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MOUNT.ING STRUCTURE, MODULE, AND LIQUID CONTAINER 

BACKGROUND OF THE INVENTION 

pje}d of hhe Invention 

s The presen't invention relates 't.o a mounting structure for 
mounting ·a piezo-electric device for detecting a liquid 

consumpti.On condition in a liquid container by detecting changes 

in an acoust~c impedance and particularly detecting changes in 

a resonance frequency, a module having the mounting struc'ture 

1 o and 'the piezo-elect:ric device, and a liquid conl:ainer having the 

module and a container body. 

J)escripTipn pf Xhe Related art 

An ink cartridge to be moun-r.ed in an ink jet recording 

15 apparatus will be explained as an example of a liquid container 
· · ·----· · -- ·· , of a rela't.ed art. Generally, 'the ink· jet recording -apparatus has 

a pressure generating means for pressurizing a pressure 
generating chamber, a carriage mounting an ink jet recording head 

with nozzle openings for injeceing pressurized ink as ink drops, 

20 and an ink tank for containing ink ~o be fed to the recording 

head via a flow path and is structured so as to permit: continuous 

prini:ing. The ink tank is generally structured as a cartridge 

a-cuched to 1:he recording appara't.us in a removable s-cate· so as 
to be simply exchanged by a user when ink is consumed. 

25 conventionally, as an ink consumption control method of an 

ink cartridge, a method for totalizing the count of ink drops 

injected by the recordinq head and the ink amount: sucked al: 1:he 

maintenance step of the printing head by t:he software and 

controlling the ink consumption frOill calculation and a method 

3 o for attaching two electrodes for direct liquid level det:.ecl:ion 

to the ink ca.r1:ridge, detecting the point of time when ink is 

actually con~umed in a predetermined amount, thereby controlling 

the ink consumption are known. 

However, the method for totalizing 'the injection coun~ of 

35 ink drops and sucked ink amount by the software and controlling 

t:he ink consumption trom calculat:ion .imposes a problem t:ha't 'the 

pr~sure inside t:he ink cartridge and ink viscosity are "Varied 
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wi'Ch the use environment, for example, t.he magnitude of 

temperat:ure and humidit:y in 'the use room, the elapsed time aft:er 

opening the ink cartridge, and differences in t:he use frequency 

on the user side and an unnegligihle error is caused between the 

s ink consllltlption from calculation and the actual consumption. 
Further, there is another problem imposed t.ha't when 'the same 
cartridge is removed onoe and mounted again, t.he 'total.i2ed count 
is reset once, so that the actual residual quantit:y of ink cannot: 

be seen at all. 
1 o on the ot:her hand, t:he method for con'trollinq 'the point of 

t.i.m.e of ink consllll\ption by -ehe electrodes can detect: t:he actual 

amount of ink consumption a'C a certain point:, so 'that: it can 

control the residual quantity of ink. wi'Ch high reliability. 
However, ink should be conduct:ive so as t:o decect: the ink level, 

15 accordingly the kind of ink 1:0 be used is limited. Fu.tther, a 

·problem arises -~ha=t;·· t:he -· liquid tight struct:.ure bet:ween the 
el.ectrodes and the ink cartridge is complicated. Frirthennore, 

as a material of the electrodes, a noble metal which is conduc'Cive 
and highly corrosion-resistant is ordinarily used, so t:hat'. a 

20 problem also arises -r.hat the manufacturing cost of an ink 
cart.ridge is increased. Furt.hexmore, the two electrodes must be 

mcunt:ed respec-cively a't. different locations of the ink cartridge, 
so 'that a problem also arises tha-c many manufacturing steps are 

required and increasing in the manufacturin9 cost results. 
25 Further, as :mentioned above, in the method for controlling 

t:he point of time of ink conswnption by the elec'trodes, the holes 
for mounting -c.he elect:rodes to the ink cartridge should be formed 

in the ink cartridge. 1'herefore, a problem also arises t:hat when 

tbe cartridge is made of plastics, the injection molding proce5s 

30 is complicated. 

Furthermore, the electrodes have a particular sealing 
struc't.ure so as to keep liquid tightness, so that it is difficult 

to separate them from the ink cart:ridqe. As a resule, a problem 

also arises that ~t: is difficult to exchange or recycle ~he 
35 electrodes or ink cartridge. 

In order to solve the aforementioned problems, a piezo­

electric device to be mounted to a liguid container and a module 
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which can correctly de'tect. 'the residual quani:.ii:y of liquid and 

requires no complicated sealing structure are proposed. 

Therefore, an object of t:he present invention is t:o provide 

a moun't.ing structure for moun't.ing a piezo-electric device having 
s a function for det.ect.inq 'the consmnption conclit:ion of a liquid 

in a liquid container to the liquid coni:.ainer and facilitate 
mounting and demounting the piezo-electric device from the liquid 

container. 

10 SUMMARY OF THE INVENTION . 
Namely, according to an aspect of the preseni:. invention, a 

mounting structure for mouni:.ing a piezo-electric device used -co 
detec't. -ehe consumption condition of a liguid in a liguid container 
to the liquid con'tainer is characterized in i:.ha'C it. has a receiving 

15 portion to which the piezo-electric de,,-ice is mount:ed and a mouni:. 
··"Portion' ·to be m0uni:.ed -co the liquid container~ ···It: is possible 
'that the receiving ponion has an opening and the vibrating 
portion of the piezo-electric device comes in contact with the 
liquid in t:he liquid conuiner via the opening.. I't. is also 

20 possible thai: the receiving port.ion additionally has a mounting 
plaee ha'7ing an opening and 'the p1ezo-elec'tric device is moun'ted 
to the receiving portion via the mounting plat:e. The pie20-
elec'tric device may be struc-cured so that i.t has a piezo-elec'tric 
element having a piezo-electric layer held between electrodes 

25 and a vibrating plate on one side of which the piezo-electric 
element is arranged, an~ a cavity forming member having a forined 
cavity is arranged on 'the o'tber side of the vibrat:ing plat:e, and 
the vibrating plate can come in contact with the liquid in the 
liquid cont:ainer via tbe cavity. The cavity forming member may 

3 o be a sUbstrate on which the piezo-eleet:ric element and vibrating 
pla't.e are fo:cmed in't.egrally. The cavity forming member may be 
a mountinq plate 'to be mounted to the piezo-elec'tric device. It 

may additionally have a mounting plate having an opening and the 
cavity of the subs-crate and the opening of the mounting plai:.e 

35 may be arranged so as to be interconnec'ted. The receiving portion 
may be fo:r:med on the top of the moun't portion. on the side of 
the receiving portion formed so as to projec~ from the mount 
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portion, the piezo_-electric device may be mounted. 'l'he 

piezo-elect.ric device may have a piezo-electric element and may 

have an insulating portion for insulating the pie20-electric 

element from the liquid of the liquid container. The piezo-
5 eleci;ric device may additionally have a molding portion for 

molding the mounting pan between the receiving portion and 'the 

piezo-electric device. The mount pon:ion may have a colllll\Jl 

fi't'ting in-to 'the liquid container. The moun't portion may have 

a substra'te integrally fo.nned with -che column.. ~he fitting part 
lo of the mount: portion 'tO 'the liquid container may have a sealing 

structure. Coun'ter elect:romotive force may be generated by 

residual vibra'Cion remaining in -c.he piezo-electric device. The 

mount:.ing structure may additionally have a circuit board. The 

receiving portion may be fo:aned so as to be inclined to the li.quid 

15 surface in the liquid container. 

Further, acc~rding t:o another aspect of the present invention, 

a mounting structure for mounting a piezo-electric device used 
l:o detect the consum.p'tion condition of a liquid in a liquid 

container to 'the liquid container as an integral struc'ture is 

2 o characterized in that the mounting struc-cure has a molding portion 

for molding the junction between the 1ead wire in contact wit:h 

the e1ectrode of the piezo-eleC'tric device and t:.he liquid 

container. 'l'he mount:ing structure may have a leg for :E>rojecting 

'Che piezo-electric device into the liquid container. 

25 Further, still another aspect of the present invention is 

characterized in -chal: "the mounting struc'Cure aforementioned is 

arranged in "the liquid container.. The receiving portion may be 

arranged so as to be projected into the liquid container. 

Fnrthennore, the reeeiving portion may be fonned so as to be 

30 inclined to the liquid surface inside the liquid container. The 

mounting part between die mount:. portion and the liquid con"tainer 

may be molded. The mounting st:ructure aforemen-cioned may be 

atl:ached in a removable sl:ate. 

Further, anot:her aspec1: of t:he present inveni:ion is 

35 characterized in 'that a moun'ting struc'ture for mount:inq a 

piezo-electric device used to detect the consumption condil:ion 

of a liquid in a liguid container ro the liguid container has 
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a pair of conduc'tive members for supplyinq a drbre signal to the 

piezo-elect.ric device and. a resin-molded patt molded integrally 

wit:h t.he pair of conduct:ive members, and 'the pair of conduc't.ive 

members respec'tively include distal ends electrically connected 

5 to the piezo-electric device, proxini.al ends electrically 

connected to the circuit board, and intemedia-ce parts for 

connectinq the dis'tal ends and proximal ends, and at least: a pan 

of t:he int:.ermediat.e parts is embedded in 'the molded part. 

It is preferable that the pair of dist:al ends are arranged 

lo on the same plane and the pair of proximal ends are arranged on 

another same plane different from the same plane on which the 

pair of dis'tal ends are arranged. 

It is preferable t:hat each of the pair of conduc'tive members 

is f oxmed by bending elongat:ed members made of a conduct:ive 

15 material, and t:he same plane on which the pair of distal ends 

arearranged·and the another same plane on which the pair of 

proximal ends are arranged are parallel with each ot:her, and 'the 

elongat.ed members positioned on the same plane and t.he elongated 
members positioned on the another same plane are not overlaid 

2 o with each ot:.her in 't:he perpendicular direc'tion i:o 't:he same plane 

and the another same plane. 
It is preferable that when the molded part is to be 

resin-molded, the pair of ·distal ends are connected with a 

connection member and the connee'tion member is removed after resin 
25 molding. 

It is preferable tha't., in the connection member, to position 

the pair of conduc-eive members t:o 't.he die to be used for resin 

.molding of t:he molded part, a posi'tioning hole 'through which a 

part of the die is to be inserted is formed. 

30 It is preferable tna't the positioning hole is fonned in a 

position corresponding to the vibration part. of the piezo­

elec'tric device. 

It is preferable t:hat, for resin molding of the molded part, 

a female die and a male die 'to be fi't'ted to the fem.ale die are 

35 used and a pare. of 'the pair of conduc't.ive members connected with 

the connection member has a com:our corresponding to a part.ial 

S'Cructure of t:he male die so as t:o posit:ion the pair of conducti.ve 
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members to the male die. 
It is preferable that at the time of resin molding of 'the 

molded part, at least: a part of 'the pair of distal ends is held 

by a pair of dies, thereby at least a part of the pair of dis'tal 

s ends is exposed withou't being embedded in the resin and the exposed 

part of the pair of distal ends forms an electric contact point. 

It is preferable that a concavity for receiving the 

piezo-elect.ric device is fo:med in the molded part:. and the pair 

of distal ends are arranged on the bottom of the concavity. 

lo A still further aspec't of the ~resent invent:ion is 

characterized in tha't the module has a mounting structure 
aforementioned and the piezo-electric device embedded in the 

concavity of the mounting structure, and the piezo-electric 
de'1'iee has a piezo-electric element having a piezo-electric layer 

15 held by a pair of electrodes and a vibrating plate on one side 

of which the piezo-electric element is arranged, and a cavit:y 

f or:ming member having a formed cavity is arranged on the ot:her 

side of the vibrating plate, and the liquid in the liquid container 

comes in contact with the vibra~ing p1ate via the cavity. 
2 o It is preferable that the piezo-electric device has a pair 

of electrodes elect:rical1y connected to 'the pair of distal ends 

of the mounting structure with a conduct:ive adhesive and the 
periphery of the pi.ezo-electric device is sealed wi.th resin so 

as to prevent liquid from movin9 toward the back of the 

25 piezo-electric device. 
A further aspec't of the presen~ invent:ion is charac'terized 

in 'tha't a mounting st:ructure for mounting a piezo-electric device 

used t:o detect the consumption condition of a liquid in a liquid 

container to the liquid container has a base having electrical 

30 wires electrically connected to the piezo-electric device and 
a projection projected from the base to whic~ i:he piezo-electric 

devi.ce is mounted and the electrical wires electrically connected 

to the pie20-e1ectric device are fomed 't'.hree-dimensionally by 

two-color molding resin pla~ing. 

35 It is preferable ~hat a concavity for receiving the 
piezo-electric device is fonned on 'cite end of ~he projection, 

and on the bottom of the con~avi'r;y, pares elecu:ically connected 
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to t:.he pair of elect:rodes of the piezo-elec't.ric device are fonned 

by at least a part of the electrical wires. 

It is preferali>le 'that: the projection ha~ a tube member 

projected from the base and a sealing part for sealing t:.he openinq 

.s at the t:.op of t:he tube member, and the concavity is formed on 

the surface of the sealing part, and a through-hole passing 
t:hrough the sealing part. is formed at: the botl:om of 'the conca"U'ity, 

and 'cile elect:rical wires electrically connected t:o the pair of 

electrodes of t:he piezo-elect:ric device are continuously formed 

10 from the bo'ti:om of the concavity to the back side of the sealing 

part: via the inner ~urface of t:.he Lbrough-hole. 

Yet:. a further aspect of the present invention is characterized 

in that the module has a piezo-electric device used to detect 

-che consumption condieion of a liquid in a liquid container, a 
15 circui'C board elec'l:rically connec-ced to the piezo-e1ec'tric 

device, and a pressed-and-held connec~or which is pressed and 
he1d between the circuit board and the piezo-elect:.ric device so 

as to elect.r ically connect the pair of electrodes formed on the 

circuit board and the pair of elec'trodes of the piezo-elec-tric 
20 device .. 

It is preferable that the pres~ed-and-held connector has an 

insulating elastic mem?er w~ich is held and elastically 

compressed between the circuit board and the piezo-electric 

device and a plurality of conductors enending inside the elastic 

25 member in the compression direction. 

It is preferable that tbe pressed-and-held connector has a 

pair ·of conduc-cive rubber members ar.ran9ed bet:ween the pair of 

electrodes f onned on the circui'C board and the pair of elect:rodes 

of the pie20-electric device and an insulating rubber member for 

30 · mutually connecting 'Che pair of conductive rubber members. 

It is preferable that t:.he piezo-elec-cric device is structured 

so that i't has a piezo-electric element having a piezo-elect:.ric 

layer held b~een a pair of electrodes and a vibrating plate 

on one side of which the pie2o-elec'tric element is arranged, and 

35 a cavity tonning member having a formed cavity is arranged on 

'the other side of the vibrating plate, and the vib.rating p1ate 

comes in contact. with t.he liquid in· '!:he liquid container via the 
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cavi'ty. 
In any of the above-mentioned embodilnents, ~he piezo­

electric device may be supported by a pair of conductive members 

whi.Ch are connected to the piezo-electric device. 

BRIEF DESCRifTION OF THE DRAWINGS 

Figs. lA, lB and IC are drawings showing details of the 
actua-cor 106. 

Fig. 2 is a drawing showinq the constit:u'Cion of t:he actuator 

10 ~06 and an equi~alent circuit. 
Pigs. 3A and 3B are drawings showing the relationship between 

t:.he ink densit:.y and 't.he resonance freguency of ink detected by 

the actuator 106. 
Figs. 4A and 4B are drawings showing i:.he coun'ter eleci:.romotive 

15 force waveform of t:he aci:.uator 106. 
Fig. 5 is a perspective view showing the module•lOO. 

Fig. 6 is an exploded view showing 'the constitution of the 

module 100 shown in Fig. 5. 

Fig •. · 7 is a perspective view isbowing another embodiinent of 

20 the module. 

Fig. 8 is an.exploded view showing the constitut:ion of the 

module shown in Fig. 7 .. 

Fi.gs 9A to 9C show st:ill another embodimen't of the module. 

Fig. 10 is a drawing showing an exampl.e of the cross section 

2 s when 't.he module 1 o o shown in Fig. 5 is mounted to the ink cont:ainer 

1 .. 

Figs .. llA, llB and llC are other embodiment:s of the module. 
Fi.g. 12 is a drawing showing an example of the cross .sec-cion 

of the opening of the mounting structure shown in Figs. llA to 
30 llC. 

Figs. 13A, 13B and 13C are drawings showing other enibodiJnents 
of the through hole 2c. 

Figs. 14A, 14B and 14C are drawings showing the planes of 
other embodiments of the through ho1e 2c. 

3 s Fig. 15 is a drawing showing an ink cartridge having a mounting 

structure and an ink jet recording appara-cus. 
Fig. 16 is a drawing showi.n9 an ink cartridge containing a 
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plurality of kinds of ink • 

. Figs. 17A, 17B and 17C are drawings showing other examples 

of the ink cart:ridge 180. 

Fig. 18 is a drawing showing an ink je't recording apparat:us 

s .suited to the ink c~rtridge shown in Figs. 17A 'to 17C. 

Fig. 19 is a cross sectional "View of 'the ink cartridge 180d 

to which the module 500 shown in Figs. 9A to 9C is attached. 

Fig. 20 is a cross sectional view of another ink cartridge 

lBOe to which 'the module 500 shown in Figs. 9A to 9C is attached. 

lo Fig. 21 is a plan view showing a plate member for manufacturing 

a mounting structure of an embodiment of "t.he present:. inveni:.ion. 

Fig. 22 is a perspec"t.ive view showing the state tha't the plate 

member shown in Fig. 21 is bent. 

Pigs. 23A, 23B and 23C are enlarged views showing the pair 

15 of bent elongated members shown in Fiqa 22. 

Fig. 24 is· a perspective view showinq 'Che state 'Chat: a molded 

part is int:egrally formed with the pair of ben'C. elongated members 

shown in Fig. 22 by inserti9n molding. 

Fig. 25 is a cross sectional view showing the sta'C.e tha"t a 

20 lllOlded part is integrally formed wi't:h the pair of ben"t elongated 

members shown in Fig. 22 by insert.ion molding and shows 't.he state 

before a male die and a female die are fit into each o'ther. 

Fig. 26 is a cross sectional view showing the state i:.ha't: a 

molded pan is in"teqrally formed with the pair of bent elongated 

25 members shown in Fiq .. 22 by insertion molding and shows the state 

after a male die and a female die are fit in~o each other. 

Figs. 27A, 27B and 27C are drawings showing the constitution 

of a female die used for processing the molded part. shown in Fig. 

24. 

30 Figs. 29A, 28B and 28C are drawings showing the comst.itution 

of a male die used for processing the molded part shown in Fig. 

24 .. 

Fi9. 29 i.s a perspeci:.ive view showing an in'tegrated molded 

produc't that the branch parts are cut off at the cu-c.tin9 parts 

35 shown in Fig.· 21. 

Figs. 30A, 30B, 30C and 30D are drawings showin9 an int:.egra"t.ed 

molded product that the branch pares are cut off at the cut:"i:ing 
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parts shown in Fiq. 21. 

Fig. 31 is a perspec'tive view showing the si't.uation tha't an 

actuator is attached to a mounting structure of an embodiment 

of the present invention. 

s Fig. 32 is a perspective view showing a module structured 

by a'ttaching an·act.uator to a mounting structure of an embodiment 

of the present invention and molding it with resin. 
Figs. 33A, 33B, 33C and 33D are drawings showing t:.he 

constitu~ion of an actuator of an embodiment of 'the present 
1 o invention. 

Figs. 34A, 34B and 34C are drawings showing t.he consti'tution 
of a mounting si:ructure of an embodiment: of the present i.nvem:ion. 

Fiq. 35 is an exploded perspective view of a module of an 
embodiment of the present invention. 

15 Figs. 36A and 36B are drawings showing an example of a 
pressed-and-held connector of the module shown in .Fig: ..... 35. •. 

Figs. 37A and 37B are drawing showing another example of a 
pressed-and-held connector of the module shown in Fi9. 35 .. 

Figs. 38A and 388 are drawings showing still anoi:her example 

2 o of a pressed-and-held eonnect:or of the module shown in Fig. 35. 

25 

Figs. 39A and 39B are drawings showing a further example of 

a pressed-and-held connector of the module shown in Fig. 35. 

Figs. 40A and 40Bared.rawings showing a still fur'ther example 

of a pressed-and-held eonneci:or of the module shown in Fig. 35. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention will be explained hereunder with 
reference to the embodiments of the present invention. However, 

the present: inveneion recited in the claims is not limited to 

3 o the einbodim.ents described below and 'the combinations of the 

characteris~ics explained in the embodiments are not always 

necessary to i:he solving means of the inveD't:ions. 
In the embodiments, the present invention is applied to t:he 

art of a mountinq s't.ruc'ture for mounting a piezo-electric device 

35 for de'tect:ing the consumption condi'l:ion of ink in an ink cartridge 

to 'l:he ink cazi:rid9e. 

The embodiments of the present invention will be explained 
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concretely hereunder by referring to 'the acbompanyin9 drawings. 

In the drawings, firstly, the basic art of a piezo-elec'tric device 

for detecting the conslllllp'tion condii:ion of ink will be explained 

(Figs. lA to 4B). Then, in Fig. 5 and 'the subsequent drawings, 

5 a mounting structure for mounting -che piezo-elect:ric device 't.O 

an· ink cart.ridge, i'ts exploded view, variations of the mounting 

structure, and application examples to the ink cartridge will 

be explained. 
In the embodiments, an "actuator" is indicated as an example 

io of t:he piezo-electri.c device. However, t.he configuration of 'the 

piezo .... elect:ric device is not limited to an actua'tor and i't may 

be an "elast:ic ~ave generation m.eans 11 or a "piezo-electric 

element" • 'l'he components of the piezo-elec't.ric device are not 

limi't.ed to the embodiments.. As a configuration for realizing the 

15 mount:.ing s'truc-cure, terms o.t "module" and "module structure" are 
used. - ... - · · --· -· ·· 

Figs. IA to 2 show detai1s and an equivalen~ circuit of an 

ae1:uator 106 which is an embodiment of the pie20-electric device .. 

~e actuator aforementioned is used to a method for detecting 

20 at least changes in the acoustic impedance and detecting "the 

consumption condition of a liquid in a liquid container. 

Particularly, the actuat:or is used to a metilod for detecting the 

resonance freguency by t:.he residual vibration, t:.hereby detecting 

at least changes in the acoustic impedance, and detecting the 

25 consumption condition of a liqu1d in a liquid container. Fig. 

lA is an enlarged plan view of the actuator 106.. Fig. lB is a 

cross sectional view of B-B of the actuator 106. Fig. lC is a 

cross sectional vi~ of c-c of the act:uat:or 106. Funhermore, 

Fig .. 2 1 (A) and (B) show equivalent circuits of the actua-cor 106. 

30 Fig. 2, (C) and (D) respectively show the periphery including 

the actuator 106 and it:s equivalent: circuit when an ink cartridge 

is fu11 of ink and Fig. 2, (E) and {F) respectively show t:.he 

periphery including the actuator 106 and its· equivalent circuit 

when the ink cartridge contains no ink. 

3 5 · The actuat:or l 06 has a substra't.e 17 B having a circular opening 

161 almost at its center, a vibrating plate 176 arranged on one 

side (hereinafter referred 'to as 'the surface) of i:he substra-ce 
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178 so as to cover the opening 161, a pieto-electric layer 160 

arranged on 'the surface side of t.he vibrating pla'te 176, an upper 

electrode 164 and a lower elec'trode 166 holding t.hepiezo-elec't.ric 

layer 169 on both sides, an upper electrode terminal 168 

s electrically connecting with the upper electrode 164, a lower 
electrode t:enninal 170 electrically connect:in9 with the lower 

electrode 166, and an auxiliary elect.rode 172 which is arranged 

between the upper elE!!ctrode 164 and the upper electrode 't.enninal 

168 and elect:rically connects the two. The piezo-elect:ric layer 

lO 160, the upper electrode 164, and the lower electtode 166 h.a.ve 

a circular part as an essential section respectively. '!'he 

respective circular pares of t:he piezo-electric layer 160, the 

upper elect:rode 164, and the lower electrode 166 forin. a 

piezo-electric e1ement. 

15 The vibrating plate 176 is formed on the surface of 'the 

substra't.e· 178 so as to cover the opening 161. A cavity 162·- is 

fo:z:med by the part of t.he vibra'l:in9 plate 17 6 facing on the opening 
161 and the opening 161 in the substrate 178. The surface 

(hereinafter referred to as che back) of the substrate 178 on 
20 the opposite side of the p1ezo-electric elemen't. f~ces on the 

liquid container side and the cavity 162 is structured so as to 

come in con-cact: with a liquid~ The vibrat:ing plate 176 is attached 

to the substrate 178 liguid-tightly so as to prevent a liquid 

leak on the surface side of the substra'te 178 even if a liquid 

25 enters inside the cavity 162. 

'l'he lower electtode 166 i5 positioned on i:he sux-face of the 

vibrating plate 176, that is, on the surface on the opposite side 

of the liquid container and attached so that the center of the 

circular part which is a main part of the lollt'er electrode 166 

30 and the center of t:he opening 161 almost coincide with each other. 

The area of t:he circular part of the lower elec-c.rode 166 is set 

so as 'tO be sma1ler than t:.he area of the opening 161. on the other 

hand, on 't.he surface side of the lower electrode 166, the 

piezo-electric layex- 160 is formed so that the center of the 

35 circular part thereof and the center of the opening 161 almost 

coincide with each o'ther. The area of the circular part of 'the 

piezo-electric layer 160 is set so as 'to be smaller than the area 
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of the opening 161 and larger than the area of 'the circular part:. 

of ~he lower electrode 166. 

on the other hand, on 't.he surface side of the piezo-electric 

layer 160, the upper electrode 164 is formed so 'tha't. the center 

5 of t:.he circular part which is a main part thereof and the center 

of the opening 161 almost coincide witil each o'ther. The area of 

the circular part of the upper electrode 164 is set so as to be 

smaller than the areas of the opening 161 and of the circular 

part of 'the piezo-elec~ric layer 160 and larger than the area 

10 of the circular part of the lower electrode 166. 

Therefore, the main part. of the pi:e:io-e1ectric layer 160 iS 

structured so as 'to be held respectively from the surface side 

and back side by the main part of the upper electrode 164 and 

the main part of the lower electrode 166, so that the piezo-

15 electric layer 160 can be effectively defol1l\ed and driven. The 

circular parts of the · piezo-elecrric:· layer 16 O, the upper 

electrode ~64, and the lower electrode 166 which are the 

respective main pares form a piezo-electric element of the 

aetuat:.or 106. As mentioned above, the piezo-electric element is 

2 o in contact wi t:h the vibrating pla'te 17 6. Among the circular pare 

of the upper elec~rode 164, the circular p~ of 'the piezo­

electric layer 160, the circular part of the l~ electrode 166, 

and the opening 161, the area of 1:he opening 161 is the largest. 

By use of such a structure, the viJ:>rat:ion area of the vibra-cing 

25 plate 176 which vibrates ac'tually is defined by 'Che opening 161. 

The circular pan of the upper electrode 164, the circular part 

of the piezo-electric layer 160, and the circular part of the 

lower electrode 166 are smaller in the area t.han the openin9 l6l, 

so tha'C the vibrating plate 176 vibrates more easily. 
3 o FUrt.he:cmore, among 'the circular part of the· lower electrode 16 6 

and t:.he circular pan of -che upper electrode 164 Which are 

electrically connected to the pie20-electric layer 160, ihe 

circular part of the lower electrode 166 is smaller. Therefore, 

the circular part. of the lower electrode 166 defines ~he part 

35 of the piezo-electtic layer 160 which generates a piezo-electtic 

effect. 

The upper electrode tenninal 168 is formed on the surface 
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side of the vibrating plate 176 so as to be electrically connected 

t:o the upper elec-crode 164 via l:he auxilia:r:y elect:rode 172. On 
the o't:her hand, the lower electrode terminal 170 is formed on 

the surface side of 'the vibra'ting pla't:e 176 so as to be 

s electrically connected to tjie lower electrode 166. The upper 

electrode 164 is formed on the surface side of 'the piez.o-electric 
layer 160, so thai:, in t:he middle of connection 't:o the upper 
electrode terminal 168, the upper electrode l 64 must: have a level 
difference equal t:o the sum. of the thickness of 'the piezo-electric 

10 layer 160 and 'the thickness of i:he lower elec"trode 166. I't: is 
difficult that only the upper electrode 164 fo:r:ms this level 
difference, and even if it can do, the connec't.ion condition 
between t:he upper electrode 164 and the upper elec't.rode 't'.erminal 
168 becomes weak, and there is a risk of cut:-cing. Accordingly, 

15 'the auxiliary electrode 172 is used as an auxiliary member and 
the upper elect:.rode 164 and the upper electrode tenn.inal 168 are 
connected. By doing t:his, also 'the piezo-elec'tric layer 160 and 
also the upper electrode 164 are s"t:ructured so as t:o be supported 
by the auxiliary electrode 172 and desired mechanical strength 

20 can be obtained and furthermore, the upper electrode 164 and the 
upper electrode terminal 168 can be connected surely. 

The piezo-electric element and the vibration area of the 
vibrating pla'te 176 facing the piezo-electric element are the 
vibration parts of t:.he ac'tuator that vibra't.e actually. Further, 

25 it is preferable tha't: the members included in the actuator 106 
are calcined and formed integrally mutually. When the actuator 
106 is fo:cmed integrally, it can be handled easily.. FUrtheDnOre, 
when the strength of the substrate 178 is increased, the vibration 
charaeteris'tic is ilnproved. Namely, when the strength of the 

30 subs"t:rate 178 is increased, only 'the vibration part of the 

actuator 106 vibrates and 'the parts of 't:he ac'tuator 106 ot:her 
than the vibration part do no'C vibrate. Further, preventing the 
parts of the actua~or 106 o'ther than the vibra'tion pa.rt from 
vibration can be reali2ed by increasing l:he streng~h of ~he 

35 substrate 178 and inversely making the piezo-elec'tric elemen~ 
of the actuator 106 thinner and smaller and making the vibrating 
plate 176 thinner. 
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As a rna'terial of the piezo-elec::t:rie layer 160, it is 

preferable to use lead zirconate 't.itana'te (PZT), lead lanthanum 

zirconate titanate (PLZT), or a leadless piezo-electric film 
using no lead and as a material of the substrate 178, it is 

s preferable to use 2irconia or alumina. It is preferable t~ use 

the same material for the vibra'ting plate 176 a$· the material 
of the substrate 178. For the upper electrode 164, the lower 

electrode 166, the upper electrode te.rmi.nal 168, and the lower 

electrode terminal 170, a conductive material, for example, a 

10 metal such as gold, silver, copper, platinum, aluminum, or nickel 

may be used. 

The actuator 106 s"trUctured as mentioned above can be applied 

to a container containing a liquid. For example, i't can be mounted 

t:o an ink cartridge or ink tank to be used for an ink jet recording 

IS apparatus or a con~ainer for containing a cleaning liquid for 

· · · clean·ing ·a recording head. 

The actuator 106 shown in Pigs. lA to 2 is mounted a~ a 
predetermined location of the liquid con'tainer so that the cavity 

162 comes in contact: with a liquid contained in i:he liquid 
20 contain~r. When a liquid is sufficiently contained in the liquid 

container, the cavity 162 and the outside thereof are full of 

liguid. on the ot:her hand, when the liquid of the liquid container 

is consumed and the liquid level lowers below the actuator 

1n0untin9 loca'Cion, a condition tha't. no liquid exists in the cavity 

25 162 or a liquid remains only in the cavity 162 and air exists 

outside 'Chereof is generat:ed.. The actuator 106 de'tects at: least 

a difference in the acoustic impedance caused by this change in· 

'the condition. 'l'hereby, the actuator 106 can de'Cect whet:her a 

liquid is sufficiently contained in the liquid container or a 

30 fixed amount of liguid or more is conswned. Furr:hennore, the 

actuator 106 can detect also the kind of liquid contained in 'the 

liquid container. 

Next, the principle of liquid level detection by the actua'tor 

will be explained. 
35 To detect changes in the acoust.ic impedance of a medium, 'the 

.impedance characteristic or admittance characteristic of the 

medium is measured. At the 'time of measurernen't of the impedance 
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characteristic or admittance charact:eris~ic, for example, the 

transmission circuit: can be used. The transmission circuit 

impresses a fixed voltage 'to the medium, changes the frequency, 

and measures_ the current fl~winq through the medium. or, the 

s transmission circuit supplies a fiXed current to the medium, 

changes "Che frequency, and measures the voltage j,Jppressed to t:he 

medium. Changes in t:be current or vol-cage measured by t.he 

transmission circui'C indicate changes in the acoustic impedance. 

Chan9es in 'Che frequency fm at which 'the .current: or vol1:age is 

10 maximi2ed or minimized. also indicates changes in the acous~ic 

impedance. 

Separately from t:he method aforementioned, the actuator can 

de-cect: changes in the acoustic impedance of a liquid using changes 

only in the resonance frequency. AS a method using changes in 

lS the acoustic .i:tnpedance of a liquid, a1: t:he time of using a me-chod 

for detecting t:he resonance frequency by vibrat:ing 'the vibration 

part of t:he actuator and then measUJ:"inq counter elec't.roltlO'tive 

force caused by 't.he residual vibration remainin9 in the vibra'tion 

part, for example, t.he piezo-electric elemen't can be used. The 

20 piezo-electric element is an elemen't for generating counter 

elec'tromotive :force by the residual vibration :remaining in the 

vibration pare: of the ac'tuator . and the magnitude of the coun'ter 
elect:romotive force varies with the ampli't.ude of the vibration 

part of the actuator. Therefore, as the amplitude of 'the 

25 vibration part of the actuator increases, the detection becomes 

easier.. Further, the cban9in9 cycle of magnitude of the counter 

electtomotil>'e force varies with the frequency of the residual 

vibration remaining in t:he vibration pari:. of the actua-cor. 

Therefore, the frequency of t.he vibration part of the actuator 

3 o corresponds to the frequency of the coun't~ electromotive force. 

Here, t:he resonance frequency is .referred 'to as a frequency in 

a resonance s't.a't.e be-cween the vibration part: of the actuator and 

a medium in· contact with ~he vibration part. 

To obtain the resonance frequency f s, the wavefom obtained 

35 bY measurement of the couni:er electromotbre force when the 

vibration pare and medium are in a resonance s"t.ate is subjec'ted 

t:o -che Fourier t:ransfonnat:ion. The vibration of t:he actuator is 
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accompanied by various deformations such as deflection and 

extension instead of deformat.ion only in one direction and has 

various frequencies including the resonance frequency fs. 

Therefore, 'the wavefoilll of the counter electromotive force when 
s the piezo-elec'tric element and medium are in a resonance state 

is subjec'ted to the Fourier t:.ransfonnation and the most dominant 

frequency component: is identified, thereby the resonance 

frequency fs is judged. 

The frequency fm is a frequency when 'the admitumce 

io characteris"tic of a medium is maximum or the impedance 

characteristic thereof is mini.mum.. When the resonance frequency 

fs is used, 'the frequency flll may cause a slight error for the 
resonance frequency f s due to a dieiectric loss of a medium or 

a mechanical loss 't:hereof. However, it requires a great deal of 

15 time to derive the resonance frequency fs from the frequency fm 
to be measured; so 'C"hat the frequency fm is generally used· i.ns=tead 

of the resonance frequency. Then, when the output of the actuator 

106 is input to the transmission circuit, the actuator 106 can 

detect at least the acoustic impedance. 

2 o The experimen-c proves that there is little difference in the 

resonance frequency identified by the method for measuring the 

impedance characteristic of a medium or ad!nittance 

characteristic thereof and meas\lring the frequency fm and the 

method for measuring the resonance frequency fs by measuring 'the 

25 counter elec-cromaqnetic force caused by the residu~l vibration 

in the vibration part of -che actuator. 

The vibration area of the actuator 106 is 'the part. of the 

vibrating plate 176 cons'ti'tuting the cavity 162 defined by the 

opening 161. When a liquid is sufficiently contained in the 

30 liquid container, the cavii:y 162 is full of liquid and the 

vibration area is in contact with i:he liquid in the liquid 

container. on the ot:.her hand, when no liquid is suf ficien1:ly 

con-cained in t:.he 1iquid container, t:.he vibration area is in 

contac~ with a liguid remaining in the cavi~y in the liquid 
35 container or in con'tac't with gas or a vacuum instead of a liquid. 

I --

The actuator 106 of the present inven'tion is provided with 

the cavity 162, so that a liquid in the liquid con'tainer remains 
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in the vibra'tion area of the actuator 106. The reason thereof 

is indica'ted below. 
Depending on t:he mount:in9 posi'tion or mounting angle of the 

actuator t:o 1:.he liquid container, a liquid may be adhered to the 

s vibrat_ion area of the actuator, though t:he liquid level in t:he 

liquid container is lower than the mounting position of the 
actuator. When the actuator de'tects existence of a liquid only 

hy existence of a liquid in the vibration area, a liquid adhered 

to the vibration area of t:he actua-cor disturbs precise detection 

10 of existence of a liquid. 

For exampl.e, when the liquid ltWel is lower t.han t:he mounting 
position of the actuator, if t:he liquid container rocks due to 
the reciprocating motion of the carriage, and t:he liquid waves , 

and a liquid is adhered ~o the vibration area, the actuator 

15 misjudges that a liquid is sufficieni:ly contained in the liquid 

··-· ·· · ··· · · ·· · coni:ainer. · Therefore, when a cavity designed so as to precisely 

det.ect existence of a liquid even if a liquid remains 'there 

inversely is positively installed, the actuator can be prevented 

from malfunctions even if the liquid container rocks and the 

2 o liquid leYel waves. ~en an actuator having a cavity is used l.ike 

this, malfunctions can be prevented. 

Further, as shown in Fig. 2, ·( E) , a case 'that there is no 

1iguid in the liquid con'tainer and a liquid in the liquid con'tainer 

remains in 'Che cavi'ty 162 of 'the actuator 106 is set as a t:hreshold 

25 value of existence of a liquid. Namely, when there is no liquid 

around 'the cavity 162 and the liquid in the cavity is smaller 

than the 'threshold value, the actuator judges that there is no 

ink and when there is a liquid around 1:.he cavity 162 and the liquid 

in the cavity is larger 1:.han the threshold value, the actuator 

30 judges. that there is ink. For example, when the actuator 106 is 

mounted on the side wall of the liguid container, if the liguid 

in ~he liquid con~a1ner is_positioned lower than ~he mounting 

position of ~he actuator, the actuator judges that there is.no 

ink and if the liquid in the liquid con'tainer is positioned higher 

35 than the mounting position of the actuator, the ac'tuator judges 

tha~ ~here is ink. When the threshold value is se't like t:his, 

even when the ink L~ the cavity is dried and exhausted, the 
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actuator judges 'that ther.e is no ink and even if ink is adhered 

to the cavity again due to rocking of the carriage though ~he 
ink in the ca~ity is exhausted, the amount doea not exceed the 

threshold value, so that the actuator can judge that there is 

s no ink. 

Next:, the operation and principle for detecting 'the liquid 

conditi.on in the liquid con'tainer from the resonance frequency 

between a mediwn and the vibra-cion part of the ac'tuator 106 by 

measurement of the counter elec'tromo't.ive force will be explained 

10 by referring to Figs. lA to 2. In the actuator lOG, a voltage 

is impressed to the upper electrode 164 and the lower elec-crode 
166 respectively via the upper electrode terminal 168 and the 

lower electrode te:cminal 1 7 o. An electric field is qenerated in 

the par't of t:he piezo-electric layer 160 held by the upper 

15 electrode 164 and the lower electrode 166. The pie20-electrie 

layer 160 is -defo:cmed- by -chis · electric field. When the ·· ·····- · ~· ···-·"·-· · 

piezo-electric layer 160 is defonned, 'the vibrat:ion area of t:he 

vibrating plate 176 is bent and vibrates. For a little whi.le after 

t:he piezo-electric layer 160 iS deformed, t:he bending vibration 

20 remains in the vibration part of Lhe actuator 106. 

The residual vibration is free vibra~ion of the vibration 
part of the actuator 106 and the medium. Therefore, when 'the 

voltage to be impressed to the piezo-elect.ric layer 160 is set 

to a pulse wavefo.nn or a square waveform, the resonance state 

25 can be easily obtained between the v.ibra'tion pare and the medium 

after voltage .impression. The residual vibration vibrates the 

vibration part of 't:he actuator 106, so t:hat it also deforms the 

piezo-electric layer 160. 'l'herefore, the piezo-elect:ric layer 

160 generates counter electromotive force. l'he coun't.er 

30 elect.romotive force is detected '\ria the upper electrode 1G4, t:he 

lower electrode 166, the upper elect:.rode tenninal 168, and t:he 
lower electrode terminal 170. The resonance frequency can be 

identified by the counter elect:romotive force deteci:ed, so that 
the liquid state in the liquid container can be detected. 

35 Generally, the resonance frequency fs is expressed by the 

following fonnula: 

fs = li ( 2 ... * (M1tCact.) 112
) --- Formula l 
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In this case, M indicates the sum of inertance Mact of the 

vibration part and additional inertance M' and Cact indicate$ 
compliance of the vibration part. 

Fig. le is a cross sectional view of the actuator 106 of this 

s embodiment when no ink :r;e.{llains in the cavi'l:y •. Fig. 2, (A) and 

(B) show eguivalen't circuit:s of 1:he vibration part of the actuator 

106 and the cavi'ty 162 when no ink remains in 'the cavity. 

Maet is a value ob~ained by dividing the product of 'the 

thickness and density of 'the vibrat:ion part:. by 'the area of the 

1 o vibration part and more in detail, it is expressed by the following 

formula as shown in Fig. 2, (A). 
Mact = Mp~t + Mel.ectrodel + Melectrode2 + Mvib --- Formula 

2 

In ehis case, Mpzt is a value obt:ained by dividing 't:he product 
15 of the thickness and density of the piezo-electric layer 160 in 

··the vibration part by t:he area of the piezo•electric··layer 160. · 

Melectrodel is a value obtained by dividing the product of the 

't.hickness and densi-cy of the upper eleco:ode 164 in the vibration 

part by 'the area of the upper electrode 164. Melec'trode2 is a 
2 o value ob'tained by dividinc,J the product of the t:hickness and 

density of 't.he lower electrode 166 in the vibration part by 'the 
area of the lower electrode 166. MVib is a val\le obt.ained by 
dividing the product of the 'thickness and density of the vibra't.ing 

plate 17 6 in the vibra'tion part: by the area of the vibrat:ion area 

25 of i:he vibrating plate 176. However, since Mact can be calculai:ed 

from. the thickness, density, and area of the whole vibration part, 

it is preferable in this embodi.men't that although the areas of 

-che piezo-electric layer 160, the upper elec'trode 164, the lower 

electrode 166, and -c.he vibration area of the vibrating pla-c.e 176 

30 have the magnitude relations aforementioned, the mutual 

differences between the areas are :minute. According to this 

embodiment, in the piezo-electri.c layer 160, the upper electrode 

164, and the lower electrode 166, it is preferable th:at 'the parts 

other t:.han 'the circular parts which are the main parts thereof 

35 are so minute as to be ignored for the main parts. 

Therefore, in the act:uator 106, Mac't is the sum of inertance 

of each of L.he upper elect:rode 164, '!:he lower elec-erode 166, the 
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piezo-electtic layer 160, and the vibration area of i:he vibrat.ing 
pla'te 17 6. The compliance Cact: is compliance of the part formed 

by the upper electrode 1~4, the lower elec"trode 166, 'the 

pie20-elett:ric layer 160, and the vibration area of the vibra'ting 

s pla'te 176. 

Fig. 2, (A}, (B), (D), and {F) indicate equivalent: circui'ts 

of t:.he vibration par1: of the actuator 106 and the cavity 162 and 

in the equivalent circui'ts, Cact:. indicates the compliance of the 

vibra"tion pare of 'Che ac'tuator 106. Cpzt:., Celectrodel, 

10 Celec'trode2, and CVib respect:ively indicate compliance of the 

vibration part of the piezo-electric layer 160, the upper 

electrode 164, the lower electrode 166, and 'the vibratinq pla-ce 

176. Cact is expressed by Formula 3 indica-ced below. 

l/Cact = (l/Cpzt) + (l/Celectrodel) T (1/Celec-crode2) + 
15 (l/CVib) --- Formula 3 

By· Fonnulas 2 and 3;-Fi9·;.··-2, {A) can be indicated ·as Fig. 

2 1 (B). 

The compliance cact indicates a volume for receiving a medium 
by ·deformation when pressure is applied to a uni-c area of the 

20 vibration part. 'l'he compliance Cact may be said to indicace 
deforma'tion easiness. 

Fig. 2, ( C) indica'tes a cross seC"tional view of the actuat:or 

106 tnJhen a liquid is sufficient:ly contained in the liquid 

container and the periphery of 'the vibration pan of the ac"tuatcr 

25 106 is full of liquid. M' max shown in Pig. 2, (C) indical:es a 

maximum value of the addit:.ional inertance when a liquid is 

sufficiently contained in the liquid container and the periphery 

of the vibration part of the ac"tuator 106 is full of liquid. M' 
max is indicated as follows: 

30 M' max = ( * p /(2tk3))*(2"(2*k*a)•/(3* ))/( *a2
)

2 

Fomula 4 

where a indicates a radius of the vibra-eion part, p density 
of 'the medium, and k a wave-number. FoJ:ltlllla 4 is held when 'the 

vibration area of the actuator 106 is a circle wii:.h a diameter 

35 of a. The addi:tional inertance M' is a value 1ndica1:in9 that 'the 

mass of the vibration part is apparenuy increased by the action 

of a medium existing in 'the neighborhood of the vibration part .. 
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Formula 4 shows 'that: M' max grea'tly varies with the radius a of 

the '7ibrat:ion part and the density p. 

The wave-number k is expressed by Lhe following: 

k = 2* *fac't/c --- Fonnula 5, 

s where fact indicates a resonance frequency of the vibration part 

when it is not in con'tac't with an liquid and c indicates an acoustic 

speed propagatin9 through 'the medium. 

Fig. 2, (D) shows an equivalen't circuit of 'the vibration part 

of t:he actuator 106 and the cavi:ty 162 shown in Fig. 2, ( c) when 

io a liquid is sufficient:ly contained in the liquid con't.ainer and 

't.he periphery of 'the vibration part of t:he actuat.or l 06 is full 

Of l.iquid. 

Fig. 2, (E) in.dicat:es a cross sect:.ional view of the actua't.or 

106 when t:he liquid in the liquid container is cons'Ult\ed and t.here 

15 is no liquid remaining around the vibration part of the actuator 

106, t:hough a li.quid remains in the cavity 162 of the ·actuator 

106. Formula 4 is a formula indicating maximum inenance M' max 

decided frOlll the ink density p, for example, when 'the liquid 
container is full of liquid. On 'the other hand, when the liquid 

20 in tbe liquid container is consumed, and a liquid remains in the 

cavity 162, and the liquid around the vibration area of the 

act:uat:or 106 is changed to air or a vacuum, it can be indicated 

as follows: 

M' =p•'t./S --- Formula 6, 

25 where 1: indicates a thickness of a medium relating to vibration 

and s indicates an area of the vibration area of the actuator 

106. When the vibration area is a circle wit.ha radius of a, s 
= •az. Therefore, the additional inert:ance M' follows Formula 

4 when a liquid is sufficient:ly contained in the liquid container 

30 and 'the periphery of the vibration part of the actuator 106 is 

full of liquid. on the other hand, when the liquid is consumed, 

and a liquid remains in the cavity 162, and 'the liquid around 

the vibraeion area of the ac't.ua't.or 106 is changed 't.o air or a 

vacuum, the addi'tional inertance M' follows Formula 6. 

35 :aere, as shown in Fi9. 2, (E), t:be additional inertance M' 

when ~he liquid in ~he liquid con"t:ainer is consumed and ~here 

is no liqu.id remaining around 't.he vibra-cion pare of the actuai:or 
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106, though a liquid remains in the cavity 162 of the actuator 

lOG is indicat:ed by M' cav for comrenience so as to distinguish 

it froin the additional inertance M' max when the periphery of 

the vibration part of the actuator 106 is full of liquid. 

s Fig. 2, (F) shows an equivalent circuit of i:he vibrat:ion part 

of the actuator 106 and 'Che cavity 162 shown in Fig. 2, (E) when 

the liquid in the liquid container is consumed and there is no 

liquid remaining around the vibration part of 'the actuator 106, 

though a liquid remains in the ~avity 162 of the actuator 106. 

1 o In this case, the parameters concern1n9 the medium eondit:ion 

are the medium densi~y p and medium -c.bickness t in Fonnula 6. 
When a liquid is sufficient:ly con-c.ained in the liguid container, 

the liquid is in contact with the vibration part of the actuator 

106 and when a liquid is not sufficiently con't.ained. in 'the liquid 

15 container, a liquid remains in the cavity or gas or a vacuu:m is 

in·con-cact with the vibration part of the act:uator 106. ·When the 

liquid around the actuator 106 is consumed and the addi'tional 

inertanee in 'the process of moving from M' max shown in Fig. 2, 

cc) to M • cav shown in Fi9. 2 , ( E) is assumed as M • var, the medium 

2 o thickness r is changed depending on the liquid containing 

condition in the liquid container, so that the additional 

inertance M' var is changed and the resonance frequency fs is 

also changed. Therefore, by identifying the resonance frequency 

fs, the existence of liquid in the liquid container can be detected. 

25 In this case, when t=d is set as shown in Fig. 2, (E) and M' cav 

is ex.pressed using Fonnula 6, by substitu'ting the dep-c.h d of the 

cavity for t given in Formula 6, the follo~ing is obtained: 

M' cav =P•d/S --- Fonnula 7. 
A mediwn which is a liquid different in the kind iS different 

30 in the density p depending on the difference in the composition, 

so -c.bat the additional inertance M' is changed and the resonance 

frequency fs is also changed. Therefore, by identifyin9 ~he 

resonance frequency fs, the kind of liquid can be detect.ed. 

Fig. 3A shows graphs i.ndica'tin9 't.he re1ationship between ~he 

35 ink amount,. ink, and resonance frequency fs of a vibra'tion pare. 

in an ink tank. Here, ink will be explained as an example of a 

liquid. 'I'he ordina-ce axis indica"t.es the resonance frequency ts 
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and 't.he transverse axis indicat:es an ink amount:. When the ink 

composition is fixed, as the residual amount of ink reduces, the 

resonance frequency fs increases. 

When ink is sufficiently contained in the ink cont:ainer and 

s the periphery of the vibrat.ion area of the ac-cuator 106 is full. 

of ink, the maximum addii:ional inertance M' max is i:he value 

expressed by Fo.nnula 4. On 'the oi:.her hand, when the ink is 

consumed, and a liquid remains in the cavit:.y 162, and i:he periphery 

of the vibration area of the actuator 106 is not full of ink, 

10 "the additional j.nertance M' var is calcula'ted from Formula 6 on 

the basis of the medium t.hickness 't. ''t" in Fo.x:mala 6 is 'the 

thickness of 'cile medium relating to vibration, so that when t:he 

thickness d (Fig. lB) of t:be cavity 162 of 'the actuat:or 178 is 

.reduced, that is, the subst:rat:e l 78 is made sufficient thin, 1:.he 

15 process 'that ink is gradually consumed can be detec"ted (Fig. 2, 

(C)). Heli"e, -t- ink is assumed -as an ink 'thickness relating-to ··· '· ·· · -­

vibration and t ink-max is assumed as t ink in M' max. Por example, 

the actua'tor 106 is arranged on the bottom of t:be ink cartridge 

almost horizontally Wi'th 't.he ink level. When the ink is consumed 

2 o and the ink level reaches the height t ink-max or less from t.he 

actuator 106, M' var is slowly changed according to Formula 6 

and the resonance frequency f s is slowly changed accordinq to 

Fox:mula 1. Therefore, as long as the ink level is within the range 

of t, the actuator lOG can de~ect: slowly 'the ink consumption 

25 condition. 

When the vibrat:ion area of the actuator 106 is made larger 

or longer and arranged lengthways, S in Fo.nnula 6 is changed 

accordinq to 'the position of ink level due 'to ink consumpt:ion. 

"rherefore, the actuator 106 can detec't also the process of slow 

30 consumption of ink.. For example, the actuator 106 is arran9ed 

on 'the side wall of "the ink cartridge al.most perpendicularly to 

't:he ink level. When the ink is consumed and the ink level reaches 

the vibration area of the act:uat.or 106, 'the additional inertance 

M' redaces as the ink level lowers, so that the resonance frequency 

3 s fs slowly increases according to Fomula l . Therefore~ so long 

as the ink le~el ~s within the range of the diameter 2a (Fig. 

2, (C)) of the cavity 162, the aC'tuator 106 can slowly detect 
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the ink consmnp'tion condition. 

The curve x shown in Fig. 3A shows the relationship between 
the ink amount, ink, and resonance frequency fs of 'the vibration 
part in the ink tank when the cavity 162 of the actua'tor 106 is 

5 made suf ficien-tly shallow or the vibration area of the ac'tuator 
106 is made sufficiently large or long. The situation t:hat. the 
ink amount in t:he ink tank slowly reduces and the ink and resonance 
frequency fs of the vibration part change slowly can be 
understood. 

lo More in de'tail, a ease that 'the process of slow consumption 
of ink can be detected is a case that a 1iguid and a gas different 
in density from each other coexist around the vibration area of 
the actuator 106 and are related to vibra'tion. As ink is consumed 
slowly, TaTith the med.ia re1a'ting t:o vibration around 'the vibration 

15 area of the actuator 106, the liguid reduces, while the gas 
·increases• For .example, when ·t~e ac'tuator ·106 is arranged 
hori2ontally wit:h the ink level and t ink is smaller than t ink-max, 
t:he media rela'ting t:o vibration of.t:he actuator 106 include both 
ink and gas. Therefore, assmnin9 the area of the vibra1:ion area 

20 of the actuator 106 as s, when t:he condition less than M' max 
in Fo:cmula 4 is expressed' by the additiona1 masses of ink and 
gas, the following fonnula is obtained. 

M' = M' a.i.r + M' ink = p air*t air/S + pink11tt ink/S --- Formula 
8, 

25 where M' air indicates inertance of air and M' ink indicates 
inertance of ink. pair indicates air densi'ty and Pink indicai:es 
ink densit:y. 't air indicates the :thickness of air relating t:o 
vibration and t ink indicates t:he 'thickness of ink relat:ing t:o 
vibration. Among the media relating 'to vibration around t:he 

30 vibration area of 'the actuator 106, as the liquid reduces and 
the gas increases, when t:he actuator 106 is arranged almost 
horizontally with 'Che ink level, t air increases and t ink 

decreases. ~hereby, M • var reduces slowly and the resonance 
frequency increases slowly. Therefore, the ink amount: remaining 

35 in. 'the ink tank or the ink conswnption anloUn't can be detected. 
'l'he reason that Formula 7 is a formula of only the liquid density 
is 'tha't a case that. ·the air densit:y is so small as -cc be ignored 
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ror 'the liquid density is supposed. 

When the actuator 106 is arranged almost: perpendicularly to 
the ink level, among the vibration area of the aci:uator 106, an 
equivalent circuit (not shown in the drawing) parallel with the 

s reqion where the medium relating to vibration of the actuator 
106 is only ink and the region where the medium relating to 
vibration of the act:uator 106 is 9as is considered. Assuming the 
area of t:.he region where the medium relating to vibration of the 
aci:uator 106 is only ink as S ink and the area of the region where 

lo the medium rela'tin9 to vibration of the act:uator 106 is only qas 
as s air, the following fonnula is obtained. 

1/M' = l/M' air+ l/M' ink= s air/( pair*'t air) + s ink/( p 
ink*t ink) --- Formula 9 

Formula 9 is applied when no ink is held in the cavity of 
15 the actuator 106.. When ink is held in 't.he cavity of the ac-cuator 

106, Formulas 7,·8;-and 9 -are-used for calc:ula't.ion. 
The vibration of the actuator is changed from the depth of 

i:. ink-max to 'the depi:h of remaining of ink. Therefore, when "t.he 
actuator ias arranged on the bottom so -chat the ink residual depth 

2 o is slightly smaller than t ink-max, the process that ink slowly 
reduces cannot be detect:ed. From vibration changes ·Of the 
actuator in sli9ht chan9es in the ink amount from 't. ink-max to 
'the residual depth, i't is detec'ted that the ink amount: is changed. 
When the ac'tua'tOr is arranged on the side and the diameter of 

25 the opening (Ca'7'ity) is small, the vibration change of the 
actuator passing 'Chrough the opening is ve.ry little, so that it 
is difficult to det:ect the ink amount in the passing process-. 
For example, "the curve Y shown in Fig. 3A shows "the relationship 
between the ink amount, ink, and resonance frequency fs of the 

3 o vibration part in 'the ink tank in a small circular vibra'tion area. 
~he si'tuation that 'the ink and resonance frequency fs of the 
vibrati.on part chan9e strongly between the ink amounts Q before 
and af't.er the ink level in the ink tank passes the mounting 
posi'tion of the actua-cor is indica'ted. From this, whether a 

3 s prede'te:cmined amount of ink remains in 'the ink tank can be 
det:ec'ted. 

Fig. 3B shows the relationship between tile ink densi'ty, in.k, 
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and resonance frequency f s of the vibration part in the curve 

Y shown in Fig. 3A. As shown i.n Fig. 3B, as the ink density 

increases, the additional inertance increases, so that 't.he 

resonance frequency f s reduces. Namely, the resonance frequency 

s fs varies with the ink kind. Therefore, when the resonance 

freguency fs is measured, at the time of recharging of ink, 1Nhetber 

ink having different density is mixed in can be ascertained. 

Nan1ely, an ink tank for containing a different kind of ink can 

be discriminated. 
1 o Next:, the concli tion for precisely detecting the liquid 

condition when the size and fom of the cavity are set so that 

a liquid remains in the cavity 162 of the actuator 106 e.,,en when 

the liquid container contains no liquid will be described in 

detail.. If the ac-cuator 106 can detect the liquid condition when 

15 the cavity 162 is full of liquid, it can detect the liquid 

condition· ·even when the cavi't.y 162 is not full of liquid• 

The resonance frequency f s is a func'tion of inertance M. 'l'he 

inercance M is the sum of inertance Macl: of 'the vibrat;ion part 

and the additional inertance M'. 'l'he inertance M' is rel.ated to 

2 0 · the liquid condition. . 'l'he inertance M' is a quantity showinq 'Chat. 

'Che mass of the vibration part is apparently increased by ~he 
action of a mediUm existing in the neighborhood of the vibration 

part:. Namely, i't means an increase in t:he mass of t:he vibration 

part by apparent:.ly absorbing t;he medium by vibration of the 
25 vibration part. 

Therefore, 1Nhen M' cav is larger t:.han M • max shown in Formula 

4, the medium apparently absorbing is all a liquid remaining in 

tile cavity 162. Therefore, it is the same condition as that ~hen 

t;he liquid container is full of liquid. In this case, M' does 

30 no't change, so that the resonance frequency fs neither changes. 

Namely, the medium relating to vibration does not become smaller 

than M' :max, so t:.hat, even if ink is consUJned, chan9es canno~ 

be detected. Therefore, the actuator 106 cannot detect t:.he 

liquid condi~ion in the liquid container. 

35 On the other hand, when M' ca.v is smaller than M' max shown 

in Fo::anula 4, 'Che medium apparen'tly absorbing is a liquid 

remaining in the cavity 162 and gas or a vacuum in the liquid 
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container. In this case, M' changes unlike the condition that: 
the liquid container is full of liquid, so that the resonance 
frequency fs changes. Therefore, the actuator 106 can detect the 
liquid condition in the liquid container. 

s Namely, when the liquid container contains no liquid and a 
liquid remains in t:he cavit:y 162 of the act:uator 106, t:he condition 
under which the actuator 106 can precisely detect the liquid 
condition is 'tha"t M' cav is smaller than M' max. 'I'he condi"t:ion 
M' max> M' cav under which the act:uator 106 can precisely de-cect 

1 o the liquid condition is independent. of 't:he shape of the cavity 
162. 

M' cav indicates mass inercance of a liquid in almost "the 
same volume· as 1:.hat of the cavit:y 162. 'l'berefore, from 'the 
inequality M • max> M' cav, the condit:ion under which the actuator 

is 106 can precisely detect the liquid condition can be expressed 
as a condi'Cion of 'the volwne ·of ·the cavity 162. For example, 
assuming the radius of the opening 161 of the circular cavity 
162 as a and t:he depth of the cavit:y 162 as d, t:he following fonnula 
is held: 

20 M' max> P*d/ a" --- Formula 10. 
When Formula 10 is expanded, the following condition is obtained: 

a/d > 3• /8 --- Formula 11 

Fo:cmulas 10 and 11 are held only when the shape of rhe ~avity 
162 is eircul.ar. When rhe fo:cmula of M' max when the cavit:y 162 

25 is not circular is used and a 2 in Formula 10 is substitu'ted for 
the area thereof, the relationship of t:he width and 1ength of 
t:he ca~ity with the depth thereof can be derived. 

Therefore, when the cavity 162 of the actuator 106 has the 
diameter a of 'the opening 161 and the depth d of the ca'7'ity 162 

3 o which satisfy Fo:cnula 11, even if the liquid container contains 
no liquid and a liquid remains in the cavity 162, the actuator 
106 can detect the liquid condition free of malfunctions. 

'I'he additional inertance M' affects the acoustic impedance 
characteristic, so that it may be said that the met:hod for 

35 measuring coun'ter electromotive force generat:ed in 'the ac'tuator 
106 by the residual vibration detects at leas~ changes in the 
acoustic impedance. 
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According to t.his embodiment, the actuator 106 genera1:es 

vibrat:ion and then count:er elect:romotive force generated in the 
a~tua-cor 106 by the residual vibrat:_ion is measured. However, i't 

is no't always necessary that the vibrai:ion pan of the actuator 
s 106 gives vibration to a liquid by its own vibration by a drive 

signal. Namely, even if the vibration part: itself does not 
vibrate, it vibrates together with a liquid in contact with it 
within a certain range, thereby t:he piezo-elec'tric layer 160 is 

bent and deformed. This residual vibration generates counter 
lo electromo-cive force in the piezo-electric: layer 160 and t:ransfers 

t:he coun'ter electromotive force to i:he upper electrode 164 and 
'Che lower electrode 166. The liquid condition may he detected 
usinq this phenomenon. For example, in an ink jet recording 
apparatus, using vibration of 'Che periphery of the vibrat:ion pare 

15 of the actuator generated by vibration by the reciprocating JPOti.on 
of t:he carriacje""by"scanning of a print head during printing, the 
condition of the ink tank or the ink condition therein may be 
detected. 

Figs. 4A and 4B show a measuring method for t:he wavefo:cm of 
20 residual vibra'tion of the actuator 106 and 'the residual vibration 

after vibrating the aci:.uator 106. The vertical position of the 
ink level for the mounting position level of the actuator 106 
in the ink carcridqe can be dee.ect:ed by changea in the frequency 
of the residual vibration after the actuator 106 vibrates or 

25 changes in -che amplit:ude. In Figs. 4A and 4B, l:he ordina'te axis 
indicates volt:age of counter elect:romotive force generated by 
residual vibrat:ion of the actuator 106 and the transverse axis 
indicates 'time. By the residual vibra-cion of t:he actuator 106, 
as shown in Figs. 4A and 4B, the wavefoxm of an analog signal 

30 of voltage is generated. Next, the analog signal is converr.ed 
to a digital value corresponding to t:he signal frequency. 

In ~he examples shown in Figs. 4A and 4B, by measuring 'Che 
t:ime required 'to generate four pulses from t.he fourth pulse of 
the analog signal to 'the eighth pulse, the exis'tence of ink can 

3 s be det:ected. 

More in dei:.ail, af'ter vibration of the actuat:or 106, 'Che count 
of crossing a predetemined reference volt:age from i:.he low~ltage 
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side 'to the high voltage side is counted. A digital signal is 

made high between 'the 4th count and 'the 8th count. and the time 

from the 4th count to the 8th count is measured by a prede'termined 

clock pulse. 

5 Fig. 4A shows the wavefoJ:Jn when the ink level is posi:tioned 

above the. mounting position level of the act:uator 106. on the 

other hand, Fig. 4B shows 'the waveform when there is no ink on 

the mounting position level of the actuator 106. 'I'he comparison 

of Fig. 4A with Fig. 4B shows that the t.ime from the 4th count 

10 to the B'th count in Fig. 4A is longer than that: in Fig. 4B. In 

ot:her words, the time from the 4th count 'to the 8th coum: varies 

with the existence of ink. By use of the difference in time, the 

consumption condit:ion of ink can be detected. Star'tinq i:o coun't 

from the 4th count of the analog waveform means starting 

15 · nieasurement after stabilization of vibration of the ac'Cua'tor 1O6. 

Starting from 'the 4th count: is just-an example and the time may 

be count:ed from any count:.. In this case, a signal from t:he 4th 

coun't t:o t:be 8th count is detec'Ced and the -cime .from t:he 4t:b count 

t:o 'the 8th coun'C is measured by a predetermined clock pulse. 

2 o Thereby, 'Che resonance frequency is obtained. It: is preferable 

~bat the clock pulse is a clock pulse equal i:.o the clock for 

controlling a semiconduct:or storage device at:tached ~o the ink 

cartridge. There is no need 'Co measure -che time up to the 8th 

count and -che time up to any count may be measured. In Figs. 4A 

25 and 4B, the time from the 4th count. to t:he 8th count is measured. 

However, according to the circuit consi:.i1:ut:ion for de't.ecting t:he 

frequency, the time within a different:. time range may be detect:ed. 

For example, when the qualit:y of ink is stabilized and the 

peak of t:he ampli-cude varies litt:le, to increase 'the detection 

30 speed,. i:be time from the 4t:h count to the sixth count is detec'ted, 

'thereby 'the resonance frequency may be obtained.. or, when 'the 

quality of ink i? unstable and 'the pulse amplitude varies ']reat:ly, 

to precisely detect the residual vibration, ~he t:ime from the 

4th count to the 12th count may be detected. 

J s Further, in another embodiment, the wave-number of the 

vol taqe wavefo.rm of count:er electrom.ot.ive force wit.hin a 

predet:e:cmi:ned period may be ccunt:ed {net shown i...~ t..~e drawing). 
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Also by this method, 'l:he resonance frequency can be det:.e:cmined. 

MOre in detail, after vibra'tion of the actuator 106, a dig.i'tal 

signal is ma.de high for a predetermined period and t:.he count of 

crossing a prede'termined reference voltage from the low vol'ta9e 

5 ·side t:.o the high voltage side is counted. Bymeasurin9 the count, 

the existence of ink can be detected. 

Furthexmore, the comparison of Fig. 4A with Fig. 4B shows 

that the amplitude of the counter electromotive force waveform 

is different between a case that:. 'the ink carcridqe is full of 

lO ink and a case that -che inkcartridqe contains no ink. Therefore, 

by measuring 'the amplitude of the counter electromotive force 

waveform without obtaining the resonance frequency, the 

consumption condition of ink in the ink cartridqe may be detected. 

More in det:.ail, for example, a reference vol'ta9e is set berween 

15 the peak of the counter electromotive force wavefo.r:m. shown in 
Fig. 4A and the peak of· the counter electromo'tive force waveform. .. - ·- ·· , ... ·- -· ·-... · 

shown in Fiq. 4B. When 'the actuator 106 vibrates, and then a 

digital signal is made high at a predeteDDined time, and the 
count:er electromotive force wavefonn crosses -cbe reference 

20 voltage, the actnator 106 judges that there is no ink. When the 

counter electromotive force waveform does not cross the reference 

voltage, the actuator 106 judges that there is ink. 

The above is the explanation of the "actuator" which is an 

example of a pie20-electric device and the detection art of the 

25 ink consumpt:ion condition using it. Next, an embodl1nent of the 

mounting structure of the present invention will be explained. 

Fig. 5 is a perspect:ive view showing the constitution that 

the actuator 106 is fonned integrally as a module 100.. The module 

100 is mounted a't a predetennined location of a container 

30 (container body) l of the ink cartridge shown in Fig .. 10. The 

module 100 is struC'tured so as to detect at least changes in the 

acous-cic impedance in an ink solution, thereby detec'C -che 

oonsump~ion condition of "Che liquid in -che container l. The 

module 100 of this embodiment has amount portion 101 formoun'ting 

35 the ac-cua-cor 106 1:0 the container 1.. The mount portion 101 is 

structured so as -co moun-c a column 116 containinq the actua~or 

106 vibrated by a drive signal on a substrate 102 having an alniost 
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rectangular surface,. When the module 100 is mounted on the ink 

cartridge, 'Che ac't.uator 106 of 'the module 100 is disposed so as 

no't. l:o be touched from outside, so that the actuator 106 can be 

protected from excernal touch. The edge of the column 116 on the 

s top side is rounded, so that it can be easily fit at the time 

of mounting in~o 'the through hole fonned in the ink cartridge. 

When the outer periphery of 'the mounting s'tructure is fOinled 

so as to have a sealing s-cructure like an elast:ic member, it can 

be appropriately held lic;iuid-"Ci9b~ly with the container. In i:.his 

10 drawing, the mounting structure has the substtat:e 102 and th.e 

co1'3!Ml 116. However, the shape of the mounting sttuci:ure is not 

limi't.ed to it. For example, it may be a cylindrical structure 

thai: the side of 'the column 116 is extended. 
Fig. 6 is an exploded view showing 't.he constitution of the 

15 module 100 shown in Fig. s. 1'he module 100 includes the inount 

pon:ion -101 made of resin, ·a plate 110, and a rece-iv:i..n9 -portion 

105 having a concavity 113. Fnrthennore, the D10dule 100 has lead 

wires 104a and 104b, the ac't.uator 106, and a film 108. It is 

preferable that the plate 110 is fomed from a rust-proof material 

20 such as stainless steel or stainless s-ceel alloy. In the column 

116 and the substrate 102 included in the mount porcion 101, an 

opening 114 is fo.:cm.ed at the center thereof so as to house the 
lead wires 104a and 104b and t:he concavity 113 is formed so as 

to house the actuator l 06, the film 108, and the ·plat:e 11 o • The 

25 actuator 106 is joined to the p1ate 110 via the film 108 and t.he 

plate 110 and ~he ac~uator 106 are fixed to the mount portion 

101. Therefore, the lead wires 104a and 104b, the actuator 106, 

the film 108, and the plate 110 are att:ached integrally to the 

mount portion 101. 

30 !!'he lead wires l04a and 104b are respectively joined to the 

upper elect:rode and lower elec'trode of 'Che actuator 106, 'transfer 

a drive signal to the pie20-electric layer, and transfer a signal 

of resonance frequency detected by 'the ac'tuai:or l O 6 to the 

recording apparatus.. The actuator l OG vibrates temporarily on 

35 the basis of a drive signal t:ransferred from t:he lead wires 104a 

and 104b. Af'Cer vibra~ion, the actuator 106 executes residual 

vibra-cion and generat:es counter eleci:romot:ive force by the 
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vibration. At: 'this time, by det:ectinq the vibra'tion cycle of "the 

counter electromotive force waveform, the resonance frequency 
corresponding 't.o the consump-cion condition of liquid in the liquid 

container can be deteci:.ed- The film 108 bonds 'the aci:.ua'tor 106 

s to :the plate 11 O so as to make 'the ac'tua't.or liquid-ti9h:'t.. I't. is 

preferable to fonu the film 108 .by polyolefin and bond by 'thennal 

fusion. 

Preferably, the lead wires l04a, 104b are formed by 

conductive members of rela'tively high rigidity so t:hat 't.he 

10 actuator (piezo-electric device) 106 is supported by the lead 

wires l04a, l04b. 
The plate 110 is circular and the opening 114 of the substrate 

102 is foxmed cylindrically. The actuator 106 a~d 'the film 108 

are fo.tm.ed reetangnlarly. The lead wires l 04, the actuator 106, 

15 the film 108, and the plate 110 :may be attached to the substrate 

102 in a removable state-.. -·The-&ubstrate 102, ·the lead wires 104, 

the actuat:or 106, the film 108, and the plate 110 are arranged 

symmetrically about 'the central axis of 'the module 1 O o. Further, 

the eent:ers of 'the subs'trat:e 102 1 the actuat:or 106 1 the film 108, 

20 and i:he p1ate 110 are arranged almost on the cen'tral axis of the 

module 100. 

The area of the opening 114 of the subs'trate l 02 is formed 

larger than 'the area of the vibration area of the actuator 106 .. 

At the position, which is the center of the plate 110, facing 

25 the vibration part of the actuator 106, a through hole 112 is 

fo;cmed. As shown in Figs.. lA to 2, the cavity 162 is formed in 

l:he actuator 106 and the throu9h hole 112 and the cavity 162 fo.:on 

an ink reservoir respectively. It is preferable that the 

'thickness of the plate 110 is smaller than the diameter of the 

30 through hole 112 so as to reduce the effect of residual ink. For 

~ample, it is preferable tha'C the depth of the through hole is 

equal to or lese; 'Chan 1/3 of the cliaJneter thereof. The through 

hole 112 is in an almost circular shape symmetrical about the 

central axis of the module 100. The area of the through hole 112 

35 is larger than the area of the opening of 'the cavi'ty 162. The 

periphery of 'Che sec'Cion of the through hole 112 may be tapered 

or s1:epped. The module 100 is mounted t.o t.he side, 'top, er bottom 
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of t:he container l so t:.hat:. t.he through hole 112 is directed inward 

the container 1. When ink is consumed and ink around the ac'tuat.or 

106 is exhaust:.ed, the resonance frequency of the ac't.uator 106 

is changed greatly, so that changes in the ink level can be 
s det:.ect:.ed. 

Fig. 7 is a perspective view showing another embodiment: c:>f 

'the module. In t:.he module 400 of this embodiment, a receiving 

portion 405 is fanned on a mount portion 401. In t:.hemount:. portion 

401, a cylindrical column 403 is formed on ~ substrat:.e 402 having 

lo an almost:. square surface with round corners. Further, the 

receiving portion 405 includes a pla'l:e element:. 406 erec'ted on 
the colwnn 403 and a concavity 413. In the concavit:.y 413 fonned 

on the side of the pla't.e element 406, the actuator 106 is arranged .. 

The end of 1:.he plai:.e elemeni:. ~06 is chamfered at a predetermined 

15 angle so as to be easily fi't. at:. the 1:.ime of moun-cing in the through 

hole formed.-- in :the ink cartri.d9e. -· · -· · ·- ···· ··· · · 

Fig. 8 is an exploded perspective view showing t:he 

constitntion of t:he module 400 shown in Fig. 7. In the same way 

as with i:.he module 100 shown in Fig. S, t:he module 400 includes 

20 the mount port.ion 401 and the receiving portion 405. The mount 

port:.ion 401. has the subs-crate 402 and the column 403 and the 

receiving portion 405 has i:he plate element 406 and the concav1ty 

413 .. 'l'he actuator 106 is joined "C.o a plate 410 and fixed to i:he 

concavity 413. The module 400 additionally has lead wires 404a 

25 and 404b, t:he ac-cuai:.or 106, a~ a film 408. 

Preferably, t:he lead wires 404a, 404b are formed by 

eonductive members of relatively high rigidity so tha't t:he 

actuator (piezo-eleco:ic device) 106 is supported by 't.he lead 

wires 404a, 404h. 

3 o According to this embodiment, i:he plai:.e 41 o is rectangular 
and an opening 414: formed in the plat:.e element 406 is rectangular. 

The lead wires 404a and 404b, the actuator 106, the film 408, 

and the plate 410 may be attached to the substrate 402 in a 

removable state. '!'he actuator 106, the film. 408, and 1:.he plate 

35 410 pass the center of the opening 414 and are arranged 

symmet:rically about the central axis extending perpendicularly 

't.o the surface of the opening 414.. FUrther, the centers of ~he 
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actuat:or 406, the film 408, and the plat:.e 410 are arran9ed almost. 

on the central axis of the opening 414. 

The area of a through hole 412 formed at: the center of the 
pla't.e 410 is larger than 'the area of the opening of the cavity 

s 162 of the actuator 106. The cavity 162 of the actuator 106 and 
the through hole 412 form an ink reservoir respec'tively. It is 
preferable that the thickness of the plate 410 is smaller than 

the diameter of -ehe through hole 412 and for example, set to 1/3 

or less of the diameter of t:he through hole 412. The through hole 
10 412 is an almost circle symmetrical about the central axis of 

the module 400. The periphery of the sect.ion of the through hole 
412 may be t:apered or stepped. The module 400 can be mounted t:o 
the bottom. of the container 1 so that the through hole 412 is 
arranged in the container l. The actual:or 106 is arranged in the 

15 container 1 so as to eJtt.end i.n t:he perpendicular direction, so 
that· by changing t:he height of i:.he substrate 402 and changing 
the height: of the act:uator 1o6 when it is arranged in t.he container 
1, the setting of the point: of time of ink end can be changed. 

Pigs .. 9A to 9C show still anoi::her embodiment of 'Che module. 
20 In the same way as with 't.he module 100 shown in Fig. 5, a module 

500 shown in Figs. 9A to 9C includes a mount portion 501 having 
a substrate 502 and a column 503. The module soo additionally 
has lead wires 504a and 504b, i:.he actuator 106, a film 508, and 
a pla't.e 51 O. In the substra-ce 502 included in the moun't portion 

25 501, an opening 514 is fonned at the center $0 as to house the 
lead wires 504a and 504b and a concavi'ty 513 is fo.nned so as to 
house the actuator IOG, the fillll. 508, and the plate 510. The 
actuator 106 is fixed i:.o a receiving portion 505 via the plate 
510 ... Therefore, 'the lead wires 504a and 504b, the actua'tor 106, 

30 the film 508, and the plate 510 are integrally attached t.o 'the 
mount po~ion 501. In the module 500 of t.his embodiment., i:he 
column 503 having a LOP inclined ve~iea1ly is fonned on the 
substrate having an almost square surface with round corners .. 

The actuator 106 is arranged on the concavity 513 which is 
35 installed on the top of the column 503 slantwise in the vert.ical 

direction. 

Preferably, the lead wires 504a, 504b are formed by 
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conduc'tive members of relatively high rigidity so t:hat: 'the 

ac~uator (piezo-elect:ric device} 106 is supported by t.he lead 

wires 504a, 504b. 

The end of the module 500 is inclined and 'the actuator 106 
s is mounted on the inclined surface thereof. Therefore, when the 

module 500 is mounted on the bot.tom or side of the concainer l, 

t.he actuator 106 is inclined against the vertical direction of 

the container 1. It is desirable t:o set i:he inclina't.ion angle 

of the end of t:he module 500 between about 30° and 60" from. the 

10 viewpoint of the detection capacity. 
Tile module 500 is mounted on 'the bottom or side of 't.he container 

l so t:hat the actua-cor 106 is arranged in 'the container 1. When 

the module 500 is mounted on 't.he side of the container 1, the 

act:uator 106 is attached to the con'tainer l so tha't. i't. is directed 

15 toward the "top side, bottom side, or side of 'the cont:ainer 1 in 

an inclined st:at:e. On the o'ther hand, when t:he module soo is 

mounted on the bot't.om of the container 1, it: is preferable that 
the act:.ua't.or 106 is attached to t:he container 1 so that it is 

directed toward the ink feed port side of 't.he container 1 in an 

20 inclined st:ate. 
Si.nee the actuator 106 is mounted on the inclined surface 

of the inclined cylindrical end, the diameter of the column can 
bemacle smaller than that of the module lOO shown in Fig. 5. Namely, 
the module can be made 'thin, so that it is also sui"Ced to mounting 

25 of an ink container having a narrow mount:ing place of the module. 

Furthermore, the diameter of the hole of the module mounting part 

of the ink container can be made smaller. Therefore, an ink leak 

can be reduced. 

Fig.. 1 O is a cross sectional view of the neighborhood of the 

30 bot'tom of the ink con~ainer when the module 100 shown in Fig. 

5 is m.oum:ed to a through hole la of 'the container l. The module 

100 is mounted so as t:o pass through the side wall of the con'tainer 

1. At the junc'tion between t:he side wall of the con'tainer l and 

the module 100, an O-rin9 365 is provided so as to keep the module 

35 100 and 'the con'tainer l liquid-tight. I't is preferable that the 

module 100 has a column as explained in Fig. 5 so as t:o seal i't 

by the O-rin9 365. When 1;he end of t:be mOdule 1 oo is inseri:ed 
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into the container 1~ ink in t.he con-tainer l comes in con'Cact 
with the ac'tuator 106 via 'Che i:hrough.hole 112 of 'the plate 110. 
The resonance frequency of residual vibration of 'the actuator 
106 varies wi'th whet:her the medilllll around t:he vibration part of 

s 'the ac'tuator 106 is a liquid or a gas, so 'tha'C the consumption 
condition of ink can be det.ect:ed using the module 100. In add_ition 
-co the module 100, the module 400 shown in Fi9. 7, 'Che module 
500 shown in Figs. 9A to 9c, or modules 700A and 700B and a molded 
struc'ture 600 which will be shown in Figs. llA to llC next may 

10 ·be mounted in the con't.ainer 1 and the exis't.ence of ink may be 
detec'Ced. 

By use of 'the module 100 men'tioned. above, i't can be removed 
from the container l. Therefore, the actua'tor 106 can be 
appropriately. at'tached to -or removed from the container 1. By 

15 doing tbis, 'the actuator 106 can be easily recycled. 
Fiq. llA sbows a cross sectional view of t:.he ink con'tainer 

when the module 700B is mounted in the container l. In this 
enbodiment, t:.he module 700B is used as one of 'Che mounting 
s'truct:.ures. The module 700B is mounted to the con't.ainer l so 'tha't 

20 a moun't port.ion 360 is projected into the conrainer I. A through 
hole 370 is fo.nned in a mounting plate 350 and 'the -chrough hole 
370 and 'the vibration part: cf "the actuator 106 are opposite to 
each o'ther. Further, a hole 382 is formed i.n the hoi:tom. wall of 
the module 700B and a receiving portion 363 is formed. The 

25 actuator 106 is arranged so as to block one end of the hole 382. 
Therefore, ink is in contact wi'th 'the vibrating plate 176 via 
the hole 382 of t:he receiving portion 363 a!)d 'the 'through hole 
370 of the :moun'ting pla-ce 350. The hole 382 of the receivinq 
portiOn 363 and the through bole 370 of "the mounting plate 350 

JO form a ink rel!llervoir respectively. The receiving portion 363 and 
the actua'tor 106 are f.iXed by the mounting plate 350 and film 
member. At: t:.he connection of t:he moun-c portion 360 and the 
container l, a sealing si;ructure 372 is ins'talled. The sealing 
st:.ruct:ure 3 72 may be fonned by a plastic material such as synthetic 

35 resin or formed by an 0-rinC]. Furt:hennore, a molding part for 
sealing the connec~ion of the receivinq po~ion 363 and ~he 
act:uator 106 may be provided. The moc:lule 700B and the con'tainer 
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l shown in Fig. llA are formed independently wit:h each other. 

However, as shown in Fig. llB, the receiving port.ion of 'the module 

700B may be composed of a part of the con'tainer 1. 

The module 700B shown in Fig. llA does not: require embedding 

5 of 't.he lead w;i.res shown in Figs. 5 to 9C into t:he module. As a 

result:, t:he molding step is simplified. Further, the module 700B 

can be exchanged and recycled. 

If ink adheres to the 'top or side of the container 1 when 
t:he ink cartridge vibra'tes and ink dropping from the t:op or side 

10 of the container l comes in contact with tlle actuator 106, the 

act:.ua't.or 106 may malfunction. However, in the module 7 00.B, since 

1:.he mount portion 360 is projected into the container 1, the 

acl:.ua't.or 106 will not malfunction due to ink dropping from the 

top or side of the container 1. 

15 According to the embodiment shown in Fig. llA, the vibrating 

plate 176 and a part of the mounting plate 350 are moun~ed in 

the container 1 so that they alone come in concact with ink in 

-the container 1. By 'the insulating part. composed of the vibra't.ing 

plate 17 6 and the mo11n-cin9 plate 350 like this, the piezo-elec't:ri.c 

2 o element can be insulated f~ l.iqu~d in the container l. Since 

the ac't.ua-r.or 106 is fixed by the mounting plat:e 350, only 'Che 

vibra'Cion part of the vibrating pla'te 176 can be vibrated 

appropria"tel.y. 

According to the embodiment shown in Fig. llA, embedding of 

25 't.he elec'Crode~ of the lead wires 104a, 104b, 404a, 404b, 504a, 

and 504b shown in Figs. s -co 9C into the module is not required. 

As a result, the molding step is simplified. Further, 'Che module 

7005 can be exchanged and recycled. 

Fig. llB shows a cross sectional view ot an ink cont:ainer 

3 o of an embodiment when the actua-r.or 1O6 is mounted in the container 

1. In the ink cartridge of 'the embodiment shown in Fig. llB, a 

pro'Cective :member 361 is a't::c.ached to tlle container l separat::.ely 

from the actuator 106. Therefore, 'the pro'tective member 361 and 

the actuator 106 are not. integrated as a module. The protective 

35 member 361 can protect t.he act.uat.or 106 from touching by user's 

hand. A hole 380 formed on the front of the ac't.ua't.or 106 is 

arranged in the side wall of the container 1. The actuat:.or 106 
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includes the piezo-elect:.ric layer 160, t.he upper electrode 164, 

the lower electrode 166, the vibrating plate 17 6, and 'the mo11nt:.ing 

plate 350. 'l'he vibrating plate 176 is formed on the top of 'the 

mounting plat:e 350 and the lower electrode 166 is fonned on the 

s top of t:.he vibrating plate 176. The piezo-electtic layer 160 is. 

foDned on the top of the lower eleci:rode 166 and t:he upper 

electrode 164 is formed on the top of ~he piezo-electric layer 

160. Therefore, the main part of c.he pie20-electric layer 160 

is fonned so as to be held by the main part of 'the upper elect:rode 

10 164 and the main par't of the lower electrode 166. The circular 

pans, which are the respective main parts of the piezo-electric 

layer 160, the upper electrode 164, and the lower electrode 166, 

form a piezo-electrie element. ~he piezo-eleotric element:. is 
fonn.ed on the vibrating pla-ce 176. The piezo-elec-cric element 

15 and t:he vibration part of the vibrating plate 176 are the "'ibration 

part where 'the .actua1:0r act.ual1y vibrates. The 'through hole 370 

is fo:r:med in ~he i.nountin9 plate 350. Further, the through hole 

380 is formed in the side wall of the container l. '?herefore, 

ink is in contact with 't.he vibrat:.ing pla'te l 7G via the hole 380 

20 of t:.he container 1 and t:.he through hole 370 of the mounting p1ate 

350. ~he hole 380 of 'the container 1 and t:he through hole 370 

of the mounting pla-ce 350 form an ink reservoir respectively. 

ACcording to 'the embodiment:. shown in Fig. llB, 'the act.uat:.or 106 

is pro'tected by the pro-cect:ive member 361, so i:hat i:he actuator 

25 106 is protected from contact wit.h the outside. 

The ac~uator 106 and the mounting pla'te 350 shown in the 

examples in Figs. llA and llB can be replaced with 'the ac'tuator 

106 having the subs'tratel78 shown in Figs. IA to lB. 

Fig. llC shows an embodiment having 'the molded structure 600 

30 including 't.he actuator 106. This embodiment uses the molded 

structure 600 as a mo11ntin9 structure. '!'he molded st:ructure 600 

has ~he actuat:.or 106 and a molding part 364. The ac-cuat:or 106 

and the molding part 364 are int:egrally formed. The molding part 

364 is fonned wit:.h a plastic material such as silicone resin. 

35 The molding part 364 has a lead wire 362 inside. The molding part 

364 is formed so as to have two legs 364a, 364b ext:.ended from 

the act:uator 106. To fix the molding part 3 64 and· 'the cont:ainer 



40 

1 liquid-tight:ly, the ends of the two legs of 't.he molding part 

364 are formed semispherically. 'l'he mo1dinq part 364 ·is mounted 

to the container l so that the actuator 106 is projec1:ed into 

the container land the vibration part of the actua1:or 106 comes 

s in contact wi't.h ink int.he container 1. The upper electrode 164, 

the piezo-elect:ric layer 160, and the lower electrode 166 of the 

actuator 106 are protected from ink by the molding part 364. 

~he molded s't.ruoture 600 shown in Pi9. llC does require the 

sealing structure 372 be-cween 'Che moldinq part 364 and 't.he 

lo container 1, so that ink hardly leaks from 'the conta.iner 1. · 

FUrther, the molded st:.ructure 600 is not projected ou'tWard from 

't.he c:on'tainer 1, the actua'tor 106 is pro'tec"ted from contact with 

t:he outside. When the ink cartridge vibrates, ink is adhered 'to 

-che t:op or side of the con-cainer 1 and ink dropping from the top 

15 or side of the eon'tainer 1 touches the aetua'tor ·106, thereby t:he 

actuator l06 may mal.funct:ion. In the molded S1:ruCture 600, the 

moldinq part 364 is projected int:o -che container 1, so that -cbe 

actuator 106 wil.l not malfunction by ink dropping from 't'.he top 

or side of the con-t.ainer 1. 

20 Fig. 12 shows an enlarged view of the opening of the mounting 

structure of t:his embodiment. More concretely, i-c is an example 

of an enlarqed -view of -cbe opening of 't.he mounting struct:ure shown 

in Figs. llA and llB. A through hole 2c is fom.ed in the receiving 

portion 363. An actuator 650 has a vibrat~ng plate 72 and a 

25 piezo-e1ectric element 73 f1Xed to the vibrating plat:.e 72. The 

actuator 650 is fixed to the receiving portion 363 so 'that: the 

piezo-elecuic element 73 is opposite to the 'through hole 2c via 

the vibra-cing plate 72 and a substrate 71. The vibratin9 pla'te 

72 can be elastically deformed and is ink-resistant. The 

3 o diameter of the plate 71 is noi: limited to this drawing. The 

moun'ting s'truc"ture may be composed of a part of t:he wall of the 

coni:ainer 1 as shown in Fig. llB, so that the ~hrou9h ho1e may 

be formed in 'the wall of the container 1. 

The amplitude and frequency of coun-cer electromotive force 

35 generated by the residual vibration of the piezo-electric elemen-c 

73 and the vibrating pla-c.e 72 are changed depending on the ink 

amoun't. in the container 1. The through hole 2c is foJ:llled in t:he 
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posi"tion opposite 'to the actuator 650 and a minimum fixed amount 

of ink is reserved in 'the through hole 2e. Therefore, when 'the 

vibration charac'teristic of the actuator 650 defined by the ink 

amount reserved in the through hole 2c is measured beforehand, 
s the ink end of the container l ~an be detected surely. 

Figs. 13A to 13C show other embodiments of the th~o-qgh hole 

2c. InFigs.13A, 13B, andl3C, eachdrawingon't.heleftindicat.es 

a condition ~hat there is no ink R in the through hole 2c and 

each drawing on the right. indicates a condition that. there is 

1 o ink K remaining in 'the through hole 2c. In 'the embodiment shown 

in Fig. 12, both sides of the through hole 2c are formed as 
perpendicular walls. In Fig. 13A, the sides 2d of 'the through 

hole 2c are oblique in the vertical direction and enlarged and 

opened ou'Cward. In Fig. 13B, different level part:s 2e and 2f are 

ls fonned on the side of the 'through hole 2c. 'l'he different level 

part 2f. positioned above is wider than t:he different level part 

2e positioned belOlN'. In Fig. l3C, the i:.hrough hole 2c has a sli't: 

2g extending in the direc"t.ion of easy ejection of ink K, that 

is, in the direct:ion of an ink feed port 2 shown in Fig. 19. 

20 Depending on each shape of the through hole 2c shown in Fi9s. 

l3A to 13C, the amoun'C of ink Kin the ink rese:r:voir can be reduced. 

Therefore, M' cav explained in Figs. lA and 2 can be made smaller 

-chan M' max, so that the vi.brat.ion characteristic of t;he actua'Cor 

650 at: the t:ime of ink end can· be made different from 't.ha-c when 

25 ink K in a printable amount remains in the cont;ainer 1. 'l'herefore, 

the ink end can be detected more surely. The mounting s'tructure 

may be composed of a part 0£ the wall of the container 1 as shown 

in Fig. llB, so that the through hole may be formed in the wall 

of the container 1. 

30 Figs. 14A to l4B show plan views of still other embodiments 

of the through hole 2c. As shown in Figs. 14A to 14C, the plane 

shape of 'tbe through hole 2c can be any shape as long as it. does 

not have negative effects on the vibration characteristic of the 

actuat.or. It may be an opt.ional shape such as· a circle, a 

35 rec'tangle, or a 1:rian9le. The through hole 2c is formed in i:he 

receiving port.ion 363. However, i:he mounting structure may be 

composed of a part of the wall of t:he container 1 as shown in 
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Fiq. llB, so that the through hole may be formed in the wall of 

the container 1. 
Fig. 15 shows an enabqdimen't of an ink cartridge t:o which the 

mounting structure 107 with an actuator is attached and an ink 
. s je't recording apparatus. .. A plurali'ty . of ink ear'tridges are 

mounted to ink je't recording apparatus having a plurality of ink 
inle-cs 182 and head plates 184 corresponding to the respec't.ive 
ink cartridges 180. The plurality of ink cartridges 180 contain 
different kinds, for example, different colors of ink. On 't.he 

10 respective bott:oms of the plurality of ink cartridges 180, 'the 
mounting structures 107 having actuators which are means for 
detecting a't least acoustic impedance are ins'talled.. When each 
mounting st:ruc-cure 107 with an aC'tuator is attached to each ink 
ca~ridge 180, -che residual amount:. of ink in the ink cartridge 

15 180 can be de'tected. 
Fig~ ·"'16 is a ·perspective view showing an embodiment ·of· an 

ink cartridge con-caining a plurality of kinds of ink which is 
viewed from the back. A container 8 is divided into "t.hree ink 
chambers 9, 10, and 11 by par't.itions. Ink feed pores 12, 13, and 

20 14 are fo:r:med in 'the respective ink chambers.. To the bot'toms Ba 
of the respec-cive ink chambers 9, 10, and ll, mounting struc'tures 
15, 16, and 17 with actuators are attached so as to detect the 
consumption condition of ink contained in each ink chamber. 
Division of the container 8 into ink chambers by partitions is 

25 not limi'ted 'to 3.. The kind of ink contained in each ink chamber 
may be different from each other or may be the same. 

Figs. l 7A to 17C show a further embodiment: of the ink cart.ridge 
180. Fig. l 7A is a cross sectional view of an ink cartridge l80C, 
and Fig. l 7B is an enlarged cross sectional view of a side wall 

30 194b of the ink cartridge 180C shown .in Fig. 17A, and Fig. 17C 
is a perspective view from the front thereof.. A mounting 
structure 7 O O is attached to the ink cartridge l 80C.. 'l'he mount:.ing 
structure 700 has a circuit board 610. A semiconductor storage 
means 7 and 'the actuator 106 are formed on the same circuit board 

35 610. As shown in Figs. 17B and 17C, the semiconductor s'torage 
means 7 is foDned above the circui~ board 610 and the actuator 
106 is fomed under "the semiconductor storage means 7 on the same 
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circuit board 610. A non-standard a-ring 614 is mounted to the 

side wall 194b so as to enclose the periphery of the actuator 

106. On the side wall 194b, a plurality of caulking parts 616 

for joining the circuit board 610 to an ink container 194 are 

s formed. When the circuit board 610 is joined to the ink container 

194 by the caulking parts 616 and the non-standard o-ring 614 

is pressed against i:he circuiT. board 610, the vibration part of 

the actuator 106 can come in contact with ink and the outside 

and inside of the ink cartridge are kepi: liguid-tight. 

lD When a predetennined concavity is fanned in the side wall 

194b and the caulking parts 616 are fit, 'the mounting structure 

700 having the circuit board 610 can be attached a"t a predetermined 
position and connection of t:.erminals 612 which will be described 

later and attaching . of 'the actuator can be carried out a't 

15 appropriate positions respectively. 

In t.he semiconductor storage means 7 and in the neighborhood 

of the semiconductor s"toragemeans 7, the terminals 612 are fonned. 

The te:cminals 612 transfer a signal between the semiconductor 

storage means 7 and the ou"tside such as the ink jet; recording 

2 o apparatus. The semiconductor storage means 7 may be composed of 
a rewri"table semiconductor memory 1>uch as EEPROM.. Since i:he 

semiconductor s"tOrage means 7 and the ac'tuat:or 106 are formed 

on the same circui"t board 610, at the time of attaching the 

actuator 106 and the semiconductor storage means 7, only a single 

2 5 attaching step may be reguired.. Further, the opera"tion step at 
the time of manufacture and recycle of t:he ink cartridge l80C 

can be s:ilnplified. .Funher, t:.he nlllllber of parts is reduced, so 

that the manufacturing cost of 'the ink cartridge 180C can be 
reduced. 

30 The actuator 106 detects the consumption condition of ink 

in the ink container 194. The semiconductor s'torage means 7 

stores ink informa'tion such as the residual amount of ink det:ected 

by 't.he actuator 106. Namely, the semiconduc't.or storage means 7 

stores i.nf onnation concerning "the characteristic parameters such 

35 as the charac'teris"tics of 'the ink and ink cartridge.. The 

semiconductor st.orage means 7 stores t:he resonance frequency when 

the ink container 194 is full of ink, that is, the ink container 
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194 is filled with ink, or the ink is exhausted, that is, the 

ink in the ink container 194 is consumed as a charac~eristic 

parameter. The resonance frequency when the ink con'tainer 194 

is full of ink or the ink is exhausted may be stored when the 

5 ink container is mounted in the ink jet recording appara'tus first. 

Further, the resonance frequency when the ink container 194 is 

full of ink or the ink is exhausted may be stored during 

manufacturing of the ink container 194. The resonance frequency 

when the ink container 194 is full of ink or the ink is exhausted 

lO is stored in the semiconductor storage means 7 beforehand, and 

the data of resonance frequency is read by the ink jet recording 

apparat:us side, thereby variations al: the time of detec-cion of 

Lhe residual amount of ink can be corrected, so that it can be 

precisely det:.ected thaL. the residual amount of ink i·s reduced 

15 to the reference value. 

Fig. 18 is a ·-cross· sectj_onal view of the essen'tial section 

of an ink jet recordinq apparatus with an ink ca:rtridge bavinq 

a mounting structure. A carriage 3 o moving back and forth in the 

direc'tion of the width of a recording paper bas a sub-tank unii:. 

2 o 33 • A recording head 31 is ins't.alled on the bottom of the sub-tank 

unit 33. An ink feed needle 32 is ins't.alled on the ink carcridge 

rnoun~ing surface side of the sub-tank unit. 33. 

In the container l for containing ink, an ink feed pore 2 

joining with the ink feed needle of the recording apparatus is 

25 insLalled .. A moun-cing struci:.ure 3 is attached to the bo'Ctom of 

the con-ca.i,ner 1. 

The ink feed po.rt 2 is pro'l7ided with a packing 4 and a valve 

body 6. 'l'he packing 4 is liguid-t:ight:ly connected 'to the ink feed. 

needle 32 in'terconnecting 'Co 'the recording head 31. The valve 

lo body 6 is always connec'ted. elas'tieally t.o the packing 4 by a sprinq 

5. When 'the ink feed needle 32 is inserted, the valve body 6 is 

pressed by 't.he ink feed need1e 32 so as to open the ink flow path 

and ink in the com:ainer 1 is fed i:o the recording head 31 via 

th~ ink feed port 2 and the ink feed needle 32. 

35 The carriaqe 30 moving back and fort.h in the direction of 

the width of a recording paper has the sub-tank uni"C 33 and the 

recording head 31 is instal1ed on the bot:t:om of the sub-tank uni't'. 
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.33. The ink feed needle 32 is installed on the ink cartridge 

mounting surface side of the sub-tank -unit:. 33. A· mounting 

structure with a piezo-electric device mounted may be attached 

to the sub-tank 33 so as to judge ink shortage.. Since t:.he sub-tank 

s side decects the consumption condition of ink .after t:he ink of 

the ink cartridge is exhaus'ted, t:he ink carcridge can be exchanged 

at timing close to ink shorcage. Furthennore, to make the 

detection of the consumption condi'tion of ink surer, a mounting 

struc't.ure having a piezo-elect:.ric device may be attached to each 

10 of the ink cartridge and sub-tank. 

Not:. only the mounting structure is att:.ached to t:.he ink 

cartridge installed on the carriage 30 as mentioned above but 

also the ink tank other -chan the ink cartridge may be installed 

on a predetennined printer fixing part other than on the carriage 

15 30. 

Fig. 19 is a cross sectional view of the ink cartridge 180d 

showing ano'ther embodiment of the ink cartridge 180. In Fig .. 10 

mentioned above, the module 100 shown in Fig. 5 is attached to 

the side wall of the cont:ainer 1. In Fig. 19, t:.hemodule 500 shown 
20 in Figs. 9A to 9C is attached to the side wall 194b of the ink 

container 194 of the ink cart.ridge lBOd. 

The end of the module 500 is inclined and t:.he actuator 106 
is mount:.ed on the receiving portion SOS inclined. As a resul-c, 

when the module 500 ·is attached to the side wall 194b, t:.he actuator 

25 106 is inclined to the Verl:ical direction of the ink container 

194. The actuator.106 is also inclined to the ink surface in the 

ink container 194. 

Therefore, even if the ink surface passes 'the module 500 or 

the ink container vibra'Ces and ink is adhered in the neighborhood 

30 of the receiving portion 505, ink in the neighborhood of the 

receiving portion 505 flows and drops. By use of such an inclined 

receiving por'tion sos, ink in 'Che neighborhood of the ac"tuator 

106 is well drained. 'l'herefore, ink unnecessary for measurement 

of the actuator 106 is prevented from s-caying in t:he receiving· 

35 port:.ion 505 and maldetect:ion of measurement of -r.he actuator 106 
can be reduced. 

In Fig. 19, t:he module 500 is attached to t:.he ink con-r.ainer 



liiillii1r 
46 

194 so that the receiving porcion 505 of the module 500 is directed 

toward thebottomof the inkcon'tainer 194. However, themounting 

direction of the module 500 is not limited to t:he drawing and 

'the module 500 may be attached t:o the ink container 194 so that 

. s . the receiving port:ion 505 is di.reci:ed toward the· top of the ink. 

con-c.ainer 194. The mounting posi-c.ion of the module 500 on t:he 

side wall l94b and the number thereof are not limited to the 
drawing and "the length of projection of the module 500 in"to the 
ink container 194 is neither limited to the drawing. 

IO Fig. 20 is a cross sectional view of the ink cartridge 180e 
showing different: embodiment from that shown in Fig. 19. In Fig. 
20, un1ike Fig. 19, the module 500 is attached to the bottom of 
t:he ink container 194 in the neighborhood of an ink feed port 
187. Also in this case, in the same way as with Fig. 19, the 

15 receiving ponion 505 of the module 500 is inclined, so that ink 
is well drained. Therefore i i:he malde'tection of t:.he actuator 106, 

which is a detection of ink though there is no ink actually, can 
be reduced .. 

In this case, i't is preferable that t:.he module 500 is attached 
20 in the neighborhood of the ink feed port 181. The reason is that 

even if the ink carcridqe lBOe is mounted to the ink jet recording 
appara't.us in an inclined s't.at:e, it can be detected appropria"tely 
whether ink remains in the neighborhood of the ink feed port 197 
or not .. The mounting position of the module 500 on the bottom 

25 of the ink container 194 and the direc'tion and nwnber thereof 
are not limited to 't.he drawing and the length of project:ion of 
tile module 500 into the ink container 194 is neii:her limited t.o 
'the drawing. 

In this embodi.men't'., the mounting st:ruc"t:.ure with the actuator 
3 o for detecting the conswnp"tion condition of ink is mainly explained. 

However, a mounting struc'ture wi"th a piezo-elect.ric device for 
genera~ing an elastl.c wave and a mounting structure _wi'Ch a 

piezo-electric device for receivin9 a reflected wave may be 

at:tached to the liguid container. ~herefore, t.he number of 

35 mounting structures to be attached "t:.o the liquid container is 
not: l.imi:t.ed to one. Further, 'the mounting position of the 
mounting s~ruci:ure to the liquid con~ainer is nei"t:.her limited 
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to the bo't.tom of the liquid container. 

Next:, a u1ounting structure and a module having -che mounting 

structure and a piezo-electric device of another embodiment of 

t.he present: invention will be explained with reference to Figs. 

5 ·21 U> 330. 

Fig. 21 shows a plate member for manufacturing the mounting 

structure of this embodiment and a plate member 800 is formed 

by pressing a thin metal sheet with a ""Chickness of abou""C 0.1 to 

0.2 nun int.o a predete:cnined shape. It is preferable that the thin 

10 metal sheet to be used has quality of low electric resistance 

and sui'ted to soldering and pressing, though the thin meul sheet 

may be plated so as -co lower the elec-c.ric resistance and soldered. 

Numeral 801 shown in Fig. 21 indicates an elongated member for 

forming a conductive member constituting a part of t:he moun'Cing 

15 struc'l:ure and a pair of elongated members 801 are fo:r:med for each 

mouni"in9 structure. Each elongated melllber 801 has an distal end 

802, an intermediate part: ao3·, a proxbnal end 804, and a projection 

805 and the distal ends 802 of the pair of elongated members BOl 

are connected by a tie bar (a connection :member) 806. A'I: the 

20 center of l:he tie bar 806, a posil:ioning hole 810 is formed. The 

positioning hole 810 is formed at the posi'tion correspondinq to 

the vibration part: (sensor part) of 't.he piezo-electric device. 

Each elongated member 801 is connected to a support pan 808 via 

a branch part 807. In the support: part BOB, pilot holes 809 used 

25 to t.ranspor't the plate member 800 by a manufacturing machine are 

formed. 

As shown in Fig. 22, 'the elongated members 801 are bent along 

the bending parts shown in Pig. 21.. By doing this, the pair of 

distal ends 802 of the pair of elonga'ted members 801 are arranged 

3 o in the same plane. On 'the other hand, the pair of proximal ends 

804 are arranged in another same plane differen't from the plane 

where the pair of distal ends 802 are arranged. The projections 

805 are erected by bending and the erected projections 805 act 

to stick to resin. 

35 Fi9s. 23A to 23C are drawings showing ~he enlarged pair of 

elongated members 801 and as shown in Fig. 23C, the same plane 

where 't.he pair of distal ends 802 are arran9ed are parallel with . . 
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another same plane where t.he pair of proximal ends 804 are arranged. .. 

As shown in Fig. 23B, -che elonga'ted member 801 at: t.he part ('the 

disi:al end 802 included) positioned in 'the sa.111.e plane and the 

elongated member 801 a't the part ('the proximal end 804 included) 

s posii:ioned in anot.her same plane are not overlaid with each other 

in the perpendicular direc't.ion 'to the same plane and anothe: same 

plane. Therefore, at the time of bending the elonqated members 

801 shown in Fig. 21 by bending dies, t.he bending dies do not 

interfere wi 'th each other and t:he bending operation can be 

10 performed easily •. 

Next, by referrin9 'to Figs. 24 to 28C, a procedure that a 
mo1ded pare is integrally formed in the elongated members 801 

shown in Fig. 22 by insercion molding will be explained. 

As shown in Fig. 24, to form a molded part 811 by insertion 

15 molding, a female die 812 and a male die 813 fit ini:o ii: are used. 

~he female die 812 is shown in Figs. 27A to 27C in detail· and 

the male die 813 is shown in Figs. 28A 'to 28C in detail. A 

positioning oolumn 814 is formed on Lhe male die 813 and a 

positioning R part 815 having a contour corresponding ~o 'the 

20 structure of the positioning column 814 is fo.r:m.ed on the pair 

of elongated members 801. The contour of the positioning ll part 

815 and the struc't.ure of t:he positioning column 814 fo:an 

concentric circles. Furthermore, at the end of the male die 813, 

a positioning convexity 816 is fol'Jlled and 'the positioning 

25 convexity 816 can be inserted into the positionin9 hole 810 of 

the connection member SOG. 

Then, in the state shown in Fig. 25, when the positioning 

column 814 is fit in'to the positioning R part 815 and the 

posit.ioning convexity 816 is inserted into the positioning hole 

30 810, the pair of elonga'ted members 801 are positioned to the male 

die 813. FUrthermore, as shown in Fig. 26, when the positioning 

convexity Sl 6 of 't.he male die 813 .is :inserted .into -che positioning 

concavi'ty 817 of t:he female die 812, the male die 813 is posi'tioned 

to "the female die 812. By doing this, the pair of elonga'ted 

35 members 801 are precisely positioned inside the female die 812 

and t:he male die 813. 

Further, as shown in Fig .. 25, a contact: surface 818 is formed 
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around a positioning concavity 817 of the female die 812 and a 

contact surface 819 is also for:med. around a posi-cioning convexit.y 

816 of the male die 813. As shown in Fig. 26, at least a part 

of the distal end 802 of each elongated member 801 is held from 

s both sides by the contact: surface 818 on one side and the contact 

surface 819 on the o'ther side. No resin is fed to the distal end 

802 at the part held by the contact surfaces 818 and 819, so that 

the distal end 802 at: the part is not embedded in resin and exposed 

and the elec'trical con'tac-c is ensured. ~herefore, an additional 

lO step of removinq resin so as -co ensure the electrical contact 

a'C. i:.he dis-cal end 802 is not:. required and the manufacturing process 

is sbnplified. 

When the molded part 811 is in-cegrally formed on the pair 

of elongated members 801, the branch pares 807 are cu-c at the 

15 cutting parts shown in Fig. 21 and as shown in Figs. 29 t:o 30D, 

an inteqrated-molded·product 820 of the pair of elongated members-····· 

801 and -cbe molded part 811 is manufactured. 

As shown in Figs. 29 't:o 30D, i:.he 11\0lded part 811 ha~ a square 

plai:.e base 821 and a column 8~2 projee"ted from 'Che base 821, and 

2 o a concavit:.y 823 for receiving the piezo-electric device is formed 

on the end surface of the column 822, and 't.he pair of dis-cal ends 

802 and i:he connecting member 806 for connect:ing t:hem are arranged 

on i:he bot-com of 'the concavity 823. As shown in Fig. 29, on one 

side of i:.he base 821, seats 824 in contact with the side -wall 

25 of t:.he liquid cont:ainer are fonned in the four corners. AS shown 

in Fig. 30B, on the other side of the base 821, two projections 

a2s· for posi'tioning t:he molded part 811 to 'Che circui-c board are 

foxmed. 

Next, in the integrated molded product 820 shown in Figs-

30 29 to 30D, the connection member 806 connecting the distal ends 

802 of the pair of elongai:ed members 8O1 is cut, ben1:, or reseci:ed, 

thereby the dis't.al ends 802 are electrically separa't.ed. When 't.he 

distal ends 802 are electrically separated like this, as indicated 

by nmneral 830 in Fig. 31, t:he moun-cing s-cruct:ure of -chis 

35 embodiment is manufactured and the mounting struc~ure 830 has 

a pair ot conduct:ive members 831 composed of the pair of elongated 

members 801. separa'ted :from each other. Each ot the pair of 
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conductive members 831 has an electrical contact 832 composed 
of 'the exposed par't of the distal end 802 of the elongated member 
801. A drive signal is applied t:o an ac'tua"tor 833 via the pair 
of conductive members 831 cons't:itu'ting a "three-dimensional 

s circuit. 

In t:he concavity 823 of 'the molded part: 811 of the mounting 
structure 830, t.he actuator 833 constituting 'the piezo-electric 
device is fit and the pair of electrical contacts 832 of the 
mounl:ing st:ruc't.ure 830 and the pair of electrodes of the actuator 

1 o 833 are electrically connected.. At the time of this connect.ion, 
a conductive adhesive may be used.. When 'the elect.rodes of the 
actua'tor 833 and the elecLrical contac'ts 832 of the m.ounting 
s"t~cture 830 are connecLed to each other, as shown in Fig. 32, 
'the periphery of 'the actuator 833 is molded by reasin 834 and sealed 

15 t:iqh'tly so as 'to prevent: a liquid from moving on the back side 
of the actuator 833. By doin9 this, a module 840 having 'the 
mount~g structure 830 and the actuator 833 is manufactured. 

The elon9a"Ced members 801 have a rela"Lively high rigidity. 
Therefore, the actua'Cor (piezo-electric device) can be supported 

20 by 'the distal ends 802 of the elongated :members 801. 
As shown in Figs. 33A 'to 33D, ·'the ac'tuator 833 has a 

piezo-eleceric element 845 constituting a sensor part {vibra"Cion 
part) for detecting a liquid and the piez:o-electric element 845 
has an upper elec'trode 841, a lower electrode 842, and a 

25 piezo-eleceric layer 843 held by the electrodes 841 and 842. The 
piezo-electric e1emen'C 845 is arranged on one side of a vibra'Cing 
plat:e 846 and a cavity forming member 847 is arranged on t:he oi:her 
side of the vibraLin9 plate 846. A't t:he cen"Ler of the cavity 
for.ming member 847, a circular cavi.ty (opening) 848 is formed 

Jo and the piezo-electric element 845 is arranged at the position 
corresponding ~o 'the cavity 848. The upper electrode 841 is 
connected to an upper electrode terminal 849 and the lower 
electrode 842 is connec'ted to a lower electrode tenninal 850. 

The module 840 is mounted on the same circuit board (not shown . . 
3 s in 'the drawing) as that of the memory module (not shown in the 

draw.1nq). In 'this case, when the projec"Lions 825 shown in Figs. 
30A 'to 30D are inserced in'to the holes tormed in 'the circuit board, 
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the module 840 and the circuit:. hoard are positioned, and in t:his 

state, the electrical connections of the module 840 and the 

circuit board are connect:ed by soldering or others. 

The module 840 mounted on the circuit board is inserted 

5 through the through hole fonn.ed in t:he side wall of the liquid 

container and fixed to t:he liquid container so that the pan of 

the actuator 833 is projected into the liquid container. The 

liquid in the liquid container is in contact with the vibra't:ing 

plate 846 via the cavi-cy 848. 

lo As ment:.ioned above, according t:o this embodimen't, t:.he molded 

part 811 is integrally formed by resin molding with t:he pair of 

conductive members 831 constituting the 'three-dimensional 

circuit for applying a drive signal to the acl:uator 833, so t:ha-c 

t:.he mounting structure 830 for attaching the ac'tuator 833 to the 

15 liquid container at a prede-cermined position can be manufac'tured 

with high dimensional precision, thus the constlJllption condition 

of the liquid in the liguid container can be det:ect:.ed wi'th high 

precision by the module 840 having t:.he actuator 833 and the 

mount:ing structure 830. 

20 Next, 'the mountinq structure of another embodiment of the 

present: invention will he explained by referring to Figs. 34A 

t:o 34C. 

As shown in Figs. 34A to 34C, a moun-cing structure 86.0 

according to this embodiment:. has a base 862 on which a control 

25 element: and a memory or a unit 861 (hereinafter referred to as 

''conttol element, etc. 861") composed of a cont:rol unit and a 

memory which are integrated for controlling an actuator ( no1: shown 

in 'the drawing) constituting a pie:zo-elect:rio device is mounted 

and a project:ion 863 which is project:ed from the base 862 and 

30 on which an actuator is mounted.· The con't:rol elemen't., etc. 861 

is, for example, an integrated circuit (IC} for a memory. 

The projection 863 has a column 867 projec'ted from t:.he base 

862 and a circular and plate sealing part 868 for sealing 't.he 

end opening of t:he column 867. On the surface of the sealing part 

35 868, a concavity 866 for receiving -che actuator consti'tuting the 

piezo-electric device is fonned. 

On the mounting structure 860, a plurality of electric wires 
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elec'trically connected to at least one of the actuator and the 

control element, etc. 861 are three-dimensionally formed by 

two-color molding resin plating. More concretely, a pair of 

through holes 869 passing through the sealing part 868 are formed 

5 on the bottom of the concavity 866 and t:he pair of electric wires 

864 reach the back side of the sealinq part 868 from t:he bottom 

of the concavity 866 via the inner surface of the th.rouqh hole 

869 and are further fanned continuously up t:o the back side of 

the base 862. Furcher, the plurality of electric wires 

10 electrically connect:ed to the control element, etc. 861 are 

continuously formed from the surface of the base 862 to t:he back 

thereof via a pluraliey of through holes 870 formed in the base 

862. 

'l'he electric wires 864 and 865 on the back side shown in Fig. 

15 34B function as contacts wi'th which i:he cont:aci: i:ype connectors 

imst:alled in -a printer carriage come in con'tact. -- Namely, when 

an ink cartridge is mounted to the printer carriage, "the electric 

wires 864 and 865 on "the back side shown in Fig. 34B are pressed 

against the contact 'type connec'tors. 

2 o In t:he mount:ing structure 860 shown in Figs. 34A 'to 34c, the 

electric wires 864 and "the elec-cric wires 865 are not connec'ted 

and this example is a one when a memory is to be used as the con'trol 

e1ement, etc. 861. When a control element is to be used as 'the 

control elemen't, etc. 861, i:he elect:ric wires 864 and the electric 

25 wires 865 may be laid so as to be connected •. 

The two-color mo1ding resin plating method may be called a 

two-sho'C met:hod or a non-ca'talytic method and patterning is 

carried out by i:wo times of injection molding. A typical example 

of i:he 1:'WO-color molding resin plating method may be roughly 

30 explained below. Firstly, 'the first molding (primary nlOlding) 

is executed by resin capable of plai:ing, and next the whole is 

chemically et:ched, and a catalyst 'Which is a core of pla'ting is 

given. Then, t:he part where no plating is to be deposited is 

cover-molded (secondary molding} by secondary resin and ~hen 

35 plated. Namely, the ~we-color inolding resin ~lating method is 

a method for depositing plating of a conductiven1etallicmaterial, 

for example, gold only on 'the part. exposed on 'the primary molding 
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processed surface. 

As mentioned above, according to 'the mounting structure of 

this embodiment, the electric wires electrically connected to 

the actua-c.or and control element are formed three-dimensionally 

5 by two-color molding resin plating and at the ti.me of forming 

the base 862 and the projection 863 of the mounting structure 

860, the electric wires 864 and 865 can be fonued at the same 

time, so 'that the manufacturing process can be greatly simplified 

and a large number of mounting sL.ructures 860 can be easily fonned 

10 at the same ti.me. Further, the forming position precision of the 

electric wires 864 and 865 in the mounting structure 860 is high, 

so that the mounting position precision of the actuator to the 

mounting struc'ture 860 is high, and the liquid de"tection precision 

is improved, and more over, "the mounting position precision of 

15 the control elemen't, etc. 861 to the mounting s"tructure 860 is 

also high, and the connection reliability be'Cween the control 

element, e'Cc. 861 mounted to the mount.ing structure 860 and 'the 

external electrical contac"t is also improved. 

Next:, the module of another embodilllent of the · present 

zo invention will be explained by referring to Figs. 35 to 40B. 

Fig. 35 is an exploded perspec't.ive view showing the module 

of th1s embodiment, and the module has the actuator 833 shown 

in Figs. 33A 't.o 33D, and the actuator 833 is thermally welded 

to a plate 881 composed of stainless steel with a polyolefin film 

25 880. The polyolefin film 880 is shaped so as not to cover the 

sensor unit of the actuai:or 833, and an opening is fo.J:ll\ed at the 

center of the plate 881, Lhereby it is structured so -cha~ 'Che 

liquid in the liquid container comes in contact with the sensor 

unit of the actua"tor 833 via the opening at the center of the 

30 plate 881. The plate 881 is adhered to the upper end of a 

cylindrical case 882 made of resin liquid t.ightly, thus the 

actuator 833 is housed in the case 882. 

c.I'o electrically connect a pair of electrodes 884 formed on 

a circuit board 883 where a eontrol element (not shown in -c.be 

35 drawing) such as a semiconductor memory for con'trollin9 'Che 

actuator 833 is mounted and a pair of electrodes (not shown in 

the drawing) of the actua~or 833, a pressed-and-held connec'tor 
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885 is housed in the case 882 so that the pressed-and-held 

connec'tor 885 is held between the circuit board 883 and the 

ac'tua-cor 833 and the case 882 and t:.he circuit board 883 are fixed 

by adhesion. By doing this, t.he actuator 833 and the circuit board 

5 883 are electrically connected via the .pressed-and-held. 

connector 885. 

Figs. 36A and 36B show an example of the pressed-and-held 

connector 885 and the pressed-and-held connector 885 is that a 

pluralit:y of brass wires 886 plat:ed wii:h qold are held by silicone 

10 sponge rubber members 887 comparatively sof-c. and the periphery 

-chereof is covered by a si1icone solid rubber member BBB which 

is sufficiently strong no-e to be buckled a1: -ehe time of pressing. 

A cavity 889 is fonned in -ehe silicone solid rubber member 888 

at the part corresponding 'Co the sensor part (vibration part.) 

15 of t:.he actuator 833 so as to prevent 'Che vibrat:ion of t:he sensor 

part of the ac'tuator·· e·33 ·from obstruction. 'l'he cavity 889 may 

be formed by boring by a press and may be formed at 'Che time of 

molding of the silicone solid rubber :member 888. In the example 

shown in Figs. 36A and 36B, the plurali't.y of brass wires 886 

20 extending in the compression direction are arranged in two rows 

on both sides of the cavity 889 and the arrangement directions 

of the rows of the plurali-ey of brass wires 886 are parallel with 

each other. 

Figs. 37A and 3 7B show ano-cher example of the pressed-and-held 

25 connector 885 and a difference from the constitution shO\Jll in 

Figs. 36A and 36B is that the plurality of brass wires 886 are 

arranged in a transverse row. 
Even when t:he rela-cive position of -che ac"tuat:or 833 and t:he 

pressed-and-held connector 885 is shifted at the time of 

3 o assembling the module shown in Fig. 35 using 'the pressed-and-held 

connect.or 885 shown in Figs. 36A and 36B or Figs. 37A and 378, 

in the arrangement direction of t.he brass wires 886, the con-eact 

bet:ween t:he electrodes of t:he acl:uato·r B33 with the brass wires 
886 is ensured.. Therefore, when 'the brass wires 886 are arranged 

35 in the direction in which the shift at t:he time of assembly is 

large, the electrodes of t:he ac-cuator 833 and i:he elect:rodes 884 

of t.he circuit board 883 can be elec'trically connec-ced surely. 
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Figs. 38A and 38B show still another example of the 

pressed-and-held connector 885 and in this example, a· pair of 

conductive silicone rubber menibers .890 cont.aining carbon are used 

instead of the brass wires and the conductive silicone rubber 

· s members 890 are in'tegrated by an insula-cinq silicone rubber member 

891. Between the conductive silicone rubber members 890, the 

cavity 889 is fomed in the same way as with the pressed-and-held 

connector 885 shown in Figs. 36A and 36B or Figs. 37A and 37B. 
Figs. 39A and 39B show a further example of the pressed-

10 and-held connector 885 and in t:his example, the left and right 

halves of the pressed-and-held connector 885 shown in Fig. 36A 

are connec-ced using -c:he insulating silicone rubber 891 shown in 
Fig. 3BA instead of connecting by continuously forming the 

silicone solid rubber member 888 itse1f. 
15 Figs. 40A and 40B show a s-cill further example of the 

pressed-and-held connector 885 and in this example, the left and 

right halves of the pressed-and-held connector 885 shown in Fig. 

37A are connected using the insulating silicone rubber 891 shown 

in Fig. 38A instead of connecting by continuously forming the 

20 sili.cone solid rubber member 888 itself. 

According to the pressed-and-held connector 885 having the 
constitution shown in Figs. 38Ato 40B, the boring process for 

to.nning the cavity 889 is not: necessary. 

As mentioned above, according to the module of this embodiment, 
25 the actuator 833 and the circuit board 883 can be electrically 

connected via 'the pressed-and-held connector 885 1 so that no 

soldering operation is required for connection and the 

manufacturing method is made easier. 

The embod.ilnen'ts of the present: inven'eion are explained above .. 

30 The scope of the present: invention is not limited to the range 

described in the embod.iltlents aforem.entioned. For example, the 
liquid container of the present: invent.ion is not limited to the 

ink cart.ridge and can be applied to 'the other kinds of liquid 
containers. Various changes or improvements can be applied to 

35 t:he embodiments aforementioned. It: is obvious from the 

description in the claims that any conf igura'eion to which such 

various chan·ges or improvements are applied is included in 't.he 
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seope of the present invention. 

As clearly described by the explanai:ion aforementioned, 

according to the present invention, the piezo-electric device 

can be appropriai:.ely mounted or demounted from the liquid 

5 container. 
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WHAT IS CLAIMED IS: 

1. A mounting structure for moun't.ing a piezo-elect:ric 

device used to de't.ect a consumption condition of a liquid in a 

liquid container 'to said liguid container, comprising: 
a .receiving portion "to which said piez;o-electric device 

is to be mo~nted; and 

a mount: portion adapted to be mounted to said liguid 

container. 

and 

2 • A mounting s't.ructure according to Claim 1, 

wherein said receiving portion bas an opening; 

wherein said piezo-elec-cric device has a vibrating portion; 

wherein said "\tibrating port.ion of said pie20-electric device 

comes in contact wi't.h said liguid in said liquid container via 

said opening. 

3. A moun-cing structure according to Claim l, further 

comprising a mounting plate having an opening, 

wherein said piezo-e1ectrie device is to be moun't.ed to said 

receiving portion via said moun-cin9 plate. 

4. A mounting structure according to C1aim 1, wherein said 

receiving portion is formed on a ~op of said mount portion. 

5 • A moun'ting struc'ture according 'to Claim 1, wherein said 

moun'C portion has a column adap'ted to be f iti:ed into a 'through 

hole fanned in said liquid container. 
6. A mouni:ing struci:ure according 'to Claim 5, wherein said 

moun't ponion has a substrai:e in'teqrally fonned with said colunm. 

7 • A mouni:inq struci:ure according 'tO Claim l , wherein a 

f it:tinq part between said mount portion and said liquid container 

has a sealing s'trUcture. 

8. A mount:ing st:ruct:ure according to Claim 1, wherein said 

receiving port.ion is fonned so as to be inclined with respect 

to a liquid surface in said liquid container. 

9. A mouni:ing structure for mounting a piezo-elect:ric 

device used to detect a cons~tion condition of a liquid in a 

liguid container to said liquid container as an integral structure, 

comprising: 

a lead wire adapted to be in cont:ac~ with an electrode of 

11111111111111 11111 1111111 1111 · 
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said piezo-electric device; and 

a molding port.ion for molding a junction be'tween said lead 

wire and said liquid container. 

10.. A :mounting structure according to Claim 9, furt:her 
comprising a leg for projecting said piezo-electric.device int:o 
said liquid container. 

11. A module comprising: 

a piezo-elect.ric device used to de'tect a consumption 

condition of a liquid in a liquid con't.ainer, said piezo-elect:ric 

devi.ce having a piezo-electric element which includes a 

piezo-electric layer held by a pair of electrodes; and 

a mountinq s~ructure for mounting said piezo-electric device 

to said liqnid container, said mounting structure includin9 a 

receiving portion to which said piezo-el.ec-cric device is mounted, 

and a mount:. portion adapted to be mounted to said liquid container. 
12. A module according to Claim 11, wherein e;aid piezo­

electric device further has a vibrating plate on one side of which 

said piezo-electric element is arranged, and a cavity fonning 

member having a cavity which is arranged on the other side of 

said vibrating plate~ and 

wherein said vibrating p1ate can come in contact wi't.h said 

liquid in said liquid container via said cavity. 

13. A module accordinq 't.o Claim 12, wherein said cavity 

fonningmember is a substtate on which said piezo-electric elemen't: 

and said vibrating plate are formed inteqrally. 

14. A module according to Claim 12, wherein said cavit:y 
forming member is a mounting plate mounted to said piezo-electric 

device. 

15. A module according -co Claim 13, further comprising a 

mo11n'tin9 plate having an opening, 
wherein said cavity of said substra"te and said opening of 

said mount:ing plate a.re arranged so as to be interconnected. 

16.. A module according to Claim 11, wherein said pie20-

electric device is mounted on a side of said receiving portion 
which is formed so as 'to project: from said mount portion. 

17. A module accordinq to Claim 11, further comprising an 

insulating portion for insulating said pie20-electric element 

I lllllll llllll lllll lllll II llll 
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from said liquid in said liquid cont:.ainer. 

18. A niodule according to Claim 1 7, furt.her comprising a 

molding ponion for molding a mounting part between said receiving 
portion and said piezo-electrie device. 

19. A -module according to Claim 11, wherein a coun'ter 
elect:romotive force is generated by a residual vibrat:ion 
remaining in said piezo-electric device. 

20.. A module according to Claim 11, further comprising a 
circuit board .. 

21. A module according to Claim 11, wherein said mounting 
st:.ructure has a pair of conductive members connected 'to said pair 
of electrodes of said pie20-electric element; and 

wherein said piezo-elecLric device is support.ed by said 
pair of conductive members. 

22 .. A liquid cont:ainer comprising; 
- ·a. container ·body; and 

a module mounted on said container body, said module 
including a piezo-electric device used 'to det:ec't a consumption 
condi'cion of a liquid in said conta-iner body, said piezo-elec'tric 
device having a piezo-electric element which inc1udes a 
piezo-electri..c layer held by a pair of electrodes, and a U10untin9 

struc'Cure for moun-cinq said piezo-electric device t:.o said 
container body, said mounting s't.rUcture including a receiving 
portion to which said piezo-electtic device is mounted, and a 
mount portion mounted to said con'tainer body. 

23. A liquid container according to Clam 22, wherein said 
receiving portion is arranged so as to be projected into said 
con'tainer body. 

24. A liquid container accordinq to Claim 23, wherein said 
receiving por'tion is f o.r:med so as to be inclined to a liguid 
surface in said container body. 

25. A liquid container according to Claim 22, wherein a 
mounting part bet:ween said moun't portion and said container body 
is molded. 

26. A liquid container comprising: 
a container body; and 

a module including a piezo-electrie device used to detec'C 

· I 1111111 111111 11111 1111111 1111 
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a consmnp'tion condi'tion of a liquid in said container body, said 

piezo-elec'tric device having a piezo-elec~ric element: which 

includes a pie20-elect:ric layer held by a pair of electrodes, 

and a mcunt:ing structure for mount:ing said piezo-elect:ric device 

:to said container. body, said moum:ing structure including a 

receiving pottion t.o which said piezo-electric device is m.ount:ed, 

and a moun't portion adapted to be mount:ed to said container body, 

said module being mounted on said cont:ainer body in a removable 

state. 

27. A mounting st:ructure for mounting a piezo-electric 

device used to detect a consumption condition of a liquid in a 

liquid container to said liquid container, comprising: 

a pair of conduct:ive members for supplying a drive sig~al 

to said piezo-elect:ric device; and 

a resin-mo1ded part: molded integrally with said pair of 

conductive members, 

wherein said pair of conduc"tive members include distal ends 

electrically connected to said piezo-electric device, proximal 

ends electrically connect:ed to a circuit: board, and int:ermediate 

parts for connecting said distal ends and said proximal ends, 

and 
wherein at least: a part of said intermedia"te parts is 

embedded in said molded part:. 

28. A mountin9 structure according 'to Claim 27, wherein said 

pair of distal ends are arranged on a same plane, and 

wherein said pair of proximal ends are arranged. on another 

same plane which is different from said same plane on which said 

pair of distal ends are arranged. 

29. Amounting structure according to Claim 28, wherein each 

of said pair of conductive members is fonned by bending an 

elongat:ed member of a conductive material, 

wherein said same plane on which said pair of distal ends 

are arranged and said another same plane on which said pair of 

proximal ends are arranged are parallel wi~h each other, and 

wherein portions of said elongated members positioned on 

said same plane and portions of said elongated members positioned 

on said another same plane are not overlaid with each other in 
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a direction perpendicular to said same plane and said another 

same plane. 

30. A mount.ing structure according to Claim 27, wherein, 
when said molded pare is fonned by resin-molding, said pair of 
distal ends are connect:ed with each other by a connection member, 
and said connection member is removed after resin-molding is 
completed. 

31. A mounting structure according t:.o Claim 30, wherein, 
in order to position said pair of conduci:ive members 1:0 a die 
used for resin molding of said molded part, a posi-cioning hole, 
through which a part of said die is to be inserted, is formed 
in said connect.ion member. 

32.. Amounting structure accordin9 l:o Claim 31, wherein said 
positioning hole is fonned in a posi'tion correspondin9 -co a 
vibrat:ion part of said piez:o-elect.rio device .. 

33. A 100un1:ing struct:ure according -co Claim 30, wherein a 
female die and a male die to be fit to said female die are used 
for resin molding of said molded part, and 

wherein a part of said pair of eonduc1:ive members connect:ed 
by said connect:ion member has a contour corresponding to a partial 
structure of said male die so as t:o position said pair of 
conductive members to said male die. 

34. A moun-cing structure accordinq to Claim 27, wherein, 
at: the i:ime of resin molding of said molded pare, at least a part 
of said pair of distal ends is held by a pair of dies, t:hereby 
at least a part of said pair of distal ends is exposed without 
being embedded in resin, and said exposed part: of said pair of 
distal ends fonns an electric contact point.. 

35. A mounting structure according 'to Claim 27, wherein a 
concavity for receiving said pie20-electric device is fomed in 
said molded part, and 

wherein said pair of dis'tal ends are arranged on a bottom 
of said concavity. 

36. A module comprising: 

a piezo-electric device used 'to detect a conswnption 
condition of a liquid in a liquid container; and 

a moun-cing s'tructure formoun'ting said pie20-electrie device 
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to said liquid container, said moun'ting s'tructure including a 

pair of conduc'tive members for supplying a drive signal to said 

piezo-elec'tric device, and a resin-molded part molded integrally 

wi~h said pair of conductive members, 

where;j.n said pair Qf conductive members include distal ends 

electrically connected to said piezo-electric device, proximal 

ends electrically connec'ted 'to a circuit board, and inte:rmed.ia'te 

parts for connec~ing said distal ends and said proximal ends, 

at least a part. of said intennedia'te pans being embedded in said 

molded part., 

wherein said piezo-electric device has a piezo-electric 

elemen't having a piezo-elec-cric layer held by a pair of electrodes, 

a vibrating plate on one side of which said piezo-elect:ric element 

is arranged, and a cavity forming member having a cavity arranged 

on the o~her side of said vibrating plate, and 

wherein said vibrating plate comes in contac:'t. wi'Ch said 

liquid in said liquid con"Cainer via said cavity. 

37 •. A module according to Claim 36, wherein said pair of 

elec'tro~es_ are elec't.rically connec-ced to said pair of distal ends 

of said mounting structure with a conductive adhesive, and 

wherein a periphery of said piezo-elec'tric device is sealed 

with resin so as to prevent said liquid from moving i:oward a back 

of said piezo-elect:ric device. 

3 8. A module according to Claim 3 6, wherein sai.d piezo­

elec't.ric device is supponed by said pair of conductive members. 

39. A moun~ing structure for mounting a piezo-electric 

device used to detect a consumption condition of a liquid in a 

liquid container to said liquid container, comprising: 

electrical wires adapt:ed to be elect:rically connec-ced to 

said piezo-electric device; 

a base in which at least: a portion of s~id electrical ti.Tires 

is disposed; and 

a projection 'to which said piezo-electric device is to be 

mounted, said projection being projected from said base, 

wherein said electrical wires are formed three­

dimensionally by two-color molding resin plating. 

40. A mounting structure according to Claim 39, wherein a 
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concavity for receiving said piezo-elect.ric device is formed on 

an end of said projection, and 

wherein, on a bo"ti:.om of said concavity, at least a part of 

said elec~rical wires forms parts which are i:.o be electrically 

connected to a pair of elect.rodes of said piezo-elect:ric dev,ice. 

41 • A mount:ing st:ruct:ure according "to Claim 4 0, wherein said 

project.ion has a tube part projected from said base and a sealing 

part for sealing an opening at a top of said ~ube part, 

wherein said concavity is formed on a sur:tace of said sealing 

part, 

wherein a through-hole passing "through said sealing part 

is foxmed at: said bo't:"tom of said concavi-cy, and 

wherein ~aid electrical wires electrically connected to said 

pair of eleci:rodes of said piezo-elect:ric device are continuously 

formed from said bottom of said concavity to a back side of said 

sealing part via an inner- -surface of said through-hole. 

42. A module comprising: 

a piezo-elec-cric device used to de"tect a consumption 

condition of a liquid in a liquid con~ainer; 
a circuit board electrically connected to said piezo­

eleci:ric deVice; and 

a pressed-and-held connec'tOr which is pressed and held 

between said circuit. board and said piezo-electric device so as 

to electrically connect a pair of electrodes formed on said 

circuit board and a pair of electrodes of said piezo-elec~ric 

device. 

43. A module accordinq to Claim 42, wherein said 

pressed-and-held connector has an insulat:inq elasi:ic member 

which is held and elastically compressed be'tWeen said circuit 

board and said piezo-eleetric device, and a plurality of 

conductors extending inside said elastic member in a compression 
di.rec"tion. 

44. A module according to Claim 42, wherein said 

pressed-and-held connector has a pair of conductive rubber 

members arranged between said pair of elect:rodes formed on said 

circuit:. board and said pair of electrodes of said piezo-elec't:ric 

device and an insulating rubber member for mut:ually cormect:ing 
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said pair of conductive rubber members. 

45. A module according to Claim. 42, wherein said piezo­

electric device has.a piezo-electric element having a piezo­

electric layer held between a pair of electrodes, a vibra~ing 

plate on one sideofwhichsaidpiezo-electr.ic element is arranged, 

and a cavity forming member having a cavity arranged on the other 

side of said vibrating plate, and 

wherein said vibrating plate comes in contact with said 

liquid ~ said liquid container via said cavity. 
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