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BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION

The present invention relates to an inkéjet apparatus
and a method of controlling an ink~jet head for use in.the
ink-jet apparatus, and more particularly to an ink-jet
apparatus adopting an ink-jet head.that uses thermal
energy for ejecting liquid, and also a method of
controlling the ink-jet head through estimation of the
temperature thereof. .

DESCRIPTION OF THE RELATED ART

An ink-jet method capable of applying extremely small
quantity of liquid to a printing medium has been often
used so far in various fields such as letter printing,
image printing, textile printing and so on, and is now
expacted to be applied to other fields, so that it is
admitted as a very practical technique.

For example, due to a recent diffusion of personal
computers, word processors, facsimile apparatuses and so
on to many offices and individual homes, various printers
respectively adopting different recording methods have
been developed as the output apparatuses fof those

machines. Among these output apparatuses, siﬁce a
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printing apparatus adopting an ink-jet printing method has

various benefits such as its low noise, its capability of

outputting a high-quality print on a printing medium of

various types, and also its small size and so on, it is

5 optimum for a personal use even in offices. Among those

ink-jet printing methods, a thermal method such as bubble-
jet method (which is proposed by CANON INC.) hawving rapid
drivability in response to a request for its activation
has now become the most widely diffused method. The

10 printing apparatus adopting this method first converts
electric signals to thermal energy by use of heating
elements at the print head portion, and causes nucleate or
filﬁ.boiling with respect to the ink, and thereafter
utilizes the pressure thus generated to eject the ink onto

15 the printing medium.

An ink drop applied onto the printing medium is
expanded to form a dot. ‘An.image is formed by a set of
formed dots and it is thus printed on the printing medium.
The area of each dot greatly depends on the size of the

20 ink drop, namely, the ink-ejecting amount. Thérefore, the
most important factor for acquiring a high-quality print
adopting the ink-jet printing method is to control the
amount of ink ejection.

The amount of ink ejection is closely related with

25 the temperature of ink or the ink-jet head, and increases
in accordance with a rise of temperature. For this
reagon, the critical problem from the technical viewpoint
for acquiring a high-quality print is to control
temperature of ink or ink-jet head
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As one of the means for detecting the temperature of
ink-jet head of the thermal method, providing a
temperature sgensor to the ink-jet head is widely adopted.
However, for providing a temperature sensor, there exist
soma problems to be considered such as the rise of the
total cost that may be caused by attaching a means for
amplifying or medulating the electric signal corresponding
to the thus detected temperature or a noise avoiding
means, and an adverse effect which may possibly be caused
by a temperature inclination derived from the dlistance
between the position of the portion to be actual’ly
detected (such as a heating element. on the head, and that
of the temperature sensoxr.

In order to overcome these aforementioned problems,
the assignee of this invention has disclosed a nethod of
obtaining temperature of the ink-jet head by a neans for
obtaining ambient temperature around the printing device
or ink-jet head by using a sensor or the like, and also by
a means for estimating 2 rise of temperaturé of the ink-
jet head from the amount of heat applied to the ink-jet
head within a predetermined period of time, as is
disclosed in the Japanese Patent Application Laving-open
No. 5-208505 and No. 7-125216.

On the other hand, as an ink-jet head adopting the
thermal method, one that includes a plurality o ink
ejecting heaters (hereinafter may be referred to just as
ejection heaters) provided with respect to only one
ejection orifice has been proposed. The ink-je: head of

this type can control the amount of ink ejection in a
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step-by-step manner by changing the number of ejection
heaters used for one ink ejecting operation. Moreover, in
this type of ink-jet head, if a very detailed printing is
required, a high-resolution image can be realized by

5 forming ink dots made of relatively small ink-ejecting
amount, whereas in a case in which a so-called "full-dot”
or "solid" printing is required, the printing efficiency
can be improved by forming the ink dots by méking the ink
ejecting amount relatively large. . '

10 However, in the aforementioned ink-jet heacs to which
a plurality of ink ejection heaters are provided, it has
not yet been proposed that the temperature rise of an ink-
jet head is estimated from the amount of heat applied
thereto within a predetermined time of period in order to

15 obtain the temperature thereof, and the temperature -
detecting method in the case of prdﬁiding only »ne
ejection heater with respect to only one ejection orifice

can not be applied as it is.
20 SUMMARY OF THE INVENTION

The present invention has been achieved to solve the
above-described problem and an object of the present
invention is to provide an ink-jet apparatus capable of

25 estimating with high-accuracy the temperature of an ink-
jet head used therein provided with a plurality of
ejection heaters, and also capable of relevantly
controlling the ink-jet head on the basis of this

temperature estimation, together with a method of
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controlling the ink-jet head.

In order to solve the problems aforementionad, an
ink-jet apparatus using an ink-jet head having & plurality
of heating elements with respect to only one ejection
orifice that generate thermal energy used for e-ecting
ink, or a method of estimating temperature of the ink-jet
head comprising: a means or step for counting the driving
frequency of the plurality of heating elements within a
predetermined period of time for each group of combination
of the plurality of heating elemeénts which are selectively
driven at the ink ejecting time, a means or step for
combining driving frequency for correcting the counted
value for the each group of combination and sumriing the
thus corrected values; and a means or step for estimating
the change of temperature of the ink-jet head from the
summed total value.

Here, the means or step for estimating temperature
may make the summed total value to correspond to energy
applied to the ink-jet head within the predetermined
period of. time.

"Further, the means or step for estimating the

temperature can be constructed such that it comprises a

means or step for converting the summed value made by the
activation frequency combining means into i piéces of
value AQi (i 2 1) that corresponds to a thermal amount
applied to the ink-~-jet head within the predetexmined
period of time:; a means or step for multiplying a
pfedetermined value Ei by a value ATi(n-1) that

corresponds to the accunmulated thermal amount‘of the ink-
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jet head before the predetermined period of time; a means
or step for adding the value AQi to the resultant value of
the multiplication; a means or step for recording the
added up value as a value ATi(n) that corresponds to the
accumulated thermal amount of the ink-jet head; and a
means or step for calculating a change of temperature from
i pieces of the value ATi{n) that corresponds to the
accumulated thérmal amount of the ink-jet head.

Further, the above means or step for estimating the
temperature can be cohstructed such that it further
comprises a means or step for obtaining a change of
temperature ¢of the ink-jet head at'eadh.predete:mined time
lapse on the basis of the summed value obtained by the
driving frequency combining means as individual values;
and a means or step for obtaining a total change of
temperature of the.inkrjet head by accumulating the
individual values calculated at the predetermined time
lapses. |

Still further, in the ink-jet apparatus or the
control method thereof according to the present invention,
a means or step for setting the driving condition of the
heating elements f;am the change of temperature within the
predetermined time period for each group of the
combinations. '

Still more, the'méans or step for setting the driving

condition further comprises a means or step for changing

". the driving condition of the heating elements within the

predetermined period of time for each group ¢of the
combinations.
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Yet still further, the ink-jet apparatus or the
control method thereof according to the present invention
further comprises a means or step for detecting ambient
temperature of the ink-jet head, and the means or step for
changing modifies the driving condition of the heating
elements within the predetermined period of time for each
group of the combinations on the bas;s of the ambient
teMpereture.

And still further, the ink-jet apparatus or the
control method thereof according to the present invention
further comprises a means or step for combining driving
frequency, which further comprising a means or step for
correcting the counted value for each group of
combinations counted by the counting means in accordance
with the driving condition of the heating elements within
the predetermined period of. time.

It is to be noted that in the present specification,
the wording "print' (or may be hereinafter referred to
just as "recording") is used not only for the case for
forming information having meanings such as letfers and
figures, but is used alsovfor forming images, patterns and
s0 oﬁ by ejecting liquid onto a reeording'medium, or
process the recording medium,.regardless of whe:her the
object to be made be feasible or.visibly ohserved.

- Still further, the wording "printing medium" does not
mean only paper sheets generally used for recording

devices, but also means cloths, plastic films, metals and

so on which are all capable of receiving ink ejacted from

an ink-jet head.
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Moreover, the wording "ink" should be comprehended as
same as the definition of the above-mentioned wcrding
*print", and thus, it should mean any kind of liquid used
for forming images, patterns and so on by ejecting liquid
5 onto a recording medium, or process the recording medium.
The above and other objects, effects, features and
advantages of the present invention will become more
apparent from the following description of embodiments
thereof taken in conjunction with the accompanyinag

10 drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view showing one example of a
15 .construction of an ink-jet printer to which the present
invention is preferably applied:

FIG. 2 is a perspective view showing a detail of the
ink-jet cartridge used in the printer of Fig. 1: '

Fig. 3 is a scﬁematic side sectional view showing a

20 general qonstruction of the print head of Fig. 2;

Fig. 4 is a schematic view showing a genercl
construction of a heater board used in the prin-= head of
Fig. 3: .

Fig. S5 is a schematic view showing a generel

25 construction of the ejection heaters formed on the heater
board of Fig. 4;
Fig. 6 is a schematic block dlagram showing a general

construction of a control system adopted in the printed of
Fig. 1:
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Fig.7 is a schematic block diagram showing a feedback
control system or a controlling procedure that adopts a
computation for temperature estimation according to the
first embodiment of the present invention;

5 Fig. 8 is an explanatory view showing a FWM (Pulse-
width Modulation) control applied to the divided pulses
adopted in the first embodiment;

Fig; 9 is a line graph showing the dependency of the
estimating amount on a first pulse (pre-pulse) of a
10 plurality of divided pulses;
Fig. 10 is a line graph showing the dependency of the
ejecting amount on an interval time;
Fig. 11 is an explanatory view concerning a control
of the ejecting amount; and
15 Fig. 12 is a schematic block view showing a feed-back
control system or a controlling procedure that adopts a
computation for temperature ejection according to the

second embodiment of the preseﬁt invention.
20 DETAILED DESCRIPTION OF THE PREFERRED EMBOLIMENTS

The present invention is now explained into details
with reference to the attéched figures.
[First Embodiment]

25 FIG. 1 is a-persbec;ive view showing one example of a
configuration of a color ink-jet printing device
(hereinafter may be referred to just as a printer), to
which the present invention is preferably embodied or
applied. The figure exposes inside the deyicé with its
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front cover removed.

In the figure, reference numefal 1 denotes an ink-jet
cartridge, and 2 denotes a carriage unit by which the
.color ink-jet cartridge 1 is removably retained.

5 Reference numeral 3 denotes a holder for fitting the ink-
jeﬁ cartridge 1 into the carriage unit 2, wherein when a
cartridge fixing lever 4 is moved after the ink-jet
cartridge 1 is installed into the carriage unit 2, the
ink-jet cartridge 1 is press-contacted to the cerriage

"10 unit 2 in connection with this movement. Further, while
-the ink-jet cartridge 1 is positioned by this press-
contacting operation, an electrically contacting point for
transmitting required signals provided in the carriage
unit 2 énd another electrical point provided in the ink-

15 Jjet cartridge 1 are brought into contract to each other.
Reference numeral 5 denotes a flexible cable for
transmitting electrical signals to thé carriage unit 2.

Reference numeral 6 denotes a carriage motor for

reciprocally driving the carriage unit 2 in the main

20 scanning direction, and 7 denotes a carriage be.t for
transmitting the driving force to the carriage unit 2.
Numeral 8 denotes a .guide shaft residing extandedly in the
main scéhning direction for supporting and guiding the
shifting movement of the carriage unit 2. Numeral 9

25 denotes a transparent—type photo-coupler attached to the
carriage unit 2, and nuﬁeral 10 denotes a light-screening
plate prévided near the carriage home position, whereby
when the carriage unit 2 has reached the homelposition and

interrupts the light axis of- the photo-coupler 3, the
- 10 -
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carriage home position is detected. Referencg numeral 12
denotes a home position unit including a cap member for
covering the front surface of the ink-jet head, and also
including & reco&ering system such as a suction member for

5 sucking the whole aréa inside the cap.

Reference numeral 13 denotes a feeding réller driven
by a line-feed unit (not shown) for feeding a printing
medium, which nips the printing medium in cooperation with
a spur-shaped roller (not shown) and expels the printing

10 medium to outside the printing device.

Fig. 2 is a perspective view showing a detail of the
ink-jet cartridge 1 used in the present embodiment. Here,
reference numeral 15 denotes an ink reservoir containing
black ink, whereas numeral 16 denotes an ink reservoir

15 containing c¢yan, magenta and yellow ink. These ink
reservoirs are removably accommodated into‘the body of the
ink-jet cartridge. Further, numeral 17 denotes connectipg
ports for the ink resefvoir 16. storing ink of the thrge
colors, and are connected to an ink feeding pipe 20

20 provided in the main body of the ink-jet cartridge 1,
whereas numeral 18 denotes a connecting port for the ink
reservoir 15 storing black ink. By the connection of
these ports, the ink of three different colors ~an be fed
to the print head 21 retainéd by the ink-jet cartridge

25 main body. Reference numeral 19 denotes an electrically
contacting portion, and when it is brought into contact
with the.contacting portion provided to the carrviage unit
2, electrical signals from the main asse@bly controlling

section of the.printing device are transmitted thereto by
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way of the flexible cable.

Fig. 3 is a schematic side sectional view showing a
general construction of the print head 21, and Fig. 4 is a
schematic view showing a general construction of a heater

5 Dboard used in the print head. |

| In Flig. 4, numeral 4000 denotes the base body of the
heater board generally made Sf‘a silicon wafer c¢hip.
Numerals 4001, 4002, 4003 and 4004 are groups of ejection
heaters (or simply ejection heater groups). respectively

10 for ejecting ¢yan, magenta, yellow and black inks.
Numerals 4005 and 4006 are heaters (hereinafter, eacﬁ one
is refeired to just as an sub-heater) for heating up the
heater board and the ink to a predetermired temperature,
and are provided at the opposite lateral ends outside the

15 range on the heater board within which the heater ejection
groups are arranged. Numeral 4007 denotes a heater rank
detecting section used for detecting resistive '
characteristic and the rank of the groups of ejection
heaters and executing appropriate driving of the heater

20 groups for the thus detected rank thereof (hereinafter
referred to qut as a rank heater). These ejec:ion heater
groups 4001, 4002, 4003 and 4004, sub-heaters 4005 and
4006, and also the rank heater 4007 are all formed by one
semiconductor layer molding process.

25 Numeral 4008 denotes circuits including a shift
register and a plurality of heater drivers used for
controllihg the ejection heaters, and are also formed by
the semiconductor moldiﬁg process. Numeral 4003 denotes a

plurality of terminals for connecting a cirxcuit board 5200
- 12 -
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(Fig. 3), which includes an electrical contactirg portion
to make an electrical contact with the electriczl
contacting portion provided at the carriage unit 2, with
the é:ircuits on the heater board by use of a bonding wire

5 or the like. ' '

In Fig. 3, reference numeral S113 denotes an ejection
heater section as one of the components of the ejection
heater groups, and is disposed at a'position facing to the
sole ejection orifice 5029 and also to liquid passage

10 c¢omnected thereto. Numeral 5112 denotes a common liguid
chamber for receiving ejection ink, which is connected to
each of the liquid passages respectively connected to the
ejection heater groups 4001, 4002, 4003 and 4004, and ig

" further separated or divided into sections so that

15 different inks are not mixed up theréin.

Fig. 5 is a magnified view showing a construction of
the ejection heater seétion 5113 as one example. Here,
numeral 5000 denotes an edge of the heater board 4000, and
a side face of this edge with resgpect to the ejection

20 heater is a face on which the ink ejection orifice 5029 is
arranged. In éhe present embodiment, the ejection heater
section 5113 includes two ejection heaters; namely the
heater 5002 and 5004.. In this embodiment, the ejection
heater 5002 residing in the front side toward the ejection

25 orifice is structured such that its length Lf is 131 pm,
and its width Wf is 22 pm, whereas the ejection heater
5003 residing at the rear side thereof is structured such
that its length b is 131 um, and its width Wb is 20 pm.

' Numeral 5001 denotes a common circuit for each >f the
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heaters, and is commected to the ground'line. Numerals
5003 and 5005 are individual circuits for selectively
driving the heaters 5002 and 5004 respectively, and are
connected to the heater drivers to switch on /off the
heaters.

As explained above, the two ejection heaters 5002 and
5004 are provided with respect to one ejection orifice
5029. By this arrangement, when a high-resolution print
is required, one of the ejection heaters is drivén to
generate bubbles only at the position corresponding
thereto, so that a high-resolution print is periormed by
ink dots of a relatively small quantity of ejected ink.

On the other hand, when only a full-dot print is required,
the both heaters are driven to generate relatively large-
sized bubbles that cover the corresponding entire portions
to perform a full-dot printing by ink dots of a relatively
large gquantity of discharged ink, so that a printing
efficiency is improved.

Fig. 6 shows a block diagram showing a control system
of the above-explained ink-jet printing device.

Here, reference numeral 800 denotes a controller,
which comprises a microcomputer-type CPU 801 that executes
a control sequence shown in Fig. 7, a ROM 803 that storés
a program corresponding to the control gequence and tables
required for execution of the program, and also other
fixed data, and a RAM 805 that provides an imags data
processing area, a working area and so omn.

Reference numeral 810 denotes a host devige for

supplying image data (which can be an image data reading.
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gsection apart from a computer that préocesses data
includiﬁg image to be printed), and the image data, other
commands, status signal and so on can be transmitted
and/or received by way of an interface 812 (I/F].

Numeral 820 denotes a switching device section for
receivin§ commands from an operator, wherein the section
includes- a power switch 822, a print starting switch 824,
a suction recovery switch 826 for instructing a recovery
of suction of recording medium or the like. Nuneral 830
denotes a group of sensors for detecting the state of
device, including a photo-coupler 9 for detecting the home
position, and a temperature-detecting sensor 5024 provided
at a relevant portion to detect thé ambient temperature.

Reference numeral 840 denotes a head driver to drive
the ejection heaters in response to the print data or the
like. HNumeral 852 denotes a driver for driving the main
scanning motor 6. MNumeral 860 denotes a sub-scanning
motor used for transmitting a printing medium P, whereas
854 denotes its driver.

Fig. 7 shows a temperature estimation computing
system according tb the present embodiment or a process
thereof for the estimation of temperature. In the figure,
the blocks may compose a procedure of the processing
operation that executes the controller 800, and at least
one part thereof can be formed by hardware adopting a
logic circuit.

In the present embodiment, a change of temperature AT
of the print head is controlled by using, for example, 6

temperature-change elements ATi(i = 1, 2, 3, 4, 5, 6) each

- 15 -
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having a time constant (hereinafter also referred to just
as a thermal time constant) determined in accordance with
a structure of the print head, a thermal capacity and a
thermal conductivity of the components of the priht head
and the like. In other words, the change of terperature
of the print head is controlled in the following manner.

First of all, the change of temperature is divided
into six temperature-change elements to be managed
independently in accordance with the respective thermal
time constants. Thereafter, the value obtained by
converting the amount of energy applied to the heating
elements within a predetermined period of time to the
temperature rise with respect to respective time constants
and the values of réspective falling elements obhtained by
computing the heat dissipation within the predefermined
period of time determined in accordance with each time
constant, are all added up to obtain the change of the
temperature of the print head. |

Namely, thé change of temperature of the print head
is obtained by the following equation:

AT = ATL + AT2 + AT3 + AT4 + ATS +AT6 - - - - (1)
This procedure is executed in steps 51009, S$1013 and
51016.

Firgt,. the predetermined period of time is set to 50
msec. In order to obtain a rise of temperature during
this time interval,_counting the number of formation of
small dots only by use of one side heater, and the number
of formation of the large dots by use of the both the

ejection heaters is performed respectively in'step 51003

- 16 -
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and step 5§1002. In the present embodiment, the ejection
heaters for respective colors of ink are formed on one
heaterboard and the same type of heaters are used under
the substantially same driving condition, so that

5 substantially same amount of ink ejection is obtained for
all the different colérs, and thus it is not necessary to
count the number of heating operations individually for
respective colors. It is to be noted thap although the
heater used for forming small dots may be either one of

10 the front and rear heaters., it is preferable to use always
the front side one, by which relatively faster Ink
ejecting speed than the other is obtained. For this
reascn, the temperature estimating system according to the
present embodiment is configured on the assumptioplthat

15 the ink ejection using only the rear-side heater is ﬁever
performed.

A correction table for correcting each of the counted
numbers of formation of dots is set in advance based on
the head rank and the diving pulse (in¢luding pulse waﬁe,

20 pulse width, bulse height and so on) used within the
before-mentioned predetermined time 1nterval du ing which
the number of formation of the dots are counted. This is
'because the applied amount of energy is éomputed from the
used driving pulse and the head rank. '

25 The head rank may be determined based on tle
reaisting value of the rank heater 4007 provided on the
heater board. Namely, the rank heater 4007 is formed by
the same semiconductor layer molding process with that the

ejection heaters, so that the characteristic of the
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ejection heaters, which are concurrently formed by the
molding operation, can be estimated by detecting the
resisting value of the rank heater 4007.

The correction value in steps 51010 and S1011 can be
5 set in the following manner. Namely, the head Faving a
.medial resistance value within a plurality of heads during
manufacturing thereof is first considered to be the head
of the center rank. .Thereafter, using the both front and
rear ejection heaters included in one ejection heater
10 section formed on the heater board of the head of the
center rank, the value of power consumption after the
heating operation is conducted by applying é pulse'havihg
a predetermined base width to "100", and the pover
consumption performed in respective rank of the head which
15 is shown as a value relative to the value of "100" is set
as the correction value for each rank. Here, iﬁ'the
voltage abplied to the ejection heater is vh, the pulse
width of the front-side heater is Pf, the pulse width of
the rear-side heater is'Pb, the length and the width of
20 the front-side heater are Lf and Wf respectivelyw, the
length and the width of the rear-side heater are Lb and Wb
respectively, the thickness of the heaters is d. and the-
comparative electric resistance is o, then the consumed
powerlw is obt.a.ined by the following formula;
25 W ="Vh? X pf/[0 X LE/(Wf X d)]
+ Vh? X pb/[0 X Lb/ (Wb X d)]
= [Vh2/(0/d)] X [pf X (WE/Lf). + pb X (Wh/Lb):

The most important and critical parameter within the

- 18 -
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parameters that vary in accordance with inconsistency of
the condition during thé molding process is the resisting
rate ¢. Further, if the length and the width of the rank
heater are Lr and Wr respectively, the thickness thereof

5 is d, and the comparative electrical resistance is ¢, then

the resisting rate Rr is obtained by:

Rr =0 XLr/{(WeXxXxd  —-====-=-- {3)
Then,
6/d=Rr XWr/Lr | == = = = = = =~ — (4)
10 Accordingly, the equation (2) will be;
W = [Vh2/(Rr X Wr/Lr)] X [pf X (WE/LE)
+ pb X (Wh/Lb)] A {5)

Here, the difference between the length and width of the
front-side, rear-side, and rank heaters are respectively

15 set as;

Bf = wE/LE 00 === - - - - - - (6)
Bb =wb/Lb = -~ - - - - - - - - {(7)
pr = wr/Lr - - = == - = = (8)

Then, the equation (5) will be:
20 W = [Vh2/(Rr X Br)] X (pf X Bf + pb X Pb)
| I (9)
Here, if the rank heater resisting value of the center
rank 'is Rinit, the basic pulse width is.Pnnc, then, if a
constant to satisfy the following ecquation is sef to be g:
25 100 = a X [Vh2/ (Rinit XPr)] X Pinict X (Bf + PBb)

Then, the corxrec¢tion value Kl of the large dots will be;
Kl = a X [Vh2/(Rr X Pr}] x (Pf x BEf + pb x Bb)
=100 X (Rinit/Rr) X (pf X Br + pb X Pb)/[Pinit X

- 19 -

| THIG -euooy 1t BECN. -

i_____. This Sheet Has Been Repl

HIIIIH s



s RECEIBVEOD3 EE"IS/BS 11:39 1998 AT 533-869% PAGE 23 (PRINTED PAGE 23) 1]

10

15

20

25

61 7522 TANT&ABE 98/04/08 12:04 P.028

(BE + Bb)]

Further, the correction value.Ks of the small dots can
be obtained by replacing the heat pulse time Pb of the
rear-side heater with "0" in the egquation (1ll) as shown
below: ' .

Ks = 100 X (Rinit/Rr) X pf X P£/([Piaic X (Bf + Bb)1
------ - - - = (12)

in the present embodiment, the correctibn value is
set corresponding to the rate of the power consumption at
the heating operations. This is because the power |
consumed within the predetermined period of time can be
readily related to a temperature-rise element AQi having
the time constant i and contributing to the rise of
temperature within the predetermined period of time.
Namely, a temperature-rise element AQi within the
predetermined period of time in accordance with the number
of heating operatiéqs Hl by use of the both ejection
heaters within the predetermined period of time and the
number of heatin§ operations Hs by use of one ejection
heater within the predetermined period of time can be
obtained by the following equation by use of a Zfunction Fi
for each time constant;

AQi = Fi (HL XK1 + Hs X Ks) = = - — - = = (13)

It is preferable that the function Fi for each of the
time constants used here is held as a look-up table in the
system so as to reduce the load applied to the controller.
These processes are performed at steps S1004, s1008, S14005
and $1006. |
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The temperature-rise element ATi(n) of the print head
at the current stage can be obtained by the following
equation in accordance with the thus obtained temperature-
rise element AQl within the predetermined period of time
5 and the temperature-rise element ATi(n-1)} of the print
. head accumulated by the preceding stage;
ATi(n) = ATi(n-1) X Di + AQi - - - - - (14)
Here, Di is a coefficient which is used for each
temperature-fall element of';ime constant, and Is related

10 to the temperature-fall due to heat dissipation for each
predetermined period of time, and is called a temperature-
fall coefficient just for convenience. This coefficient
is the one that reduces the temperature~change element ATi
of the print head-in a c¢ase in which no heat is applied to

15 the print head. Namely, this coefficient is more than 0
and less than 1 (0 < Di <1). These processes are
performed in steps S1000, S1001, S1007 and S1003 in Fig.
7.. Then, by adding the value ATi obtained in step S109 to
all the time constants in the step 51016, the rise of

20 temperature of the print head is computed to be AT as
shown in the following equation.

AT = AT1 + AT2 + AT3 + AT4 + ATS5 +AT6 -~ - - (15)
By the thus obtained AT and the ambient temperature
" obtained in step S1018, PwWM (Pulse—Wzdth Modulatzion)

25 control in which the pulse to be used is precisely
selected in steps S1015, S1004 and S1017, is pexformed for
the case that only one ejection heater is driven and the.
case that the both ejection heaters aie driven.

Here, for executing the PWM control, it car. be

- 21 -
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arranged such that the heat pulse is of a singie pulse,'
and the pulse width of the singe pulse is modulated.
However, it can also be arranged such that the heat pulse
is of a double-pulse (divided pulse), and the pulse is

5 modulated, so that the ejection amount is contralled to be
constant.

Tha above-mentioned driving mode is now briefly
explained with reference to Fig. 8. In this sane figuré,
Vop denotes a driving voltage to be applied to the

10 ejection heater, Pl denotes the pulse width of a first
pulse in a plurality of divided heat pulses (hereinafter
raeferred to just as a pre-pulse). P2 denotes an interval
time, P3 denotes a pulse width of a second pulse
(hereinafter referred to just as a main pulse). TIi, T2

15 and T3 denote timing for determining P1, P2 and P3,
respectivély. ‘The PMW ejection amount control is briefly_
"divided into two methods; one is a pre-pulse-width
mo&ulation.driviné'method in which T1 is modulaed while
T2 and T3 are fixed, whereas the other is an in:erval

20 width modulation driving method for modulating (T2 - T1)
while T1 and (T3 - T2) are fixed.

The transition of the ejection amount due to the
former controlling method is indicated by a 1line graph as
shown in.Fig. 9. The ejection amount is increased in

25 accordance with an increase of Ti1, and after passing over
one point, it goes. into the area in which a bubbdle
generating phenomenon occurs due to the pulse of Pl. B§
this driving method, it is enabled to make the;transition

of ejection amount have a linear characteristic with
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respect to the modulation of the T1 by optimizing the T1
setting area, to thereby facilitate the control.

The transition of the ejection amount due to the
latter controlling method is indicated by a line graph as

5 shown in Fig. 10. The ejection amount is increased in
accordance with an increase of the interval, and after
reaching one point, it goes into the area in which no
bubble-generating phenomenon occurs any longer. In this
driving method, the rise of ;emperature of the print head

10 causes a critical problem, and thus in a contro. method in
which the pulse width is reduced in a single pulse mode in
the high temperaﬁure area, and the energy to be applied is
reduced to contreol the rise 6f temperature, it can be
. @xecuted by reducing (T2 - Tl) towards the temperature
15 rising direction, and reducing the Tl from the timing at
which (T2 - T1) becomes 0, so that the pulse wave is
modulated with the continuation thereof being maintained.
The present embodiment can be executed by eithe:r one of
the driving methods in accordance with a manner explained
20 later, and can be executed also by a combination of the
both driving methods in the same mamnner.

Note that when the temperature of the ink is low, the
reduced ejection amount due to the low temperature cannot
be fully compensated only by an increased ejection amount

25 caused in accordance wifh the PWM driving method. 1In this
case, the ink-ejection amount is increased by raising the
temperature through driving of the temperature-ceeping '
heater.

Fig. 11 shows an aspect in which actual cortrolling
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operations are exECuted by applying the above-mentioned
relationship. In the same figure, when the temperature is
lower than T0, the print head should be heated up by the
sub-~-heaters 4005 and 4006, and ma;ntain the thus raised
temperature. Accordingly, the PWM control, which is an
ejection amount controlling operation in accordance with
the ink temperature, is performed at the temperature
higher than T0. In Fig. 11, the temperature region which
is indicated as the PWM'controlling area is the region in
which a stable ink ejecting operation is enabled, wherein
in the present embodiment., the ink temperature is within
the range between 24 and 54 °C. In the same figure, the
relationship between the ink temperature and tha ink
ejection amount in the case that the pre-pulse is varied
at different plural steps is shown, wherein even when the
ink tgmperature at the ejection heater section is varied,
by changing the pulse width of the pre-pulse at each
temperature step width AT in accordance with the ink
temparature, the ink ejection amount can be controlled
within the ejection amount controlling width AV with
respect to the target ejection amount Vvdo.

Further. in the present embodiment, since the
required energy to eject ink varies due to a variation of
the resistance value of each heater, which is caused by
inconsistency of the head manufacturing operétion, as
mentioned above, the heads are divided into a plurality of
ranks and pulse groups to be used for the PWM control are

determined in step S1012 in accordance with the thus
divided ranks. |
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As explained heretofore, in the present embodiment,

first, the heat pulse for a case in which only cne of the
ejectlon heaters is driven to eject relatively small
amount of ink, and that for a cuse in which botk the

5 heaters are for ejecting operation are driven to eject
relatively large amount of ink are determined with respect
to both AT and the detected ambient temperature, and
thereafter, the correction values are determined in
accordance with the ranks of each head for correcting the

10 both cases above, so that stable ejecting operations of
emall amount of ink and of large amount of ink are
enabled.

[Second Embodiment]

1S in the aforementioned f£irst embodiment, the
temperature to be controlled is divided per each time
constant to manage the temperature, whereas in this second
embodiment, the nearby time constants are classified into
the same group, and further, the effect of the i ise of

20 temperature within a predetermined time period and its
reduction in accordance with the lapse of time are set in
a look-up table, and a configuration capable of coping
with the ejecting operation of large and émall amounts of
ink is explained with reference to this look-up table.

25 According to the temperature estimating method of
this embodiment, temperature-change element is divided
into two groups; one having a long thermal time constant
and the other having a short thermal time constant

(hereinafter raefaerred to just as a long range and a short
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range, respectively). In the long range, a predetermined
time interval is set to be one second, while in the short
range, a predetermined time interval is set to he 50
millisecond. .The look-up table copes'with the respective
5 ranges. The look-up table for each of the two ranges

becomes a table for showing the number of heating
operations performed by two heaters at a predetermined
time interval (1 second for the long range, and 50
millisecond for the short range), and the relat:ion between

10 the rise of temperature contributed by the number of
concurrent heating operations , and the rise of
temperature contributed within a predetermined time lapse
after the heating operations. The predetermined time
lapse according to the present embodiment is 512 seconds

15 for the long range, and 10 seconds for the shorf: range,
during which periods these ranges are controlled.

In other words, the-look;up table for the long range
corresponds to the functioh of the following equation, if
the rigse of temﬁerature cagsed by the number of concurrent

20 heating operations Hl at the time lapse t is ATZ;
ATL = FL (Hl, 1= (16)

On the other hand, the look—-up table for tke short
range corresponds to the function of the following
equation, if the rise of temperature caused by ‘‘he number

25 of concurrent heating operations HS at the time lapse t is
ATS;
ATs = FS (HS, ) = = =+« - - = - - - - - (17)
By use of these computing tables, the computation for

forming large and small dots can be executed.

- 26 -

\ ! This Sheet Has Been Replaced




{ RECEIVED 84/89 11:4
803 7

10

15

20

25

2 1998 AT -0 RINTED PA
5561 7522 3 575 e PAGE 3B (PRINTED PAGE 38) )

Fig. 12 shows a computing system or process for

.estimating temperature according to the present

embodiment. The blocks in the figure c¢an be components,
as in the first embodiment, for é processing procedure
executed by the controller 800, or at least same of those
blocks can be configured by a hardware that uses a logic
¢ircuit.

Here, since steps S2014, S2015, S$2016, S2018, S2019,
52020, 52021 and $2022 are same as steps S1010, 51011,
£1012, s1014, S1015, S1016, S$1017 and S1018 of the first
aembodiment, the explanation for each step is omitted.
Further, as steps 52005, S2006, 82007, S2010 and 82011 are
same as steps S1002, S1004, S1005, S1003 and S1008 of the
first embodiment, except that these.steps are for
processing the short range.

The temperature estimation according to the present
embodiment is configured to store the historyv regarding
the short range. The history is made up by storing the
number of heating operations from 0 second to less than 10
seconds at every 50 milliseconds. In other;words, the
number of heating operations to be stored is 203. If the
time lapse is ts second (ts = 0, 0.5, 0.10, ...., 1.00),
and the row of the stored number of heating operations is
HS [ts/0.05), then in step 52008, ts that fulfills the
following eqguation is decremented by 0.05 at each step
from 1.00 down to 0.05 with respect to the number of
heating operations H1l 6btained in step S2007;

HS[ts/0.05] = HS[ts/0.05-1] S T s m {18)
And thereafter the following is computed; |
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HS[0] =HL = = === ==~ (19)

Oon thé other hand, in the ﬁresent'embodiment, there
is provided a counter for storing the numbers oI heating
operations per 1 second for the long range. If the count

5 +walue cause this counter is H12, the summation :n the
following equation is performed iﬁ the step S2001;
H12 s H12 + HL = = =+« = = = = = - = = (20)
The counted value when this process is performed 20
times becomes the number of heating operations per 1
10 second. Namely, when this process is performed 20 times,
the process in step $2020 is executed. If the lapse of
time is t1 second, (ts =1, 1, 2, ..., 512), and the row
of the stored number of heating operations is H:[tl]l, then
in step 52003; tl that fulfills the equation (21) is
15 decremented by 1 ROM 512 déwn to 1 in step $2003 with
respect to the numbér of heating operations H12 obtained
in step $2002;. | |
HL[tl] = HS[tl-1] =0 - - - .-~ - (21)
Therefore, the counted value H12 is cleared 5y the
20 following eguation (22)
HL[0] =H12 = e aaaaaa- (22)

Next, with respect to the history stored ir steps
S2003 and S2008, look-up tables for respective long and
short ranges are referred in steps S2004 and S2)09, and

25 the following computation is executed in steps 52012 and
' S2013, respectively; '
ATl = FL(HL[0],0) + FL(HL(1],1) + ... +
FL: (HL:[512],512) - - - - - = -(23)
ATs = FS(HS[0], 0x0.05) + FS(HS[1l, 1X0.05) + ... +
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FS(HS[20], 20 xX0.05) = =- - - - - = =~ (24)

AT1 énd ATs obtained by the above computation are added
to each other in step $2017, and the rise of temperature .
{temperature change) of the head Af is obtained by the
following equation.

=ATL + ATs - ==~ - - -——— - (25)

Thé ﬁrocedure thereafter is same as the procedure

performed in the first embodiment.

{Third Embodiment]

In the aforementioned embodiments, a combination of the
heaters for forming large and small dots is of only one
type. However, the present invention can be apﬁlied even
to a system adopting many kinds of combination =-oo. For
example, in é case that the hea;ers are of different gizes
in accordance with the respective type of ink, “he number
of heating operations for obtaining the large dots and
that for obtaining the small dots are independently
counted for each heater size, and by using the =orrection
values .calculated from the equations (11l) and (12) with

respect to each number of heating operations, iz can be

converted to the number of heating operations whaich is the -

base for all sizes of heaters. By this operation, the
computing methods used in the first and second ambodiments
can be used without any modification.

Further, the concrete values applied in the above
enbodiments are all examples, and thus, it goes without
saying that any relevant values can be applled.

(Further Descrzptzons)
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The present invention achieves distinct effect when
applied to a recording head or a recording apparatus which
has means for generating thermal energy such as
electrothermal transducers or laser light, and vihich
causes changes in ink by the thermal energy so as to eject
ink. This.is because such a system can achieve a high
density and high-resolution recording.

‘A typical structure and operational principle thereof
is dlsclosed 1n U.S. patent Nos. 4,723,129 and 4,740,796,
and it is prefcrable to use thie basic principle to
implement such a system. Although this system can be
applied to both of on-demand type and continuous type ink-
jet recording systems, it is particularly suitable for the
on-demand type apparatus. This is because the on-demand
type apparatus has electrothermal transducers, each
-disposed on a sheet or liquid passage thgt retains ligquid
(ink), and operates as follows: first, one or more drive
gignals are applied to the electrothermal transducers to
cause thermal energy corresponding to recording
information; second, the thermal energy induces abrupt
temperature rise that exceeds the nucleate boiling so as

to cause the film boiling on heating portions of the

(ink) corresponding to the drive signals. By using the.
growth and collapse pf the bubbles, the ink is =xpelled
from at least one of the ink ejection orifices of the head
to form one or more ink drops. The drive signal in the
form of a pulse is preferable because the growth and

collapse of the bubbles can be achieved ingtantaneocusly
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and suitably by this form of drive sigmal, so that the
ejection of liquid (ink) having a quick driving raesponse

. can be achieved. As a drive signal in the form of a

pulse, those described in U.S. patent Nos. 4,463,359 and
4,345,262 are preferable. In addition, it is preferable
that the rate of temperature rise of the heating portions
described in U.S. patent No. 4,313,124 be adopted to
achieve better recording. '

U.S. patent Nos. 4,558,333 and 4,459,600 disclose the
following structure of a recording head, which is
incorporated to the present invention: this structure
includes heating portions disposed on bent portions in
addition to a combination of the ejection orifices, liquid
passages and the clectrothermal transducers disclogsed in
the above patents. Moreover, the present inven:ion can be
applied to structures disclosed in Japanese Patent
Application Laying-open Nos. 123670/1984 and 133461/1984
in order to achieve similar effects. ' The forme: discloses
a structure in which a slit common to all the '
electrothermal transducers 1s used as ejection orifices of
the electrothermal transducers, and the latter discloses a
structure in which openings for absorbing pressuré waves

caused by thermal energy are formed corresponding to the

ejection orifices. Thus, irrespective of the type of the

recording head, the present invention can achieve
recording positively and effectively.

The present invention.can.be also applied to a so-
called full-line type-recording head whose length equals

the maximum length across a recording medium. Such a
_31_
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recording head may consist of a plurality of recording
heads combined together, or one integrally arranged
recording head. '

In addition, the present invention can be applied to
5 variﬁus serial type recording heads: a recording head
fixed to the main assembly of a recording apparatus; a
conveniently replaceable chip type recording head which,
when 1oa&ed on the main assembly of a recording apparatus,
. is electrically connected to the main assembly, and is

10 supplied with ink therefrom; and a cartridge type
recording head integrally including an ink rese-voir.-:

It is further preferable to add a recovery system, or
a preliminary auxiliary system for a recofding head as a
component of the recording apparatus because they serve to

15 make the effect of the present invention more reliable.
Examples of the recovery system are a capping means and a
cleaning means for the recording head, and a preassure or
suction means for the recording head. Examples of the
preliminary auxiliary system are a preliminary aeating

20 means utilizing electrothermal transducers, or >ther type
of heater elements, or a combination of other hesater
elements and the electrothermal transducers, and a means
for carrying out preliminary ejection of ink independently
of the ejection for fecording. These systems are

25 effective for reliable recording. ‘

The number and type of recording heads to be mounted
on a recording apparatus can be alsoc éhanged. For
example, only one recording head corresponding to single

color ink, or a plurality of recording heads corresponding
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to a plurality of inks different in color or concentration
can be used. In other words, the present invention can be
effectively applied to an apparatus having at least one of
the monochromatic, multi-coldr and full-color modes.

5 Here, the monochromatic mode performs recording by using
only one major c¢olor such as black. The multi-color mode
carries out recording by using different color inks, and
the full-color mode performs recording by color mixing.

Furthermore, although the above-described embodiments
10 use liquid ink, inks that are ligquid when the racording
signal is applied caﬁ be used: for example, inks can be
employed that solidify at a temperature lower than the
ambient temperature and are softened oxr liguefiad in the
ambient temperature. This is because in the inx-jet
15 system, the ink is generally temperature adjustad in a
range of 30 °C - 70 °C so that the viscosity of thé ink is
maintained at such a value that the ink can be 2jected
reliably, |
. In addition, the present invention can be applied to
20 such apparatus where the ink is liquefied just before the
ejection by the thermal energy as follows so that the ink
is expelled from the orifices in the liquid state, and
then begins to solidify on hitting the recording medium,
thereby preventing the ink evaporation: the ink is '
25 transformed from solid to liquid state by positively ‘
utilizing the thermal energy which would otherwise cause
the temperature rise; or the ink, which is dry when left
in air, is liquefied in response to the thermal energy of

the recording signal. In such cases, the ink may be
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retained in recesses or through holes formed in a porous
sheet as liquid or solid substances so that the ink faces
the electrothermal transducers as described in Japanese
Patent Application Laying-open Nos. 56847/1979 or

5 71260/1985.  The present invention is most effective when
it uses the film boiling phenomenon to expel the ink.
Furthermpref the ink—jet recording apparatus of the
present invention can be employed not only as an image
output terminal of an information processing device such
10 as a computer, but also as an output device of a copying
machine including a reader, and as an output derice of a
facsimile apparatug having a transmission and receiving
function.
The present invention has been described ir detail
15 with respect to various embodiments, and it will now be
apparent from the foregoing to those skilled in the art
that changes apd modifications may be made without
departing from the invention in its broader asp=acts, and
it is the intention, therefore, in the appended claims to
20 cover all such changes and modifications as fall within

the true spirit of the invention.
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WHAT IS CLAIMED IS:

1. An ink-jet apparatus using an ink-jet ﬁead provided
with a plurality of heating elements with respect to one
5 ejection orifice, said plurality of heating elements
generating thermal energy used fo; ejecting ink.
characterized in that said ink-jet apparatus comprises:
counting means for counting a driving frequency of
said plurality of heating elements within a predetermined
10 period of tima for each group of combination of said
plurality of heating elements selectively driven when
ejecting ink,
driving fréquency combining means for correcting the
counted value for said each group of combination and
15 summing the thus corrected values; and '
temperature estimating means for estimating the
change of temperature of said ink-jet head from said

sumed total wvalue.

20 2. An inkrjeﬁ apparatus as claimed in claim 1,
characterized in that said temperature estimating means
makes said total value to correspond to energy applied to
said ink-jet head within said predetermined period of
time.

25
3. An ink-jet apparatus as claimed in claim 2,
characterized in that said temperature estimating means
further comprising: |

means for converting said total value obtained by
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said driving frequency combining means into i pleces of
value AQi (i 2 1) that corresponds to a thgrmal amount
applied to said ink-jet head within said predetermined
period of time; ' .

S means for mu}tiplying a predetermined value Ei by a
value ATi(n-1) that corresponds to the accumula:zed thermal
amount of said ink-jet head before said predetermined
period of time;

means for adding said value AQi to the resvltant
10 +wvalue of the multiplication;
means for recording said added up value as a valué
ATi (n) that corresponds to the accumulated thermal amount
of said ink-jet head; and
means for calculating a.change of temperatufe from
15 said i pieces of value ATi(n) that corresponds to the

accumulated thermal amount of said ink-jet head.

4. An ink-jet apparatus as élaimed in claim 1,
characterized in that said temperature estimating means

20 further comprises:

means for obtaining a change of temperature of said

ink-jet head at each predetermined time lapse o2 the basis
of. the summed value obtained by said driving fraquency
combining means as individual values; and

25 - means for obtaining a total change of temperature of
said ink-jet head by accumulating said individual values

calculated at said predetermined time lapses.

5. An ink-jet apparatus as claimed in claim 1.
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characterized in that said ink-jet apparatus further
comprisas:
meaﬁs for setting the driving condition of said
heating elements from said change of temperature within
5 said predetermined period of time for each group of said

combinations.

6. An inkrjet.apparatus as claimed in claim 5,
characterized in that said setting means further
10 comprises:
means for changing thé driving condition 6f said
heating elements within said predetermined period oﬁ time

for each group of said combinations.

15 7. An ink-jet apparatus as claimed in claim 6,
characterized in that said ink-jet apparatus further
comprises means for detecting ambient temperature of said
ink-jet head and said changing means modifies the driving
condition of.said heating elements within said |

20 predete;mined period of time for each group of éaid
¢éombinations on' the basis of said ambient temperature.

8. An ink-jet apparatus as claimed in claim 5,
characterized in that said driving frequency combining
25 means further comprises: |
meang for correcting said counted value for each
group qf said combinations counted by said coun<:ing means
in accordance with the driving condition of said heating

elements within said predetermined period of time.
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9. An ink-jet apparatus as claimed in claim 1,
characterized in that said heating elements are
electrothermal transducers for causing £ilm boiling

S phenomenon to the ink through electrical conduct.

10. A method for astimating temperature of an ink-jet

head provided with a plurality of heating elements with

respect ﬁo one ejection orifice, said plurality of heating
10 elements generating thermal energy used for ejecting ink,

characterized in that said method comprises:

a'step for counting the driving fregquency of said
plurality of heating elements within a predetermined
period of time for each group of combination of said

15 plurality of heating elements which are selectively driven
when ejecting ink,

a step for combining driving frequency for correcting
the counted value for said each group of combination and
summing the thus corrected valués;.and

20 a step for estimating the change of teﬁperature of

said ink-jet head from said summed total wvalue.

11. A method for esfimating temperature of an ink-jet
head as claimed in claim 10, characterized in that said

25 step for estimating temperature makes said total wvalue to
correspond to energy applied to sqid ink-jet -head within
sald predetermined period of time.

12. A method for estimating temperature of an.ink-jet
- 38 -

R 0 A O A

weni...._. This Sheet Has Been Rep

T

e

U




[ REBEIBV%% ﬂs'lslg? !1152.'27 1558. AT TASNS?J;REI;? PABE 42 (PRINTED PAGE 42) ] 88/04/00 12:13 P.oA2
head as claimed in claim 11, characterized in that said
gstep .for estimating temperature further comb'rises:

" a step for converting said total value made obtained
by saild driving frequency combining means into I pieces of
5 value AQi (i 2 1) that corresponds to a thermal amount
applied to said ink-jet head within said predetermined
period-of time:
a step for multiplying a predetermined value Ei by a
value ATi(n-1) that corresponds to the accumula“ed thermal
10 amount of said ink-jet head before said predetermined’
period of times;
a step for adding said value AQi to the resultant
value of the multiplication:
a step for recording said summed value as a value
15 ATi(n) that corresponds to the accumulated thermal amcunt
of said ink-jet head; and
a step for calculating a change bf temperature from
said i pieces of value ATi(n} that corresponds =o the
' accumulated thermal amount of said ink-jet head.
20
" 13. A method for estimating temperature of an ink-jet
head as claimed in claim 10, characterized in that said
step for estimating temperature further comprises:
" a step for obtaining a change of temperature of said
25 ink-jet head at each predetermined time lapse on the basis
of the summed value obtained by saild driving fraquency
combining means as individual values; and .
a step for obtaining a total chﬁnge of temperature of
sald ink-jet head by accumulating said individual values
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calculated at said predetermined time lapses.

14. A method for controlling ink—jet head characterized
by comprising
5 a step for counting the driving frequency of said
plurality of heating elements within a predeternined
period of time for each group of combination of said
plurality of heating elements which are selectively driven
when ejecting ink,
10 a step for combining driving frequency for correcting
the counted value for said each group of combination and
sumning the thus corrected values:; and
a step for estimating the change of temperature of
said ink-jet head from gaid summed total value, and
15 a step for setting the driving condition of said
heating elements from said change of temperature within
said predetermined period of time for e&ch group of said

combinations.

20 15. A method for controlling ink-jet head as claimed in
claim 14, characterized in that said setting step further
comprises a step for changing the driving condition of
said heating elements within said predetermined period of
time for each group of said combinations.

25 |
16. A method for controlling ink-head as claimed in claim
15 further compriging a step for detecting ambi=ant
temperature of said ink-jet head, characterized in that

said step for changing modifies the driving condition of
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said heating elements within said predetermined period of
time for each group of said combinations on the basis of

sald ambient temperature.

5 17. A method for controlling ink-head as claimed in claim
14, characterized in that said step for combining driving
frequancy further comprises: |

a step for correcting said counted value for each
group of said combinations counted in said counting step
10 in accordance with the driviﬁg condition of said heating

elements within said predetermined period of tine.

18. A method for controlling ink-~head as claimed in claim
14, characterized in that said heating elements are
15 electrothermal transducers for causing film boiling

phencmenon to the ink through electrical conduct.
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