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INKJ ET RECORDING HEAD AND INKJ ET 
RECORDING APPARATUS HAVING THE 

SAME 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 
[0002] The present invention relates to inkjet recording 
apparatuses, and more particularly, to an inkjet recording 
apparatus that can detect defective discharging. Herein, the 
term “recording” includes applications of ink (printing) to ink 
support materials such as cloth, strings, paper, and sheet 
materials. The term “recording apparatus” includes various 
information apparatuses and printers serving as output 
devices of the apparatuses. 
[0003] 2. Description of the Related Art 
[0004] Along With the popularization of information pro 
cessing apparatuses such as copying machines, Word proces 
sors, and computers, recording apparatuses (inkj et recording 
apparatuses) that perform recording With an inkjet recording 
head have been rapidly populariZed as output (recording) 
apparatuses for the information processing apparatuses. 
[0005] In general, an inkjet recording apparatus includes a 
carriage on Which a recording head and an ink tank are 
mounted, a conveying mechanism for conveying a recording 
medium, and a control circuit for controlling the carriage and 
the conveying mechanism. 
[0006] When an ink discharging operation is not performed 
by the recording head for a long period, the viscosity of ink in 
an ink passage near a discharge port increases, and the ink is 
sometimes not discharged normally. Further, if a minute 
bubble, Which groWs in the ink in the ink passage for dis 
charging, remains in the ink passage, normal ink discharging 
is sometimes dif?cult. This phenomenon of defective dis 
charging due to the remaining bubble pronouncedly appears 
When the print duty is relatively high. In another case, a 
bubble enters the ink at a connecting portion of an ink supply 
passage or an ink supply system, and clogs the ink supply 
passage. This sometimes hinders normal discharging. 
[0007] If recording failure is caused by the above-described 
defective ink discharging, the recording medium is Wasted, 
and the time taken for recording is also Wasted. If unclear 
images are continuously recorded in a so-called “faded 
recording” state caused immediately before defective dis 
charging occurs, multiple recording media are Wasted. Fur 
ther, if recording is continued in the “faded recording” state, 
the recording head is heavily loaded, and this sometimes 
destroys the recording head itself. 
[0008] In order to avoid the above-described trouble, vari 
ous defective-discharging detecting devices have been pro 
posed. A typical defective-discharging detecting device is an 
optical defective-discharging detecting device including a 
light-emitting portion and a light-receiving portion for receiv 
ing light from the light-emitting portion. In this optical defec 
tive-discharging detecting device, light from the light-emit 
ting portion is blocked by ink droplets discharged from 
discharge ports. On the basis of the change in output of the 
light-receiving portion (change in amount of received light), 
defective discharging is detected. 
[0009] Japanese Patent Laid-Open No. 2-194967 discloses 
an inkj et recording apparatus including an optical defective 
discharging detecting device. 
[0010] FIGS. 16A and 16B explain an operation of detect 
ing defective discharging of ink. FIG. 16A is a schematic 
vieW shoWing a state in Which ink discharged from a record 
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ing head passes through an optical path betWeen a light 
emitting portion and a light-receiving portion, and FIG. 16B 
is a Waveform chart shoWing an output Waveform from the 
light-receiving portion in this case. FIGS. 17A and 17B also 
explain an operation of detecting defective discharging of ink. 
FIG. 17A is a schematic vieW shoWing a state in Which ink 
discharging is abnormal, and FIG. 17B is a Waveform chart 
shoWing an output Waveform from the light-receiving portion 
in this case. 

[0011] Referring to these ?gures, a recording head 1 
includes a plurality of ink discharge ports 2. Electrothermal 
transducers (heaters) 3 are provided in the corresponding 
passages (noZZles) communicating With the ink discharge 
ports 2. When a discharging pulse (rectangular pulse) for 
causing ink discharging is applied to an electrothermal trans 
ducer 3, ink in the corresponding passage is heated by heat 
energy from the electrothermal transducer 3. An ink droplet 
2005 is thereby discharged from the corresponding ink dis 
charge port 2. 
[0012] As shoWn in FIG. 16A, the ink droplet 2005 dis 
charged from an ink discharge port 2 passes through the 
optical path of light emitted from a light-emitting portion 
2001 toWard a light-receiving portion 2002. When passing 
through the optical path, the ink droplet 2005 blocks light 
from the light-emitting portion 2001, and the amount of light 
received by the light-receiving portion 2002 is thereby 
decreased. In this case, the level of an output signal 2006A 
from the light-receiving portion 2002 is loWer than a thresh 
old value 2004, as shoWn in FIG. 16B. 

[0013] In contrast, When an ink droplet 2005 is not dis 
charged from an ink discharge port 2, as shoWn in FIG. 17A, 
or When an ink droplet 2005 discharged from an ink discharge 
port 2 is too small, the amount of light received by the light 
receiving portion 2002 does not change signi?cantly. In this 
case, the level of an output signal 2006B from the light 
receiving portion 2002 is higher than the threshold value 
2004, as shoWn in FIG. 17B. 

[0014] When the level of the output signal from the light 
receiving portion 2002 is loWer than or equal to the threshold 
value 2004 (the state shoWn in FIG. 16B), it is determined that 
the ink discharging operation is normal. In contrast, When the 
level of the output signal from the light-receiving portion 
2002 is higher than the threshold value 2004 (the state shoWn 
in FIG. 16B), it is determined that the ink discharging opera 
tion is abnormal (defective discharging). 
[0015] When it is determined that the ink discharging 
operation is abnormal, a carriage motor is controlled so as to 
move a carriage, on Which the recording head 1 is mounted, to 
a position Where a suction cap is provided. Then, a suction 
cap motor is controlled so as to cap the ink discharge ports 2 
of the recording head 1 With the suction cap, and ink is sucked 
from the recording head 1 by a suction pump. As necessary, 
the carriage motor is controlled so as to move the recording 
head 1 to a position Where a cleaning plate is provided, and the 
ink discharge ports 2 are cleaned With the cleaning plate. 
[0016] After ink suction, it is judged again Whether the ink 
discharging operation is normal or abnormal. When it is 
determined again that the ink discharging operation is abnor 
mal, a message indicating “abnormal” is displayed on a dis 
play (for example, an LCD) in the recording apparatus so as 
to urge the user to re?ll ink or to replace the recording head. 
When it is determined that the ink discharging operation is 
normal, recording is started. 
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[0017] A recording head disclosed in Japanese Patent Laid 
Open No. 58-1 18267 is a liquid discharging device in Which 
a plurality of nozzles are arranged, and in Which conductors 
for detecting the change in temperature are provided in pas 
sages (noZZles) betWeen the adjacent electrothermal trans 
ducers (beside the electrothermal transducers). Unfortu 
nately, the above-described inkj et recording apparatus has the 
folloWing problems. 
[0018] A plurality of ink droplets are simultaneously dis 
charged from a plurality of discharge ports, and the change in 
output from the light-receiving portion caused When the ink 
droplets block the optical path is detected. Therefore, it is 
dif?cult to make judgment about defective discharging of ink 
With respect to each discharge port. It is conceivable to detect 
the change in output from the light-receiving portion by dis 
charging an ink droplet from only one discharge port. In this 
case, hoWever, the change in output from the light-receiving 
portion caused When one ink droplet blocks the optical path is 
small, and therefore, it is di?icult to make an accurate judg 
ment about defective discharging of ink. Further, the optical 
defective-discharging detecting device is susceptible to exter 
nal light, Which also makes detection of defective discharging 
dif?cult. In this Way, it is dif?cult to make an accurate judg 
ment about defective discharging With respect to each dis 
charge port. 
[0019] Moreover, a defective-discharging detecting opera 
tion cannot be performed during recording on a recording 
medium. For this reason, the user needs to perform a defec 
tive-discharging detecting operation before recording on the 
recording medium in order to check Whether ink discharging 
failure has occurred in the inkjet recording head. This defec 
tive-discharging detecting operation decreases the through 
put of the recording apparatus. 

SUMMARY OF THE INVENTION 

[0020] The present invention provides an inkjet recording 
head that overcomes the above-described problems and that 
can accurately detect ink discharging failure With a high 
throughput, and an inkjet recording apparatus using the inkjet 
recording head. 
[0021] An inkjet recording head according to an embodi 
ment of the present invention includes a passage communi 
cating With a discharge port for discharging ink, an energy 
generating element, provided in the passage, for generating 
energy to discharge ink from the discharge port, and a detect 
ing unit, provided in the passage, for detecting a temperature 
of ink that changes in accordance With heat energy generated 
by the detecting unit and a How of ink in the passage. 
[0022] An inkjet recording apparatus according to another 
embodiment of the present invention includes the above 
described inkj et recording head; and a control unit con?gured 
to control driving of the inkjet recording head. 
[0023] According to the present invention, an ink ?oW 
caused in the passage When discharging ink (ink ?oW caused 
by ink re?lling) is detected. When discharging failure occurs, 
the How of ink is smaller than during normal discharging. By 
utiliZing this difference in magnitude of the ink ?oW, judg 
ment can be made about ink discharging failure. 

[0024] The magnitude of the ink How in the case of dis 
charging failure has a suf?ciently distinguishable difference 
from that during normal discharging. Therefore, it is possible 
to accurately distinguish betWeen normal discharging and 
defective discharging. 
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[0025] Further, the detection accuracy Will not be reduced 
by external in?uence, unlike the optical defective-discharg 
ing detecting device. This alloWs for highly accurate detec 
tion. 
[0026] Since the ink How can be detected for each discharge 
port, judgment about discharging failure of the recording 
head can be made for each discharge port. 
[0027] Still further, since judgment about discharging fail 
ure can be performed during normal ink discharging opera 
tion, the throughput of the recording apparatus is higher than 
that of a recording apparatus including an optical defective 
discharging detecting device. 
[0028] According to the present invention, the detecting 
unit generates heat energy in response to generation of energy 
by the energy generating element, and the temperature of the 
ink is then detected. Therefore, it is possible to further 
increase the accuracy in detecting ink discharging failure. 
[0029] Further features of the present invention Will 
become apparent from the folloWing description of exem 
plary embodiments With reference to the attached draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0030] FIG. 1 is a schematic vieW shoWing a part of a 
substrate in an inkjet recording head according to a ?rst 
embodiment of the present invention. 
[0031] FIG. 2 is a cross-sectional vieW of the substrate, 
taken along line II-II in FIG. 1. 
[0032] FIG. 3 is a plan vieW shoWing another structure of a 
How sensor used in the inkjet recording head of the ?rst 
embodiment. 
[0033] FIGS. 4A and 4B explain the principle of operation 
of the How sensor in the inkjet recording head of the ?rst 
embodiment. FIG. 4A is a characteristic vieW shoWing hoW 
the output voltage changes When an ink How is formed, and 
FIG. 4B is a characteristic vieW shoWing hoW the output 
voltage changes When there is no ink How. 
[0034] FIG. 5 is a block diagram of a driving circuit in an 
ink-?oW detector used in the inkjet recording head of the ?rst 
embodiment. 
[0035] FIGS. 6A to 6E explain the principle of operation of 
the ink-?oW detector shoWn in FIG. 5. 
[0036] FIGS. 7A and 7B explain the behavior of ink in a 
passage displayed When discharging is performed in the ink 
jet recording head of the ?rst embodiment. FIG. 7A is a 
schematic vieW shoWing the behavior of ink in the passage 
during normal discharging, and FIG. 7B is a schematic vieW 
shoWing the behavior of ink in the passage displayed When a 
discharge port is covered With extra ink and defective dis 
charging is caused thereby. 
[0037] FIG. 8 is a ?owchart shoWing a defective-discharg 
ing detecting procedure performed in the inkjet recording 
head of the ?rst embodiment. 
[0038] FIGS. 9A to 9E explain the principle of operation of 
a How sensor in an inkj et recording apparatus according to a 
second embodiment of the present invention. 
[0039] FIG. 10 is a partial sectional vieW of an inkjet 
recording head according to a third embodiment of the 
present invention. 
[0040] FIG. 11 is a partial sectional vieW of an inkjet 
recording head according to a fourth embodiment of the 
present invention. 
[0041] FIGS. 12A to 12E explain the principle of operation 
of a detecting element used in the inkj et recording head of the 
fourth embodiment. 
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[0042] FIG. 13 is a partial sectional vieW of an inkjet 
recording head according to a ?fth embodiment of the present 
invention. 
[0043] FIG. 14 is a schematic vieW showing structures of a 
recording head and its surroundings in an inkjet recording 
apparatus to Which the present invention can be applied. 
[0044] FIG. 15 is a schematic vieW of a surface of the 
recording head shoWn in FIG. 14 on Which ink discharge ports 
are provided. 
[0045] FIGS. 16A and 16B explain a defective-discharging 
detecting operation performed in an inkj et recording head. 
[0046] FIG. 16A is a schematic vieW shoWing a state in 
Which ink discharged from a recording head passes through 
the optical path betWeen a light-emitting portion and a light 
receiving portion, and FIG. 16B is a Waveform chart shoWing 
an output Waveform from the light-receiving portion. 
[0047] FIGS. 17A and 17B explain a defective-discharging 
detecting operation performed in the inkjet recording head. 
[0048] FIG. 17A is a schematic vieW shoWing a state ink 
discharging is abnormal, and FIG. 17B is a Waveform chart 
shoWing an output Waveform from the light-receiving por 
tion. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

[0049] Embodiments of the present invention Will noW be 
described With reference to the draWings. 
[0050] FIG. 14 is a schematic vieW shoWing structures of a 
recording head and its surroundings in an inkjet recording 
apparatus to Which the present invention can be applied. 
Referring to FIG. 14, the inkjet recording apparatus is a serial 
inkj et color printer. The inkj et recording apparatus includes a 
recording head 1 having a plurality of lines of noZZles, and a 
carriage on Which the recording head 1 is mounted. By dis 
charging ink droplets from the recording head 1, an image is 
recorded on a recording medium 12. 

[0051] FIG. 15 is a schematic vieW of a surface of the 
recording head 1 on Which ink discharge ports 2 are provided. 
The ink discharge ports 2 are arranged in tWo lines and in a 
ZigZag formation in the main scanning direction. 
[0052] Although not shoWn in FIG. 14, the inkjet recording 
apparatus includes a control unit that controls the driving of 
the recording head 1. As the recording head 1, a recording 
head according to, but not limited by, any of the folloWing ?rst 
to ?fth embodiments can be used. The control unit controls 
the operation of the entire inkj et recording apparatus, and also 
performs a recovery operation When ink discharging failure 
occurs in the recording head 1. 
[0053] Recording heads according to embodiments of the 
present invention Will be described beloW. 

First Embodiment 

[0054] FIG. 1 is a schematic vieW shoWing a part of a 
substrate in an inkj et recording head according to a ?rst 
embodiment of the present invention. FIG. 2 is a cross-sec 
tional vieW of the substrate, taken along line II-II in FIG. 1. 
[0055] Referring to FIG. 1, a heater board 10 has a structure 
in Which a common liquid chamber 18 is provided at the 
center thereof, as vieWed in a direction perpendicular to the 
board surface. On each side of the common liquid chamber 18 
in the heaterboard 10, a heater unit 3A including a plurality of 
discharging heaters 3 arranged in line is provided. 
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[0056] Dummy resistors (not shoWn) are provided near the 
heater units 3A. The dummy resistors are not used for dis 
charging of ink droplets. The discharging heaters 3 are elec 
trothermal transducers (discharging-energy generating ele 
ments) that generate heat energy in accordance With the 
applied voltage, and are connected to terminals 4 to Which a 
driving signal is applied. The terminals 4 are connected to 
external terminals (output terminals of a driving-signal sup 
ply circuit) by Wire bonding. When a driving signal is applied 
to a terminal 4, the corresponding discharging heater 3 is 
driven. 
[0057] The discharging heater 3 is provided in each passage 
communicating With a discharge port. Each passage commu 
nicates With the common liquid chamber 18, and incorporates 
a How sensor 5 serving as a detecting element for detecting 
the change in ink How in the passage. 
[0058] As shoWn in FIG. 2, the discharging heater 3 and the 
How sensor 5 can be provided on the same substrate surface. 
The How sensor 5 can be formed as a ?lm-shaped sensor by 
the same ?lm deposition process as that for the discharging 
heater 3. 
[0059] A protective ?lm 6 serving as an insulating ?lm is 
provided on the surface Where the discharging heater 3 and 
the How sensor 5 are provided, and a cavitation-resistant ?lm 
7 is provided on the protective ?lm 6. By coupling the heater 
board 10 (?rst member) having the cavitation-resistant ?lm 7 
to a noZZle forming member 20 (second member), a passage 
1811 serving as a noZZle communicating With a discharge port 
2 is formed. The passage 18a is provided on the cavitation 
resistant ?lm 7, and communicates With the common liquid 
chamber 18. 
[0060] The discharging heater 3 is provided in a portion of 
the member that de?nes the passage 18a (heater board 10) 
facing the discharge port 2. When the discharging heater 3 is 
driven, heat energy generated by the discharging heater 3 is 
applied to ink in the passage 18a, and a bubble is thereby 
generated in the ink in the passage 18a. By the pressure of 
groWth of the bubble, the ink is discharged from the passage 
1811 through the discharge port 2. This method for discharging 
ink by generating a bubble is generally called a bubble jet 
method. 
[0061] After groWing by heat energy, the bubble contracts. 
The cavitation-resistant ?lm 7 prevents an impact caused by 
contraction of the bubble from being transmitted to the dis 
charging heater 3 and the protective ?lm 6. The cavitation 
resistant ?lm 7 is formed of a metal having a high melting 
point, for example, tantalum. 
[0062] The How sensor 5 is provided in a portion of the 
heater board 10 betWeen the discharge port 2 and an ink 
supply port through Which ink is supplied into the passage 
18a. The How sensor 5 detects the How of ink in the passage 
18a. Similar to other portions, the How sensor 5 can be formed 
With high precision by a semiconductor ?lm deposition pro 
cess. 

[0063] The How sensor 5 is formed of a material Whose 
resistance varies in accordance With the temperature. Speci? 
cally, the How sensor 5 can be formed of, for example, alu 
minum, titanium, and tantalum that form the other compo 
nents, or platinum, tantalum nitride, and titanium nitride that 
are frequently used as temperature-measuring resistors. 
Among these materials, aluminum can be used as an elec 
trode. Tantalum can be provided at the top of the sensor in 
order to improve the resistance to cavitation. The line Width of 
the sensor may be increased in order to reduce variations in 
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Wiring resistance in a process of forming the How sensor. 
Further, in order to output a high voltage in response to even 
a slight temperature change, a Wiring pattern of the sensor 
may have a meander shape that increases the resistance of the 
sensor. 

[0064] While the How sensor 5 is provided in the heater 
board 10 in the ?rst embodiment, it may be provided at any 
position that alloWs detection of the ink How in the passage 
18a communicating With the discharge port 2. For example, 
as shoWn in FIG. 3, a How sensor 14 may be provided in a 
bridge portion formed by anisotropic edging so as to be spa 
tially insulated from the heaterboard 10.Apair of holes 13 are 
provided in the heater board 10 so as to oppose each other 
across the How sensor 14. The holes 13 are connected in the 
heater board 10 so that a connecting portion therebetWeen 
passes under the bridge portion Where the How sensor 14 is 
provided. 
[0065] The principle of operation of the How sensor 5 Will 
noW be described. 

[0066] FIGS. 4A and 4B explain the principle of operation 
of the How sensor 5. FIG. 4A is a characteristic vieW shoWing 
hoW the output voltage changes When there is an ink How, and 
FIG. 4B is a characteristic vieW shoWing hoW the output 
voltage changes When there is no ink How. 

[0067] In FIG. 4A, a characteristic A1, shoWn by a one-dot 
chain line, indicates the change in output voltage of the How 
sensor 5 made When the ink ?oW rate is 10 l/h, and a charac 
teristic A2, shoWn by a solid line, indicates the change in 
output voltage of the How sensor 5 made When the ink ?oW 
rate is 20 l/h. These characteristics A1 andA2 are obtained on 
the basis of the change in temperature (?oW rate characteris 
tic) of ink in the passage. The change in temperature is mea 
sured by the folloWing procedure. 
[0068] The temperature of ink in the common liquid cham 
ber 18 is set at 25° C. When a current is supplied to the How 
sensor 5, the How sensor 5 generates heat, and ink in the 
passage 18a is heated by the energy of heat. After a ?rst pulse 
current having a pulse Width of a siZe that does not generate a 
bubble in the ink is passed through the How sensor 5 to heat 
the ink in the passage 1811, the ink in the common liquid 
chamber 18 is made to How in the direction of arroW Q in FIG. 
2. Then, a second pulse current having a pulse Width smaller 
than the pulse Width of the ?rst pulse current is passed through 
the How sensor 5, and the change in temperature of ink on the 
How sensor 5 in the passage 18a is detected. The second pulse 
current has an intensity of such a siZe that ink on the How 
sensor 5 in the passage 18a is not heated by heat energy 
generated from the How sensor 5 by the second pulse current. 

[0069] The ?rst pulse current and the second pulse current 
are passed through the How sensor 5 in order, and the resis 
tance of the How sensor 5 is measured. In this case, since the 
temperature of the How sensor 5 is rarely increased by the 
measuring currents, the output voltage of the How sensor 5 
varies in accordance With the temperature of ink near the How 
sensor 5. When the ink ?oW rate is high, much ink having a 
temperature loWer than that of the heated ink ?oWs into the 
passage 18a, and therefore, the temperature of ink near the 
How sensor 5 decreases. When the ink ?oW rate is loW, the 
amount of exchanged heat is smaller than When the How rate 
of re?lled ink is high, and therefore, the temperature of ink 
near the How sensor 5 does not decrease easily. In other 
Words, the characteristics A1 and A2 indicate that it becomes 
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easier to decrease the temperature and the amount of change 
in the resistance per unit time increases as the How rate 
increases. 
[0070] In contrast, When ink does not How on the How 
sensor 5, a ?rst pulse current is passed through the How sensor 
5 to heat ink near the How sensor 5, a second short pulse 
current is passed through, and the resistance of the How sensor 
5 is then measured. As a result, characteristics shoWn in FIG. 
4B are obtained. In FIG. 4B, a characteristic B1, shoWn by a 
solid line, a characteristic B2, shoWn by a one-dot chain line, 
and a characteristic B3, shoWn by a broken line indicate 
temperature characteristics of the How sensor 5 When the ink 
?oW rate is Zero. The characteristics B1, B2, and B3 respec 
tively correspond to cases in Which the temperatures of ink 
serving as ?uid are 25° C., 35° C., and 45° C.As shoWn by the 
characteristics B1, B2, and B3, the resistance of the How 
sensor 5 increases as the temperature of ink before the ?rst 
pulse current is applied thereto increases, and the output 
voltage of the How sensor 5 also increases in accordance With 
the ink temperature. 
[0071] As described above, the surroundings (that is, ink) 
of the How sensor 5 are heated by passing a ?rst pulse current 
through the How sensor 5. Then, a second pulse current hav 
ing a pulse Width smaller than the pulse Width of the ?rst pulse 
current is passed through the How sensor 5, and a change in 
the temperature of the ink on the How sensor 5 in accordance 
With the ink ?oW rate is detected. On the basis of the charac 
teristic curves shoWn in FIGS. 4A and 4B, the change in the 
ink ?oW rate can be found from the output voltage (resistance) 
obtained When the second pulse current is applied. 
[0072] FIG. 5 shoWs a driving circuit of an ink-?oW detec 
tor used in the inkj et recording head according to the embodi 
ment of the present invention. 
[0073] The driving circuit shoWn in FIG. 5 includes a 
detecting circuit for detecting an ink ?oW With a detecting 
element 17, and a control circuit for controlling the driving of 
an electrothermal transducer 15 and controlling a detecting 
operation of the detecting circuit in connection With the driv 
ing of the electrothermal transducer 15. The electrothermal 
transducer 15 corresponds to the discharging heater 3 shoWn 
in FIGS. 1 and 2. The detecting element 17 corresponds to the 
How sensor 5 serving a heat-generating and temperature 
measuring resistor shoWn in FIGS. 1 and 2, or the How sensor 
14 serving as a heat-generating and temperature-measuring 
resistor shoWn in FIG. 3. The control circuit is provided in 
each discharging noZZle (discharge port). 
[0074] The detecting circuit is a constant-current driving 
circuit, and includes a constant-current source 16, a detecting 
element 17, and a MOS transistor 11. The constant-current 
source 16 and the detecting element 17 are connected in series 
via the MOS transistor 11. One end of the detecting element 
17 is connected to one terminal of the constant-current source 
16 and to a line of a voltage VSS via the MOS transistor 11. 
The other end of the detecting element 17 is connected to the 
other terminal of the constant-current source 16. A compara 
tor circuit 37 is connected to a line that connects the other end 
of the detecting element 17 and the other terminal of the 
constant-current source 16. 

[0075] One end of the electrothermal transducer 15 is con 
nected to a ground line GNDH via a MOS transistor 38. The 
other end of the electrothermal transducer 15 is connected to 
a voltage supply line VH. The control circuit includes tWo 
AND circuits 36a and 36b. The AND circuit 36a receives a 
heater application signal HE, a block selection signal BLE, 
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and recording data DATA, and ANDs these received data. The 
AND circuit 36b receives a block selection signal BLE, print 
data DATA, and a bias signal BIAS, andANDs these received 
data. The output of the AND circuit 36a is supplied as a 
sWitch-element control signal to the MOS transistor 38 via an 
ampli?cation circuit 39. The output of the AND circuit 36b is 
supplied as a sWitch-element control signal to the MOS tran 
sistor 11. 
[0076] In the control circuit, a one-bit selection period is 
designated by a block selection signal BLE. Since recording 
data DATA is set at a high level (corresponding to “l”) in the 
one-bit selection period, the output of the AND circuit 36a is 
high While the block selection signal BLE is high. During the 
period When the output of the AND circuit 36a is high, the 
MOS transistor 38 is turned on so as to supply a voltage to the 
electrothermal transducer 15. 
[0077] A sWitch-element control signal output from the 
AND circuit 36b is high While a bias signal BIAS is high. 
During the period When the sWitch-element control signal is 
high, the MOS transistor 11 is turned on. When the MOS 
transistor 11 is on, a current is supplied from the constant 
current source 16 to the detecting element 17. 

[0078] In the detection circuit, the current is supplied to the 
detecting element 17 in synchronization With the How of ink 
due to heat energy from the electrothermal transducer 15, and 
the change in ink How is detected as a temperature change. 
[0079] Speci?cally, an output voltage Vol” is detected at 
both ends of the detecting element 17 in the detection circuit. 
The MOS transistor 11 functions as a sWitch element. The 
MOS transistor 11 is turned on in synchronization With the 
ink How so as to heat ink on the detecting element 17, and is 
then turned off. In synchronization With a predetermined 
timing While the ink is ?oWing or after the ink How is com 
pleted, the MOS transistor 11 is turned on again, and the 
temperature of the ink on the detecting element 17 is mea 
sured. In this case, sWitching is made betWeen a state in Which 
the detecting element 17 functions as a heat-generating resis 
tor and a state in Which the detecting element 17 functions as 
a temperature-measuring resistor, by changing the pulse driv 
ing time of the detecting element 17. 
[0080] While only one detecting circuit is adopted in the 
driving circuit shoWn in FIG. 5, normally, a plurality of 
detecting circuits are connected in parallel. One control cir 
cuit is provided for each detection circuit. In this case, detec 
tion signals from the detecting circuits (voltages Vow output 
from both ends of the detection elements 17) are output in a 
time-sharing manner by performing control so that the MOS 
transistors 11 are sequentially turned on. 

[0081] FIGS. 6A to 6E explain the principle of operation of 
the ink-?oW detector shoWn in FIG. 5. FIG. 6A is a Waveform 
chart of the voltage applied to the electrothermal transducer 
15. FIG. 6B shoWs the change in ink ?oW rate on the time axis 
When the direction from the common liquid chamber 18 to the 
discharge port 2 shoWn in FIG. 1 is a positive direction. FIG. 
6C is a Waveform chart of the current applied to the detecting 
element 17. FIG. 6D shoWs the change in temperature on the 
time axis of ink on the detecting element 17. FIG. 6E is a 
Waveform chart of the detected output voltage in accordance 
With the changes in ink ?oW rate and ink temperature shoWn 
in FIGS. 6B and 6D. 
[0082] As shoWn in FIG. 6C, a pulse current supplied to the 
detecting element 17 includes a pulse that has a long pulse 
Width P1 and is high during a period betWeen a time t0 and a 
time t1, and a pulse that has a short pulse Width P2 (<P1) and 
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that is high during a periodbetWeen a time t2 and a time t3. The 
pulse having the pulse Width P1 and the pulse having the pulse 
Width P2 are supplied at a predetermined interval. The period 
betWeen the time t0 and the time t 1 Where the pulse current 
having the pulse Width P1 is applied is a heating period for 
heating ink near the detecting element 17. The period 
betWeen the time t2 and the time t3 When the pulse current 
having the pulse Width P2 is applied is a detection time for 
detecting an ink ?oW by measuring the temperature of ink 
near the detecting element 17. 

[0083] By supplying the driving pulse current shoWn in 
FIG. 6A to the electrothermal transducer 15, heat is generated 
by the electrothermal transducer 15, and a bubble is formed in 
the ink in the passage communicating With the ink discharge 
port. Consequently, an ink droplet is discharged from the ink 
discharge port. 
[0084] FIGS. 7A and 7B are schematic vieWs explaining 
the behavior of ink exhibited in the passage during a discharg 
ing operation of the recording head in the ?rst embodiment. 
FIG. 7A shoWs the behavior of ink in the passage during 
normal discharging, and FIG. 7B shoWs the behavior of ink in 
the passage in the case of defective discharging caused by 
covering the discharge port With extra ink. 
[0085] First, the behavior of ink during normal discharging 
Will be described With reference to FIG. 7A. 

[0086] When a voltage is applied to the electrothermal 
transducer 15 (discharging heater 3) shoWn in FIG. 5, a boil 
ing phenomenon occurs in a part of the ink in contact With the 
cavitation-resistant ?lm 7 in the passage, so that a bubble 
groWs. With this groWth of the bubble, an interface of the ink 
bulges toWard the front side of the discharge port 2, and a 
bubble region spreads over an area from the vicinity of the 
discharge port 2 to the back inner portion of the passage (see 
a time tB in FIG. 7A). 
[0087] When the application of the pulse is completed, the 
formed bubble dissipates. In response to this dissipation, the 
bulging front part of ink separates, travels through the air, and 
then lands on a recording medium. Further, the remaining part 
of the bulging ink is draWn back into the passage by a negative 
pressure generated by dissipation (see a time tC in FIG. 7A). 
[0088] When ink is re?lled in the state at the time tC in FIG. 
7A, the ink interface moves toWard the vicinity of the dis 
charge port 2. This ink How is caused by a capillary force near 
the leading end of the passage. As a result, When a bubble is 
formed, as shoWn in FIG. 6B, the ink temporarily ?oWs to the 
common liquid chamber 18, and then ?oWs from the common 
liquid chamber 18 to the discharge port 2 after the volume of 
the bubble increases to its maximum. 

[0089] When ink re?lling is completed, a normal state at a 
time tE shoWn in FIG. 7A is brought about again. Every time 
a voltage is applied to the electrothermal transducer 15 (dis 
charging heater 3), the operations from the time t A to the time 
tE shoWn in FIG. 7A are repeated. 

[0090] The behavior of ink in the case of defective dis 
charging Will noW be described With reference to FIG. 7B. At 
a time t A in FIG. 7B, the discharge port 2 is covered With extra 
ink. In this case, When a voltage is applied to the electrother 
mal transducer 15 (discharging heater 3), a bubble groWs 
because of a boiling phenomenon, but ink separation does not 
occur (see a time t B and a time tC in FIG. 7B). Since ink is not 
discharged by the groWth of the bubble in this Way, the 
amount of ink that is reduced by an ink discharging operation 
is zero. For this reason, the amount of ink to be re?lled is 
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smaller and the time necessary for ink re?lling is shorter than 
When normal discharging is performed. 
[0091] When ink near the How sensor 5 is heated in syn 
chroniZation With the How of ink in the above-described nor 
mal discharging and defective discharging operations, the 
temperature of the ink changes in accordance With the ink 
?oW rate, as shoWn in FIG. 6D. While the ink ?oW rate is high 
during normal discharging, it is loW during defective dis 
charging. When the How rate of the ink ?oWing from the 
common liquid chamber 18 toWard the discharge port 2 is 
high, the temperature of the ink on the How sensor 5 decreases 
signi?cantly. In contrast, When the How rate of the ink ?oWing 
from the common liquid chamber 18 toWard the discharge 
port 2 is loW, the decrease in the temperature of the ink on the 
How sensor 5 is smaller than When the ink ?oW rate is high. 
[0092] The voltage output from the How sensor 5 differs in 
accordance With the ink ?oW rate. In FIG. 6E, a solid line 
shoWs a voltage output from the How sensor 5 during normal 
discharging, and a broken line shoWs an output from the How 
sensor 5 during defective discharging. During the period from 
the time t2 to the time t3, the voltage output from the How 
sensor 5 differs betWeen normal discharging and defective 
discharging. Therefore, by comparing the voltages Vol” out 
put from both ends of the detecting element 17 With a thresh 
old value Vout’th for judgment about defective discharging in 
the period from the time t2 to the time t3, it can be judged 
Whether defective discharging has occurred in the recording 
head. 
[0093] A description Will be given beloW of conditions for 
distinguishing betWeen normal discharging and defective dis 
charging in the recording head. 
[0094] (1) Normal Discharging: 

(output voltage Vow) §(threshold value Voumh) 

[0095] (2) Defective Discharging: 
(output voltage Vou,)>(threshold value Voumh) 

Herein, it is preferable that the threshold value Vout’th be 
suf?ciently large so as to avoid misjudgment due to a noise 
signal and be suf?ciently small so as to alloW judgment imme 
diately after the occurrence of defective discharging. 
[0096] The output voltage Vow and the threshold value Vol”, 
th are compared by the comparator circuit 37 shoWn in FIG. 5. 
The result of the comparison performed by the comparator 
circuit 37 is supplied to the control unit that controls the 
recording head. Using the comparison result, When the output 
voltage Vol” is more than the threshold value Vomath, the con 
trol unit determines that ink discharging failure has occurred, 
and carries out a predetermined operation. The predetermined 
operation includes, for example, a discharging recovery 
operation of operating the recording head for discharging 
recovery, an operation of protecting the recording head, and 
an operation of giving the user a Warning. 
[0097] While the threshold value Vout’th for judgment about 
defective discharging is a ?xed value in the ?rst embodiment, 
it may be given by a high-dimensional function using the 
temperature in the passage as a variable. Alternatively, a data 
table listing optimum threshold values Vom’th set for the 
respective ink temperatures may be prepared so that an appro 
priate threshold value can be selected therefrom in accor 
dance With the temperature of ink in the passage. The opti 
mum threshold values Vom’th are set by the control unit. 
[0098] While the heat characteristic of the discharging 
heater is ?xed in the ?rst embodiment, a data table listing 
threshold values ranked in accordance With variations in the 
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heat characteristic of the discharging heater may be prepared 
so that an appropriate threshold value can be selected there 
from in accordance With the rank. The appropriate threshold 
value is selected by the control unit. 
[0099] By thus setting the optimum threshold values Vout’th 
in the data table, accurate judgment about defective discharg 
ing can be made, regardless of the temperature in the passage. 
[0100] FIG. 8 is a ?owchart shoWing a defective-discharg 
ing detecting procedure according to the ?rst embodiment. 
Defective discharging is detected by using a data table listing 
optimum threshold values Vomath. 
[0101] First, the temperature of ink in the passage is 
detected With the How sensor 5 (Step S10). For temperature 
detection, a data table shoWing the relationship betWeen the 
temperature and the output voltage (or resistance) When a 
constant current is passed through the How sensor 5 is created 
beforehand. With reference to the data table, the temperature 
is obtained from the output voltage of the How sensor 5. 
[0102] Next, With reference to a data table listing optimum 
threshold values Vout’th set corresponding to the ink tempera 
tures, an optimum threshold value (threshold value Voumh) 
corresponding to the detected ink temperature is selected 
(Step S11). 
[0103] Then, a predetermined voltage is applied to the dis 
charging heater 3 (Step S12). Heat energy is thereby applied 
to the ink in the passage, and a bubble is generated. By groWth 
and contraction of the bubble (bubble generation and dissi 
pation), ink discharging and re?lling are performed (Step 
S13). 
[0104] In conjunction With the ink ?oW due to bubble gen 
eration and dissipation, a ?rst pulse current is supplied to the 
How sensor 5 (Step S14). Then, a second pulse current is 
supplied to the How sensor 5, an output voltage Vol” in this 
case is detected (Step S15), and the ink heating operation With 
the How sensor 5 is completed (Step S16). 
[0105] Subsequently, the output voltage Vol” obtained in 
Step S15 and the threshold value Vom’th selected in Step S11 
are compared (Step S17). When the output voltage Vol” is 
more than the threshold value Voumh, it is determined that ink 
discharging failure has occurred (Step S18). When the output 
voltage Vow is less than or equal to the threshold value Voumh, 
it is determined that ink discharging is normal (Step S19). 
[0106] In the recording head according to the ?rst embodi 
ment, the How of ink in the passage produced When ink is 
discharged (ink ?oW produced by re?lling) is detected. The 
ink How is smaller When discharging failure occurs than When 
discharging is normal. By utiliZing the difference in magni 
tude of ink ?oW, discharging failure of ink can be detected. 
[0107] Since the magnitude of ink How in the case of dis 
charging failure has a suf?ciently distinguishable difference 
from that in normal discharging, it is possible to accurately 
distinguish betWeen the normal discharging state and the 
defective discharging state. 
[0108] Since the detection accuracy is not reduced by an 
external in?uence, unlike the optical defective-discharging 
detecting unit, accurate detection is possible. 
[0109] Since the ink How can be detected at each discharge 
port, judgment about defective discharging can be made for 
each discharge port in the recording head. 
[0110] Since judgment about defective discharging can be 
made during the normal discharging operation, the through 
put of the recording apparatus is higher than that of a record 
ing apparatus having an optical defective-discharging detect 
ing unit. 








