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INI<:-JEl' APPARATUS AND METHQD OF ESTIMA.TING AND 
.CON'l'RQLLING TEMPERATURE OP' :INK-JET HEAD THEREOP' 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

The present invention relates to an ink-jet apparatus 

and a method of controlling an ink-jet head for use in the 

10 ink-jet apparatus, and more particularly to an ~nk-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. 

15 

DESCRIPTION OF THE RELATED ART 

An ink-jet method capable of applying extremely small 

quantity of liquid to a printing medium. has been often 

20 used so far in various _fields such as letter pr.:.nting, 

image printing, textile printing and so on, and is now 
. 

expected to be applied to other fields, so that it is 

admitted as a very practical technique. 

For example, due to a recent diffusion of ~ersonal 

25 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 for those 

machines. Among these output apparatuses, sine~ 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

j et method (which is p:roposed by CANON INC .. ) haYing 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 

film 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 foTia. a dot. An image is formed by a set of 

foDUed dots and it is thus printed on the printing medium. 

The area of each dot greatly depends on the size of the 

2 0 ink drop, namely, the ink-ejecting amount. Therefore, 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 

reason, 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 th.e thermal method, providing a 

temperature sensor to the ink-jet head is widell· adopted. 

However, for providing a tempe~ature sensor, there exist 

5 some problems to be considered such as the rise of the 

total cost that may be caused by attaching a means for 

amplifying or J'LlOdulating the electrio signal corresponding 

to the thus detected temperature or a noise avoiding 

means, and an adverse effect which may possibly be caused 

10 by a temperature inclination derived from the d~.stance 

between the position of the portion to be actua:.Iy 

detected (such as a heating element. on the head; and that 

of the temperature sensor. 

In orde+ to overcome these aforementioned problems, 

15 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 a rise of temperature of the ink-

20 jet head frem the amount of heat applied to the ink-jet 

head within a predetermined period of time, as ~s 

disclosed in the Japanese Patent Application L~ring-open 

No. 5-208505 and No. 7-125216. 

On the other hand, as an ink-~et head adopting the 

25 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 ej ectio:'l in a 
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step-by-step manner by changing the number of ejec~ion 

heaters used for one ink ejecting operation. Moreover, in 

this type of ink-jet head, if a very detailed p=inting is 

required, a high-resolution image can be realized by 

S fonning ink dots made of relatively small ink-ejecting 

amount, whereas in a case in which a so-called ~full-dot• 

or 8 S01id• printing is required, the printing efficiency 

can be improved by forming ·the i:O.k dots by maki!lg the ink 

ejecting amount relatively large. 

10 However, in the aforementioned ink-jet heaC.S 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 a::;>plied 

thereto within a predetermined time of period i~ order to 

15 obtain.the temperature thereof, and the temperature· 

detecting method in the case of providing only •::>ne 

ejection heater with respect to only one ejecti·::>n orifice 

can not be applied as it i~. 

20 SUMMARY OF THE INVENTION 

The present in~ention has been achieved to solve the 

above-described problem and an object of the present 

invention is to provide an ink-jet apparatus ca-pable 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 aforementionsd, an 

ink-jet apparatus using an ink-jet head having e plurality 

of heating elements with respect to only one ejection 

5 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 

predetermin~d period of time_for each group ?f combination 

10 of the plurality of heating elements 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 sumning the 

thus corrected values; and a means or step for estimating 

15 the change of temperature of the ink-jet head from the 

summed total value. 

Here, the means or step for estimating temperature 

lfltJ.y make the summed total value to correspond to energy 

applied to the ink-jet head within the predetermined 

20 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 combini~g means into i pieces of 

25 value AQi (i ~ l) that corresponds to a thermal amount 

applied to the ink-jet head within the predetennined 

period of time~ a means or step for multiplying a 

predetermined value Ei by a value ~Ti(n-1) that 

corresponds to the accumulated thermal amount of the ink-
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jet head before the predetermined period of time1 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 ~Ti(n) that corresponds to the 

5 accumulated the:r:µ18.l amount of the ink-jet bead; and a 

means or step for calculating a change of temperature from 

i pieces of the value ATi{n) that corresponds to the 

accumulated the:onal amount of the ink-jet head. 

Further, the above means or step for estimating the 

10 temperature can be constructed such that it further 

comprises a means or step for obtaining a change of 

temperature of the ink-jet head at each predete:::mined time 

lapse on the basis of the summed value obtained by the 

driving frequency combining means as individual values; 

15 and a means or step for obtaining a total change of · 

temperature of the ink~jet head by accumulating the 

individual values calculated at the predeterminP-d time 

;Lapses. 

Still further, in the ink-jet apparatus or the 

20 control method thereof according to the present invention, 

a means or step for setting the driving condition of the 

heating elements from the change of temperature within the 

pr~determined time period for each group of the 

combinations. 

25 Still more, the means or step for setting the driving 

condition further comprises a means or step for ~hanging 

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 

5 changing modifies the driving condition of the heating 

elements within the predetermined period of time for each 

group of the combinations on the basis of the ai::ibient 

teniperature. 

And still further, the ~nk-jet apparatus or the 

10 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 i?roup of 

combinations counted by the counting means in accordance 

15 with the driving condition of the heating elements within 

the predetermined period of.time. 

It is to be noted that in the p~esent specification1 

the wording nprint" (or may b~ here~nafter refe.~red to 

just as •recordingn) is used not only for the ease £or 

20 forming information having meanings sue~ as letf:ers and 

figures, but is used also for forming images," patterns and 

so on by ejecting liquid onto a recording medium, or 

proce·ss the recording medium, regardless of whe::her the 

object to be made be feasible or visibly observed. 

25 Still further, the wording ~print~ng medimr.n does not 

mean on1y paper sheets generally used for recording 

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

so on which are all capable of receiving ink ej1~cted from 

an ink-]et head. 
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Moreover, the wording "ink 11 should be compr1=..hended as 

same as the definition of the above-mentioned wc·rding 

•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 o~ the present invention will become more 

apl,')arent from the following descriptio~ of embodiments 

thereof taken in conjunctio~ with the accompanyi.ng 

1.0 drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view showing one eleample of a 

15 construction of an ink-jet printer to which the present 

invention is preferably applied: 

PIG. 2 is a perspective view showing a detail of the 

ink-jet cartridge used in the printer of Fig. 1.: 

Fig. 3 is a schematic side sectional view showing ~ 

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

Fig. 4 is a schematic view showing a genere.l 

construction of a heater board used in the prin~ head of 

Fig. 3; . 

Fig. 5 is a schematic view showing a geners.l 

25 construction of the ejection· heaters fo:oned on the heater 

hoard of Fig. 4; 

Fig. 6 is a schema.ti~ block diagram showing a general 

construction ot 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 a.dopts ~ 

conq;>utation for temperature estimation accordins· to the 

first embodiment of the present invention; 

5 Fig. 8 is an explanatory view showing a PWM (Pulse-

Width Modulation) control.applied to the divided pulses 

adopted in the ~irst em.bodiment1 

Fig. 9 is a line graph showing the dependen=y 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 

contro1 system or a controlling procedure that adopts a 

computation for temperature ejection according to the 

second embodiment of the present invention~ 

20 DETAILED DESCRIPTION OF THE PREFERRED EMBOCIMENTS 

The present invention is now explained into details 

with reference to the attached figures. 

[First Embodiment] 

25 PIG. 1 is a· perspective 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 device tfith its 
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In the figure, reference numeral 1 denotes an ink-]et 

cartridge, and 2 denotes a carriage unit by which the 

.color ink-jet cartridge 1 is removably retained. 

5 Reference numeral 3 4enotes a holder for fittin~ the ink­

jet cartridge 1 into the carriage unit 2, wherein when a 

cartridge fixing lever 4 is moved after the ink-jet 

cartridge l. is installed into the carriage unit 2, the 

ink-jet cartridge 1 is press-contacted to the ca~riage 

· 10 unit 2 in cormection 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 and another electrical point provided in the ink-

15 jet cartridge 1 are brought into contract to each other. 

Reference numeral 5 denotes a flexible cable fol~ 

transmitting eleotrieal signals to the 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 ~haft residing extendedly in the 

main scanning direction for supporting and guiding the 

shifting movement of the carriage unit 2. Num.e::al 9 

25 denotes a transparent-type photo-coupler attached to the 

carriage unit 2, and numeral 10 denotes ~ light-screening 

plate provided near the carriage home position, whereby 

when the carriage unit 2 has reached the home position and 

interrupts the light axis of· the photo-coupler 3, the 
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carriage home position is detected. Reference numeral 12 

denotes a home position unit including a cap member for 

covering the front surface of the ink-jet head, and also 

including a recovering system such as a suction member for 

5 sucking the whole area inside the cap. 

Reference numeral 13 denotes a feeding roller 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 sh~wn) 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 cyan, magenta and yellow ink. These ink 

reservoirs are removab1y accommodated into the body of the 

ink-jet cartridge. Fu:r:ther, numeral 17 denotes connecting 

ports for the ink reservoir 16· storing ink of the three 

colors, and are connected to an ink feeding pipe 20 

20 provided in the ma.in body of the ~nk-jet cartridge 1, 

whereas numeral 18 denotes a connecting port fo= the ink 

reservoir is storing black ink. By the connection of° 

these ports, the ink of three different colors ~an be fed 

to the print head 21 retained by the ink-jet ca~tridge 

25 main body.. Reference nwneral 19 denotes an ele-::trically 

contacting portion, and when it is brought into contact 

with the contacting portion provided to the carriage unit 

2, electrical signals from the main assembly controlling 

section of the.printing device are transmitted thereto by 
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Fig. 3 is a schematic side sectional view s:lowing a 

general construction of the print head 21, and Fig. 4 is a 

schema.tic view showing a general construction of a heater 

S board used in the print head. 

In Fig. 4, numeral 4000 denotes the base bo~y of the 

heater board genera:lly :made of 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 cyan, magenta, yellow and black inks. 

Numerals 4005 and 4006 are heaters (he.reinafter1 each one 

is referred to just as an sub-heater) for heating up the 

heater board and the ink to a predete:cmined teinperature, 

and are provided at the opposite lateral ends outside tlle 

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 a~ropriate driving of the heater 

20 groups for the thus detected rank thereof (hereinafter 

referred to just as a rank heater) • These ej ec .. ::ion heater 

srrOU.ps 4001, 4002, _4003 and 4004, sub-heaters 4i)05 and 

4006, and also the rank heater 4007 are all fo:cmed by.one 

semiconductor layer molding process. 

25 Numeral 4008 denotes circuits including a shift 

register and a plurality of heater drivers used for 

controlling the ejection heaters, and are a1so formed by 

the semiconductor molding process. ;Nmneral. 4009 denotes a 

plurality of te:r:minals for connecting a circuit board 5200 
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(Fig. 3) , which includes an electrical contactir..g portion 

to make an electrical contact.with the electrical 

contacting portion provided at the ~arriage unit 2, with 
' 

the circuits on the heater board by use of a bonding wire 

5 or the like. 

In Fig. 3, reference numeral 5113 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 pass~ge 

10 cormec:ted tbereto. Numeral .5112 denotes a coimnon liquid 

chamber for receiving ejecti'on ink, which is connected to 

each of the liquid passages respectively connect:.ed to the 

ejection heater groups 4001, 4002, 4003 and 4004, and is 

further separated or divided into sections so that 

15 different inks are not.mixed up therein. 

Fig. 5 is a magnified view showing a construction of 
.. 

the ejection heater section 5113 as one example. Here, 

numeral 5000 denotes an edge of the heater board 4000, and 

a side face of this edge with respect to the ejection 

20 heater is a face on which the ink ejection orifice 5029 is 

arranged. In the present embodiment, the ejection heater 

sectio~ 5113 includes two ejection heaters; namely the 

heater 5002 and 5004. In this embodiment, ~he ejection 

heater 5002 residing in the front· side toward t7i.e ejection 

25 orifice is structured such that its length Lf is 131 µm, 

and its width Wf is 22 µm, whereas the ejection heater 

5003 residing at the rear side thereof is structured such 

that its .length Lb is 131 µm, and its width.Wb is 20 µ.m: 

Numeral 5001 denotes a common circuit for each ~£ the 
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heaters, and is connected to the ground line. ~rumerals 

5003 and 5005 are individual circuits for selectively 

driving the heaters 5002 and 5004 respectively, and are 

connected to the heat·er drivers to switch on /off the 

5 beaters. 

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-resolut:-on print 

is required, one of the ejection heaters is driven to 

10 generate bubbles only at the position corresponding 

thereto, so that a high-resolution print· is per::ormed by 

ink dots of a relatively small quantity of ejected ink. 

On the other hand, when only a full-dot print i.s required, 

the both heaters are driven to generate relatively large-

15 sized bubbles that cover the corresponding enti::-e port.ions 

to perform a. full-dot printing by ink dots of a relatively 

large quantity of discharged ink,. so that a printing 

efficiency.is improved. 

· Fig. 6 shows a block diagram showing a control system 

20 of the above-explained ink-jet printing device. 

Here, reference numeral 800 denotes a controller, 

which co~rises a microcomputer-type CPU 801 that executes 

a control sequence shown in Fig. 7, a ROM 803 ~~at stores 

a program. corresponding to the control sequence and tables 

25 required for execution of the program, and also other 

fixed data, and a RAM 805 that provides an iroag,e data 

processing area, a working area and so on. 

Reference numeral 810 denotes a host device for 

supplying image data (which can be an image data reading. 
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section apare from a computer that processes data 

including 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 (~/Fl . 

s ·· Numeral 820 denotes a switching device section for 

receiving commands f~om an operator, wherein thH section 

includes· a power switch 822, a print starting switch 824. 

a suction recovery switch 826 for instructing a recovex:y 

of suction of recording medi~ or the like. Nuneral 830 

10 denotes a groui;> of sensors for detecting the state of 

device, including a photo-coupler 9 for detectiug the home 

position, and a temperature-detecting sensor 5024 provided . . 

at a relevant portion to detect the ambient temperature. 

Reference numeral ~40 denotes a head drivex to drive 

15 the ejection heaters in response to the print data or the 

1ike. Numeral 852 denotes a driver for driving the main 

scanning motor 6. Numeral 860 denotes a sub-scanning 

motor used for transmitting a printing medium P. whereas 

854 denotes its driver. 

20 Fig. ·7 shows a temperature estimation con;;:n.:.ting 

system according to 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 

25 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 print head 

5 and the like. In other words, the change of tenperature 

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 

10 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 . . 

~ the values of respective falling elements obtained by 

15 computing the heat dissipation within the predetermined 

period of time determ,ined in accordance with each time 

constant, are all added up to obtain the change of the 

temperature of the print head. 

Namely, the change of temperature of the print head . 

20 is obtained by the follOTAing equation; 

AT = AT1 + AT2 + AT3 + AT4 + ATS +AT6 - - - ·- ( 1) 

This procedure is executed in steps 51009, S1013 and 

Sl016. 

First,. the predetennined period of time is set to 50 

2·5 msec. In order to obtain a rise of tenq;,erature during 

this time interval, counting the number of form-!.tion of 

small dots only by use of one side heater,. and the number 

0£ formation of the large dota by use of the both the 

ejection heaters is perfo:z:m.ed respectively in step Sl003 
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and step 61002. 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 colors, and thus it is not necessary to 

count the number of heating opera~ions individually for 

respective colors. It is to be noted that although the 

heater used for forming smal~ 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 ·~nk 

ejecting speed than the other is obtained.. For this 

reason, the temperature estimating system acco:i;tiing to the 

present ·embodiment is configured on the assi.µnpt:.on that 

15 the ink ejection using only the rear-side heate1:- is never 

perfom.ed. 

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 (including pulse wave, 

20 puls!! width, pulse height and so on) used within the 

before-mentioned predetermined time interval du=ing which 

the number of formation of .the dots are counted. This is 

because the applied amount of energy is computed from the 

used driving pulse and the head rank. 

25 The head rank may be determined based on t~e 

resisting value of the rank heater 4007 provided on the 

heater board. Namely, the· rank heater 4007 is fo?:m.ed by 

the same semiconductor layer molding process with that the 

ejection heaters, so that the characteristic of the 

- 17 -
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ejection heaters, which are concurrently fonned 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 l:aving 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 fo:r:med on the heater board of the head of the 

center rarik, the value of power consumption after the 

heating operation is conducted.by applying a pulse having 

a predete:cmi.ned base width to •100•, and the power 

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, if. the 

voltage applied to the ejec~ion 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 respectively, 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 a, then the consumed 

power W is obtained by the following formula; 

25 W =· Vh2 X pf/ [O" X Lf I (Wf X d)] 

+ Vb2 x pb/ ra x Lb/ (Wb x d)] 

== [Vh2 / (G/d)] X [pf X (Wf/Lf). + pb X (Wb/Lb) ~ 

- - - - - ~ - - -(2) 

The most il\\Portant and critical paramet.er \l'ithin the 
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parameters that vary in accordance with inconsistency of 

the condition during the molding process is the resisting 

rate a. FUrther, if the length and the width of the rank 

heater are Lr and Wr respectively, the thiclm.ess thereof 

5 is d, and the conv;>arative electrical resistance is a, then 

the resisting rate Rr is obtained by; 

Rr =ax Lr/CW~ x d) - - - - - - - - (3) 

Then, 

aid = Rr x Wr/Lr - - - -(4) 

10 Accordingly, the equation (2) will be; 

15 

w = [Vh2/(Rr x Wr/Lr)] x [pf x (Wf/Lf) 

+ pb X (Wb/Lb)] - - - - - - - - (5) 

Here, the difference between the length and width of the 

front-side, rear-side,_ and rank heaters are respectively 

set as; 

Pf = ~f /Lf - - - - - - - - - (6) 

Pb ~ Wb/Lb - - - {7) 

(.ir = Wr/Lr - - - - - - - - - (8) 

'rhen, the equation (5) will be; 

20 w = CVh21<Rr x Pr>J x (pf x Pf+ pb x Pb> 
- - - - - - - - (9) 

Here, if the rank heater resisting value of t::ie center 

rank ·is Ri.ait, the basic pulse width is Pinit, th~n, if a 

constant to satisfy the following equation is si:!t to be a,; 

25 100 = a X (Vh2/ (Rinit. X pr)] X Pinic X (~f + ~bl 

- - - - - - - - (10) 

Then, the correction value Xl of-the large dots will be; 

K~ ~ax [Vh.2/(Rr x ~r}] x (Pf x Pf+ pb x ~h) 

=100 X (Rinit/Rr) X (pf X ~r + pb x J}b) I [Pinit X 

- 19 -
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- - (11) 

Further, the correction value Ks of the small dots can 

be obtained by replacing the heat pu~se time Pb of the 

5 rear-side heater with n 0 n in the equation ( 11) as shown 

below; 

Ks = 100 x (Rinit/Rr) x pf x f3£/ [P.Ltlt. X CPf + Jib) 1 

- - - - - - - - - - (12) 

In the present embOd.iment, the correction value is 

10 set corresponding to the rate of the power consumption at 

the heating operations. This is because the power 

consumed within the predete:rmined period of time can be 

readily related to a temperature-rise element AQi having 

the time constant i and contributing to t~e rise of 

15 t~erature wit~in the predetermined period of time. 

Namely, a temperature-rise element A.Qi within t:1e 

predetermined period of time in accordance with the number 

of heating operations H1 by use of the both ejection 

heaters within the predetermined period of time and the 

20 number of heating 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 :::unction Fi 

for each time constant; 

4Qi = Fi (Hl X Kl + Hs X Ks) - - - - - - - (13) 

25 ~t 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 ·:ontroller. 

These processes are perfonned at steps S1004, 51008, S1005 

and S1006. 
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'I'he 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 e1ement 4Qi within the predetermined period of time 

S and the temoe~ature-rise element ATiCn-l} of the print 

head acc'Ulllulated by the preceding stage; 

.t.\'l'i (n) =·-~Ti (n-1) X Di + AQi - - - - - (14) 

Here, Di is a coefficient which is used for each 

temperature-fall. element of time constant, and :.s rel.ated 

10 to the temperature-fall due to heat dissipation for each 

predetermined period of time, and is call.ed a temperature­

fall coefficient just for convenience. This coefficient 

is the one that reduces the temperature-change element ~Ti 

of the print head in a case in which no heat is applied to 

15 the print head. Namely, this coefficient is mo:r.e than 0 

and less than 1 {0 <Di <1). These processes are 

perfonned in steps 51000, S1001, 51007 and S1009 in Fig. 

7 •. Then, by adding the value '1.Ti obtained in s::.ep Sl.09 to 

all the time constants in the step S1016, the r~se of 

20 ten;>erature of the print head is computed to be AT as 

shown in the following equation. 

AT = ATl i- AT2 + AT3 + AT4 + ATS +AT6 - - - (15) 

By the thus obtained AT and the ambient temperature 

obtained. in step Sl018, PWM (Pulse-Width Modulation) 

25 control, in which the pulse to be used is precisel.y 

selected in steps S1015, $1004 and Sl017, is pe=formed for 

the case that on1y one ejection heater is drive4 and the 

case that the both ejection heaters are driven. 

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

21 
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arranged such that the heat pulse is of a single 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 contrc1lled to be 

constant. 

The above-mentioned dri~ing mode is now briefly 

explained with reference to Fig. 8. In this sane figure, 

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 divide~ heat pulses (hereinafter 

referred to just as a pre-pulse). P2 denotes au interval 

time, .P3 denotes a pulse width of a second pulse 

(hereinafter referred to just as a main pulse). T1, T2 

15 and T3 denote timing for determining Pl, P2 and P3, 

respectively. ·'l'he PMW ejection amount control is briefly 

divided into two methods: one is a pre-pulse-width 

modulation driving method in which Tl is modu1a··:ed whi.le 

T2 and '1'3 are fixed, whereas the other is an in::erval 

20 width modulation driving method .for modulating (T2 - Tl) 

while Tl and (T3 - T2) are fixed. 

The transition of the ejection amount due to the 

fozmer controlling method is indicated by a lin~ graph as 

shown in Fig. 9. The ejection amount is increa~ed in 

25 accordance with an increase of T1, and after passing over 

one point, it' goes.into the area in which a bub~le 

generating phenomenon occurs due to the pulse of Pl. By 

this driving method, it is enabled to make the .transition 

of ejection amount have a linear characteristic with 

- 22 -
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respect to the modulation of the Tl by optimizing the Tl 

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 wh~ch no 

bubble-generating phenomenon occurs any longer. In this 

driving method, the rise of temperature 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 pu:.se mode in 

the high temperature area, and the energy to be applied is 

reduced to control the rise of temperature, it can be 

. executed by reducing (T2 - Tl) towards the ten;;>erature 

15 rising direction, and reducing the Tl from the timing at 

which (T2 - T1) becomes 0, so that the pulse wa~re is 

modulated with the continuation thereof being maintained. 

'I'he present embodiment can be executed by ei the:: 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 marmer. 

Note that when the temperature of the i~k is 1ow, the 

reduced ejection amount due to the low ·temperature cannot 

be fully compensated only by an increased ejection amount 

25 caused in accordance with the PWM. driving method. 'In this 

case, the ink-ejection amount is increased by raising the 

temperature through driving of the temperature-:<eeping 

heater. 

Fig. 11 shows an aspect in which actual coLtrolling 

23 
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operations are executed by applying the above-mentioned 

relationship. In the same figure, when the temperature is 

lower than TO, the print head should be heated up by the 

sub-heaters 4005 and 4006, and maintain the thus raised 

5 temperature. Accordingly, the PWM control, which is an 

ejection amount controlling operation in accordance with 

the ink temperature, is perfo~ed at the temperature 

higher than TO. In Fig. 11, the temperature region which 

is indicated as the PWM controlling area is the region in 

10 which a stable ink ejecting operation is enabled, wherein 

in the present embodiment, the ink temperature is within 

the range between 2 4 and 54 °c. In the same figure, the 

relationship between the ink temperature and the i~ 

ejection amount in the case that the pre-pulse is varied 

15 at different plural steps is shown, wherein eve::i when the 

ink temperature 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 

temperature, the irik ejection amount can be controlled 

20 within the. ejection amount eontrolling width Av with 

respect to the target ejection amount VdO. 

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 

25 inconsistency of the head manufacturing operation, 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 Sl012 in accordance with the thus 

divided ranks. 

- 24 -
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As explained heretofore, in the present embodiment, 

first, the heat pulse for a case in which only C·ne of the 

ejection heaters is driven to eject relatively.em.all 

amount of ink, and that for a. case in which botl: the 

5 heaters are for ejecting operation ~re driven to eject 

relatively large amount of ink are determined with respect 

to both AT and the detected ambient temperature, and 

thereafter, the correotion values are determined in 

accordance with the ranks of each head for correcting the 

10 both cas~s abo~e, so that stable ejecting operations of 

small amount of ink and of large amount of ink are 

enabled. 

[Second Embodiment] 

15 In the aforementioned first embodiment, the 

tEmQ;>erature to be controlled is divided per each time 

constant to manage the temperature, whereas in this second 

embodiment, the nearby time constants are class:.fied into 

the same group, and further, the ef feet of the l~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 small 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 groups1 one having a long thermal time constant 

and the other having a short thennal time constant 

(hereinafter referred to just as a long range a~d a short 
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range, respectively). In the long range, a predetermined 

time interval is set to be one second, while ~n the short 

ranger a predetermined time interval is set to he 50 

millisecond. The look-up table copes with the respective 

S ranges. 'l'he look-up table for each of the two ranges 

becomes a table for showing the number of heating 

operations performed by two heaters ae·a predete:ani.ned 

time interval Cl second for the long range, and 50 

millisecond for .the short range}r and the relat~on 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 predete:rmined time 

lapse according to the present embodiment is 512 seconds 

15 for the long range, and 10 seconds for the short range, 

during which periods these ranges are controlled. 

In other words, the ·look-up table for the long range 

corresponds to the function of the following equation, if 

the rise of temperature caused by the number of concurrent 

20 heating operations Hl at the time· lapse t is Arr:,; 

fl.TL = P'L (Hl I t} - - - - - - - - - (16) 

On the other hand, the look-up table for tb.e 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, t) - - - - - - - - - - - (17) 

By use of these computing tables, the comp~tation for 

for.ming large and small dots can be executed. 

26 
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Fig. 12 shows a computing system or process for 

.esti:mAting temperature according to the present 

embodiment. The blocks in the figure can be components, 

as in the first embodiment, for a processing procedure 

S executed by the controller 800, or at least samfs of those· 

blocks can be configured by a hardware that uses a logic 

circuit. 

Here, since steps S2014, S2015, S201~, S2018, S2019, 

S2020, S2021 and S2022 are same as steps S1010, 51011, 

10 Sl012, S1014, Sl015, Sl016, Sl017 and S1018 of the first 

embodiment, the explanation for each step is om:_tted. 

Further, as steps S2005, 52006., S2007, S2010 and S2011 are 

same as steps Sl002, S1004, 51005, S1003 and SlOOS of the 

first embodiment, except that these steps are for 

15 processing the short range. 

The temperature estimation according to the present 

embodiment is configured to store the history regarding 

the short range. The history is made up by sto::ing the 

number of heating operati~ns from 0 second to less than io 
20 seconds at every 50 milliseconds. In other.W"ords, the 

number of heating operations to be stored is 201. 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 S2008, ts that fulfills the 

25 following equation is decremented by O. 05 at ea·::h step 

from 1.00 down to ~.05 .with respect to the nllltlber of 

heating operations H1 obtained in step S2007; 

HS[ts/0.05] ; HS[ts/0.05-1] -(18) 

And thereafter the following is computed; 

- 27.-
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- - (19) 

On the other hand, in the present ·embodiment, there 

is provided a counter for storing the numbers o: heating 

operations per 1 second for the lon~ range. If the count 

5 value cause this counter is H12, 'the summation ~n the 

following equation is performed in the step S2001; 

H12 ; H12 + Hl - - - - - - - - (20) 

The counted value when·this proces~ is performed ·20 

times becomes the number of heating operations per 1 

10 second. Name1y, when this process is performed 20 times, 

the process in step S2020 is executed. If the lapse of 

time is tl second, (ts= 1, 1, 2, •.. , 512), and the row 

of the stored number of heating.operations is H:"~[tl], then 

in step S2003, tl that fu1fills the equation (21) is 

15 decremented by l ROM 512 down to 1 in step S2003 with 

respect to the number of heating operations H12 obtained 

in step S20021. 

HL[tl] = HS[tl-1] - - - - - - - (21) 

Therefore, the counted value H12 is cleared :'Y the 

20 following equation {22) 

HL[O] = H12 - - - - - - - (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 S20~4 and S2J09, and 

25 the following computation is executed in steps 32012 and 

S2013, respectively; 

ATl = FL ( HL [ 0] I .0) + FL (HL [ 1] , 1) + • • • + 

FL(HL[512],512) - - - - - -· -(23) 

4Ts = FS(HS[O], Ox0.05) + FS(HS[l], lXO.OS) + ••• + 
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FS(HS[20], 20 X0.05) - - - - - - - - (24) 
.. 

ATl and ft.Ts obtained by the abo-ve computatio::i. are added 

to each other in step S2017, and the rise of tenperature 

(teng;)erature change) of the head dT is obtained by the 

5 following equation. 

l:iT ::: L.\Tl + ATS - - - (25) 

The procedure thereafter is same as the pro~edure 

performed in the first embodiment. 

10 ['l'hird Embodiment] 

In the aforementioned embodiments, a combination of the 

heaters for forming large and small dots is of only one 

type. However, the present inventi~n can be applied even 

to a system adopting many kinds of combination ·:oo. For 

15 example, in a case that the heaters are of dif fe~ent sizes 

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 correction 

20 values .calculated from the equations (11) and (12) with 

respect to ef!lch number of heating operations, i'.: can be 

converted to the nuinber of heating operations ~1ich is the 

base "for all sizes of heaters. By this operation, the 

computing methods used in the first and second ·ambodiments 

25 can be used without any modification. 

Further, the concrete values applied in the above 

embodiments are all examples, and ·thus, it go~s without 

saying that any relevant values can be applied. 

(Further Descriptions) 
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The present invention achie~es 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 which 

S 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 disclosed in U.S. patent Nos. 4,723,129 and 4,740,796, 

10 and. it is preferable to use this basic principle to 

iq;>lement such a system. Although this system can be 

applied to both of on-demand type and continuous type ink­

jet recording systems, it is pa~ticularly suitable for the 

on-demand type apparatus. This is because the on-demand 

l5 type apparatus has electrothermal transducers. each 

·disposed on a sheet or liquid passage that retains liquid 

(ink), and operates as follows: first, one or more drive 

signals are applied to the electrothermal transducers to 

cause thermal energy corresponding to recording 

·20 information~ second, the thermal energy induces abrupt 

temperature rise that exceeds the nucleate boiling so as 

to cau~e the film boiling on heating portions of the 

recording head; and third, bubbles are grown·in the liquid 

(ink) corresponding to the drive signals.. By using the 

25 growth and collapse of the bubbles, the ink is -sxpelled 
. . 

from at least one· of the ink ejection orifices -~f the head 

to fo:r:m one or more ink drops. The drive signal in the 

f oxm of a pulse is preferable because the growth and 

collapse of the bubbles can be achieved instantaneously 

- 30 -
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and suitably by this form of drive signal, so that the 

ejection of liquid (ink} having a quick driving response 

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

pulse, those describe·d in U.S. patent Nos. 4,463,359 and 

5 4,345,262 are preferable. In addition, it is p=eferable 

that the rate of temperature.rise of the· heating portions 

d~scribed 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 

10 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 disclosed in 

15 the above patents. Moreover, the present inven::ion can be 

aPl>lied to structures disclosed in Japanese Po.tent 

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 a11 the 

20 electrothermal transducers is used as ejection orifices of 

the electrothermal transducers, and the latter discloses a 

structure in which openings for absorbing press-xre waves 

caused by thermal energy are formed correspondi~g to the 

ejection orifices. Thus, irrespective of the t:tPe of the 

25 recording head. the present invention can achie-1e 

recording positively and effectively. 

'l'he present invention can.be also applied to a so­

co.lled full-line type-recording head whos~ iength equals 

the maximum length across a recording medium. .;uch a 
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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 various ser]al type recording heads: a recording head 

fixed to the main assembly of a recording apparatus; a 

conveniently replaceable chip type rec~rding head which, 

when loaded on the main assembly of a recording apparatus, 

is electrically connected to the main assembly, and is 

10 supplied with ink there·from; and a cartridge type 

recording head integrally including an ink rese::voir.· 

Xt is further preferable to add a recovery system, or 

a preliminary auxiliary s"Ystem for a recording :1ead as a 

component of the recording apparatus because they serve to 

15 make the ef feet of the present invention more r•:!liable. 

EXamples of the recovery system are a capping m-aans and a 

cleaning means for the recording head, and a pr~ssure or 

suction means for the recording head. Examples of the. 

preliminary auxiliary system are a preliminary ~eating 

20 means utilizing electrothenna.l transducers, or ?ther type 

of heater elements, or a combination of other h~ater 

elements and the electrothermal transducers, and a means 

for carrying out preliminary ejection of ink in~ependently 

of the ejection for recording. These systems are 

25 effective for reliable recording. 

The number and type of recording heads to be mounted 

on a recording apparatus can be also changed. Por 

exainple, 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-color and full-color modes. 

5 Here, the monochromatic mode performs recording by using 

only one major color 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 liquid when the r1~cording 

signal is applied can be used: for exai;nple, in: ts can be 

employed that solidify at a temperature lower t:~an the 

ambient temperature and are softened or liquefi~d in the 

ambient temperature. This is because in the 1n:~-jet 

15 system, the ink is generally temperature adjust~d in a 

range of 30 °c - 70 °C so that the viscosity of the ink is 

maintained at such a value that the ink can be 9jected 

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 ~he recordin~ 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 i.s 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. 

Furthermor~-; the ink-jet recording apparatus of the 

present invention can be employed not only as an image 

output terminal of an info:r.:ma.tion processing deTrice such 

10 as a computer, but also· as an output.device of a copy~g 

machine including a reader, and as an output d~rice of a 

facsimile apparatus having a transmission and receiving 

function. 

~he present invention has been described ir.. detail 

15 with respect to various embodiments, and it will now be 

apparent from the foregoin~ to those skilled in the art 

that changes and modifications may be made with~ut 

departing from the invention in its broader asp·~cts, and 

it is the int~tion, therefore, in the appended claims to 

20 cover all such cl;ianges 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 head provided 

with a plurality of heating elements with respect to one 

5 ejection orificer said plurality of h~ating elements 

generating thermal energy used for ejecting ink. 

characterized in that said ink-jet apparatus comprises: · 

cotinting means for counting a driving frequency of 

said plurality of heating el~ents within a predetei-mined 

10 period of time for each group of combination of said 

plurality of heating elements selectively driven when 

ejecting ink, 

driving frequency 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 estimatin~ the 

change of temp~ratu~e of said ink-jet head from said 

summed total value. 

20 2. An ink'.""jet apparatus as claimed in claim 1, 

cha.x-acterized in that said temperature estimati~g means 

makes said total value to c·orrespond to energy applied to 

said ink-jet head within said predetermined period of 

25 

time. 

3. An ink-jet apparatus as claimed in claim 2, 

characterized in that said temperature estimati~g tn.eans 

further ccmprising: 

means for converting said total value obtained by 

35 -

I lllllll llllll lllll lllll II llll 
* C L M S * 



[ RECEIYED B•IB9 11:•6 1998 AT 
803 5561 7522 

533-869• PAGE 39 (PRINTED PAGE 39) 1 
TAKI UBE 98/04/09 12:11 P.039 

said driving frequency combining means into i p:.eces of 

value AQi (i ~ 1) that corresponds to a thermal amount 

applied to said ink-jet head within said predetermined 

period of time; 

S means for multiplying a predetermined value Ei by a 

value 4Ti (n-1) that corresponds to the accum.ula·:ed thermal 

amount of said ink-jet head before said predete::mined 

period of time; 

means for adding said value ~Qi to the res"C.ltant 

10 value of the multiplication; 

means for recording· said added up value as a value 

ATi(n) that corresponds to the accumulated ther.nal amount 

of s~~d ink-jet head; and 

means for calculating a chan'iJe of temperati;.re 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 claimed in claim 1, 

characterized in that said temperature estimati~g means 

20 further c01QPrises: 

means for obtaining a change of temperature of said 

ink-jet head at each predetermined time lapse o~ the basis 

of. the summed value obtained by said driving fr·equency 

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 l, 
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characterized in that said .ink-jet apparatus fuz·ther 

oomprises: 

means for setting the driving condition of aaid 

heating elements from said change of temperature within 

S said predete:cnined period of time for each group of said 

combinations. 

6. An ink-jet apparatus as claimed in cl~im 5, 

characterized in that said setting means further 

10 con;>rises: 

means for changing the driving condition of said 

heating elements within said predetermined period of 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 fur.ther 

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 predetermined period of time for· each group of said 

combinations on. the basis of said ambient' tempe!~ature. 

8. An ink-jet apparatus as claimed in claim 5r 

characterized in that said driV'ing frequency combining 

25 means further comprises: 

means for correcting said counted value for each 

group of 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 

electrothennal transducers for causing film boiling 

s phenomenon to the ink through electrical conduct. 

10. ~method for estimating temperature of an ink-jet 

head provided with a plurality of heating elements with 

respect to one ejection orifice, said plurality of heating 

10 elem.en.ts generating thermal energy used for ejecting ink, 

characterized in that said method comprises: 

a step for counting the driving frequency 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 selecti'l;rely driven 

when ejecting ink, 

a step for combining driving frequency for correcting 

the co~ted value for said each group of combination and 

summing the thus corrected values; and 

20 a step for· estimating the change of tempera.tu:re of 
said ink-jet head from said summed total yalue. 

11. A method for estimating tell\Perature of an ink-jet 

head as claimed in claim 10, characterized in t::ia.t. said 

25 step for estimating temperature inakes said total value to 

correspond to energy applied to said i~-jet-head within 

said predetermined period of time. 

12. A method for estimating temperature of an ink-jet 
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head as claimed in claim llr characterized in that said 

step.for estimating teinperature further comprises: 

· a step for converting said total value made obtained 

by said driving frequency combining means into ~ pieces of 

5 value dQi < i ~ 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 ~Ti (n-1) that corresponds to the accumula'::ed thermal 

10 amount of said ink-jet head before said predeteLlldned· 

period of times; 

a step for adding said value 4Qi 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 amount 

of said ink-jet head; and 

20 

a step for calculating a change of temperature from 

said i pieces of value A.Ti (n) that corresponds ·:o the 

·accumulated thermal amount of said ink-jet head. 

13. A method for estimating temperature of an ink.-j et 

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 0:1 the basis 

of the summed value obtained by said driving frr~ency 

combining means as individual ·values: and 

a step for obtaining a total change of temperature of 

said ink-jet head by accumulating said indi vidu.3.l values 
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calculated at ·said predetermined time lapses. 

14. A method for contrqlling 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 e~ch group of combination of said 

plurality of heating elements which are selectii:rely .driven 

when ejecting ink, 

10 a step for combining driving frec.ruency for correcting 

the counted value for said each group of combination and 

summing the thus corrected values; and 

a step for estimating the chang~ of temperature of 

said ink-jet head from said 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 each group of said 

combinations. 

20 15. A method for controlling ink-jet head as claimed in 

claim 14, char:acterized in that said setting stap further 

comprises a step for changing the driving condi';ion o·f 

said heating elements within said predetermined period of 

time for each group of said combinations. 

25 

16. A method for controlling ink-I;ead.as claimed in e1a~ 

15 further comprising a step for detecting ambi~t 

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 c011lbinations on the basis Qf 

said ambient temperature. 

S 17. "A method for controlling ink-head as claime~ in claim 

1·4, characterized in that said step for combinirt9' driving 

£requ.ency further comprises: 

a step for correcting said counted value for each 

group of said combinations counted in said count:ing step 

10 in accordance with the driving 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 boi:ing 

phenomenon to the ink through electrical conduct; 
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