,
at step S43, plural types of trailing-edge data need
only be set in advance, after which processing may be
performed just as in the third embodiment.

20 In accordance with the fourth embodiment, as
described above, control by the MPU 1701 is made .

unnecessary, as a result of which the burden upon'th

controller can be alleviated. Further, though 1t
important to provide these sensors and monltor 1
25 resistance value or temperature of each heater h_

the burden upon the control circuitry by an increase i



The mﬁ/s&gtﬁaggeeg aligr boar ds 1000-1 - 1000-mis. fixedly bonded by a #id¥
agent of a base plate 3000 nade of a material such- as et al
er s a detailed view showi ng the heater boards in the

'array eater boards are fixedly bonded to a prescribed
| ocation on the base plate 3000 by a-b&8di-ng agent 3010 applied to a
prescribed thickness. At this time each heater board is fixedly bonded in
preci se fashion in such a manner that the pitch (spacing) between the
heating resistors 901

the number of sensors is alleviated in this case also.

This makes real-time processing possible.

In the third embodimenﬁ, a great amount of
processing is performed by the MPU 1701 to deal with the
5 resistance values or temperature values, which change

from moment to moment. In the fourth embodiment,

however, there is no increase in the burden upén the MPU

1701 and a change in the temperature of the heater board

elements can be dealt with in real time.

10 Further, since cables and connectors for connection

to the outside are unnecessary, the: effects of external

noise are eliminated and cost of manufacture can be

reduced.

In the foregoing description, an example is

15 described in which the board of a printing head is

TR A T

employed in the printing head of an_ink—jétting type.
However, this does not impose a limitation upon the
invention for board can also be applied to that for a
thermal head.

20 The present inveqtion has been described with
regard to a printing apparatus of the type having means
(e.g., an electrothermal transducer or laser beam)_for

generating thermal energy as the energy utilized‘to jet

ink, wherein a change in the state of the ink is brought

25 about by this thermal energy. In accordance w1th thlS'L




o e

sFTUET’ﬁ‘ﬁT"TﬁE—TEEBECtive edges of two nutually adjacent heater boargs:
ﬁgﬂggﬁﬁgbﬁaﬁ pitch P (= 70.5 [err]) of ‘the heating el enents 901.0on

eac Further, the gaps produced between adjacent heater
boar ‘m ‘ “mg End seal ed by a sealant 3020. Wth reference again to
F|g ircuit board 4000 7 $%ixedly bonded to the base plate
3000 in the same manner as the heater boards. At this tinme the printed

circuit board 4000 is bonded to the base plate 3000 in a state in which the
pads 1020 on the heater

method of printing, high-density, high-definition
printing can be achieved.
With regard to a typical configuration and
operating principle, it is preferred that the foregoing
5 ©be achieved using the basic techniques disclosed in the
specifications of USP 4,723,129 and 4,740,796. This
scheme is applicable to both so-called on—demahd-type

and continuous—type apparatus. In the case of the on-

- R e M e R L -

demand type, at least one drive signal, which provides a

10 sudden temperature rise that exceeds that for film |
boiling, is applied, in accordance with printing
information, to an electrothermal transducer arranged to
correspond to a sheet or fluid passageway holding a
fluid (ink). As a result, thermal energy is produced in

15 the electrothermal transducer to bring about film
boiling on the thermal working eurface of the printing
head. Accordingly, air bubbles can be formed in the
fluid (ink) in one-to-one correspondence with the drive
signals. Owing to growth and contraction of the air

20 bubbles, the fluid (ink) is jetted via the discharge
port so as to form at least one droplet. If the drive
signal has the form of a pulse, growth and contractlon _.e"
of the air bubbles can be made to take place rapldly'and F:..

in appropriate fashion. This is preferred since it w;11£7*

25 Dbe possible to achieve fluid (ink) jetting haviﬁg

.excellent response.




- 24 - hoards are in close proxinity to-signal -~power suppl§ pads 4@
prOV|ded on the prlnted circuit board 4000. A connector. 4020 for re

gedd driving power fromthe outside is provided on t he 'l
pr|n ) ﬁ' rd 4000. The plate nmenber 2000 having the plural grooves
mnll i

10

15

20

25

ed. Figs. 6A ~ 6D-a® di agrans showi ng the shape of the

Signals descfibed in the specifications of USP
4,463,359 and 4,345,262 are suitable as drive pulses
having this pulse shape. It should be noted that even
better recording canlbe performed by employing the
conditions described in the specification of USP
4,313,124, which discloses an invention reléting to the

rate of increase in the temperature of the above-

O R O N Y Y P

mentioned thermal working surface.

In addition to the combination of the discharge
port, fluid paséageway and electrothermal transducer (in
which the fluid passageway is linear or right-angled)
disclosed as the construction of the printing head in
each of the above-mentioned specifications, the present
invention covers also an arrangement using the art
described in the specifications of USP 4,558,333 and
4,459,600, which disclose elements disposed in an area
in which the thermal working portion is curved.
Further, it is possible to adopt an arrangement based.
upon Japanese Patent Application Laid-Open No. 59-
123670, which discloses a configuration having a common
slot for the ink discharge portions of a plurality of

electrothermal transducers, or Japanese Patent

Application Laid-Open No. 59-138461, which discloses af=:
configuration having openings made to correspond t9 the
ink discharge portions, wherein the openings absqtb.“

pressure waves of thermal energy.




pl ate—meETber 20007 Fig. 6A is a front view in which-the plate menbé

isseﬁu ﬁ‘e"e{a&qt 6B a top viewin which Fig. 6A is seen from:

t op, in which Fig. 6A is seen fromthe bottom and Flg' 6D
a sec en along line X-X of Fig. 6A. In'Figs. 6A ~ 6D, the
pl ate shown to have a ¥ |6w-passageway 2020 provi ded to
correspond.to each heating resistor 901 provided in the heater board 1000,
~an orifice 2030 corresponding to each fl ow passageway 2020 and _
communi cating with the fl ow passageway 2020 for discharging ink toward the
recordi ng
As a printing head of the full-line type having a
length corresponding to the maximum width of the
recording medium capable of being printed on by the
printing apparatus, use can be made of an arrangement in
5 which the length is satisfied by a combination of plural
printing heads of the kind disclosed in the foregoing
specifications, or an arrangement in which priﬁting
heads serve as a single integrally formed printing head.
Further, it is possible to use a freely
10 exchangeable tip-type printing head attached to the main
body of the apparatus and capable of being electrically

connected to the main body of the opoaratus and of -

supplying ink from the main body, or a cartridge-type

printing head in which an ink tank is integrally
15 provided on the printing head itself.

The addition of recovery means for the printing
head and spare auxiliary means provided as comoonents of
the printing apparatus of the invention is desirable
since these stabilize the effects of the invention

20 greatly. Specific examples of these means that can be
mentioned are capping means for capping the printing-

and

head, cleaning means, pressurizing or suction means;.
preheating means such as an electrothermal t”'
another heating element or a comblnatlon,there

25 Implementing a preliminary ink dlschaxgehmo_of



nEdI—ﬂ&_jLi+{&HffTﬂﬂﬂﬁ5—— 2010 communi cating with each flom1passagemay'”ﬁn
in order to su mtwwth I nk, and an ink supply port 2040 for feeding"

i nk, wh56h= tuppl i ed fron1an ink tank (not shown), to the liquid
chanber te menber 2000 naturally is forned to have a | ength
| ar ge e antlally cover thee2ow of ink ejecting-energy
generatlng elenents 901 - 25 -

performing jetting separately of printing also is
effective in order to perform stabilized printing.

The printing mode of the printing apparatus is not
limited merely to a printing mode for a mainstream color

5 only, such as the color black. The printing head can
have a unitary construction or a plurality of printing
heads can be combined. It is possible'to use an
apparaéus having at least one printing mode for a
plurality of different colors or for full-colof printing
10 using mixed colors.

Further, ink is described as being the fluid in the

embodiment of the invention set forth above. The ink

used may be one which solidifies at room temperature or

'x dme e mes.

lower, one which softens at room temperature or one

15 which is a liquid at room temperature. Alternatively,

I

in an ink-jet arrangement, generally the ink is
temperature—controlied by regulating the temperature of
the ink itself within a'temperature range of between
30°C and 70°C so that the viscosity of the ink will

20 reside in a region that allows stable jetting of the
ink. Therefore, it is permissible to use an ink

liquefied when the printing signal is'applied. '

In order to positively prevent elévated 
due to thermal energy by using this-aswthe-énef"
25 converting the ink from the solld state to the,llqu

state, or in order to prevent evaporatlon of the_ nk



géigggeg,byfkrﬂrﬁﬁ’ﬁp a pIurallty of the heater boards 1000. Wth ref SR
ain to Fi e plate menber 2000 is joined to the heater boards 1000j“
§kaH@s the positions of the flow passageways 2020 are made to .
ith the positions of the heating resistors 901 on t he.

'ﬁégw& arranged in a row-orfX he base plate 3000. Conceivable
nmet h joining the plate menber 2000 are a nmethod in which the plate
menber is pushed in nmechanically using springs or the like, a nmethod in
is permissible to use an ink which solidifies when left
standing but which is liquefied by application of heat.
In any case, ink which is liquefied for the first time
by thermal energy, such as an ink liquefied by
5 application of thermal energy conforming to a printing
signal and jetted as a liquid ink, or ink which has
already begun to solidify at the moment it reaches the
recording medium, can be applied to the present
invention. Such inks may be used in a form in which
10 they oppose the electrothermal transducer in a state in
which they are held as a liquid or solid in the recesses
or through-holes of a porous sheet, as described in
Japanese Patent Application Laid;Open'Nos. 54-56847 and
60-71260. In the present invention, the most effective -
15 method of dealing with these inks is the above-described
method of‘film boiling.
As to the form of the printing apparatus of the
present invention, the printing apparatus may be
provided integrally or separately as an image output
20 terminal of an information processing apparatus such as
a computer. Other configurations include a facsimile
machine having a transmitting/receiving function, etc.
In accordance with this embodiment, as described
above, a heating pulse and a plurality of preheatlng _f_;ﬁg
25 pulses are supplied separately to the heater boards “oF

the ink-jet printing head, preheating pulses are




mhkeh—%he—pLaLe—nenbeﬁ 2000 I's fixed by a bondi ng -agent;, and a nethod-

a conbi nati on of these nethods. The plate nenber 2000 and each of: thé:
heatT@ ﬁﬁﬁi placedured in the relationship shown-in Fig. 7 by any of '
t hese pl ate menmber 2000 can be manufactured using well-known
netho h|n|ng by cutting; %anldlng met hod, injection nethod or
a nethod relying upon photolithography. Fig. 8 is a bIock di agr am show ng
an exanpl e of.circuitry on the heater board 1000 of the printing head

selected by a latch provided within the heater board to
save selection data, and the preheating pulses are mixed
with image jetting pulses (the AND Qf the heating pulse
and image data), thereby making it possible to exploit

5 the conventional shift register effectively. As a
result, circuit elements for entering the selection data
can be deleted to prevent an increase in the-sbace . ;
occupied by the circuitry. .

Furthermore, any preheating pulse can be selected

10 with ease merely by storing the selection data, which
selects_the preheating pulsés, in the printing head. As
a result, the amount of ink discharged from each nozzle
can be controlled in a simple manner.

Further, printing can be perfofmed while holding

15 applied_energy substantially constant even in a printing
head constituted by a plurality of heater boards. As a
result, it is possible to obéain a high-quality printed
image free of uneven density and streaking that
accompany a fluctuation in amount of ink discharge.

20 Further, it is possible to provide a long-life
printing head and a printing apparatus which uses this
head.

In the description given above, it is described

that the control unit on the side of the ink-jet
- 25 printing apparatus controls the printing operatlon ofi

the printing head on the basis of correction data stored



12—n—a-second enbodi ment of the present inventions?ﬁbnponehts.iden

Mﬁth those on the heater board of the conventional printing.head sho

sfueﬁk palied by |ike reference nunerals. .- 26 - The heatér
boar printing head 12 has a selecting circuit 101 for AR
sel e ng pul se width descrit8&d-later with reference to Figs. 10
and 11;

in a memory within the printing head. However, an
arrangement may be adopted in which such a control unit
is provided within the printing head.
Further, the present invention is applicable
5 irrespective of the form of printing head (e.g..
regardless of whether the head is of the serial type or
full-line type).and of the type of printing head (e.g.,
ink-jet head, thermal head, LED printing heat, etc.).
It goes without saying that equivalent effects are
10 obtained even if there is a difference in the method of
setting the driving power of each of the printing
elements of the printing head.
The present invention has been described with
regard to a printing apparatus of the type having means -
15 (e.g., an electrothermal transducer or laser beam) for
generating thermal enérgy as the energy utilized to jet
ink, wherein a change in the state of the ink is brought
about by this thermal energy. In accordance with this
method of printing, high-density, high-definition
- 20 printing can be achieved.
The present invention can be applied t6 a system

constituted by a plurality of devices or to an apparatus .

comprising a single device. Furthermore, it gpes '
without saying that the invention is applicable.éngft
25 a case where the object of the invention is attainedfbyf

supplying a program to a system or apparatus. -



a latch circuit 102 for storing selection data which selects preheat
pulsesnégﬁ&ﬂhgghg cherU|t 903 for latching printing data; the shi
reglste sync with a shift clock 116, holds serially input
prlntln electlon data for selecting preheating pul ses 103; '
term na r|ng preheati ng §ful-ses 103 provi ded by a control | eF
in the |nk Jet prlntlng apparatus of this enbodinent; and termnals 111 for
selecting and | atching selection data |atched by the latch circuit 102 and
for entering signals to read out the data. On the assunption of a

R

As many apparently widely different embodiments of
the present invention can be made without departing from
the.spirit and scope thereof, it is to be understood
that the invention is not limited to the specific

5 embodiments thereof except as defined in the appended

claims.




ent ermnals 111. Wen the latch circuit 102 * s¢comrpose

nu t he nunber of signal lines fromthe latch circuit 102 to
the selecting circuit 101 is the same &s-the nunber of stages. Numeral 107
denotes an OR circuit which, in dependence upon the printing data, conbines
the heating pul se outputted froman AND gate 106 and a preheating pul se
signal selected and outputted by the selecting circuit 101.

case in which the latch circuit 102 conprises a number ofJnW i i iR
ar miﬁﬁﬁﬁﬁaﬁ;‘igmcm ality of latch clocks and readout sig ﬂ"ﬂﬂ“"ﬂ”ﬂiaml "
| o

WHAT IS CLAIMED IS:
1. A printing head mounted é6n a printing apparatus and
driven for printing an image on a printing medium,
comprising: |
5 a plurality of element substrates each having a

plurality of printing elements for forming pixels on the
printing medium, and drive means for driving-séid
plurality of printing elements based upon printing data
sent from the printing apparatus; and

10 memory means for storing correction data for
correcting a variance in characteristics of each of said

plurality of element substrates.

i
R
i

H

2. The printing head according to claim 1, wherein
15 each of said plurality of element substrates has a

temperature sensor.

3. The printing head according to claim 1, wherein
each of said plurality of element substrates has a
20 sensor indicating a characteristic of said printing

elements.

4. The printing head according to claim 1, further

comprising:



- 27 - Fig. 9 is a perspective view show ng the structure of the"" i
board 1000 T the printing head of this embodi ment. FIoM/ wal |

menbfg eetﬂ% rane [hng the flow passageways 2020 commm er y, M’L
L

pIura E I H rge ports (nozzles) 400 and the plate NE

t he : age 2040 are attache®.-1nk-supplied through the |nk
suppl

transmitting means for transmitting the correction
data, which has.been stored in said memory means, to the
printing apparatus; and
receiving means for receiving a control signal,
5 transmitted from the printing apparatus, set based upon

the correction data.

5. The printing head according to claim 1, wherein
said printing head is an ink-jet printing head which

10 performs printing by discharging ink.

6. The printing head according to claim 5, wherein

said printing head ejects ink by utilizing thermal

energy, said printing head having a thermal energy
15 transducer for generating thermal energy applied to the

ink.

7. The printing apparatus using the printing head
described in claim 1, comprising:

20 input means for entering the correction data, which
has been stored in said memory means, from said printing

head;

means for deciding driving conditions of each of
said plurality of element substrates based upon.the

25 correction data; and



2040 collects in the connDn'quuid_chanbér 2010 and i:s supplied to eac
t heTHid Shéét PRASERYR %@E 2020. By supplying current to the heaH

IR

oard 1000 i n dependence upon the printi quIIMmHU“I

di scharge ports 400 to performprinting. The general
by the foregoing -ar®%ngenment will now be described with

reference to Fig. 8. After power is introduced to the apparatus, the
preheating pul se width of each heating resistor 901 is

10

15

20

25

control means for driving each of said plurality of

-element substrates in dependence upon the printing data

in accordance with the driving conditions.

8. A printing-head correction apparatus for creating
correction data which corrects characteristics of
printing elements constituting a printing head,
comprising: |

head driving'means for driving the printing head to
print an image on a printing medium;

- detecting means for detecting a variance in density

L e AN P A g A1

of dots that have been printed on the printing medium;
correction data generating means for generating
correction data for corrécting the variance in density
detected by said detecting means; and
transmitting means for transmitting the correction
data to a memory of the printing head, said memory

storing the correction data.

9. The printing-head correction apparatus according to

claim 8, wherein said printing head is an ink—jet_

printing head which performs printing by diS¢ha':

ink.

10. The printing-head correction apparatus accord 1g¢

claim 8, wherein said correction data is data for-



o p

\ ) .
deci ded i n dependence upon the characterlstlc of the: anDunt of ink
di s’ﬂim Has(Heed RdpliRUgeSsi on of a prescribed pulse at a fi xed tenperature)

fro port (heating resistor) in conformty wi each heater
boar Eﬂm , eristic is neasured in advance. Sel ectlon ﬂﬂmm”m,
selectlng ded preheating pul se70idt h correspondlng ”"w
di scharge port (nozzle) is transferred to the shift register 904 i h

with the

selecting one or some of a plurality of pulse signals
which are supplied with said printing head and for
providing the selected pulse signal for each of said

printing elements.

11. The printing-head correction apparatus according to

claim 8, wherein said correction data is data for

% AP A TR A

controlling a diameter of said dot.

10 12. The apparatus according to claim 8, wherein said
detecting means includes:
a photoelectric transducer for capturing a printed
dot; and
an image processing circuit for subjecting an image
15 signal from said photoelectric transducer to image

processing.

13; The apparatus according to claim 8, wherein said

head driving means.performs printing until said printing
20 head attains a steady state, and said detecting means

detects a variance in dots after said printing head has

attained the steady state.

14. The apparatus according to claim 8, wherein said
25 printing head has a plurality of element substrates each?’f

having a plurality of printing elements, and said




- 28—=—shift—ctiock—I16. Thereafter, the latch clock 111 IS”MHM"&“’M" i
IatchT@h sel e tiﬁgl%g}a in the shift register 904 to the Aol ""
102 I8 e ed:that the above-nentioned characteristic of t'het *
anount H ' ink in conformity with each heater board is stored in
the nme heat er board 1060 73f -the printing head 12 in this
enbodi nent. However, it may be arranged to store the characteristic in a

menory (ROM 1702 in Fig. 16) of a controller, described later. Thus, in
accordance with this

detecting means detects a variance in density for each

element substrate.

15. A printing—heéd correction apparatus for creating
5 correction data which corrects charactéristics of
printing elements constituting a printing head,
comprising:
" first detecting means for detecting a variance in
density of dots that have been printed on a printing
10 medium based upon prescribed imade data;
first correction data generating means for

generating first correction data for correcting the

et S <

variance in density detected by said first detecting
means;

15 head driving means for printing an image based upon .
the prescribed image data on the printing medium while
controlling said printing head on the basis of the first
correction data;

second detecting means for detecting a variance in
20 density of dots printed on the prinﬁing medium in

conformity with drive by said head driving means:;

second correction data generating means for

generating second correction data for correctingfthé
variance in density.detected by said second'dgtecg'

25' means; and



enbodLﬂE__4-i$§_LQQL§§%§Q_at point ain Fig. -8 the output_of the shift
register 904 is outputted to the latch circuit 903 for holding printing

dat a aﬁxﬂssh@emtgq; ircuit 102 for holding the selecti on“mwl

preheat cet%Ihe shift register 904 for entering i mulmﬂl””“l
used aI er for entering the78etection data for %el®ctind the *
preheatlng a result, a shift register which enters the selectlon

data for selectlng preheating pul se width can be elimnated. This nakes it
possible to suppress an increase in the scale and size of the circuitry
even If storage means for generating final correction data
on the basis of the first and second correction data and
storing the final correction data in a memory of séid

printing head.

16. The printing-head correction apparatus according to
claim 15, wherein said correction data is data for
selecting one or some of a plurality of pulse signals
which are supplied with said printing head and for

10 providing the selected pulse signal for each of said

printing elements.

17. The printing~head correction apparatus according to
claim 15, wherein said correction data is data for

15 controlling a diameter of said dot.

18. A printing-head correction method for creating
correction data which corrects characteristics of
printing elements constituting a printing head,
20 comprising the steps of:
printing an image on a printing medium by the

printing head;

detecting a variance in den51ty of dot.~
been printed on the printing medium;a
25 generating correction data for cdité

detected variance in density of the dotsf:and



the latch eifcurt—t02 for hol ding the selection data is pr

rnmﬁgm&qh§§§9§§. Further, by providing the 1atch circuit 1 in a
of & of preheating pul ses can be enhanced. U"ﬁﬂinﬁlm}l”m
t hi Hu]Hﬂ{ﬁ possi bl e - 29 --to easily deal with Lrran

i

th

10

15

20

25

R R T

lurality

a exceeds the number of73stages of the shift register 904

storing the correction data in a memory of the

printing head.

19. The printing-head correction apparatus according to
claim 18, wherein said correction data is data for
selecting one or ‘some of a plurality of pulse signals
which are supplied with said printing head and for
providing the selected pulse signal for each of said

printing elements.

20. The printing-head correction apparatus according to
claim 18, wherein said correction data is data for

controlling a diameter of said dot.

21. A printing-head correction method for creating
correction data which corrects characteristics of
printing elements constituting a ﬁrinting head,
comprising the steps of:

detecting a variance in density of dots that have
been printed on a printing medium based upon prescribed

image data;

generating first correction data for correcting the

detected variance in density; _
printing an image based upon the preséiibgé
data on the printing medium while controlling sa

printing head on the basis of the first corrééﬁl



The selectlon data for selectlng t he- preheatlng pul se can~beﬂ§ﬂTTT7ﬁ*7§E;’_’j
time, such as when the printing apparatus is started up. Accoriﬁ “ o
i f th|1hnsfShaarHa|sBsenl Replide@Vi ded, the sequence for transfer of [m; W
t he pr| will be exactly the sanme as in the pH
I n cons [u change (data blur74ng), produced by noi se or the
i ke, n data stored in the latch circuit 102, it is

preferred_that the data be saved in the latch circuit 102 again during
non-printing intervals. Input of a heating pulse 105 after the selection

detecting a variance in density of dots printed on
the printing medium;
generating second correction data for correcting
the detected variahce in density; and
5 generating final correction data on the basis of
the first and second correction data and storing the

final correction data in a memory of said prinﬁing head.

22. The printing-head correction apparatus according to
10 claim 21, wherein said correction data is data for
selecting one or some of a plurality of pulse signals
which are sﬁpplied with said printing head and for
providing the selected pulse signal for each of éaid
printing elements.
15
23. The printing-head correction apparatus according to
claim 21, wherein aaid correction data is data for

controlling a diameter of said dot.

20 24. A printing head having resistive elements for
driving a plurality of printing elements and a circuit

for performing printing by flowing a current throth‘---

said resistive elements in dependence upon printingﬂ

data, said printing head comprising:




data for selecting—the—preheating pul se is |atched=izni AP
will now be descrlbed ThIS enbodi ment is characterized. gy' epar ately
S 'ﬂﬂ

provi leh Sh fdil se 105 and a plurality of prehe mmam,m
whi ch ar “ ﬁ t he anmount of ink discharged. Fir ﬁm
t he re5| 914 for nonitorT ntP the resistance val ues of f'hes =

heating resistors 901 is fed back and the pul se wdth of the heating pul se

105 is decided in dependence upon the resistance value in such a manner
t hat energy suitable

an input terminal for entering a plurality of pulse
signals for flowing current through said resistiﬁe
elements;
memory means- for storing inputted selection
5 information for selecting any one of the plurality of
pulse signals entering from said input terminal; and
applying means, which is responsive to the
sélection information stored in said memory means, for
selecting, and applying to said resistive elements, any
10 one of the plurality of pulse signals entering from said

input terminal.

25. The printing head according to claim 24, wherein.

said pulse signals are preheating pulse signals.

15

26. A printing head constructed using a plurality of

elemént substrates each having resistive elements for
driving a plurality of printing elements and a circuit
for performing printing by flowing a current through

20 said resistive elements in dependence upon printing
data, said printing head including a memory for storing
data for correcting printing characteristics of each of
said element substrates;

each of said element substrates having:




foe—dfsehargrng-rnk—"_ll be applled to the heatlng resrstors 901. ' 3@

VVth re ar eheatrng pul ses, these are decided by a controller I'n
suchth e pul se width and tim ng of each of .the plurality of
prehe 03 wi || change in dependence upon the v

" i

t enpe 915 Thus, the pluraléty of .

an input terminal for entering a plurality_of pulse
signals for flowing current through said resistive
elements;
memory means for storing inputted selection
5 information for selecting any one of the plurality of
pulse signals entering from said input terminal; and

applying means, which is responsive to the

selection information stored in said memory means, for
selecting, and applying to said resistive elements, any
10 one of the plurality of pulse signals entering from said

input terminal.

27. The printing head according to claim 26, wherein

sald resistive elements are heat-generating resistors.
15

28. The printing head according to claim 26, wherein

said memory means includes a latch circuit for latching

‘the selection information applied thereto via a shift_

register which holds the printing data serially applied

20 thereto.

29. The printing head according to claim 26, wherein
said plurality of pulse signals are preheating signals
for preheating said heat-generating resistors.

25




p%ehea%+ng—puLses_iQ3 can be set and applled In such a

anmount of eJected ink will be rendered constant for each nozzle even a

pr ki agtdur e condition. Data relating to the aﬂumum '1

i nk har ge port (nozzle) is obtained fromt r" Mﬂmﬁlﬁ

t he reheatlng pul ses 103 7'k -set correspondlngly, “t h&reby *
renderi ng- the anount of ink discharged constant to elim nate unevenness and
streaks in the printed i mage. By using selection data for selecting
preheating pul se thus entered and | at ched inthe latch circuit 102, zero,

one or several of the
30. The printing head according to claim 26, wherein

each of said element substrates further includes
detecting means for detecting resistance values of said

resistive element.

5
31. The printing head according to claim 26, wherein_
each of said element substrates further includés
temperature detecting means for detecting temperature of
said resistive element.

10

32. The printing head according to claim 26, wherein
said printing head is an ink-jet printing head which

performs printing by jetting ink.

15 33. The printing head according to claim 32, wherein

said printing head jets ink by utilizing thermal energy,
said printing head having a thermal energy transducer

for generating thermal energy applied to the ink.

20 34. The printing head according to claim 26, wherein
said applying means flows a current through said
resistive elements upon taking the logical sum of each
of said pulse signals in dependence upon the selection
information.

25




pIurallty 0 tlng pul ses 103 can be selected to perforn1pr|nt|ng In

msﬂ&smsmggﬁgcz oo, the term Teelcctlon? iggefznsﬂlllﬂmmlmumnlll

o an alternative selection. By suitably contrivfng*a “retshod
of heati ng pul se, the nurtfr- of preheating pul ses supplies to
the heating resistors 901 can be increased further. .

35. The printing head according to claim 26, wherein
the pulse signals are abplied'to said resistive elements
on the basis of pulse signals of a type which satisfy
the condition P £ P’ £ 2P, where P represents the number

5 of the plurality of pulse signals and P’ represents the
number of pulses outputced in dependence upon the

selection information. ' : .

36. A printing apparatus for printing an image on a

10 printing medium by electrifying and driving a printing
head, wherein said printing head has resistive elements
for driving a plurality of printing elements, an input
terminal for entering a plurality of pulse signals fcr

flowing current through said resistive elements, memory -

15 means for storing inputted selection information for
selecting any one of tbe plurality of pulse signals
entering from said input terminal, and applying means,
which is responsive to the selection information stored
in said memory means, for selecting, and applyihg to

20 said resistive elements, any one of the plurality of
pulse signals entering from said input terminal, said
apparatus comprising:

characteristic information storing means for
storing printicg characteristics of the printing

25 elements of said printing head;




t.he
will b hgﬁgﬁ ' ‘x?h:reference to Figs. 10 and 11. Fig. 10 i
for \ M\ anple in which four t\vlpes of preheating pulses 1 re.
' |

31 - In this ' 1 on, the above-nentioned sel ection data-and
c ctions of selecting circuit .101 for selecting preheﬁlmH"Mﬂﬁmnum
Ses” 103 &re® *

suppl i di scharged amount of 7RBk-in four stages. Fig. 10Ais a
circui am showi ng an exanple of the construction of the selecting
circuit 101 for selecting
transfer means for deciding the selection
information on the basis of the printing
characteristics, which have been stored in said
characteristic information storing means, and.
5 transferring this selection information to said printing
head;
preliminary electrifying means for outputting a
plurality of pulse signals to said printing head and for
performing preliminary electrification of said printing
10 head; and
printing electrifying means for performing printing
by flowing current through said resistive elements of

said printing head in conformity with image information.

15 37. A printing apparatus for printing an image on a
printing medium by electrifying and driving the printing
head described in claim 26, comprising:

characteristic information storing means for
storing printing characteristics of the printing

20 elements of said printing head;

transfer means for deciding the selection

information on the basis of the printing
characteristics, which have been stérédii
characteristic information storing means an
25 transferring this selection informatibhtgq =

substrate of said printing head;



desired pulses of the heating pulses 103, and Fig. 1QB;T§”§fEﬁ5TF;§HEWrﬁ§~W

an exanp e ulses. As will be evident fromthes "
prehemgs ulse 1 is selectively outputted when sel ecti Bm‘“mm 2)
deliv Réphiceh circuit. 102 are (0,0); a preheati *
sel ec m% d when the sel ecti-oB80si-gnals (S1, S2) are (1,0); a
prehe |s sel ectively outputted when the selection signals (S1,

S2) are (0,1); a preheating pulse 4 is selectively outputted when the
sel ection signals (S1, S2) are (1,1). As a result, the nunmber of the

preliminary electrifying means for outputting a
plurality of pulse signals to said printing head and for
performing preliminary elecﬁrification of said printing
head; and

5 printing electrifying means for performing printing
by flowing current through said resistive elements of

said printing head in conformity with image information.

38. The apparatus according to claim 37, further

10 comprising detecting means for detecting resistance
values of said resistive elements, wherein said printing
means decides printing electrification time of said
resistive elements in conformity with said resistance
values.

15
39. The apparatus according to claim 37, further
comprising temperature detecting means fof detecting
temperéture of said resistive elements, wherein said
printing means decides preliminary electrification time

20 of said resistive elements or guiescent time between
preliminary electrification and printing

_electrification.

40. The apparatus according to claim 37,’"1

25 resistive elements are heat-generating res




preheatlng pulses 103 and the nunber of the output (selected) eheati ng
pul ses bm_equ&I——Am_Et_g_ 11, on the other hand, the out Iﬁ'ﬂwﬂmmm”
pul ses arg, four types with respect to preheatlng pul.ses 1 '“

type ther bmﬂn of preheating pul ses). Mire speC|f|caIIy,
- 32 - the " Il “11A, no prehegtisng pul se is produced

41. The apparatus according to claim 37, wherein said
printing head is an ink-jet printing head which performs

printing by jetting ink.

5 42. The apparatus according to claim 41, wherein said
printing head jets ink by utilizing thermal energy, said
printing head having a thermal enerxgy transducer for

generating thermal energy applied to the ink.

10 43. A printing method for printing an image on a
printing medium by electrifying and driving the printing
head described in claim 37, comprising the steps of:

deciding the selection informatiqn on the basis of
printing characteristics of said printing head; |

15 transferring this selection infermation to-said
printing head and storing it in said storing means;

outputting a plurality of pulse signals to said
printing head aﬁd performing preliminary electrification
of said printing head; and

20 _ performing printing by flowing current threugh said
resistive elements of said pfinting head in conformity

with image information.

44. The method according to-claim;43,_wherein said

25 resistive elements are heat-generating resistors..




when the séledtlon signals (S1, S2) are (0,0); a preheating pulse 1 is

ou %‘stilﬁuiﬁ IHT S80S Loty oo, 55 aro (o MEIREINANE, -

of;pr s 1 and 2-is outputted when the selectioh gighal & (51,*
S2) a 11B shows an exanpl& of preheating pulses 1 and 2 and
out put s preheatlng pul ses. By adopting the circuit of Fig. 11A the circuit
area on the heater board can be nade snall and the size of the heater board
can be made small. As a result, a

45. A printing head having resistive elements for
driving a plurality of printing elements, and a circuit
~ for performing printing by flowing a current through
said resistive elements in dependende upon printing
5 data, said printing head comprising: |
an input terminal for entering data which decides_

- pulse width of pulses for flowing current thrdﬁgh said

resistive elements;
memory means for storing the data, entered from
10 said input terminal, which decides said pulse width and
timing of said pulses;
counting means for counting a clock signal applied
thereto; and |
electrifying means for flowing current through said
_15 resistive elements in dependence upon a count recorded
by said counting means and said data stored in said

memory means.

46. A printing head having resistive elements for
20 driving a plurality of printing elements and a circuit
for performing printing by flowing a current through

said resistive elements in dependence upon print
data, said printing head comprisihg: | - 

an input terminal for entering data.which

25 pulse width of pulses for fiowing current thfé.

resistive elements;




e :
maxi mum of elght tyr Of preheatlng pulses can be produced even mhpn say,

three typ “ "dpulses 103 enter fromthe |nput termnal 110.
General ly, dte P represents the nunber of preﬂ l
signals 10 ‘ e types P of preheating signals m“mmi IﬂM’ '“I
types of anounts of discharge) can be mad8 a maxi num of 2P' By rouflti fig t he
printing head 12 constructed as set forth above in the ink-jet printing

apparatus of this enbodi nent and applying printing signals to the printing
head 12, it is possible to obtain an ink-jet printing

mémory means for storing plural items of the data,
entered from said input terminal, which decides said
pulse width;
counting means for counting a clock signal applied
5 thereto;
detecting means for detecting resistance values or
temperature values of said resistive elements; and
electrifying means for flowing current through said
resistive elements upon selecting.any one of the plural
10 items of data, stored in said memory means, in
dependence upon a count recorded by said counting means
and the resistance values or temperature values detected

by said detecting means.

15 47. The printing head according to claim 45, wherein
said memory means includes a latch circuit for latching
the printing data applied thereto via a shift register

which holds the printing data serially applied thereto.

20 48. The printing head according to claim 45, further
comprising detecting means for detecting resistance

values of said resistive elements.

49. The printing head according to.claim 45, further
25 comprising temperature detecting means for deteéting

temperature of said resistive elements.



appar at Us capabre—of—pesfor ni ng hi gh- speed, hi gh-qual ity printing. 33—

- Fi 0. Thi3shes: | ock di agram showi ng the construction of hydard - zl e
printing Bipedh a plurality of heater boards 1¢ﬂum!,ﬂlmﬁmgﬂ"e
arrayediv : ! I ig. 13, the latch 8gnals in each heater ] S

del et ed ng. :

50. The printing head according to claim 45, wherein
said data includes at least information stipulating
trailing-edge timing of the pulse signal for flowing

5 current through said resistive elements.

51. A printing apparatus for printing an image on a
printing medium by electrifying and driving a printing
head, wherein said printing head has resistive elements
10 for driving a plurality of printing elements, an input
terminal_for entering data which decides pulse width of
pulses for flowing current through said resistive
elements, memory means for storing the data, entered
from said input terminal, which decides said pulse
15 width, counting means for counting a clock signal
applied thereto, and electrifying means for flowing
.current through said resistive elements in dependence
upon a count recorded by said counting means and said
data stored in said memory means, said apparatus
20 comprising: |
characteristic information storing means for
storing printing characteristics of the printing
elements of said printing head;
transfer means for deciding said data on-the basis

25 of the printing characteristics, which have beé# stored




_Here the ,rlntln head 12 having a total of n- nunber:of

connected
. output termnal 104 of each heater boar8@5is sinilarly connected to the
serial input pad 906 of imedi ately precedi ng heater board. The description
bel ow wi Il focus on nozzles 1 and 100 of the heater board 1000-1 and nozzle
105 of the heater board 1000- 2.

Y N0zZl €5 i 5————— i 5
real i zed mber of heater boards 1000-" 3 It should
be not ed j,Tl put pad 906 of the.heater boar d: 1?”&!@“ ”HMI”"I
put pad 104 of heater board 1000

in said characteristic information storing means, and
transferring this data to said printing head; and
printing electrifying means for outputting the
clock signal to said counting means when printing is
5 performed by flowing current through said resistive
elements of said priﬁEing head in conformity with image

data. .

52. A printing apparatus for printing an image on a
10 printing medium by electrifying and driving the printing
head described in claim 45, comprising:
transfer means for transferring plural types of.
data, which stipulate electrification time of the
‘resistive elements, to said memory means of said .
15 printing head; and S Lt
printing electrifying means for:outputting the
clock: signal to said counting means when printing is
performed by flowing current through said resistive
elements of said printing head in eonﬁormity with image
20 data.... . . L . =

=53 ;»/The apparatus according to c1a1m 51 further

*cempmising‘detectlng:means‘ﬁbr;detectingate91stan_

vaflue@ afishid res:.st:‘:.w elementsanwh ire
éleetniﬁying:means#déczdesfpuﬁséh';e"

C gy wuth imaee Jv’




“_As shgmn_Ln—F+g——i¢“‘§§§Une t hat the anDunts of i nk.di sch by nozzl es
1, . 100 and 150 are 40 pl and 40 pl, respectively, ” a

Ey 3 ¥ _ s :
o constaﬂms constant tenperature. The sel ect# ¥ d
o in the ﬁOZ with respect 8o-nozzles 100, 150 is set n such a

. manner t (1,0) is. established, as indicated at (2) in Fig.

11B. Further, the selection- data W th respect to nozzle 1 haV|ng t he snal
amount - of i hk discharge is set in such a manner that (S1,S2) (1,1 is

establ i shed,_as _ i o .
'flowing curren* through said resistive elements in

dependence upon the resistance values.

54. The apparatus according to claim 51, fﬁrther

5 _ comprising temperature detecting means for detecting
temperature values of said resistive elements, wherein
said printing electrifying means decides pulse width of
pulses for flowing current through said resistive
elements in dependence upon the temperature values.

10
55. The apparatus according to claim 51, wherein said

resistive elements are heat-generating resistors.

56. A printing method for printing an image on a
15 printing medium by electrifyving and driving the printing

head described in claim 45, comprising the steps of:

deciding pulse width of pulses for flowing current
on the basis of printing characteristics of said
printing head;

20 transferring data, which designates said pulse
width, to said printing head and storing this data in
said memory means; and

outputting a prescribed number of clock signals
when prlntlng 1s performed by flow1ng current through

25 sald resistive elements of sa1d p"nt n 'head 1n

Lfﬁf-conformity with image data..




- 34- "‘dTEéT—d“—T—(HT—Tﬁ‘Flg

Shace. it W re5|stance
sensor 9 tt eg eerdr] hol ds for the heater board" 0 ﬂ,‘gmm

hol ds T % oard 1000-2 with regard to the nain ﬁl&‘ﬂ
105, th 1 tors 901 are ‘driven by setting the width of t"hesmak
heati ng I to the heater beaB@ 2000- 2 to be greater than that
applied to the heater board 1000-1 so that the energy applied to the heater

boar ds

57. A printing method for printing an image on a
printing medium by electrifying and driving the printing
head described in claim 46, comprising the steps of:

5 transferring plural items of data, which designate
said pulse width, to said printing head and Storing.this '
data in said memory means; and .

outputting a prescribed number of clock signals
when printing is performed by flowing currént through

10 said resistive elements of said printing head in

conformity with image data.




1000- 1 and 1000-2 wil|l be approximmt
dri vi ng mmisrshenijasmRMe{epherd ( preheat i

ostEt T Fligaaig TTustrates
ul se and main pul se) applied to

t he nozzl \ 150 under these: conditi ons. It.mntﬂ be under st ood
that the se of nozzle 1 which discharges a small amount of
I nk has a arger than that-oggthe preheating pul ses for nozzles:

100 and 150 (tl<t2). Further, the main heating pulse wwdth t4 for nozzle

150 is larger than that (t3) for the nozzles of heater board 1000-2
(t4>t3), as nentioned above. If Fig. 14, t5 represents

ABSTRACT OF THE DISCLOSURE

A printing head has a p;urality of heater boards,
each of which includes é shift register to which
5 printing data and selection data for selecting

preheating pulse signals ‘are applied as inputs, a latch
circuit for latching the printing data, a sgleétioh—data
latch circuit for latching the selection data, a
selection circuit for selecting any one of a plurality

10 of preheating pulse signals inputted'in accordance with
the latched selection data, and a plurality of heating
resistors driven by the printing data or preheating
pulse signals. Correction data, obtained by é head
correcting apbaratus, for performing printing at an

15 average density by correcting the characteristics of
each heater board is stored in a memory of the-printing
head. A printing apparatus decides the selection data
in accordance with the correction data and sets the

selection data in the selection-data latch circuit.

20
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boarqhg ip printing. As a result, the anmount of ink discharged from each

nozzl e lagpr oxi mately 40 pl at all times. This makes it possible
to pri I -quality image mﬁ?g%&t t he occurrence of uneven density
or str re, wwth regard t‘he heating pul ses, the pulse width

I's adjusted in dependence upon the resistance val ues of the-heating
resi stors of each heater board, whereby a constant energy is applied

wi t hout waste. This nmakes it possible to extend the service life of the
heating resistors. Fig. 15 is an external view of an ink-jet printing




apparatus T JRATO which the present invention can be applied. In Fig. 15, a

| ead cr \é\ét?lgs%eljlﬁe Qjgat-ed via driving-force transm ssion gears 5011, 5009
in op At 1 on with the form;&-reverse rotation of a drive notor
5013. i\ ﬂmqﬂ(m {angaged with a helFi'"¢dl groove 5004 formed in the |ead
screw - "' (not shown) and is noved back and forth in the
directions of arrows a, b. An ink-jet cartridge 1JCis nounted on the

carriage HC. A paper retaining plate 5002 presses a sheet of paper against
a platen 5000 along the direction

( st ) FIG. 3
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the carrla e HC noves. Phot ocoupl ers 5007, 5008 serve as
home- osg&e& V{W means for sensing the presence of a | ever 5006
provi age HC in order pgképange over the direction of
rotati 36 - drive notor 3. Nuneral 5016 denotes a nemnber

support nenber 5022 which caps the front side of the printing head
and nunber 5015 denot es suction




nea;;§F5F‘§GERTﬁg*+ﬁk‘uia an openi ng 5023 of the cap fromthe nozzles of
I nti 5017 denotes

t he lsﬂmu pea to restore the printing head 12. Nuneral

a cIe ed5019 a menber mhbzg makes it possible to nove the

bl ade [m & forth. These are Zorted on a supporting plate 5018.
It goes ing that the blade 5017 applied to this exanple is not
limted to the illustrated bl ade but can be any wel | -known cl eani ng bl ade.
Nuneral 5012 denotes a lever for starting the starting the sucking
operation in suction restoration. The |ever 5012 noves to acconpany
rotation of a cam 5020 '
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engmge HC, and the novenent thereof is controlled by
wel | -’ﬂhtscsmtms@@é,rﬂaﬁj n means such as a clutch for changi ng over the

drivin EM’@! e driving notor %9 . These cappi ng, cleaning and

suct i operations are carried out by executing the desired
pr ocessi pondi ng positions through the action of the lead screw
5005 when the carriage HC has arrived in an area on the side of the hone
position. If the desired opapations are performed at the well-known tim ng,
t hese operations can be appl¥ed to this exgpl e.
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—_—
<Descri pt on of Control Arrangenent> 37 - An arrangement for executing
control o erl Replablg appar at us set forth above will now be descri bed
with refer ock di agram of Fj 16. Shown in Fig. 16 are an
interface 7 ﬁ |ng a printing 57821% an MPU 1701, a program ROM
1702 for storing a control program executed by the MPU 1701, a dynam c RAM
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1703 f qhis SFe HkY BY:RRe

L

pri nti ng
contr.ol |
1704 al s

nsf.er

printing data t
of data a
RAM 1703. Al so shown are the drive notor (carrier
the printing head 12,

a conveyance notor

B

Slhted dat a (the above-mentioned printing signal and
supplied to the head 12),

and a gate array 1704 for

printing head 12. The gate array
he interface 1700, MPU 1701 and
notor) 5013 for conveying

1709 for conveying recording

paper, notor dfivers 1706, 1707 for—drivimg the Tonveyance notor 1709 and
the carrier notlor 5013, respectively, a signal lineX71 or nonitorijpg the
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sensors 9i4,—915-ef each heater board of the printing head 12 as well as

t he NB{IDL 13 of the printing head 12, and a signal line 1712 for carrying
t he pr i epged | at ch signal s an ,;leati ng pul ses (nmain heating

pul ses_? : ﬂ di agram show ng é general construction of a color

I nk-j e - g a line- type head according to anot her enbodi nent.
The printer has four ink-jet heads (each of which has a | ength of

FIG 9




This$heet APBLE R qa.cecd‘r) for respective ones of four colors and perforns

prit - eying a recording paper P in the direction of arrow F.
N!M#Wﬂ”@t es a head controll elr'fzgr supplying printing data to the

h - ntrolling heating, argcf nunmeral 171 designates a paper-feed
- nmotor for conveying the recording paper P. The ink-jet heads 12 (Y, M C K
heads) cor PREHEATINGOPREHEATING RREBIEATING PREMEATIRGe each [Eonghi t uf¢ylaby 11

heat er boar dsiggdj cat ¢l 8 ol C1 P_Ui.@é' 'T%L@Er@ngenent i's
\) C{ S103 | |

% _j_l ; SELECTED‘
oA

PREHEATING
PULSE
s 1 -
—
e e e e e - —— -
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slmy\s}métmaﬁ;gnR cedOMPONents in Fig. 18 identical with those in the

for are designated by like reference nunerals. Each heater
imﬂ m%g&ﬂﬂmpswr th 128 heating 8 rszre..,stors VH and PG\D i ndi cate power
ground |ines of the heating resistors 901; CDD and EVEN

represent control signal termnals for feeding current separately to odd-

and even- anEﬁER'nNGe stors 901; and B e bl ock
sel ection sr qi'} %%gg?l s when the heat F'r:l'gpr Si st grgare electrified
in bl ock unrts |n one B board. The
S103 PREHEATING PULSE
SELECTING CIRCUIT
PP ORISR NSRS et R,
| l
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1 I
| i
i 1
i , :
S1 O— I
i ! SELECTED
i : PREHEATING
$2 O—I | E PULSE
2 !
i 1
{ I
' !
S J
FIG. 11B
i
PREHEAT 1 :
) ' 1
PREHEAT 2 H
_________________________ o
ro o
et AMOUNT OF INK
51 82 I DISCHARGE
® 0 0 Py (NO PREHEATING) ®
i A
(ceneraTEn @ 1 O , ; @
PULSES) : A
® 0 1 ! €)
" A
® 1 1 1 @




circuits of the heater board corresponding to these signals are shown in

abbrﬁmﬁeeﬂasfmé,m &l g. 8, etc. PHEAT 1 ~ 4 of the preheating pul se

S|gna onds to preheat 1 ? bn Fig. 10B, for exanple, and the
Iatch re latch signals 8/ 2 atching the selection signals S1
S2 of he | at ch - 39 - circuit 102. Nuneral 13 denotes an

EEPRCNIfor storlng
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thmmat a) of the printing head 12. Nunmeral 908 denotes

t herngghf; H& t| n pul se applied to each heater board, and 913 a signal for

det dature of each heatf i)oard. The printing data sent to
eac is 128- bit data fof %1 ning each of the 128 heating
re5| nd off. This data is transferred whenever one line is

printed and S Iatched in the latch circuit 903 by the &tch signal 118
(Fig. 8. More speC|f|caIIy, each heating resistor 901r-+s turned%n: and

of f in dependence upon botfpr—tite—marmn heating pul se and ,_%
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/

printing data. {h?ac&reheati ng pul se, on the other hand, is outputted
i rrEy t ced o printing data. The selection data latched in the latch
circdi R “ \“ for individuall Y SI?,}i ng the preheating pul se w dths of
t he istors 901. Two bi4t (S1, S2) correspond to one heating
resistor 901 and therefore the selection data is conposed of a total of 256
bits. The 256-bit selection data is transferred to each heater board only

one tinme before g_g_i'(-g ing, e.g., when the power supply is turned on, and is

hel d conti m'ousl yoI

Cg__he latch circuit 102, which is conposed of two
st ages. v Ego el a ol
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The—two=bi+t—selection data is outputted to the selecting circuit 101 from
t he Jgsstch %i rcuit 102 and, as shown in Fig. 10 or 11, is used to select any

one BeeReplaced- 40 - four prehq t,t?g pul ses BPHEAT 1 - 4 in
accorm sel ection data. Fi S 9 is a diagram show ng the
data in the nenory 13 (EEPROM of printing head 12.

const




The daL§_§L9LEQaLQ_£?§_anDry 13 is selection data (select A data and B
data: correspondi ng 1, S2, respectively) for 1408 (128 x 11) heating

I esi S1Thik Shett@fal BS&R ing to 11 heater s (the above-nentioned heater )
boar ds ﬂ%ﬁace‘gata (PHEAT 1 -Rafﬁfndicating the pul se widths of the
four t ,IBMHI ng pul ses (PHEAT 1 - 4), and setting data (VHEATB 01
~ 11) i pul ses widths of the main heating pul ses for each

heat er board 1000. These itens of data are read out of the nmenory 13 by the
head controller 170 (Fig. 17) or MPU 1701 (Fig. 16) prior to
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the_ETaTT—Uf*prrntrﬁg—and are referred to in the setting of the selection-

dataTth% ea er board 1000. Each itemof the setting data PHEAT 1 - 4
'esenting 0 - q % H: H denot es hexadeci nmal). Wen the

head gw, red, the density & acteristic of each nozzle of the

head by the above-descri bed head correcting apparatus, and

the setting data Is selected as four wdths, in which density is averaged
optimally, fromanong 11 types (0.25 - 1.50 [err]) capable of being set as
- preheating pulse widths. The head controller 170 and
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)reheati ng pul ses to each heater

§aF

t he sel ec

sed upon the transferred values of the setting data
board prior to printing is

ansfer the genera

I

nReplacedcount er to generate the preheating pul ses BPHEAT 1 ~ 4,
As set forth above,

IHAIR I

|

PHEA

boar d.

41 - This\gRkst Hay(Bke

whos

data thus transferred to each

heat er
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| at ched—n—thetatch—TiTcuit 102 of each heater board, and the selection
circuit 101 sel ect ghy one of the preheating pul ses PHEAT 1 ~ 4 based upon
the se 2% REB), whereby the B?2§ing resistors 901 are preheat ed.
Fig. 20 how ng an-exanpré “A’whi ch such preheating pul ses

( PHEAT cted (See Fig. 10B). Fig. 21 is a flowhart show ng

printing processing fromturn-on of the power supply to the end of printing
of one page in , say, the ink-jet printing apparatus of
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Fig. 15 of this enbodinent. The control programfor executing this

processing—+s—stored in the ROM 1702 and is executed by the MPU 1701.
Processin cally the sane al %IiZ'? the apparatus of Fig. 17 with the

i S basi
excp HasB epacegt that the lattér &pparatus perforns color printing and
has H H nting head. The processing shown in Fig. 21 is started
by t ower supply-of the apparatus. At step
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- 42 321 in the flowhart, the resistance values of the heating resistors

on heg hlg& ?ﬁeenpﬁ’ 1000 1 ~ 1000-m (m nunber of heater boards) of the
print % the ink discharggrguantity characteristic of each
nozzl ort) of each heater board are read. The read val ues are
stor 703 at step | st ahce val ues of the heating

reS|stors 901 are detected by

he r B ce ensorEQ ﬁ nd ?ﬁ I nk
di scharge-quantity characteris 'CP ER3EPPDPZ le maf b Gore iln, say, th
menory 13 provided in the prin +

READ BOARD RESISTANCE AND L S21
INK DISCHARGE CHARACTERISTIC

v

STORE IN RAM 1703 I~ S22 |

v

OUTPUT SELECTION DATA ~—— 523
TO LATCH CIRCUIT 102 TO LATCH SAME

S24

HAS PRINTING DATA ENTERED?

YES

. STORE IN RAM 1703 —525

OUTPUT PRINTING DATA TO HEAD 12 ——S27

v

OUTPUT PREHEATING PULSES 103 —— S28

Y

OUTPUT HEATING PULSE SIGNAL (PRINT)  |~— S29

S30

NO

END OF PRINTING OF ONE LINE?

FEED RECORDING PAPER FOR ONE LINE

END OF
PRINTING OF ONE PAGE?

| ( s )

NO




head 12, as shown in Fig. 19. Next, at step S23, the above-nentioned
selqggsgﬁnaamammsldatlded I n conforn1ty with the resistance val ues of the
heat i f each heater boa?g ??d t he i nk di scharge-quantity
charaHm e sel ection data ansferred serially to the shift

on each heater board of the printing head 12 and the sel ection
data Is latched in the latch circuit 102 of each heater board. Wen the
latch circuit 102 is constituted by nmultiple stages, e.g. 2 stages as in

this enbodi menf as shown 1n Frg. 8, the ratch srgnal and serect srg al
(these A -
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signals are collectively input fromthe termmnals 111) are outputted and
|atChﬁQShdatmdaBednatepihce¢| rcuit 102 stage by stage. Next, at step S24, it is

deter r| nting data has {@r ed froman external device (host
t shown, via the rface 1700. If printing data has
[ ogram proceeds to ste
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S25, at which the received printing data is stored in the RAM 1703. Next,
the program proceeds to step S26, at which it is determ ned whether one

line of BEi Slebi1fs Bl@Refiat@™P! €, 1S cap?ﬂ.gz@f starting. If the answer is NO

t he progr tep S24. If t wer is YES, the program proceeds
to step Samuﬁmﬂﬂw printing data to be printed on an initial single
row is tr Ily to the shift register 904. Next, the program

proceeds to step S28, at which the output of the latch circuit 102 is
supplied with the selecting circuit 101. The preheating pul ses
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103 are then supptied—w-th all heater boards of the printing head 12. As a

resul t in Fig. 10 or 11, one or sone of the preheating pul ses 103
are sel i She IEBSV\Q ®hce upon the §)nflction signal (2 bits :S1, S2) from
t he Iat? "ml - whereby the p? t'ing head 12 is preheated. The

pr ogr am to step S29, at which the heating pulses (main

heating pul ses) 105 are outputt er board to actually print an
i mage. The reception of data frlomt FTURNGQN conputer Finii Ge t|25fer of the
next series of print data to tHe POWERSUPPLY |- .

READ BOARD RESISTANCE AND |__S41
INK DISCHARGE CHARACTERISTIC

v

STORE IN RAM 1703 ~— S42

v

OUTPUT LEADING-EDGE AND 543
TRAILING-EDGE DATA TO SHIFT REGISTER 904
TO LATCH CIRCUIT 202

S44

HAS PRINTING DATA ENTERED?

YES

STORE IN RAM 1703 ——S545

NO START OF PRINTING?

OUTPUT PRINTING DATA TO HEAD S47
+ .
OUTPUT CLOCK SIGNAL 103 IN 16 PULSES [~ S48

S49

NO

END OF PRINTING OF ONE LINE?

FEED RECORDING PAPER FORONELINE | S°0

S51

END OF

NO PRINTING OF ONE PAGE?




shift register 904 of each heater board are carried out even during

pr eheat iThig S

pul ses) f

of the pl i
Fig. 18, an arra
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electrified on a per-

il

1%ed heat i ng processing
ting. Further,
boards 100
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the printing head 12 is conposed
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PRINTING HEAD, PRINTII&G METHOD AND APPARATUS
USING SAME, AND APPARATUS AND METHOD FOR
CORRECTING SAID PRINTING HEAD

This is the rep

e

This invention relates to an elongated printing

K THE IO

FIELD OF THE INVENTION - Date:

head having a plurality of printing elements, a printing

method and apparatus using this printing head, and an

apparatus and method for correcting the printing head.
ipti Art: -

A printing apparatus such as a printer, copying
machine or facsimile machine prints an image comprising
a dot pattern on a printing medium such as paper, a thin
plastic sheet or cloth based upon image information.

Among these printing apparatus, those which are the

focus of attention because of their low cost make use of

printing heads that rely upon the ink jetting method,
the thermal printing method or LED method, etc., in
which a plurality of printing elements corresponding to
dots are arrayed on a substrate.

In a printing head in which printing elements such
as heating resistors or nozzles are arrayed to
correspond to a certain printing width, the printing
elements can be formed thrdugh a process similar to that

used to manufacture semiconductors. Accordingly, a
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-_—
- 45 - A printing head according to a third enbodi nent of the invention
w Il now be described. Fig. 22 is a block diagramillustrating an exanple
of the circuit arrangenent of a heater board 1000a, one of the heater
" boards of the printing head 12 of the ink- jet printing apparatus |JRA of
the third enbodi ment. Conponents in Fig. 22 identical with those of the
heat er board 1000 of the printing head shown in Fig. 8 are
transition is now being made from a configuration in
which the printing head and driving integrated circuitry
are arranged separately of each other to a configuration
in which the driving integrated circuitry is formed on
the board of the head on which the printing elements are
arrayed. As a result, complications in driving the
printing head be avoided and the printing apparatus can
be reduced in size and cost.

Among these types of.printing methods, the ink-jet
‘printing method is_particularly advantageous. According
to this method, thermal energy is made to act upon ink
and the ink is jetted by utilizing the pressure produced
by thermal expansion. This method is advantageous in
that thé-response to a printing signal is good and it is
easy to group the discharge ports together at a high
density. There are greater expectations for this method
in comparison with the other methods.

However, when the printing head is manufactured
through a process used to manufacture semiconductors, as
mentioned above, numerous printing elements to be made
to cofrespond to the printing width are arrayed over the
_entire area of a board, and therefore it is very
difficult to manufacture all of the printing elements
without any defects. As a consequence, the

manufacturing yield of the printing head is poor and

this is accompanied by higher manufacturing cost. It is

This. is the replacement sheet
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* designated by like reference nunerals. In Fig. 22, numeral 1000a denotes
the el enment substrate (heater board) of the printing head 12 of this

enbodi ment, nuneral 300 designates a heating-pul se generating circuit for
deci di ng heating pul se width, described below with reference to Figs. 23
and 24, and nuneral 903 denotes the latch circuit for latching printing
data. Printing data or data for decidirg-heating pulse width enters the
shift register 904 serially in sync with the shift clock 116 and is held by

the shift register 904. Nuneral 221 den tes a.termn
vé%y difficult to achieve suc prlntlng gead in
practice.

Accordingly, methods of manufacturing an elongated
printing head have been disclosed in the specifications
of Japanese Patent Application Laid-Open (KOKAI) Nos.
55-132253, 2-2009, 4-229278, 4-232749 and 5-24192 and in
the specification of USP 5,016,023. Acco:ding_to these
methods, a large number high-yield printing head boards,
each having an array of a comparatively small number of
printing elements, e.g., 32, 48, 64 or 128 printing
elements, are placed upon a single heater board in .
conformity with the density of the array of printing
elements, thereby providing an elongated printing head
whose length corresponds to the necessary printing
width.

It has recently become possible on the basis of
this technique to simply manufacture a full-line
printing head by arraying a comparatively small number
(e.é., 64 or 128) of printing elements on a substrate
and bonding these substrate (referred to as “heater
board” or “element suﬁstrate") on which printing
elements are arrayed, in a row on a base plate which
serves as a base, in precise fashion in a. length
corresponding to the necessary printing width.

Though it has become easy to manufacture a full—

line printing head, certain performance-related problems

This is the replacement :ho'll
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for entering the clock signal which decides the heating pulse wdth, and
222 denotes a latch clock for latching the data fromthe shift register 904
in the heating- pulse generating circuit 300. Fig. 23 is a block diagram
showi ng part of the construction of the heating-pul se generating circuit
300 of the third enbodi nent. This c[riyﬁ} generates the - 46 -

controlling flow of current to the heating elements 901;

a latch circuit 903 for latching printing data in sync

with a latch clock (on pad 907); a shift register 904,

the inputs to which are serial data (on pad 906) and a

serial clock (on pad 905) synchronized to the serial

data, for latching one line of data; a resistance sensor

914 manufactured by the same forming proceSS'aé the

forming process of the heating elemgnts 901, for

monitoring the resistance values of the heating elements

901; a temperature sensor 915 used to monitor the

temperature of the heater board 900; and input/output .

terminals 905 ~ 913. Specifically, numeral 908 denotes

a driving pulse input (heating pulse) terminal for

externally controlling the ON time of the power

transistors 902, namely the time during which a current

is flowed through the heating elements (resistors) 901

to drive them. Numeral 909 denotes a driving power-

supply (5 V) terminal for powering logic circuitry.

Numeral 910 designétes a ground terminal; 911 an input

terminal for powering the heating elements 901; 912

terminals for driving and monitoring the resistance

sensor 914; and 913 terminals for driving and monitoring

the temperature sensor 915.

In the arranéement described above, serially

entered printing data is stored in the shift register

904 and latched in the latch circuit 903 by a latch
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heating pul ses for the heating resistors 901 in units of eight heating
resistors. A four-bit counter 201 counts the clock signal 221 applied

- thereto. Data fromthe shift register 904 for deciding the width of the
heating pul ses of the eight heating elenents is input an eight- bit |atch
circuit 202 and is latched thereby. Conparators 203, 204 conpare-the out put
of the counter 201 and the outputs of ghe latch circuit 202 and out put,
pul se signals when the conpared signals agree. A set/reset-type flip-flop

205 is set by the output of conparator 203 and.reset by the output of an OR
circuit sf&ngi. IJ)responsén%o a eatgng pulse whic% enters P

from the terminal 908 under these conditions, the
transistors 902 are turned ON in accordance with the
printing data to flow a current through the
corresponding heating elements 901, thereby heating ink
in the respective ink passageways.so that the ink is
discharged from the ends of the nozzles in the form of
droplets;

Consider the energy'needed to form bubbles in the
ink at the heating elements 901. If the thermal
radiation conditions are constant, the energy will be .
expressed by the product of the necessary energy
introduced per unit aréa of the heating element 901 and
the surface area of the heating element 901. This means
that the voltage across the heating element 901, the
current flowing through it and the duration {pulse
width) of current flow should be set to vélues according
to which the necessary energy will be obtained. The
voltage impressed upon the heating element 901 can be
held substantially constant by supplying voltage from
the power supply of the printing apparatus per se. As
for the current flowed through the heating elements 901,
the resistance values of the heating elements 901 differ
depending upon the lot or board owing to a variance in
the film thickness of the heating elements 901 Brought
about in the process for manufacturing the heater bdard

eel
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207. Nurmeral 210 denotes | eading-edge data, which is supplied with the
shift register 904, for deciding the | eading-edge timng of the heating
pul ses, and nuneral 211 denotes trailing-edge data, which is supplied with
fromthe shift register 904, for deciding the trailing- edge timng of the
heating pulses. In the exanple of Fig. 24, let the |eadi ng-edge data be
"0010" (a binary nunber), and let the @railing-edge data be "1011" (a

bi nary nunber), by way of exanple. As a result, when the output of the

counter 20§Oagregécgkﬁﬁn§f§,Vfﬁug éége where the applied pulse

width is constant and the resistance value of a heating
element 901 is greater than what the design calls for,
the value of the current flowing through this heating
element 901 declines and the amount of energy introduced
to the heating element 901 becomes inadequate. 2As a
result, the ink cannot be made to form bubbles-properly.
Conversely, if the resistance of a heating element 901
is too small, the current value will become greater than
the design value even if the same voltage is applied.

In this case, excessive energy is produced by the ’
heating element 901 and there is the danger that the
heating element 901 will burn out or have its service
life shortened. A method of dealing with this is to
constantly monitor the resistance values 6f the heating
elements 901 by the resistance sensor 914 or thg
temperature of the heater anrd 900 by the temperature
sensor 915, change the power-supply voltage or heating
pulse width based upon the monitored values and arrange
it so that a substantially constant energy is applied to
the heating elements 501.

Next, consider the amount of ink discharged in the
jetted droplets. The amount of discharged ink is
.related mainly to the volume of the ink bubbles. Since
the volume of an ink bubble varies depending upéﬁ the

temperature of the heating element 901 and the

' t
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of the | eading-edge data after the counter 201 has started counting in
response to the clock signal (CLK) 221, the output of the conparator 203
attains the high level and so does the Q output of the flip-flop 205 -
47 - (timng T1). As the counter 201 counts further and the output val ue

t hereof cones into agreenent with the trailing-edge data (OBH), the output
of the conparator - 8 -

temperature of the surroundings, a pulse (a preheating
pulse).whose energy is not high enough to jet ink is
applied before the heating pulse that causes the jetting
of the ink, then the temperature of the heating element
901 and of its surroundings is adjusted by changing'the
pulse width and output timing of the preheating pulse to
thereby discharge ink droplets in a constant-aﬁount.
This makes it possible to maintain printing quality.
Correction of variance in the resistance values of
the heating elements 901 and control of the substrate
temperature are carried out by feeding back signals from .
the respective sensors 914, 915 and outputting a heating
signal Whose heating pulse width, preheating pulse width
and preheating/heating pulse timings have been altered
based upon the feedback. However, in addition to the
foregoing problems, there is a structural variance in
the area of Ehe orifice openings and a variance in the
film thickness of a protective film provided on the
heating elements 901. As a result, there is a variance
in the amount of ink discharge produced by each nozzle.
This leads to irregulér density and streaks at the time
of printing and makes it necessary to contrél the amount
of ink discharge on a per-nozzle baéis or. in units of
several nozzles. Furthermore, in a case where a
plurality of the heater boards of Fig. 12 are pléced in

a row to construct an ink-jet head having a multiplicity
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204 attains the high level and the flip-flop 205 is reset (timng T2). As a
result, heating pulses for eight heating resistors 901 are generated and
outputted. In the third enbodi nent, heating pulse width is decided for each
one of the prescribed nunber of heating resistors 901. However, this does
not inpose a limtation upon the invention. For exanple, the latch circuit
202 of Fig. 22 can be constructed of | tiple stages and one-bit data from
the shift register 904 can be entered” and | atched a total of eight tinmes,

whereby hegi Rg pYLse Yt PEsifedhdl WRlUdy & HAIRKSGHY Pe
elements 901 differ from one heater board to the next.
Conéequently, the heating pulses for discharging ink
must be changed for each heater board to bring the
applied energies into conformity. .In other words, in
the case of a printing head constituted by a plurality
of heater boards, irregular density is caused not only
by the variance in orifice area but alsoc by a
conspicuous difference in density from one board to
another. This means that correcting the amount of
discharge on a per-nozzle basis within a heater board .
becomes more important in a printing head having a
plurali;y of heater boards than in a printing head

having a single heater board.

SUMMARY OF THE INVENTION

Accordingly, an object of the present invention is
to provide a printing head, as well as a printing method
and apparatus using the same, in which the printing head
is simple to manufacture, exhibits a high yield and does
not result in reduced-printing.quality.

Another objeét of the present invention is to
provide a printing head in which printing can be
performed while correcting for a variance in the
printing elements without greatly increasing the size of
the head circuit board, as well as a printing method and

apparatus using this printing head and a printing-head
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decided in units of one heating resistor 901. In this case, it is required
that the nunber of latch clocks 222 conformto the nunber of stages.
Further, in the circuit of Fig. 23, an ideal arrangenment is to provide a
reset-signal input termnal, which is for inputting the reset signa

(RESET) that is supplied with the MPU 1701, in order to prevent erroneous
operation of the heating- pulse generatifg-circuit 300. The counter 201 and
flip- flop 205 are reset by this reset signal. Further, the counter 201 is

a four-bit c%?:lfrrgc riolnnmter?:?xogihlagl SSBQQAE“ES tin Hv%"fcvl'?réogrgectni%nr})ec{atg bits in

can be determined.

Another object of the present invention is to
provide a printing head, as well as a printing method
and apparatus using the same, in which driving current
can be applied in a variety of ways while reducing
processing on the side of the printing apparatﬁs.

Another object of the present invention is to
provide a printing head, as well as a printing method
and apparatus using the same, in which printing
characteristics arising from a variance in the .
resistance values of resistive elements (e.g. heat
resisto;s or thefmal eiements) can be adjusted by
heating pulses.

A further object of the present invention is to
provide a printing head, as well as a printing method
and apparatus using the same, in which printing can be
performed while correcting for a variance in individual
printing elements of the printing head.

A further object of the present invention is to
provide a printing method and apparatus in which
printing can be performed while correcting for variance
in the printing characteristics of the printing head bf
preheating pulses.

Yet another object of the present inventioﬂ_is to

provide a method and apparatus for correcting a printing

This.is the replacement sheet’
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the counter can be decided appropriately dependi ng upon
wi dt h of the heating pul ses desired to be produced, the
timng and the frequency of the clock 221. Further, if,

- 48 - the pulse
resol uti on of
in a case where it

is desired to generate a plurality of hﬁﬁting pul se signal s having

different resolutions, the necessary nu
in the counter 201) is

er of pulses (the nunmber of bits

head, as well as a printing method and apparatus, in

which even if the printing head is constituted by a

plurality of element substrates, a variance in the heat

resistors of all of the element substrates can be

adjusted in a simple manner to allow printing.

Still another object of the present invention is to

provide is to provide a printing head in which the

burden on control circuitry is reduced and the printing

head is driven in a highly precise manner to perform

printing.

Still another object of the present invention is to .

provide is to provide a priﬁting head in which

processing on the side of the printing apparatus is

reduced and pulse width is changed to apply driving

current.

A further object of the present invention is to

provide a printing method and apparatus in which

printing is performed while correcting for variance of

individual printing elements.

Another object of the present invention is to

provide a printing method and apparatus in which

printing is performed while using heating pulses to

adjust printing characteristics arising from a variance

in the resistance values of heat resistors.

Another object of the present invention is to

provide a printing head, printing method and printing

Thi

Date:

sisthqropuwnnumtaBEEF
122 SEP 9%



I ncreased in order to conformto a finer resolution, signals having
frequencies that differ fromone another are generated using a plurality of
the clock signals 221 and these signals are conbined, thereby making it
possi ble to generated heating pul se signals having nutually different

resol utions without increasing the nunber of bits of the shift register
904. The heati ng-pul se generating2ci-rcuit 300 may be incorporated on the
heat er board 1000a in the printing head or it nmay be formed as an IC

circuit ang,Lhen JOUN §6h 26 e NSHF": P R F I NLARwnE YL BFEariAg ©F MOUlt

the pulse width of heating pulses automatically upon
detecting a variance in the printing characteristics of
the printing head.

Other features and advantages of the present
invention will be apparent from the following
description taken in conjunction with the accoﬁpanying
drawings, in which like reference Eharacters designate
the same or similar parts throughout the figurés

thereof.

158 . P B D

The accompanying drawings, which are incorporated
in and constitute a part of the specification,
illustrate embodiments of the invention and, together
with the description, serve to explain the principle of
the invention.

Fig. 1 is a block diagram illustrating the
construction of an apparatus for correcting a printing
head in a firét embodiment of the present invention;

Fig. 2 is a perspective view showing the
construction of the apparatus for correcting the
printing head in thé first.embodiment;

Fig. 3 is a flowchart showing the operation of the
apparatus for correcting the printing head in the first

embodiment;

' 1
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of this enbodi nent can also be applied to a case in which all of the
heating resistors 901 are not driven sinultaneously but in segnents in
. order to suppress an increase in power supply capacity. Operation based
upon the foregoing arrangenent will now be described. After the power
supply of the apparatus is turned on,- tige heating pul se width of each
heating resistor 901 is decided in dependence upon the characteristic of
t he

Fig. 4 is an exploded perspective view for
describing the construction of the printing head of this
embodiment ;

Fig. 5 is a detailed view showing heater boards
arranged side by side;

Figs. 6A through 6D show the shapes of a plate
member ;

Fig. 7 is a diagram showing the plate member and
heater boérds in a fixed state;

Fig. 8 is a diagram showing an example of circuitry y
on the element substrate (heater board) of a printing | ;
head in a second embodiment of the present invention;

Fig. 9 is a structural view showing the
construction of a printing head according to the second
embodiment;

Fig. 10A is a diagram showing an example of a
preheating selection circuit according to the second
embodiment ;

Fig. 10B is a diagram showing an example of
preheating pulses;

Fig. 11A is a diégram showing an example of a
preheating selection'circqit according to this
embodiment ;

Fig. 11B is a diagram showing examples of

preheating pulses and selecting the preheating bulses;
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- 49 amount of ink discharged (per inpression of a prescribed pulse at a
fi xed tenperature) from each discharge port (nozzle: heating resistor) in
. conformty with the heater board of the printing head ‘12. The
characteristic is measured in advance. The | eadi ng-edge and trailing-edge
data for deciding the heating pul se mﬁdt? correspondi ng to each di scharge
port is transferred to the shift regisfe 4904 in sync with the shift clock
116. Thereafter, the latch clock 118 is outputted to |atch

Fig. 12 is a diagram showing the circuit
arrangement on a heater board of a conventional printing
head;

Fig. 13 is a block diagram showing a multiple-
nozzle head constituted by an array'of a plurality of
heater boards;

Fig. 14 is a diagram showing driving current
waveforms for driving the printing elements of Fig. 13;

Fig. 15 is an external perspective view showing the
principal portions of an ink-jet printing apparatus
according to this embodiment; .

Fig. 16 is a block diagram showing the general
construgtion of the printing apparatus of Fig. 15;

Fig. 17 is a diagram showing the construction of an
ink-jet printer according to another embodiment;

Fig. 18 is a circuit diagram showing the
construction of a printing head for one color in Fig.
17;

Fig. 19 is a diagram showing an example of the
constitution of data in a memory (EEPROM);

Fig. 20 is a diagram showing the relationship

' between select data A, B of Fig. 19 and preheating
pulses actually selected;

Fig. 21 is a flowchart showing printing processing
in a printing apparatus using a printing head acéording

to a third embodiment of the invention;
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t he | eadi ng-edge and trailing-edge data of the shift register 904 in the
latch circuit 202 of the heating- pulse generating circuit 300. It should
be noted that the above-nentioned characteristic of the amount of ink :
di scharged in conformty with each heater board nmay be stored in the nenory
13 on the heater board of the printing head 12 in this enbodi nent.
Alternatively, it may be arranged te $Pore the characteristic in the ROM
1702 or RAM 1703. When printing is thus actually carried out, the clock

signal 221 is output%sd in 1% gulses n a case where the counter 201 is a
four-bit is a diagram s owing the circuit

arrangement on a heater board of a printing head
according to the third embodiment;

Fig. 23 is a block diagram showing the construction
of a selecting circuit according to the third
embodiment ;

Fig. 24 is a diagram showing the operatioh timing
of the circuit illustrated in Fig. 23;

Fig. 25 is a flowchart showing the processing
performed by an ink-jet printing apparatus using the
printing.head of the third embodiment; .

Fig. 26 is a diagram showing the circuit
arrangement on a:heater board of a printing head
according to a fourth embodiment of the invention; and

Fig. 27 is a block diagram showing the construction
of a selecting circuit according to the fourth

embodiment.

D BODT
Preferred embodiments of the present invention will
now be described in detail with reference to the
accompanying drawings.
Fig. 1 is a block diagram showing the construction
of a head correcting apparatus for determining
correction data of a printing head 12 according-to a

first embodiment of the present invention.
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counter, by way of exanple. As a result, heating pulse wdth is decided in
dependence upon the | eadi ng-edge and trailing-edge data stored in the latch
circuit 202, as shown in the timng chart of Fig. 24, whereby the heating
resistors 901 are heated. - 50 - By mounting the printing head 12
constructed as set forth above in thetgnk-jet printing apparatus of this

In Fig. 1, a CPU 1, which controls the overall
correcting apparatus, manages various controllers,
described later. An I/0 interface 2 interfaces the CPU
1 with the various components of the apparatus. An
image processor 3 uses a CCD camera 4 to read the
printing dot pattern on a recording medium placed upon a
paper feeding stage 5 and obtains pixels confofming to
printed dot diameter and density. When the dot data
corresponding to all printing elements (nozzles) of the
printing head 12 is sent from the image processor 3 to
the CPU 1, the latter operates upon the dot data, sends
density correction data to a driving signal controller 7
in conformity with a drive signal for driving the
printing head 12 and causes a memory controller 8 to
devélop the density correction data in a memory 13.

An image data controller 6 outputs a dot pattern to
be printed to the printing heéd 12. The controller 6
transmits a dehsity correction drive signal while
sending_a synchronizing signal to the drive signal
controller 7 not only at the time of ordinary printing
but also when the deﬁsity correction data has been
determined. The CPU 1 manages a head voltage contfoller
9 which controls the driving voltage of the printing
head 12 and manages a paper-feed/stage controller 11 for
contfolling.the operation of the paper feeding étage S,

thereby setting a proper drive voltage and controlling
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enbodi ment and applying printing signals to the printing head 12, it is
possible to obtain an ink-jet printing apparatus capable of performng

hi gh-speed, high-quality printing. Fig. 25 is a flowhart show ng printing
processing fromturn-on of the power supply to the end of printing of one
page in the ink-jet printing apparatus of the third enbodi nent. The control
program for executing this processingliz stored in the ROM 1702 and is
executed by the MPU 1701. The processing shown in Fig. 25 is started by

the movement of the stage 5 and paper feed.

Furthermore, a head data detector 10 is an important
portion which, for the purpose of correcting density.
feeds back the characteristics of each element substrate
(heater board 1000, shown in Figs. 4 and 8) of the
printing head 12.

In the printing head 12 which, by way bf example,
islcomposed of a row of a plurality heater boards 1000
on which 64 or 128 printing elements have been formed,
it is not known from which portions of a silicon wafer
or the like the heater boards 1000 (1000-1 ~ 1000-m) ..
have been cut. Accordingly, there are cases in which
the characteristics differ from one heater board to
another. |

In such case, a rank detecting resistor element RH
(resistor monitor 914 ih Fig. 8) constituted by a sheet
resistance value identical with board of the printing
elements is provided in each heater board 1000 in order
that all printing heads can peiformlprinting at an
identical density. There are also cases in which a
semiconductor element.915 (see Fig. 12) capable of
monitoring a change in temperature is provided for each
heater board 1000. The head data detector 10 monitors
these elements. When the head data detector 10 sends
data obtained by monitoring these elements to the CPU 1,

the CPU 1 generates correction data, which is for
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turning on the power supply of the apparatus. At step S41 in the flowhart,
the resistance val ues of the heating resistors 901 on each heater board
.1000a of the printing head 12 and the ink discharge-quantity characteristic
of each nozzle (discharge port) of the heater board are read. The read
values are stored in the RAM 1703 at ygtep S42. The resistance values of the
heating resistors 901 are detected by the resistance sensor 914, and the

i nk di scharge-quantity characteristic of each nozzle is stored in, say, the

' ry 13 provided . n the printi head 12. Next, _at
renory pcorrecting the data tggt grgves each of the heater

boards 1000, in such a manner that each heater board
1000 can print at an average density..

When the above-mentioned correction data is
reflected in each controller of the correcting apparatus
of this embodiment, the printing operation by the
printing head 12 is executed under these conditions. In
the correcting apparatus, the results of printing are
again subjected to image processing by the CCD camera 4
and image processor 3, and the memory controller 8
writes the final correction data in a memory 13 (an .
EEPROM or the like) at a stage at which the
predetermined rating of the printing head 12 is
satisfied.

Fig. 2 is a perspective view showing the
construction the printing-head correcting apparatus of

" the first embodiment, and Fig. 3 is a flowchart
. illustrating the operation of the apparatus.

With the printing head 12 inserted into a slot 51
or 53 of a securing table 50, the table 50 is moved in
such a manner that the printing head 12 can perform
printing at a normal position. Under these conditions,
the printing head 12 is brought into electrical contact
with the_components shown in Fig. 1, and an ink supply
device 52 is connected to the printing head 12 (step

S2). Next, in order to measure the rank of the printing
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step $43, the above-nentioned | eadi ng-edge and trailing- edge data is
decided in conformty with the resistance val ues of the heating
resistors 901 of the heater board 1000a and the ink discharge-quantity
characteristics, this data is transferred serially to the shift register
904 on each heater board 1000a of the printing head 12 and the data is

| atched in the latch circuit 202 of 4 He heating-pul se generating circuit
300 of each heater

head 12, a signal from the sheet resistance monitor 914
of each heater board 1000 is applied to the apparatus,
which proceeds to monitor these signals (step S4). In
the case of an elongated (full-line) printing head unit,
the sheet resistance value of each block (of each heater
board in a case where the unit is constituted by an
array of a plurality of heater boards) is monitored,
driving power is decided separately for each heater
board and a test pattern is printed (step S6). As
preprocessing for printing the test pattern, preliminary
printing (aging) is carried out until thé operation of .
the printing head 12 stabilizes to enable stable
printing by the printing head 12. Aging is performed on
an aging tray juxtaposed on a head recovery processor
54, and recovery processing (ink suction, cleaning of
orifice surfaces, etc.) is executed in such a manner
that the test pattern can be printed correctly on a
paper. When a test pattern is thus printed, the printed
paper is moved to the position of the CCD camera 4 and
image processor 3, where the result of printing is
subjected to image processing by these components and
. compared with parameters for printing evaluation.
Processing is executed with regard to the following
items in relation to a variance in printing element

density, which is a parameter that can be improéed:
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board. Wen the latch circuit 202 is constituted by nmultiple stages, the
| at ch signal and sel ect signal (these signals enter collectively) are
outputted and latched in the latch circuit 202 stage by stage. Next, at
step S44, it is determ ned whether printing data has entered fron1an
external device (host conputer), not shown, via the interface 1700. If
printing data has entered, the progfathfoceeds to step S45, at which the
received printing data is stored in the RAM 1703. Next, ‘the program

proceeds to step_S46, at whjch it _is determ ned mhether one |line of
printing, (In a' case where the total number of printing

elements on each heater board is "n*)

(1) The average dot area (dot diameter) of each
printing element and elements on either side thereof
(for a total of three elements) is calculated.

In particular, the following averages are
calculated with regard to the first and n-th- elements:

in case of the first element —» the average

dot area (dot diameter) of the n-th on the
neighboring heater board, 1lst and |

énd elements on the current board; .
in case of the n-th element — the average dot

area (dot diameter) of the (n-1) th, n-th on
the current board and

lst elements on the neighboring heater
board.

(2) The following two values are found with regard
to the average dot area of each printing element
obtained in (1) above:

uneven density f(1) = [MAX of average dot area
of each heater board] - [MIN of average dot

area of each heater board]

uneven density £(2) = MAX of change in average
dot area of each heater board of successive

heater boards

+ ariast
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for exanple, is capable of starting. If the answer is NO, the program
returns to step S44. If the answer is YES, the program proceeds to step
S47. At step S47, printing data to be printed on an initial single rowis
transferred serially to the shift register 904. Next, one line of printing
data is latched in the latch circuit 903 of each heater board 1000a and the
data is outputted to the AND gate. Nexg] at step S48, the clock signals
(CLK) 221 of 16 pul ses

These values are decided to determine the manner in
which each printing element should be corrected. For
example, in a case where the driving power of each
printing element of the printing head 12 is decided by
pulse width, driving pulse-width data applied to an
integrated circuit for driving the printing head 12 is
selected. As will be described later, in a case where a
pulse-width selecting circuit (101: Fig. 8) of the
driving integrated circuit makes a selection from
several pulse widths, the MAX, MIN of the pulse width ‘
selected on the basis of the values decided in (1), (2) .
above are decided and a puise width between these values
is set pased upon the resolution allowed. The pulse
width is set so as to correct the printing density of
each element in conformity with the image processing
data, and the pulse width is made to correspond to each
brinting element, whereby it is possible to average the
printing densities of the printing head unit 12. The
foregoing is repeated until the above-described
processing is finished. When this occurs, the resulting
data is stored in the memory 13. This processing is
carried out at steps S8 ~ S12 in.Fig. 3.

Fig. 4 is an exploded perspective view for
describing the constructiéﬁﬁéffﬁﬁP printing head 12 of
this embodiment. 1In this exampig, a case is desbribed

in which the printing elements aﬁé elements for
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- 52 - according to this enbodi ment are supplied with the counter 201. As a
result, as shown for exanple in Fig. 24, the pulse widths of the heating
. pul ses are decided in dependence upon the | eadi ng-edge and trailing-edge
data fromthe latch circuit 202, whereby the heating resistors 901 on each
heat er board of the printing head 12_a£? electrified (heated). Actual
printing of an inmage is thus carried oul. The reception of data fromthe
host conputer and

generating ink discharging energy used to eject ink (in
an ink-jet printing method, each element comprises a
pair of electrddes and a heating resistor 901 provided
between these electrodes). In accordance with the
method described below, the full-line printing head 12,
which is fabricated without defects over its entire
width by a conventional technique such as
photolithographic machining, is obtained at a very high
vield. Moreover, a single plate member 2000 having a
plurality of ink discharge ports formed in one end and a
plurality of grooves communicating these ink discharge .
ports formed on the plate member 2000 from one end to
the othgr, is joined to this printing head 12 in such a
manner that the grooves are closed by the heater boards,
whereby a full-line, ink-jet printing head unit can be
manufactured in a very simple manner.

The ink-jet printing head described in this
embodiment has ink discharging ports (nozzleé) at a
density of 360 dpi (70.5 um), the number of nozzles
thereof being 3008 (for a printing width of 212 mm).
Furthermore, the prinﬁing head 12 is constituted by m-
number of heater boards 1000-1 ~ 1000-m, and the heater
boards 1000-1 ~ 1000-m basically are composed of
identical circuitry.

In Fig. 4, the heater board 1000 has 128 of the

jetting-energy generating elements (heating resistors)

This is the replacement shest

92 SEP 995

Dates



the transfer of the next series of printing data to the shift register 904
of each heater board are carried out even during heating processing for
actual printing. Further, an arrangenent nay be adopted in which the
heating resistors are electrified in sections at staggered tinmes instead of
the arrangement in which all heating resistors 901 are electrified

simul taneously at step S48. By virtuedf-this arrangenent, the capacity of
t he power supply of the apparatus can be reduced. Next, at step S$S49, it is

det er i nedy yfieL et L B D100 12T d1N1S1PS 15 nsk Ly U B 19 ©f

dpi. Each heater board 1000 is provided with a signal
pad, and with_a power péd 1020 for supplying the driving
power, to drive the heating resistors 901 at any timing
by externally applied electric signals.

The row of the heater boards 1000-1 ~ 1000-m is
fixedly bonded by a bonding agent to the surface of a
base plate 3000 made of a material such as metal or
ceramic.

Fig. 5 is a detailed view showing the heater boards
in the arrayed state. The heater boards are fixedly .
bonded to a prescribed location on the base plate 3000
by a bonding agent 3010 applied to a prescribed
thickness. At this time each heater board is fixedly
bonded in precise fashion in such a manner that the
pitch (spacing) between the heating resistors 901
situated at the respective edges of two mutually
adjacent heater boards will be equal to the pitch P (=
70.5 um) of the heating elements 901 on each heater
board. Further, the gaps produced between adjacent
heater boards are filied and sealed by a sealant 3020.

With reference again to Fig. 4, a printed circuit
board 4000 is fixedly bonded to the base.plate 3000 in
the same manner as the heater boards. At this time the

" printed circuit board 4000 is bonded to the basé plate

3000 in a state in which the pads 1020 on the heater



not ended, the programreturns to step S47 to repeat processing fromthis
step. When the printing processing for one |ine ends, the program proceeds
fromstep S49 to step S50, where the conveyance notor 1709 is rotated to
convey the recording paper in the sub-scan direction by an anount

equi val ent - 53 - to one printed line. This is followed by step S51, at

boards are in close proximity to signal-power supply
pads 4010 provided on the printed circuit board 4000. A
connector 4020 for receiving a printing signal and
driving power from the outside is provided on the
printed éircuit board 4000.

The plate member 2000 having the plural grooves
will now be described.

Figs. 6A ~ 6D are diagrams showing the shape of the
plate member 2000. Fig. 6A is a front view in which the
plate member 2000 is seen from the front, 6B a top view
in which Fig. 6A is seen from the top, 6C a bottom view .
in which Fig. 6A is seen from the bottom, and Fig. 6D a
sectiongl view taken along line X-X of Fig. 6A.

In Figs. 6A ~ 6D, the plate member 2000 is shown to
have a flow passageway 2020 provided to correspond to
each heating resistor 901 provided in the heater board
1000, an orifice 2030 corresponding to each flow
passageway 2020 and communicating with the flow
passageway 2020 for discharging ink toward the recording
medium, a liquid chamber 2010 communicating with each
flow passageway 2020 in order to supply it with ink, and
an ink supply port 2040 for feeding ink, which has been
supplied from an ink ténk (not shown), to the liquid
chamber 2010; The plate member 2000 naturally is formed
to have a length large enough to substantially cbver the

row of ink ejecting-energy generating elements 901
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" which it

I's determ ned the printing of one page has ended. If the answer is

NO, then the programreturns to step S46, at which it is determ ned whet her
. reception of the next line of printing data has been conpl eted. \Wen the
printing of one page of an image is finished by repeating the
above-descri bed operation, printing processing is termnated. |In accordance
with the third enbodi nent, as descri hegsahove, the width of heating pul ses
can be changed through a sinple arrangenent. At the tine of actual out put

of heating Ma%eg_sed( %S} Liailni rgi %)' [a]gpﬂlrgﬂity of the heater boards

1000.

With reference again to Fig. 4, the plate .member
2000 is joined to the heater boards 1000 in a state in
which the positions of the flow passageways 2020 are
made to exactly coincide with the positions of .the
heating resistors 901 on the heater boards 1000 arranged
in a row on the base plate 3000. |

Conceivable methods of joining the plate member
2000 are a method in which the plate member is pushed in
mechanically using springs or the like, a method in .
which the plate member 2000 is fixed by a bonding agent,
and a method which is a combination of these methods.

The plate member 2000 and each of the heater boards
are secured in the relationship shown in Fig. 7 by any
of these methods.

The plate member 2060 can be manufactured using
well-known methods such as machining by cutting, a
molding method, injection method or a method relying
upon photolithography.

Fig. 8 is a block diagram showing an example of
circuitry on the heater board 1000 of the printing head
12 in a second embodiment of the present invention.
Components identical with those on the heater board of
the conventional printing head shown in Fig. 12 ére

designated by like reference numerals. 3

.-!}’ Y N “t
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I mage), the clock signal 221 need only be outputted, as a result of which
t he burden upon the MPU 1701 can be reduced. In this enbodi nent, the val ue
of the sensor 914 is detected only at the beginning of the printing
processing of one |ine. However, an arrangenent may be adopted in which
this is carried out whenever the heating resistors are electrified.
Further, in accordance with the third2énbodi nent, as described above, a
heating pulse and a plurality of preheating pul ses are supplied separately

to each heater bpald,QfedNGdd¥a 1¥0o"820enl" BREALIAG RELECH2 ks a

selecting circuit 101 for selecting preheating pulse
width described later with reference to Figs. 10 and 11;
a latch circuit 102 for storing selection data which
selects preheating pﬁlses 103; the latch circuit 903 for
latching printing data; the shift register 904 which, in
sync with a shift clock 116, holds serially inbutted
printing data 117 or selection data for selecting
preheating pulses 103; terminals 110 for entering
preheating pulses 103 provided by a controller in the
ink-jet printing apparatus of this embodiment; and .
terminals 111 for selecting ahd latching selection‘data

' latched by the latch circuit 102 and for entering
signals to read out the data. On the assumption of a
case in which the latch circuit 102 comprises a number
of stages, it is so arranged that a plurality of latch
clocks and readout-signals can be entered from the
terminals 111. When the latch circuit 102 is composed
of a number of stages, the number of signal lines from
the latch circuit 102 to the selecting circuit 101 is
the same as the numbef of stages. Numeral 107 denotes
an OR circuit which, in dependence upon the printing
data, combines the heating pulse outputted from an AND
gate 106 and é preheating pulse signal selected and

outputted by the selecting circuit 101.
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sel ected by the latch circuit 102 provided within the heater board to save
sel ection data, and the preheating pulse is conbined with a main heating
.pul se for printing - 54 (the AND of the main heating pul se and i mage
data), thereby making it possible to exploit the conventional shift

regi ster 904 effectively. As a result, circuit portions for entering the
sel ection data can be del eted - 27 -

Fig. 9 is a perspective view showing the structufe
of the heater board 1000 in the printing head of this
embodiment. Flow passageway wall members 401 for
forming the flow passageways 2020 communicating with a
plurality of discharge ports (nozzles) 400 and the plate
member 2000 having the ink supply passage 2040 are
attached. Ink supplied through the ink supply'passage
2040 collects in the common liquid chamber 2010 and is
supplied to each of the flow passageways 2020. By
supplying current to the heating resistors 901 on the
heater board 1000 in dependence upon the printing data, .
ink is discharged from the discharge ports 400 to
perform_printing.

The general operation performed by the foregoing
arrangement will now be described with reference to Fig.
8.

'After power is introduced to the apparatus,.the
preheating pulée width of each heating resistor 901 is
decided in depehdence upon the characteristic of the
amount of ink discharged (per impression of a prescribed
pulse at a fixed temberature) from each discharge port
(heating resistor) in conformity with each heater board.
The characteristic is measured in advance. Selection
data for selecting the decidéd preheating pulse width
corresponding to each discharge port (nozzle) is

transferred to the shift register 904 in sync with the
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to prevent an increase in the space occupied by the circuitry. Furthernore,
any preheating pul se can be selected with ease nerely by storing the

sel ection data, which selects one or sonme of the preheating pul ses, in each
heater board of the printing head 12. As a result, the anmount of ink

di scharged from each nozzle can be controlled in a sinple manner. Further,
printing can be perfornmed while hol di ngzgpplied energy substantially
constant even in a printing head constituted by a plurality of heater

boards. As ashift clock 116. Thereafter, the latch clock 111 is

outputted to latch the selection data in the shift
register 904 to the latch circuit 102. It should be
noted that the above~-mentioned characteristic of the
amount of discharged ink in conformity with each heater
board is stored in the memory 13 on the heater board
1000 of the printing head 12 in this embodiment.
However, it may be arranged to store the characteristic
in a memory (ROM 1702 in Fig. 16) of a controller,
described later. Thus, in accordance with this
embodiment, as indicated at point a in Fig. 8, the .
output of the shift register 904 is outputted to the
latch circuit 903 for holding printing data and té the
laﬁch circuit 102 for holding the selection data of the
preheating pulse, and the shift register 904 for
entering image data is used also as a register for
entering the selection data for selecting the preheating
pulse. As a result, a shift register which enters the
selection data for selecting preheating puise width can
be eliminated. This makes it possible to suppress an
increase in the scalé and size of the circuitry even if
the latch circuit 102 for holding the selection data is
provided in multiple stages.

Further, by providing the latch circuit 102 in a
plurality of stages, a number of preheating pulées can

be enhanced. Alternatively, this will make it possible
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result, it is possible to obtain a high-quality printed i mage free of
uneven density and streaking that acconpany a fluctuation in anmount of ink
.di.scharge. Further, it is possible to provide a long-life printing head and
a printing apparatus which uses this head. Fig. 26 is a block diagram
illustrating the construction of a heater board 1000b, one of the heater
boards in the printing head 12 accordi &g to a fourth enbodi nent. Conponents
in Fig. 26 identical with-those '

to easily deal with a case in which the selection data
exceeds the number of stages of the shift register 904.
The selection data for selecting the preheating
pulse can be saved at one time, such as when the
printing apparatus is started up. Accordingly, even if
this function is provided, the sequence for transfef of
printing data to the printing head 12 will be éxactly
the same as in the.prior art. However, in consideration
of a change (data blurring), produced by noise or the

like, in the selection data stored in the latch circuit

102, it is preferred that the data be-saved in the latch .
circuit 102 again during non-printing intervals.

Input of a heating pulse 105 after the selection
data for selecting the preheating pulse is latched in
the latch circuit 102 will now be described. This
embodiment is characterized by separately providing the
heating pulse 105 and a plurality of preheating pulses
103, which are for changing the amount of ink
discharged.

First, a signal from the resistance sensor 914 for
monitoring the resisténce values of the heating
resistors 901 is fed back and the pulse width of the
heating pulse 105 is decided in dependence upon the
resistance value in such a manner that energy suitable
for discharging ink will be applied to the heatihg

resistors 901.
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- 55 - of the foregoing enbodi nent are designated by |like reference

nuneral s and need not be described again. In the fourth enbodi ment, the
~heating-pul se generating circuit 301 obtains the resistance characteristics
. of the heating resistors 901 using the sensor 914, selects the proper pul se

width automatically and drives the heating elements 901. In Fig. 26, the
heat i ng- pul se generating circuit - 30 - '

With regard to the preheating pulses, these are
decided by a controller in such a manner that the pulse
width and timing of each of the plurality of preheating
pulses 103 will change in dependence upon the value from
the temperature sensor 915. Thus, the plurality of
preheating pulses 103 can be set and applied in such a
manner that the amount of ejected ink will be rendered
constant for each nozzle even a prescribed temperature
condition. Data relating to the amount of discharged
ink from each discharge port (nozzle) is obtained from
the memory 13, and the width of the preheating pulses .
103 is set correspondingly, thereby rendefing the amount
of ink discharged constant to eliminate unevenness and
streaks in the printed image. By using selection data
for selecting preheating pulse thus entered énd,latched
in the latch circuit 102, zero, one or several of the
plurality of preheating pulses 103 can be selected to
perform printing. 1In the description that follows, the
term “selection” covers no selection or one or multiple
selection of the preheating pulses 103, and the
invention is not limifed.to an alternative selection.

By suitably contriving a method of selecting
preheating pulse, the number of preheating pulses
supplies to the heating resistors 901 can be increased

further.
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301 | atches | eadi ng-edge data and trailing-edge data applied thereto, just
as in third enbodi nent. However, this enbodinent differs fromthe third
enbodi ment in that the heating-pul se generating circuit 301 | atches plural
types of |eading-edge data and trailing-edge data applied thereto, detects
the resi stance value of the resistance sensor 914 directly connected to the
circuit 301 and selects a pulse width3{trailing-edge data) conforming to
this resistance value. It should be noted that the resistance sensor 914 is

formed on the heat ghj 80868nd PPN Al tAd LBAE idr B ced RR1ReRL LAY resistors

data and constructions of the selecting circuit 101 for
selecting preheating pulse will be described with
reference to Figs. 10 and 11.

Fig. 10 is a diagram for describing an example in
which four types of preheating pulses 103 are supplied
to control discharged amount of ink in four stéges.
Fig. 10A is a circuit diagram showing an example of the
construction of the selecting circuit 101 for selecting
desired pulses of the heating pulses 103, and Fig. 10B
is a chart showing an example of these pulses. As will .
be evident from these diagrams, a preheating pulse 1 is
selectively outputted whén selection signals (S1, S2)
deliveréd by the latch circuit 102 are (0,0); a
preheating pulsé 2 is selectively.outputted when the
selection signals (Sl, S2) are (1,0); a preheating pulse.
3 is selectively outputted when the selection signals
(s1, s2) are (0,1); and a preheating pulse 4 is
selectively outputted when ﬁhe selection signals (S1i,
S2) are (1,1). As a result, the number of the
preheating pulses 103.and the number of the output
(selected) preheating pulses become equal.

In Fig. 11, on-the other hand, the outputted
heating pulses are of four types with respect to
preheating pulses 1, 2 (in one type there is no .

impression of preheating pulses). More specifically, in
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901 and faithfully refl ects the resistance characteristics of the heat i ng
resistors 901. Fig. 27 is a block diagram show ng part of the construction
. of the heating-pul se generating circuit 301 of the fourth enbodi nment.

Operation will be described with reference to this draw ng. - 56 - In
Fig. 27, nunmeral 330 denotes a four-bit counter
- 32 -

the circuit of Fig. 11A, no preheating pulse is produced
when the selection signals (Sl1, S2) are (0,0); a
preheating puise 1 is outputted when the selection
signals (S1, S2) are (1,0); a preheating pulse 2 is
outputted when the selection signals (S1, S2) are (0,1);
and the sum of preheating pulses 1 and 2 is outputted
when the selection signals (S1, S2) are (1,1). Fig. 11B
shows an example of preheating pulseé 1 and 2 and
outputs preheating pulses. |

By adopting the circuit of Fig. 1l1A, the circuit .
area on the heater board can be made small and the size .
of the heater board can be made small. As a result, a
maximum_of eight types of preheating pulses can be
produced even when, say, three types of preheating
pulses 103 enter from the input terminal 110.

Generally, in a case where P represents the number of

preheating pulse signalé 103 supplied, the types P’ of
preheating signals generated (the types of amounts of

discharge) can be made a maximum of 2P,

By mounting the printing head 12 constructed as set
forth above in the iﬁk-jet printing apparatus of this
embodiment and applying printing signals to the printing
head 12, it is possible to obtain an ink-jet printing
apparatus capable of performing high-speed, high-quality

printing.
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simlar to that of the counter 201, and nunerals 331 - 334 denote
conparators simlar to the conparator 203 or 204 of the foregoing
.enbodi ment. The conparators 331 ~ 334 each conpare the output value of the
counter 330 with the | eadi ng-edge data and trailing-edge data |atched in
the latch circuit 335 and out put a high-1level signal when agreenent is
achieved. A flip-flop 336 is simlar-t3the flip-flop 205 and deci des the
pul se width of the heating pulse signal. A selecting circuit 337 selects

one. gg Elhe 9th Bﬂfﬁlegfm %?%&?W&Bl@rﬁa%%%m sB3think- Bhe EbRstiabtisa-edge
of a multiple-nozzle printing head 12 in which a
plurality of heater boards 1000-1 ~ 1000-m are arrayed
in a row. In Fig. 13, the latch signals in each heater
board are deleted from the drawing.

Here the printing head 12 having a total of n-
number of nozzles is realized bylusing the m-number of
heater boards 1000-1 ~ 1000-m. It should be noted that
a serial input pad 906 of the heater board 1000-2 is
connected to a serial output pad 104 of heater board
1000-1, and the serial output terminal 104 of each
heater board is similarly connected to the serial input.
pad 906.of immediately preceding heater board.

Thé description below will focus on nozzles 1 and
100 of the heater board 1000-1 and nozzle 105 of the
heater board 1000-2.

As shown in Fig. 14, assume that the amounts of ink
discharged by nozzles 1, 100 and 150 are 36 pl, 40 pl
and 40-pl, respectively, at impression of a constant
pulse width at a constant temperature. The selection
data, latched in thellatch circuit 102, with respect to
nozzles 100, 150 is set in such a mamner that (S1,S2) =
(1,0) is established, as indicated at (2) in Fig. 11B.
Further, the selection data with respect to nozzle 1
having the small amount of ink discharge is set in such

a manner that (S81,82) = (1,1) is established, as
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the heating pul ses. A wi ndow conparator 338 decides the trailing-edge
timng, which is to be selected by the selecting circuit 337, in dependence
upon the voltage |l evel outputted by an anplifier/current source 339. In
conformty with the resistance value of the resistance sensor 914, the
selecting circuit 337 selects any one of trailing-edge timngs of a pul se
signal based upon plural itens of traiWi rg-edge data that have been set. As
aresult, it is possible to realize the drive of heating resistors 901 at a

heating puisgiskeéd genfor MAadri®. thesregisi@nge val uaswhf £k heating
the resistance sensor 914 that 200 Q holds for the
heater board 1000-1 and 210 Q holds for the heater board

- 1000-2 with regard to the main heating pulses 105, the

heating resistors 901 are driven by setting the width of
the main heating pulse applied to the heater board 1000-
2 to be greater than that appliéd to the heater board
1000-1 so that the energy applied to the heater boards
1000-1 and 1000-2 will be approximately constant. Fig.
14 illustrates driving current waveforms (preheating
pulse and main heat pulse) applied to the nozzles 1, 100
and 150 under these conditions.

It will be understood that the preheating pulse of
nozzle i which discharges a small amount of ink has a
pulse width larger than that of the preheating pulses
for nozzles 100 and 150 (tl<t2). Further, the main
heating pulse width t4 for nozzle 156 is larger than
that (t3) for the nozzles of heater board 1000-2
(t4>t3), as mentioned above. If Fig. 14, t5 represents
the minimum heating pulse width needed to foam the ink
and cause the ink droblets to eject from the nozzles.
The following relationship holds: tl1, t2 < t5 < t3, t4.

Thus, in accordance with this embodiment, the width
of the preheating pulses is changed under conditions in
which the relations (tl<t2), (tl, t2<t5) hold with

respect to a change in the temperature of the heater
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resistors 901. In the fourth enbodi nent also, as in the foregoing

enbodi nent, the latch circuit 335 is constituted by a - 57 - plurality
of stages, and inputs are made in the formof one-bit data in each stage,
thereby nmaking it possible to set a pulse width corresponding to one
heating resistor 901. _ 35 -

board during printing. As a result, the amount of ink
discharged from each nozzle can be made approximately 40
pl at all times. This makes it possible to print a very
high-quality image without the occurrence of uneven
density or streaks. Furthermore, with regard to the
heating pulses, the pulse width is adjusted in
dependence upon the resistance values of the-héating
resistors of each heater board, whereby a constant
energy is applied without waste. This makes it possible
to extend the service life of the heating resistors.

Fig. 15 is an external vieﬁ of an ink-jet printing .
apparatus IJRA to which the present invention can be
applied.

In Fig. 15, a lead screw 5005 is rotated via
driving-force transmission gears 5011, 5009 in operative
association with the forward-reverse rotation of a drive
motor 5013. A carriage HC engaged with a helical groove
5004 formed in the lead screw 5005 has a pin (not shown)
'and is moved back and forth in the directions of arrows
a, b. an ink-jet cartridge IJC is mounted on the
carriage HC. A paper'retaining plate 5002 presses a
sheet of paper against a platen 5000 along the direction
in which the carriage HC moves. Photocouplers 5007,
5008 serve as home-position sensing means for sensing
the presence of a lever 5006 provided on the cafriage HC

in order to change over the direction of rotation of the
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In the description given above, the sensor 914 is described as being a
resi stance sensor. However, this nmay be a tenperature sensor such as a
.therm stor, by way of exanple. In such.case, the tenperature of the heater
board or the extent to which heat is retained by the heating resistors 901
may be sensed to realize printing control (excitation control) conform ng
thereto. This makes it possible to obB4in a printed i mage of even higher
quality. Wth regard to processing executed by the MPU 1701 in this case,

the step of #83¢ MBtbRes¥abue RimbPE1 5016 denotes a member
supporting a cap member 5022 which'céps the front side
of the printing head 12, and number 5015 denotes suction
means for sucking ink via an opening 5023 of the cap
from the nozzles of the printing head 12, to restore the
printing head 12. Numeral 5017 denotes a cleaning blade
and 5019 a member which makes it possible to-move the
blade 5017 back and forth. These are supported on a
supporting plate 5018. It goes without saying that the
blade 5017 applied to this example is not limited to the
illustrated blade but can be any well-known cleaning .
blade. Numeral 5012 denotes a lever for starting the
starting the sucking operation in suction restoration.
The lever 5012 moves to accompany rotation of a cam 5020
engaged with the carriage HC, and the movement thereof
is controlled by well-known transmission means such as a
clutch for changing over the driving force from the
driving motor 5013.

These capping, cleaning and suction restoration
operations are carried out by executing Ehe desired
processing at correspbnding positions through the action
of the lead screw 5005 when the carriage HC has arrived
in an area on the side of the héme position. If the
desired operations are performed at the Well—known.
timing, these operations can be applied to this éxample.

<Description of Control Arrangement>
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sensor 914 at step S41 is no longer necessary. Further, at step S43, plural
types of trailing-edge data need only be set in advance, after which
. processing may be performed just as in the third enbodi ment. In accordance
with the fourth enbodi ment, as descri bed above, control by the MPU 1701 is
made unnecessary, as a result of which the burden upon the controller can
be alleviated. Further, though it is @gportant to provide these sensors and
nonitor the resistance value or tenperature of each heater board, the

burden upon the @anhLehngbheHE ! EYr P¥x&Eud 1] @it ddl of printing in
the apparatus set forth above will now be described with
reference to the block diagram of Fig. 16. Shown in
Fig. 16 are an interface 1700 for entéring a printing
signal, an MPU 1701, a program ROM 1702 for storing a
control program executed by the MPU 1701, a dynamic RAM
1703 for saving various data (the above-mentioned
printing signal and printing data that is supplied to
the head 12), and a gate array 1704 for controlling
supply of printing data to the printing head 12. The
gate array 1704 also controls transfer of data among the .

interfaée.l?OO, MPU 1701 and RAM 1763. Also shown are

the drive motor (carrier motor) 5013 for conveying the

printiné head 12, a conveyance motor 1709 for conveying

recording paper, motor drivérs 1706, 1707 for driving

the conveyance motor 1709 and the carrier motor 5013,

respectively, a signal line 1711 for monitoring the

sensors 914, 915 §f éach heater board of the printing

head 12 as well as the memory 13 of the printing head

12, and a signal line 1712 for carrying the preheating

pulses, latch signalé and heating pulses (main heating

pulses).

Fig. 17 is a diagram showing the general
construction of a.color ink-jet printer having a line-
type head according to another embodiment. The brinter

has four ink-jet heads (each of which has a length of
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- 58 - the nunber of sensors is alleviated in this case also. This nakes
real -time processing possible. In the third enbodi nent, a great anount of
processing is perforned by the MPU 1701 to deal with the resistance val ues
or tenperature val ues, which change fromnonent to nonent. In the fourth
enbodi nent, however, there is no increase in the burden upon the MPU

. - 38 - _

about 10 cm) for respective ones of four colors and
performs printing by conveying é recording paper P in
the direction of arrow F. Numeral 170 denotes a head
controller for supplying printing data to the heads aﬁd
for controlling heating, and numeral 171 designates a
paper-feed motor for conveying the recording paper P.
The ink-jet heads 12 (Y, M, C, K heads) corresponding to
the respective colors are each constituted by 11 heater
boards indicated at ICl ~ ICll. The arrangement is
shown in Fig. 18.

Components in Fig. 18 identical with those in the
foregoing diagrams are designated by like reference
numerals. Each heater board is equipped with 128
heatingﬂresistors. VH and PGND indicate power supply
lines and ground lines of the heating resistors 901; ODD
and EVEN represent control signa% terminals for feeding
current separately to odd- and even-numbered heating
resistors 901; and BENBO ~ 2 denote block éelection
signals which prevails when the heating resistors are
electrified in block units in one heater board. The
circuits of the heater board corresponding to these
signals are shown in abbreviated form in Fig. 8, etc.

PHEAT 1 ~ 4 of the preheating pulse signals 103
corresponds to preheat 1 ~ 4 in Fig. 10B, for example,
and the latch signals 111 are latch signals for 1atching

the selection signals Sl; S2 of Fig. 10A in the latch
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1701 and a change in the tenperature of the heater board el enents can be
dealt with in real tine. Further, since cables and connectors for
connection to the outside are unnecessary, the effects of external noise
are elimnated and cost of manufacture can be reduced. In the foregoing
description, an exanple is described in which the board of a printing head
is enployed in the printing head of- a3? iik-jetting type. However, this does
not inpose a limtation upon the invention for board can al so be applied to

that for acijrcuit 102. Numeral 13 denotes an EEPROM for storing
the drive conditions (data) of the printing head 12.
Numeral 908 denotes the main heating pulse applied to
each heater board, and 913 a signal for detecting the
temperature of each heater board.

The printing data sent to each heater board is 128-
bit data for turning each of the 128 heating resistors
901 on and off. This data is transferred whenever one
line is printed and is latched in the latch circuit 903
by the latch signal 118 (Fig. 8). More specifically,
each heating resistor 901 is turned oﬁ and off in
dependence upon both the main heating pulse and the
printing data. The preheating pulse, on the other hand,
is outpﬁtted irrespective of the printing data.

The selection data latched in the latch circuit 102
is data for individually setting the preheating pulse
widths of the 128 heating resistors 901. Two bits (S1,
S2) correspond to one heating resistor 901 and therefore
the selection data is composed of a total of 256 bits.
The 256-bit selection data is transferred to each heater
board only one time before printing, e.g., when the
power supply is turned on, and is held continuously in
the latch circuit 102,.which is composed of two stages.
The two-bit selection data is outputted to the selecting
circuit 101 from the latch circuit.102 and, as shown in

Fig. 10 or 11, is used to select any one or two of the

shest
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thermal head. The present invention has been described with regard to a
printing apparatus of the type having neans (e.g., an el ectrothernal
transducer or |aser beanm) for generating thernal energy as the energy
utilized to jet ink, wherein a change in 'the state of the ink is brought
about by this thermal energy. In accordance with this - 59 -

- 40 -
four preheating pulses BPHEAT.l ~ 4 in accordance with
the selection data.

Fig. 19 is a diagram showing the constitution of
the data in the memory 13 (EEPROM) of printing head 12.

The data stored in the memory 13 is selection data
(select A data and B data: corresponding to S1, S2,
respectively) for 1408 (128 X 11) heating resistors
corresponding to 11 heater blocks (the above-mentioned
heater boards 1000), setting data (PHEAT 1 ~ 4)

.  indicating the pulse widths of the four types of
preheating pulses (PHEAT 1 ~ 4), and setting data 4
(MHEATB 01 ~ 11) indicating the pulses widths of the
main heating puises for each heater board 1000. These
items of data are read out of the memory 13 by the head
controller 170 (Fig. 17) or MPU 1701 (Fig. 16) prior to
the start of printing and are referred to in the setting
of the selection data in each heater board 1000.

Each item of the setting data PHEAT 1 ~ 4 is four-
bit data representing 0 ~ 10 (OAH:H denotes
hexadecimal); When the head 12 is manufactured, the
density characteristic of each nozzle of the head 12 is
measured by the above-described head correcting
apparatus, and the setting data is selected as four
widths, in which density is averaged optimally, from
among 11 types (0.25 ~ 1.50 usec) capable of beihg set

as preheating pulse widths. The head controller 170 and
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met hod of printing, high-density, high-definition printing can be achi eved.
Wth regard to a typical configuration and operating principle, it is
preferred that the foregoing be achieved using the basic techniques

di sclosed in the specifications of USP 4,723,129 and 4, 740,796. This schene
I's applicable to both so-called on- denand type and contlnuous type
apparatus. In the case of the on- ded#dnd type, at |east one drive signal,
whi ch provi des a sudden tenperature rise that exceeds that for film

boi I'ing, i $paPRhbEduskNa?GE8RUERCEL iR PLLO LR preheating pulses
BPHEAT 1 ~ 4, whose widths are based upon the
transferred values of the setting data PHEAT 1 ~ 4, and
transfer the generated preheating pulses to each heater
board.

As set forth above, the selection data thus
transferred to each heater board prior to printing is
latched in the latch circuit 102 of each heater board,
and the selection circuit 101 selects any one of the
preheating pulses PHEAT 1 ~ 4 based upon the selection
data (A, B), whereby the heating resistors 901 are .
preheated.

Fig. 20 is a diagram showing an example in which
such preheating pulses (PHEAT 1 ~ 4) are selected (See
Fig. 10B).

Fig. 21 is.a flowchart showing printing processing
from turn-on of the power supply to the end of printing
of one page in , say, the ink-jet printing apparatus of
Fig. 15 of this embodiment. The control program for
executing this processing is stored in the ROM 1702 and
is executed by the MﬁU 1701. Processing is basically
the same also in the apparatus of Fig. 17 with the
exception of the fact that the latter apparatus performs
color printing and has a line-type printing head.

The processing shown in Fig. 21 is started by

turning on the power supply of the apparatus. At step
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information, to an el ectrothermal transducer arranged to correspond to a
sheet or fluid passageway holding a fluid (ink). As a result, thernal
energy is produced in the electrothermal transducer to bring about film
boiling on the thermal working surface of the printing head. Accordingly,
air bubbles can be fornmed in the fluid (ink) in one-to-one correspondence
with the drive signals. OMng to growt Znd contraction of the air bubbl es,
the fluid (ink) is jetted via the discharge port so as to format |east one

droplet. |1 the drive signal, has the [OUDR0 A PYai%e9b2 % fetd

heating resistors on the heater boards 1000-1 ~ 1000-m
(m-number of heater boards) of the printing head 12 and
the ink discharge-quantity characteristic of each nozzle
(discharge port) of each heater board are read. The
read values are stored in the RAM 1703 at step S22. The
resistance values of the heating resistors 901 are
detected by the resistance sensor 914, and the ink
discharge-quantity characteristic 6f each nozzle may be
stored in, say, the memory 13 provided in the printing
head 12, as shown in Fig. 19. Next, at step S23, the r
above-mentioned selection data is decided in conformity
with the resistance values of the heating resistors of
each heater board and the ink discharge-quantity
characteristics, the selecfion data is transferfed
sefially to the shift register 904 on each heater board
of the printing head 12 and the selection data is
latched in the latch ciréuit 102 of each heater board.
When thé latch circuit 102 is constituted by multiple
stages, e.g. 2 stages as in this embodiment as shown in
Fig. 8, the latch signal and select signal (these
signals are collectively input from the terminals 111)
are outputted and latched in the latch circuit 102 stage
by stage. |

Next, at step S24, it is determined whether

printing data has entered from an external device (host
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of the air bubbles can be made to take place rapidly and in appropriate
fashion. This is preferred since it will be possible to achieve fluid (ink)
“jetting having excellent response. 60 Signals described in the
speci fications of USP 4,463,359 and 4, 345,262 are suitable as drive pul ses
having this pul se shape. It should be noted that even

- 43 -

computer), not shown, via the interface 1700. If
printing data has input, the program proceeds to step
S25, at which the received printing data is stored in
the RAM 1703. Next, the program proceeds to step S26,
at which it is determined whether one line of printing,
for example, is capable of starting. If the answer is
NO, the program returns to step S24. 1If the ahswer is
YES, the prograﬁ proceeds to step S27.

At step S27, printing data to be printed on an
initial single row is transferred serially to the shift
register 904. Next, the program proceeds to step S28,
at which the output of the latch circuit 102 is supplied
with the selecting circuit 101. The preheating pulses
103 are then supplied with all heater boards of the
.printing head 12. As a result, as shown in Fig. 10 or
11, one or séme of the preheating pulses 103 are
selected in dependence upon the selection éignal (2 bits
iSl, S2) from the latch circuit 102, whereby the
printing head 12 is preheated. The program then
proceeds to step S29, at which the heating pulses (main
heating pulses) 105 ére outputted to each heater board
to actually print an image.

The reception of data from the host computer and
the transfer of the next series of print data to the
shift register 904 of each heater board are carried out

even during preheating processing or heating processing
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better recording can be performed by enploying the conditions described in
the specification of USP 4,313,124, which discloses an invention relating
-to the rate of increase in the tenperature of the above- nentioned thernal
working surface. In addition to the conbination of the discharge port,
fluid passageway and el ectrothernal transducer (in which the fluid
passageway is linear or right-angled) g sclosed as the construction of the
printing head in each of the above-nentioned specifications, the present

i nvention Cpgﬂpint'?losf) t%ne ?nrari i %ri%gts)u%ioggagggafrfnrinting.
Further, when the printing head 12 is composed of the
plurality of heater boards 1000-1 ~ 1000-m, as shown in
Fig. 13 or Fig. 18, an arrangement may be adopted in
which the heating resistors afe electrified on a per-
board basis at staggered times instead of the
arrangement in which the heating resistors of all heater
boards are electrified simultaneously at step S29. By
virtue of this arrangement, the capacity of the power
supply of the apparatus can be reduced. Next, at step
830, it is determined whethér the printing of one line .
has ended. 1If the printing of one line has not ended,
the progfam returns to step S27 to repeat processing
from this step.

When the printing processing for one line ends, the
program proceeds from step S30 to step S31, where the
conveyance motor 1709 is roﬁated to convey the recording
paper in the sub-scan direction by an amount equivalent
to one line. This is followed by step S32, at which it
is determined the printing of one page has ended. If
the answer is NO, theﬁ the program returns to step S25,
at which it is determined whether reception of the next
line of printing data has been completed. When the
printing of one page of an image is finished by
repeating the above-described operation, printiné

processing is terminated.
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" described in the specifications of USP 4,558,333 and 4, 459, 600, which
di scl ose el enents disposed in an area in which the thermal working portion
_is curved. Further, it is possible to adopt an arrangenent based upon
Japanese Patent Application Laid-Open No. 59- 123670, which discloses a
configuration having a conmon slot for the ink discharge portions of a
plurality of electrothermal transducerg, or Japanese Patent Application
Lai d- Open No. 59-138461, which Qiscroses'a configuration having openings
e 0 o es PO L NS ead S AL YS 5 W "8k Bod1h 8 °BE" N9
the invention will now be described.
Fig. 22 is a block diagram illustrating an example
of the circuit arrangement of a heater board 1000a, one
of the heater boards of the printing head 12 of the ink-
jet printing apparatus IJRA of the third embodiment.
Components in Fig. 22 identical with those of the heater
board 1000 of the printing head shown in Fig. 8 are
designated by like reference numerals.
In Fig. 22, numeral 1000a denotes the element
substrate (heater board) of the printing head 12 of this .
embodiment, numeral 300 designates a heating-pulse
generating circﬁit for deciding heating pulse width,
described below with reference to Figs. 23 and 24, and
numeral 903 denotes the latch circuit for latching
printing data. Printing data or data for deciding
heating pulsé width enters the shift register 904
Serially in sync with the shift clock 116 and is held by
the shift register 904. Numeral 221 denotes a terminal
for entéring the clock signal which decides the heating
pulse width, and 222 denotes a latch clock for latching
the data from the shift register 904 in the heating-
pulse generating circuit 300.
Fig. 23 is a block diagram showing part of the

construction of the heating-pulse generating circuit 300

of the third embodiment. This circuit generates the

Thie is the rapiacement shest

Date: 22 SEP %



pressure waves of thermal enerqgy. As a printing head of the full-line
type having a | ength corresponding to the maxi numw dth of the recording
- medi um capabl e of being printed on by the printing apparatus, use can be
made of an arrangenent in which the length is satisfied by a conbination of
plural printing heads of the kind disclosed in the foregoing
specifications, or an arrangenent in-whgch printing

heating pulses for the heating resistors 901 in units of
.eight heating resistors. A four-bit counter 201 counts
the clock signal 221 applied thereto. Data from the
shift register 904 for deciding the width of the heating
pulses of the eight heating elements is input an eight-
bit latch circuit 202 and is latched thereby.
Comparators 203, 204 compare the output of the counter
201 and the outputs of the latch circuit 202 and output
pulse signals when the compared signals agree. A
set/reset-type flip-flop 205 is set by the output of
comparator 203 and reset by the output of an OR circuit .
207.

NUmeral 210 denotes leading-edge data, which is
supplied with the shift register 904, for deciding the
leading-edge timing of the heating pulsés, and numeral
211 denotes trailing—edge data, which is supplied with
from the shift register 904, for deciding the trailing-
edge timing of the heating pulses. 1In the example of
Fig. 24, let the leading-edge data be *“0010” (a binary
number), and let the trailing-edge data be *1011” (a
binary number), by w&y of example. As a result, when
the output of the counter 201 agrees with the value (2)
of the leading-edge data after the counter 201 has
started counting in response to the clock signal (CLK)
221, the output of the comparator 203 attains the high

level and so does the Q output of the flip-flop 205
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heads serve as a single integrally fornmed printing head. Further, it is
possible to use a freely exchangeable tip-type printing head attached to
the mai n body of the apparatus and capabl e of being electrically connected
to the main body of the apparatus and of supplying ink fromthe main body,
or a cartridge-type printing head in which an ink tank is integrally
provided on the printing head itsel f- 4fhe- addition of recovery neans for
the printing head and spare auxiliary neans provided as conponents of the

printing appa:ri%il{'xsg Qtfl)t.heAism{:%rét ic%ﬂnitserdﬁaﬁ.rég{xgts further and the
output value thereof comes into agreement with the
trailing-edge data (0BH), the output of the comparator
204 attains the high level and the flip-flop 205 is
reset (timing T2). As a result, heating pulses for
eight heating resistors 901 are generated and outputted.

In the third embodiment, heating pulse width is
decided for each one of the prescribed number of heating
resistors 901. However, this does not impose a
limitation upon the invention. For example, the latch
circuit 202 of_Fig. 22 can be constructed of multiple .
stages and one-bit data from the shift register 904 can
be ente;ed and latched a total of eight times, whereby
heating pulse widths in a plurality of stages can be
decided in units of one heating resistor 901. In this
case, it is required that the number of latch clocks 222
conform to the number of stages. Further, in the
circuit of Fig. 23, an ideal arrangement is to provide a
reset-signal input terminal, which is for inputting the
reset signal (RESET) that is supplied with the MPU 1701,
in order to prevent érroneous operation of the heating-
pulse generating circuit 300. The counter 201 and flip-
flop 205 are reset by this reset signal.
Further, the counter 201 is a four-bit éounter in

the third embodiment.. However, the number of bits in

the counter can be decided appropriately depending upon

This Is: tha. replacement sheet

Date: 22 SEP 1995



since these stabilize the effects of .the invention greatly. Specific
exanpl es of these neans that can be nentioned are cappi ng neans for capping
- the printing head, cleaning neans, pressurizing or suction means, and
preheati ng means such as an el ectrothermal transducer or another heating

el ement or a conbination thereof. Inplenenting a prelimnary ink discharge
node for - 62 - 48

the pulse width of the heating pulses desired to be
produced, the resolution of timing and the frequency of
the clock 221. Further, if, in a case where it is
desired to generate a plurality of heating pulse signals
having different resolutions, the necessary number of
pﬁlses (the number of bits in the counter 201) is
increased in order to conform to a finer resolution,
signals having frequencies that differ from one another
are generated using a plurality of the clock signals 221
and these signals are combined, thereby making it
possible to generated heating pulse signals having .
mutually different resolutions without increasing the
number of bits of the shift register 904.

The heating-pulse generating circuit 300 may be
incorporated on the heater board 1000a in the printing
head or it may be formed as an IC circuit and then |
mounted on the heater board 1000a. Further, the circuit
of this embodiment can also be applied to a case-iﬁ
which all of the heating resistors 901 are not driven
simultaneously but in segments in order to suppress an
increase in power.suéply capacity.

Operation based upon the foregoing arrangement will
now be described.
| After the power supply of the apparatus is turned
on, the heating pulse width of each heating resistor 901

is decided in dependence upon the characteristic of the
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performng jetting separately of printing also is effective in order to
performstabilized printing. The printing node of the printing apparatus is
-not limted nerely to a printing node for a mainstream color only, such as
the color black. The printing head can have a unitary construction or a
plurality of printing heads can be conbined. It is possible to use an
apparatus having at |east one printinhgtdode for a plurality of different
colors or for full-color printing using m xed colors. Further, ink is

describedi%hé%ﬂﬂ“%é'yﬁﬂld£§%ﬂaQQEQE(per impression of a prescribed

pulse at a fixed temperature) from each discharge port
(nozzle: heating resistor) in conformity with the heater
board of the printing head 12. The characteristic is
measured in advance. The leading-edge and trailing-edge
data for deciding the heating pulse width corresponding
to each discharge port is transferred to the- shift
register 904 in sync with the shift clock 116.
Thereafter, the latch clock 118 is outputted to latch
the leading-edge and trailing-edge data of the shift
register 904 in the latch circuit 202 of the heating- .
pulse generating circuit 300. It should be noted that
the above-mentioned characteristic of the amount of ink
discharged in conformity with each heater board may be
stored in the memory 13 on the heater board of the
printing head 12 ih this embodiment. Alternatively, it
may be arranged to store the characteristic in the ROM
1702 or RAM 1703. When printing is thus actually
carried out, the cloék signal 221 is outputted in 16
pulses in a case where the counter 201 is a four-bit
counter, by way of example. As a result, heating pulse
width is decided in dependence upon the leading-edge and
trailing-edge data stored in the latch circuit 202, as
shown in the timing chart of Fig. 24, whereby the

heating resistors 901 are heated.



enbodi nent of the invention set forth above. The i nk used may be one
which solidifies at roomtenperature or |ower, one which softens at room
tenperature or one which is a liquid at roomtenperature. Alternatively, in
an ink-jet arrangenent, generally the ink is tenperature-controlled by
regulating the tenperature of the ink itself wthin a tenperature range of
between [err] and [err] so that the Wi0scosity of the ink will reside in a
region that allows stable jetting of the ink. Therefore, it is perm ssible

to use an ink | pQuabLAEiWECRnENBrPAL Th MHesd WP cdis@RRItR as set
forth above in the ink-jet printing apparatus of this
embodiment and applying printing signals to the printing
head 12, it is possible to obtain an ink-jet printing
apparatus capable of performing high-speed, high-quality
printing. '

Fig. 25 is a flowchart showing p;inting'pfocessing
from.turn-on of the power supply to the end of printing
of one page in the-ink-jet printing apparatus of the
third émbodiment. The control program for executing
this processing is stored in the ROM 1702 and is
executed by the MPU 1701.

Thg proéessing shown in Fig. 25 is started by
turning on the power supply of the apparatus. At step
S41 in the flowchart, the resistance values of the
heating resistors 901 on each heater board 1000a of.the
printing head 12 and the ink discharge-quantity
characteristic of each nozzle (discharge port) of the
heater board are read. The read values are stored in
the RAM 1703 at step S42. The resistance_valueS'of the
heating resistors 901-are detected by the resistance
sensor 914, and the ink dischafge—quantity
characteristic of each nozzle is stored in, say, the
memory 13 provided in the printing head 12. Next, at
step S43, the above-mentioned leading-edge and Erailing—

- edge data is decided in conformity with the resistance
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In order to positively prevent elevated tenperature due to thermal energy
by using this as the energy for converting the ink fromthe solid state to
the liquid state, or in order to prevent evaporation of the ink, it - 63
- is permssible to use an ink which solidifies when left standing but
which is liquefied by application of heat. In any case, ink which is
liquefied for the first tine - - 51 -

values of the héating resistors 901 of thé heater board
1000a and the ink discharge-quantity characteristics,
this da;a is transferred serially to the shift register
904 on each heater board 1000a of the printing head 12
and the data is latched in the latch circuit 202 of the
heatihg-pulse generating circuit 300 of each heater
board. When the latch circuit 202 is constituted by
multiple stages, the latch signal and select signal
(these signals enter collectively) are outputted and
latched in the 1at¢h circuit 202 stage by stage.

Next, at step S44, it is determined'whether .
printing data has entered from an external device (host
computer), not shown, via the interface 1700. If
printiné data has entered, the program proceeds to step
S45, at which the received printing data is stored in
the RAM 1703. Next, the program proceeds to step S46,
at which it is determined whether one line of printing,
for example, is capable of stafting. If the answer is
NO, the program returns to step S44. If the answer is
YES, the program proceeds to step S47.

At step 847, printing data to be printed on an
initial single row is transferred serially to the shift
register 904. Next, one line of prinﬁing data is
latched in the latch circuit 903 of each heatér board
1000a and the data is.outputted to the AND gate:_ Next,

at step 848, the clock signals (CLK) 221 of 16 pulses
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by ther mal

energy, such as an ink |liquefied by application of thermnal

energy conformng to a printing signal and jetted as a liquid ink, or ink
whi ch has al ready begun to solidify at the nonment it reaches the recording
medi um can be applied to the present invention. Such inks may be used in a
formin which they. oppose the electrothermal transducer in a state in which
they are held as a liquid or solid in ghe.recesses or through-holes of a
porous sheet, as described in Japanese Patent Application Laid-COpen Nos.

54-56847 and, £0: T4260- | Li{° REEMANer"YEN! L1108 fREh ghbective

counter 201. As a result, as shown for example in Fig.

24, the pulse widths of the heating pulses are decided

~ in dependence upon the leading-edge and trailing-edge

data from the latch circuit 202, whereby the heating
resistors 901 on each heater board of the printing head
12 are electrified (heated). Actual printing of an
image is thus carried out.

The reception of data from the host computer and
the transfer of the next series of printing data to the .
shift register 904 of each heater board are carried out
even during heating processing for actual printing.
Further, an arrangement may be adopted in which the
heating resistors are electrified in sections at
staggered times instead of the arrangement in which all
heating resistors 901 are electrified simultaneously at
step S48. By virtue of this arrangement, the capacity
of the power supply of the apparatus can be reduced.
Next, at step S49, it is determined whether the printing
of one line has ended. If the printing of one line has
not ended, the.program returns to step S47 to repeat
processing from this step.

When the printing processing for one line ends, the
program.proceedé from step S49 to step S50, where the
conveyance motor 1709 is rotated to convey the fecording

paper in the sub-scan direction by an amount equivalent
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met hod of dealing with these inks is the above-described nmethod of film
boiling. As to the formof the printing apparatus of the present invention,
the printing apparatus may be provided integrally or separately as an inage
output termnal of an information processing apparatus such as a conputer.
O her configurations include a facsimle machi ne having a
transmtting/receiving function, etc- 3% accordance with this enbodi nent,
as descri bed above, a heating pulse and a plurality of preheating pul ses

are supplied separat el h
PP to one prfhéééoling.he tf§:ﬂ?%&ﬂi8%;d by step $51, at

which it is determined the printing of one page has
ended. If the answer is NO, then the program returns to
step S46, at which it is determined whether reception of
the next line of printing data has been completed. When
the printing of one page of an image is finished by
repeating the above-described operation, printing
processing is terminated.

In accordance with the third embodiment, as
described above, the width of heating pulses can be
changed through a simple arrangement. At the time of .
actual output of heating pulses (actual printing of an
image), ;he clock signal 221 need only be outputted, as
a result of which the burden upon the MPU 1701 can be
reduced. In this embodiment, the value of the sensor
914 is detected only at the beginning of the printing
processing of one line. However, an arrangement may ﬁe
adopted in which this is carried out whenever the
heating resistors are electrified.

Further, in accordance with the third embodiment,
as described above, a.heating pulse and a plurality of
preheating pulses are supplied separately to each heater
board of the ink-jet head, preheating pulses are
selected by the latch circuit 102 provided within the
heater board to save selection data, and the préheating

pulse is combined with a main heating pulée for printing
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the ink-jet printing head, preheating pul ses are - 64 - selected by a

| atch provided within the heater board to save sel ection data, and the
preheating pul ses are mxed with inmage jetting pul ses (the AND of the
heati ng pul se and i mage data), thereby making it possible to exploit the
conventional shift register effecti{e@& As a result, circuit elements for
entering the selection data

(the AND of the main heating pulse and image data),
thereby making it possible to exploit the conventional
shift register 904 effectively; As a result, circuit
portions for entering the selection data can be deleted
to prevent an ihcrease in the space occupied by the
circuitry.

Furthermore, any preheatipg pulse can be selected
with ease merely by storing the selection data, which
selects one or some of the preheating pulses, in each
heater board of the printing head 12. As a result, the
amount of ink discharged from each nozzle can be .
controlled in a simple manner. |

Fupther, printing can be performed while holding
applied energy substantially constant even in a printing
head constituted by a plurality of heater boards. As a

result, it is possible to obtain a high-quality printed
image free of uneven density and streaking that
accompany a fluctuation in amount of ink discharge.

Further, it is possible to provide a long-life
printing head and a printing apparatﬁs which uses this
head. | |

Fig. 26 is a block diagram illustrating the
construction of a heater board 1000b, one of the heater
boards in the printing head 12 according to a fourth

embodiment. Components in Fig. 26 identical with those

This ls the .uphcsmentsh_ _

Date: 22 SEPB%



can be deleted to prevent an increase in the space occupied by the
circuitry. Furthernore, any preheating pul se can be selected with ease
merely by storing the selection data, which selects the preheating pul ses,
in the printing head. As a result, the anount of ink discharged from each
nozzl e can be controlled in a sinple manner. Further, printing can be
performed while holding applied energy.ssstantially constant even in a
printing head constituted by a plurality of heater boards. As a result, it

's possible tg f()ti:tl'xaI o{?}re?;I ggqlé?n od.ynglrultnére designated by like
reference numerals and need not be described again.

In the fourth embodiment, the heating-pulse
generating circuit 301 obtains the resistance
characteristics of the heating resistors 901 using the
sensor 914, selects the proper pulse width automatically
and drives the heating elements 901.

In Fig. 26, the heating-pulse generating circuit
301 latches leading-edge data and trailing-edge data
applied thereto, just as in third embodiment. However,
this embodiment differs from the third embodiment in .
-that the heating-pulse generating circuit 301 latches
plural types of leading-edge data and trailing-edge data
applied thereto, detects the resistance value of the
resistance sensor 914 directly connected to the circuit
301 and selects a pulse width (trailing-edge data)
conforming to this resisﬁance value. It should be noted
that the resistance sensor 914 is formed on the heater
board 1000b at the same time as the heating resistors
901 and faithfully reflects the resistance
characteristics of the heating resistors 901.

Fig. 27 is a block diagram showing part of the
construction of the‘heating-pulse generating circuit 301
of Ehe fourth embodiment. Operation will be described

with reference to this drawing.
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| mage free of uneven density and streaking that acconpany a fluctuation in
anmount of ink discharge. Further, it is possible to provide a long-life
printing head and a printing apparatus which uses this head. In the
description given above, it is described that the control unit on the side
of the ink-jet printing apparatus controls the printing operation of the
printing head on the basis of correcti® data stored

In Fig. 27, numeral 330 denotes a four-bit counter
similar to that of the counter 201, and numerals 331 ~
334 denote comparators similar to the comparator 203 or
204 of the foregoing embodiment. The comparators 331 ~
334 each compare the output value of the counter 330
with the leading-edge data and trailing-edge data
latched in the latch circuit 335 and output a high—level
signal when agreement is achieved. A flip-flop 336 is
similar to the flip-flop 205 and decides the pulse width
of the heating pulse signal. A selecting circuit 337
selects one of the outputs of the comparators 332 ~ 334, .
i.e., the trailing-edge timing_(i.e., pulse width) of
the heating pulses. A window comparator 338 decides the
trailiné—edge timing, which is to be selected by the
selecting circuit 337, in dependence upon the voltage
level outputted by an amplifier/qurrent source 339.

In cdnformity’with the resistance value of the
resistance sensor 914, the selecting circuit 337 selects
any one of trailing-edge timings of a pulse signal based
upon plural items of trailing-edge data that have been
set. As a result, it.is possible to realize the drive
of heating resistors 901 at a heating pulse width
conforming to the resistance values of the heating
resistors 901.

In the fourth embodiment also, as in the fdregoing

embodiment, the latch circuit 335 is constituted by a
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- 65 - in anenory within the printing head. However, an arrangenment nay be
adopted in which such a control unit is provided within the printing head.
Further, the present invention is applicable irrespective of the form of
printing head (e.g., regardl ess of whether the head is of the serial type
or full-line type) and of the type of printing head (e.g., ink-jet head,
thermal head, LED printing heat, ete.}7 +t goes wi thout saying that

equi val ent effects are

plurality of stages, and inputs are made in the form of
one-bit data in each stage, thereby'making it possible
to set a pulse width corresponding to one heéting
resistor 901.

In the description given above, the sensor 914 is
described as being a resistance sensor. However, this
may be a temperature sensor such as a thermistbr, by way
of example. In such case, the temperature of the heater
board or the extent to which heat is retained by the
heating resistors 901 may be sensed to realize printing
control (excitation control) conforming thereto. This
makes it possible to obtain a printed image of even
higher quality.

With regard to processing executed by the MPU 1701
in this case, the stép of reading the value of the
sensor 914 at step S41 is no longer necessary. Further,
at step S43, plural types of trailing-edge data need
only be set in advance, after which processing may be
performed just as in.the third embodiment. -

In accordance with the fourth embodiment, as
described above, conirol by the MPU 1701 is made
unnecessary, as a result of which the burden upon the
controller can be alleviated, Further, though it is
important to provide these sensors and monitor the
resistance value or temperature of each heater Spard,

the burden upon the control circuitry by an increase in
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obtained even if there is a difference in the nethod of setting the driving
power of each of the printing elenments of the printing head. The present

i nvention has been described with regard to a printing apparatus of the
type having neans (e.g., an electrothermal transducer or |aser beam for
generating thermal energy as the energy utilized to jet ink, wherein a
change in the state of the ink is bro t_about by this thermal energy. In
accordance with this nethod of printing, high-density, high-definition

rinting can,be achi eved. ) ) ) )
P 9 the number og sensors is alleviated in this case also.

This makes real-time processing possible.

In the third embodiment, a great amount of
processing is performed by the MPU 1701 to deal with the
resistance values or temperature values, which change
from moment to moment. In the fourth embodiment,
however, there is no increase in the burden upén-the MPU
1701 and a change in the temperature of the heater board
elements can be dealt with in real time.

Further, since cables and connectors for connection
to the outside are unnecessary, the effects of external .
noise are eliminated and coét.of manufacture can be
reduced. |

In the foregoing description, an example is
described in which the board of a printing head is
employed in the printing head of an-ink—jetting type.
However, this does not impose a limitation upon the
invention for board can aléo be applied to that for a
thermal head.

The present'inveqtion has been described with
regard to a printing épparatus of the type having means
(e.g., an electrothermal transducer or laser beam) for
generating thermal energy as the energy utilized to jet
ink, wherein a change in the state of the ink is brought

about by this thermal energy. In accordance with this
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The present invention can be applied to a systemconstituted by a plurality
of devices or to an apparatus conprising a single device. Furthernore, it
goes wi thout saying that the invention is applicable also to a case where
the object of the invention is attained by supplying a programto a system
or appar at us. - 66 - As many appanﬁgly wi dely different enbodi ments of

method of printing, high-density, high-definition
printing can be achieved.

With regard to a typical configuration and
operating principle, it is preferred that the foregoing
be achieved using the basic techniques disclosed in the
specifications of USP 4,723,129 and 4,740,796. This
scheme is applicable to both so-called on—demahd-type
and continuous-type apparatus. In the case of the on-
demand type, a; least one drive signal, which provides a
sudden temperature rise that exceeds that for film
boiling, is applied, in accordance with printing
information, to an electrothermal transducer arranged to
correqund to a sheet or fluid passageway holding a
fluid (ink). As a result, thermal energy is produced in
the electrothermal transducer to bring about film
boiling on the thermal working surface of the printing
head. Accordingly, air bubbles can be formed in the
fluid (ink) in one-to-one correspondence with the drive
signals. Owing to growth and contraction of the air
bubbles, the fluid (ink) is jetted via the discharge
port so as to form at'least one droblet. If the drive
signal has the form of a pulse, growth and contraction
of the air bubbles can be made to take place rapidly and
in appropriate fashion. This is preferred since it will
be possible to achieve fluid (ink) jetting.haviﬂg

excellent response.
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t he present invention can be nade w thout departing fromthe spirit and
scope thereof, it is to be understood that the invention is not limted to
t he specific enbodi nents thereof except as defined in the appended cl ai ns.
This Sheet Has Been Re laced - 67 - WHAT IS CLAIMED I S:

- 40 -

Signals described in the specifications of USP
4,463,359 and 4,345,262 are suitable as drive pulses
having this pulse shape. It should be noted that even
better recording can be performed by employing the
conditions described in the specification of USP
4,313,124, which discloses an invéntion relating to the
rate of increase in the temperature of the abo?e—
mentioned thermal working surface.

In addition to the combination of the discharge
port, fluid passagewa} and electrothermal tranéducer (in
which the fluid passageway is linear or right-angled) .
disclosed as the construction of_the printing head.in
each of the above-mentioned specifiéations, the present
invéntion covers also an arrangement using the art |
described in the specifications of USP 4,558,333 and
4,459,600, which disclose elements disposed in an area
in which the thermal working portion is curved.

Further, it is possible to adopt an arrangement based
upon Japanese Patent Application Laid-Open No. 59-
123670, which disclo;es a configuration having a common
slot for the ink discharge portions of a plurality of
electrothermal transducers, or Japanese Patent
Application Laid-Open No. 59-138461, which discloses a
configuration having openings made to correspond to the
ink discharge portions, wherein the openings abs@rb

pressure waves of thermal energy.
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1. A printing head nounted on a printing apparatus and driven for
priinting an image on a printing nmedium conprising: a plurality of el enent
substrates each having a plurality of printing elenments for form ng pixels
on the printing nmedium and drive neans for driving said plurality of
printing elenments based upon printing data sent fromthe printing
apparatus; and nenory neans for stord ngl correction data for correcting a
variance in characteristics of each of said plurality of el enment

substrates. As a printing head of the full-line type having a

length corresponding to the maximum width of the
recording medium capable of being printed on by the
pPrinting apparatus, use can be made of an arrangement in
which the length is satisfied by a combination of plural
printing heads of the kind disclosed in the foregoing
specifications, or an arrangement in which priﬁting
heads serve as a single integrally formed printing head.

Further, it is possible to use a freely
exchangeable tip-type printing head attached to the main
body of the apparatus and capable of being electrically ’
connected to the main body of the épparatus and of
supplyiqg ink from the main body, or a cartridge-type
printing head in which an ink tank is integrally
provided on the printing head itself.

The addition of recovery means fbr the printing
head and spare auxiliary means provided as components of
the printing apparatus of the invention is desirable
since these stabilize the effects of the invention
greatly. Specific examples of these means that can be
mentioned are capping-means for capping the printing ,.
head, cleaning means, pressurizing or suction means, and
preheating means sﬁch as an electrothermal transducer or
another heating element or a combination thereof.

Implementing a preliminary ink discharge mode fd?
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2.

The printing head according to claim1, wherein each of said plurality

of elenment substrates has a tenperature sensor. 3. The printing head
according to claim1l1, wherein each of said plurality of el enment substrates
has a sensor indicating a characteristic of said printing elenents. 4.

The printing head according to claim11, further conprising:

- 62 -

performing jetting separately of printing also is
effective in order to perform stabilized printing.

The printing mode of the printing apparatus is not
limited merely to a printing mode for a mainstream color
only, such as the color black. The printing head can
have a unitary construction or a plurality of printing
heads can be combined. It is possible to use an
apparatus having at least one printing mode.for a
plurality of different colors or for full-color printing
using mixed colors.

Further, ink is described as being the fluid in the .
embodiment of the invention set forth above. The ink
used may be one which solidifies at room temperature or
lower, one which softens at room temperature or one
which is a liquid at room temperature. Alternatively,
in an ink-jet arrangement, generally the ink is
temperature-controlled by regulating the temperature of
the ink itself within a temperature range ef between
30°C and 70°C so that the viscosity of the ink will
reside in a regioh that allows stable jetting of the
ink. Therefore, it ie permissible to use an ink
liquefied when the printing signal is applied.

In order to positively prevent elevated temperature
due to thermal energy by using this as the energy for

converting the ink from the solid state to the iiquid

state, or in order to prevent evaporation of the ink, it
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67 WHAT IS CLAIMED I S: 1. A printing head nmounted on a printing apparatus
and driven for printing an i mage on a printing nedium conprising: a
plurality of elenent substrates each havinng a plurality of printing

el ements for formng pixels on the printing medium and drive means for
driving said plurality of printing el enents based upon printing data sent
fromthe printing apparatus; and - 43

is permissible to use an ink which solidifies when left
standing but which is ligquefied by application of heat.
In any case, ink which is liquefied for the first time
by thermal energy. such as an ink liquefied by
application of thermal energy conforming to a printing
signal and jetted as a liquid ink, or ink which has
already begun to solidify at the moment it reaches the
recording medium, can be applied to the present
invention. Such inks may be used in a form in which
they oppose the electrothermal transducer in a state in
which they are held as a liquid or solid in the recesses .
or through-holes of a porous sheet, as described in
Japanese Patent Application Laid-Open Nos. 54-56847 and
60-71260. In the present invention, the most effective
method of dealing with these inks is the above-described
method of film boiling.

As to the form of the printing apparatﬁs of the
present invention, the printing apparatus may be
provided integrally or separately as an image output
terminal of an information processing apparatus such as
a computer. Other coﬁfigurations include a facsimile
machine having a transmitting/feceiving function, etc.

In accordance with this embodiment, as described
above, a heating pulse and a plurality of preheating
pulses are supplied separately to the heater boards of

the ink-jet printing head, preheating pulses are
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menory neans for storing correction data for correcting a variance in

characteristics of each of said plurality of elenent substrates. 2. The
printing head according to claim1l, wherein each of said plurality of
el enent substrates has a tenperature sensor. 3. The printing head

according to claim1l1, wherein each of said plurality of el enent -substrates
has a sensor indicating a characteri $t4i ¢ of said printing el enents. 4.
The printing head according to claim1, further

selected by a latch provided within the heater board to
save selection data, and the preheating pulses aré mixed
with image jetting pulses (the AND of the heating pulse
and image data), thereby making it possible to exploit
the conventional shift register effectively. As a
result, circuit elements for entering the selection data
can be deleted to prevent an increase in the'sbace
occupied by the circuitry.

Furthermore, any preheating pulse can be selected
with ease merely by storing the selection data, which
selects the preheating pulses, in the printing head. As .
a result, the amount of ink discharged from each nozzle
can be controlled in a simple manner.

Further, printing can be performed while holding
applied energy substantially constant even in a printing
head constituted by a plurality of heater boards. As a
result, it is possible to obﬁain a high-quality printed
image free of uneven density and étreaking that
accompany a fluctuation in amount of ink dischafge.

Further, it is possible to provide a long-life
printing head and a pfinting apparatus which uses this
head.

In the description given above, it is described
that the control unit on the side of the ink-jet
printing apparatus controls the printing operatibn of

the printing head on the basis of correction data stored
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conpri si ng: -68 - transmtting neans for transmtting the correction
data, which has been stored in said nenory neans, to the printing
apparatus; and receiving neans for receiving a control signal, transmtted
fromthe printing apparatus, set based upon the correction data.

- 45 -

in a memory within the printing head. However, an
arrangement may be adopted in which such a control unit
is provided within the printing head.

Further, the present invention is applicable
irrespective of the form of printing head (e.g.,
regardless of whether the head is of the serial type or
full-line type) and of the type of printing head (e.g.,
ink-jet head, thermal head, LED printing heat, etc.).

It goes without saying that equivalent effects are
obtained even if there is a difference in the method of
setting the driving power of each of the printing : .
elements of the printing head.

The present invention has been described with
regard to a printing apparatus of the type having means
(e.g., an electrothermal transducer or laser beam) for
generating thermal energy as the energy utilized to jet
ink, wherein-é change in the state of the ink is brought
abouﬁ by this ﬁhermal energy. In accordance with this
method of printing, high~density, high-definition
printing can be achieved.

The present invéntion can be applied to a system
constituted by a plurality of devices or to an apparatus
comprising a single device. Furthermore, it goes
without saying that the invention is applicable also to
a case where the object of the invention is attéined by

éupplying a program to a system or apparatus.
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5. The printing head according to claim1, wherein said printing head is
an ink-jet printing head which perfornms printing by discharging ink. 6.

The printing head according to claim5, wherein said printing head ejects
ink by utilizing thermal energy, said printing head having a thermal energy
transducer for generating thermal energy applied to the ink. 7. The
printing apparatus using the printingéhead described in claiml,

conprising: input means for entering the correction data, which

As many apparently widely different embodiments of
the present invention can be made without departing from
the spirit and scope thereof, it is to be understood
that the invention is not limited to the specific
embodiments thereof except as defined in the appended

claims.

This is the replacement sheet

pate; 22 SEP 9%

- maipamin.



has begp, E&iﬁ§b&£&§ i d menory means, fromsaid printing heati—means_faor
deC|d|n I ons of each of said plurality of elenment substrates
based u ﬂﬂ" mﬂmon data; and 69 control means for “mnmmf.l”m””m
said plu nt substrates in dependence upon the p )
in S
WHAT IS CLAIMED IS:
1. A printing head mounted on a printing apparatus and
driven for.printing an image on a printing medium,
comprising: |
a plurality of element substrates each having a
plurality of printing elements for forming pixels on the
printing medium, and drive means for driving said
plurality of printing elements based upon printing data
sent from the printing apparatus; and |
memory means for storing correction data for

correcting a variance in characteristics of each of said

plurality of element substrates.

2. The printing head according to claim 1, wherein
each of said plurality of element substrates has a

temperature sensor.

3. The printing head according to claim 1, wherein
each of said plurality of element substrates has a
sensor indicating a characteristic of said printing

elements.

4. The printing head according to claim 1, further

comprising:
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accordance with the driving conditions. 8. A printingjﬂﬁiﬁ7ﬂTE?+fﬁ--~

R e ey

printing d t|ng head. - 71

- 48 -

transmitting means for transmitting the co:rection
data, which has been stored in said memory means, to the
printing apparatus; and

receiving means for receiving a control signal,
transmitted from the printing apparatus, set based upon

the correction data.

5. The printing head according to claim 1, wherein
said printing head is an ink-jet printing head which

performs printing by discharging ink.

6. The printing head according to claim 5, wherein
said pr@nting heéd ejects ink by utilizing thermal
energy, said printing head having a thermal energy
transducer for generating thermal energy applied to the

ink.

7. The printing apparatus using the printing head
described in claim 1, comprising:
input means for entering the correction data, which
has been stored in said memory means, from said printing
head;
| means for deciding driving conditions of each of
said plurality of element substrates based upon the

correction data; and
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det ect i nghi _ aced vari ance in density for each elrement—substrate.
15. A prij ‘ﬁ ﬁi ection apparatus for creating [ ata which
corrects of printing elenments consti tqmﬂmﬁulmﬂ,j”ﬂltead
conprising: first detecting nmeans for detecting a vari ARbf
dots that have been printed on a printing nmedi um based upon prescri bed

I mge data; first correction data genggati ng neans for generating first
correction data for correcting the

control means for driving each of said plurality of
element substrates in dependence upon the printing data

in accordance with the driving conditions.

8. A printing-head correction apparaﬁus for creating
correction data which corrects characteristics of
printing elements constituting a printing head,
comprising:

head driving means for driving the printing head to
print an image on a prinEing medium;

deteCting means for detecting a variance in density .
of dots that have been printed on the printing medium;

correction data generating means for generating
correction data for correcting the variance in density
detected by said detecting means; and

transmitting means for transmitting the correction
data to a memory of the printing head, said memory

storing the correction data.

9, The printing-head correction apparatus according to
claim 8, wherein said printing head is an ink-jet
printing head which performs printing by discharging

ink.

10. The printing-head correction apparatus accérding to

claim 8, wherein said correction data is data for
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variance in density detected by said first detecting means; head driving "

means for printing an i mage based upon the prescribed
printing nediumwhile controlling said printing head onr]mmﬂmf'mﬂm'ﬂi}ﬂI
first correction data; second detecting neans for detecti’hgcta varwanc
density of dots printed on the printing mediumin conformty with drive by
said head driving neans; second corredt® on data generating neans for

generating second correction data for correcting the
selecting one or some of a plurality of pulse signals

which are supplied with said printing head and for
providing the selected pulse signal for each of said

printing elements.

11. The printing-head correction apparatus according to
~claim 8, wherein said correction data is data for

controlling a diameter of said dot.

12. The apparatus according to claim 8, wherein said
detecting means includes: T .
a photoelectric transducer for capturing a printed

dot; and
an image processing circuit for subjecting an image
signal from said photoelectric transducer to image

processing.

13. The apparatus according to claim 8, wherein said
head driving means performs printing until said printing
head attains a steady state,.and said detecting means
detects a variance in.dots after said printing head has

attained the steady state.
14. The apparatus according to claim 8, wherein said

printing head has a plurality of element substrates each.

having a plurality of printing elements, and said

e



variance in density detected by said second detecting nea;\?\‘;;\‘\ffﬁﬁff‘\\

storage neans for generating final correction data on the Mﬂw
first and second correction data and storing the final correCt ﬁwu%
nmenory of said printing head. 16. The printing-head correction appalatss 'y
according to

- 71 -

detecting means detects a variance in density for each

element substrate.

15. A printing-head correction apparatus for creating
correction data which corrects characteristics of
printing elements constitutin§ a printing head,
comprising:

first detecting means for detecting a variance in
density of dots that have been printed on a printing
medium based upon prescribed image data;

first correction data generating means for .
generating first correction data for correcting the
variancg in density detected by said first detecting
means;

head driving means for printing an image based upon
the prescribed image data on the printing medium while
controlling said printing head on the basis of the first
correction data;

second detecting means for detecting a variance in
density of dots printed on the printing medium in
conformity with drive.by said head driving means;

second correction data generating means for
generating second correction data for correcting the
variance in density detected by said second detecting

means; and
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claim 15, wherein said correction data is data for sel ecting of

a plurality of pulse signals which are supplied with sald tlng head and
for providing the selected pul se signal for each of said ﬂm‘
I

17. The printing-head correction apparatus according to c

said correction data is data for controlling a dianeter of said doT ﬂ8 A
‘printing-head correction nmethod for -ci7@at-i.ng correction data which corrects
characteristics of printing elenments constituting a printing head,

storage means for generating final correction data
on the basis of the first and second correction data and
storing the final correction data in a memory of said

printing head.

16. The printing-head correction apparatus according to
claim 15, wherein said correction data is data for
selecting one or some of a plurality of pulse signals
which are supplied with said printing head and for
providing the selected pulse signal for each of said

printing elements. .

17. The printing-head correction apparatus according to
claim 15, wherein said correction data is data for

controlling a diameter of said dot.

18. A printing-head correction method for creating
correctién data which corrects characteristics of
printing elements'constituting a printing head,
comprising the steps_of:

printing an image on a printing medium by the
printing head;

detecting a variance in density of dots that have
been printed on the printing medium;

generating correction data for correcting éhe

detected variance in density of the dots; and

bttt
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conprising the steps of: printing an inage on a printing nedium by the
printing head; detecting a variance in density of dots that “ “““
printed on t he printing nmedium generating correction data f “mu "H ll
the detected variance in density of the dots; and -

- 73 -

storing the correction data in a memory of the

printing head.

19. The printing-head correction apparatus according to
claim 18, wherein said correction data is data for
selecting one or some.of a plurality of pulse signals
which are supplied with said printing head and for
providing the selected pulse signal for each of said

printing elements.

20. The printing-head correction apparatus according to .
claim 18, wherein said correction data is data for

controlling a diameter of said dot.

21. A printing-head correction method for creating
correction data which corrects characteristics of
printing elements constituting a brinting head,
comprising the steps of:

detecting a variance in density of dots that have
been printed on a printing medium based ﬁpon prescribed
image data; |

generating first correction data for correcting the
detected variénce in density:

printing an image based upon the prescribed imagé
data on the printing medium while controlling said

printing head on the basis of the first correction data:

~ This Is the replécement shest
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storing the correction data in a nenory of the printing head
printing-head correction apparatus according to claim 18, V\hHmmwﬁmﬂlw",",
correction data is data for selecting one or sone of a plural kl'ye OT¢ .
signals which are supplied with said printing head and for providing the

sel ected pul se signal for each of said printing elements. 20. The
printing-head correction apparatus accor4ling to claim 18, wherein said
correction data is data for controlling a dianeter of said dot.

detecting a variance in density of dots printed on
the printing medium;

generating second correction data for correcting
the detected variance in density; and

generating final correction data on the basis of
the first and second correction data and storing the

final correction data in a memory of said printing head.

22. The printing-head correction apparatus according to
claim 21, wherein said correction data is data for
selecting one or some of a plurality of pulse signals
which are supplied with said printing head and for
providiqg the selected pulse signal for each of said

printing elements.

23. The printing-head correction apparatus according to
claim 21, wherein said correction data is data for

controlling a diameter of said dot.

24. A printing head having resistive elements for
driving a plurality éf printing elements and a circuit
for performing printing by flowing a current through
said resistive elements in dependence upon printing

data, said printing head comprising:
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21. A printing-head correction nethod for creating correcti |
corrects characteristics of printing elenments constituting gwﬂm‘m‘!ﬁ”mﬁt&’m |
conprising the steps of: detecting a variance in density of aots M *
been printed on a printing nedi um based upon prescribed i mage dat a;

generating first correction data for correcting the detected variance in
density; printing an i mage based upon7§h§ prescribed i mage data on the

printing mediumwhile controlling said
an input terminal for entering a plurality of pulse

signals for flowing current through said resistive
elements;
memory means for storing inputted selection
information for selecting any one of the plurality of
pulse signals entering from said input terminal; and
applying means, which is responsive to the
selection information stored in said memory means, for
selecting, and applying to said resistive elements, any
one of the plurality of pulse signals entering from said
input terminal.
25. Thg printing head according to claim 24, wherein

said pulse signals are preheating pulse signals.

26. A printing head constructed using a plurality of
element substrates each having resistive elements for
driving a plurality of printing elements and a circuit
for performing printing by flowing a current through
said resistive elements in dependence upon printing
data, said printing ﬁead including a memory for storing
data for correcting printing characteristics of each of
said element substrates;

each of said element substrates having:
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printing head on the basis of the first correction data;
detecting a variance in density of dots printed on the prin
generating second correction data for correcting the detect
density; and generating final correction data on the basis

L

of the first and

second correction data and storing the

- 76 -

an input terminal for entéring a plurality of pulse
signals for flowing current through said resistive
elements;

memory meané for storing inputted selection
information for selecting any one of the plurality of
pulse signals entering from said input terminal; and

applying means, which is responsive to the
selection information stored in said memory means, for
selec;ing, and applying to said resistive elements, any
one of the plurality of pulse signals entering from said

input terminal. : .

27. The printing head according to claim 26, wherein

said resistive elements are heat-generating resistors.

28. The printing head according .to claim 26, wherein
said memory means includes a latch circuit for latching
the selection information applied thereto via a shift
register which holds the printing data serially applied

thereto.

29. The printing head according to claim 26, wherein
said plurality of pulse signals are preheating signals

for preheating said heat-generating resistors.
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final correction data in a nmenory of said printing head. 22. The
printing-head correction apparatus according to claim 21, \A/imuumlﬂﬂmulll" I“l
correction data is data for selecting one or sone of a plur I
signals which are supplied with said printing head and for prOV|d|ng the®

sel ected pul se signal for each of said printing elements. 23. The

printing-head correction apparatus accagiding to claim 21, wherein said
correction data is data for controlling a dianeter of said dot. 24. A

printing heagopav%ﬂg éPfﬁé{ﬁgehégé”gﬁﬁé%éfﬁg to claim 26, wherein
each of said element substrates further includes

detecting means for detecting resistance values of said

resistive element.

31. The printing head according to claim 26, wherein
each of said element substrates further includes
temperature detecting means for detecting temperature of

said resistive element.

32. The printing head according to claim 26, wherein
said printing head is an ink-jet printing head which

performs printing by jetting ink.

33. The printing head according to claim 32, wherein
said printing head jets ink by utilizing thermal energy,
said printing head having a thermal energy transducer

for generatipg thermal energy applied to the ink.

34. The printing head according to claim 26, wherein
said applying means fiows a current through said

resistive elements upon taking the logical sum of each
of said pulse signals in dependence upon the selection

information.
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driving a plurality of printing elements and a circuit fer—performng
printing by flowing a current through said resistive ele j\]"IﬂHn de@endence

upon printing data, said printing head conpri sing: w:" Hm””m

termnal for entering a plurality of pulse signals for fl
t hrough said resistive el enents;
- 78 -

35. The printing head according to claim 26, wherein
the pulse signals are applied to said resistive elements
on the basis of pulse signals of a type which satisfy
the condition P £ P’ £ 2P, where P represents the number
of the plurality of pulse signals and P’ represents the
number of pulses outputted in dependence upon the

selection information.

-~

36. A printing apparatus for printing an image on a
printing medium by electrifying and driving a printing
head, wherein said printing head has resistive elements
for driving a plurality of printing elements, an input
terminal for entering a plurality of pulse signals for
flowing current through said resistive elements,-memory
means-for-storing inputted selection information for
selecting any one of the plurality of pulse signals
entering from said input terminal, and applying means,
which is responsive to the selection information stored
in said memory means, for selecting, and applying to
said resistive elements, any one of the plurality of
pulse signals enteriné from said input terminal, said
apparatus comprising:

characteristic information storing means for
storing printing characteristics of the printing

elements of said printing head;
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menory neans for storing inputted selection information f ' .

one of the plurality of pulse signals entering from sai 4,ﬂmgmmﬂaﬂﬂm
and applyi ng nmeans, which is responsive to the selection 4n s ed
in said menory nmeans, for selecting, and applying to said resistive

el ements, any one of the plurality of pulse signals entering fromsaid

input termnal. 25. The printing head 7Zsccording to claim 24, wherein said
pul se signals are preheating pulse signals. 26. A printing head constructed

using a pluralit¥r8£sfer means for deciding the selection

information on the basis of the printing
characteristics, which have been stored in said
characteristic information storing means, and
transferring this selection information to said printing
head;

preliminary'electrifying means for outputting a
plurality of pulse signals to said printing head and for
performing preliminary electrification of said printing
head; and

printing electrifying means for performing printing .

by flowing current through said resistive elements of

said printing head in conformity with image information.

37. A printing apparatus for printing an image on a
printing medium by electrifying and driving the printing
head described in claim 26, comprising:

characteristic information storing means fof
storing printing characteristics of the printing
elements of said printing head;

transfer means for deciding the selection
information on the basis of the printing
characteristics, which have been stored in said
characteristic information storing means, and
transferring this selection information to each element

substrate of saild printing head;
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el ement substrates each haV|ng resistive elenents for dr|&wﬁg0 ai p

of printing elements and a circuit for performng printi W
L

current through said resistive elenents in dependence upo l
said printing head including a nmenory for storing data for correcting
printing characteristics of each of said el enent substrates; each of sald
el ement substrates having: - 80 -

preliminary electrifying means for outputting a
plurality of pulse signals to said printing head and for
performing preliminary electrification of said printing
head; and

printing electrifying means for performing printing
by flowing current through said resistive elementé of

said printing head in conformity with image'information.

38. The apparatus according to claim 37, further
comprising detecting means for detecting resistance

values of said resistive elements, wherein said printing .
means decides printing electrification time of said
resistiye elements in conformity with said resistance

values.

39. The apparatus acéording to claim 37, further
comprising temperature'detecting means for detecting
temperature of said resistive elements, wherein said
printing means decides preiiminary electrification time
of said resistive elements or quiescent time between
preliminary electrification and printing

electrification.

40. The apparatus according to claim 37, wherein said

resistive elements are heat-generating resistors.
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76 an input termnal for entering a plurality of pulse signals_f ]
current through said resistive elenents; nenory neans for sﬁ“ﬂmg‘ﬂmﬁmaa“
selection information for sel ecting any one of the pluralitlyyore pul s =
signals entering fromsaid input termnal; and applying neans, which is
responsive to the selection information stored in said nenory neans, for

sel ecting, and applying to said resistgyve- el enents, any one of the
plurality of pulse signals entering fromsaid

41. The apparatus according to claim 37, wherein said
printing head is an ink-jet printing head which performs

printing by jetting ink.

42. The apparatus according to claim 41, wherein said
printing head jets ink by utilizing thermal energy, said
printing head having a thermal energy transducer for

generating thermal energy applied to the ink.

43. lA printing method for printing an image on a
printing medium by electrifying and driving the printing .
head described in claim 37, comprising the steps of:
deciding the selection information on the basis of
printing characteristics of said printing head; |
transferring this selection information to said
printing head and storing it in said storing means;
outputting a plurality of pulse signals to said
printing head and performing preliminary electfification
of said printing head; and
performing printing by flowing current through said
resistive elements of said printing head in conformity

with image information.

44. The method according to claim 43, wherein said

resistive elements are heat-generating resistors.
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i nput termnal. 27. The printing head according to claim26, wherein said_
resistive elenents are heat-generating resistors. 28. lﬂmn”unm "
according to claim 26, wherein said nenory neans includ nﬁu

for latching the selection information applied thereto via & shiff régister
whi ch holds the printing data serially applied thereto. 29. The printing

head according to claim26, wherein sd#82 plurality of pulse signals are
preheating signals for preheating said heat-generating resistors.

45. A printing head having resistive elements for
driving a plurality of printing elements, and a circuit
for performing priﬁting by flowing a current through
said resistive elements in dependence upon printing
data, said printing head comprising:

an input terminal for entering data which decides
pulse width of pulses for flowing current through said
resistive elements;

memory means for storing the data, entered from
said input terminal, which decides said pulse width and
timing of said pulses; .

counting means for counting a clock signal applied
thereto; and

electrifying means for flowing current through said
resistive elements in dependence upon a count recorded
by said counting means and said data stored in said

memory means.

46. A printing head having resistive elements for
driving a plurality of printing elements and a circuit
for performing'printing by flowing a current through
said resistive elements in dependence upon printing
data, said printing head comprising:

an input tefminal for entering data which decides
pulse width of pulses for flowing current throuéh said

resistive elements;
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- 77 - 30. The printing head according to claim26, wherermeach of Said
el ement substrates further includes detecting neans for d ' -
resi stance val ues of said resistive elenent. 31. . The pri aglmn”HﬂeI“““ll””“I
according to claim 26, wherein each of said el enent substrates furtMers *
I ncl udes tenperature detecting neans for detecting tenperature of
- 83 -
memory means for storing plural items of the data,
entered from said input terminal, which decides said
pulse width; |
counting means for counting a clock signal applied
thereto;
detecting means for detecting resistance values or
temperature values of said resistive elements; and
electrifying means for flowing current through said
resistive elements upon selecting any one of the'plural
items of data, stored in said memory means, in
dependence upon a count recorded by said counting means .

and the resistance values or temperature values detected

by said_detecting means.

47. The printing head according to claim 45, wherein
said memory means includes a latch circuit for latching
the printing data applied thereto via a shift register

which holds the printing data serially applied thereto.

48. The printing head according to claim 45, further
comprising detecting means for detecting resistance

values of said resistive elements.

49. The printing head according to claim 45, further
comprising temperature detecting means for detecting

temperature of said resistive elements.
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said resistive elenent. 32. The printing head according to cl aim 26,

bri nting by j6tting Pnk. 33, The printing head 2202?3%3‘"{ ﬁllllm Iﬂfﬂllflllll [l

wherein said printing head jets ink by utilizing thermal enérg$, '%ai'd
printing head having a thermal energy transducer for generating thermnal
energy applied to the ink. 34. The pri&timg head according to claim 26
wherein said applying neans flows a current through said resistive el enents
upon taking the | ogical sum of each

50. The printing head according to claim 45, wherein
said data includes at least information stipulating
trailing-edge timing of the pulse signal for flowing

current through said resistive elements.

51. A prin;ing apparatus for printing an image on a
printing medium by electrifying and driving a printing
head wherein said printing head has resistive elements’
for driving a plurality of printing elements, an input
termlnal_for entering data which decides pulse width of .
pulses for flowing current through said resistive
elemen;s, memory means for storing the data, entered
-from said input terminal, which decides seid pulse
width, counting means for counting a clock signal
appiied thereto, and electrifying means for flowing
.current through said resistive elements in dependence
upon a count recorded by said counting means and said
data stored in said memory means, said apparatus
comprising:
characteristic information storing means for
storing printing characteristics of the printing
elements of said printing head;
transfer means for deciding said data on the basis

of the printing characteristics, which have been stored
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of said pul se signals in dependence upon the selection inf

- 35. The printing head according to claim26, wherein theqmumunmmm l '
are applied to said resistive elenents on the basis of pul se* si‘gnal shofsa *
type which satisfy the condition [err], where P represents the nunber of

the plurality of pulse signals and P represents the
- 85 -

in said characteristic information storing means, and
transferring this data to said printing head; and
printing electrifyiﬁg means for outputting the
clock signal to said counting means when printing is
performed by flowing current through said resistive
elements of said printing head in conformity with image

data.

52. A printing apparatus for printing an image on a
printing medium by electrifying and driving the printing
head described in claim 45, comprising:

transfer means for transferring plural types of
data, which stipulate electrification time of the
résistive elements, to said memory means of said
printing head; and

printing electrifying means for outputting the
clock signal to- said counting means when printing is
performed by flowing current through said resistive
elements of said printing head in conformity with image

data.

53. The apparatus according to claim 51, further
comprising detecting means for detecting resistance
values of said resistive elements, wherein said printing

electrifying means decides pulse width of pulses for
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nunber of pul ses outputted in dependence upon the selecti

36. A printing apparatus for printing an inmage on a printi '
electrifying and driving a printing head, wherein said pri Fﬂl’!@ﬁ‘“@ﬁ%ﬂ“l _
resistive elements for driving a plurality of printing el enents, anw *
termnal for entering a plurality of Bulse signals for flow ng current

t hrough said resistive el enents, mend y "means for storing inputted

selection information for selecting any one of the plurality of pul se

signal s ent@ldyigg’ toPredicd chPBUbh! 85 TaN2ks 1 8P EPR] dh&io STBANS,

dependence upon the resistance values.

54. The apparatus according to claim 51, further
comprising temperatufe detecting means for detecting
temperature values of said resistive elements, wherein
said printing electrifying means decides pulse width of
pulses for flowing current through said resistive

elements in dependence upon the temperature values.

55. The apparatus according to claim 51, wherein said .

resistive elements are heat-generating resistors.

56. A printing method for printing an image on a
printing medium by electrifying and driving the printing
head described in claim 45, comprising the steps of:

deciding pulse width of pulses for flowing current
on the basis of printing characteristics of said
printing head;

transferring data, which designates said pulse
ﬁidth, to said printing head and storing this data in
said memory means; and

outputting a prescribed number of clock signals
when printing is performed by flowing current through
said resistive elements of said printing head iﬁ

conformity with image data.
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which is responsive to the selection information stored i | r
nmeans, for selecting, and applying to said resistive el er]q,'mu ﬁﬂgﬂg’m”
the plurality of pulse signals entering fromsaid input tesmendl, k-
apparatus conprising: characteristic information storing neans for storing

printing characteristics of the pringigg el ements of said printing head;

57. A printing method for printing an image on a
printing medium by electrifying and driving the printing
head described in claim 46, comprising the steps of:

transferring plural items of data, which designate
said pulse width, to said printing head and storing. this
data in said memory means; and

outputting a prescribed number of ciock signals
when printing is performed by flowing current through
said resistive elements of said printing head in

conformity with image data. : .
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- 79 - transfer nmeans for deciding the selection information on the basis
of the printing characteristics, which have been stored in said
characteristic informati on storing nmeans, and transferring this selection
information to said printing head; prelimnary electrifying nmeans for
outputting a plurality of pulse signals to said printing head and for
performng prelimnary electrification of said printing head; and
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printing electrifying nmeans for performng printing by flow ng current
through said resistive elenents of said printing head in conformty wth
image information. 37. A printing apparatus for printing an inage on a
printing nmediumby electrifying and driving the printing head described in
claim 26, conprising: characteristic information storing neans for storing
printing characteristics of the printing elenents of said printing head;
transfer nmeans for deciding the selection information on the basis of the
printing

2
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characteristics, which have been stored in said characteristic i nf or mat i on
storing neans, and transferring this selection infornmation to each el enent
-80- prelimnary electrifying neans for

substrate of said printing head,

outputting a plurality of pulse signals to said printing head and for
performng prelimnary electrification of said printing

3

( smamr )

F

MAKE CONTACT WITH | S2
PRINTING HEAD
MEASURE HEAD RANK |~ S4
S6
PRINT TEST PATTERN -~

IMAGE
RECOGNITION
(PROCESSING)?

1G. 3

PERFORM DENSITY
CORRECTION (PROCESSING)

S12

WRITE DATA IN MEMORY 13

‘

\ 4

( =0 )

Th’s issth. zmment M

Date: 22 SEP Ngs



head; and printing electrifying nmeans for performng printing by flow ng
current through said resistive elenents of said printing head in conformty
with inmage information. 38. The apparatus according to claim 37, further
conprising detecting neans for detecting resistance val ues of said
resistive elenents, wherein said printing neans deci des printing
electrification time of said resistiveyelenments in conformty with said
resi stance val ues. 39. The apparatus according to claim 37, further

This is: the replacement sheet
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conprising tenperature detecting nmeans for detecting tenperature of said
resistive elenents, wherein said printing neans decides prelimnary
electrification tine of said resistive elenents or quiescent tinme between
prelimnary electrification and printing electrification. 40. The appar at us
according to claim 37, wherein said resistive elenments are heat-generating
resi stors. 5
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e
- 81 - 41. The apparatus according to claim 37, wherein said printing head
is an ink-jet printing head which perforns printing by jetting ink. 42. The
apparatus according to claim4l, wherein said printing head jets ink by
utilizing thermal energy, said printing head having a thermal energy
transducer for generating thermal energy ,applied to the ink. 43. A printing
nmet hod for printing an inage & a printing medium by electrifying and
driving the printing head desgribed in claim37, conprising the steps of:
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deciding the selection information on the basis of printing characteristics
of said printing head; transferring this selection information to said
printing head and storing it in said storing means; outputting a plurality
of pulse signals to said printing head and performng prelimnary
electrification of said printing head; and performng printing by-fl ow ng
current through said resistive elenents of said printing head in conformty
with image information. 44. The nethod 7according to claim43, wherein said
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resistive el enents are heat - generating resistors.

having resistive elenents for driving a plurality of printing el enents,
a circuit for performing printing by flowing a current through said

resistive elenents in dependence upon printing data,
conprising: an input term na

~said printing head
for entgring data which decides

FIG. 8
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pul se width of pulses for flow ng current through said resistive el enents;
menory nmeans for storing the data, entered fromsaid input term nal, which
deci des said pulse width and timng of said pul ses; counting neans for
counting a clock signal applied thereto; and electrifying neans for flow ng
current through said resistive el enentsgin dependence upon a count recorded
by said counting neans and said data stored in said nenory neans.
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46. A printing head having resistive elenments for driving a plurality of
printing elenments and a circuit for performng printing by flowng a

current through said resistive elenents in dependence upon printing data,
said printing head conprising: an inpa} termnal for entering data which
deci des pul se width of pulses for flo %g current through said resistive

el ements; PREHEATING PREHEATING PREHEATING PREHEATING FIG. 10A
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- 83 - menory neans for storing plural itenms of the data, entered from said
I nput term nal, which decides said pulse width; counting neans for counting
a clock signal applied thereto; detecting nmeans for detecting resistance
val ues or tenperature values of said re]si stive elements; and electrifying
means for flow ng current through said rlesi stive el enents upon sel ecting
any one of tAREHHATING PREHEATINGdata, stored in sdrd] @nory fpans, in
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dependence upon a count recorded by said counting neans and the resistance
val ues or tenperature values detected by said detecting neans. 47. The
printing head according to claim45, wherein said nenory neans includes a
latch circuit for latching the printing data applied thereto via a shift
regi ster which holds the printing data_serially applied thereto. 48. The
printing head according to cl ai m45, f &kt her conprising detecting neans for
detecting resistance values of said resistive elenents. 49. The printing

head according to claim45, further
|
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printing nmediumby electrifying and driving a printing head, wherein said
printing head has resistive elenents for driving a plurality of printing
el enents, an input termnal for entering data which decides pul se wi dth of
pul ses for flowing current through said . resistive elenents, nenory neans
for storing the data, entered fromsaidi4nput termnal, which decides said
pul se wi dth, counting neans for counting a clock signal applied thereto,
and electrit%fng ngass,,for flowing current through said resistive el enents
in dependeng__uponcaaugunt recorded by said counting nmeans and said
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data stored in said nenory neans, said apparatus conprising: characteristic
I nformation storing nmeans for storing printing characteristics of the
printing elenents of said printing head; transfer nmeans for deciding said
data on the basis of the printing characteristics, which have been stored
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in said characteristic information storing nmeans, and transferring this
data to said printing head; and printing electrifying nmeans for outputting
the clock signal to said counting neans when printing is perforned by
flowi ng current through said resistive elenents of said printing head in
conformty with imge data. 52. A printing apparatus for printing an i nmage
on a printing nmedium by electrifying aﬂg driving the printing head
described in claima45, conprising: tranSfer means for transferring plural
types of
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data, which stipulate electrification time of the resistive elenents, to
said nenory neans of said printing head; and printing electrifying neans
for outputting the clock signal to said counting nmeans when printing is
performed by flow ng current through said resistive elenents of said
printing head in conformty wth imge data. 53. The apparatus aecording to
claimb51, further conprising detectingzneans for detecting resistance

val ues of said resistive elenents, wherein said printing
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flow ng current

el ectrifying neans deci des pul se wi dth of pulses for

t hrough said resistive elenents in dependence upon the resistance val ues.

54. The apparatus according to claim51,

conpri sing tenperature

further

h said resistive

el enents, wherein said printing electrigyi ng neans .deci des pul se w dth of

detecting neans for detecting tenperature values of said resistive
pul ses for flown
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el ements in dependence upon the tenperature values. 55. The apparatus
according to claim51, wherein said resistive elenents are heat-generating
resistors. 56. A printing nethod for printing an inmage on a printing nmedium
by electrifying and driving the printing head described in claim 45,
conprising the steps of: deciding pulse wwdth of pulses for flow ng current
on the basis of printing characteristics of said printing head;
transferring data, which designates saixh pulse width, to said printing head
and storing this data in
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said nmenory neans; and outputting -a prescribed nunber of clock signals when
printing is performed by flowing current through said resistive elenents of
said printing head in conformty with i mage dat a. - 87 - 57. Aprinting
method for printing an inmage on a printing nmediumby electrifying and
driving the printing
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head described in claim46,

Itens of data, which designate said pul se wdth,
storing this data in said nmenory neans;

conprising the steps of:

transferring plural

to said printing head and
and outputting a prescribed nunber

of clock signals when printing is perfornmed by flow ng current through said
resistive elements of said printing hedd in confornmity with i nage data.
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This Sheet Has Been Replaced
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PRINTING HEAD, PRINTING METHOD AND APPARATUS

USING SAME, AND APPARATUS AND METHOD

FOR CORRECTING SAID PRINTING HEAD

ABSTRACT OF THE DISCLOSURE

A printing head has a plurality of heater boards,
each of which includes a shift register to which
printing'data and selection data for selecting
preheating pulse signals are applied as inputs, a latch
circuit for latching the printing data, a sgleétion-data
latch circuit for la;ching the selection data, a
selection circuit for selecting any one of a plurality
of preheating pulse signals inpﬁtted in accordance with
the latched selection data, and a plurality of heating
resistors driven by the printing data or preheating
pulse signals. Correction data, obtained by a head
qorrecting apbaratus, for performing printing at an
average density by correcting the characteristics of
each heater board is stored in a memory of the printing
head. A printing apparatus decides the selection data
in accordance with the correction data land sets the

selection data in the selection-data latch circuit.
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AUSTRALIAN PATENT OFFICE Application No.
SEARCH REPORT | | SG 9500042-8
Box III TEXT OF THE ABSTRACT (Continuation of item S of the first sheet)

A printing head (12) has a plurality of heater boards (1000-1-1000-m), each of which includes a shift register to
which printing data and selection data for selecting preheating pulse signals are applied as inputs, a latch circuit for
latching the printing data, a selection data latch circuit for latching the selection data, a selection circuit for selecting any
one of a plurality of preheating pulse signals inpuited in accordance with the latched selection data, and a plurality of
heating resistors (901) driven by the printing data or preheating pulse signals. Correction data, obtained by a head
correcting apparatus, for performing printing at an average density by correcting the characteristics of each heater board
(1000-1-1000-m) is stored in a memory of the printing head (12). A printing apparatus decides the selection data in
accordance with the correction data and sets the selection data in the selection data latch circuit.
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WHAT IS CLAIMED IS:
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1. A printing head mounted on a printing apparatus_aﬁd
driven for pfinting an image on a printing medium,
comprising: .

-1 plufality of element substrates each having a

plurality of printing elements for forming pixels”on the

printing medium, and drive means for dri&ingrséid
plurality of printing elements based upon printing data
éent from thelprinting apparatus; and .

| memory means for storing cofrection déta for -
correcting a variance in characteristics of each of said

plurality of element substrates.

2. The printing_head'accordiqg to claim 1, wherein
each of said plurality of element substrates has a

temperature sensor.

3. The printing head according to claim 1, wherein
each of said plurality of element substrates has a
sensor indicating a characteristic of said printing

elements.

. 4. _The printing head according to claim 1, further

comprising:
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transmitting—means'for_transmittiﬁg the correction
data, which'has been stored in said memory means, to the
printing apparatus;_and | '

receiving means for receiving.a-COntrol signal,
transmitted from the printing'apparatus,'setfbésed ubon

the cérrection data.

5. The printing head according to claim 1, wherein
said printing head is an ink-jet printingihead which

performs printing by discharging ink.

6. The printing.head according to claim 5, wherein
said printing head ejects ink by utilizing thermal
enérgy, said printing héad having a thermal energf
transducer for genératihg thermal energy abplied to the

ink.

7. The printing apparatus using the printing head

described in claim 1, comprising:

input:means for entering the correction data, which

'has been stored in said memory means, from said printing

head;
| means for deciding driving conditions of each of
said plurality of element substrates based upon the

correction data; and
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~ ‘control means for driving each of said plurality of
element substrates in dependence upon the printing data in

accordance with the driving conditions.

8. A printing apparatus'for printing an image on a
" printing wmedium, comprising: |

a printing héad according_to anyone of claims.1—7;
and

data supply means for supplying the printing data to

the printing head.
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remain with regard to a printing head manufactured by
the foregoing manufacturing method. For example, a
decline in printing quality, such as irregular
distribution, cannot be avoided. The cause is a
variance in performance from one heater board to another
heater board in the row of such heater boards, a
variance in the characteristics of neighboring'printing
elements between heater boards and heat retained in each
driving block of the printing elements at the time of
printing.

In the case of an ink-jet printing head, not only a
variance in the neighboriﬁg“pfintingJéléﬁénts between
the arrayed heater boards but also a decline in ink
fluidity owing to the gaps betweeﬁ heater boards resultS'l
in lower yield in the final stage of the head production
process. For this reason, the state of the art is such
that these printing heads are not readily available on
the market in large quantities regaraless of the fact
these printing heads exhibit highly satisfactory
capabilities. |

Fig. 12 is a block diagram illustrating an exahple
of the cifcuit construction of a heater board according
to the prior art.

As shown in Fig. 12, numeral 900 denotes an element
substrate (heater board) having heating elements

(heating resistors) 901; power transistors 902 for
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