TI TLE OF THE | NVENTI OGN PRI NTI NG HEAD, PRI NTI NG METHOD AND APPARATUS

USI NG SAME, : “AND- APPARATUS AND METHOD FOR . CORRECTI NG SAI D

PRI NTI NG HEAD BACKGROUND OF THE | NVENTION FIELD OF THE

| NVENTI ON _This invention relates to an el ongated printing head -
having a plurality of printing elenents, ?rlnting met hod and appar at us
using this printing head, and an apparatus!and .method for correcting the
printing head. Description of the Related Art: A printing apparatus

such as a printer, copying meeprie OF THESINWENTIGNHI ne prints an inage

conprising a dot pattern on a printing nediumsuch as paper, a thin

pl astic sheet orpRErNrNeSSEADONPRINTING | METHODNAND APPARATUS
USING SAME, AND APPARATUS AND METHOD FOR

CORRECTING SAID PRINTING HEAD

D OF I I
IELD T I

This invention relétes to an elongated printing
head having a pluraiity of printing elements, a printing
method and apparatus using this printing head, and an -
apparatus and method for correcting the printing head.
Description of e : R N

A printing apparatus such as a pfinter, 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 ;hese printiﬁg apparatus, those which are the
focus of attentioﬁ because of their low cost make use of
printing héads that rely upon the ink jetting method,
the thermal printing method or LED method, etc., in
which a plurality of printing elemepts corresponding to
dots are arrayed on a substrate.

In a printing head in which printing elements such
as heating resistors or nozzles are arfayed to
correspond to a certain printing width, the printing
elements can be formed through a process similar to that
used to manufacture semiqpnductors; Accordingly, a

v~



Anong these printing apparatus, those which are the focus of attention
because of their |ow cost make use of printing heads that rely upon the
ink jetting nmethod, the thermal printing nethod 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 enents such
as heating resistors or nozzles are arrayedl to correspond to a certain
printing width, the printing elenents_can be forned through a process

simlar to ttF&ianst}_é'-éd’nt & SnBRYr RELDF MR Eﬁﬂ’au%t‘"o?%flgﬂﬁébtrld%g‘ify, a
-2- t iti i bei f fi tion . whi ch th
i nti g nead R GPR PRGEEIEEgPERdasEr SEFTHD L e By S A ol y of

each other1x%£% %Q%h %gagbggrately 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 advantageogs in
that the 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 correspond to the printing width are arrayed over the
entire area of a boafd, and therefore it is very
difficult to manufacture éll of the printing elements
without any defects. As a conéequence, the
manufacturing yield of the printing head is poor and

this is accompanied by higher manufacturing cost. It is



P

in which the driving integrated circuitry is formed on the board of the
head on which the printing elements are arrayed. As a result, o
conplications in driving the printing head be avoi ded and the printing
apparatus can be reduced in size and cost. Anong these types of
printing nethods, the ink-jet -printing nmethod is particularly

advant ageous. According to this method: 3hermal energy is made to act upon
ink and the ink is jetted by utilizing the pressure produced by thermnal

expansi on. Thig-pelhed; bg1advanieREsys & htimﬁrtﬂgi éFpo%¥§qtto a printing

signal is good and it Is easy to group t di'scharg ogether at a
hi gh denS|typrIbeieeare greater expectatlons for this nmethod in
conparison with the other nethods. . However, when the printing head S

manuf actured thr oagbo2dphgles sSmeckeds Oofr&ﬂatf;@t“éwlﬁ:ﬁfgmaqpr@}!ﬁ{gq ted as
ment i oned above, numerous printing elenments to be nade to correspond to

the printing prithingehead ahave dveen tdiscloddd dnir heriFaantionad

therefore it is very difficult to manufacture all of the printing elenents
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 numbei 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 possiblé 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
and bonding these substrate (referred to as “heater
board” or “élement 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.-

Though it has become easy to manufacture a full-

line printing head, certain performance-related problems



wi t hout any defects. As a consequence, the manufacturing yield of the

printing head is poor and this is acconpani ed by higher

manhuf act uri ng

cost. It is very difficult to achieve such a printing head in
practi ce. Accordi ngly, nmethods of manufacturing an el ongated

printing head have been disclosed in the specifications

of Japanese Pat ent

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

I nb high-yiel d I nti head boards, each having an
e hods 3 | SR R LA A0 P R PR cecaeh Baving an
64 or 128 pri phLngor ELEIEY FandfSRAGR ML SHY S:1530¢) goard in

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 neighboring printing elements between

the arrayed heater boards but also a decline in ink

fluidity owing to the gaps between heater boards results

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

capabilities.

Fig. 12 is a block diagram illustrating an example

of the circuit 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



conformty with the density of the array of printing elenents, thereby
providing an elongated printing head whose |length corresponds to the
necessary printing wdth. I't has recently becone possible on the
basis of this technique to sinply manufacture a full-line printing head
by arraying a conparatively small nunber _(e.g., 64 or 128) of printing
el ements on a substrate and bondi ng thes® Substrate (referred to as
"heater board" or "elenent substrate") on which printing elenents are

arrayed, in addgwr113ng2$e ok Bﬁfecﬁ@rﬁﬂﬁeégrﬁ’ﬁé 1Bea 3 PSS enldh Y @%1S€

fashion in a length corfresponding to t necessary printing wdth.
Though it has sbae®sh edsruie YONUEsSt UaEcRiAd | printidi At tiingyAead,

certain performance-rel ated probl ens

. 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 proces5'ae the
forming process of the heating elements 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 (resistore) 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

. 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 arrangement described above, serially

entered printing data is stored in the shift register

904 and latched in the latch circuit 903 by a latch



-4- remain wth regard to a printing head manufactured by the foregoing
manuf acturing nmethod. For exanple, 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 elenents between heater boards énd heat retained in each driving
bl ock of the printing elenents at the tine of printing. In the case
of an ink-jet L 04in \V [ N nej ring
printing el errsegﬁg%ét \?\Ieﬁg?%%e ar (r)éa%/ead eea\écta"'grgag)cq)lgrslc?s g?halggggggdecl ine in
nk fluidityeoghngnd Ocdhii ARPS G WRRI: AR cipdidiongsukhe in Iover
yield in the final stage of the head production process. For this reason,
the state of {hgnaiétdssSITH atdAuths ONHm ddidrdeade @iehneher eadily
available on the market in large quantities regardl ess of the fact
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 thrdugh 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 Eroﬁght

about in the process for manufacturing the heater board



these printing heads exhibit highly satisfactory capabilities.

12 is a block diagramillustrating an exanpl e
of a heater board according to the prior art. As shown in Fig.
substrate (heater board) having heating
(heating resistors) 901; power transistors 902 for
-5- controlling flow of current to the-h&ating el enents 901;

nuneral 900 denotes an el enent

el enent s

a |l atch

Fi g.

of the circuit construction

12,

circuit 903 for latching printing data in sync mﬁth a latch clock (on pad

o07): @ ShiTtobgl Shebopd glyneih nputssd USRS Bpplidl pake (on pad

roni ze he [ rlal dat a,

906) and a

seri al

on pad 905) sync

for

| at chi ng one huaehoisdabﬁstante&hétﬂs@eréﬁmnc&%m@%ffaat He@eify the
sanme form ng process as

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. 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
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 shoftened. A method of dealing with this is to
constantly monitor the resistance values of the heating
elements 901 by the resistance sensor 914 or the
temperature of the heater Board 900 by the temperature
sensor 915, change the power-supply voltage or heating
pulse wiéth based upon the monitored values and arrange
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
the volume of an ink bubble varies depending updﬁ the

temperature of the heating element 901 and the



form ng process of the heating elenents 901, for nonitoring the resistance
val ues of the heating elenents 901; a tenperature sensor 915 used to
nonitor the tenperature of the heater board 900; and i nput/output
termnals 905 - 913. Specifically, nunmeral 908 denotes a driving pul se

I nput . (heating pulse) termnal for externally controlling the ONtine of
the power transistors 902, nanely the ti&e-during which a current is

fl owed through the heating elenents (resistors) 901 to drive them Nunera

909 denotes at@ib¥tHGuPOVSE - thé Wt YoV, e aMpRiakel @k ge&ﬁééegn ogi ¢
circuitry. Nuneral 910 designates a ground term nal; 911 an 1 npu

terminal for pavee) Nghéde aeatdydiL e Mighd@houdh2tot §e81 Raksikor driving
and nonitoring the resistance sensor 914; and 913 termnals for driving
and noni t ori ngpplbedtbeferat thie lsetsiong Pifise that tAukbBe BheangeuRng

descri bed above, serially entered printing data is stored in the shift
regi ster 904ofinthéainkedthen ttiee |ampersitune ©fO@Bebheatingchlement
_ 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 addi;ion to the
foregoing problems, there is a structural variance in
the area of fhe orifice openings andla variance in the
film thickness of a protective film provided on the
heating elements 9015 As a result, there is a wvariance
in the amount of ink discharge produced by each nozzle.
This leads to irrégular density and streaks at the time
of printing and 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
-plurality of the heater boards of Fig. 12 are pléced in

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



-6- signal. In response to a heating pulse which enters fromthe termna
908 under these conditions, the transistors 902 are turned ONin
accordance with the printing data to flow.a current through the
correspondi ng heating el enents 901, thereby heating ink in the respective
I Nk passageways so that the ink is discharged fromthe ends of the nozzles
in the formof droplets. Consi derg t he energy needed to form bubbles
in the ink at the heating elements 901. If the thermal radiation

Con e Sarr Seca e L6 sserathatd et ey 100Ul O
and the surfateménes 961 tdef fent f1en VredRidat¥] boklHics teahe next.
" Consequently, 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 also 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

plurality of heater boards than in a printing head

having a single heater board.

RY OF | T

Accordingly, an objéct 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 qﬁality.

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
printing elements without greatly increasing the size of
the head circuit board, as weli as a printing method and

apparatus using this printing head and a printing-head



that the voltage across the heating el enent 901, the current flow ng
through it and the duration (pulse wdth) of current flow should be set to
val ues according to which the necessary energy will be obtained. The

vol t age i npressed upon the heating el ement 901 can be .
constant by supplying voltage from the poygr supply of

hel d substantially
the printing

apparatus per se. As for the current flowed through the heating el ements
901, the resistance values of the heating elenents 901 differ depending

upon the | ot Qorke¥td RWndthba anaaapaafstw 1ﬁhﬁh{df~ﬂre
heati ng el enents 901 brought about 1n the process

heat er board can be determined. -7-

pillsl} dg { he

manu acturlng t he
900. Accordingly,

I n

a case where the applied pulse width is constant and the resistance val ue
of a heating 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 inventi

on 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

resistance values of resistive elements (e

the

.g. heat

resistors or thermal elements) 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

printing can be performed while correcting

which

for variance

in the printing characteristics of the printing head by

preheating pulses.

Yet another object of the present invention is to

provide a method and apparatus for correcting a printing



el ement 901 is greater than what the design calls for, the value of the
current flowing through this heating elenent 901 declines and the anount
of energy introduced to the heating el enent 901 becones inadequate. As a
result, the ink cannot be made to fornlbu?Qles properly. Conversely, if

the resistance of a heating elenent 901  i's foo small, the current val ue
wi || becone . greater than the design value even if the sane voltage is
applied. In this case, excessive energy is produced by the heating

el ement 901 apdaliheng %élih&sdérigfint’i%gﬁ ddiho %@4&0%%8%&%%@, 981 wi Il burn

out or have its service life shorten A met hoo ealing 'w this is

to constant!|yniBRi &Pent DE £RE1 51 EENY NS i ddithealtiedd pyekements 901
by the resistance sensor 914 or the tenperature of the heatér board 900 by
the tenperat upturaknsprof1é] emdnt geubderaae 6 Walianee iagener hbast i ng
pul se w dt h based upon the nonitored values and arrange it so that a
subst anti al | yreshstans efieally 0f tipplebshént substratiesngael deents 901.
Next, consider the anount of ink discharged in the

, 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 printing 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 fo

provide a printing head, printing method and printing



jetted droplets. The anount of discharged ink is related mainly to the
vol une of the ink bubbles. Since the volune of an ink bubble varies
dependi ng upon the tenperature of the heating el enment 901 and the

-8- tenperature of the surroundings, a pulse (a preheating pulse) whose
energy is not high.enough to jet ink is applied before the heating pul se
that causes the jetting of the inmk,'Zhen the tenperature of the heating
el ement 901 and of its surroundings is adjusted by changing the pulse

wi dth and out ggpathBh80iRf whileh PpLIRALANG P PSErdrthed MAHARY adivechiage i nk
droplets in a constant anount. This nmakes it possible to maintain printing

quality. thEeopukséi wideh §ArhédEing pulsed efittmtalakueporf the
heati ng el enents 901 and control of the substrate _
detecting a variance in the printing characteristics of
the'printing head.
Other features and'adVahtages of the present
invention will be apparent from the following
description taken in conjunction with the accoﬁpanying
drawings, in which like reference characters designate

the same or similar parts throughout the figures

thereof.

EF IPTI T DRA!

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 the first embodiment;

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

embodiment;



tenperature are carried out by feeding back signals from the respective
sensors 914, 915 and outputting a heating signal whose heating pul se
wi dt h, preheating pulse width and preheating/heating pul se timngs have
been altered based upon the feedback. However, in addition to the

f oregoi ng problens, there is a structurall¥ariance in the area of the
orifice openings and a variance in the filmthickness of a protective film
provi ded on the heating elenents 901. As a result, there is a variance in

the amount of ink ﬁiig@harﬂg BhOSKSEHAEY SSrdhdtZAleE vielifdy eads to
irregul ar density and streaks at the tinme of printing and nmakes it

necessary to aestribihfethetcoristRictidn G5 WY §idftiagPBealodZ! enhasi s or.
in units of several nozzles. Furthernore, in a case where a plurality of
t he heater boamHediteftg. 12 are placed in a row to construct an ink-jet
head having a multiplicity

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 boards in a fixed state;

Fig. 8 is a diagram showing an éxample of circuitry
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 thé 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 diagram showing an example of a
preheating selection circuit according to this
embodiment;

Fig. 11B is a diagram showing examples of

preheating pulses and selecting the preheating ﬁulses;



-9- of nozzles, the resistance values of the heating elenments 901 differ
fromone heater board to the next. Consequently, the heating pul ses for
di scharging ink nmust be changed for each heater board to bring the
applied energies into conformty. In other words, in the case of a
printing head constituted by a plurality _ofgqheater boards, irregular
density is caused not only by the variance in orifice area but also by a
conspi cuous difference in density fromone board to another. This neans

that correcting theignount igf a diaghakhgshewing Pee iRZhE hasis within a
heater board becones nore inportant in a printing head having a plurality

of heater boamtrahbemenht enpaihéater Hesard el isnonvaintdlonanepirehtbagr d.
SUMVARY OF THE | NVENTI ON Accordi ngly, an object of the present
invention is headpr ovi de a printing head, as well as a printing nethod

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
construction 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;



and apparatus using the same, in which the printing head is sinple to
manuf acture, exhibits a high yield and does not result in reduced printing
quality. _ Anot her object 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 withopys greatly increasing the size of
the head circuit board, as well as a printing nmethod and apparatus using
this printing head and a printing-head correction method and

apparatus in whichpgglregt i 8Nadat dgramnshewiled efne nedrcuit Anot her obj ect

of the present invention is to provide a printing head, as well as a

printing nethggrangémapnpasit 4sheatey bowrd e a iprintiicly didad ng current
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 opefatioﬁ timing
of the circuit illustrated in Fig. 23;

Fig. 25 is a flowchért 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.

TAILED F PRE

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.



can be applied in a variety of ways while reducing processing on the side
of the printing apparatus. Anot her object of the present invention is
to provide a printing head, as well as a printing nethod and apparatus
using the same, in which printing characteristics arising froma variance
in the resistance values of resistive-elénents (e.g. heat resistors or
thermal el enents) can be adjusted by heating pul ses. A further

obj ect of the present inventionis to provide a printing head, as well as

a printing method mngignpar,abuepusiNIwhiiehsasBrrdls WHE bwidditi ng can be
performed while correcting for a variance in individual printing elenents

of the printi rprieating appatatukt hfanabée capioldadiasAnierds)vention is to
provide a printing nmethod and apparatus in which printing can be perfornmed
whi | e correct idegpcrdbedadlatere BAn Ile pnteatfage chairanirfdcds aheofcrvhe
printing head by preheating pul ses.
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
eorresponding to all printing elements (nozzles) of the
printing head 12 is sent from the image processor 3 to
the CPU 1, the iatter 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
develop the density correction data in a memory 13.
An image data controller 6 outputs a dot pattern to
be printed to the printing heed 12. The controller 6
transmits a density 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 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 manages a paper-feed/stage controller 11 for

controlling the operation of the paper feeding etage 5,

thereby setting a proper drive voltage and controlling



Yet anot her object of the present invention is to provide a nethod and
apparatus for correcting a printing head, as well as a printing
nmet hod and apparatus, in which even if the printing head is constituted by
a plurality of elenent substrates, a variance in the heat resistors of

all of the elenment substrates can be adjusted in a sinple manner to all ow
printing. Still another object of #Ae-present invention is to

provide is to provide a printing head in which the burden on control

circuitry is Eﬁ@u&ggeﬁggttgg @ﬁéfﬁﬁ%ﬁb jﬂﬁﬁalﬁa i ¥gRgi.n a highly precise

manner to perform printing. i I'T anothér object of the present

invention is pFQrtRELHOEE, | & Eéad"déﬂékﬁétéaﬂdﬂ'1@91@93ﬁ ifip¥lLaAt
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 of example,
is composed 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 in Fig. 8) constituted by a sheet
resistance valﬁe 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
identical density. There aré 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 monitdring these elements to the CPU 1,

the CPU 1 generates correction data, which is for



processing on the side of the printing apparatus is reduced and pul se
width is changed to apply driving current. A further object of the
present invention is to provide a printing nethod and apparatus in which
printing is perforned while correcting for variance of individual printing
el enent s. ~ Another object of the p8esent invention is to provide a
printing method and apparatus in which printing is perfornmed while using
heating pul ses to adjust printing characteristics arising froma variance

in the resistgeec¢dingstab BaBh tREtSEP{Ves each MNAUHEhMACt of the
present invention is to provide a printing head, printing nethod and
printing boards 1000, in such a manner lZhat 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. 1In
the correcting apparatus, the :esultslof 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 épparatus 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



apparatus in which printing is perfornmed while altering the pulse w dth of
heating pul ses automatically upon detecting a variance in the printing
characteristics of the printing head. O her features and advant ages
of the present invention will be apparent fromthe followi ng description
taken in conjunction wth the acconpanyin drawi ngs, in which like
reference characters designate the sane‘gr'sinilar parts throughout the
figures thereof. BRI EF DESCRI PTI ON OF THE DRAW NGS The

acconpanyi ng g N9S, aMylighadr €roMCehBOEAEEE rédigfkhcOdnitle qupart of
the specification, illustrate enbodi ments of the invention and, together

W th the descrdpidadh heRitee 1Hoa2¥PLad0 LBeappliedpte the dpisadavistion.
Fig. 1 is a block diagramillustrating the construction of an apparatus

for correcti ngrtiql iprdoegdsheadmonisoki thesenbbgnarst (sfep el jor esEnt
nventton, 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 the operation 6f
the printing head 12 stabilizes to enable stable
printing by the prin;ing head 12. Aging is performed on
an aging tray juxtaposed on a head recovery processor
54, and recovery processing (ink sﬁction, cleaning of
orificé surfaces, etc.) is executed in such a manner
that the test pattern can be printed correctly on a
paper. When a tesﬁ 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 improﬁed:



Fig. 2 is a perspective view show ng the construction of the apparatus for
correcting the -printing head in the first enbodi nent; Fig. 3is a

fl omchart showi ng the operation of the apparatus for correcting the
printing head in the first enbodi nent;

- 13 - Fig. 4 is an expl oded pergﬁfctlve view for describing the
construction of the printing head of thi's enbodi nent; Fig. 5is a
detail ed view showi ng heater boards arranged side by side; Figs. 6A

through 6D show t hgrahapegsef wiepl dte FBXEP mumbe ber of iginfing @ di agram
showi ng the plate nenber and heater boards in xed“st at e;

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’eiements:

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
1st elements on thé 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 f(2) = MAX of change in average
dot area of eacﬁ heater board of successive

heater boards



Fig. 8 is a diagram showi ng an exanple of circuitry on the el enent
substrate (heater board) of a printing head in a second enbodi nent of the
present invention; Fig. 9 is a structural view show ng the
construction of a printing head according to the second enbodinent;

Fig. 10A is a diagram showi ng an exanple of a preheating selection circuit
according to the second enbodinent; - 2fjg. 10B is a di agram showi ng an
exanpl e of preheating pul ses; Fig. 11A is a diagram showi ng an

exanpl & of a prengRbLaOvaLhes! APl Gbéfdhd O WA AD dll hartlhOdHTeN

Fig. 11B is a diagram show ng exanples of preheating p ses se ectlng

t he preheati nghpghS€8ch 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
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 (101l: 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 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
- each element in conformity with the image processing
data, and the pulse width is made to correspond to each
printing elemeﬁt, 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 construction of the printing head 12 of
this embodiment. In this example, a case is deséribed

in which the printing elements are elements for



- 14 - Fig. 12 is a diagramshowing the circuit arrangenent on a
heat er board of a conventional printing head; Fig. 13 is a block

di agram showi ng a mul tiple- nozzle head constituted by an array of a
plurality of heater boards; Fig. 14 is a diagram show ng driving
current wavefornms for driving the printppg_elenents of Fig. 13; Fig.
15 is an external perspective view showi ng the principal portions of an
ink-jet printing apparatus according to this enbodi nent; Fig. 16 is

a bl ock di agrgenebaving ilie gesctiatgind Sidriiit yedid @geeli:' Ehknqlﬁppar at us
of Fig. 15; Fig. 17 is a diagramshow ng the construction of an

i nk-j et printen ankejetnprintingthethedbetidelement combgisé8 &S a circuit
di agram showi ng the construction of a printing head for one color in Fig.
pair of electrodes 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 technigque 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 other, 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
émbodiment has ink discharging ports (nozzles) 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 printing head 12 is constituted by m-
number of heatef 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)



17; Fig. 19 is a diagram showi ng an exanple of the constitution of

data in a nenory (EEPROM ; Fig. 20 is a diagram show ng the

rel ationship between select data A, B of Fig. 19 and preheating pul ses
actual ly sel ect ed; Fig. 21 is a flowhart show ng printing processing
in a printing apparatus.using a printingsead according to a third

enbodi nent of the invention; - 15 -

Fig. 22 is a diagramshowing the circuit arrangenent on a heater board of

a printing heggh aeFsgbdtat prdserdiidd Mo bt a denstty 023369 2
bl ock di agram showi ng the construction of a selecting circuit according to
the third 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
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 wiil 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 filled 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



enbodi nment ; Fig. 24 is a di agram show ng the operation timng of the

circuit illustrated in Fig. 23; . Fig. 25 is a flowhart show ng the
processing perforned by an ink-jet printing apparatus using the printing
head of the third enbodi nent; Fig. 26 is a diagram show ng the
circuit arrangenent on a heater board of,@ printing head according to a
fourth enbodi nent of the invention; and Fig. 27 is a block diagram

showi ng the construction of a selecting circuit according to the fourth

enbodi ment . boards DEFA! LD DESERYFOAGN (F tU- IfRaAERSRRrENBERIVENT
Preferred enbodi nents of the present invention will now be described in

detail wth rpadseddt0t providedcaw niee \prihibdwiitgmit boardFiugool ia a
bl ock di agram showi ng the construction of a head correcting apparatus for
determ ning connectovnd@alafof reqeiving@ ledmtihcacdgndilngntio a

driving power from the outside_is provided on the

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
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
have a flow passageway 2020 provided to correspond to
each heatihg 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 liguid 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 liquid
chamber 2010. The piate member 2000 naturally is formed
to have a length large enough to substantially cbver the

row of ink ejecting-energy generating elements 901



first enbodi ment of the present invention. _ _

- 16 - 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 various conponents of the apparatus. An

i mge processor 3 uses a CCD canera 4 to read the printing dot pattern on
a recordi ng nedi um pl aced upon a paper'f%@dfng stage 5 and obtai ns pixels
conformng to printed dot dianeter and density. Wen the dot data

cor r espondi ngakeaagedpbiynlingng! epeatslraliae9f athd hRater Moakgishead 12
is sent fromthe inmage processor 3 to the CPU 1, the |atter operates upon
t he dot data, 186fids density correction data to a driving signal controller
7 in conformty with a drive signal for driving the
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 bé manufactured using
well-known methods such as machining by cutting, a
molding method, injéction 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 are

designated by like reference numerals.



printing head 12 and causes a nenory controller 8 to develop the density
correction data in a nenory 13. An image data controller 6 outputs a
dot pattern to be printed to the printing head 12. The controller 6
transmts a density correction drive signal while sending a synchronizing
signal to the drive signal controller 7 not only at the tine of ordinary
printing but also when the density corr&étion data has been deternined.
The CPU 1 nanages a head voltage controller 9 which controls the driving

vol tage of the pri mhe'gedteadbbarandovenageshd Panetidg aad age msanta ol | er
11 for <controlling the operation of the paper feeding stage 5, thereby

setting a propeleditiing wdirtade 208 fontselécting preheating pulse

- 17 - the novenent of the stage 5 and paper feed.
width described later with reference to Figs. 10 and 11;
a latch circuit 102 for storing selection data which
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 selec;ion 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 and 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 number 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 a preheating pulse signal selected and

outputted by the selecting circuit 101.



Furt her nore,

a head data detector 10 is an inportant portion which,

t he purpose of correcting density, feeds back the characteristics of
el ement substrate (heater board 1000, shown in Figs. 4 and 8) of the

printing head 12.

I's conposed of a row of a plurality heater boards 1000 on which 64 o
printing el ements have been forned, it 24 not known from which porti
a silicon wafer or the like the heater boards 1000 (1000-1 - 1000-m

been cut. Accordingﬁg khe
from one heater boa anot

€ aaﬁérﬁﬁéééﬂré Wb fbh&vﬂﬁmgc A GBS

In such case, .a rank detecti

for
each

In the printing head 12 which, by way of exanple,

r 128
ons of

have
differ

ng

resistor el empst tRe hééeérsw{aranno@@rl@lﬁlhé pfrbing HRAB UL tha¢ by a
sheet resistance value identical with board of the printing elenent

provi ded i n eagbodemeat . orRlSwlPAsadewdiviarall hdmadds @0intfiorg heads can
performprinting at an identical density. There are also cases in wh

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 fdregoing
arrangement will now be descfibed 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
amount of ink discharged (per impression of a prescribed
pulse at a fixed temperature) from each discharge port
(heaﬁing resistor) in conformity with eaéh heater board.
The characteristic is measured in advance. Selection
data for selecting the decided preheating pulse width
corresponding to each discharge port (nozzle) is

transferred to the shift register 904 in sync with the

S is

ich a



sem conductor el enment 915 (see Fig. 12) capable of nonitoring a change in
tenperature is provided for each heater board 1000. The head data detector
10 nmonitors these elements. 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 - 18 -
correcting the data that drives each of #§e-heater boards 1000, in such a
manner that each heater board 1000 can print at an average density.

Wien the abovehigst cobest COBLecthefeslftér) Sthe efdii edddk aaah jgontrol | er
of the correcting apparatus of this enbodi nent, the printing operation by

the printingoutpdtt2d soeXatuhetheanseledtione daorediid ate shiftt he

correcting apparatus, the results of printing are
register 904 to the latch circuit 102. It should be
noted that the above-mentioned characteristic of the
amouﬁt 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 iﬁ 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 to the
latch 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 éhift register which enters the
selection:data for selecting preheating pulse width can
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 in a

plurality of stages, a number of preheating pulées can

be enhanced. Alternatively, this will make it possible



again subjected to image processing by the CCD canera 4 and inmage
processor 3, and the nenory controller 8 wites the final correction data
in a nmenory 13 (an EEPROM or the like) at a stage at which the

predeterm ned rating of the printing head 12 is satisfied. Fig. 21is
a perspective view showing the construction the printing-head correcting
apparatus of the first enbodinent, and%% g 3 is a flowhart illustrating
t he operation of the apparatus. Wth the printing head 12 inserted

into a slot 5to eas33yofiealswithi 80c486! tn ShhidhecHa e 2l iich MaRd in
such a manner that the printing head 12 can perform printing at a nornal

posi tion. Undexceedsethenduimbensof sbagesiof itige haidFtl Fdgd sSeau@nid.i nt o
el ectrical contact wth the conmponents shown in Fig. 1, and an ink supply
device 52 i's conne@hed sedechaéopr datanfoheseldCt g erhe $M)ehaddxing i n or der
to neasure the rank of the printing
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 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
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 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
for discharging ink will be applied to the heatihé

resistors 901.



head 12, a signal fromthe sheet resistance nonitor 914

of each heater

board 1000 is applied to the apparatus, which proceeds to nonitor 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 dBcided separately for each heater
board and a test pattern is printed (step S6). As preprocessing for
printing the test patherégabdetd BN PreHydtilnigHuladis)Ithesecarei ed out
until the operation of the printing head 12 stabilizes to enable stable
printing by tdecpiiedtbyioa hemkAdlleAgiing suchper vannet ehatabth&gpulsér ay

j uxt aposed on a head recovery processor 54, and recovery processing (ink
suction, cleawidghodndctinine slirdeadeof d¢he plusadityubfdpreheating manner

pulses 103 will change in dependence upon the value from

the temperaturé 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 rendering 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 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 “*selection” covers no selection or one or multiple
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

further.



that the test pattern can be printed correctly on a paper. Wen a test
pattern is thus printed, the printed paper is noved to the position of the
CCD canera 4 and inmage processor 3, where the result of printing is

subj ected to i nage processing by these conponents and conpared with
paranmeters for printing evaluation. Processing is executed with regard to
the following itens in relation to a vaBilance in printing el ement

density, which is a paranmeter that can be inproved:

- 20 - (I'n &nCEﬁgsﬁESEEeEE§o£Otéh%”&8$6% ﬁgnéﬁdﬂgd'géle tiorfl €MENLS

on each heater board is e average area ( | anet er)
of each pringaed ahanaahseﬁacei&e@néﬁ a&beé,éf@stﬁgd%ltﬂwﬁoflol( ffer- a total

of three elenents) is cal cul at ed.
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 hea;ing 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
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
(Sl, S2) are (0,1); and a preheating pulse 4 is
selectively outputted when the selection signals (S1,
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 fdur types with respect to
preheating pulses 1, 2 (in one type there is no .

impression of preheating pulses). More specifically, in



In particular, the follow ng averages are <calculated with regard to the

first and n-th el enents: in case of the first elenent -> the
aver age dot area (dot dianeter) of the n-th on the

nei ghbori ng heater board, 1st and 2nd el ements on the current
boar d; In case of the n-th elenent -> the average dot

area (dot dianeter) of the (n-1) th, n»-132 en the current board
and . 1st el enents on the nei ghboring heater board.
(2) The foll O‘H'h@gc?.%uiel BESFage iPﬂ”%&"'éfbﬁé‘é&?ﬁfb il 16 ARt area
of each printing element obtained in (1) above: uneven density
f(1) = [ MAX oynawnekhaesdPbcBiBA signals (s1, F) ea (gahgr aboard] - [MN
of average-dot ' area of each heater‘board] uneven

density f(2) pri¥hdatlinghpilsei 1 S¥edagPutted when the dfleatdanof each

heat er board of successive
signals (S1, S2) are (1,0); a preheating pulse 2 is
outputted when the éelection signals (s1, s2) are (0,1);
and the sum of preheating pulses 1 and 2 is outputted
when the selectidn signals (Sl1, S2) are (1,1). Fig. 11B
shows an example of preheating pulses 1 and 2 and
outputs preheating pulses.

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
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,

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
apparatus capable of performing high-speed, high-quality

printing.



heat er boards - 21 - These

val ues are decided to determ ne the manner in which each printing el enent
shoul d be corrected. For exanple, in a case where the driving power of
each printing element of the printing head 12 is decided by pulse wdth,
driving pul se-width data applied to an _integrated circuit for driving the
printing head 12 is selected. As wlF 3é described later, in a case where
a pulse-width selecting circuit (101: Fig. 8) of the driving integrated
circuit makes a selpdet.i a3 fiko@ bioeRr diaguameshowins , tid&cdW®Erudicel t he
pul se width selected on the basis of the values decided in (1), (2) above

are deci ded and a multépledhbzbiéverintimgcheasd UES id wiseth Based upon the
resolution allowed. The pul se
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 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
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 noizles 1 and
100 of thé 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 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. 1l1B.
Further, the selection data with respect to nozzle 1
having the small amount of ink diécharge is set in such

a manner that (S1,S2) = (1,1) is established, as



width is set so as to correct the printing density of each elenent in
conformty with the image processing data, and the pulse wwdth is nade to
correspond to each printing elenent, 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. Wen this occurs, the
resulting data is stored in the nenory B4 -This processing is carried out
at steps S8 ~ S12 in Fig. 3. Fig. 4 is an exploded perspective view
for describi dpdibatednatrye)i on pigt heipri Bimee Haad slknokm fhom
enbodinent. In this exanple, a case is described in which the printing
el enents are &heneesdstence sensor 914 that 200 Q holds for th&2 -
generating ink discharging energy used to eject ink (in

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 applied 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 1 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 150 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 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 conditions in

which the relations (ti<t2), (tl, t2<t5) hold with

respect to a change in the temperature of the heater



an ink-jet printing nethod, each elenent conprises a pair of electrodes
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 wdth by a
conventional technique such as photol [ tf§ggraphic machining, is obtained at
a very high yield. Mreover, a single plate nenber 2000 having a
plurality of ink discharge ports forned in one end and a plurality of

grooves conmMiboazdl BarihgSprinkiAgSChas o8 roails, ftid Rttt b Rhit e nenber
2000 fromone end to the other, Is joined to this printing head 12 in such

a nmanner thadiskhaggedyvEsomnr @achonetlzby d¢dre heaisle kpprdcimatkayechy a
full-line, ink-jet printing head unit can be manufactured in a very sinple
manner . plhati allj ¢tiimpsi nt This makles e rpdmxible tto prietbadiveegt has

i nk di scharging g rts (nozzles) at a density of 360 dpi (70.5 [err]m, the
nunber of nozhlgh-aupdisyf ipagagwitiosut fthe oqrimmenag wifdumeyen212 mm) .

Furthernore, the printing head 12 is constituted by m
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 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
driving-force transmission gears Sbll, 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
‘a, b. 2n 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



nunber of heater boards 1000-1 -- 1000-m and the heater boards 1000-1 ~

1000-m basically are conposed of identical circuitry. In Fig. 4, the
heat er board 1000 has 128 of the jetting-energy generating el enents
(heating resistors) - 23 - 901 arranged

at prescribed positions at a density of Sgo 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 timng by

external ly appligd fbe6tr56151 INdhferal 5016 NfeddtOfa lelegat er boards
1000-1 - 1000-mis fixedly bonded by a bonding agent to the surface of a
base pl ate 30gUppbdeing a oapcmémbes USIR AsvhRilcals tiRY FHont side
of the printing head 12, and number 5015 denotes suction
means for sucking ink via an opening 5023 6f 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 gbes without sayving 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 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 the
desired operations are performed at the well-known
timing, these operations can be applied to this éxample.

<Description of Control Arrangement>



Fig. 5is a detailed view showing the heater boards in the arrayed state.
The heater boards are fixedly bonded to a prescribed |ocation on the base
pl ate 3000 by a bonding agent 3010 applied to a prescribed thickness. At
this tinme 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 two3dut-ually adjacent heater boards
will be equal to the pitch P (= 70.5 [err]m of the heating elenents 901

on each heater boandarFahbefentt B8rJaREcRE LY CEShheS 1SN Gy ifeater
boards are filled and seal ed by a seal ant 3020. Wth reference again

to Fig. 4, a phentppathtasi betbbarth 44Bdve swilXatbw Be it rtibdd &ilkase
plate 3000 in the sanme manner as the heater boards. At this tinme the
printed circurefesende4660the bbodkddiagtde disiql dtee FIM®m rina state in
which the pads 1020 on the heater
Fig. 16 are an interface 1700 for entering a prlntlng
signal, an MPU 1701, a program ROM 1702 for storing a
control program executed by the MPU 17b1, 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 daté 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
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'13 of the printing head
12, and a signal line 1712 for carrying the preheating
pulses, latch signals and heating pulses (main heating
pulses).
Fig. 17 is a diagram ehowing 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



- 24 - Dboards are in close proximty to signal-power supply pads 4010
provided on the printed circuit board 4000. A connector 4020 for receiving
a printing signal and driving power fromthe outside is provided on the
printed circuit board 4000. The pl ate nenber 2000 having the plural
grooves w |l now be descri bed. Figs. 6A ~ 6D are diagrans show ng
the shape of the plate nmenber 2000. Fi@8 6A is a front view in which the
pl ate nmenber 2000 is seen fromthe front, 6B a top view in which Fig. 6A

is seen fromabsut 0P0 &) AENOIEHPdtEWe iohethioEh £bug cbfoks 888N fromthe
bottom and Fig. 6D a sectional view taken along line X-X of Fig. 6A

In Figs. 6A ~pébfotme mthiteine hercofitying sheweordingapaperf boinpassageway

2020 provided to correspond to each heating resistor 901 provided in the

heat er board th€08irection fof 2GR0 F.or Nemeradi 1F0t deratbsf aohead
controller for supplying printing data to the heads and
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. Bach heater board is equipped with 128
heating resistors. VH and PGND indicate power supply
lines and ground lines of the heating resistors 901; ODD
and EVEN represent control signal terminals for feeding
current separately to odd- and even-numbered heating
resistors 901; and BENBO ~ 2 denote block selection
signals thch 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.latching

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



passageway 2020 and conmmunicating with the flow passageway 2020 for

di scharging ink toward the recording nedium a liquid chanber 2010

communi cating 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
froman ink tank (not shown), to the liquid chanber 2010. The pl ate nenber
2000 naturally is formed to have a len 9h'1arge enough to substantially
cover the row of ink ejecting-energy generating elenments 901

- 25 - arranggdchyt! L0200 Npmérsl UI déyotds tdie HEFHOM foRaisdorikig0o.
Wth reference again to Fig. 4, the plate nenber 2000 is joined to the
heat er boar dstheO8riweacehditions (datd) td fhosigriortsingf Heaed fl2aw
passageways 2020 are
Numeral 908 denotes the main heating pulse applied to
each heater bqard, 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
liﬁe is printed and is latched in the létch circuit 903
by the latch signal 118 (Fig. 8). More specifically,
each heating resistor 901 is turned oh 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.
The selection dafa latched in the latch circuit 102
is data for individually setting the preheating pulse
widths of the 128 heating resistors 901. Two bits (81,
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 heéter
board only oné 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 étages.
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



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.

Concei vabl e net hods of joining the plate nmerber 2000 are a nethod in which
the plate nenber is pushed in nechanically using springs or the like, a
method in which the plate nenber 2000 is fixed by a bonding agent, and a
met hod which is a conbination of these tre4®oss. The pl ate nmenber 2000
and each of the heater boards are secured in the relationship shown in

Fig. 7 by anyfot pbeEeat®BhiOfislses BPHEAWE 1l-ate ifEEkebrddfeeCatitie
manuf actured using well-known nethods such as machining by cutting, a

mol di ng et hodhei sgkettbonnated or a nethod relying upon

phot ol i t hogr aphy. Fig. 8 is a block diagram showi ng an exanpl e of
circuitry on the h®ager 1Boasdal80@gnémt sizoywingttihey doeetitii2 iiom @fsecond
enbodi nent of the present invention. Conponents identical wth those on
the heater bo&he datat hn theveemoxryial3 p(EERROW efadrimbimg heRidgl212 are

The data stored in the memory 13 is selection data
(select A data and B data: corresponding to Sl1l, 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
(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
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 pusec) capable of beihg set

as preheating pulse widths. The head controller 170 and



designated by |ike reference nunerals. .-
26 - - The heater board 1000 of the printing head 12 has a selecting
circuit 101 for selecting preheating pulse w dth described later with
reference to Figs. 10 and 11; a latch circuit 102 for storing selection
data which selects preheating pulses 103;. the latch circuit 903 for

| atching printing data; the shift regrsﬂér‘904 which, in sync with a shift
clock 116, holds serially inputted printing data 117 or selection data for

sel ecting prepgai7og @¥tsgScd@siet cfdli geleraldd iy preRiEyitg Puakeal i ng
pul ses 103 provided by a controller in the ink-jet printing apparatus of

this enbodi negpHEADd1 ted|iwhbdse bildtlns med anised vpoh Ittechi ng sel ection
data latched by the latch circuit 102 and for entering
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 MPU 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



signals to read out the data. On the assunption of a case in which the
latch circuit 102 conprises a nunber of stages, it is so arranged that a
plurality of latch clocks and readout. signals can be entered fromthe
termnals 111. Wen the latch circuit 102 is conposed of a nunber of
stages, the nunber of signal lines fromgphe latch circuit 102 to the
selecting circuit 101 is the sane as the nunber of stages. Nuneral 107
denotes an OR circuit which, in dependence upon the printing data,

conbi nes the Bgatifor Ryl BEoRChRME ! Othd 18 At AN @AlRsLYF ané a preheating
pul se signal selected and outputted by the selecting circuit 101.

- 27 - hegtiflgi BediPebBHO6H | tife Vet & B 006t wowo-af the
heater board 1000 in the printing head of this

(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 of 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
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 selection data is transferred
serially 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 ﬁeater 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



enbodi nent-.. Fl ow passageway wal |l nenbers 401 for formng the flow
passageways 2020 conmunicating with a plurality of discharge ports

(nozzl es) 400 and the plate nenber 2000 having the ink supply passage 2040
are attached. Ink supplied through the ink supply passage 2040 collects
in the comon |iquid chanber 2010 and is supplied to each of the flow
passageways 2020. By supplying current48o-the heating resistors 901 on the
heat er board 1000 in dependence upon the printing data, ink is discharged

fromthe di schangRtee)t,Snde0shBwnpeviar eherimiérehace 1700.Thasgeneral
operation performed by the foregoing arrangenent will now be described

with referenceriating data has inphter theverodman irorhediad tico sitlee
apparatus, the preheating pulse width of each heating resistor 901 i's

deci ded i n dem2tdemtewhich the rkaeavedrpsinting ddtm immmboredf imnk

di scharged (per inpression of a prescribed pulse at a fixed tenperature)
from each di sdfher &Mpa703 .( h¥exkEngthesbregram|precreds M \stEn B26ach heat er

boar d.
: 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 S527.

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 some of the preheating pulses 103 are
selected in dependence upon the selection éignal (2 bits
:81, S82) 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 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 print data to the
shift register 904 of each heater board are carried out

even during preheating processing or heating processing



The characteristic is neasured in advance. Selection 'data for selecting

t he deci ded preheating pul se wwdth corresponding to each di scharge port
(nozzle) is transferred to the shift register 904 in sync with the

- 28 - shift clock 116. Thereafter, the latch clock 111 is outputted to

| atch the selection data in the shift register 904 to the latch circuit
102. It should be  noted that the above-$#%fntioned characteristic of the
anount of discharged ink in conformty with each heater board is stored in

the nenory 13(edcple Seaird hoad Hbuld) Fort RetRbilnpragchagd 12 in this
enbodi mrent. However, it nmay be arranged to store the characteristic in a

menory ( ROM lﬁ’@ﬁthé’m‘Fl@eriﬁjh@fpﬂ.rﬂnlﬂg’ tidagy 12 desebmpedelfabér thEhus in

accordance with this
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 stép S29. By
virtue of this arrangement, the capacity of the power
supply of the apparatus can be reduced. Next, at step
S30, it is determined whether the printing of one line
has ended. If 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-rofated to éonvey the recordiﬁg
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 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, printiﬁg

processing is terminated.



enbodi nent, as indicated at point ain Fig. 8 the output of the shift
register 904 is outputted to the latch circuit 903 for holding printing
data and to the latch circuit 102 for holding the selection data of the
preheating pul se, and the shift register 904 for entering inage data is
used also as a register for entering the selection data for selecting the
preheating pulse. As a result, a shift 4%gister which enters the

sel ection data for selecting preheating pulse width can be elim nated.

This nmakes it possizligyrin® isdPheads agboriingeasea i thif® adddimiat vze of
the circuitry even it the latch circuit 102 for holding the selection data
is provided itheninviepltd ont #g@3d. now be &esthibedby providing the latch
circuit 102 in a plurality of stages, a nunber of preheating pul ses can
be enhanced. Alter #id.vél2y ist b dlack diragrant ipbestatting 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 circuit 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 entering 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.

Pig. 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



- 29 - to easily deal with a case in which the selection data exceeds the
nunber of stages of the shift register 904. The sel ection data for

sel ecting the preheating pulse can be saved at one tine, such as when the
printing apparatus is started up. Accordingly, even if this function is
provi ded, the sequence for transfer of rinting data to the printing head
12 will be exactly the sane as in the'pféor art. However, in consideration
of a change (data blurring), produced by noise or the like, in the

sel ection datgegt Phgdphiisdderdit She NdLtidg AdAstdrd Do aeiirAdd Rat the
data be saved in the Tatch circuit 102 again during non-printing

intervals.  eightNRehtOhg ardenétdits Puls efoliib-bifd @ountRrs@loacidovmtsdat a for
selecting the preheating pulse is latched in the latch circuit 102 w ||

now be descri bhd. cTotk sighalli 2Ehtapsl tddrdmdmyto.ed Datas eframttdey provi di ng
the heating pulse 105 and a plurality of preheating pulses 103, which are
for changi ng shéffinpegistoéri 94 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 seﬁ 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 heating pulses. In 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 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 the Q output of the flip-flop 205



di schar ged. First, a signal fromthe resistance sensor 914 for
nonitoring 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 for

di scharging ink will be applied to the heating resistors 901.

- 30 - Wth regard to the preheat #Ag-pul ses, these are decided by a
controller in such a nmanner that the pulse wdth and timng of each of the.

plurality of peeleagi #9) . PUASeEnd Cowhtdr NG UL SIERGRURRC AnUPERet hE

value from the tenperature sensor 915. Thus, the plurality of preheating

pul ses 103 cagubputeladid eReréect ¢om&siCintd agreement with the
trailing-edge data (OBH), 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 embodimént, 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 eﬁtéred 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 erroneous 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



manner that the anmpunt of ejected ink will be rendered constant for each
nozzl e even a prescribed tenperature condition. Data relating to the
anount of discharged ink fromeach discharge port (nozzle) is obtained
from the nmenory 13, and the width of the preheating pulses 103 is set
correspondi ngly, thereby rendering the amount of ink di scharged constant
to elimnate unevenness and streaks in jge_printed inmage. By using
selection data for selecting preheating pulse thus entered and |atched in

the latch cirgHpt pd@2e wEHEh OPetRé Weweiny pf1dde adyided ity vef preheating
pul ses 103 can be selected to performprinting. In the description that

fol lows, the pkeatceds! ehei pEsoT@YLSE o tsidkaR} iadd Whed ferefuetidt iofl e
sel ection of the preheating pulses 103, and the invention is not limted
to an alt ernatheecietkc2®bdn. FurtheBy ¥ tiablay cem® mheneg i st hod of
selecting preheating pul se, the nunber of preheating pulses supplies to
the heating rdessredstoOdenenabe 2rplunakity faff theating pulse signals

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

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 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
simultaneously but in segments in order to suppress an
increase in power supply 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 dependenée upon the characteristic of the



- 31- In this connection, the above-nentioned sel ection -data and
constructions of the selecting circuit 101 for selecting preheating pul se
will be described with reference to Figs. 10 and 11. Fig. 10 is a

di agram for describing an exanple in which four types of preheating pul ses
103 are supplied to control discharged unt of ink in four stages. Fig.
10Ais a circuit diagram show ng an exan% e"of the <construction of the
selecting circuit 101 for selecting desired pulses of the heating pul ses
103, and Fi g.anéht i 6f aimbadiscuamgel) @ereXamressibnt bEse piesexribd wil |

be evident fromthese diagrans, a preheating pulse 1 is selectively

out putt ed whemukse ezt i nf steh dienpeXhtus?d) fwin eachd digchhegeapoirtci rcuit

102 are (0,0); a preheating pulse 2 is selectively outputted when the
(nozzle: heating resistor) in conformity with the heater
board of the printing head 12. The characteristic is
measured inladvance. 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 1atch 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 in 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 clock signal 221 is outputted in 16
pulses in a case where the counter 201 is a four-bit
counter, by ﬁay of example. As a result, heating pulse
width is decided in dependence ﬁpon 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.



selection signals (S1, S2) are (1,0); a preheating pulse 3 is selectively
out putted whéen the selection signals (S1, S2) are (0,1); and a preheating
pulse 4 is selectively outputted when the selection signals (S1, S2) are
(1,1). As a result, the nunber of the preheating pulses 103 and the nunber.
of the output (selected) preheating pul ses becone equal. In Fig. 11
on the other hand, the outputted heatif8 pulses are of four types with
respect to preheating pulses 1, 2 (in one type there is no inpression of

preheating pul ses)py Mibeht8s i the P datildy head 12 constructed as set
- 32 - the circuit of Fig. 11A, no preheating pulse is produced when the

sel ection si gf&tth (HoveSAn alle (k) )jeta priibeliegt apgapatee dfishbsit putted
when the sel ection
embodiment and applying printing signals to the printing
head 12, it is possibie to obtain an ink-jet printingl
apparatus capable of performiog 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
third embodiment. The control program for ekecuting
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 apparatus,,.At-step"
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 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 discharge-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



signals (S1, S2) are (1,0); a preheating pulse 2 is outputted when the
selection signals (S1, S2) are (0,1); and the sumof preheating pulses 1
and 2 is outputted when the selection signals (S1, S2) are (1,1). Fig.
11B shows an exanpl e of preheating pulses 1 and 2 and outputs preheating

pul ses. By adopting the circuit of Fig. 11A the circuit area on the
heater board can be nade snmal|l and the $ilze of the heater board can be
made small. As a result, a maximum of eight types of preheating pul ses can

be produced yBled®n, tifeYhedtirRf rtaditfddls P0ANRE ithe neHksesbbagent er
fromthe input termnal 110. Generally, in a case where P represents the

nunber of predeed il pthe eink diEchakie-epltiey, chagacypessPicsf,
preheating signals generated (the types of anpbunts of discharge) can be
made a naxi muuhibé @&dta is tradBysieurdd repriled 1y itk ithg sbddtl2egdsseruct ed as
set forth above in the ink-jet printing apparatus of this enbodi nent and
appl yi ng pri n204enieach sheatehdardititifa of the printing head 12
| and the data is latched in the latch circuit 202 of the
' heating-pulse generating circuit 300 of each heater
board. when the latch ciicuit 202 is constituted by
multiple stages, the latch signal and sélect signal
(these signals enter collectively) are outputted and
latched in the latch circuit 202 stage by stage.
Next, at step S44, it is determined whether
printing data has entered from an external deﬁice {host
computer), not shown, vié the interface 1700. 1If
printing 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 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 row is 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: Next,

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



head 12, it is possible to obtain an ink-jet printing apparatus capable of
perform ng high-speed, high-quality printing.

- 33 - Fig. 13 is a block diagram showi ng the construction of a

mul tiple-nozzle printing head 12 in which a plurality of heater boards
1000-1 ~ 1000-mare arrayed in a row In Fig. 13, the latch signals in
each heater board are deleted fromthe3@r awi ng. Here the printing
head 12 having a total of n- nunber of nozzles is realized by using the

m nunber of  heasaiMeaEsStAN9Grboa kB Mrd touthadled A tROLeE that  a

serial input pad 906 of the heater board 1000-2 i's connected to a serial
out put pad 10doeht&eaz®I. boms ch AdMIOtl, aGHW For axamplieUtint @vigi nal 104

of each heater board is simlarly connected to the serial input
24, the pulse widths of the heating pulses are decided
in dependence upon the 1eading-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_egch_heater board are_carried out
even during heating préceSsing 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



pad 906 of i mredi ately precedi ng heater board. The description bel ow
wi |l 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, assune that the

amounts of ink discharged by nozzles 1, 100 and 150 are 36 pl, 40 pl and
40 pl, respectively, at inpression of a_constant pulse width at a constant
tenperature. The selection data, latcheéd rn the latch circuit 102, with

respect to nozzles 100, 150 is set in such a nmanner that (S1,S2) = (1,0)

| s established, % bEQEEQPCQiﬁEH(2ihEQ F59folibvea Moy thtedp dd1E, St ection

data with respect t0 nozzle 1 aving the smal|l anmount of ink discharge is
set in such whikMAQY ikhdetePhiféll Ehélpiint$n@SéLbbnshethe asas

R 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), the 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 Se
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 pulse for printing



indicated at (4) in Fig. 11B. Since it is known from the resistance sensor
914 that 200 [err] holds for the heater board 1000-1 and 210 [err] hol ds
for the heater board 1000-2 with regard to the nain heating pul ses 105,
the heating resistors 901 are driven by setting the width of the main
heati ng pul se applied to the heater baarsd 1000- 2 to be greater than that
applied to the heater board 1000-1 so that the energy applied to the
heat er boards 1000-1 and 1000-2 will be approxinmately constant. Fig. 14

il lustrates didnd D W e WRME Plea®ing’ pligabi B PHASE @d€ajRi n heat
- pul se) applied to the nozzles 1, 100 and 150 under these condi ti ons.

It will be undeisimothdlialg tihe poseibaki B pitb36ief thaodsheedt vonsd
di scharges a snmall amount of ink has a pulse width larger than that of the

preheati ng puisieft rHeyisverz|ood EFfeatdveld€.(tAstad)resulthecirdbitnain
heating pul se width t4 for nozzle 150 is larger than that (t3) for the
nozzl es of heazimridiesarfibr] @t-e2ingt ¢h33)selestnrant dahadcahobe. délefed. 14, t5
represents 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
heater board of the printing head 12. As a result, the
amount of ink discharged from each nozzle can be
controlled in a simplé 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 obtain a high-quality printed
image free of uneven density and streaking that
accompany a fluctuation in amount of ink discharge.

Fﬁrther, it is possible to provide'a loné-life
printing head and a printiﬁg apparatus which uses this
head. |

Fig. 26 is a bloék 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



the m ni num heati ng pul se width needed to foamthe ink and cause the ink
droplets to eject fromthe nozzles. The following relationship holds: t1,
t2 <tb <1t3, t4. Thus, in accordance with this enbodi ment, the wi dth
of the preheating pulses is changed under conditions in which the
relations (tl<t2), (tl1, t2<t5) hold with respect to a change in the
tenperature of the heater - 33 - - 35 - board

during printing. As a result, the amount of ink discharged from each

nozzl e can be,pbgRe APPFOYSIRY Snbd@imdit dlreldesiigiBted ByyS1MREES it

possible to print a very high-quality imge w thout the occurrence of
uneven densi ¢¥fefefitéE Chlierd 1 tAved ¥ Nt Ibe @eRkeibedt Agaiheating

pul ses, the pulse width is adjusted in dependence upon the resistance
val ues of the heat tAgthe 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 daté
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 resisfance 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 cirduit 301
of the fourth embbdiment. Operatién will be described

with reference to this drawing.



resistors of each heater board, whereby a constant energy is applied

w thout 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 IJRA to which the present invention can be appli ed. In
Fig. 15, a lead screw 5005 is rotated via driving-force transm ssion gears
5011, 5009 in operative association wi®h the forward-reverse rotation of a
drive notor 5013. A carriage HC engaged with a helical groove 5004 forned

in the | ead 0 b f h
i the | ead sorew 508:52553, PhiindApl SIPWNno d ¥Bes bekntad for!

in the directions jet cartridge 1JCis nounted on

the carriageghiyi18yrPeheEnd€lSf tnW i3, pra?ﬁsﬁ%méraigegglof- paper
agai nst a platen 5000 along the direction in whi ch the carriage HC noves.

Phot ocoupl er s3380deno8808oksa vt Gi6s oI RASiHd Mhes edmpagafeangaoBobrsensi ng

the presence of a |lever 5006 provided on the carriage HC in order to

change over the4dofethéofliopégoitgtembbodimdrite 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
trailing-edge timing, which is to be selected by the
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
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 féregoing

embodiment, the latch circuit 335 is constituted by a



- 36 - drive notor 5013. Nuneral 5016 denotes a nenber supporting a cap
menber 5022 which caps the front side of the printing head 12, and nunber
5015 denotes suction nmeans for sucking ink via an opening 5023 of the cap
fromthe nozzles of the printing head 12, to restore the printing head 12.
Nuneral 5017 denotes a cl eaning blade and 5019 a nmenber which nmakes it
possi ble to nove the blade 5017 back-afd forth. These are supported on a
supporting plate 5018. It goes wi thout saying that the blade 5017 applied

to this exanpj fu:':él.ﬂ?% of @éﬁééom lkuski-at pdabl adethyt £620 be any

wel | - known cl'eanin | ade ral 5012 denotes a |ever for starting the
starting the éﬂ@%m &DE! affrl adH) SHa’fd, Ot hieeeber Abhkdng ithpokeible5012

noves to acconpany rotation of a cam 5020 engaged with the carriage HC,
and the noveneptséted anilse width corresponding to one heating
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 thermistér, 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 step of reading the value of the
sensor 914 at step S41 is no longer necessary. Further,
at step 843, 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, control by the MPU 1701 is made
unnecessary, as a resu1t 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 Bpard,

the burden upon the control circuitry by an increase in



is controlled by well-known transm ssion neans such as a clutch for
changi ng over the driving force fromthe driving notor 5013. These
cappi ng, cleaning and suction restoration operations are carried out by
executing the desired processing at correspondi 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 theéb8 desired operations are perfornmed
at the well-known timng, these operations can be applied to .this exanple.

<Descr|pt|0n he RLDEF S¥'3OHSFEHITs alleviated in this case ﬁ1 - 37
An arrangenent for executing control of printing in e appar at us

set forth abownlgﬁhﬁkegmragldeﬁﬁé|§ﬁﬁbég§ihgrﬁgggfﬁyggto the bl ock di agram
of Fig. 16. Shown in

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 upbn the MPU
1701 and a chaﬁge in the temperature of the heater board
elements can be dealt with in real tiﬁe.

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
réduced.

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 also be applied to that for a
thermal head.

The present inveqtion has been described with
regard to a printing apparatus of the type having means
(e.g., an electrothermal tiansducer 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



Fig. 16 are an interface 1700 for entering 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-nentioned 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 al so control s~ t¥ansfer of data anong t he
interface 1700, MPU 1701 and RAM 1703. Al so shown are the drive notor

(carrier notomhtB8d3okoprEREYRY! NBidheaemsity | Nk dinadl fityi & KPnveyance
notor 1709 for conveying recording paper, rnotor drivers 1706, 1707 for

driving the pehxeyagceanvberadii@védsd the carrier notor 5013,
respectively, a signal line 1711 for nonitoring the sensors 914, 915 of

each heater board wWithheegardttoga tigpiicd? esnfibdhrasi deam@nory 13 of the

printing head 12, and a signal line 1712 for carrying the preheating

pul ses, | at chopegatingapdineipleag bl tepleterrdiddthaty thalfxesdgoing
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,.at 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
correspond to a sheet or fluid passageway holding a
fluid (ink). As a result, thermal energy is produced in
the electrothermal transducer to bring about f£ilm
boiling on the thermal working surface of the printing
head. Accordingly, air bubbles can be formed in the
fluid (ink) in one-to-one correspohdence 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 droplet. 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 haviﬁg

excellent response.



Fig. 17 is a diagram show ng the general construction of a color ink-jet
printer having a line- type head according to another enbodinent. The
printer has four ink-jet heads (each of which has a | ength of

- 38 - about 10 cm) for respective ones of four colors and perforns
printing by conveying a recording paper Pin the direction of arrow F.
Nuneral 170 denotes a head controller-f& =supplying printing data to the
heads and for controlling heating, and nuneral 171 designates a '
paper-feed notor f onyveyi i ra ' Y = he o k- et heads 12
(Y, M C K heads)g% rcgg%p%ér\%%\bﬂ% ﬁfﬁ%@re pec&ﬁ\?g‘%%gf%r gfapgpjeach

const [ tut ed by, dds N eing bPAAE, 266 WikariClas bFHe Jestsr angemen:

is shown in

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 invention relating to the
rate of increase in the temperature of the above-
mentioned thermal working surface.

In addition to the combination of the dischargé
port, fluid passageway 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 a
configuration having openings made to correspond to the
ink discharge portions, wherein the openings absbrb

pressure waves of thermal energy.



Components in Fig. 18 identical with those in the foregoing diagrans
designated by |like reference nunerals. Each heater board is equipped
128 heating resistors. VH and PG\D i ndicate power supply |ines and
ground lines of the heating resistors 901; ODD and EVEN represent control

signal terminals for feeding

heating resistors 901; and BENBO - 2 defbte bl ock selection signals

prevails when the heating resistors are

heat er board. The a5 0 Wriihiedhol ABaBCBECENBORLE CPLAE SHAMI 1My 10y these

signals are shown in ab

the preheati nQ@g‘thec%lrﬁééhéna@ﬁg €6 tRE PRALSMER Widleadf ke 4 in Fig.

for exanpl e, signals 111 are latch signals for |atching

eviatéd formin Fig 1 -

the latc

sel ecti on si gi@icdr8ingShedfiuhi gapablei 6ftBeihqiphinted on by the

printing 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
connecﬁed to the main body of the épﬁaratus and of
supplying 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 for 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 such as an electrothermal transducer or
another heating element or a combination thereof.

Implementing a preliminary ink discharge mode fo}

are
W th

current separately to odd- and even-nunbered

whi ch

electrified in block units in one

4 of
10B,
t he



- 39 - circuit 102. Nunmeral 13 denotes an EEPROM for storing the drive
conditions (data) of the printing head 12. Nuneral 908 denotes the nmain
heati ng pul se applied to each heater board, and 913 a signal for detecting

the tenperature 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 éZansferred whenever one line is

printed and is latched in the latch circuit 903 by the latch signal 118
(Fig. 8). Mor al; : £§E$. | yrned on and
off in depen e%@ggﬂégﬁ %égﬁl?ﬁagﬁ%. é%@fﬁgiéu sengpélf%ea printing data.
The preheat!ngepukeeveOin! 8PagiNEs Haiforn |StallNdedrinkangect i ve of the

printing dat ection data latched in the latch circuit 102

is data for |nd|V|q%glbflﬁgghbnﬂoageoprgﬂ@aéf{ﬁtingsgbpagdﬂdysr@fnbme 128
heating-resistors 901. Two bits (S1, S2) correspond to one heating
resistor 901 aaﬁltbarﬁéeémy to a printing mode for a mainstream color
only, such as the color black. The printing heéd 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 cdlors 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—cbntrolled 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 -
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 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



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
printing, e.g., when the power supply is turned on, and is held
continuously in the latch circuit 102, which is conposed of two stages.
The two-bit selection data is outputted to the selecting circuit 101 from
the latch circuit 102 and, as shown iR éBig. 10 or 11, is used to select
any one or two of the - 40 - four

preheating pu] $&Se ﬁﬂfﬁ%ﬂe tdt dde LIRS W @Bnb&h@gl fakhonegat a.

Fig. 19 is a diagramshow ng the constitution of the data in the menory 13
(EEPROM of - pstaddigy head widich is lithRfdaid@apst abpdicaciba BEMRERt]3 is

sel ection data (select A data and B data: corresponding to Sl1, S2,
In any case, ink which is liquefied for the first time

by thermal energy, such as an ihk liquefied by
applicatiqn 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 th;ough—holes of a porous sheet; as described in
Japanese Patent Application Laid—Opén'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 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 preheating
pulses are supplied separately to the heater boérds of

the ink-jet printing head, preheating pulses are



respectively) for 1408 (128 X 11) heating resistors corresponding to 11
heat er bl ocks (the above-nenti oned heater boards 1000), setting data
(PHEAT 1 - 4) indicating the pulse widths of the four types of preheating
pul ses (PHEAT 1 ~ 4), and setting data (MHEATB 01 - 11) indicating the

pul ses widths of the main heating pulses for each heater board 1000. These
itens of data are read out of the mem)'ry6413' by the head controller 170
(Fig. 17) or MPU 1701 (Fig. 16) prior to the start of printing and are

referred to i Behbetea! biynd 18tchEre@la&d iwitial acuéw rﬁ;avcférh%fa% paar d
1000. Each itemof the setting data PHEAT 1 ~ 4 is four- bit data

representing @avelQe(L@AH;bhdaa@a¢San@e&<1@é16§té‘ﬂ9éa)tlrw1%1tsfé% hedmi%elds

manuf actured, the density characteristic of each nozzle of the head 12 is
measured by twéthbémagdesetibed behseso(tiss ANy ofapper didatingngullbe setting
data is selected as four wdths, in which density is averaged optimally,
from anong 1angdypmegeodasal, 1tBer?EWr¢@kxgg(xﬂxnﬂssuhleb¢nn@xpéb1t
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 meréiy by storing the selection data, which
selects the preheating pulses, in the printing head. As
a result, the amount of ink diséharged 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 obtéin 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 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



as preheating pul se wdths. The head-controller 170 and

- 41 - MPU 1701 use- a counter to generate the preheating pul ses BPHEAT 1
~ 4, whose wi dths are based upon the transferred values of the setting
data PHEAT 1 ~ 4, and transfer the generated preheating pul ses to each
heat er board. As set forth above, the selection data thus
transferred to each heater board prior-téd printing is latched in the |atch
circuit 102 of each heater board, and the selection circuit 101 selects

any one of then frgémery "GiewlseehdEAhting hdrsedHoRRetNeapel ection
data (A, B), whereby the heating resistors 901 are preheat ed. Fi g.
20 is a di agr aprahgenést afay XBéadoptediirt vhich 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
about by this thermal energy. 1In accordance with this
methoa of printing, high-density, high-definition

_ printing can be achieved.

The present invgntion 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 appliéable also to
a case where the object of the invention is attéined by

supplying a program to a system or apparatus.



such preheating pul ses (PHEAT 1 ~ 4) are selected (See Fig. 10B).
Fig. 21 is a flowchart showi 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 Fig. 15 of this enbodinment. The control program for
executing this processing is stored in the ROM 1702 and is executed by the
MPU 1701. Processing is basically the $$he also in the apparatus of Fig.
17 with the exception of the fact that the |atter apparatus perforns
color printing anGdgm, éiﬁrtéfﬁyp%ﬂe'l@g di¢2drent embEB@mBhQQe&?' ng
shown in Fig. 21 is start turning on the power supply of the
apparat us. Altrd @resent invention can be made without-départingZfrbm the
flowchart, the resistance val ues of the

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.



heating resistors on the heater boards 1000-1 ~ 1000-m (m nunber 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

resi stance val ues of the heating resistqrs 901 are detected by. the

resi stance sensor 914, and the ink drsBHarge-quantity characteristic of
each nozzle nmay be stored in, say, the nenory 13 provided in the printlng
head 12, as shown in Fig. 19. Next, at step S23, the aﬂhmsmﬁﬂnkBaﬂQQa

selection data is decided in confornmity wth the resist m'Wl

t he
heating resi SWaE % CREMEMcER®r board-and the ink disc
characteristics, the selection data is transferred serla

regi ster 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 the latch circuit 102 is constituted by multiple stages, e.g. 2
stages as in this enbodinent as shown in Fig. 8, the |latch signal and
sel ect signall(theseprinting-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
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

tranamitting meana for transmitting the correction
data to a memory of the printing head, said memory

storing the correction data.

2. The printing-head correction apparatus according to
claim 1, wherein said printing head is an ink-jet
printing head which performs printing by discharging

ink.

3. The printing-head correction apparatus accé;ding to

claim 1, wherein said correction data is data for

RN A A S STEET HAS EEN
* [= L M S *

REPLACED




signals are collectively input fromthe ternmnals 111) are outputtedand

| atched in the latch circuit 102 stage by stage. Next,, . step 824
it is determ ned whether printing data has entered froman ‘e
(host - 43 - conputer), no
the interface 1700. If printing data h i nput, the program

step S25, at which the received print- data is stored in the RAM 1703.
Next, the program proceeds to step S26, at which it is determ ned whet her

f f Jf th
one | O PRyibkitng LBC BYAUBbE:of Sy B A IO afplfie anoter
proceeds 10 S4aRcR2Ere supp1 fbashePh SBdia b MA iy Halds WP 1 Nt ed on an

providing the selected pulse signal for each of said

printing elements.

4’. The printing-head correction_apparatus according to
claim l, wherein said correction data is data for -

controlling a diameter of said dot.

5 . fThe apparatus according to claim 1, wherein said
detecting means includes: |

a photoelectric transducer for capturing a printed
dot; and

an image processinglcircuit for subjecting an image
signal from said photoelectric tréhsducer to image

processing.

6. The apparatus according to claim 1. 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.

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

having a plurality of printing elements, and said

e S
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initial single rowis transferred serially to tThe shift legibtcl 904.

Next, the program proceeds to step S28, at whi gijkhie, 0u i\ he | atch
circuit 102 is supplied wth the selecting C|rc &fheat i ng

pul ses 103 are then supplied with all heat er. Mﬁl ﬁi |nti ng head
12. As aresult, as shown in Fig. 10 or one preheat i ng

pulses 103 are selected in dependenceéh on the sel ection S|gnal (2 bits
:S1, S2) fromthe latch circuit 102, whereby the printing head 12 is

pr eheat ed. T%&E@%@%&Fﬁg aBEacesds varshkbe S29. dé’ﬁsﬂh‘f*cfbf headrgat i ng

pul ses (main heating pulses) 105 are outputted to eac eater board to
actual ly pr'%heﬁ@nt”&ﬁ%strate The reception of data fromthe host conputer
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
A printing-head correction apparatus for creating
correetion data which corrects characteristics 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
medium based upon prescribed image data;
first correction data generating means for
generating first correction data for correcting the
variance in density detected by said first detecting
means;
head driving means for printing an iﬁage 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

Sk . €C oL M S %




- 44 - (output of—the+atn—pulses) for actual printing. Further, when the
printing head 1 S conposed of the plurality of heater boards 1000-1 ~

1000-m as sho j rjhis Shaot Ha 18, an arrangenent may be adopted in
whi ch the heating r m
staggered tines |ns

ectrlfled on a per- board basis at

rangenent i n which the heating resistors
of all heater boards are electrlfled S Qurtaneously at step S29. By
virtue of this arrangenent, the capacity of the power supply of the
apparatus can be reebicese Miis fHr Yetera®itg ifink3 eerecatned akehher the
printing of one line has ended. If the printing of one |ine has not ended,
t he program red WHS Babid &Ff $he firsepesid Beeeadstogrett dtht Bhba SaP.
When the printing processing for one |ine ends, the program proceeds from
step S30 to s¢tegriS®y ,théhdfimalheorrection data in a memory of said

printing head.

q.. The printing-head correction apparatus according to
claim 8. wherein said correction data is daEa—for
selecting one or some of a plurality of pulse signals
which are supﬁlied with said printing head and for
providing the selected pulse signal for each of said

printing elements.

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

controlling a diameter of said dot.

11. a printing-head correction method for-creating
correction 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 ﬁhe

detected variance in density of the dots; and

* ¢ L M s =
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COTIVEYAICE nDtor 1109 Is rotated to convey the recording paper in the
an anount equivalent to one line. This is followed

M
cht a is determ ned the printing of one page has ended.
then the programreturns to step S25, at which it i
eceptlon of the next |ine of printing data has been

sub,{shfﬂ iﬁ
det er H
conpl eted. W
repeating the
t er m nat ed.
according to

Fig. 22 is a
arrangenent o

en the printing of one pébb~ﬂf an image is finished by
above-descri bed operation, printing processing is

i s

50r%gg the correction data in 4P memory ofAthiel nting head
athir

odiment of the invention will now be descri bed.

ngﬁglg ageagr il lustrating an exanple of the circuit
a hea er board 1000a, one

12. The printing-head correction apparatus according to
claim 11, 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.

13. The printing-head correction apparatus according to
claim 11 , wherein said correction data is data for

controlling a diameter of said dot.

14. A printing-head correction method for creating
correction data which corrects characteristics of

printing elements constituting a printing 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 variénce in density;

.printing an image based upon the prescribed image
data on the printing medium while controlling séid

printing head on the basis of the first correction data;

10
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of the heater boards of the printing head 12 of the ink- ] et p.iuti.g
apparatus |IJRA of the third enbodi nent. Conponents in Fig. 2 |d ntlc

with those of the heater board 1000 of the printing head sho eﬂmmd
are designated by like reference nunerals. I'n Fig. 22, ,
denotes the el enent substrate (heater board) of the prlntlng h

this enbodi ment, numeral 300 desi gnatedZa-heati ng- pul se generatlng
circuit for deciding heati ng pul se width, described below with reference

to Figs. 23 and 24 éiaaﬂae%drl%%%ed%%%ﬁs&@ bet @Bt§i peihtefiobn! at ching

printing data. Prlntlng ta or data for deciding heating pulse width

enters the shifd gragits! ﬁa@&um§er|ally in sync wwth the shift clock 116
and is held by the shi regi ster 904. Nuneral 221 denotes a terminal for

entering the cl OClge&i@aadm@isvétmidm&ercltaoheaah;agfopubserwdﬁhg and 222
denotes a latch clock for latching the data fromthe shift register 904 in
t he heating- thwldestegire atarmignoer dni de@8@ty; and Fig. 23 is a bl ock
di agram showi ng part of the
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.

15. The printing-head correction apparatus according to
claim 14% 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.

16 . The printing—head correction apparatus according to
claim TT, wherein said correction data is data for

controlling a diameter of said dot.

17. 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 eléments in dependence upon printing

data, said printing head comprising:

%* c L M s *:
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construction of the heating-pul se generating'circ%hgmgg asg& %h? EPird
1C 1t Replace

enbodi nent. This circuit generates the .
46 - heating pulses for the heating resistors 901Hﬂm’mnﬂlﬂlu i ght
| 221

heating resistors. A four-bit counter 201 counts 't
applied thereto. Data fromthe shift register 904 for deciding the wdth
of the heating pulses of the eight heating®lenents is input an eight-
bit latch circuit 202 and is | atched thereby. Conparators 203, 204 conpare
the output of the counferinpt}] tarehinAe FukpehEepinghg pRuEAN iy i o and
out put pul se signals when the conpared signals agree. A set/reset-type
flip-flop 205 is sikindls tfoe dlbpihgotureenpathtouglk Oshihdresiziivhy t he
output of an OR circuit 207.

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.

18. The printing head according to claim 17, wherein.

said pulse signals are preheating pulse signals.

1q. 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
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:

A
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-
Nuneral 210 denotes | eadi ng-edge data, which is supplied with the shift
I egi1iisShecORak BednRepldkéd i di ng t he | eadi ng-edge tining of the heating pul ses,

and n otes trailing-edge data, which is supplied with from

t he sﬁ!ﬂ! i 04, for deciding the trailing- edge timng of the -
heat i ses. In the exanple of - Fig. 24, let the | eadi ng-edge data be
"0010" (a binary nunber), and |et the'PQa&Iing-edge data be "1011" (a

bi nary nunber), by way of exanple. As a result, when' the output of the
counter 201 agreesaMi {fithecdaniteal Zor YnddibdLad Sh'x%‘i@l%yd%tfaplﬁfﬂ(s%r the

counter 201 has started counting in response to the clock™signal (CLK)
221, the out pyfgedld NeoX oI 'oudSeritt ttdirdhghh8akidgResh 8¥elreand so does

the Q output of the flip-flop 205 - 47 -
elenents; '
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.

20.. The printing head according to claim 19, wherein

said resistive elements are heat-generating resistors. -

2]1. The printing ﬁead according to claim 19, 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.

22. The printing head according to claim 19, wherein
said plurality of pulse signals are preheating signals

for preheating said heat-generating resistors.

¥* c L M S *
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(timng T1). As the counter 201 counts further and the output value
t her eof cones i nt orEhetHRBeenReplacedhe trail i ng-edge data (OBH), the out put

of the conparat or [ hi gh 1evel and the flip-flop 205 is
reset (timng T2). m‘m ating pul ses for eight heating resistors
901 are generated a tied. In the third enbodi nent, heating
pul se width is decided for each one of The prescribed nunber of heati'ng

resistors 901. However, this does not inpose a limtation upon the

invention. Fer3 exampd §rifte datidad Gdcording020k1bie 197 Ghlerkdn
constructed of nultiple stages and one-bit data fromthe shift register
904 can be esMdx esf auid lRmta subistirateseifgkthermacluweseby heating

pul se widths in a plurality of stages can be decided in units of one
heati ng resi sdetedling medrds forcdetedttings resdsitaadet fraflueseofiusbad of
| at ch cl ocks 222 conformto the nunber of stages. Further, in the <circuit
of Fig. 23, aresisalverelamgmient is to provide a reset-signal input
termnal, which is for inputting the

' 24. The printing head according to claim 19, wherein

each of said element substrates further includes

temperature detecting means for detecting temperature of

said resistive element.

25. The printing head according to claim 19, wherein
said printing head is an ink-jet printing head which

performs printing by jetting ink.

26. The printing head according to claim 25, 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.

271. The printing.head according to claim 19, wherein
said applying means flows a current through said

resistive elements upon taking the logical sum of each
of said bulse signéls in dependence upon the selection

information.

RN
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reset signal (RESET) that is supplied with the MPU 1701, i . '
prevent erroneous operation of the heating- pulse generati Wgﬁ&m B placed
The counter 201 and flip- flop 205 are reset by this reset siﬂﬂl&ﬂ WI
Further, the counter 201 is a four-bit counter in the third | [}
However, the nunmber of bits in the counter can be decided appropriately
dependi ng upon - 76 - - 48 - the pulse wi'dth

of the heating pulses desired to be produced, the resolution of timng and
the frequencygof phlepehAekng2healUatbsrding . td NeBatdSH Wiiidrdin i S

desired to generate a plurality of heating pulse signals having different

resol utions, thBepiesessagialsaes Abplied ses ddi® radterived dlidmerigs t he
counter 201) is increased in order to conformto a finer resolution,

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 dependenée upon the

selection information.

249. 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 piurality of pulse signals for
flowing current through said resistive elements,.memory
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 applying to
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 printing characteristics of the printing -

eiements of said printing head;

|
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nmutual ly different resolutions wthout increasi of bits of
the shift register 904. The heati ng-pul se generating circuit 300 may
be incorporated on the heater board *000a-n the printing head or it may
be formed as an IC circuit and then nounted on the heater board 1000a.

Further, the circUtiangtelhéaRSDESE BEEi Gy A0 RE &lded to a case in
which all of the heating resistors 901 are not driven sinultaneously but

in segnents i finB6eRation SO PERS Shddl s | SIE GRS Hrtihgieiger supply capacity.
Oper ati on based upon the foregoing arrangenent will now be descri bed.
After the powehasappeyisticépe wippeh daise iedrnirgtstedrin tsaddneati ng pul se
wi dt h of each heating resistor 901 1is decided in dependence upon the
characteri sti chatatteristic information storing means, and

signal s having frequencies that differ fromoge not.he are gener at ed
using a plurality of the clock signals 221 an S 576 lacedyr ¢ combi ned,
thereby nmaking it possible to generated heati I Hl s havi ng

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.

3¢. A printing apparatus for printing an image on a
printing medium by electrifying and driving the printing
head described in claim 19, comprising:
characteristic information storing means for
storing printing characteristics of the printing
~ elements of said printing head;
transfer meéns for deciding the selection
informatién on the basis of the printing
characteristics, which have been stored in said
characteristic information storing means, and
transferring this selection information to each'glement

substrate of said printing head;

NN s
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- 49 - anmount of-—ink—discharged—{per inpression of a prescribed pulse at

a fixed tenperature fronleach di scharge port (nozzle: heating resistor)
in conformity with nRﬂ%@rH of the printing head 12. The
characteristic is ﬂ ance The | eadi ng-edge and trailing-edge ’
data for deciding t e wi dt h corresponding to each discharge

port is transferred to the Shlft ‘regist® 904 in sync with the shift ‘cl ock
116. Thereafter, the latch clock 118 is outputted to latch the

 eadi ng-edge and gali, QIQQQ%qéﬂéif% 1hBenRlbE! £okCBLERRECIAG A1 he |atch

circuit 202 of th |ng- Se geflerating circuit I't “shoul d be

not ed t hat q%%ﬂ GBARAG! ebl 8hi8 BLihPEng RER Sh4l BK
di schar ged ihhgg%?b¥§; %P h egc heat er board Bm:;y b%é stored in tﬂe
menory 13 c”‘ﬁéﬁ?d%ﬁﬂﬁﬁ’ﬂ@@Tﬂ%l%Er&h%lectrlflcatlon 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.

3j. The apparatus according to claim 30, further
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.

32. The apparatus according to claim 30, further
comprising temperature detecting means for detecting
temperature of said resistive élements, wherein said
printing means decides préliminary electrification time
of said resistive elements or quiescent time between
preliminary electrification and printing

electrification.

33. The apparatus according to claim 30, wherein said

resistive elements are heat-generating resistors.

- T
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printing head 12 in—thts—enbodinent. Alternatively, it nmay be arranged to

store the characteristic .in the ROM 1702 or RAM 1703. Wen printing is

t hus actymalSheet Has Beqni R4 elt-, the clock signal 221 is outputted in 16 pul ses
ter 201 is a four-bit counter, by way of exanple. -

in a case

As a resu [ se width is decided in dependence upon the

| eadi ng-e nd- trailing-edge data stof®d-in the latch circuit 202, as

shown in the timng chart of Fig. 24, whereby the heating resistors 901

are heat ed. ; 5124 - =Y { ng the
e ne t to clath 30, wherdid¥Mid Ny

printing head3?2 cgﬁgt?ﬁg?ga gg %%?or?%??h %5%ve I n ?hé"f%k-Jet printing

apparatUS_Of_bbhﬁtiﬁngQAaﬁﬂé 2101 0P| i NGl D THd bt WHlch pRrirlegmial | nting
head 12, it is possible to obtain an ink-jet printing apparatus capable of

perform ng hi ghinperd. b 96teingi ink.

35. The apparatus according to claim 34, 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.

36. A printing method for printing an image on a
printing medium by electrifying and driving the printing
head described in claim 30, comprising the steps of:
deciding the selectioh information on the basis of
printing characteristics of said printing head;
transfefring 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 electrificatién.
of said printing head; and
performing printing by flowing current through said
resistive elements of said printing head in 'conformity

with image information.

37. The method according to claim 36, wherein said

resistive elements are heat-generating resistors.
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A~ rlg —25 is a flowhart show ng printing processing from
turn on of the Jole] supply to the end of printing of one page in the

|nk ratus of the third enbodi ment. The control program
for proceSS|ng is stored in the ROM 1702 and is executed
by t The processing shown in Fig. 25 is started by
turnlng on the pomer supply of the appar%?us At step $S41 in the

flowmchart, the resistance values of the heating resistors 901 on each

heater board 3@OOaA0{>rtH€m§rh@éangaxhﬂ@§i A i v @ lielendiss €bar ge- quant ity

characteristic of each nozzle (discharge port) of the heater board are

read. The reagdryoibgsa apPufdDied of privecidgMelénadnak, shag &42iréhet
resi stance values of the heating resistors 901 are detected by the

resistance seosopeffidrmibng pihinting div dlawingeacuirrentchhraogbri stic of
each nozzle is stored in, say, the nenory 13 provided in the printing head
12. Next, at said re51st1ve 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.

39. 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 depehdencé upon printing
data, said printing head comprising:

an input terminal for entering data which decides

pu;se width of pulses for flowing current throuéh said

resistive elements;

* € L s *x
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step $43, the above-nentioned | eadi ng-edge and trailing- ’Iﬁ@@}?

ta i
decided in conformty with the resistance val u St Ha : lcﬁb
resistors 901 of the heater board 1000a and the ink di s-ch%mﬂ ﬂ
characteristics, this data is transferred serially to the
904 on each heater board 1000a of the printing head 12 and the data is

| atched in the latch circuit 202 of thegs heating--pul se generating circuit
300 of each heater board. Wen the Iaté% circuit 202 is constituted by

mul tiple stages, thembAyCheshdNpbr aEosEhe Bl ntgnalten(d heselsi gaalas ent er
collectively) are outputted and latched in the latch circuit 202 stage by
st age. dexéredt £5depsd¥d, inpgut Stelmiiaral nedhidhetdeeridesr isatiidng dat a has
entered froman external device (host
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 meahs 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.

40. The printing head according to claim 38, 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.

47 . The printing head according to claim 38, further
comprising detecting means for detecting resistance

values of said resistive elements.

42, The printing head according to claim 33, further
- comprising temperature detecting means for deteéting

temperature of said resistive elements.
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conputer), not shown, via the interface 1700. If printing data has
entered, the program proceeds to step $45, aL_MﬂLQD_LDE_LEEELXEg printing
data is stored in the RAM 1703. Next, the program proceeds to step $46,

at which it is determined whether one |ine of  prhisBhécRBas BedrMept@Pl € 1S -
capabl e of starting. If the answer is I\ﬁ t he - pUWI to step $44.
If the answer is YES, the program proceé€ds to s ﬂm”'mﬂ At stepr $47,
printing data to be printed on an initial singl ferred

serially to the shift register 904. Next, one line of printing data is
|atched in the latch circuit 903 of each heater board 1000a and the data

s outputted tgéIheTﬁ@{bﬁﬁﬁ@&nﬁ*ﬁgad oot d@McS4? 1BenCBackywhiegBahs (CLK)
221 of 16 puls ' - 52 -
said data includes at least information stipulating
trailing-edge timing of the pulse signal for flowing

current through said resistive elements.

‘44u A printing apparatus for printing an image on a
printing medium by electrifying and driving a ﬁrinting
head, wherein said printing head has resistive elements’
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
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
comprising:

characteristic information storing means for
storing printing characteristics of the printing
eléments of said printing head;

transfer means for deciding said data on the basis

of the printing characteristics, which have bee#-stored

R BN S ST A W
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according to thFS_EWbUdTWEﬁT_HTE_SUpplIed with the counter 201. As a
result, as shomn 4 N g 24, the pulse widths of the heatin
pul ses are deci de Shee%( ar'mﬂe& lacedupon t he | eadi ng-edge and traili ng-edgg
data fromthe Iatc whereby the heating resistors 901 on each
heat er board of th 12 are electrified (heated). Actual
printing of an |nage |s thus carri ed od# .- The reception of data from
t he host conputer and the transfer of the next series of printing data to
the shift reghstgid%tariceaeishat pifdaaith o &t theditis, @wen during
heati ng processing for actual printing. Further, an arrangenent may be
adopt ed i n whighnsberringt thisréstst oo ssaid ptiantinid ihechd;n asect i ons at
staggered tines instead of the arrangenent in which all heating resistors
901 are el ectrifiepgrinmhyaeteastyfring shegnsSiBor Byutputituisienfthehi s
arrangenent, the capacity of the power supply of the apparatus can be
reduced. Nextlogk sigpabibe saidscoenting mepnthahien pmiatinantisng of one

| ine has ended. I|f the grlntlng of one l|'ine has
performed flowing current through said resistive

(0]

elements of said printing head in conformity with image

data.

45, A printing apparatus for printing an image on a
printing medium by electrifying and driving the printing
head described in claim 3%, comprising:

transfer means for transferring plural types of-
data, which stipulate electrification time of the
resistive 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 ih éonﬁormity with image

data.

46. The apparatus according to claim.44n further
comprising detecting means for detecting resistance
values of said resistive elements, wherein said printing

electrifying means decides pulse width of pulseé for

THIS SHEET HaAS pro
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not ended;—theprogramreturns to step S47 to repeat processing fromthis

ste _ V%en the printing processing for one Iine ends, the program
ceéh §#€ qs¢§ito step S50, where the conveyance notor 1709 is
rotate recordlng paper in the sub-scan direction by an
anDunt 84 - - 53 - to one printed
line. This |s omed by step S51, at which it is determined the pri'nting

of one page has ended If the answer is NO, then the programreturns to

step S46, at miyuwilng lcursef@! ehifongl whetheesigeepei eDeméntshennext |ine of
printing data has -been conpleted. Wien the printing of one page of an

I mage i s finiddirshdence epoat ithe tresishaneedeatuebed operation, printing
processing is term nated.
47. The apparatus according to claim 44, further
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.

48. The apparatus according to claim 44 wherein said

resistive elements are heat-generating resistors.

4q. A printing method for printing an image on a
printing medium by electrifying and driving the printing
head described in claim 38, comprising the steps of:

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

trensferring 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 printing is.performed by flowing current through
said resistive elements of said printing head iﬁ

conformity with image data.
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In accordance with the third enbodi nent, as described above, the w dth of.
heating pul ses can be changed through a sinple arrangenent. At the tinme of
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 reduced. In this_eggodi nent, the value of the sensor
914 is detected only at the beginning of the printing processing of one

| i ne. However, an arrangenent may be adopted in which this is carried out
whenever the heating resistors are electrified. Further, in
accordance with the third enbodi nent, as described above, a heating pul se
and a pluralib{ of A préhehahgrmephodefonrpriniping eth Sapsgeated yat o each
heater board of the ink-jet head, preheating pulses are selected by the

| at ch ci rcui t pTbatpngviediumi byi eledteri freine rarsb admi wing sohee getiottingn dat a,
and the preheating_ pulse is conbined yjth a main heating pulse for
printing head described in claim 39, 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 clock 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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- 54 - (the AND of the main heating pulse and i nage 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 increase in the space occupied by the
circuitry. Furthernore, any preheating pulse can be selected wth
ease nerely by storing the selection data, which selects one or sone of
the preheating pul ses, in each heater bdard of the prinithg (Etd 14. As a
result, the anount of ink discharged from each nozzle can ol l ed
in a sinple manner. Further, printing can be performed while hol ding
applied energy substantially constant even in a printing head constituted
by a plurality 9f heaterzboards As a result6 it is pgssible—te—ebfain a

hi gh-quality pr&n&ed // _ .
IMAGE DATA
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I 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.
Fig. 26 is a block diagramillustrating the construction of a heater board
1000b, one of the heater boards in the printing head 12 according to a
fourth enbodinent. Conponents in Fig. 26 identical wth those

- 55 - of the foregoing enbodi mrent are designated by |like reference
nuneral s and need not be described again. In the fourth enbodi nent,
the heating-pul se generating circuit 3@1 obtains the resistance
characteristics of the heating resistors 901 using the




sensor 914, selects the proper pulse width automatically and drives the
heating el enments 901. In Fig. 26, the heating-pul se generating
circuit 301 latches |eading-edge data and trailing-edge data applied
thereto, just as in third enbodi rent. However, this enbodinent differs
fromthe third enbodinent in that the heating-pul se generating circuit 301
| at ches plural types of |eading-edge dita 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 wdth
(trailing-edge data) conform ng istance v I shQuld be
noted that the resistance senso kd on thikhi (Ei rd 1000b
at the sanme tine as the heating Ne . and faithfully reflects the °

resistance characteristics of the heat'ng resistors .901. Fig. 27 is
a bl ock diagram showi ng part of the cgpstruction of the heating-pul se
generating circuit 301 of tfre—fourtiT enbodr nent. Opersaéti on wll be
described with reference td thMAKER%E#;g TWlTH

I
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- 56 - In Fig. 27, nunmeral 330 denotes a four-bit counter simlar to
that of the counter 201, and nunerals 331 - 334 denote conparators simlar
to the conparator 203 or 204 of the foregoing enbodi nent. The conparators
331 ~ 334 each conpare the output value of the counter 330 wth the

| eadi ng-edge data and trailing-edge data |atched in the latch circuit 335
and output a high-level signal when agrgenent is achieved. Aflip-flop 336
is simlar to the flip-flop 205 and decides the pulse width of the
heating pul se signal. A selecting circuit 337 selects one of the outputs
of the conmparators 332 - 334, i.e., the trailing-edge timng (i.e., pulse
wi dth) of the heating pulses. A w ndow conparator 338 decides the
trailing-edge timng, which is to be selected by the




selecting circuit 337, in dependence upon the voltage |evel outputted by
an anplifier/current source 339. In conformty with the resistance
val ue -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
trailing-edge data that have been set. As aresult, it is possible to
realize the drive of heating resi stors 2001 at a heating pul se width

conform ng to the resistance val ues of the heating resistors 901. In
the fourth enbodi nent also, as in the foregoi ngeenbodi ment, the |atch
circuit 335 is constituted by a . - 57 -

plurality of stages, and inputs are nmade in theggorn1of one-bit data in
O

each stage, thereby making it possible ES
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to set a pulse width corresponding to one heating resistor 901. In
the description given above, the sensor 914 is described as being a

resi stance sensor. However, this may 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 retgined by the heating resistors 901
may be sensed to realize printing control (excitation control) conform ng
thereto. This nakes it possi@ e to obtain a printed i nage of even higher
quality. Wth regard tosprocessing exéduted by the MPU 1701 in this
case, the step of readi t heewal ue fHae—Oensor 914 at step S41 is no

| onger necessary. Furth at skePSy fMNal © pes of trailing-edge data
need only be set in advance, aft » aYa¥=Yoy>
as in the third enbodi : OQEdance gy th the fourth enbodi ment,
as described above, condkol by the S nmade -
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unnecessary, as a result of which the burden upon the controller can be
alleviated. Further, though it is inportant to provide these sensors and-
monitor the resistance value or tenperature of each heater board, the
burden upon the control circuitry by an increase in

- 58 - the nunber of sensors is alleviated in this case also. This nmakes
real -time processing possible. In the third enbodi nent, a great
amount of processing is performed by tie MPU 1701 to deal with the

resi stance val ues or tenperature val ues, which change from nonent to
monent. In the fourth enbodi nent, however, thege is no increase in the
burden upon the MPU 1701 and a change in the nperature of the heater
board elenents can be dealt with in real timeQ
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Further, since cables and connectors for connection to the outside are
unnecessary, the effects of external noise are elimnated and cost of
manuf act ure 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 an ink-jetting type. However, this does not inpose a
limtation upon the invention for board can also be applied to that for a
t her mal head. The present invention has been dqgcribed with regard

to a printing agparatus of the type having neans (e.g., el ectrot heqmal
transducer or |gser beam for A nerating thermal energy t he energy
utilized to jet | ink, wherein é?ﬁgﬁiﬁiagn the state of thd ink is mrejght
about by thiQQtHernmal energy. If nce with thrs N L__jk o~
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59 nethod 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
techni ques disclosed in the specifications of USP 4,723,129 and 4, 740, 796.
This schene is applicable to both so-cafled on-demand-type and

conti nuous-type apparatus. In the case of the on- demand type, at | east
one drive signal, which provides a sudden tenperature rise that exceeds
that for film boiling, is applied, in accordance with printing
information, to an electrothernmal 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 '

FIG 9




signals. OMng to growh and contraction of the air bubbles, the fluid
(ink) is jetted via the discharge port so as to format |east one droplet.
If the drive signal has the formof a pulse, growh and contraction of
the air bubbles can be nade to take placq rapldly and in appropriate

fashion. This is preferred since it wl ﬁoss I ble to achieve fluid
(| nk) jettingPREY HNGeE’(BE!ﬂWrW rPé’sﬁleNG PRE EATING FIG. 10A

60 Si RJLSES] des®ULBE@ i n PYESEBeci fPYLBE ons of USP 4, 463, 359 and
4 345 262 are suitab p Mg this pul se shape. It should
be noted that even better rdco difngTcan §1@3per f orned by enpl oyi ng the
condi tions described in the_dpeg¢i fli cqL of USP 4,313,124, which
di scl oses an invention rel aiN tg : :
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rate of increase in the tenperature of the above- nentioned thernal
wor ki ng surface. In addition to the conbination of the discharge
port, fluid passageway and el ectrothermal transducer (in which the fluid
passageway is |linear or right-angled) qHscIosed as the construction of the -
printing head in each of the above-nenti'oned specifications, the present

i nvention coRREHEATING aRREMEATINGnent using the artF H€Scri e n the

speci ficati onsPULSEJSP 4, RSB3IB and 4, 459, 600, which disclose el enents

di sposed in an areanin ﬁpich the thermal working portion is curved.
Further, it is possiple o adoS03n arPREHEATNG POESEd upon Japanese Patent
Application Laid-gpen No. 23670, ! { es a configuration
havi ng a conmon f e ink disé%arge portions of a plurality of

el ectrot hermal transducerns, or Japanese_Paf'ent Application Laid-COpen No.
59-138461, which disgtosgs—a—Tonfr Ton~haviTg-openi ngs nmade to
correspond to the: i hk di{scharge portions, wherein the openi ngs absorb
pressure waves of:thernal ener gy. : :
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- 61 - As a printing head of the full-line type having a |length
corresponding to the maxi numw dth of the recording nmedi um capabl e of
being printed on by the printing apparatus, use can be made of an
arrangenment in which the length is satisfied by a conbination of plural
printing heads of the kind disclosed in jhe foregoing specifications, or
an arrangenent in which printing heads serve as a single integrally forned
printing head. Further, it is possible to use a freely exchangeabl e
tip-type printing head attached to the main body of the apparatus and

capabl e of beingfelectrically onnected to the nmain body of the appanatus
and of supplying ink fromthe NN body, or a cartridge-type printing
head in whic\pn|ink tank is int alr Ty -
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provi ded on the printing head itself. The addition of recovery neans
for the printing head and spare auxiliary nmeans provided as conponents of
the printing apparatus of the invention is desirable since these stabilize
the effects of the invention greatly. Specific exanples of these neans
that can be nentioned are cappi ng meansBor capping the printing head,

cl eani ng nmeans, pressurizing or suction nmeans, and prehggating nearig such
as an electrothermal transducer or another heating el eng\z1 or a Z&
conbi nation thereof. Inplepenting a prelimnary ink discharge da=fagr

- 62 - perform@Q jetting Se rately| of printing also is effe |\&gn

order to performestabilized pN i ng. of tr@"’
pri-nting apparatus is not = S
- E &ﬁ
5 =

=20
O] . LB & %2
o ! < X |f— o i
o ' O o
— 87Y ! 8 & 5 z°
-~ : , |I -
L i : ;
! ¢
1 1
t t
]
]
"
1
] ]
1 ]
] 1
] ]
t [}
] ]
] L}
1 1
1 ]
] )
1 ]
1 1
I 1
] ]
] I
'
1
. o 5]
[} ¥ 1 N zm
5 S[e f & ' 5 <
]
. 2 w Lo
S~ goE 5. °
o
o~ N@ < 26
e T Q )J\‘Zp— 2]
: . ) S \§ ¥& .
| : & T =® Of
: — - F 29
; — o o n =
-— -~ @D ep
, o ou} i
\ o o
! T
(=]
N S - =y -
L %\:8
[oad
-4
- ' 0 ] o:)l 5 ECD
o w < Q ]
oY &. 9 2 N = =
o N~ & L
1 [] }—-
- © 1 1
= 1N | 5
W < J = X
g'—'::x ¢ m] &
Z o0 )7:&5 g
o
)
o L%
- o
~ o
—
B ad

116



limted nmerely to a printing node for a mainstreamcolor 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 printing node for a plurality of different
colors or for full-color printing usi ngl4i xed col ors. Further, ink
is described as belng the fluid in the enbodinent of the invention set
forth above. The h. wused may be one which solidifies at room
tenperature o?- | owet & @ne which softens at roomtenperature or one whi ch

isaliquid roongggﬁﬁerature. Bterngivel® in.an ink-jet arrangenent,
generally the ink i wtérrperaturewontr | ed regul ating the tenperature
of the ink itgelf n a tenperature range of between 30[err]C and
70[err] C so t thé‘ﬁ-scosmy of [the ipnk will} reside in a region that

allows stable_jetting of the ink] Thergfore, |it is permssible to use an
i nk quuefiii-mhen the printing gignal |is applied.
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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 |eft standing
but which is liquefied by application oflfeat. |In-any case, ink which is
liquefied for the first time by thermal energy, such as an ink liquefied
by  application of thermal energy conformng to a printing signal and
jetted as a liquid ink, or ink which has already begun to solidify at the
nonent it reaches the recording nedium can be applied to the present

I nvention. Such inks nay be used in a formin which they oppose the

el ectrothermal 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 nost effective
met hod of dealing with these inks is the above-described nethod of film
boi l'i ng. As to the formof the printing apparatus of the present
invention, the printing apparatus may beygprovided integrally or separately
as an inmage output termnal of an information processing apparatus such as
a conputer. Qther configurations include a facsimle nmachine having a
transmtting/receiving function, etc. In accordance with this

enbodi nent, as described above, a heating pulse and a plurality of
preheating pulses are supplied separately to the heater hoar of the

ink-jet printing head, preheatin§ pulses are w
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- 64 - selected by a latch provided within the heater board to save

sel ection data, and the preheating pulses are mxed wth inage jetting

pul ses (the AND of the heating pulse and imge data), thereby making it
possible to exploit the conventional shift register effectively. As a
result, circuit elenents for entering the selection data can be deleted to
prevent an increase in the space occupildd by the circuitry.

Furt hernore, any preheating pul se can be selected wth ease nerely by
storing the selection data, whi.ch selects.the preheaging pulses, in the
printing head. As a result, the ampbunt of ink disciarg¢d fromeach nozzle -
can be controlled in a sinple mnner. Furthef, prijnting can be
perfornmed while holding applied &er pstamtThl |y cdnstant even in a

Iy
printing head constituted by a pl of tpr boafds. A?La result,
alitly pfinigl mage féff:P uneven

it is possible topahtain a high-
density and streallaqg that
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it is
is
printing

it

Furt her,

printing head and a printing apparatus
the printing head on the

I nk di schar ge.
In the description given above,

unit on the side of the ink-jet

acconpany a fluctuation in anmount of
possible to provide a long-life
head.
that the contro
apparatus controls the printing operatioh8of

whi ch uses this

descri bed
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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

nmet hod of setting the driving power of each of the printing elenents of
t he printing head. The present invention has been described with
regard to a printing apparatus of the ty e havi ng neans (e.g., an

el ectrothermal transducer or |aser beam1%or generating thernal energy as
the energy utilized to jet ink, wherein a change in the state of the ink
I's brought about by this thernal energy. In accordance with this method

of printing, high- N i M Fo—P A= DE acim ev
The present i nt i onf Kanshe 4 tJ g_;sys em coisti [ uted by a
plurality of I Cgs t&|an tug Tgonpfi sijng si hgl e devi ce.
Furtherrmre I't gogs C%ht ut t hat |t he mven{ioa, s applicablje al so
a case where the |oBjeg of .ghexm|nvéng o% a4t @il n&d| by  suppl yijng a
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- 66 - As many apparently widely different enbodi nents of the
present invention can be nade w thout departing from the spirit and scope
thereof, it is to be understood that the inventionis not limted to the
specific enbodi ments thereof except as defined in the appended clains.

- 67 - What is clainmed is: 1. A prjgting-head correction apparatus
for creating correction data which corrects characteristics of printing
el enents constituting a printing head, conprising: head driving neans

for driving the printing head to print a predeterm ned i mage on a
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printing nmedi um detecting neans for detecting a variance in density
of dots of the predeterm ned i mage whi ch has been printed on the printing
medi um correction data generating means for generating correction
data for correcting the variance in density detected by said detecting
nmeans; and transmtting meaps—e aRsH-Rt i ng the correction data to
a menory | ocated on the printing head, TigRN ONenogy stﬂ:lggﬁu -Jectlon
dat a. 2. The printing-heap mesumwparat c di ﬁg o]
claiml., wherein said printing hsacg et printing head which
perfornms printing by discharging I nk. 3. The printing-head

correction apparatus accqrdl Ngggsh BOARD RESISTANPE R BI n salld cagsection data
is data for sel ecting ongg MiScHA E$ Aé\l purse signal s

whi ch-are supplied with S&é—%—%’ﬁ@%ﬁﬁﬁv——pﬁvi di ng the ,
sel ected pul se signal for_each of said printing elenents. 4. The

printing-head correction |appar at usgpSRPINRRM 1763 claim g2 ein said
correction data is data f j

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

- STORE IN RAM 1703 ——525

OUTPUT PRINTING DATATOHEAD 12 t—~—527
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" "OUTPUT PREHEATING PULSES 103 —— 528
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controlling a dianmeter of said dot. ' | - 68
- 5. The apparatus according to claim1l, wherein said detecting neans

i ncl udes: a photoel ectric transducer for capturing a printed dot;
and an i mage processing circuit for subjecting an inmage signal from
sai d photoel ectric transducer to inmage rocessi ng. 6. The appar at us

according to claiml1l, wherein said hea Zdriving means perforns printing
until said printing head attains a steady state, and said detecting neans

detects a variance in dots after said printingshead has
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attained the steady state. 7. The apparatus according to claima1,
wherein said printing head has a plurality of el enment substrates each
having a plurality of printing elenents, ‘and said detecting neans detects
a variance in density for each elenment substrate. '

- 69- 8. A printing-head correction apparatus for creating correction
data which corrects characteristics of pdnting el enents constituting a
printing head, conprising: first detecting nmeans for detecting a
vari ance in density of dots that have been printed on a printing nmedi um
based upon prescribed |inmage data: first correction data generating
nmeans for genapatinpg first correcti-on data for correcting the variance in
density of o'ﬁtg detp¢ted by said tirst detecting neans; heqd dri ving

i mge dbased|upon the prescribed image data ¢n the
sald prlntlng head on the basis}of the
Means for detectin §=

i mage pr|nteo on the printing umin

second c@rrection
ion data for c¢rrfecting
d ™econd det gcting :

means for p(rj%tﬁi ng h
printing ne whi | ¢
first corredrﬁg

variance in sifty

conformty dsi e
dat a gener atg e ahs
the variance ifr dengi.
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storage neans for generating final correction data on the basis of the
first and second correction data and storing the. final correction.data in a

menory | ocated on said printing head. 9. The printing-head correction
apparatus according to claim8, wherein said correction data is data for
sel ecting one or sone of a plurality ofvfulse signal s whi ch are supplied
with said printing head and for pro 4ding the sel ected pul se signal for
each of said printing el enents. 10. The printing-head correction
apparatus according to claim 8, wherein said correction data is data
for controlling a dianeter of said dot. 11. A printing-head

correction nethod forf crgati ndg cofrect{i on] data which co
characteristics of prfintijng ellenrefits ¢onsjituting a pri
conpri sing thip stepsjof: | _. L) predetermwne
printing nedi gn by e prji n}i ng|head; udet ecti ng
density of dofs of The prjede ITreg I MRge W) Ch has e

DI~ T he

printing nmedium —--Lo— _ den ction-data-for— Lhe_
detected vari ance ipdendit - anf st Dr recti on
datainarrermry'l‘ﬁ T édjfon “heagy ~ T T
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- 70- 12. The printi
said correction. data is
pul se signals
provi ding the selected p
13. The printing-head cor
said correction data is

14. A printing-head c
corrects characteristics
conprising the steps of:

have been printed on a p
" generating first correct
density of dots; p
data on the printing ned
basis of the first corre
of dots of the inmge pri
second correction data f
generating final
data and storing

correctj

ng- head correction apparatus
dat sel ecting one or sone of

ul se signal for each of said
rection appar [

data for K I ngYa di aget
orrectio ‘ggﬁ Al at i ngﬁ
of prin ntsS cdgnstituti

detectlngia variance in d

claim1ll, wherein
a plurality of

whi ch are supplied with said printing head and for

printing el ements.
claim1l, wherein
er Qf Sadid=dot.
(;;J ogégita whi ch
ng a printing head,
ensity of dots that
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bed ge dat a;
frec§3gavar|ance in

I um whi | e contro&llng sai d pri nt
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tTng a va
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the final correction data in a nenory |ocated on said printing head.
REPLACEMENT SHEET : - 71 - 15. The
printing-head correction apparatus according to claim 14, wherein said
correction data is data for sel ecting one or sonme of a plurality of pulse
signals which are supplied with said prignting head and for providing the
sel ected pul se signal for each of said printing elenents. 16. The

printing-head correction apparatus according to claimil4, wherein sajd
correction data s.gata for controlling a dianeter of said dot.
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17. A printing head having resistive elements 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 conpri sing: -72-

an input termnal for entering a pluraligy of pulse signals for flow ng
current through st '
i nputted selectign in
pul se signal s entl|ering
which is resg?nsive to

means, for
a.
cs"(

= B Lot iy ol canpont o P N R WA~ -G - ~t 1
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sel ecting, and applying to said résistiyeuelenents, any one of the

plurality of pulse signals entering from said+ i nput terminal. 18. The
printing head according to claim 17, wherein said pulse signals are
preheati ng pul se signals. 19. A printing head constructed using a

plurality of elenment substrates each having resistive elenents for
driving a plurality of printing elenments and a circuit for performng
printing by flowing a current through said resistive elenents in
dependence upon printing data, said printing head including a menory for
storing data foPRiINTl‘lNGtI—EEg\lD,rPRINﬁmGFMEIHGD ANDAPPARATHSof said

el ement substrates; each of said el enent substrates having:

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 selection-data
latch circuit for latching the selection data, a
selection circuit for selecting any one of a plurality
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 a head
correcting 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 and sets the

selection data in the selection-data latch circuit.
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for f ng current through said rsistive elenents; menory nmeans
for oring inputted selection infornmation for selecting any one of the
pl uxgl OFMTHE ABSTRAGrognals entering fromsaid i1 nput.termnal; and

ap v Rg—HEaSs AWAH--G-1 SISIATalARS = o ars > e S H—-O+—H8 < S < il
said nenory neans, for selecting, and applying to said resistive elenents,
any one of the plurality of pulse signals entering fromsaid input
termnal . 20. The printing head according to claim19, wherein said
resistive el ements are heat-generating resistors. 21. The printing
head according to claim 19, wherein said nenory neans includes-a |atch

Ci reui t pRONTIREFIEARD, PRIRTREGMETROD AN KPPARNFES UsING SRIE Aba @ shi T
APPARATUS AND METHOD FOR CORRECTING SAID PRINTING HEAD

- 73” SEARGH lHEPORTfFUPWﬁWNmQGHWW@V ality of pulse signals

A printing head (12) has a plurality of heater boards (1000), each of which includes a shift
register (904) to which printing data and selection data for selecting preheating pulse signals
(103) are applied as inputs, a latch circuit (903) for latching the printing data, a selection-data
latch circuit (102) for latching the selection data, a selection circuit (101) for selecting any one
of a plurality of preheating pulse signals (103) inputted 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) is stored in a
memory (13) 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
circuits (102).
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refii ster which holds the printing data serially %Eélﬁ OCPPYhere't_o. 22.
¥he printing head according to claim19, wherein
signals are preheating signals for preheating said heat QEPEKENEH@ HEET
3. e printin

resistors. 74 -
¢ 2 {8 99

head according to claim 19, each of sat 7 zl ement substr gt ds
I ncl udes detecting means for detecting resistance valu

resistive, _el epent . 24. The printing head according to c_gJ,m_lQ,_AAhe-Peli
each of s¥uat Substrates further includes tenperhture detecting
means for detecting tenperature of '

L. 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 a predetermined image on a
printing medium;

detecting means for detecting a variance in derisity of dots of the predetermined image
which has 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 a2 memory_ located on the printing
head, said memory storing the correction data.

2. The printing-head correction apparatus according to
claim 1, wherein said printing head is an ink-jet

printing head which performs printing by discharging

ink.

3. The printing-head correction apparatus according to

claim 1, 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.

4. The printing-head correction apparatus according .to
claim 1, wherein said correction data is data for

controlling a diameter of said dot.
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sai d resistive el enent. 25. The printing head according to claim?19,
‘wherein said printing head is an ink-jet printing head which. perforss

printing by jetting ink. 26. The printing head accordlptggtf\@mﬂ g1 BHBHE,
wherein said printing head jets ink by utilizing ther gy —sar d
printing head having a thermal energy t9¥msducer  for r at %@ mg|
energy applied to the ink. 27. The printing head afke r&ﬁ%&%ﬁ Paim
19, wherein = said applying nmeans flows a current through said
resistive elements upon taking the |ogical sum of each “of said pul se

signals in dg?endence upon the sel ectjon I _nf or

The apparatus according to claierﬂlwhereln said
detecting means includes:

‘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.

!/ 6. The apparatus according to claim 1, wherein said
head driving means pefforms printing until said printing
head attains a steady state, and said detecting means
detects a variance in dots afterlsaid printing head has

attained the steady state.

7. The apparatus according to claim 1, wherein said
printing head has a piurality of element substrates each

having a plurality of printing elements, and said

detecting means detects a variance in density for each

element substrate.

A



-75 - 28. The printing head according to claim19 wherei
Signals are applied to said resistive elenents on the Ha ?‘lgmeEMﬁms&HEET
signals of a type which satisfy the condition P <P <

represents the nunber of the plurality of pul se signals d P'gggp% ent
the nunber of pul ses outputted in depe@@ence upon the ke ey &

I nformati on. 29. A printing apparatus for printing ani . .
printing gediumby electrifying and driving a printing head, wherein said
printing Pead KadrinuRg-bed eorescione apraratmsy forg creatingy cArrpdtion : ng
el enent s, cleuractenistids of peiniignadmenar cofidtineing ACriatifg had) domprisihg:pul se signal s for

flow ng curren.d H&Q&ﬂ@g n‘ﬁeﬂﬁsdfof 8@&?&&2(%&4 Hﬁmenslt rB!%r(Tig{S){ at H%ve 2 IL E rtrt?({ oring

i nputted selection one y of
pul se si ghRFEINgIRgdiymR ﬁ@se'FI“B‘?ﬁ %féﬁcélb"?‘h‘mﬂge E"éi‘ m naI and appl yi ng neans,

first correction data generating means for generating ﬁrst correction data for correcting the
variance in density of dots 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 of the image 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 of dots detected by said second detecting means; and

storage means for generating final correction data on the basis of the first and second

o correction data and storing the final correction data in a memory Jocated on said printing head.

9. The printing-head correction apparatus according to
claim 8, 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.

10. The printing-head correction apparatus according to
N\ claim 8, wherein said correction data is data for

controlling a diameter of said dot.

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

detecting a variance in density of dots gf the predetermined image which has been printed
on the printing medium;

generating correction data for correcting the detected variance in density of the dots; and
storing the correction data in a memory Jocated on the printing head.
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which is responsive to the selection information stored in said nenory.
hreans, for selecting, and applying to said resistive elenents, any one. of
the plurality of pulse signals entering fromsaid inp ' 3‘-}-&'\11
appar at us conpri si ng: characteristjc information|sperliieg ri
storing printing characteristics of thé Brinting el emgnt said pri tﬂng
head; - 76- t rlansf gre pgn®@9For :
deciding the selection information on the basis of thel pyifiting
characteristigs, THi grihdiaglaendsteredctlogabsbaiaid
storing neans, and transferring this selection 1nform
printing heddim 11, wherein said correction data is dat

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.

13. The printing-head correction apparatus according to
claim 11, wherein said correction data is data for

_\/‘ controlling a diameter of said dot.

14. A printing-head correction method for creating correction data which corrects
characteristics of printing elements constituting a printing 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 of dots;

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;
detecting a variance in density of dots of the image printed on the printing medium;
generating second correction data for correcting the detected variance in density; and
_ generating final correction on the basis of the first and second correction data and storing
~/ the final correction data in a memory located on said printing head.

* c L L] s *



prelimnary electrifying means for outputting a plurality of pulse signal§
fo said printing head and for performing prelinmnary electrification of

said printing head; and printing electrifying nmeapssd®h TOT,
printing by flow ng current through said resistive elenenféeépﬁﬁ@gﬁéﬁkgp
printing head in conformty with inage'ﬁﬁrornation. 3D. A printing

apparatus for printing an inmage on.a printing medi um by| e] e@t% 8 tpgand
driving the printing head described in claim?19, conprilsijng:
characteristic information storing nmeans for storing prjntTng
characteristics of the printing elenents of said printiing_head;

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
each el enent '

15. The printing-head correction apparatus according to
claim 14, 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

o printing elements.

16. The printing-head correction apparatus according to
claim 14, wherein said correction data is data for

controlling a diameter of said dot.

17. A printing head having resistive elements for
driving a plurality of printing elements and a circuit
for performing printing by flowing a curreht through
said resistive elements in dependence upon printing

data, said printing head comprising:

G



substrate of said printing head, . -77-

sprelimnary el ectrifying neans for outputting a plurality of pulse si

nal s
to said printing head and for perform ng prelimnary eleet++trcarhi
said printing head; and printing electrifying éﬁ§LAQﬁW¢ﬂ3 P aﬁf g
printing by flomtng current through sd¥d resistive elements of sai d
printing head in conformty with inmage information. walosit
according to claim 30, further conprising detecting neagiv detectl

resi stance

deci des printing QIéEP 85F38ﬁ

val ues of s resi s& ¥e el ene

SeoeRtet s 3 Il Yeloet?aﬂié &n

conformty m”ggaialg02e§igagﬂgecurrent 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
selécting, and applying to said resistive elements, any

one of the plurality of pulse signals entering from said

input terminal.

18. The printing head according to claim 17, wherein.

said pulse signals are preheating pulse signals.

19, A printing head constructed using a plurality_of
element substrates each having resistive elements for
driﬁing 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 including a memory for storing
data for correcting printing characteristics of each of

said element substrates;

each of said element substrates having:

* c L N S *



val ues. 32. The apparatus according to claim 30, further conprising . .
-tenperature detecting neans for detecting tenperature of said resistd -

el ements, wherein said printing nmeans decides prelimnn
time of said resistive elenments or quiescent tinme bet

electrification and printing el ectrifi%ati on. 33. TRhe\apparatys,,
according to claim 30, wherein said resistive el enents \arle ﬁéhﬁﬁgeﬁgﬁati g
resi stors. - 78- 34.

according to claim 30, wherein said printing head is _an

[ ! jet printing
head whi ch perfoffsinput terminal for entering a plurali -

of pulse .. .-
Y Of PU2S

|

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 inforﬁation stored in said memory means,:  for
selecting, and applying to séid resistive elements, any

one of the plurality of pulse signals entering from said

input terminal.

20. The printing head according to claim 19, wherein

said resistive elements are heat-generating resistors.

21. The printing head according to claim 19, 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.

22. The printing head according to claim 19, wherein
said'plurality of pulse signals are preheating signals

for preheating said heat-generating resistors.
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prfnting by jetting ink. 35. The apparatus according to claim 34,

‘wherein said printing head jets ink by utilizing thermgl—enet SALT
printing head having a thernmal energy .transducer for g n@ﬁﬁt&é@%ﬁﬁﬂeééﬁﬁT

energy applied to the ink. 36. A printing nmethod for jprfAting an 1 ma
on a printing nmediumby electrifying afff driving the prf 'QQ'PEQ'@
described in claim30, conprising the steps of: degi

selection information on the basis of printing characteyfistd

printing head; transferring this gelection informgion tp said
brinting head: and™& BERAGIRE PR ﬁaﬁaceramgtﬂe%%m 19, " whgesterrng

| | f | I.d d d f
br ol i nary BB PR PaRnoar SaPaChrFhr Ryt Rasn. LaRHoasS " D2t or mi ng
PN NG bY UG YRl bl aagacéfhg rLEBLELhYE GLERED! £0La Al ¢

resistive element.

24, The printing head according to claim 19, wherein
each of said element substrates further includes
temperature detecting means for detecting temperature of

said resistive element.

25. The printing head according to claim 19, wherein
said printing head is an ink-jet printing head which

performs printing by jetting ink.

26. The printing head according to claim 25, 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.

27. The printing head according to claiml9, 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.

* c L M S *



wi t h I mage i nformation. 37. The nethod according to claim36, wherein

«sai d

resistive elenents are heat-generating resistors,
79 38. A printing head having resistive el enent dri\i sgpah(Hiiial hft‘ﬁ,ﬂo
printing elenments, and a circuit for performng printi
current through said resistive el emermt™ 1 n dependence
said printing head conpri sing: an input termnalj f
whi ch decides pulse wi dth of pulses for flow ng curreptit

p?%’ﬁ%’é‘ﬂt% 4q "

Card i npat 2orm B3P, PEAPEH GRS R T U ot i Lk SR o sarT

pul ses;

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.

29. A printing apparatus for printing an image on a
printing medium by electrifying gnd 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 entering from said input terminal, said
apparatus comprising:

characteristic information storing means for
storing printing characteristics of the printing

elements of said printing head;

e
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counting nmeans for counting a clock signal applied thereto; and”

~e|ectr|fy|ng means for flowi ng current through said resistive.elements—i
dependence upon a count recorded by said counting nmeang Rpel/gaidhdatiacy
stored in said nenory neans. 39. A printing head haV|nq~fesistﬁv%P“““
el enents for driving a plurality of mﬁhingeHmEMSemc grg %9 or
performng printing by flowing a current through said reqdis PVe ﬁ%nts
i n dependence upon printing data, said printing head cdniLising: ar

i nput term nal enterln dat a which, eC|de wildt h of pulses for
fl owi ng current %ﬁ ﬁ?sgeieCtl

-80 -

on

P&?&ﬁr nsy &oF sPFGE éP%n’é

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 fdr 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.

30. A printing apparatus for printing an image on a
printing medium by electrifying and driving the printing
head described in claim 19, comprising:

characteristic information storing means for
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 selegtion information to each element

substrate of said printing head;

I
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menory neans for storing plural itens of he data,
‘termnal, which decides said pulse w dth; _ coun
counting a clock signal applied thereto; det ed -
detecting resistance values or tenperature values off 4aid resistive
el ements; and el ectrifying means ®or flowing cyrrienf Lt HASUGHT sqi g
resistive el enments upon selecting any one of the plurjal} -itens of datja,
stored in said nmenory nmeans, in dependence upon a cqunt recorded by sdid
counting nmeans and_the resistance values or tenperatiure values.detested

by said detectin§*ReaRinary apechRrblyingPeRpfcler RURLHHRE & cl ai m 38,
wherein said nepor ans_includes, a |latch, circuit, for |afchi t he
T ntl ng GaPLUBBREFY O ERBRLEE S aal S b9 53 4eb) Rt L e oh Y o
printing data §erially agflied therfto. e . . .
periforming’ 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.

31. The apparatus according to claim 30, further
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.

32. The apparatus according to claim 30, further
comprising temperature detecting means fbr detecting
temperature of said resistive elements, wherein said

U printing means decides preliminary electrification time
of said resistive elements or gquiescent time between
preliminary electrification and printing

electrification.

33. The apparatus according to claim 30, wherein said

resistive elements are heat-generating resistors.

NI



.41;The printing head according to claim38, further conprising detecting

+nmeans for detecting resistance values of said resistive glefents: T
42.The printing head according to claim 38, further conp NﬁWh@GH% e§§§ r e
detecting neans for detecting tenpera%%re of said resist{vperénents.
REPLACEMENT SHEET A - 81- 3 T?eg_r@,gﬁ;qu@g
head according to claim 38, wherein said data includes a edst
information stipulating trailing-edge timng of the puls si-grat—or

fl ow ng current t hrough said resistive ele rinting

appar at us f or3%pri THY 3y @csergding to A EEES 30, wher

printing head is an ink-jet printing head which performs

printing by jetting ink.

35. The apparatus according to claim 34, wherein said
printing head jets ink by utilizing thermal energy, said
printiﬁg head having a thermal energy transducer for

generating thermal energy applied to the ink.

36. A printing method for pfintiﬁg an image on a
printing medium by electrifying and driving the printing
héad described in claim 30, 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 electrification
U of said printing head; and

~performing printing by flowing current through said

resistive elements of said printing head in conformity

with image information.

37. The method according to claim 36, wherein said

resistive elements are heat-generating resistors.

* € L M 8§ *



prfnting medi um by electrify}ng'and driving a printing head, wherein s

sprinting head has resistive elenments for driving a plu i ﬁﬁfﬁr fri QREEYO
g'éély u.:@l ml !

el enents, an input termnal for entering data which de

f
pul ses for fl.ow ng current through SaI% resistive el engntis, ﬁy S
for storing the data, entered from sai’d - | nput term nal, QHI&@ gaild
pul se wdth, counting neans for counting a cl ock S|gnal pplled ther

and el ectrifying nmeans for flownng current through said rESISéIVG glenent
ind d ed t al dat-a
stored in sanl- ‘é@\?@ ikt reBd bRing 5ERLSeERtne | SRwiE RS
characteri st4,q J;hf tah”glh‘%ﬁﬁl S{o@g pegy n&o%leﬁérgéé r?c{@t%]% it

characterlstlcs (0] nt enen sal

transfer meany o glgng,ﬂa'ﬁn aky gﬁzowﬁgbgse&rra&ttﬂw{gmt' ng

characterlstlcs been
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;

cpunting 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

nemory mearns.

\_ 39. 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 depehdence 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;

+ ¢ L M S %




-82 - in said characteristic information storing nmeans, and
transferring this data to said printing head; and printing

el ectrifying means for outputting the clock signal to sajid;:eo} gg¢gg; gﬁgﬂs
when printing is perforned by flow ng current through s
el enents of said printing head in confo¥hity with i mage . :
printing apparatus for printing an i mage on a printing r iuﬂﬁb%ﬁw ﬁﬁg
electrifying and driving the printing head described in fcllai m 38,

uni ch st pul at o BEBREY; PRROE; BRE PRErbPS RLSEPhoPelny ok iERt s 4 o1,

1o said

for outputting
pulse width;

Tenory means el sal drof! LRLA"gaBE%eAltha1, wn bl WS Sgbad Tvin means

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

\g/ items of data, stored in said memory means, in

dependence upon a count recorded-By said counting means
and the resistance wvalues or temperature values detected

by said detecting means.

40. The printing head according to claim 38, 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.

41.The printing head according to claim 38, further
comprising detecting means for detecting resistance

values of said resistive elements.

42.The printing head according to claim 38, further
comprising temperature detecting means for detecting

temperature of said resistive elements.

I O



clock signal to said counting neans when printing is performed by flow ng
~current through said resistive elenents of said printigg-tread] '
conformty with i mage data. 46. The apparatus acc rBéWﬂﬁ@%TaﬁWﬁ4
further conprising detecting neans for_ detecting resistapce values of
said resistive el enents, wherein said -Hi-nting electrifyi N 5RANs omLi
pul se wi dth of pul ses for : - 83 -
flowi ng current through said resistive eleme ts in depgn
resi stance val ues. 47. The apparatus according to cl aim44, further
conprising tenperature detecting neans for detecting

43.The printing head according to claim 38, wherein

Hes

said data includes at least information stipulating
trailing-edge timing of the pulse signal for flowing

current through said resistive elements.

44. 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
terminalifor 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, 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
U data stored in said memory means, said apparatus

comprising:

characteristic information storing means for
storinQ 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

T
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tenperature values of said resistive elenents, wherein said printing

»el ectrifying neans deci des pulse wdth of pulses for flow n
through said resistive elenments in dependence upon th
48. The apparatus according to clalm4§2 wherein said

are heat-generating resistors. printing nethod\ fpr pn
i mmge on a printing mediumby electrifying and drivingjt eaﬁﬁ@
described in claim38, conprising the steps of: d

| of pulses fam féhafi‘ﬁ UhaTidle rt"e%st‘i%eﬁﬁﬁogﬁghioﬂf wﬁéfﬁﬁ%esu Hraéﬁ&“ stics

said printing transferrin naf pul se
width, to S%ﬁhrfyﬂéitﬁﬂi‘@ hedd @ataster 'sB.&'ldt Pkin@ﬂhé hBagsahfghenory means;
and outputting a prescribed nunb clock signals when printing is
perforned by fl ovwdihiCiHd edlleddti®ifilhg means for outputting the

ke

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.

45, A printing apparatus for printing an image on a
printing medium by electrifying and driving the printing
head described in claim 38, comprising:

transfer means for transferring plural types of
déta, which stipulate electrification time of the
resistive elements; to said memory means of said
printing héad; and

printing electrifying means for outputting the
clock signallto said counting means when printing is
performed by flowing current through said resistive

" elements of said printing head in conformity with image

data.

46. The apparatus according to claim 44, 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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said resistive el enents of said printing head in- conformity with inmage
~dat a. -84 - 50. A printli .
for printing an inmage on a printing nediumby electri QQEﬂTiSHEﬁ@ he
printing head described in claim 39, @ﬁﬁprising t he ste '

s

transferring plural items of data, whi"Ch designate saild {pul se_w,
said printing head and storing this data in said nmenorly \me2fst a
outputting a prescribed nunber of clock sighals when printing is

by f1ow ng %?BJ;JEH{; LOLPLGP tﬁ?&&gﬁ eSi 84 V& A ERS e
y W th rnmage data.

in conform
dependence upon the resistance values.

47. The apparatus according to claim 44, further
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.

48. The apparatus according to claim 44, wherein said

resistive elements are heat-generating resistors.

49, A printing method for printing an image on a
printing medium by electrifying and driving the printing
head described in claim 38, comprising the steps of:

deciding pﬁlse width of pulses for flowing current
on the basis of printing characteristics of_said
L printing head;
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 printing is_performed by flowing current through
said resistive elements of said printing head in -

conformity with image data.
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50. A printing method for printing an.image on a
printing medium by electrifying and driving the printing
head described in claim 39, éomprising 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

oﬁtputting a prescribed number of clock 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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PRINTING HEAD; PRINTING METHOD AND APPARATUS (SI
AND APPARATUS AND METHOD FOR CORRECTING SAID

PRINTING HEAD

A printing head (12) has a plurality of heater boards (1000), each of which includes a shift register
(904) to which printing data and selection data for selecting preheating pulse signals (103) are

applied as inputs, a latch circuit (903) for latching the printing data, a selection-data latch circuit

(102) for latching the selection data, a selection circuit (101) for selecting any one of a plurality

of preheating pulse signals (103) inputted 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) is stored in a memory (13) 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 (102).

Figure 4



