- 1 Solid Sem conductor Elenent, Ink Tank, Ink Jet Recording Apparatus
Provided with Ink Tank, Liquid Information Acquiring Method and Liquid
Physi cal Property Change Discrimnating Method BACKGROUND OF THE | NVENTI ON
Field of the Invention The present invention relates to a sem conductor
el ement having a function of detecting enwironnmental information, and
transmtting/displaying the information to the outside or adjusting
envi ronnment based on the information, and nethods of using this

sem conductor elenment to acquire liquid information and discrimnate a
physi cal property change of a |iquid. Mreover, the present invention
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conventional ink jet recording apparatus for ejecting an ink via a
plurality of jet nozzles disposed 2

BACKGROUND OF THE INVENTION
Field of the Invention

The present invention relates to a semiconductor
element having a function of detecting environmental
information, and transmitting/displaying the
information to the outside or adjusting environment
based on the information, and methods of using this
semiconductor element to acquire liquid information and
discriminate a physical property change of a ligquid.

Moreover, the present invention relétes to an
apparatus having a function of detecting ink tank
inside information (e.g., ink residual amount,
pressure, and the like), and transmitting/displaying
the information to the outside, an apparatus having a
function of adjusting environment based on the
information, an ink tank provided with the elements,
and ink jet recording apparatuses with the ink tank
detachably attachable thereto, such as a facsimile
machine, printer and copying machine.
Related Background Art

In a conventional ink jet recording apparatus for

ejecting an ink via a plurality of jet nozzles disposed



in a recording head, scanning a carriage wwth the recording head nounted
thereon with respect to a sheet, and formng an inage in a dot pattern, an
ink tank with the recording ink contained therein is disposed, and the
ink of the ink tank is supplied to the re frding head via an ink supply
path. Here, an ink residual anount detectfon apparatus for detecting a
residual anmount of the ink of the ink tank is brought to practical use,
and various proposal s have been presented. For exanple, as shown in FIG

1, an apparatus disclosed in Japanese Pat ent Application Lai d- Open No.

6- 143607 i ncl S .t | egls 7 nner bottom
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surface of an ink tank 701 and a fl oat
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702 are connected to a detector (not shown) for deteCting a conducti've
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| owered, and the electrode 704 contacts the el ectrodes 702. Then, the

det ect or det ectbet hekcofiditbiei ¥ekstahk het weepltied tel ehkr aderlihg Ther eby,
it is detected that there is no ink in the ink tank 701, and an operation
of an ink jetheadovdengnhdalh B0Bply patppedHere3 an ink residual

amount detection apparatus for detecting a residual
amount of the ink of the ink tank is brought to
practical use, and various proposals have been
presented.

For example, as shown in FIG. 1, an apparatus
disclosed in Japanese Patent Application Laid-Open No.
6-143607 includes two {pair) of electrodes 702 disposed
on an inner bottom surface of an ink tank 701 filled
with a nonconductive ink, and a float member 703
floating on an ink surface in the ink tank 701. Two
electrodes 702 are connected to a detector (not shown)
for detecting a conductive state between the
electrodes. Moreover, on the float member 703, an
electrode 704 is disposed opposite to the electrode
702. When the ink in the ink tank 701 is consumed, a
position of the float member 703 is lowered, and the
electrode 704 contacts the electrodes 702. Then, the
detector detects the conductive state between the
electrodes 702. Thereby, it is detected that there is
no ink in the ink tank 701, and an operation of an ink

jet recording head 705 is stopped.



Moreover, according to Japanese Patent No. 2947245, an ink jet printer ink
cartridge 805 is disclosed. As shown in FIG 2, a lower portion of the
cartridge is forned in a funnel shape toward a bottom surface thereof, two
conductors 801, 802 are disposed on the bottomsurface, and a netal bal
804 whose specific weight is smaller t han3t hat of an ink 803 is disposed
in the cartridge. In this constitution, when the ink 803 is consumed and
reduced, the liquid surface of the ink 803 is |owered. Accordingly, the
position of the nmetal ball 804 roathg OE thSSyrface ofdtPe r;ggh8?ﬁe|s
red. When the | ipyu f e.in I s | owere o]
lbg}t,\?om surface of ar?ﬂliwn V%(L:%'r %&fg&d%%sﬁ%gqa?%e%t%t%FIN%04 contacts
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via the - 4 specific weight is smaller than that of an ink 803 is
disposed in the cartridge. 1In this constitution, when
the ink 803 is consumed and reduced, the liquid surface
of the ink 803 is lowered. Accordingly, the position
of the metal ball 804 floating on the surface of the
ink 803 is lowered. When the liquid surface of the ink
803 is lowered to reach the bottom surface of an ink
cartridge housing, the metal ball 804 contacts two
conductors 801, 802. Then the conductors 801, 802
become conductive and a current flows therebetween.
When the flowing current is detected, an ink end state
can be detected. When the ink end state is detected, a
user is notified of information indicating the ink end
state.

In either one of the aforementioned constitutions,
absence of the ink is detected by detecting whether or
not there is conduction between the electrodes disposed
in the ink tank. Therefore, it is necessary to dispose
a detecting electrode in the ink tank. Additionally,
while the ink exists in the ink tank, the current is

prevented from flowing between the electrodes via the



I nk. Therefore, a netal ion cannot be used in an ink conponent, or another
restriction is inposed on the ink for use. Mdreover, in the aforenentioned
constitution, only the presence/ absence of the ink can be detected, and

ot her tank inside information cannot be notified to the outside. For
exanpl e, an ink residual anobunt, pressured information in the ink tank, ink
physi cal property change, and the |like are inportant paraneters for
constantly operating an ink jet head with a stable discharge anount. There
is a demand for a tank by which an outside ink jet recording apparatus is

notified of a.tagnk iner pressure constantly changin L th ink consunption
in the tank i r%n?(éal 'I'(t}llemn?, G 1 e m%tr?ghg]eo%fcyéllﬂéo f %F 3‘?‘&%&8&? H ties can
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directionally ghanyg tted to the outside, and additionally the inner
I nformation can bidirectionally be exchanged in response to a request from

the outside. I'n obgffeck@rdevs] Ghd i gHeHETEINH N bt ¢@fon | ey esent

i nventor et al. have noted a ball sem conductor, manufactured by Bal |
Seni conduct or the presethce falisnVeTdH thes SHKE VU HOad tEAHAL eghgircuit on

a spherical surface of a silicon ball with a dianmeter of 1 mm This bal

sem conduct or ctaera tapkeringdlded information cannot be notified to the
outside. For example, an ink residual amount, pressure
information in the ink tank, ink physical property
chapge, and the like are important parameters for
constantly operating an ink jet head with a stable
discharge amount. There is a demand for a tank by
which an outside ink jet recording apparatus is
notified of a tank inner pressure constantly changing
with ink consumption in the tank in real time, or the
change of the ink physical properties can be
transmitted to the outside.

Furthermore, there is a demand for an ink tank by
which the detected infbrmation in the ink tank is one-
directionally transmitted to the outside, and
additionally the inner information can bidirectionally
be exchanged in response to a request from the outside.

In order to develop the aforementioned ink tank,
the present inventor et al. have noted a ball
semiconductor, manufactured by Ball Semiconductor Co.,
Ltd., for forming a semiconductor integrated circuit on
a spherical surface of a silicon ball with a diameter

of 1 mm. This ball semiconductor has a spherical




shape. Therefore, when the sem conductor is contained in the ink tank, the
detection of the environnental information and the bi-directional exchange
of the information with the outside can expectedly efficiently be
performed as a planar shape. However, when the sem conductor having such
function is searched, only a technique -0f5 connecting the bal

sem conductors with each other via an electric wring, and the |ike are
found (see U S. Patent No. 5877943). It is therefore necessary to devel op
an elenent itself which has the aforenentioned function. Moreover, in

order to effectively aggl y the elenent to the ink tank, there are sone
i nherent probl gherer (T rﬁfﬁﬁﬁerWFSP abei §8{“F-ﬁgntiﬁét@|rem§ntcon¢wmdﬁed in
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consunption in the ink tank, the elenent I's preferably posit i one
technique of connecting the ball semiconductors with

each other via an electric wiring, and the like are
found (see U.S. Patent No. 5877943). It is therefore
necessary to develop an element itself which has the
aforementioned function. Moreover, in order to
effectively apply the element to the ink tank, there
are some inherent problems.

First, a power for activating the element
contained in the tank is supplied. When a power source
for starting the element is disposed in the ink tank,
the tank is enlarged in size. Even when the power
source is disposed outside the tank, means for
connecting the power source to the element is
necessary. A tank manufacturing cost increases, a tank
cartridge becomes expensive, and the element has to be
started from the outside in a non-contact manner.

Secondly, the element sometimes has to float on
the ink surface of the ink tank or in the ink at a
given distance from the liquid surface. For example,
in order to monitor a fluctuation of a negative

pressure amount with time with the ink consumption in



the ink surface. However, since the element is forned of silicon having a
specific weight larger than that of water, it is generally difficult to
float the element in the ink. Thirdly, in a color printer, it is requested
to individually and independently obtain respective ink tank inside
information in response to an inquiry frof the outside for respective
color ink tanks and transmt the information. Fourthly, in one node of the
tank for the ink jet head for practical use, a container is divided into a
first chanber in which a porous or fibrous negative pressure generating
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nmenber is contahneHe Iherefore, there is a demand especially for an ink
tank having a function such that the information such as the ink residual

anount in the tank, Thikdpbhysinak poDperpyincbanger apdregaestedegsure state
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individually and independently obtain respective ink
tank inside information in response to an inquiry from
the outside for respective color ink tanks and transmit
the information.

Fourthly, in one mode of the tank for the ink jet
head for practical use, a container is divided into a
first chamber in which a porous or fibrous negative
pressure generating member for generating a desired
negative pressure with respect to the ink jet recording
head is contained in an atmosphere connection state,
and a second chamber in which a recording liquid is
contained as it is. A connection path is disposed in a
bottom portion of a wall for partitioning the first and
second chambers in the container. This tank has a
large ink storage amount and can advantageously
stabilized the negative pressure with respect to the
ink jet recording head as compared with a tank
constituted only of the chamber in which the negative
pressure generating member is contained. Therefore,
there is a demand especially for an ink tank having a

function such that the information such as the ink



exchanged with the outside in the aforenentioned tank structured of two
chanbers. SUMMARY OF THE | NVENTI ON An object of the present inventionis to
provide a solid sem conductor elenment which can very efficiently detect

i nformati on about a liquid and bidirectionally exchange the information
with the outside. Another object of the présent invention is to provide a
solid sem conductor el enent which detects detailed information in an ink
tank in real tine and can bidirectionally exchange the information with an
outside ink jet recording apparatus, an ink tank provided with the

sem conduct or ent ., and an ink_jet recording apparatus provided with
t he tank. Furtﬁ%ggggf%c?m8Fthéoné§eﬁ?n#nvéﬁﬁi@HﬂS§QQ§ pRopsrty a et hod

in which an in e n H__change, concentrati on change, density
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the apparatus. shiéPerER' 68 YR§NLAGLARRSI ty change is detected, an ink
viscosity and surface tension change anobunt can also be estimated.

Therefore, another object of the - 8 present invention is to provide a
nmet hod of setting an optinmum head driving condition and keeping a stable

di scharge props/MMARY OF THE INVENTION

An object of the present invention is to provide a
solid semiconductor element which can very efficiently
detect information about a liquid and bidirectionally
exchange the information with the outside.

Another object of the present invention is to
provide a solid semiconductor element which detects
detailed information in an ink tank in real time and
can bidirectionally exchange the information with an
outside ink jet recording apparatus, an ink tank
provided with the semiconductor element, and an ink jet
recording apparatus provided with the tank.

Further object of the present invention is to
provide a method in which an ink state change (pH
change, concentration change, density change) in the
ink tank can be detected with time. Moreover, there is
provided a method of indicating to the outside that the
apparatus cannot be used in the head with the ink
supplied thereto and limiting the use of the apparatus.

Furthermore, when the density change is detected,
an ink viscosity and surface tension change amount can

also be estimated. Therefore, another object of the



Addi tionally, an object of the present invention is to provide a liquid
container provided with a solid sem conductor elenent in which |Iiquid

chem cal physical properties information (pH change, concentration

change, density change) and physical properties information (liquid
viscosity, surface tension, negative pres8ure anount) are detected,
detected information can bidirectionally be exchanged with the outside,
and a tank inner state can be adjusted (negative pressure adjustnent), and
a liquid discharge recording apparatus provided with the Iiquid container.

To achi eve the,akeLg | bi.ects, accqording to the present invention
there i s proviged a gg?%ggﬂggﬁgcgﬁdﬁgtgfogﬁgﬁbﬁtWﬁt?ﬁﬁkéﬁpﬁﬁtﬁiﬂguﬂnthh a
liquid, the el gpeMnumOARLESHRYv1hAf [ acqui ting.(communi cating) mneans
for acquiring P?quid chenigagvﬁ?gpgﬁggkkgpgrﬁggigﬁe%' & ist@Rde | east one
of a hydrogen aggcﬁaﬂggnbfabgggy.index, a concentration, and a density of
the liquid; information transm ssion neans for displaying or transmtting

the information acqngaetioyalie, anfebiBELOBraAGHH Hi-RYeMRADS vt 418,
out si de; and energy converting nmeans for converting an energy applied from

the outside totanteneroyiaé a 1ygeidi bbatanhet AbbRAchYRS Al of 813RP! i ed
energy to operate the information acquiring neans and the information
transm ssion neemiconi@rctaor i elemsntopiuvhocheleqent ehehheall’ §8§Rlt cal
properties information (pH change, concentration
change, density change) and physical properties
information (liquid viscosity, surface tension,
negative pressure amount) are detected, detected
information can bidirectionally be exchanged with the
outside, and a tank inner state can be adjusted
(negative pressure adjustment), and a liquid discharge
recording apparatus provided with the liguid container.
To achieve the aforementioned objects, according
to the present invention, there is provided a solid
semiconductdr element disposed in contact with a
liquid, the element comprising:
information acquiring (communicating) means for
acquiring liguid chemical property information
including at least one of a hydrogen ion concentration
index, a concentration, and a density of the liquigd;
information transmission means for displaying or
transmitting the information acgquired by the
information acquiring means to the outside; and
energy converting means for converting an energy

applied from the ocutside to an energy of a type




I nvention is disposed in contact with the liquid as an object from which
the information is to be acquired. In this state, the information acquiring
means acquires the information about the |liquid, and the information.
transm ssion neans transmts the information to the outside. The energy
for operating the information acquiring-n®ans and information transm ssion
nmeans i s obtained by converting the energy fromthe outside to the
different type of energy by the energy converting neans_ Since the solid
sem conductor elenment has a function of acquiring the information about

the liquid ang.transm.ttin e information to the outside in this
manner, the i ng(:)errnfge eok £AR %[ AP&e taPre s k8 13pRid e qpara td

transmtted. Ther S d with use of a planar_sem conduct or
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In this state, the information acquiring means acquires
the information about the liquid, and the information .
transmission means transmits the information to the
outside. The energy for operating the information
acquiring means and information transmission means is
obtained by converting the energy from the outside to
the different type of energy by the energy converting
means. Since the solid semiconductor element has a
function of acquiring the information about the liquid
and transmitting the information to the outside in this
manner, the information can three-dimensionally be
acquired and transmitted. Therefore, as compared with
use of a planar semiconductor element, since little
restriction is imposed on a direction of acquirement
and transmission of the information, the information
about the liquid can efficiently be acquired and
transmitted to the outside.

The element further comprises information storing
means for storing information to be compared with the
acquired information, and discrimination means for

comparing the information stored in the information




the outside if necessary. Furthernore, when receiving neans for receiving
a signal fromthe outside is added, the information is acquired in
response to the received signal, a result of the conparison with the
stored information is transmtted to the outside together with the
acquired information, and the signal can 1Bidirectionally be
transmtted/received with respect to an outside apparatus. Exanples of the
i nformati on about the liquid include a pH and pressure of the liquid, and
particularly include a residual anpunt of the liquid in the container rhen
the liquid is contained in the ntainer. To obtain the liquid residua
am)untq t he 58% Elggnwgﬂﬁﬁugﬁﬁp gp@n&ﬁF°F?a§F€Peﬁ£&%}Fﬁ SRxddhqo float

on a liquid sutface QL,in t he %8 constitution may al so
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invention is pEE%ﬁEﬁEE¥1?§egftQ gb&ﬁfo¥ﬁa lhﬂf%gn%é'lﬁ?ﬁ%} { a recording
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about the ink in the ink tank rec ng 1's pertornmed.
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the information is acquired in response to the received
signal, a result of the comparison with the stored
information is transmitted to the outside together with
the acquired information, and the signal can
bidirecticnally be transmitted/received with respect to
an outside apparatus.

Examples of the information about the liquid
include a pH and pressure of the liquid, and
particularly include a residual amount of the liguid in
the container when the liguid is contained in the
container. To obtain the liquid residual amount, the
solid semiconductor element is preferably disposed to
float on a liquid surface or in the liquid, and the
constitution may also include a hollow portion.

The solié semiconductor element of the present
invention is preferably used to obtain the information
about a recording ink in a field of ink jet recording.
The recording ink is generally contained in the ink
tank. It is very important to obtain the information
about the ink in the ink tank when a high-quality

recording is performed.




the ink. The nunber of solid sem conductor elenents nmay be one or plural.
When a plurality of solid sem conductor elenents are disposed, the
respective elenents may acquire different information, or exchange the

i nformati on with one anot her. Moreover, according to the present invention
there is provided an ink tank which contains-an ink to be supplied to an
ej ection head for ejecting the ink, the ink tank conprising: information
acquiring neans for acquiring ink chem cal property information including
at | east one of a hydrogen ion concentration index, a concentration, and
a density of the ink: information transm ssion neans for displaying or
transmitting the inf L acis rimk yankheot | ther peésent acfieht D§n NEANS

to the outsidekxgngjgneég¥ converting means for converting an energy
appl i ed from the outsiudit® K iRy BiPRLisdheto di fdbsendrdes oneaderéype Of

t he applied enegy; .operate the information acquiring nmeans and the
i nf or mati on trgﬁgﬁ¥%%ﬁgh L .14%1iQngQQer%R%#QHsﬁmigmnﬂumtsrof t he
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may be one or plural. When a plurality of solid
semiconductor elements are disposed, the respective
elements may acquire different information, or exchange
the information with one another,

Moreover, according to the present invention there
is provided an ink tank which contains an ink to be
supplied to an ejection head for ejecting the ink, the
ink tank comprising:

information acquiring means for acquiring ink
chemical property information including at least one of
@ hydrogen ion concentration index, a concentration,
and a density of the ink;

information transmission means for displaying or
transmitting the information acquired by the
information acquiring means to the outside: and

eénergy converting means for converting an energy
applied from the outside to an energy of a type
different from the type of the applied energy to
operate the information acquiring means and the

information transmission means.

An ink jet recording apparatus of the present

invention is provided with an ejection head for



provided a liquid change information acquiring nethod of using a solid

sem conduct or el enent disposed in contact with a liquid, the el enent
conprising: information acquiring neans for acquiring information about
the liquid; information transm ssion nmeans for displaying or transmtting
the information acquired by the infornmatild acquiring neans to the

out si de; and energy converting neans for converting an energy applied from
the outside to an energy of a type different fromthe type of the applied
energy to operate the information acquiring neans and the information
transm ssi on neans., .Furthernore, according to the present invention there

i's provided a 1 Hif d shyAd c’aﬂkpr%r?l}é gleank el Hee rexémenbf using a
S e oM S ) AoIES e oo ey Lhe el erren
e Ll quid, o S WSS L diapr | et ng @ hau 0 physical
means. for di aptayi ngosP g de i FhaBt e s acdwied oy the
diSCFiﬁinatiOnpﬁ%@&%ehpaFW&dﬂﬂﬁﬂdﬂﬁng%pqnformation acquiring method
of using a solid semiconductor element disposed in
contact with a liquid, the element comprising:
information acquiring means for acquiring
information about the liquid:
information transmission means for displaying or
transmitting the information acquired by the
information acquiring means to the outside; and
energy converting means for converting an enerqgy
applied from the outside to an energy of a type
different from the type of the applied energy to
operate the information acquiring means and the
information transmission means.
Furthermore, according to the present invention
there is provided a liquid physical property change
judging method of using a solid semiconductor element
disposed in contact with a ligquid, the element
comprising:
information acquiring means for acquiring
information about the liquig;
discrimination means for discriminating a liquid

physical property change based on the information

acquired by the information acquiring means and a pre-



energy converting nmeans for converting an energy applied fromthe outside
to an energy of a type different fromthe type of the applied energy to
operate the information acquiring neans, the discrimnation nmeans and the
informati on transm ssion neans. According to the aforenmentioned nethod,
the Iiquid physical property change can detected wth tinme. For

exanpl e, when a di sadvantage is possibly generated by the use, this is
notified to the outside to restrict the use. Particularly for use in the
ink tank, a viscosity and surface tension change amount of the ink as the

liquid are estdippted. agdpd A PPLi num recording head driving condition can
be set. Furthernore, according to the present invention, there is provided

a discrimnating meidhedrpde PUEFAANNILOLOR THELRD APRUAL plLgiihg yith tiNe,
and estimating a change anmount of the liquid frominfornmation ndicating
a change of therindm{fBLh@NtROOIMESARati oM ScdbiBedi BF. tnuher ei n abnor nal

change informati on about the liquid is discrimnated.” For exanple, the

amount of the didcen watsh imMeatidetd Nkhé ookt si6a@l | andi nearly decreases
with - 14 consunption, but rapidly increases because of replenishnent, or

an ink conponent chamgegy diémserting heejnsgbsle sacombapt iR ehasgergy
I nformati on according to the nethod.

applied from the outside to an energy of a type
different from the type of the applied energy to
operate the information acquiring means, the
discrimination means and the information transmission
means.

According to the aforementioned method, the liquid
physical property change can be detected with time.

For example, when a disadvantage is possibly generated
by the use, this is notified to the outside to restrict
the use. Particularly for use in the ink tank, a
viscosity and surface tension change amount of the ink
as the liquid are estimated, and an optimum recording
head driving condition can be set.

Furthermore, according to the present invention,
there is provided a discriminating method of acquiring
information about a liquid with time, and estimating a
change amount of the liquid from information indicating
a change of the information about the ligquid with time,

wherein abnormal change information about the
liquid is discriminated.

For example, the amount of the ink contained in

the ink tank usually linearly decreases with




To achi eve the aforenentioned objects, according to the present invention,
there is provided a solid sem conductor elenent conprising: receiving and

energy converting neans for receiving a signal of an electronmagnetic wave
fromthe outside in a non-contact manner, and converting the

el ectromagnetic wave to a power by el ectrlghagnetic induction; information
acquiring neans for acquiring outside environnmental information;

i nformation storing neans for storing information to be conpared with the
informati on acquired by the information acquiring neans; discrimnation

means for conpaysl e information _acquired by the information acquiring
means Wit h the%r"é‘%rg’f"i’sﬁc?ﬁ‘di ?P@‘I{?Wﬁ&m dmcRieAsas iheqawseé dHr mat i on

storing neans t@. qi.5GLhp.nate a neeq for information transm ssion when the
signal of the e% g??%ﬁ?%%@?rc°rwgﬁelP SRt hanaas vi hisccaner gy
converting negasgabkyf 4&S term ned _ response condition; and

i nf or mati on trans%isgionhﬁegﬁgg%ﬁgﬁngﬁPgﬁ gt ermations Aaqqudindgeto

i nformati on acgdkrfdtRygthe information acquiring neans to the outside
when the discrimnation neans discrimnates the need for the information

transm ssion. The inboasREEPE @ﬁguggbggmén%ﬁgngﬁggin%E%Hi%%%!napion_SSion

storing neans, the discrimnation neans, an 1T
nmeans are operbbeth8ypt8eROWVEAvERBYSA! LY.t RE p868aLia"d and ;gner gy

converting neans.
semiconductor element comprising: receiving and energy
converting means for receiving a signal of an
electromagnetic wave from the outside in a non-contact
manner, and converting the electromagnetic wave to a
power by electromagnetic induction; information
acquiring means for acquiring outside environmental
information; information storing means for storing
information to be compared with the information
acquired by the information acquiring means:
discrimination means for comparing the information
acquired by the information acquiring means with the
corresponding information stored in the information
storing means to discriminate a need for information
transmission when the signal of the electromagnetic
wave received by the receiving and energy converting
means satisfies a predetermined response condition; and
information transmission means for displaying or
transmitting the information acquired by the
information acquiring means to the outside when the
discrimination means discriminates the need for the

information transmission. The information acquiring



An el ectromagneti c induction frequency or a comunication protocol can be
applied as the response condition. For the information transm ssion neans,
t he power converted by the receiving and energy converting nmeans is
supposedly converted to a magnetic field, a light, a shape, a color, a
radio wave, or a sound as the energy ferl8isplaying or transmtting the

i nformation to the outside. The receiving and energy converting neans
having a conductor coil and oscillation circuit for generating the power
wi th an outside resonance circuit by electromagnetic induction can be
applied. In this_case,. the Eonductor coil is formed to be wound around an
outer surface BF3PRe LBPi InfeEhrtinnuEteriBpemeans . sheover, the el enent

referably co .ses._ a | low portion_for floating the element on a liquid
gurface o¥ inn§£%§gﬁ%%%?E£W%d“ﬁgg?ti%ﬂdiﬁh9hén#95@ﬁ8?°nlﬁrﬁnﬁyiééé@P a
ravity center h ol j emiconductor element floating in the liquid
?s pogitionedm%é?%mgﬁéc%%%5?§%$1?%e FRBWEX FRBVEFSSH RY tBfenent
preferably rocgécéi@%ﬁéyaﬂﬁtggw%%%o&gﬁ$gggln - 16 the liquid. A netacenter
ndu el e

of the solid senco t or t 15 prerefabP§Eonstantly positioned
above the gravity ﬂﬁ”@f%cf%oﬁ%??ﬁf&édiﬁ@ﬁ%ff&ﬂ“f£8&u$hg§EgE'aFurthernDre’

according to the present inven
communication protocol can be applied as the response

- condition.

For the information transmission means, the power
converted by the receiving and energy converting means
is supposedly converted to a magnetic field, a light, a
shape, a color, a radio wave, or a sound as the enerqgy
for displaying or transmitting the information to the
outside.

The receiving and energy converting means having a
conductor coil and oscillation circuit for generating
the power with an outside resonance circuit by
electromagnetic induction can be applied.

In this case, the conductor coil is formed to be
wound around an outer surface of the solid
semiconductor element.

Moreover, the element preferably comprises a
hollow portion for floating the element on a liquid
surface or in a predetermined position in the liguid.
In this case, a gravity center of the solid
semiconductor element floating in the liquid is
positioned below a center of the element. The floating

element preferably rocks stabily without rotating in



there is provided an ink tank in which at |east one of solid sem conductor
el ement is disposed. In this case, the response condition of the solid

sem conductor elenment preferably differs with the ink in the tank.
Concretely, the response condition of the solid sem conductor elenent
differs with an ink color, a color nmaterilal -concentration, or a physical
property in the ink tank. Additionally, according to the present
invention, there is provided an ink jet recording apparatus in which a
plurality of ink tanks are disposed. In this case, the ink jet recording
apparatus preferably conprises conmunication neans for

transmtting/ r &B&i iAYLn ePePetaragteri ofudhe Wolid ssspamndustde sol id
sem conduct or g&enen in each ink_ tank. Furthernore, the communication
means having a®'PBEBhantePEPLEEPPLHOFOBSIAPIAY PRSIdianadmkpve itheanaye
brovi ded a con¥GRVEST: GRRLEE: B ERGAAPEHAa SCasOREHOTO RAREIRT of crent | s
ol 14 son conduct or F&F SHERPEYY, CogrbRiita’ U, the prasent 1iaenFia cui t
coi - I nfor mat FAREasqurrougiehohe ThE"EhKTIR BOERL R ety oha B he
contai ner; recgbyials8RaBenbREtEECE A28 §RabokLam

In this case, the response condition of the solid
semiconductor element preferably differs with the ink
in the tank. Concretely, the response condition of the
solid semiconductor element differs with an ink color,

a color material concentration, or a physical property
in the ink tank.

Additionally, according to the present invention,
there is provided an ink jet recording apparatus in
which a plurality of ink tanks are disposed.

In this case, the ink jet recording apparatus
preferably comprises communication means for
transmitting/receiving an electromagnetic wave with
respect to the solid semiconductor element in each ink
tank. Furthermore, the communication means having a
resonance circuit for emitting the electromagnetic wave
can be applied.

Moreover, according to the present invention,
there is provided a communication system in which a
solid semiconductor element is used, comprising: a

plurality of liquid containers in which the respective

solid semiconductor elements are disposed; an




the outside; information transm ssion neans for transmtting the

I nformation to the outside when a predeterm ned response condition is
satisfied; an outside resonance circuit, disposed outside the plurality
of liquid containers, for generating a power wth respect to the
oscillation circuit of the solid se micodductor el ement by el ectromagnetic
I nduction; and outside comunication nmeans for bidirectionally

comuni cating with the receiving nmeans and the information transm ssion
means of the solid sem conductor elenent. In this case, the response

condi tion all owgdilg 218l HCtd; etd ¢ inductign frequency or the

comuni cati on protocol to di ﬁer q:vm'ftDr“F"'('nfara;lf“cdh"‘r'cot(r)ﬂeoli -d Iﬁ%’ﬂf-@?@%‘i“é‘}mf he
gravity center eQferded® $d broifHPRAUS F £l t floating in the |iquid
is positioned bel ow t he cg)ﬁrt er of t‘ﬂg%e%er?grﬂe‘{.umc%?é: Gkt %rﬂf‘é?’@?ﬁa’rﬂn
preferably roclsgqutidinlgy méan0Wor ALY TH 8 Jd g5 JThe metacenter of
the solid sem conductor el enent rl sa prefg’rgb:%yecgﬁéﬂo%ﬁ °'b0’§f t$¥hed above
the gravity ceepbaradhettie redelitingt Heaadd¥etoh-£l-848! described above,
when the signal of the - 18 electromagnetic ﬁgbgﬁis% pﬁf?%k#ﬁéit ©%olid

senmi conduct or &henentsfidem ih€oeatida thahBHiReAonCHakact goner, the
recei ving and energy converting neans converts the el ectromagnetic wave to

t he power, transmitting the information to the outside when a

predetermined response condition is satisfied; an
outside resonance circuit, disposed outside the
Plurality of liquid containers, for generating a power
with respect to the oscillation circuit of the solid se
miconductor element by electromagnetic induction; anad
outside communication means for bidirectionally
communicating with the receiving means and the
information transmission means of the solid
semiconductor element.

In this case, the response condition allows the
electromagnetic induction frequency or the
communication protocol to differ with each container.

Furthermore, the gravity center of the solid
semiconductor element floating in the liquid is
positioned below the center of the element. The
floating element preferably rocks stabily without
rotating in the liguid. The metacenter of the solid
semiconductor element is preferably constantly
positioned above the gravity center of the solid
semiconductor element.

As described above, when the signal of the




and the information acquiring neans, discrimnation mneans, information
storing neans, and information transm ssion neans are started by the
converted power. The discrimnation nmeans allows the information

acquiring neans to acquire elenent environmental information when the
signal of the electromagnetic wave receiVv@d-by the receiving and energy
converting neans satisfies the predeterm ned response condition, conpares
the acquired information with the corresponding information stored in the
informati on storing neans, and discrimnates the need for information
transm ssi on. reqver, when it is judged that the information
transm ssi on i $HTECESEROREiRe Wayesdsi @pRdiiesh tredie @dlawd the i nfornation
transm ssion neans to transmt the acquired information to the outside. In
this manner, si° écPﬁgu§%PFde ERFEEndaeMothecoksidendn ttie gommuni cati on

function of acguicri he _environnental .information and transmtting the
i nf or mati on to%?hgaggtbﬁ 8e5n| FPRnERCERYIDEREE sheRgy comMaTGiRmnet i c

rave 1om he aUkEidechobLel ehe! BeecRegitlITEd respanss condiifon. (he

envi ronment al or mati on “of e respe : _
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information timaaRs, S$heBrindthibht bBoEeRE" hELAL, A5,G0TRRLEH W LY the
transmission means are started by the converted power.
The discrimination means allows the information
acquiring means to acquire element environmental
information when the signal of the electromagnetic wave
received by the receiving and energy converting means
satisfies the predetermined response condition,
compares the acquired information with the
corresponding information stored in the information
storing means, and discriminates the need for
information transmission. Moreover, when it is Jjudged
that the information transmission is necessary, the
discrimination means allows the information
transmission means to transmit the acquired information
to the ocutside.

In this manner, since the solid semiconductor
element has the communication function of acqguiring the
environmental information and transmitting the
information to the outside only when the signal of the
electromagnetic wave from the outside satisfies the
predetermined response condition, the environmental

information of the respective elements are




use of the planar sem conductor elenment. Therefore, the environnental

i nformation can efficiently be acquired and transmtted to the outside.
Mor eover, since at | east one solid sem conductor elenent is disposed in
the ink tank, the informati on about the ink contained in the ink tank,
pressure in the tank, and the like camr B transnmitted to the outside, for
exanple, to the ink jet recording apparatus in real tine. This is

advant ageous, for exanple, in stabilizing ink jet ejection by controlling
the negative pressure anmobunt in the tank, which changes wth ink

consunption every nonent. Particularly, for the plurality of ink tanks with
the respecti ve“é%efl??i‘%ﬁ]%rﬁﬁﬂj(ﬁe | et Spodtcet Hefein, only when

the received el ectro netic ve signal satisfies the predeterm ned
response comm%Qéﬁfmgggk?i?ﬁ?ﬁfﬁi?%ﬁ##ﬁ??ﬁ%ﬂﬁ?g%yﬁ%eresponse to the
received sig . i C ri | scCrim i | . he
stored infor mr%%uplq{éghﬁ%aﬁién%%?g%j t ﬁ%ed%%%?id%? é?g%?%g?ﬁgm%gFﬁég

acqui red i nf orypbl Ay s AT OB et MGG SESPUS CcoRPRELAORL LS ERBNOC
for each tank, the information for the respective Ink tanks can _

i ndependent |y \h& ofit aifiedy1 abeF i frofIS&Sr C@emerf. 'PREAEEoERE | Nk tank

in which the ink is used up wthout m stake. Furthernore, the power for
operating the g ighviSQfintelic tiaf £ RREIYn | Sard UPPE i €feh P11 Be NON- cONt act
acquired and transmitted to the outside.

Moreover, since at least one so0lid semiconductor
element is disposed in the ink tank, the information
about the ink contained in the ink tank, pressure in
the tank, and the like can be transmitted toc the
outside, for example, to the ink jet recording
apparatus in real time. This is advantageous, for
example, in stabilizing ink jet ejection by controlling
the negative pressure amount in the tank, which changes
with ink consumption every moment.

Particularly, for the plurality of ink tanks with
the respective so0lid semiconductor elements disposed
therein, only when the received electromagnetic wave
signal satisfies the predetermined response condition,
the information is acquired in response to the received
signal, and a result of compariscon/discrimination with
the stored information is transmitted to the outside
together with the acgquired information. Therefore,
when the response condition is changed for each tank,
the information for the respective ink tanks can

independently be obtained. Therefore, a user can




manner in the constitution. Therefore, it is unnecessary to di spose a power
source for starting the elenent in the ink tank or to connect a power
supplying wring to the element. The constitution can be used in a place
where it is difficult to dispose a wiring directly connected to the outside
For exanpl e, when the conductor coil of-tdk -oscillation circuit is forned
to be wound around the outer surface of the solid sem conductor elenent,
the power is generated in the conductor coil by electronmagnetic induction
wWith respect to the outside resonance circuit, and the power can be
supplied to the elenment in _the non-contact manner. In this case, since the

coi |l is wound ZARAARE tHe Ut rank ¥ othifh 1 Hee ol Whehs  usedi YR of

i nduct ance of the coil i n accordance with an |nk resi dual anount,
i nk concent r at%d °QﬁuT%§ﬁgkéil n the ink tank. Therefore, since an

| I at f f th | | at Lt d in, d
Wth the i nduct andatetTEES et St RN SROATLanEt o Ltfke | n the
k tank t ' [
frequensy. Moo ad t%&ieéfftdaf%e%afﬁ%%%ct 8 Ghe i 848" e
hol I ow portion fo1ef dlqgtt;m;g d&héﬂetdﬂfdﬂd grayj tyscenter of the
ow

el enment is positione e center of ement’, for exanpl e, the

recording  heaghffichd sty ANk dRUpESS é)rbavb@rlg&lf@é S PPing the

element in the ink tank or to connect a power supplying
wiring to the element. The constitution can be used in
a place where it is difficult to dispose a wiring
directly connected to the outside.

For example, when the conducteor coil of the
oscillation circuit is formed to be wound around the
outer surface of the so0lid semiconductor element, the
power is generated in the conductor coil by
electromagnetic induction with respect to the outside
resonance circuit, and the power can be supplied to the
element in the non-contact manner.

In this case, since the coil is wound around the
outer surface of the element, a size of inductance of
the coil changes in accordance with an ink residual
amount, ink concentration, and ink pH in the ink tank.
Therefore, since an oscillation frequency of the
oscillation circuit is changed in accordance with the
inductance change, the ink residual amount, and the
like in the ink tank can also be detected based on the
change of the oscillation frequency.

Moreover, since the so0lid semiconductor element




apparatus serially operate. Even when the ink in the ink tank vertically
and horizontally rocks, the elenment floats steadily in the ink in the ink
tank, and the information about the ink, pressure in the tank, and the

| i ke can precisely be detected. Additionally, the <coil of the oscillation
circuit formed on the elenent is held +n2h stable position with respect to
the coil of the outside resonance circuit, and stable bidirectional
comuni cation is also constantly enabl ed. Moreover, according to the
present invention, there is provided a |liquid container in which an ink to
be supplied tg a liquid ejection head for ejecting a liquid droplet is
cont ai ned, t hé'3¥ qtR® lé%i%‘f’r%?rt%%pﬁ)ﬁ RYoabingrin thendéauildi ard s
partially connected top atnosphere_and in_which an absorber for _absorbing
aliquidis comMt@iFEY LY eeohdr cphnbe GhemEnt| $ScPBE&Y1PPEMH PRACKHUL si de

and in which the liquid is ontajned; a connectiopn path, disposed in the
vicinity of a %n?c##%Br?Foﬁh%fe ?EF%Bntg?ﬁe?¥a?B£eco RectPRTALRE fir st

hanber to th , d | t which_ is di dinth
Firat chanber Mo Wi ki Gt MopReeH 68 Lendobir caef ombRa*iRE 6 of cct i on
head. First ' i op | qui g - 22 _ar the first
Chanbor |5 di SRR Toe 1 oY CRAbned; * S ihea oa TR etk ar ot us
for adjustingirk fLyx r@éﬁtﬁﬁ{%&?&‘ﬁ?&fi?&?&iﬁi PocRECOLHANEE MR

information fromthe first noni
floats steadily in the ink in the ink tank, and the

information about the ink, pressure in the tank, and
the like can precisely be detected. Additionally, the
coil of the oscillation circuit formed on the element
is held in a stable position with respect to the coil
of the outside resonance circuit, and stable
bidirectional communication is also constantly enabled.
Moreover, according to the present invention,
there is provided a liquid container in which an ink to
be supplied to a liquid ejection head for ejecting a
liquid droplet is contained, the liquid container
comprising: a first chamber which is partially
connected to atmosphere and in which an absorber for
absorbing a liquid is contained; a second chamber which
is closed from the outside and in which the liquid is
contained; a connection path, disposed in the vicinity
of a bottom portion of the container, for connecting
the first chamber to fhe second chamber; and a supply
port which is disposed in the first chamber, and via
which the liquid is supplied to the liquid ejection

head. First monitor means for monitoring a liquid




means is disposed in the connection path. In this case, second nonitor
means for nonitoring the liquid amunt of the second chanber is disposed
in the second chanber, and the flow rate adjustnent apparatus is
preferably controlled in accordance with the information fromthe second
nmoni tor means. As the first nonitor nmeans22a-first solid sem conductor

el ement is preferably used which conprises: pressure detection neans for
detecting a pressure fluctuation of the liquid; information transm ssion
means for transmtting pressure information obtained by the pressure
detection neans to the flow rate adjustnment apparatus; and energy
converting nea®@oeRE ebntleetfhpstnCeapbegy ippliisposednint hheofiistlie to an
energy different fromthe applied energy to operate the pressure detection
means and t he SPaPBeFmt i HnfiPinsatesp@iUuAEReRt JPRASBENE T8ENI conduct or

el ement requirg&_no ower wring, and can freely be disgosed i n any
position withottIpet 7 ko Fate of, the FarrectipR PRERt 1Bl | d

' duct I t i f bl ' d | i qui d,surface of
The firot charberobpmies wEHt S el bl eR Prien PR e Erab WofafBh: °F v om t he

second chanberl?é$%£)0f§igi%(ﬁoégée{ u degsl%%l?%t\%&%@nggﬁition i n which the

fluctuation o e pressure can be %'elenent I's disposed
in such position, tfﬁ’ﬁﬁﬁ@réégglcgkégn&rﬁ%nitor means for monitoring

the liquid amount of the second chamber is disposed in
the second chamber, and the flow rate adjustment
apparatus is preferably controlled in accordance with
the information from the second monitor means.

As the first monitor means, a first solid
semiconductor element is preferably used which
comprises: pressure detection means for detecting a
pressure fluctuation of the liquid; infcermation
transmission means for transmitting pressure
information obtained by the pressure detection ﬁeans to
the flow rate adjustment apparatus; and energy
converting means for converting an energy applied from
the outside to an energy different from the applied
energy to operate the pressure detection means and the
information transmission means. The solid
semiconductor element requires no power wiring, and can
freely be disposed in any position without being
restricted.

Particularly, the first solid semiconductor
element is preferably disposed above a liquid surface

of the first chamber when a liquid supply to the first




l'iquid supply can be detected beforehand. The flow rate adjustnent
apparatus is preferably a second solid sem conductor el enment which
conprises: at |east receiving nmeans for receiving the pressure
information fromthe first nonitor neans; an open/close valve which
operates in response to the received ptred3ufre information; and energy
converting neans for converting an energy applied fromthe outside to an
energy different fromthe applied energy to operate the receiving neans
and the open/cl ose val ve. Because no power wiring is required, and the
el ement can be _di sposed even in a narrow position. Mreover, the second
noni tor means FR2PPeF ckEPPythe Fﬁ??ﬂds%m@ﬂb%€n¥%oﬁﬁﬁéﬁbiYelenent whi ch
conprises: at _|east res$dual pount detection neans_ for detectln%ii
0 ng

liquid resi duat™bGbtwete nf%?ﬂai?oﬁ PeehthPRsiBnwhighs theof lppine

i dual t i pf or btained b dual td ti
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di sposed mﬁthout requir any power W ring. ernore, according to the

present | nvention, $Rerf1de PAEY | Seshdehd il dpshesthonseELeebRanIpPY At us
conprising: a I|qU|d ej ection head Tor ejecting a

second solid semiconductor element which comprises: at
least receiving means for receiving the pressure
information from the first monitor means; an open/close
valve which operates in response to the received
pressure information; and energy converting means for
converting an energy applied from the outside to an
energy different from the applied energy to operate the
receiving means and the open/close valve. Because no
power wiring is required, and the element can be
disposed even in a narrow position.

Moreover, the second monitor means is preferably a
third solid semiconductor element which comprises: at
least residual amount detection means for detecting a
ligquid residual amount; information transmission means
for transmitting residual amount information obtained
by the residual amount detection means to the flow rate
adjustment apparatus:; and energy converting means for
converting an energy applied from the outside to an
energy different from the applied energy to operate the
residual amount detection means and the information

transmission means. Because the element can be




recording liquid droplet; and a liquid container in which the liquid to be
supplied to the liquid ejection head is contained. In this case, the
liquid ejection head preferably ejects the liquid droplet via a nozzle
utilizing a filmboiling caused when the heat energy is applied to the

i quid. However, the present invention-i%dnot |imted to the

af orenenti oned node. In another node of the liquid ejection head of the
present invention, an electric signal is inputted to a thin filmelenent,
the thin filmelenent is mnutely displaced, and the liquid is ejected via
the nozzle. Additionally, the "netacenter" described herein indicates an

i ntersection oI1SPPSEY i BHIIORE FRAIRIIIRG AREPWLHHWLiTHRE- an action |ine of
a buoyancy during Iltl%ﬁ% Mor eover, _exanpl es of a 'solid shape" of the

61sol i d seni conduct'M T ER e, | HEFRILLRG s %u%h%¢ﬁﬁ%%?nts%%ﬁﬁggéﬂﬁh as a
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gram showi ng an I nner onstitution of a so sem conduct or el enent

according to hidn sthemPafiiEnto e tASHPLESE@ Mo | FYEN { S04 @NEj@Bt 1on

head is contained. In this case, the liquid ejection

head preferably ejects the liquid droplet via a nozzle

utilizing a film boiling caused when the heat energy is

appliied to the liquid. However, the present invention

is not limited to the aforementioned mode. In another

mode of the liquid ejection head of the present

invention, an electric signal is inputted to a thin

film element, the thin film element is minutely

displaced, and the liguid is ejected via the nozzle.

Additionally, the “metacenter” described herein

indicates an intersection of an action line of a

balanced weight with an action line of a buoyancy

during tilting.

Moreover, examples of a “solid shape” of the
“solid semiconductor element” include various cubical
shapes such as a triangle pole, sphere, hemisphere,

square pole, rotary ellipse, and uniaxial rotator.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a diagram showing one example of a

conventional ink residual amount detection apparatus.




exchange of the elenent with the outside. FIG 4 is a flowhart show ng an
operation of the solid sem conductor elenent shown in FIG 3. FIG 5 is an
expl anatory view showi ng a power generation principle of energy converting
means as a constituting element of the solid sem conductor elenent of the
present invention. FIG 6 is a schematic ¥$ew of an ink tank in which the
solid sem conductor elenent shown in FIG 3 is contained. FIG 7 is a

di agram showi ng an output froman oscillation circuit shown in FIG 5 in a
rel ati on between resonance frequency and anplitude. FIGS. 8A and 8B are

di agrans show ng a [ Iatlon bet ween eak value of the output a Iltude
fromthe oscillatibhCcifcliftas bﬁﬁr?ﬂ ReyiBg,AROHPesr eXAMPAR. OF

9B, 9C, 9D, 9E d9 di h f d
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el enent shown In FIE& 6 + l?l#ék digggg%t%ﬁowg g Hdaﬁg sectional view
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showi ng an N-MOS CIrCUIt e use~Tn ®Sem conduct or

el erent of thecpnepephelByeoki 901 FhCerdobiadc 9590519h89£a§bEB9W&ﬂ§ the

i nner constitution o e SO sem conduct or e enent accor
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exchange of the element with the outside.

FIG. 4 is a flowchart showing an operation of the
solid semiconductor element shown in FIG. 3.

FIG. 5 is an explanatory view showing a power
generation principle of energy converting means as a
constituting element of the solid semiconductor element
of the present invention.

FIG. 6 is a schematic view of an ink tank in which
the solid semiconductor element shown in FIG. 3 is
contained.

FIG. 7 is a diagram showing an output from an
oscillation circuit shown in FIG. 5 in a relation
between resonance frequency and amplitude.

FIGS. BA and 8B are diagrams showing a relation
between a peak value of the output amplitude from the
oscillation circuit shown in FIG. 5 and pH of an ink.

FIGS. 9A, 9B, 9C, 9D, 9E, 9F and 9G are diagrams
showing a series of steps according to one example of a
manufacturing method of a floating solid semiconductor
element shown in FIG. 6.

FIG. 10 is a schematic longitudinal sectional view

showing an N-MOS circuit element for use in the solid




outside. FIG 12 is a flowhart show ng the operation of the solid

sem conduct or elenent shown in FIG 11. FIG 13 is a block diagram show ng
the inner constitution of the solid sem conductor elenment according to a
third enbodi nent of the present invention and the exchange of the el ement
with the outside. FIGS. 14A and 14B are %4f agrans showi ng a position of
the elenent floated in the ink of the ink tank and constituted as shown in
FIG 11, together with an ink consunption change. FIG 15 is a flowhart
for checking the position of the elenent having the constitution shown in

FIG 11, and judging.a need for tank.replacenment. FIGS. ., 16A 16B and 16C
are expl anator%)er(‘/f%%gdu%tfﬁﬁviW"ée%%no?bpﬁp%fpﬁe?%%Fthmé%BJd?'r]rént of the

present inventi On'Fie:(Jf GlIl7iSi’ s, g%]?(%%gre%%i;g}w é}gmgﬁlii(e l g, h0-which the

solid sem conduct or enent—con appr opri y conbl ni ng the

first, second L. [,0: ' ' 'ﬁii)%é‘%ju' | ank and an ink
jet - 27 head%%&#%ffﬁ%e@%%iil% I'S %:Ebl g(g]r'%rﬁ%g% oW ng a
constituti on  £3afPdng NIl Jechd! ARIMMAY Sof OFe srosbied Lo 2

certain solid sem conductor elenment Is successively transmtted to another
solid sem condigy Okt ££TEHH the exchange of the element with the

outside.

FIG. 12 is a flowchart showing the operation of
the solid semiconductor element shown in FIG. 11.

FIG. 13 is a block diagram showing the inner
constitution of the solid semiconductor element
according to a third embodiment of the present
invention and the exchange of the element with the
outside.

FIGS. 14A and 14B are diagrams showing a position
of the element floated in the ink of the ink tank and
constituted as shown in FIG. 11, together with an ink
consumption change.

FIG. 15 is a flowchart for checking the position
of the element having the constitution shown in FIG.
11, and judging a need for tank replacement.

FIGS. 16A, 16B and 16C are explanatory views
showing a concept of a fourth embodiment of the present
invention.

FIG. 17 is a diagram showing an example in which
the solid semiconductor element constituted by
appropriately combining the first, second and third

embodiments is disposed in the ink tank and an ink Jjet




together with the information in the ink tank and connected ink jet head.
FIG 19 is an explanatory view of an ion sensor as one exanpl e of
i nformati on acquiring neans constituting the solid sem conductor el enent
of the present invention. FIGS. 20A and 20B are explanatory views of an
associ ated state of dye ion in the ink.-HRGS. 21A and 21B are di agrans
showi ng one exanple of a circuit for outputting a detection result in the
ion sensor shown in FIG 19. FIG 22 is a diagram showi ng an exanple of the
preferred ink tank in which the solid sem conductor elenment is disposed
according to various enbodi nents of the present invention. FIG 23 is a
di agr am showi ngead esapgttedfte htheptatkerred ink tank in which the solid
sem conductor elenent is disposed according to various enbodinents of the
present invention. H& 28 is 3 dizagram shewing ancershpltatdpnt he
preferred ink tank in which the solid sem conductor elenent i s disposed
according to vEF#BRLe chbotirhEhntan oflectrgmot e pFeseht SPRPAALAOKC RIG 25
is a diagram shOV\ﬁBng an ffé%\ng)l e, of the ?ilpre erred ink tank in Wﬁlrib'Ch t he
sol i d sem condt®to?*" eF2nENHt TR WY SR a2tOPER hgt £ 0SVEFPEE4VEMBodi ment s
of the presen{réﬂgﬁi%ééﬁLto another solid semiconductor element
together with the information in the ink tank and
connected ink jet head.
FIG. 19 is an explanatory view of an ion sensor as
one example of information acquiring means constituting
the sclid semiconductor element of the present
invention.
FIGS. 20A and 20B are explanatory views of an
associated state of dye ion in the ink.
FIGS. 21A and 21B are diagrams showing one example
of a circuit for outputting a detection result in the
ion sensor shown in FIG. 19,
FPIG. 22 is a diagram showing an example of the
preferred ink tank in which the solid semiconductor
element is disposed according to various embodiments of
the present invention.
FIG. 23 is a diagram showing an example of the
preferred ink tank in which the solid semiconductor
element is disposed according to various embodiments of
the present invention.
FIG. 24 is a diagram showing an example of the

preferred ink tank in which the solid semiconductor

element is disposed according to various embodiments of




FIG 26 is a schematic perspective view show ng one exanple of an ink jet
recordi ng apparatus on which the ink tank provided with the solid

sem conductor elenment of the present invention is nounted. FIGS. 27A and
27B are explanatory views showing a condition for holding a stable state
of the solid sem conductor elenent manufZzftured in the method shown in
FIGS. 9Ato 9Gin the liquid. FIG 28 is an explanatory view show ng one
exanple of a structure of a pressure sensor disposed in the solid

sem conductor elenment of the present invention. FIG 29 is a circuit
diagramof a circuit for nonitoring an output froma polysilicon

resi stance | ayR® RIRFGPE nliyeRtDI- FIG 30 is a sectional view of a water
tube in which the solid sem conductor elenment of the present _invention is

di sposed. FIG 31 iEl& sthehhtd AR EoviRGy 37 &F#HRLS °FaFl8 in which
th lid ' t el t of the, t ] ti i g._dj d.
FI'GS. 324 and BIESREEb o G it oL R e b P aeraRERE he i cro
I h ' |G 31 -.29 FI 33 1is. ' | | f
i) ot devi GLTERR th WPl <R cin T L GApSEhelLE Sl Tl
34 is a schenaé%ér%&%sé“ ut .90, ggram showing the ink jet recording
| 0 a

appar at us accor
FIG. 26 is a schematic perspective view showing

one example of an ink jet recording apparatus on which
the ink tank provided with the solid semiconductor
element of the present invention is mounted.

FIGS. 27A and 27B are explanatory views showing a
condition for holding a stable state of the solid
semiconductor element manufactured in the method shown
in FIGS. 9A to 9G in the liquid.

FIG. 28 is an explanatory view showing one example
of a structure of a pressure sensor disposed in the
solid semiconductor element of the present invention.

FIG. 29 is a circuit diagram of a circuit for
monitoring an output from a polysilicon resistance
layer shown in FIG. 28.

FIG. 30 is a sectional view of a water tube in
which the so0lid semiconductor element of the present
invention is disposed.

FIG. 31 is a schematic sectional view of a micro
valve in which the solid semiconductor element of the
present invention is disposed.

FIGS. 32A and 32B are explanatory views showing an

operation of the micro valve shown in FIG. 31.



fifth enbodi ment of the present invention. FIG 35 is a diagramshow ng a
conductor coil wound around a surface of the solid sem conductor el enent
of the present invention to constitute receiving and energy converting
means. FIG 36 is a block diagram showing the inner constitution of the
solid sem conductor elenment of the presem +{nvention and the exchange of
the element with the outside. FIG 37 is an explanatory view of a concept
by which digital IDis exchanged between an apparatus nmain body and the
solid sem conductor elenment in the tank by. el ectromagnetic induction in
the ink jet recording apparatus according to a sixth enbodi nent of the
present invention. FI& 338 is a sFheparichsarhional opievt PENaR| dRXf or
using the exchange of the digital ID shown in FIG 37 to acquire tank

i nsi de i nf or mai¢bndeyige shecvhieh chhermiere;, vadve sshowpodR ﬁ&ﬁgréﬁ1%ﬁomﬁng
the inner constitution of the solid sem conductor elenent according to
one enbodi nent@@BR11¢R- present invention and the exchange of the el enent

with the outside. - 40 is, a schematic, cponstitution_di agramof the
i nk tank using the gg&idgée c%n%%%?%? %?eﬁ%ﬂ?tbgu?ﬁ%n %%3§E%F i nventi on.
e (val on LRRNS0OhE%AR 508°LRLL AR YEERARs OhcBBrREREEE 0! | Ve
fifth embodiment of the present invention.

FIG. 35 is a diagram showing a conductor coil
wound around a surface of the solid semiconductor
element of the present invention to constitute
receiving and energy converting means.

FIG. 36 is a block diagram showing the inner
constitution of the solid semiconductor element of the
present invention and the exchange of the element with
the outside.

FIG. 37 is an explanatory view of a concept by
which digital ID is exchanged between an apparatus main
body and the solid semiconductor element in the tank by
electromagnetic induction in the ink jet recording
apparatus according to a sixth embodiment of the
present invention.

FIG. 38 is a diagram showing an operation flow for
using the exchange of the digital ID shown in FIG. 37
to acquire tank inside information of a specific color.

FIG. 39 is a block diagram showing the inner
constitution of the solid semiconductor element
according to one embodiment of the present invention

and the exchange of the element with the outside.




cyan, black). FIG 42 is a schematic sectional view showing a seventh
enbodi nent of the ink tank of the present invention. FIG 43 is an

expl anatory view of one exanple of the pressure valve structure of the
solid sem conductor el enment disposed in the connection path of the ink
tank of FIG 42. FIGS. 44A, 44B, 44C, 4480 44E, 44F and 44G are

expl anatory views of manufacturing steps of the pressure valve shown in
FIG 43. FIG 45 is a plan view of the solid sem conductor elenment in a
state shown in FIG 44F. FIG 46 is an equivalent circuit diagramof an
electric constitution of the pressure valve shown in FIG 43. FIG 47 is a
timng chart of oneFERanpPeldfaapchepptiedcspghitutédcn dapgeap oft th§e and
base electrode in the pressure valve_shown in_FIG 46. DETAI LED

DESCRI PTI ON OFLBXELpREFERRES ERBCEPMERTECRLBERANERPE BiePRBtpPESLRE
invention will be - 31  described hereinafter with reference to the

drawi ngs. ParPFERFAF | ¥OVEREL@bodi ment in which respective solid

sen conduct or elenepiédgﬁﬁig%z F@fgp%Esﬁggeﬁéﬁ%xeagg$?58%%Bk tanks will be

described in detail” I ST N0 ained only in

the ink tank. £y, WhgPntBE ShePERtesenthiPosetnRNfy U820y "mdBahig/,

cyan, black).

FIG. 42 is a schematic sectional view showing a
seventh embodiment of the ink tank of the present
invention.

FIG. 43 is an explanatory view of one example of
the pressure valve structure of the solid semiconductor
element disposed in the connection path of the ink tank
of FIG. 42.

FIGS. 44A, 44B, 44C, 44D, 44E, 44F and 44G are
explanatory views of manufacturing steps of the
pressure valve shown in FIG. 43.

FIG. 45 is a plan view of the solid semiconductor
element in a state shown in FIG. 44F.

FIG. 46 is an equivalent circuit diagram of an
electric constitution of the pressure valve shown in
FIG. 43.

FIG. 47 is a timing chart of one example of an
applied signal to a valve electrode and base electrode

in the pressure valve shown in FIG. 46.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Embodiments of the present invention will be




object, a simlar effect is obtained. (First Enbodinent) FIG 3 is a block
di agram showi ng an inner constitution of the solid sem conductor el enent
according to a first enbodi nent of the present invention and an exchange
of the element with the outside. A solid sem conductor el enent
(hereinafter referred to only as an "ele®ent" 11 shown in FIG 3 is

di sposed in an ink tank, and includes energy converting neans 14 for
converting an electronotive force 12 supplied to the elenment 11 from an
outside Ato a power 13, information acquiring neans 15 started by the
power 13 converted by the ene converting nmeans 14, discrimnation
means 16, |nfo@ﬁ%§¥bhe@th@¥ﬁ§nﬁggﬁ§ ¥¥th gpederansentfi shec dFpwabgsat-i ng

el ectromagnetic induction, heat and the |like can be_ applied
to the el ect r oR@FE{eUIBFLE. sﬁ%ﬁl?@ﬁ°8bmﬁbéereWh%ﬁB ELERERT1YE sHBdSover,
at |least the ene onverting neans 14 and infqQroation acquiring_neans 15
are preferablys?%f t?ﬁ %%#?%E% 6Fetﬂé589§ﬁgn%n1§esﬁﬁc AVENESHOE nity

f th f 2 Th f t
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t al f t f th I 1 d ts.t f t
e onvental LyLoLraiLge ol 4P &gFRRedpaandy g gyt or o

I nk i”fornﬁt'ﬁ@e&b&ﬁéﬁeéhérgfé$gﬁt'Eéoﬁﬁgbbggdaﬁﬂﬁ'ﬁk@ﬁ in another
object, a similar effect is obtained.
(First Embodiment)

FIG. 3 is a block diagram showing an inner
constitution of the solid semiconductor element
according to a first embodiment of the present
invention and an exchange of the element with the
outside. A solid semiconductor element (hereinafter
referred to only as an “element” 11 shown in FIG. 3 is
disposed in an ink tank, and inciudes energy converting
means 14 for converting an electromotive force 12
supplied to the element 11 from an outside A to a power
13, information acquiring means 15 started by the power
13 converted by the energy converting means 14,
discrimination means 16, information storing means 17,
and information communicating electromagnetic
induction, heat, light, ray, and the like can be
applied to the electromotive force supplied to operate
the element 11. Moreover, at least the energy
converting means 14 and information acquiring means 15
are preferably formed on the surface of the element 11

or in the wvicinity of the surface.



means 15 with information stored in the information storing neans 17, and
judges whether or not it is necessary to transmt the acquired ink
information to the outside. The information storing neans 17 stores
various conditions for conparison with the obtained ink information and
ink information itself obtained from the32nformation acquiring neans 15 as
a data table. The information conmuni cati ng neans 18 converts the power
applied by the energy converting nmeans 14 to an energy for transmtting
the ink information to the outside A or an outside B, and transmts the
ink information to the outside A or B based on a cormand fromthe
di scriminati on neansPainiRFRAtion ARG meangnlohPedriBeFferent from
the outside A as_a su¢)£(Ia% source_of the eLectrom)tive force
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started by

means 15 with information stered in the information
storing means 17, and Jjudges whether or not it is
necessary to transmit the acquired ink information to
the outside. The information storing means 17 stores
various conditions for comparison with the obtained ink
information and ink information itself obtained from
the information acquiring means 15 as a data table.
The information communicating means 18 converts the
power applied by the energy converting means 14 to an
energy for transmitting the ink information to the
outside A or an outside B, and transmits the ink
information to the outside A or B based on a command
from the discrimination means 16. Here, the outside B
is an object different from the outside A as a supply
source of the electromotive force 12, and includes an
ink jet recording apparatus on which the ink tank with
the element 11 contained therein is mounted, and
additionally organs of human senses of sight and
hearing.

FIG. 4 is a flowchart showing an operation of the

element shown in FIG. 3. Referring to FIGS. 3 and 4,



the power 13. The started information acquiring neans 15 acquires the ink
information in the ink tank as the environnental information of the

el enent 11, such as an ink residual anount, ink type, tenperature, and pH
(step S11 of FIG 4). Subsequently, the discrimnation neans 16 reads a
condition for referring to the acquired 33nk inside information fromthe

i nformation storing neans 17 (step S12 of FIG 4), and conpares the read
condition with the acquired tank inside information, and discrimnates a
need for information transm ssion (step S13 of FIG 4). Here, for

di scrim nation based on the condition preset_in the _informatjon storing

means 17, for ¥R&RptRe thecheemorbye farker Pl A8eABRLLIPE §PsEPPni nat ed when
i nk [ | ' m | wh the ink pH, .l |
Changes. In ¢ heLEPepEstd Trad FhEcotheidE:An FRANEReESY, aYBEEHEE [t s
to_t 1t _the tank, . Insi I nf [ | de, d
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acquiring nean next acquires en I nSi nformation, the
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stored information. reover, I1n the step S13, the discrimnation
and information communicating means 18 are started by
the power 13.

The started information acquiring means 15
acquires the ink information in the ink tank as the
environmental information of the element 11, such as an
ink residual amount, ink type, temperature, and pH
(step S11 of FIG. 4). Subsequently, the discrimination
means 16 reads a condition for referring to the
acquired tank inside information from the information
storing means 17 (step S12 of FIG. 4), and compares the
read condition with the acquired tank inside
information, and discriminates a need for information
transmission (step S13 of FIG. 4). Here, for
discrimination based on the condition preset in the
information storing means 17, for example, the need for
tank replacement is discriminated when a raw ink
residual amount is 2 ml or less, or when the ink pH
largely changes.

In the step S13, the discrimination means 16
judges that it is unnecessary to transmit the tank
inside information to the outside, and the existing ink

tank inside information is stored in the information



means 16 judges that it is necessary to transmt the ink tank inside

i nformation to the outside, and further the information comunicating
nmeans 18 converts the power 13 converted by the information acquiring
nmeans 15 to the energy for transmitting the ink tank inside information
to the outside. A magnetic field, |ights 34hape, color, radio wave, sound,
and the |like can be wused as the transmtting energy. For exanple, when it
is judged that the ink residual anount is 2 ml or less, a sound is emtted
to transmt the need for tank replacenment to the outside B (e.g., ink jet

recording apparatus) (step S15 of FIG 4). Mreover, a__transmn ssion
desti nati on |ssh%Fnghm?%%St%7th%t?ﬂks}%tOfr%E%rd?hg aﬁﬂQFE%HQaléﬁd

particularly the light, shape color, sound, and t | ik
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el ectronotive force as t oui'side energy to the element 11 is di sposed
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carriage return position, and the
means 16 judges that it is necessary to transmit the
ink tank inside information to the outside, and further
the information communicating means 18 converts the
power 13 converted by the information acquiring means
15 to the energy for transmitting the ink tank inside
information to the outside. A magnetic field, light,
shape, color, radio wave, sound, and the like can be
used as the transmitting energy. For example, when it
is judged that the ink residual amount is 2 ml or less,
a sound is emitted to transmit the need for tank
replacement to the outside B (e.g., ink jet recoxding
apparatus) (step S15 of FIG. 4). Moreover, a
transmission destination is not limited to the ink jet
recording apparatus, and particularly the light, shape,
color, sound, and the like may be transmitted to the
human senses of sight and hearing. Furthermore, when
it is judged that the raw ink residual amount is 2 ml
or less, the sound is emitted. When the ink pH largely
changes, light is emitted. A transmission method may

be changed in accordance with the information in this

manner.



Al ternatively, when an apparatus having the neans for supplying the

el ectronotive force is used, an inside state of the ink tank can be known
wi thout the ink jet recording apparatus. For exanple, a quality of the ink
tank can be tested without actually attaching the ink tank to the ink jet
recording apparatus in a factory or a stébe-r According to the first

enbodi nent, since the elenent 11 includes the information acquiring neans
15, it is unnecessary to connect an electric wiring directly to the
outside. The elenment 11 can be used even in a position in which it is
difficult to connect. the electric wring directly to the qutside, for
exampl e, in the i nk¥8% H&8cAPbBJSPELRL WPR ABFedBRcESCPEINE 13 to FIGS
16A to 16C or an osition in the biect. Wien_the elenent .11 is di sposed
"o he 1ok, O REbPRRtuba, 8XEHR LS E AP P EEE GPAEpBASIE 1P Rt MRS

Mor eover, since the el enent il.inchgdeslthgr in%grna i%n ac u“ﬁhpg means
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later with refereﬁce o E?gi Egrtogégcsf 16A toglﬁc, or Fn.aﬁéﬁposition in
the object. AddibkkeaghlycatPeagbecbtQpRt p¥8it9bAe hAa tuBPhiE Lo the

el ement 11 in the non-contact manner

Alternatively, when an apparatus having the means for
supplying the electromotive force is used, an inside
state of the ink tank can be known without the ink jet
recording apparatus. For example, a quality of the ink
tank can be tested without actually attaching the ink
tank to the ink jet recording apparatus in a factory or
a store.

According to the first embodiment, since the
element 11 includes the information acquiring means 15,
it is unnecessary to connect an electric wiring
directly to the ocutside. The element 11 can be used
even in a position in which it is difficult to connect
the electric wiring directly to the outside, for
example, in the ink as described later with reference
to FIG. 13 to FIGS. 16A to 16C or any position in the
object. When the element 11 is disposed in the ink,
the ink state can accurately be grasped in real time.

Moreover, since the element 11 includes the
information acquiring means 15, it is unnecessary to
dispose means (power source in the present embodiment)

for storing the electromotive force for operating the




with respect to the elenment 11 in the first enbodi nent. However, after the
el ectronotive force is supplied by tenporary contact wth the outside, the
outside may be disconnected. Here, for the energy converting nmeans 14, an
exanpl e in which electromagnetic induction is utilized to generate the
power will be described. FIG 5 is an expl@matory view show ng a power
generation principle of the energy converting nmeans as a constituting

el enent of the solid sem conductor elenent of the present invention. In
FIG 5, an outside resonance circuit 101 having a coil La, and oscillation

circuit 102 havjng a cojl, L  are disposed while the opposite coils La, L
are adj acent % s %Rﬁ]%irﬁﬂ.tﬂ@nﬁﬂéﬁéﬁﬁrihn !¥P?§e a5 gdt%ﬁrﬁgahePﬁe coi

La via the outfide resonance circu“i %9 etic flux_ B .is generated
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di sposed in such a manner that the coil L of the elenent-side oscillation
circuit 102 i ssigspEeanttd i@ Xéhdnt-.1 Dfid hend asemadsetact manner
with respect to the element 11 in the first embodiment.
However, after the electromotive force is supplied by
temporary contact with the cutside, the outside may be
disconnected.

Here, for the energy converting means 14, an
example in which electromagnetic induction is utilized
to generate the power will be described.

FIG. 5 is an explanatory view showing a power
generation principle of the energy converting means as
a constituting element of the sclid semiconductor
element of the present invention.

In FIG. 5, an outside resonance circuit 101 having
a coil L,, and oscillation circuit 102 having a coil L
are disposed while the opposite coils L_,, L are adjacent
to each other. When a current I, is passed through the
coil L, via the outside resonance circuit 101, a
magnetic flux B is generated through the cecil L of the
oscillation circuit 102 by the current I,. Here, when
the current I, is changed, the magnetic flux B through
the coil L changes, and an induced electromotive force

V is generated in the coil L. Therefore, the




circuit 101. Thereby, the power for operating the elenent 11 can be
generated by the induced electronotive force by el ectromagnetic induction
from the outside. Since the magnetic flux B passed through the coil L of
the oscillation circuit 102 forned as the energy converting neans in the
element 11 is proportional to a product 7 a w ndi ng nunber Na and current
la of the outside resonance circuit 101, the magnetic flux is represented
as follows, using a proportional constant k. B = kNala (1) Mreover, when

t he wi ndi ng nunber of the coil Lis N, the electronotive force V generated
inthe coil Lis as follows. - 38 V=-NaB = kN.JV dla dt - -~ -- (2)
Here, when a peffdibRfiey eirauihghlei dscEarepdops the eBRrIY is pa,
magnetic field is H  and a distance between the coil L. of the outside

resonance circBPEVIBIIPANICPRE tBi P POPRBATI 't heFBFeREATPIE i 32, the
magnetic Fhux 8,551 5Py 88 P 88 80nf OhhRlRat Bs "ot  2he "3R8 LREReA( 122 2122)
the outside resonance circuit 101 is disposed in such a
manner that the coil L of the element-side oscillation
circuit 102 is adjacent to the coil L, of the resonance
circuit 101. Thereby, the power for operating the
element 11 can be generated by the induced
electromotive force by electromagnetic induction from
the outside.

Since the magnetic flux B passed through the coil
L of the oscillation circuit 102 formed as the energy
converting means in the element 11 is proportional to a
product of a winding number N, and current I, of the
outside resonance circuit 101, the magnetic flux is
represented as follows, using a proportional constant
k.

B = kN,I, (1)

Moreover, when the winding number of the coil L is
N, the electromotive force V generated in the coil L is

as follows.




(3) Moreover, a nutual inductance Mof the equation (2) is represented as
follows. M= F.Nr BdS Pala $ 11 pal a2NalVS 2p,(ra2+22)3/2 (4) Here, po is
a perneability in vacuum Moreover, an inpedance Z of the oscillation - 39
circuit 102 fornmed in the el enent 11 is represented as follows. Z((a) =
R+, 7 (coL-) (5) An inpedance Z. of the ouggide resonance circuit 101 is
represented as follows. 4) 2M Za(ca)) = Ra+jc,)La- Z(w) Here, J denotes
magneti zati on. When the outside resonance circuit 101 resonates (current
value: la is maxim zed), an inpedance Zo is represented as follows. 2M2 R
A phase delay of 4 of the oscillation circuit 102 is as (6) (7) follows.
dB

= -2
dt

drI
= kNN dt"

dr, (2)

= -M
dat

Here, when a permeability of a magnetic center of
the coil L is p,, magnetic field is H, and a distance
between the coil L, of the outside resonance circuit 101
and the coil L formed in the element 11 is 2z, the

magnetic flux B is represented as follows.

B

BH{Z)

- Halo Tl s” (3)
2 (r52+22) 3/2

Moreover, a mutual inductance M c¢f the equation

(2) is represented as follows.

Mi-—:f.eds

BTN NS
(4)
24, (1, 2+2%)3/3

Here, p, is a permeability in vacuum.

Moreover, an impedance Z of the oscillation



tangy = 2M2 JLawo- R (8) R Furthernore, a resonance frequency fo of the
out si de resonance circuit 101 is obtained by equation (9). - 40 f=1 O
2nVILC (9) Fromthe above relation, when the inpedance Z of the
oscillation circuit 102 forned in the elenent 11 changes in accordance
with the ink change in the ink tank, the3%requency of the outside
resonance circuit 101 changes, and the ink change is reflected in an
anplitude and phase difference of the inpedance Za of the outside
resonance circuit 101. Furthernore, the phase difference and anplitude
al so include the ink residual amount (i.e., change of Z). For exanple,
when the resonghEeuitelent9rmedoint Hae elemert lésbfaRePreseatipd 261 is
changed, the ogtgut (i mpedance Z) fromthe oscillation circuit 102 fornmed
in the el ement®241®¥8nges in accordance with an environnental change-
Ther ef ore, when dependence on the frequency is detected, the

presence/ absence of the ink or En%nlquggﬁb&gggisnnunt %%ﬂ be detected.

An impedance Z, of the outside resonance circuit 101 is

represented as follows.

_ . _ szz
Z,(w,) = R,+jwl, Z(eT (6)

Here, J denotes magnetization.

When the outside resonance circuit 101 resonates
(current value: I, is maximized), an impedance Z, is
represented as follows.

w2 M? (7)
R

Zo{w,) = Ry+JL,w,—

A phase delay of ¢ of the oscillation circuit 102 is as

follows.

) (’)OZMZ
JL,w,-

a

tang = (8)

R

Furthermore, a resonance frequency £, of the
outside resonance circuit 101 is obtained by egquation

(92).



Therefore, the oscillation circuit 102 formed in the elenent 11 serves not
only as the energy converting neans 14 for generating the power but also
as a part of the information acquiring nmeans 15 for detecting the ink
change in the ink tank fromthe relation between the oscillation circuit
102 and the outside resonance circuit 3020 An constitution exanple of the
af orenentioned ink tank containing the elenent 11 to which the power is -
41 supplied fromthe outside resonance circuit 101 as the elenent for
detecting the ink information will be described with reference to FIG 6.
FIG 6 is a schematic view of the ink tank in which the el enment shown in
FIG 3 is contained. An ink tank 50 shown if FIG 6 includes a negative
pressure generation chanber 51 and i Ak %h%nyﬁr 52 partitioned frdfleach
other via a partition wall 50a. A |ower ent”  the partition wall 50a

f ti th 50b, dth ti , ti hanb

57 s “connected 1oFERE PE ERENGCF 52 3PA  HEBorREC B GRAGE 50F I n L he
s | 52 o |

menber " const t SrgaCep ke i HRERRLE kaad col B Ak R BN 1 Trre | ok

s held and absgned by hBEoPAGALLYE;PRERRM EnICRALALENd y BHE S N the

negative pressure generation chamber reover, 11 the negative
pressure gener ahhRN ehanbebquehcy@Bsrl RheSBRRLY dROTkseRahe TURRMMING the

i nk of the
101 changes, and the ink change is reflected in an
amplitude and phase difference of the impedance Z, of
the outside resonance circuit 101. Furthermore, the
pPhase difference and amplitude also include the ink
residual amount (i.e., change of Z).

For example, when the resonance frequency f, of the
outside resonance circuit 101 is changed, the output
(impedance Z) from the oscillation circuit 102 formed
in the element 11 changes in accordance with an
environmental change. Therefore, when dependence on
the frequency is detected, the presence/absence of the
ink or the ink residual amount can be detected.

Therefore, the oscillation circuit 102 formed in
the element 11 serves not only as the energy converting
means l4 for generating the power but also as a part of
the information acquiring means 15 for detecting the
ink change in the ink tank from the relation between
the oscillation circuit 102 and the outside resonance
circuit 101.

An constitution example of the aforementioned ink

tank containing the element 11 to which the power is



negative pressure generation chanber 51 to the outside such as the ink jet
recordi ng apparatus (not shown), and an atnosphere connection port (not
shown) for connecting the inside of the negative pressure generation
chanber 51 to the atnosphere are disposed. The ink chanber 52 is a
substantially closed structure excludingdlhe connection path 50b, and
holds the ink as it is, and the elenent 11 is floated on the liquid
surface of the ink held in the ink chanmber 52. Such - 42 structure for
floating the element 11 will be described l|ater. The oscillation circuit
(not shown) described, with reference to FIG 5 is fornmed in_the el enent
11. The el emeFePRALIQREFeMEhenRUBSIBE BGSPRBNFAJELEAULE| 0L BRotPRe force
generated by the eIectrona&netic i nduction fromthe, outside resonance

circuit 101 dfipBeRbY trBeletaeting tRfkink irferRaFigRnELdteclet he
resonance freqguenc and transnits the jnk_ipnformation in the ink tank 50
to the outsiqg&e?ﬁ¥%9?§|¥ﬁ£%:r ﬂﬁ?%gee%%gg# magnetic induction, and b
ge”Ot es oscillati G.AC?iO{S“ Qgs&ge}é@i& rk‘?sf%‘%‘”éf o0, §0DsL TcSBEdigs

escri bed above, w I nk consunption via the rnk Supply port 53, gas (gas

| ntroduced vi a,f g, At ROSPNGHE £ODRGG, | £ PP&F)3i§sdﬁgﬁg§§9§§.t9Ahhgﬁg”k

chanber 52 fromthe negative pressure generation c ! 51 via
connection pat fapPbso 2wl €1 € F F§SPONHh 8Pu@IRUA ne Qb+ 1 PE bRebBhEaduced to

t he negative pressure
generation chamber 51 and ink chamber 52 partitiocned
from each other wvia a partition wall 50a. A lower end
of the partition wall 50a forms a connection path 50b,
and the negative pressure generation chamber 51 is
connected to the ink chamber 52 via the connection path
50b. In the negative pressure generation chamber 51, a
negative pressure generating member constituted of a
fibrous or porous material is contained. The ink is
held and absorbed by the negative pressure generating
member in the negative pressure generation chamber 51.
Moreover, in the negative pressure generation chamber
51, an ink supply port 53 for supplying the ink of the
negative pressure generation chamber 51 to the outside
such as the ink jet recording apparatus (not shown),
and an atmosphere connection port (not shown) for
connecting the inside of the negative pressure
generation chamber 51 to the atmosphere are disposed.
The ink chamber 52 is a substantially closed structure
excluding the connection path 50b, and helds the ink as
it is, and the element 11 is floated on the liquid

surface of the ink held in the ink chamber 52. Such




generati on chanber 51 fromthe ink chanber 52. Thereby, the ink anmount
held in the negative pressure generation chanber 51, that is, the negative
pressure in the negative pressure generation chanber 51 is held to be
substantially constant. Here, an exanple of an output generated by the
oscillation circuit disposed in the elereAR %1 is showmn as a relation

bet ween the resonance frequency and the anplitude in FIG 7. In FIG 7, as
shown by a to c, - 43 the output generated by the oscillation circuit
indicates a difference in the resonance frequency indicating an anplitude
peak value and the anplitude in the peak value in _accordance with an ink
situation in PﬁéuFﬁErﬁaﬁRr5§1P§6éﬁﬂaﬁéﬁyeﬂﬁ@epﬁk1éhH#Bérb&ZFeSQQ#%%%teIy

as shown in FI onance fregpen0|es ) |nd|cat|n t he

anpl i t ude peak9%§PEes H8Ge OSEArat PoﬁlﬁFPHttﬁEOt Ehﬁﬂn WHES &de| ati on
h FI G _ 8A d,b hand, h H.ch

Gotonted Al SoVRSP BREEABIER LR F LRI Gnlsa EoumRl AR FBPALERerE dden in a

dlfferent freq#ﬁgcg 3%8 t Q@ngenggggggh%hrehgaﬁ%rg stggaiﬂ ﬁg ggforehand

an ink concenfration C an e et ec VEr, “Elde val ue

changes A, B, Qﬁeetgomwie@ags&cy SUHEDGY change tﬁQO\é"iﬁg‘ErE*"% b

correlation wt I stance between the e and t out resonance

g{raﬁzzhlgﬁea81ﬁhgamlba El-Gn 8Be olR8HAEOLEsohlAcAMBLi-EUde vBhue of a point

disposed under the ink tank 50, further generates the
resonance frequency, and transmits the ink information
in the ink tank 50 to the outside. In FIG. 6, a
dencotes electromagnetic induction, and b denotes
oscillation.

According to the ink tank 50 constituted as
described above, with ink consumption via the ink
supply port 53, gas {gas introduced via the atmosphere
connection port) is discharged to the ink chamber 52
from the negative pressure generation chamber 51 wvia
the connection path 50b, and the corresponding amount
of ink is introduced to the negative pressure
generation chamber 51 from the ink chamber 52.
Thereby, the ink amount held in the negative pressure
generation chamber 51, that is, the negative pressure
in the negative pressure generation chamber 51 is held
to be substantially constant.

Here, an example of an output generated by the
oscillation circuit disposed in the element 11 is shown
as a relation between the resonance freguency and the

amplitude in FIG. 7. 1In FIG. 7, as shown by a to c,




tank is filled with the ink (F) or at which the tank is enpty (E) is
nmeasur ed beforehand. Thereby, the position of the elenent 11 in the ink
tank 50, that is, the ink residual anount can be detected. Moreover, a
liquid density can al so be approxinmated using the follow ng state
equation: PV = nRT (10) (Here, P: pressusd8, -V: volune, n: gram nol ecul ar
wei ght, R gas constant, T. absolute tenperature). - 44 |In the equation
(10), when T is constant, density n is represented as follows: P MP nRT
(Here, M nol ecular weight). That is, when a liquid pressure and
tenperature can _be detected, a liquid density state change can al so be
neasured. The tP§uPHtphEsgepeTatpl BY §bscessddleidep ciarcyditai|. A
pressure sensor. i.s constituted by forningha di aphragm _of a polysilicon

film and utilipAigakesy asALFLRTENGS 4B EHENGESRMPRCE AFRABGMSY spl acenent
caused Y 2 BT SRAVCESHEIE: oPRTLRHACSehl WARuR SHB boethrth R
Lemmer e, LShecHRE Seuglh R, BedhaiSnTg0atkn SESSRER b RS

the ink tank 50 (accurately the ink chamber 52).
Concretely, as shown in FIG. 8A, resonance frequencies

f,, £f,, £, indicating the amplitude peak values have
correlation with the ink pH. When the relation shown

in FIG. 8A is measured beforehand, the ink pH change

can be detected. Also for an ink concentration, a

similar relation is seen in a different frequency area
band. When the relation is measured beforehand, an ink
concentration change can be detected.

Moreover, amplitude value changes A, B, C in a
resonance frequency range shown in FIG. 7 have
correlation with a distance between the element and the
outrside resonance circuit 101 as shown in FIG. 8B.
Therefore, the amplitude value of a point at which the
tank is filled with the ink (F) or at which the tank is
empty (E) is measured beforehand. Thereby, the
position of the element 11 in the ink tank 50, that is,
the ink residual amount can be detected.

Moreover, a liquid density can also be
approximated using the following state equation:

PV = nRT {10)

({Here, P: pressure, V: volume, n: dgram molecular

weight, R: gas constant, T: absolute temperature).




recordi ng head tenperature is forned in the elenent 11 of the first

enbodi nent, the tenperature can be detected. As descri bed above, when the
pressure and tenperature sensors are fornmed in the elenment 11, the ink
density can be detected. Wen a change with time can simlarly be
detected, a change of a liquid viscosityAgurface tension can al so be
estimated. For the liquid viscosity, a liquid viscosity - 45 change can be
estimated in accordance with a density change from Orik Arbor equation: In
- =A+ B(12) PMT (Here, 1. viscosity, A constant, B: constant). There
is a relation equation by Macl eod between the |liquid surface tension and
density. y = MPO P) Ip &hp1sgaugtdpa, (}0)suhgde Tt dfsicoRS t@ntoofiemsdity
determ ned by i, uid.% the liquid surface tension change can be estimted
in accordance Wi tff TRBTEEREFEY BRahgelPFSm the equation (13). As descri bed
above, when the elenent 11 is applied to the ink tank 50, the ink
informati on such as the ink pH concentratyon and gﬁgjity can be detected
with time and transnitted to the outsPde @ggthe in nk 50. Therefore,
for exanple, when the used ink tank is

{(Here, M: molecular weight). That is, when a liquid
pressure and temperature can be detected, a liquid
density state change can also be measured.

The ligquid pressure will be described later in
detail. A pressure sensor is constituted by forming a
diaphragm of a polysilicon film, and utilizing a
resistance value change with diaphragm displacement
caused by a pressure change, and formed in the element
11 of the first embodiment so that the pressure can be
detected.

Moreover, for the liquid temperature, for example,
when a diode sensor, described in Japanese Patent
Application Laid-Open No. 52387/1995, for detecting a
recording head temperature is formed in the element 11
of the first embodiment, the temperature can be
detected.

As described above, when the pressure and
temperature sensors are formed in the element 11, the
ink density can be detected. When a change with time
can similarly be detected, a change of a liquid
viscosity/surface tension can also be estimated.

For the liquid wviscosity, a liquid wviscosity




repl aced with another tank, another ink is injected into the ink tank 50,
and an ink anount abnormally increases or an ink conponent changes, these
can accurately be detected as abnornalities. Mreover, since the change
of the ink viscosity and surface tension can also be estimated, these
information are transmtted to a recordi Bg head controller, and a driving
condition for keeping a stable ejection property can also be set. - 46
Additionally, in FIG 6, the elenent 11 having the constitution shown in
FIG 3 is used, but the discrimnation neans 16 and information storing
means 17 may be di sposed outside the ink tank 50, not in the elenent 11.
Addi tional |y, &93888cFPBeleabstdmatied dnemeroriandes wWiltdatedlarsitye ink
surface in the ink tank 50 shown in FIG 6. The elenent 11 floating on the
ink surface wange 4Es8 Prdl AEPEETnsELatiodget her with a manufacturing
method. FIG 9A to 9G are diagrans of a series of steps show ng one
exanpl e of a nethod of using a sphericaly silicpn as a base of the

af orenenti oned ball seni conductor tof faltore the floating el dd@nt 11
shown in FIG 6. Additionally, FIGS. 9A'to 9G shows respective steps in a
sectional view along a center of the spherical silicon. Mreover, the
gravity center of spherical silicon is formed below the center, and an

(Here, w: viscosity, A: constant, B: constant).

There is a relation equation by Macleod between

the liquid surface tension and density.

Y = {C(py-p)3*° (13)
(Here, y: surface tension, C: constant determined by
liquid.) the liquid surface tension change can be
estimated in accordance with the density change from
the equation (13).

As described above, when the element 11 is applied
to the ink tank 50, the ink information such as the ink
PH, concentration and density can be detected with time
and transmitted to the outside of the ink tank 50.
Therefore, for example, when the used ink tank is
replaced with anothexr tank, another ink is injected
into the ink tank 50, and an ink amount abnormally
increases or an ink component changes, these can
accurately be detected as abnormalities. Moreover,
since the change of the ink viscosity and surface
tension can also be estimated, these information are
transmitted to a recording head controller, and a
driving condition for keeping a stable ejection

property can also be set.




I nner upper portion of a sphere is formed to be hollow Furthernore, the
hol | ow portion is held to be hernetic. The manufacturing nmethod wll be
described as an exanple. First, as shown in FIG 9B, a thermally oxidized
SS2 film202 is fornmed on the whole surface of a spherical silicon 201
shown in FIG 9A. Subsequently, when an agenring 203 is fornmed in a part of
the SiQ film 202 as shown in FIG 9C, a photolithography process is - 47
used to pattern the film Subsequently, as shown in FIG 9D, an upper half
of the spherical silicon 201 is renoved by anisotropic etching using a KOH
solution via the opening 203, and a hollow portion 204 is formned.
Thereafter, as showAddatippgllyr, izn FIBCVD.prtdeesd emendsdd th@wioat thenhol e
exposed surface of the spherical silicon 201 and SiQ2 film 202 including
an inner surfafenN§titRELIRG SHRWNpAN: FAF-204 18 sedn Buy fthiem 205.
Furthernore, as ,shown in FIG 9F a netal CVD process is used to forma Cu
film206 on th8i§GEEPLingtirn peghs; 46 8PQ AnfRrogsiog FioFids Means shown

in FIG 9G hotol i th hy . i dt ttern the Cu
(11 m 206, and tHencEnBHCEOPPEORR Euaeide SER 1Bk {RE% S0 ARt g7 cMeui 1

102 (see FIG ?ie;“% 1:fgrlmed with the wi nding nunber N. Thereafter, the
cubi cal el enment™W ﬁ t hé "conductor coil L forned thereon is extracted to

the atnmosphere fronhﬁﬁ@t!@ﬁﬁﬂq&, as described above, the element 11

is floated on the ink surface in the ink tank 50 shown
in FIG. 6. The element 11 floating on the ink surface
will be described hereinafter together with a
manufacturing method.

FIG. 9A to 9G are diagrams of a series of steps
showing one example of a method of using a spherical
silicon as a base of the aforementioned ball
semiconductor to manufacture the floating element 11
shown in FIG. 6. Additionally, FIGS. 9A to 9G shows
respective steps in a sectional view along a center of
the spherical silicon. Moreover, the gravity center of
spherical silicon is formed below the center, and an
inner upper porticn of a sphere is formed to be hollow.
Furthermore, the hollow portion is held to be hermetic.
The manufacturing method will be described as an
example.

First, as shown in FIG. 9B, a thermally oxidized
510, film 202 is formed on the whole surface of a
spherical silicon 201 shown in FIG. 9A. Subsequently,
when an opening 203 is formed in a part of the Si0O, film

202 as shown in FIG. 9C, a photolithography process is




apparatus, the upper opening 203 is closed by a seal nenber 207 such as a
resin and stopper, and the hollow portion 204 inside the sphere is brought
to a sealed state. Wen the element is manufactured in this manner, the
element itself fornmed of silicon can have buoyancy. Mreover, an N MOS
circuit element is used in driving cireuaz el enents forned beforehand in
the spherical silicon, excluding the coil L, before - 48 nmanufacturing
the floating type solid sem conductor elenent. FIG 10 is a schenmatic
| ongi t udi nal sectional view showing the NMOS circuit element. According
to FIG 10, a P-MJS 450 is constituted in an N-type well region 402 by
using a generaPSﬁEStOpP§@é§§ntGhﬁléﬂﬂmlons or introduce and diffuse other
impurities in a P-conductor Si substrate 401, and an N MOS 451 is
constituted in a P—FVB@eﬂéppt&Féaa§0§h0Vﬁe1“PFN@S 280 andURPKDSHEE are
each constitute %L gg e mnrln 415 formed by polysilicon deposited in a
& 5806

t hi ckness of 48060 rbﬁ?#nsé &oPPprBleds, rgﬂavgd B¥uPRE SOdFP X405,
o e 0", U LhSal ket RoaBaUREHTE by BRen IR b ag o
A R v e R T o et e iy
of a drain regeeg, 43f, SAULPEVHCPIBRe8d2is used to coat a whole

exposed surface of the spherical silicon 201 and Sio,

film 202 including an inner surface of the hollow

portion 204 with an SiN film 205.

Furthermore, as shown in FIG. 9F, a metal CVD
process is used to form a Cu f£ilm 206 on the outer
surface of the SiN film 205. Subsequently, as shown in
FIG. 9G, a known photolithography process is used to
pattern the Cu film 206, and the conductor coil L as a
part of the oscillation circuit 102 (see FIG. 3) is
formed with the winding number N. Thereafter, the
cubical element with the conductor coil I formed
thereon is extracted to the atmosphere from the vacuum
apparatus, the upper opening 203 is closed by a seal
member 207 such as a resin and stopper, and the hollow
portion 204 inside the sphere is brought to a sealed
state. When the element is manufactured in this
manner, the element itself formed of silicon can have
buoyancy.

Moreover, an N-MOS circuit element is used in

driving circuit elements formed beforehand in the

spherical silicon, excluding the coil L, before




and gate wiring 413 in the P-type well substrate 402 by the inpurities

I ntroduci ng and diffusing steps. Here, when the N-MOS transistor 301 is
used as an elenment driver, a distance L between drain and gate
constituting one transistor is about 10 pun at mininmum The val ue of 10
}gymincludes w dths of source and drain ggontacts 417. The width is 2 x 2
pm but actually the half also serves as the adjacent transistor, and the
width is therefore the half, that is, 2 pm The value - 49 also includes a
di stance between the contact 417 and the gate 413, that is 2 x 2 pm= 4
p.m and a width of the gate 413, that is, 4 pm Therefore, the total

di stance L is m8Snphactnrbxgdehéi fhvogtpagatypg sedidnsédlcantdhciort hi ckness
of 5000 to 10000 pmis formed between the elenments by field oxidation, and
the el enents aedemerpar aFEQ. f tOnivaghsohematighiengitpdiprildeertigradts as
a first layer of regenerator |ayer 414, After the respective elenents are
formed, an inVéeVageewinguthei MgMP$| aingeitsedepesited as PSG  BPSG
films, and the like in a_thickness of_about_7000 m by t he Cvgugégcess.

The filmis subj ectRECPBIinPeb? FiFealfren?, Pr¥3F 130 351 FAPEtA at nent ,
and the like, ,and wired via a contact hole by an Al _el ectrode 7 as a
first wiring | &5ef? NnE¥RArYer! 5%9+ﬂ?e?$gygy “Fh§8|at?ﬁaeFanN§%s of an
2\1,32 filmis dgposilede s fant M GKDESE Phe408306! 8ndSQ02£RTLPY chiAG Pl asma
impurities in a P-conductor Si substrate 401, and an N-
MOS 451 is constituted in a P-type well area 403. The
P-MOS 450 and N-MOS 451 are each constituted of a gate
wiring 415 formed by polysilicon deposited in a
thickness of 4000 to 5000 pym in a CVD process, and a
source region 405, drain region 406, and the like with
N-type or P-type impurities introduced therein via a
gate insulating film 408 with a thickness of several
hundreds of micrometers. A C-MOS logic is constituted
by the P-MOS 450 and N-MOS 451.

An N-MOS transistor 301 for driving the element is
constituted of a drain region 411, source region 412
and gate wiring 413 in the P-type well substrate 402 by
the impurities introducing and diffusing steps.

Here, when the N-MOS transistor 301 is used as an
element driver, a distance L between drain and gate
constituting one transistor is about 10 pum at minimum.

The value of 10 pm includes widths of source and drain
contacts 417. The width is 2 x 2 pm, but actually the

half also serves as the adjacent transistor, and the

width is therefore the half, that is, 2 pm. The value




process, and further a through hole is fornmed. The NNMOS circuit is forned
before the floating elenent is fornmed. Subsequently, the circuit is
connected to the oscillation circuit as the energy converting neans of the
present invention via the through hole. In the exanple showmn in FIG 6,
the electromagnetic induction by the ceilfgis utilized in the outside
energy for supplying the power to start the - 50 elenent 11, but
additionally light brightness/darkness may be utilized. To convert the

i ght brightness/darkness to the electric signal, a material whose

resi stance value changes with light irradiation (e.g. photoconductor) can
be used to geneslaveinpdugeser dhgtanphobetveenctihee contaet. BVa@es of the
phot oconduct or i nclude two-di nensional/three- dinensional alloys such as
CdS, InSb and Fhe$gabeTal3anghatads, 25K, 2VANSE, 4kl -t RBY Ak¥1ARRe®theat s
used as the electronotive force, the power can be generate froma
material radi ath8n98ker §y3by thahnidm &f PEct . TheSELoRE - EfbSiSRERY FIG 11

is a block dia [an1shomgng tgﬁ i nner constitution of the solid
sem conduct or BFERBAC® Hcé8rdPnd™ o a second enbodi ment of the present

i nvention, and the exchange of .the elenment W th.the utside. A solid
sem conduct or eIenE%P ?ﬁéggi%ﬁ%?e?ep?ggg%PgdnglggnéPé g§% g "elenment") 21

shown in FIG thickness of 5000 to 10000 pm is formed between the
elements by field oxidation, and the elements are
separated from each other. This field oxide film acts
as a first layer of regenerator layer 414.

After the respective elements are formed, an
interlayer insulating £ilm 416 is deposited as PSG,
BPSG films, and the like in a thickness of about 7000
pm by the CVD process. The film is subjected to a heat
treatment, that is, a flatting treatment, and the 1like,
and wired via a contact hole by an AI electrode 417 as
a first wiring layer. Thereafter, an interlayer
insulating film 418 of an Si0, film is deposited in a
thickness of 10000 to 15000 pm by the plasma CVD
process, and further a through hole is formed.

The N-MOS circuit is formed before the floating
element is formed. Subsequently, the circuit is
connected to the oscillation circuit as the energy
converting means of the present invention via the
through hole.

In the example shown in FIG. 6, the
electromagnetic induction by the coil is utilized in

the outside energy for supplying the power to start the




11 is disposed in the ink tank, and includes energy converting neans 24
for converting an electronotive force 22 supplied to the elenent 21 from
the outside A to a power 23, information acquiring neans 25 started by
t he power converted by the energy converting nmeans 24, discrimnation
means 26, information storing neans 27, pofermation communi cating neans
28, and receiving neans 29. The second enbodinent is different fromthe
first enbodinent in that the elenent has a receiving - 51 function, that
is, the receiving neans 29, and simlar to the first enbodi nent in other
respects. The electromagnetic induction, heat, light, ray, and the I|ike
can be appliedelemehs dlecbrndnedidisipopddy22ightpplriightne ssydieakaetsise

el ement 21. Moreover, at |east the energy converting neans 24, information
acquiring neaﬁ@YZQeaﬁﬁliéééﬁV|n§°n§9ﬁ§329 ihe pighérably formed on the
surface of the_elepent 21 or in the vicinity of the surface. The

i nf or mati on acaﬁﬁﬁpﬁﬁeﬁﬁéﬁgrEBeaéqﬁPrEﬁetﬁéeCtﬁ&clﬁFSPﬁ&PlénmPﬁeFﬁélink
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acaui re the | ko B oPRREPSRAEROEPEL BRBL PR RS ﬁsupesrea%&?e??smpﬁwsr
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i nfornation store nrormati on s I Ng nean
photoconductor include two-dimensional/three-
dimensional alloys such as CdS, InSb and Hg, ,Cd, ,Te, and
GaAs, S$i, Va-Si, and the like. When heat is used as
the electromotive force, the power can be generated
from a material radiation energy by quantum effect.
{Second Embodiment)

FIG. 11 is a block diagram showing the inner
constitution of the so0lid semiconductor element
according to a second embodiment of the present
invention, and the exchange of the element with the
outside. A s0lid semiconductor element (hereinafter
referred to simply as the “"element” ) 21 shown in FIG.
11 is disposed in the ink tank, and includes energy
converting means 24 for converting an electromotive
force 22 supplied to the element 21 from the outside A
to a power 23, information acquiring means 25 started
by the power converted by the energy converting means
24, discrimination means 26, information storing means
27, information communicating means 28, and receiving
means 29. The second embodiment is different from the

first embodiment in that the element has a receiving




and judges whether or not the acquired ink information satisfies the
predeterm ned condition. The information storing neans 27 stores various
conditions for conparison with the obtained ink information and ink
information itself obtained fromthe information acquiring neans 25 as the
data table. The information comunicatinglneans 28 converts the power to
the energy for transmtting the ink information to the outside A, B or C,
and displays and transmts a discrimnation - 52 result obtained by the
discrimnation neans 26 to the outside A, B or Cin response to a conmand
fromthe discrimnation nmeans 26. FIG 12 is a flowhart show ng the
operation of fhecgiementhatiows.i thEl GeceiviRef Beansg 2% RNGESSsimilaghnd 12,
when the el ectronotive force 22 is applied to the element 21 fromthe
outside A thetenghgy fissteembadimeans in4 otba¥eresrerRd Sel e@®noti ve force
22 to the power 23, and the information acquiring neans 25,

di scri mi nat i oneAEERFOPEINERAE ARANGH 18P0r PREtmedATR 27 TN A0FhtEHSn

comuni cati ng neans 28 and recei Vi 29 are startedcgﬁé}he power. In

this state, thé?59t§?&ebﬁ_BPPEiFFaEgn¢g§é2ﬁ8°t§Pﬂﬁ§FV§0ﬁﬂf %l ement 21
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means 25 and receiving means 29 are preferably formed
on the surface of the element 21 or in the vicinity of
the surface.

The information acquiring means 25 acquireé the

ink information in the ink tank as the environmental
information of the element 21. The receiving means 29
receives an input signal 30 from the outside A or B.
The discrimination means 26 allows the information
acquiring means 25 to acquire the ink information in
response to an input signal from the receiving means
29, compares the acgquired ink information with the
information stored in the information storing means 27,
and judges whether or not the acquired ink information
satisfies the predetermined condition. The information
storing means 27 stores various conditions for
comparison with the obtained ink information and ink
information itself obtained from the information
acquiring means 25 as the data table. The information
communicating means 28 converts the power to the energy
for transmitting the ink information to the outside A,

B or C, and displays and transmits a discrimination



the discrimnation neans 26 allows the information acquiring nmeans 25 to
acquire the ink information in the ink tank such as the ink residual
anount, ink type, tenperature, and pH (step S22 of FIG 12), reads the
condition for referring to the acquired ink information fromthe

i nformation storing means 27 (step S23 of>FI-G  12), and judges whet her the
acquired ink information satisfies a set condition (step S24 of FIG 12).
In the step S24, when it is judged that the - 53 acquired information does
not satisfy the set condition, or when it is judged that the acquired
informati on satisfjies the set condltlon this is transmt% d, to

outside A B oFeﬁ‘%Et‘e'ﬁ)Ea:S?%d @65116 Fi5 $HIRIRakion (pRALS o 4P r EY Fﬁ?‘orm&t i on
may be transmttedto et th th ment resul t h information is
transnitted m%‘h $Hae | V%nl c’(”)‘?‘ﬁéﬁﬂ Stihd n%%a'?% gﬁ ; ? t he power
obt ai ned by (g])_( conversn t?be energy for transmtting the ink
I nformation i n % fl"ﬂkn?gjn?( t e?’he out si de. The magnet ic field, light,

shape, color, radi FYEY 528 Ang. £ Ach € didies ¢t aCC %E‘aé‘%oﬁh

transmtting energy, e energy Is change ance w tﬁ t he
j udgnent resul e WA Nefs Ues! i o £OREANY £6 O PEs] ugged (for

exanpl e, Wnether t e |n restdual amount 1s 2 m or Tess, or the ink pH

changes), the o anpimasbonc et fndk ilshder A ansiese Adisiapsiiua the

el ectronotive force may al so
the element 21 from the outside A, the energy

converting means 24 converts the electromotive force 22
to the power 23, and the information acquiring means
25, discrimination means 26, information storing means
27, information communicating means 28 and receiving
means 29 are started by the power.

In this state, the outside A or B transmits the
signal 30 to the element 21 to ask for the ink tank
inside information. The input signal 30 is a signal
for asking the element 21, for example, whether or not
the ink still remains in the ink tank, and received by
the receiving means 29 (step $S21 of FIG. 12). Then,
the discrimination means 26 allows the information
acquiring means 25 to acquire the ink information in
the ink tank such as the ink residual amount, ink type,
temperature, and pH (step 522 of FIG. 12}, reads the
condition for referring to the acquired ink information
from the information storing means 27 (step 523 of FIG.
12), and judges whether the acgquired ink information
satisfies a set condition (step S24 of FIG. 12).

In the step 524, when it is judged that the



transmtted t
outside A or
el ect r omagnet

o the elenment 21 together with the input signal 30 fromthe
B. For exanple, when the electronotive force is
ic induction, the signal for asking the ink residual anount

is transmtted. Wien the electronotive force is light, the signal for

asking pHis
information t
el enent has -

transmitted. The signal may>Be-transmitted in accordance wth
ype in this manner. According to he second enbodi nent, the
54 - a function of receiving the signal fromthe outside.

Therefore, in addition to the effect of the first enbodi nent, questions

transmtted f

and the el eneffdudRedxeRingBathen; APEFnRPTo
Enmbodi ment) FIG 13 is a bloc

romthe qutside via various tyges_of si gnal s, can be answered,
aEAPEY: hBSosEEi de. (Third
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sem conduct or

converting neans

Oor conveéerting an elecCtronotive ce 32 supplied to

the el ement 311Bf9H£%28%QHES£HS Achfli 2eROUREoFHataBA mAyoyaNCY generaling

means 35 for
to generate

using t ower converted by the energy converting neans 34
byYABRYtted together with the judgment result. The

information is transmitted when the information
communicating means 28 converts the power obtained by
energy conversion to the energy for transmitting the
ink information in the ink tank to the outside. The
magnetic field, light, shape, color, radio wave, sound,
and the like can be used as the transmitting energy.
and the energy is changed in accordance with the
judgment result. In accordance with a question content
to be judged (for example, whether the ink residual
amount is 2 ml or less, or the ink pH changes), the
transmission method may be changed.

Additionally, the electromotive force may also
transmitted to the element 21 together with the input
signal 30 from the outside A or B. TFor example, when
the electromotive force is electromagnetic induction,
the signal for asking the ink residual amount is
transmitted. When the electromotive force is light,
the signal for asking pH is transmitted. The signal
may be transmitted in accordance with information type
in this manner.

According to he second embodiment, the element has



In the third enbodi nent, when the electronotive force 32 is applied to the
element 31 fromthe outside A, the energy converting neans 34 converts the
el ectronotive force 32 to the power 33, the buoyancy generating neans 35
uses the power 33 to generate the buoyancy of the elenent 31, and the
element 31 is floated on the ink surfaced4By the buoyancy, the elenent 31
may be positioned not only on the ink surface but also at a constant

di stance below the ink - 55 surface in order to prevent the ink from
being ejected in an enpty state. FIGS. 14A and 14B shows a position of the
elenent floated _in the ink of the_ink tank_togfther W th th%

consunpt i on chﬁnﬁ@?cﬁﬂﬁptPBnﬁ?F?}Vﬁ?ﬂthFhﬁlﬂﬁ £5AR ShewAY ﬁlﬁﬁGS 14A
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for checking th?hﬂ@&'ﬁh@@dlment)

FIG. 13 is a block diagram showing the inner
constitution of the solid semiconductor element
according to a third embodiment of the present
invention and the exchange with the outside. A solid
semiconductor element (hereinafter referred to simply
as the “element”) 31 shown in FIG. 13 is disposed in
the ink tank, and includes energy converting means 34
for converting an electromotive force 32 supplied to
the element 31 from the outside A to a power 33, and
buoyancy generating means 35 for using the power
converted by the energy converting means 34 to generate
buoyancy.

In the third embodiment, when the electromotive
force 32 is applied to the element 31 from the outside
A, the energy converting means 34 converts the
electromotive force 32 to the power 33, the buoyancy
generating means 35 uses the power 33 to generate the
buoyancy of the element 31, and the element 31 is
floated on the ink surface. By the buovancy, the
element 31 may be positioconed not only on the ink

surface but also at a constant distance below the ink




of the elenent 31, and discrimnating a need for tank replacenent.
Referring to steps S31 to S34 of FIGS. 13 and 15, the outside A or B
(e.g., the ink jet recording apparatus) transmts light to the el enent

3.1. When the outside Aor B (e.g., the ink jet recording apparatus) or C
receives the light, the position of the-ebsnment 31 is detected. The ink

jet recording apparatus judges, in accordance with the detected position
of the elenent 31, whether or not it is necessary to replace the ink - 56
tank. If necessary, the tank replacenent is notified via sound, light, or

the Iike. Exanples of a nethod of detecting the position of the elenent 31
i ncl ude a et hedrdpcasiipgorfier secpredendn ther dokt £1om Hedwy iqjemted 5 as
the energy converting neans 34, disposing the circuit and outside
resonance circtit aR0empl¥sFdetehe ink tank, and detecting the position
based on the output_fromthe oscillation circuit 102 simlarly as the

first enmbodinent. Eﬁﬁéovéfﬁ £Re éﬁgnﬁp8§siﬁpPE&é?iﬁnnﬁthQE ﬁﬂﬁfﬁbs!ng
whi'ch the ol ongnpasea pRothe 4pfnobl EheatBRortobr tPRE SR dPacde |
L0 o Bt e COPRS LREATES100 S i S
the light em tiehf ARG, FrBBL TR LHRO1IBANS BYpiHGLhgent 31, and
g the position of the elenment y the reflecte i ght;
constitution to the ink tank shown in FIG. 6,
description thereof is omitted.
In the ink tank shown in FIGS. 14A and 14B, when
the ink of a negative pressure generating member 37 is
discharged to the ocutside via an ink supply port 36,
the consumed amount‘of ink is introduced to the
negative pressure generating member 37 from the ink
chamber. Thereby, the element 1 in the ink 38 in the
ink chamber exists at a given distance from an ink
surface H, and moves as the position of the ink surface
is lowered with the ink consumption.
FIG. 15 is a flowchart for checking the position
of the element 31, and discriminating a need for tank
replacement. Referring to steps S31 to 5§34 of FIGS5. 13
and 15, the outside A or B (e.g., the ink jet recording
apparatus) transmits light to the element 31. When the
outside A or B {e.g., the ink jet recording apparatus)
or C receives the light, the position of the element 31
is detected. The ink jet recording apparatus judges,

in accordance with the detected position of the element

31, whether or not it is necessary to replace the ink



and the like. According to the third enbodi nent, the elenent 31 can be

fl oated wi thout disposing the hollow portion in the elenent described in
the first enmbodinment with reference to FIGS. 9A to 9G Additionally, even
when the buoyancy or the |ike necessary for the elenent 31 changes by a
change of liquid specific weight or anothes environnment for using the

el emrent 31, the energy converting neans 34 converts the electronotive - 57
force 32 fromthe outside, and the elenment can constantly be set and

di sposed in a desired position. Therefore, the element 31 can be used
irrespective of the environnment where the elenent 31 is disposed.
Additional |y, thakthi A sspbedsacHt the Apsk rapppepmeately Betdddsthed with
the aforenentioned first _and second enbodi nents. (Fourth Enbodinent) In a
fourth enbodi n¥Af, s@uRdnclightef OFr 2R8mlitPng the information to another

element is inparted_to the elenment having the constitution simlar to that
of the first or seESARPLRBoBENBNRELERE B%pPEFﬁFFﬁ9goF%8IEﬂgiﬁyonapg
di sposed in th t
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converting means 34, disposing the circuit and outside
resonance circuit 101 outside the ink tank, and
detecting the position based on the ocutput from the
oscillation circuit 102 similarly as the first
embodiment. Moreover, the examples include: a method
of disposing light emitting means opposite to light
receiving means in a position in which the element 31
passes with displacement of the ink surface, shielding
the light emitted from the 1light emitting means by the
element 31, and detecting the position of the element
31; a method of reflecting the light emitted from the
light emitting means by the element 31, and detecting
the position of the element 31 by the reflected light;
and the like.

According to the third embodiment, the element 31
can be floated without disposing the hollow portion in
the element described in the first embodiment with
reference to FIGS. 9A to 9G. Additionally, even when
the buoyancy or the like necessary for the element 31
changes by a change of liquid specific weight or

another environmment for using the element 31, the

energy converting means 34 converts the electromotive



el ements 41, 42, ... 43 constituted simlarly as the first enbodi nent are
di sposed in the object. Wien an electronotive force Pis supplied to the
respective elenments 41, 42, ... 43 fromthe outside A or B, the
-respective elenents 41, 42, ... 43 obtain the environnental information.
Subsequently, acquired information a of ble-elenment 41 is transmtted to
the elenent 42, and the acquired information a, b of the elenents 41, 42
are successively transmtted to the - 58 next elenment. The | ast el enent 43
transmts all the acquired information to the outside A or B. Mreover, in

an exanple shown in FIG_ 16B, a plurality of elenents 51, 52, ... 53
constituted sERFFSrPy §§°Whéh§e88ﬁ§1§ﬁboépﬁeﬁpeaﬁéeﬂﬁ§ﬁb§@@ in the
object. The electronotive force P is supplied.,to t res ctlve elenents
51, 52, ... 53SPPBRPORAYORESFEE APd BIgPOEedrdp ay |l§e<ﬁﬁé>ﬁ

pr edet er m ned ﬂgest on is nggﬁted the e enent 53 f ron1t e outggde A or

Bvia the sig Prefpge eIEHﬁn TeBthi 588U|Pegseﬁelr58 espoﬁﬁ’ng
| nformalion andygnEAGLs ke JuERELAN e THSAURS! HANALCR X loddle el ement 51

or 52 is successively transmt to an er el ément desired

el emrent 53 answers hﬁﬁéggﬁgéggg’tgpgh@ gghs SodimeR 0 gg aﬁgk;herngge in

an exanpl e shown in plura |ty 0 elenents 1, 62
constituted shphkapkyasiyheesecnBIneAbdtEBRhed b oteiROtabrdn g st

and second embodiments.
{Fourth Embodiment)

In a fourth embodiment, a function of transmitting
the information to another element is imparted to the
element having the constitution similar to that of the
first or second embodiment, and a plurality of elements
are disposed in the object.

First, a concept of the fourth embodiment will be
described with reference to FIGS. 16A to 16C. FIGS.
16A to 16C are explanatory views showing the concept of
the fourth embodiment of the present invention.

In an example shown in FIG. 16A, a plurality of
elements 41, 42, ... 43 constituted similarly as the
first embodiment are disposed in the object. When an
electromotive force P is supplied to the respective
elements 41, 42, ... 43 from the outside A or B, the
respective elements 41, 42, ... 43 obtain the
environmental information. Subsequently, acguired
information a of the element 41 is transmitted to the

element 42, and the acquired information a, b of the

elements 41, 42 are successively transmitted to the




object. The electronotive force Pis supplied to the respective elenents
61, 62, ... 63 fromthe outside A) B or C For exanple, when a certain
signal is inputted to the elenent 63 fromthe outside A or B, the signal

I s successively transmtted to the elenents 62 and 61. The el enent 61

di splays the signal to the outside A, B. gg C Additionally, in the
exanples of FIGS. 16A to 16C, one of the plurality of elenments may be
provided with - 59 the buoyancy generating neans simlarly as the third
enbodi ment. The concept of the fourth enbodi nent has been described above.
The detection of the ink information based on the aforenenti oned concept
according to thextf ellembneénbo®hredtsw klehendeddr tlratshdita @aflt ahen t h
reference to FIGS. 17 and 18. In FIGS. 17 and 18, W denotes a printing
scanni ng di r ececgnireddiRfdemetéson the tbeeoutside weofroBce. FIG 17 shows
an exanple in which the elenent constituted by appropriately conbining the
first, second and Maredverbodrnmant expmpdespdown iin FAE.i ABB.t &k and an
ink jet recording head connected to the tank. In this exanple, an el ement
71 is constituPdB8rByitidetnglementssoyancy2generabBn§orsiaduded he third
enbodi ment and function of transmtting the informatiqQn to anather el enent
79 to the firsfiBipaulHerf, thRdSCEPEPoEBROAAME N e8P d158SSEoAT P8 i nk

73 in [
an ink object. The electromotive force P is supplied to the

respective elements 51, 52, ... 53 from the outside A,
B or C. For example, when a predetermined question is
inputted to the element 53 from the outside A or B via
the signal, the element 51 or 52 acquires the
corresponding information and answers the gquestion.
The question/reply of the element 51 or 52 is
successively transmitted to another element, and the
desired element 53 answers the guestion to the outside
A, B or C.

Furthermore, in an example shown in FIG. 16C, a
plurality of elements 61, 62, ... 63 constituted
similarly as the second embodiment are disposed in the
cbject. The electromotive force P is supplied to the
respective elements 61, 62, ... 63 from the outside A,
B or C. For example, when a certain signal is inputted
to the element 63 from the outside A or B, the signal
is successively transmitted to the elements 62 and 61.
The element 61 displays the signal to the outside A, B
or C.

Additionally, in the examples of FIGS. 16A to 16C,

one of the plurality of elements may be provided with




tank 72. On the other hand, the elenent 79 constituted simlarly as the
second enbodi nent and having an ID function (identification function) is
di sposed in a recording head 78 for ejecting, via an ejection port 77, a
printing ink supplied via a liquid path 75 and |iquid chanber 76 connected
to the ink tank 72 via an ink supply pers974. The power may be supplied to
the elenent 79 by bringing an el ectrode portion di sposed on the el enent
surface in contact with a contact portion - 60 on an electric substrate
for driving the recording head 78. Subsequently, when the electronotive
force is supplied to the respective elenments 71, 79 fromthe outside, the
el ement 71 in theé PHRYRABCIcgenesating meRnisnESMARRILAN esclihes thilcd esi dual
anount information, and the elenent 79 on a recording head 78 side
transmits the EMPPALBEA&:i on for Judglng the ink residual amount for tank
repl acenent to the elenent 71. hen, the el enent 71 congg_es t he acquired

i nk residual annun?hﬁnFHnFEPtaﬁﬁ the: fourdh gEbRAERERt PEsi §eeRform t he
out st de of (heabRlaEEAl BRETETT AR aien.AeSc, VREL ! losach i The
I R e L e e L EE R
certain ObJeCtfoarfﬁnghbgaﬂﬁgnfnLQﬂﬂaB'Oﬁe%%@QbEhoﬂegggnafter with
reference to FIGS. 17 and 18. In FIGS. 17 and 18, W
denotes a printing scanning direction, and P denoctes
the electromotive force.

FIG. 17 shows an example in which the element
constituted by appropriately combining the first,
second and third embodiments is disposed in the ink
tank and an ink jet recording head connected to the
tank. 1In this example, an element 71 is constituted by
adding the buoyancy generating means of the third
embodiment and function of transmitting the information
to another element 79 to the first embodiment, and
disposed in a desired position in an ink 73 in an ink
tank 72. On the other hand, the element 79 constituted
similarly as the second embodiment and having an 1ID
function (identification function) is disposed in a
recoxrding head 78 for ejecting, via an ejection port
77. a printing ink supplied via a liguid path 75 and
liquid chamber 76 connected to the ink tank 72 via an
ink supply port 74. The power may be supplied to the
element 79 by bringing an electrode portion disposed on

the element surface in contact with a contact portion




be set. Mdirreover, in the exanple shown in FIGS. 16 and 17, the

el ectronotive force is supplied to the respective elenents, but this
constitution is not limted, and the electronotive force supplied to the
certain element may successively be transmtted to another el enent
together wth the information. For exanpée,-as shown in FIG 18, an
element 81 is constituted by addi ng the buoyancy generating neans - 61
simlar to that of the third enbodi ment and functions of transmtting the
i nformati on and supplying the electronotive force to another elenent to
the constitution of the first enbodinent. An elenment 82 is constituted by
addi ng the buogBnad géaetrirnguhsbratesfar| drivénshiheotrecnsdipor head
enbodi ment and _function of transmtting the information and supplying the
el ectronotive #8rce to another elenent to the constitution of the second
enbodi nent. These el epents e disposed in_the desired positigns in the
‘nk 73 in the ink PARRTSSRENT: aPREDAEDe CEPEETOROtENe REZEENAF hand, an
el enent 83 constitute inlarly as the second .e di ggnt._and _ havi ng the
"D funct i on (1 SRRPEHERaEP ohne! EEePrshi¥e cEPRRBEEa Tin (HotFeRotteng head 78
connected to t Lk .t 7 p b syppLi . t el, nt 83
by bringing thgnggé?fggée %%?%?gﬁ g?ﬁ%%gg eogthzgngﬁgﬁ%gguE gcéggﬁ

contact with §he,cQ0ta6h PREA! Q8 PRk PEsSHESLT ot RS hRbembRhion,

and the element 79 on a recording head 78 side
transmits the ID information for judging the ink
residual amount for tank replacement to the element 71.
Then, the element 71 compares the acguired ink residual
amount with ID, and instructs the element 79 to inform
the outside of the tank replacement only when these
meet with each other. The element 79 receives this,
and transmits a signal indicating the tank replacement
to the outside or outputs sound, light, and the like to
human eyes and sense of hearing.

When a plurality of elements are disposed in the
certain object, a complicated information condition can
be set.

Moreover, in the example shown in FIGS. 16 and 17,
the electromotive force is supplied to the respective
elements, but this constitution is not limited, and the
electromotive force supplied to the certain element may
successively be transmitted to another element together
with the information.

For example, as shown in FIG. 18, an element 81 is

constituted by adding the buoyancy dJenerating means




driving the recording head 78. Subsequently, when the el ectronotive force
Is supplied to the elenent 81 fromthe outside, one elenent 81 in the ink
73 acquires the ink information such as the ink residual anount
informati on, and conpares the information with an internal defined
condition. The elenment transmts the acgquéeted i nk residual anount

I nformation to the other elenment 82 together with the el ectronotive force
for operating the - 62 elenment 82, when the information needs to be
transmitted to the other elenent 82. The other elenent 82 with the

el ectronotive force supplied thereto receives the ink residual anmount
informati on tFANSARYt 68 Fhak ehetbpelBhrdgembadimepss apfe fFURRT1PABOr mati on
such as ink pH information, and transmts the el ectronotive force for
operating the fehEARSBRtEHNT; hheiBRRATEE30BN2PASPERAYAPAgthEad 78 si de.

Then, the recording he 78 side elenent. 83 with the electronotive force
suppl i ed thereFﬁe?Fgﬂ@ﬂfggetﬁgé?ﬁ t?nPB?%BPFo%&FBFnFUEQiﬁ ®t he inLVresidua

%E:SSQ;USLJD? ﬁﬁ%ﬁﬁﬁ%@n%@&%ﬁ%ﬁé’?@%ﬂ‘%%ﬁ%%ﬁn‘?ﬁat-Pﬁfzg' BAEPERE! B2 bt
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lenent 83 o CRrer TR Bl dndkh, HIR ohERRALY, FRheRR AR rEARE 1 oo
i nformation ”E‘s&mﬂ.ltxb f @3%@& hef - tAbetfl eHEBhbE31mbRECLUAS £hilks 4 08NE £

transmts the signal for 1nformng
transmitting the information and supplying the

electromotive force to another element to the
constitution of the second embodiment. These elements
are disposed in the desired positions in the ink 73 in
the ink tank 72 similarly as in FIG. 17. On the other
hand, an element 83 constituted similarly as the second
embodiment and having the ID function (identification
function) is disposed in the recording head 78
connected to the ink tank 72. The power may be
supplied to the element 83 by bringing the electrode
portion disposed on the element surface in contact with
the contact portion on the electric substrate for
driving the recording head 78.

Subsequently, when the electromotive force is
supplied to the element 81 from the outside, one
element 81 in the ink 73 acquires the ink information
such as the ink residual amount information, and
compares the information with an internal defined
condition. The element transmits the acquired ink
residual amount information to the other element 82

together with the electromotive force for operating the




the outside of the tank replacenent or outputs the sound, light, and the
li ke to human eyes and sense of hearing. A nethod of supplying the

el ectronotive force together with the information to the other el enent
from the certain element in this manner is also considered. Additionally,
for the recording head 78, the ink is bubBled by heat of electricity/heat
converting elenents such as a heater in the liquid path, and the ink is
supposedly ejected via a mcro opening connected - 63 to the liquid path
by a bubble growth energy Clher enbodi ments to which the aforenentioned

respective enbogrnents agﬁlred w || be descr.i bed hereinafter.
<I nformation | AipGMeRtafis> Wﬁeﬁd FlbﬂfPﬁmﬁﬁéOPnPSPﬂﬁtiBn &bout the i nk and

i nf ' d d b d
exanpl 65 of {he* PREBERAERoRo SBE PFRRG PaARERFoP2 cqrr ﬁ% o SLEmBn | on
|nc!ude: (1) gzsggiﬁrtg%onlaggggm%tlgr gggggt g?rve ftPnr which the Si O

2 filmor the oredoas canci on- sens 555 a pressure

sensor having ocdh980r BN $hiUSLUL BuLS" alBhAE! LHBoEmRRIRIUr e change in

the tank; (3) a sensor etec existing posifion of a
phot odi ode, an@rsﬂema@lseaeﬂgmakhénemarnent' almbeaumespte%oqhede for

converting light to the heat energy and producing a pyroelectric effect;

(4) a sensor fifkovmhidod 6QBHUSET YRkephieehrotmbBeoABt Bhilah rb@smits
the electromotive force for operating the element 83 to
the element 83 on the recording head 78 side. Then,
the recording head 78 side element 83 with the
electromotive force supplied thereto transmits the ID
information for judging the ink residual amount or the
ink pH for the tank replacement to the element 82.
Subsequently, the element 82 compares the acquired ink
residual amount information and pH information with the
ID information, and instructs the element 83 to inform
the outside of the tank replacement only when these
information meet with each other. The element 83
receives this, and transmits the signal for informing
the outside of the tank replacement or outputs the
sound, light, and the like to human eyes and sense of
hearing. A method of supplying the electromotive force
together with the information to the other element from
the certain element in this manner is also considered.

Additionally, for the recording head 78, the ink

is bubbled by heat of electricity/heat converting

elements such as a heater in the liquid path, and the

ink is supposedly ejected via a micro opening connected




detect the presence/ absence of the ink in accordance wth a noisture
anount in the tank; and the like. A case in which the ion sensor is used as
the information acquiring nmeans will be described hereinafter in detail.
FIG 19 is a sectional view of the ion sensor disposed in the solid

sem conductor elenent of the present inventi-on. In FIG 19, S denotes a
source, B denotes a bias, and D denotes a drain. - 6 4 - As shown in FIG
19, an ion sensitive film302 formed of SiNor Si02 is fornmed on the
surface of a spherical silicon 301 as a base of the solid sem conduct or

el enent, and a part of the filmis disposed at an interval fromthe
spherical silidon B@l ligivdda pgdih 3G7.a Aujdtle igrsmtdt iemgerfgy.m 303 i s forned
on the surface of the ion sensitive film302. Furthernore, an N-type well
| ayer constituted ofPtherssmbedimegiten 04 igh the @fveemesdddriest

i ntroduced therein and N-type well layer formed of a drain region 304b
are forned on TSSPOFHYE eﬁ%oﬁﬁ@e@&ﬁe Gags lea @PRgd 166 Whldope slabguihekr a

P-type well layer 305 is formed on the |ayers. Moreover, a reference
el ectrode 306 PETei®@HE®Ton a part of the surface of the spherical silicon

301 in a regi on i_r%v\,hi gh th%&%a%f?%? ig formed. This constitutes an ion
sensor 300 as an fFGA S e Y BFSef f ect transistor (FET). The gap 307
can be formed by fOEW %%dgtﬁ%%r%%i%%e information about the ink and
information acquiring means described above in the
respective embodiments, examples of the information
acquiring means for acquiring the information include:
(1) a sensor (ion sensor) for detecting ink pH, in
which the Si0, film or the SiN film is formed as an ion
sensitive film; (2) a pressure sensor having a
diaphragm structure for detecting a pressure change in
the tank; (3) a sensor for detecting the existing
position of a photodiode, and the ink residual amount,
in which the photodiode for converting light to the
heat energy and producing a pyroelectric effect; (4) a
sensor for using a conductive effect of the material to
detect the presence/absence of the ink in accordance
with a moisture amount in the tank; and the like.

A case in which the ion sensor is used as the
information acquiring means will be described
hereinafter in detail.

FIG. 1% is a sectional view of the ion sensor
disposed in the s0l1id semiconductor element of the

present invention. In FIG. 19, S denotes a source, B

denotes a bias, and D denotes a drain.




| ayer to cover the reference el ectrode 306 before formng the ion
sensitive film302, and the Iike on the surface of the spherical silicon
301 with the reference electrode 306 forned thereon, subsequently form ng
the P-type well region 305, and subsequently etching/renoving the
sacrifice |layer. Mreover, the gap 307-i §4connected to the outside of the
I on sensor 300 via a connection portion (not shown). Wile the solid

sem conductor elenment is disposed in the ink, the - 65 ink can freely nove
in the gap 307 via the connection portion. Wen the ion sensitive film 302
contacts the ink, an interface itatﬁ potential is generate bet ween t he

ion sensitive film 362580 A8 FAR-i d%cedr d9RceRFLALVENE118h 3%%e and
concentration |n th k re ern1 ed bhi.as voI appl i ed
bet ween sour ce &R dPg 7L ﬁhthgngn % d%P S %%?r%ﬁt Proms in
accordance wt ter t ten in surenent, an
appropriate blg nglggl SHQE%BE %b? Bg g Bgsgrgﬁggﬁelgggggde 306 and t he

source, and a%e&%ﬁ%u(:%i” glg%h%m )anﬁ%r @%g@“gﬂ‘gh@ £315UP0f the

interface state potenti al bias i's obser ternatlvely, the ion
sensor 300 is ﬁ&@%bb%ﬁtﬁé ﬁﬁ 2ntaevhiesiohl eners %déﬁﬂbhl and ildem awiput may

be obtained as the potential via a resistance. ditionally, the ink for
use in the inkviigt a gaposdiyNy Apgatat Yasu3agengraliiy Bosmed Mprarldvicrg or
the surface of the ion sensitive film 302,
Furthermore, an N-type well layer constituted of a
source region 304a with N-type impurities introduced
therein and N-type well layer formed of a drain region
304b are formed on the surface of the gate insulating
film 303, and further a P-type well layer 305 is formed
on the layers. Moreover, a reference electrode 306 is
formed on a part of the surface of the spherical
silicon 301 in a region in which the gap 307 is formed.
This constitutes an ion sensor 300 as an ion selective
field effect transistor (FET).

The gap 307 can be formed by forming a sacrifice
layer to cover the reference electrode 306 before
forming the ion sensitive £ilm 302, and the like on the
surface of the spherical silicon 301 with the reference
electrode 306 formed therecon, subsequently forming the
P-type well region 305, and subsequently
etching/removing the sacrifice layer. Moreover, the
gap 307 is connected to the outside of the ion sensor
300 via a connection portion (not shown}. While the

solid semiconductor element is disposed in the ink, the




di spersing dye or pignent in water as a solvent. Exanples of the ink

I ncl ude a dye ion having a carboxyl group or a hydroxide group, a pignment
set to be hydrophilic by a dispersant having the group, and pignent
particles to which the groups are attached and which are dissolved or

di spersed in water. As shown in FIGS. 20Asnd 20B, the dye or the pignent
forms an associated state (a state of assenbly) by a hydrogen bond or
anot her relatively weak bond in the ink as an - 6 6 - aqueous sol ution.
When the associated state occurs anmpng several tens/hundreds of nolecules,
a polyneric color material nolecule is virtually fornmed, an ink dynamc
Viscosity is | ovlf iR difpely Hovesdin thife 9ay e¥d7 oniartipercgnuméct hen
recordi ng head is deteriorated. In FIGS. 20A and 20B, DM denotes a dye
mol ecul e. VVMH]RQE¥¥ﬁﬂbrenentloned associated state is forned, an activity

of the carboxyl gro . hydroxide group as the ion is apparently
| onered, and an eff é5WbP§@ﬁﬁﬁn%h£ Gim niP3 FiPntacts theckdses.

Therefore, the det. t RQte t| ' |on sensor i s changed The
solid seni condug} Jite em?ntsr% etl?é’ eer‘?%ecg Reoteen ERy

the dye i on in St. Nt g q*%%*%ie . Lﬁkﬂg%ﬁ»ﬁﬁr A ﬁ%%?%%@?f ng
operation of thge rl%ort‘}‘p%g a%%a%oh%e%%rrfagl%d i 1RSI Y il fhe ink
predetermined bias voltage is applied between source
and drain of the ion sensor 300, a drain current flows
in accordance with the interface state potential.
During measurement, an appropriate bias is applied
between the reference electrode 306 and the source, and
an output (drain current) corresponding to a sum of the
interface state potential and bias is observed.
Alternatively, the ion sensor 300 is constituted as a
source follower circuit, and the output may be obtained
as the potential via a resistance.

Additionally, the ink for use in the ink jet
recording apparatus is generally formed by solving or
dispersing dye or pigment in water as a solvent.
Examples of the ink include a dye ion having a carboxyl
group or a hydroxide group, a pigment set to be
hydrophilic by a dispersant having the group, and
pigment particles to which the groups are attached and
which are dissolved or dispersed in water. As shown in
FIGS. 20A and 20B, the dye or the pigment forms an
associated state (a state of assembly) by a hydrogen

bond or another relatively weak bond in the ink as an




in the recording head is brought to a constant dissociated state. FIG 21A
I s a diagram showi ng one exanple of a <circuit for outputting a detection
result in the ion sensor, and FIG 21B shows the circuit of FIG 21A as a
logic circuit. Here, the oscillation circuit whose oscillation frequency
changes in accordance with the ion conceréé ation will be described. In an
exanpl e of FIGS. 21A and 21B. MOS - 67 transistors 320, 321 are connected
in series with each other to constitute inverter circuits 322, 323. These
inverter circuits 322, 323 are connected in a two- stages annul ar shape to
constitute the oscillation circuit. Furthernore, the output of the
inverter circ@9ueP 50labiont edhan the arsetiateoh DatrutocFErst he
first-stage inverter circuit 322 as a buffer. The 1ion sensor 300 is

inserted bet wedt"¥He FHHARL JeNHEURIRAGS & AIARFILED2 ] iPRLYMEREC | nput

o The-nver(er el 28 s and panh feperaiio o dhe
o detected, AR STRHRAIK ia o aeat bt h S T sol 1d- )
The ok Lk, hEEor prdier & B Hnd Helidihd heldmEcd N ace, as O
descri bed aboveedds xU1¥a MGl iFlgs. 20A and 20B, DM denctes a dye

molecule.

When the aforementioned associated state is
formed, an activity of the carboxyl group or the
hydroxide group as the ion is apparently lowered, and
an effective molecular weight of the ion itself
increases. Therefore, the detected potential in the
ion sensor 300 is changed. The solid semiconductor
element of the present example is disposed, for
example, in contact with the recording head ink, the
associated state of the dye ion in the ink is detected
by the ion sensor 300, a recovering operation of the
recording head is performed if necessary, and the ink
in the recording head is brought to a constant
dissociated state.

FIG. 21A is a diagram showing one example of a
circuit for outputting a detection result in the ion
sensor, and FIG. 21B shows the circuit of FIG. 21A as a
logic circuit. Here, the oscillation circuit whose
oscillation frequency changes in accordance with the

ion concentration will be described.

In an example of FIGS. 21A and 21B, MOS




nol ecules in the ink are associated, the polyner state is virtually
formed, and the nolecules settle in the vicinity of the bottom surface.
Generation of a concentration distribution and pH distribution in the ink
in the ink tank can be detected. Wen the result is transmitted to the
outside, an operation for renoving these gistributions can be perfornmed. A
detected voltage value in the ion sensor 300 is governed by Nernst
equation, and is therefore a - 68 function of tenperature. To elimnate an
i nfluence of tenperature, for exanple, the tenperature sensor is also
separately di sposed, so that a neasured value of 1ion concentration can be
corrected in adcEMERIORH 320 ¢ He2 hretistireepes ted ofn teemeeatwith wweh the
tenmperature sensqQr is disposed in this manner, the ion sensor and
tenperature se W Ghinketts niRves ke iRewhent329r 329- beTheseed in

separate el enents- the separate elenents as |n the fourth
embodi nent, theé™Y |'3rﬁt§rr‘?ré’[31‘rcﬁ’11’at£312r 343 13Re SUhaf tef t3P thetWeenperature

he transn1tted to elenment with the ion
“ot‘%teo

sensor forned t
sensor forned ft %¥%ln Fggbépagﬁxxﬁcﬁ & Kde SGHHTRY from

PS5 i R0 e LA™
circuit 323 is extracted as the oscillation output via
the first-stage inverter circuit 322 as a buffer. The
ion sensor 300 is inserted between the output of the
inverter circuit 322 (i.e., the input of the inverter
circuit 323) and a ground point. According to the
circuit, the oscillation frequency changes in
accordance with the detected potential in the ion
sensor 300. Therefore, when the oscillation frequency
is detected, the ink ion concentration can be detected.

When the solid semiconductor element of the
present invention is disposed in the ink of the ink
tank, particularly in the vicinity of the liquid
surface, as described above, the color material
molecules in the ink are associated, the polymer state
is wvirtually formed, and the molecules settle in the
vicinity of the bottom surface. Generation of a
concentration distribution and pH distribution in the
ink in the ink tank can be detected. When the result
is transmitted to the outside, an operation for
removing these distributions can be performed.

A detected voltage value in the ion sensor 300 is

governed by Nernst equation, and is therefore a




(here, Z: ion charge nunber, F: Faraday constant, N nol ecul e nunber per
unit area, 1. viscosity, r: ion radius). Mreover, an ion diffusion
coefficient Dis represented by the follow ng equation: DRTI 1ZI-F 2
(15) - 69 (here, R gas constant, T: absolute tenperature). It is assuned
that this Stokes" |aw of hydrodynam cs c&B e applied to ion novenent in
the ink. In this case, an ink nolar conductivity X and diffusion
coefficient D are neasured and stored in the information storing neans

di sposed in the elenent or a nmenory di sposed beforehand outside the

el enent, before the ink is injected to an ink cartridge or_the ink_tank.
When only the Eoreriomt ef i ternRerpbrent (T biMingteedi ) inRLEGRCENRE| S
noted, the ion radius r, viscosity jii, and charge nunber Z are_ variable
paranet ers. FutEPRETRBIEreq %meﬁ%?%k%%nttEFcﬁeT?é&?ﬁHEﬂ $ORSPE LFfepresent ed

by the follow ng e uationt %;Q&.An I n dieltctric const an is reppesented
by the follow ?.gs%g%%?%?..e SOWPRE (175 ehlaif haerr%?aﬂ?r%‘%m‘ﬂﬂiu'aegér m ned
by relative Origgtégﬂézhégation can be corrected in accordance with
the measured value of temperature. When the
temperature sensor is disposed in this manner, the ion
sensor and temperature sensor may be formed in the same
element, or may be formed in separate elements. With
the separate elements, as in the fourth embodiment, the
information acquired by the element with the
temperature sensor formed therein may be transmitted to

the element with the ion sensor formed therein.

Moreover, according to Stokes’ law derived from

hydrodynamics, an ion molar concentration A is

represented by the following egquation:

- lziF? (14)
6EMNNT

(here, Z: ion charge number, F: Faraday constant, N:
molecule number per unit area, m: viscosity, r: ion
radius). Moreover, an ion diffusion coefficient D is

represented by the following equation:

D= {15)

|Z|'F2




adj acent nol ecul es, k: Boltzmann constant). The aforenenti oned ion sensor
is used. The detected potential change is considered to be proportional
to (ion charge nunber Z/ion radius r). A - 70 change of viscosity Tl can
relatively be estinmated from the equation (10). It is considered that a
pul se control for setting the ejection moperty to be constant in
accordance with the change of the viscosity | can be remarkably effective
means. <Constitution of Ink Tank> Some constitution exanples of the ink
tank to which the solid sem conductor elenent of the aforenmentioned
enbodi nents can be applied are shown in FIG 22 to FIG 25. In an ink tank
501 shown in HI®re2 Ra ddsexddristanink bamtsd wie htempeirakuceht ai hed
therein is disposed in a housing 503, a bag inlet 502a is closed by a
rubber stopperlSosgunad that HhipEiakesodiawm o hrodeeanicsosan or
deriving the ink is stuck through the bag via the rubber stopper 504, and
the ink i s sufiftiarPlied £ iipa mavenent @ dtthaoliy. AlRoFREs sedFeonduct or
el enent 506 of the present invention is . disposed in the ink bag 502 of the
ink tank 501, %&qlﬁ@qmﬁmﬁwumﬂw Foht ety FaethtceRtblg 502

be detected. M [ ' t, 511 in Fi 23 ink jet
head 815 for Gl INAPUTRE: AMRLARIRE] P (% LTGCoT TP shE8 188 ¢ atf ached

to an ink SLW“Mé%ﬂgnéiéﬁgged in the element or a memory disposed

beforehand outside the element, before the ink is
injected to an ink cartridge or the ink tank.

When only the color material component (dye or
pigment) in the ink is noted, the ion radius r,
viscosity n, and charge number Z are wvariable
parameters.

Furthermore, a dipole moment p of the noted ion is

represented by the following equation.

_ A
I-l“? (16)

An ink dielectric constant ¢ is represented by the

following equation:

2
g = 2nN—_*;d€ (17)

(here, g: amount determined by relative orientation of
adjacent molecules, k: Boltzmann constant).

The aforementioned ion sensor is used. The
detected potential change is considered to be

proportional to (ion charge number Z/ion radius r). A




of a housing 512 in which an ink 513 is contained- A solid sem conductor
el enrent 516 of the present invention is disposed in the ink 513 in the ink
tank 511, and the information of the ink 513 in the housing - 71 512 can
be detected. Mreover, an ink tank 521 shown in FIG 24 has a constitution
simlar to that of the ink tank showmn in 7¢1G 6, and the |ike, and
I ncludes: an ink chanber in which an ink 522 is contained and which is
substantially in a sealed state excluding a conmunication path 524; a
negative pressure generating chanber in which a negative pressure
generating nenber 523 is contained and which is in an atnosphere
connect ed st at€angRl ehevirpehtyani eanpeehativelprbecenhdmetag £remi nk
chanber to the negative pressure enerating chanmber in a | owernost portion
of the tank. VHE(HEATION bk 521 an%%i@%%ﬁd%eae%ﬂbédp%ﬁee, solid
sem conductor el ements.525, 526 of the present invention are disposed in
the ink chanbe‘FO%FﬁPn]tt’]eﬁoa‘f i SRt st e JRNEFOR | PEORFERBeFC PEspectively, so
that the information about the.ink of. each divided ch r may _ be
exchanged. | MorEUTeraRy SR Hedolfaddiie SutR hE, dhaRge COPTERE TRleoRtty onber
532 for absor%%@%@i%@&i& leraSPIL2iNegd Lnside, and an ink jet head
the contained In S (

533 in which used Tor a recording purpose is

attached. Evencddhdierdaidn 538 £apstifpged in this

Some constitution examples of the ink tank to
which the solid semiconductor element of the
aforementioned embodiments can be applied are shown in
FIG. 22 to FIG. 25.

In an ink tank 501 shown in FIG. 22, a flexible
ink bag 502 with the ink contained therein is disposed
in a housing 503, a bag inlet 502a is closed by a
rubber stopper 504 fixed to the housing 503, a hollow
needle 505 for deriving the ink is stuck through the
bag via the rubber stopper 504, and the ink is supplied
to an ink jet head (not shown}. A solid semiconductor
element 506 of the present invention is disposed in the
ink bag 502 of the ink tank 501, and the information of
the ink contained in the ink bag 502 can be detected.

Moreover, in an ink tank 511 shown in FIG. 23, an
ink jet head 515 for ejecting the recording ink to a
recording sheet S is attached to an ink supply port 514
of a housing 512 in which an ink 513 is contained. A
solid semiconductor element 516 of the present
invention is disposed in the ink 513 in the ink tank

511, and the information of the ink 513 in the housing



manner, simlarly as the constitution showm in FIG 17, 18, solid

sem conduct or

el ements 534, 535 of the present invention are disposed on

an ink tank 531 side and ink jet head 533 side, respectively, and the -
i nformati on about the ink in the respective divided constitutional
portions may be exchanged. <lInk Jet RecorTh ng Apparatus> FIG 26 is a

schemati c perspective view showing the ink jet recording apparatus on

which the ink tank provided with the solid sem conductor el enent of the
present invention is nmounted. A head cartridge 601 nounted on an ink jet

recordi ng apparatus 600 shown in

ejecting the

liquid supplied to the liquid ejection head as shown in

25. Mbreover,
el ectronotive
el enment (not

bi di recti onal
el ement are di

P2 reamdPe cdekeF¥RA i nk, and an ink tank for hol ding the
out siN¥Rrese gy aupbty taanz2b2ohewR RpplGi ngdthas a

force as an outsjde ener ¥ to_the solid sem conduct or

PR T QR st A% HEP | ; ¥ a9k, TB& e AR nBROER o)

FIG 26 has a liquid ejection head for
FIG 22 to FIG

for

72

HET AR e YA e D BT

the head cartri

d 601 J t ed ' 607 d with iral
groove 606 ofwréeg(fekéa?fl’ sjcqﬁéy%glﬁeo‘fogqn%%ﬁ F}él?%s‘\?\%]r%t}?ggggge er ot a?i zﬁ' (r)?1 a
L Ao T VA, T 97 68a1 44 ANSIE 5005 6K £03 and 604. The

drive notor 60
head cartri dge

communication path 524; a negative pressure generating
chamber in which a negative pressure generating membexr
523 is contained and which is in an atmosphere
connected state: and the communication path 524 for
connecting the ink chamber to the negative pressure
generating chamber in a lowermost portion of the tank.
In the ink tank 521 constituted as described above,
solid semiconductor elements 525, 526 of the present
invention are disposed in the ink chamber and negative
pressure generating chamber, respectively, so that the
information about the ink of each divided chamber may
be exchanged.

Moreover, for an ink tank 531 shown in FIG. 25, a
porous member 532 for absorbing/holding the ink is
contained inside, and an ink jet head 533 in which the
contained ink is used for a recording purpose 1is
attached. Even in the tank 531 constituted in this
manner, similarly as the constitution shown in FIG. 17,
18, solid semiconductor elements 534, 535 of the
present invention are disposed on an ink tank 531 side

and ink jet head 533 side, respectively, and the



reci procates/ noves with the carriage 607 along a guide 608 by the drive
power of the drive notor 602 in directions of arrows a and b. The ink jet
recording apparatus 600 is provided with recording material - 73

conveyi ng neans (not shown) for conveying a printing sheet P as a
recording material which receives the inky,or another liquid ejected from
the head cartridge 601. By the recording material conveying neans, a sheet
press plate 610 of the printing sheet P conveyed on a platen 609 presses
the printing sheet P onto the platen 609 in the novenment direction of the
carriage 607. Photocouplers 611 and 612 are disposed in the vicinity of
one end of theidfathscie HOMt Ttiee Idiot Do otipd erespddt ane di2iaed hone
position detection neans for checking presence of a | ever 607a of the
carriage 607 iconeylonsiaial hepoptibéme ovgy ebs Sddhamged612 and changing a
rotation direction of the drive notor 602. A support nenber 613 for
supporting a cénkniEebctedduding chpparatfisont surface including an

ej ection port of the head cartridge 601 is disposed in the vicinity of one
end of the platen 60BG. Mf ebver , schematietpeorspeabivel1viey ahepydsed to suck
the ink accunulated in the cap nenber 614 by enpty ejection fromthe head
cartri dge 601.thelmegipt F¢eoRFnGAPPATaLYE KRR/ ¥ eER® BHXt hRBX| nk
suction neans 615 via_an  opening of the cap penber 614. A main gody
support 619 iSP¥RYH§H§Ed”%?Pt¥RPi%&;}%tsemic nductoer element of the

present invention is mounted. A head cartridge 601
mounted on an ink jet recording apparatus 600 shown in
FIG. 26 has a liquid ejection head for ejecting the
printing/recording ink, and an ink tank for holding the
liquid supplied to the liguid ejection head as shown in
FIG. 22 to FIG. 25. Moreover, outside energy supply
means 622 for supplying the electromotive force as an
outside energy to the solid semiconductor element (not
shown) disposed in the ink tank, and means (not shown)
for bidirectionally communicating the information with
the so0lid semiconductor element are disposed in the
recording apparatus 600.

As shown in FIG. 26, the head cartridge 601 is
mounted on a carriage 607 engaged with a spiral groove
606 of a lead screw 605 rotated with forward/reverse
rotation of a drive motor 602 and via drive force
transmission gears 603 and 604. The head cartridge 601
reciprocates/moves with the carriage 607 along a guide
608 by the drive power of the drive motor 602 in
directions of arrows a and b. The ink jet recording

apparatus 600 is provided with recording material



recordi ng apparatus 600. A noving nenber 618 is supported by the main body
support 619 to be novable in a back to forth direction, that is, in a
direction crossing at right angles to the novenent direction of - 74 the
carriage 607. A cleaning blade 617 is attached to the noving nenber 618.
The cleaning blade 617 is not limted to73hi s node, and anot her known

cl eaning blade mnmay be used. Furthernore, a |lever 620 for starting suction
during the suction/recovery operation by the ink suction neans 615 is

di sposed. The | ever 620 noves wth novenent of a cam 621 which nmeshes with
the carriage 607, and is noved/controlled by knowmn transm ssion neans for
transmtting tbendeyiegfwears (roi shewn)ifer npeayepbRaby PRARGLRG a
clutch. An ink jet recording controller for transmtting a signal to a
heat gener at or SHeepoBedsi & ¥¢eoRdhud cagterigk E@&C%nﬁeCﬂFV9Fn§géthFolIing
t he aforenmentioned respective _nmechanisns is disposed on a recording
appar at us mai noThaagtRereligrid|eiegted nbhpm Hhe| kpadcarhrifge; AR} et
recordi ng apparatus 600 having the aforenentioned constitutjo t he head

cartridge 601 B¥etPprbeaeedt VBRE TR L SCORBFE NP JOFRDF - t e Fgﬁting sheet

recor ding. mat cPFEPSCBRBED| BhD Rearie BEFTHUY Hebeehckert v aken Phecd:ive

oLorel s Bl VolRECH 08" pELPAR) UPTLEEFEIS BhLYE 51GREL Lo biScBRod
609 in the movement direction of the carriage 607.

Photocouplers 611 and 612 are disposed in the
vicinity of one end of the lead screw 605. The
photocouplers 611 and 612 are home position detection
means for checking presence of a lever 607a of the
carriage 607 in regions of the photocouplers 611 and
612 and changing a rotation direction of the drive
motor 602. A support member 613 for supporting a cap
member 614 to cover a front surface including an
ejection port of the head cartridge 601 is disposed in
the vicinity of one end of the platen 609. Moreover,
ink suction means 615 is disposed to suck the ink
accumulated in the cap member 614 by empty ejection
from the head cartridge 601. The head cartridge 601 is
sucked/recovered by this ink suction means 615 via an
opening of the cap member 614.

A main body support 619 is disposed in the ink jet
recording apparatus 600. A moving member 618 is
supported by the main body support 619 to be movable in
a back to forth direction, that is, in a direction

crossing at right angles to the movement direction of



ejected to the recording material fromthe liquid ejection head portion
and the sheet is recorded. Additionally, in FIG 26 an outer covering of
the ink jet recording apparatus is not shown, but a - 75 translucent
covering may be used such that an inside state can be seen. Wen a
translucent ink tank is used together,-andl +ight is used as transm ssion
nmeans, a user can see tank light. For exanple, it can easily be seen that
"the tank needs to be replaced", and the user can be rem nded of the need
for tank replacenment. In a conventional art, the light emtting neans is
di sposed in an operation button of the recordlng apparatus main body.
VWen the I|ghtt€ﬁ1F@Fﬁgaﬁﬁaﬁ§7en1%scﬂﬁgﬁ%ngthéadﬁség i &snetithichgdoftot he
tank replacement. However, the |light emtting means _frequently perforns
several di spl Byef DAELRGnEemyRE 648y T%@eﬁlﬁﬁéhnﬂhélﬁﬂsh@17e%ﬁtPPﬁg nmeans
emts the ligh user _cannot eaS|I¥ Punderstand meani n of emtted

light in many ié@éged Egt55+?|?9??onaﬁ PBERERGERFOHB géﬁﬁal gniPd@AGuct or

El ement on Li u urfac he solid s n1conggg ment, has a

hol l ow porti off® %h%ﬁﬁ TCHRCEG- o, ~GRETt rS &x t&&ﬂplued to
the solid sen1ggegyﬁﬁo&u§£gge?%$béu&plonQSceé%g}gggPékéggPﬁe ut5|de

resonance circui éven' tn ?nk Fank a

stable mmonetipfLyx: (SROPELIC Ei6! d) APEdScLE 2CtnBeNEER 638 moves

oscillation circuit out si de resonance
with movement of a cam 621 which meshes with the

carriage 607, and is moved/controlled by known
transmission means for transmitting the drive force
from the drive motor 602 by changing a clutch. An ink
jet recording controller for transmitting a signal to a
heat generator disposed in the head cartridge 601 and
driving/controlling the aforementioned respective
mechanisms is disposed on a recording apparatus main
body side, and is not shown in FIG. 24.

In the ink jet recording apparatus 600 having the
aforementioned constitution, the head cartridge 601
reciprocates/moves over a whole width of the printing
sheet P with respect to the printing sheet P conveyed
on the platen 609 by the recording material conveying
means. During the movement, when the drive signal
supply means (not shown) supplies the drive signal to
the head cartridge 601, the ink (recording ligquid} is
ejected to the recording material from the liquid
ejection head portion and the sheet is recorded.

Additionally, in FIG. 26 an outer covering of the

ink jet recording apparatus is not shown, but a



formed in the elenent. That is, the direction of the elenment wth respect
to the outside resonance circuit needs to be stabilized. However, when the
elenent floats in the ink or another liquid, the liquid surface - 76

vi brates by outside vibration, and elenent direction sonetinmes fluctuates.
Even in this case, the gravity center of75he floating type solid

sem conductor elenment is determned as follows, so that the el enment hol ds
its stable posture in the liquid. As shown in FIGS. 27A and 27B, when a
solid sem conductor elenent 210 forned as a sphere is floated in the
liquid, to obtain a balanced state as showmnm in FIG 27A, the follow ng

rel ati ons needt¥8rpeucesnt agpveriény pay hepusednsyck thasteni apskdpght W
and (2) a buoyancy action line neets with a weight action line (line
passed t hroughStRkegrani by Seffer)Whenpartegnsivaenfdinkptapkdéfor&&dan i nk
surface, and MC denotes a n§iacenter. Fgre, an intersection of the weight
action |ine i ntOPRENGGl aARQdL L8R} 17 qUSHEJEF | REARFMEF OB 7BSADSt hat he

buoyancy actionsl£ne during éi%t'n £so|¥d line i FIC% 27BL is.th
met acent er, andS&°df3Pafite hoB t&kgﬂ the °ﬁe?§%@ﬂ?3r 3hd®#He aﬁé%ytgecenter
G b b Bhh P BRET LB REQTTHACHP e Shckle SRk g beBR et
can be reminded of the need for tank replacement. In a
conventional art, the light emitting means is disposed
in an operaticn button of the recording apparatus main
body. When the light emitting means emits light, the
user is notified of the tank replacement. However, the
light emitting means frequently performs several
display functions. Therefore, even when the light
emitting means emits the light, the user cannot easily
understand a meaning of emitted light in many cases.
<stabilization of Floating Type Sclid Semiconductor
Element on Liquid Surface)>

When the solid semiconductor element has a hollow
portion as shown in FIGS. 9A to 9G, and the power is
supplied to the so0lid semiconductor element by the
oscillation circuit and outside resonance circuit shown
in FIG. 5, even in any state of the ink tank, a stable
magnetic £flux (magnetic field) needs to act between the
oscillation circuit and outside resonance circuit
formed in the element. That is, the direction of the
element with respect to the outside resonance circuit

needs to be stabilized. However, when the element

fleoats in the ink or another liquid, the liquid surface




a couple of forces (restoring force) acts in a direction to return the
ori gi nal bal anced position. A restoring force T is represented by the
following equation. - 77 T = WhsinO = Fhsin6 = pgvhsinO (>0) (18) Here, V
denotes a volune of the liquid discharged by the solid sem conductor

el ement 210, and pg is a specific weight76f-the solid sem conduct or

el ement 210. In order to set the restoring force T to be positive, h >0
is a necessary and sufficient condition. Then, the follow ng equation
results fromFI G 27B. h= (I/V)--CG (19) Here, | denotes an inertia nonment
around an 0 axis. Therefore, the followng relation is a necessary

condi ti on, sucﬁlPﬁ%feFhBYsBPFHiQEHYéBHEEé?BF andnghementoddresdioy | oat s

in the ink, lies the induced electronptive force fromthe outside

resonance C|rc petimgspf 4PFEREEBRal | FYEBnRNFRAE eS2FPE hTEEFEAVEAi on

ot U R 4 TN R TR

utilized for dfée&ekggmiggd as follows, so that the element holds its
stable posture in the liquid.

As shown in FIGS. 27A and 27B, when a solid
semiconductor element 210 formed as a sphere is floated
in the liquid, to obtain a balanced state as shown in
FIG. 272, the following relations need to be
established:

{l1) a buoyancy F = material weight W; and

(2} a buoyancy action line meets with a weight
action line {(line passed through the gravity center).

In FIGS. 27A and 27B, L denotes an ink surface, and MC
denotes a metacenter.

Here, an intersection of the weight acticn i1ine in
the balanced state {(dashed line in FIG. 27B) with the
buoyancy action line during tilting (solid line in FIG.
27B) is the metacenter, and a distance h between the
metacenter and the gravity center G is a height of the
metacenter.

The metacenter of the so0lid semiconductor element
210 is positioned higher than the gravity center G, and
a couple of forces (restoring force) acts in a

direction to return the original balanced position. A

restoring force T is represented by the following

equation.




liquid density will be described in detail. - 78 The pressure detecting
sensor shown in FIG 28 is a sem conductor strain gauge in which a piezo
resi stance effect in the polysilicon filmis utilized. The sensor is
formed in a constantly ink contacting position of the surface of the solid
sem conductor elenent fornmed of the sphefycal silicon. A polysilicon

resi stance layer 221 is forned as a partially raised diaphragmvia a

hol | ow portion 225 on the surface of a spherical silicon 200. A wring 222
formed of Cu or W is disposed in opposite ends of the raised region of

the polysilicon resistance |ayer 221. Mreover, the polysilicon resistance
| ayer 221 and wiring 222 gre _cqated with protective film223 f d of
SIN, and constitute pres u?éﬁﬁﬂf&%f lW@éhgg' Sg ss&?%’detectf%a?
principle by the pressure detecting sensor shown in FIG 28 will next be
described with reference to FIGS. 28 and 29. FIG 29 1is a circuit diagram
of a circuit for nonitoring an output fromthe polysilicon resistance

| ayer shown in FlGdleps, Yndepetepoa velume gefukbe Lhgnid déspBRroedi st ance
val ue of the polysilicon resistance |layer 221 is r. Then, the follow ng
current flows PHr5H§hsSahidniePeronduptor eleipept RGIRxr 8REr PP 817 Moreover,

olysilicon has a property such_that the
poly specgfgg welght of the solid semiconductor element 210.

In order to set the restoring force T to be
positive, h > 0 is a necessary and sufficient
condition.

Then, the following equation results from FIG.

27B.

h=(1/V)- CG (19)

Here, I denotes an inertia moment around an O axis.
Therefore, the following relation is a necessary
condition, such that the solid semiconductor element
210 steadily floats in the ink, supplies the induced
electromotive force from the ocutside resonance circuit
and bidirectionally communicates with communication

means outside the element.

(I/V) > CG (20}

{Pressure Sensor>
Here, one example ¢of the pressure sensor described

in the first embodiment and utilized for detecting the

liquid density will be described in detail.




resi stance val ue increases in proportion to - 79 displacenent. Therefore,
when the polysilicon resistance |ayer 221 is displaced by the pressure
change of a channel 212, the resistance value r of the polysilicon

resi stance | ayer 221 changes, and as a result a current i neasured by the
ameter 230 also changes. That is, the-dvsptacenent anount of the
polysilicon resistance |ayer 221 is knowmn fromthe change of the current
i, and the ink pressure can thereby be detected. This respect will be
described in further detail. Wen a length of the polysilicon resistance
| ayer 221 is L, and a sectional area is S, resistivity pis used to
represent a total rEBesPEASeEULe| deterhingosenaer FhowplAS FIS). Bérés when
the polysilicon resjstance |ayer 221 changes wth the pressure change, a
length is | ong® #@EicpRdugton’ gfraimygenge iljwhinbeavBiG80i ncreases. On
the other hand, the sectiogpal area is small, that is, S-AS. Moreover,
changes to p' .IRStEFaRFRehEEGhet athe i PRiBatliapn ofiiReifeytitaReR - val ue

) " adng ssflof "o ML 0y " EPLSRENEREL P51 IR LOMRaCRIAG

position of the surface of the solid semiconductor
element formed of the spherical silicon. A polysilicon
resistance layer 221 is formed as a partially raised
diaphragm via a hollow portion 225 on the surface of a
spherical silicon 200. A wiring 222 formed of Cu or W
is disposed in opposite ends of the raised region of
the polysilicon resistance layer 221. Moreover, the
polysilicon resistance layer 221 and wiring 222 are
coated with a protective film 223 formed of SiN, and
constitute pressure adjustment means.

A pressure detection principle by the pressure
detecting sensor shown in FIG. 28 will next be
described with reference to FIGS. 28 and 29. FIG. 29
is a circuit diagram of a circuit for monitoring an
output from the polysilicon resistance layer shown in
FIG. 28.

In FIG. 29, it is assumed that a normal resistance
value of the polysilicon resistance layer 221 is r.
Then, the following current flows through an ammeter
230.

i = VDD/{Ry+Rxr(R+xr}} (21)

Moreover, polysilicon has a property such that the

resistance value increases in proportion to




Furthernore, the follow ng equation results. - 80 AR =je! XSAL RP

S INSL = kgX AL (24) Here, kg denotes a change coefficient of the

resi stance value with respect to the strain. Mreover, when a bridge
circuit or the like is wused to detect a change AR of the resistance val ue,
the pressure fluctuation can be obtai nedg Polysilicon has a property such
that strain pressure changes with tenperature. Therefore, the pressure
detecting sensor including the polysilicon resistance |ayer 221 preferably
further conprises a tenperature sensor for nonitoring the tenperature of
the polysilicon resistance |ayer 221. That is, when a voltage VDD is
supplied to theigolasEdercon risssdfowe, wiarertlid podysihicemnper at ur e
sensor, the resistance change of the polysilicon resistance |ayer 221 by
an environnentedistanpey diayer chahdiss | dlswippmad diedthampcesserénk pressure
can be detected nore accurately. <Application of Solid Sem conduct or

El ement to Appwnaaushtthethanmsl |4 Talle rRedganemtvahienti oh HR been
descri bed above by way of an exanple in which the ink information of the
ink tank for @@ywkwq HE SRt IO AIRF ppardtanges P R%ed. The

present invention is not limted to - 81
result a current i measured by the ammeter 230 also

changes. That is, the displacement amount of the
polysilicon resistance layer 221 is known from the
change cof the current i, and the ink pressure can
thereby be detected.

This respect will be described in further detail.
When a length of the polysilicon resistance layer 221
is L, and a sectional area is S, resistivity p is used
to represent a total resistance value R as follows.

= pL/S  (22)

Here, when the polysilicon resistance layer 221 changes
with the pressure change, a length is long, that is, L
+ AL, and the resistance value increases. On the other
hand, the sectional area is small, that is, S-AS.
Moreover, p changes to p’. A relation between an
increase AR of the resistance value and an increase AL

of the length is represented as follows.

R+AR = PUE*AL)
5-AS

« PLopap_ P (23)
g S-AS

Furthermore, the following equation results.




this, and effective in detecting the information about the liquid
contacting the elenent fromthe outside. Here, an exanple will be descri bed
in which the solid sem conductor el enment of the present invention is
applied to an apparatus other than the ink tank. FIG 30 is a sectional
view of a water tube in which the solid &em conductor el enent of the
present invention is disposed. In the exanple shown in FIG 30, a solid
sem conductor elenment 153 of the present invention is fixed in a water
tube 151 through which the liquid flows in a shown arrow direction. The
solid sem conductor elenent 153 has the oscillation circuit (not shown)

as the energy converting neans, aqg?the; out ideAresonance circuit 152 for
supplying the power to the solid ﬁié%ﬁdgéigﬁ ment 153 via the
resonance circuit is disposed in the vi@inlty of the solid sem conductor

el ement 153 outside the water tube 151. \Wen the solid sem conductor

el ement 153 is disposed in the water tuybe A31l, the Eﬁﬁonance frequency
range by the outside resonance circuit” 5 varieé, and a liquid
property change can be read along the liquid flowin the water tube 151
fromthe output generated fromthe oscillation circuit in the solid

sem conductor elenent 153. FIG 31 is a schematic sectional view of a mcro

val ve in whi chydhe %i&ME&%%r%e deimiicQnd Ner BIESAOLiLoygaLion is
di sposed. As shown in FIG 31, in -
value with respect to the strain.

Moreover, when a bridge circuit or the like is
used to detect a change AR of the resistance wvalue, the
pressure fluctuation can be obtained.

Polysilicon has a property such that strain
pressure changes with temperature. Therefore, the
pressure detecting sensor including the polysilicon
resistance layer 221 preferably further comprises a
temperature sensor for monitoring the temperature of
the polysilicon resistance layer 221. That is, when a
voltage VDD is supplied to the polysilicon resistance
layer 221 via the temperature sensor, the resistance
change of the polysilicon resistance layer 221 by an
environmental temperature change is compensated, and
the ink pressure can be detected more accurately.
<Application of Solid Semiconductor Element to
Apparatus other than Ink Tank>

The present invention has been described above by
way of an example in which the ink information of the
ink tank for use in the ink jet recording apparatus is

detected. The present invention is not limited to




a mcro valve 160, a piezoelectric elenment 162 is attached to a wall
surface. The valve includes: a |liquid chanber 161 with a inflow port and
outflow port of the liquid formed therein; inflow valves 164a, 164b which
are disposed in the inflow port of the liquid chanber 161 and whi ch open
only inmardly in the liquid chanber 161;8%nd outfl ow val ves 166a, 166b
which are disposed in the outflow port of the liquid chanber 161 and

whi ch open only outwardly fromthe |iquid chanber 161. The inflow port is
connected to an inflow tube 163, and the outflow port is connected to an
outflow tube 165. Mreover, a solid sem conductor elenment 167 of the
present inventt®hsi s23¢x@Ee¢Rtive 17 (i teehimdethe 1sAforRathen nfbePdtval ve
160 shown in FI.G 31, .deflection/defor i on of _the pjezoelectric el enent
162 caused by”é‘?aplr%/‘?‘ﬁb‘gt%‘én%?‘f’a@% et e‘b‘?‘é‘io@F%‘Et{)ﬁ‘% °‘é’F§?~ré'ﬁt 162 is

utilized to change vol ume of _t | i guid q@anbe 161. as ﬁh wn,in FIGS

SoA hod 308, Toar. Fer@ i Sratnfe vt fs REEPEIndg RIS T s
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which the s0lid semiconductor element of the present
invention is disposed. In the example shown in FIG.
30, a solid semiconductor element 153 of the present
invention is fixed in a water tube 151 through which
the liquid flows in a shown arrow direction. The solid
semiconductor element 153 has the oscillation circuit
{not shown) as the energy converting means, and the
outside resonance circuit 152 for supplying the power
to the so0lid semiconductor element 153 via the
resonance circuit is disposed in the vicinity of the
solid semiconductor element 153 outside the water tube
151. Wwhen the so0lid semiconductor element 153 is
disposed in the water tube 151, the resonance frequency
range by the outside resonance circuit 152 is varied,
and a liquid property change can be read along the
liquid flow in the water tube 151 from the output
generated from the oscillation circuit in the solid
semiconductor element 153.

FIG. 31 is a schematic sectional view of a micro

valve in which the s0lid semiconductor element of the

present invention is disposed. As shown in FIG. 31, in




the outflow tube 165 out of the liquid chanber 161. Wen this operation is

repeated, the liquid can be transmtted to the outflow tube 165 fromthe

inflow tube 163 via the liquid chanber 161. The solid sem conductor

el ement 167 disposed in the liquid chanber 161 can detect a chemi cal

property change of the liquid in the |+g82d-chanber 161 with tinme. The

physi cal property is estimated fromthe detected chem cal property change,

and a driving condition of the piezoelectric elenent 162 can be

optimzed. As aresult, the mcro vale 160 showmn in FIG 31 can also be

applied to a quantitative punp, an ink jet head, and other devices for

ej ecting a condtBAETCaHBLYeE ggo}iauPHeH?GbP§F§}CFF€FmQBti%63 4Ehematic

sectional view of an ink% get device to which the_mcro valve showmn in FIG_
t

31 is applied®tBACheR fetadedttesyrhachown PR EREVe33NCLYAGFFsBs: a |iquid
hanb 171 t o, whi ' tr] | t 172 | t : |
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outflow 8 4 -
chamber 161; and outflow valves lée6a, 166b which are
disposed in the outflow port of the liquid chamber 161
and which open only outwardly from the liquid chamber
161. The inflow port is connected to an inflow tube
163, and the outflow port is connected to an outflow
tube 165. Moreover, a so0lid semiconductor element 167
of the present invention is fixed in the liguid chamber
le61.

In the micreo valve 160 shown in FIG. 31,
deflection/deformation of the piezoelectric element 162
caused by applying the voltage to the piezoelectric
element 162 is utilized to change a volume of the
liquid chamber 161 as shown in FIGS. 32A and 32B. That
is, when the piezoelectric element 162 is deformed as
shown in FIG. 327, the volume of the liquid chamber 161
increases, the inflow valves 1l64a, 164b then open, and
the liquid flows inteo the liguid chamber 161 via the
inflow tube 163. Thereafter, when the piezocelectric

element 162 is deformed as shown in FIG. 32B, the

volume of the ligquid chamber 161 decreases, the outflow

valves l66a, 166b then open, and the liquid flows to




port of the liquid chanber 171. A solid sem conductor elenent 177 is fixed
in the liquid chanber 171. A basic operation of the ink jet device 170
shown in FIG 33 is simlar to that of the mcro valve 160 shown in FIGS.
32A and 32B. \Wen the piezoelectric elenment 172 is driven, the liquid
supplied via the supply tube 173 is ejecBéd-as a liquid droplet fromthe
orifice 175a of the ejecting portion 175 via the liquid chanber 171. Even
in the ink jet device 170, the driving of the piezoelectric elenent 172 is
optim zed based on the detection result of the solid sem conductor

el ement 177, and a liquid droplet e%ection progert can be optim zed. As
descri bed abovE?etﬂBtgF%§eﬁPbFn%éﬁtP h PE ther &dEPLE PRABBEL APdg the

i nf ti bout t BR id || ; t i i.ch.the |i id
hona ea T St IRk dpeper i faol¥ 2BBRREEHY kR G s EarL it i bne
enbodi nents, the present .i i i | L ed h f
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the recording headpirgpsimytLLRGcbRAERLE" BEERBRL! 26y NE1ERbSEA! 1npPr I nter,

and controlling the printer in an optinum nethod, or maintaining the

inside of the tREK1i§udd cRRHHEYM §13L8n deBelt-a chemical property
change of the liquid in the liquid chamber 161 with
time. The physical property is estimated from the
detected chemical property change, and a driving
condition of the piezoelectric element 162 can be
optimized. As a result, the micro vale 160 shown in
FIG. 31 can also be applied to a quantitative pump, an
ink jet head, and other devices for ejecting a constant
amount of liguid droplets.

FIG. 33 is a schematic sectional view of an ink

jet device to which the micro valve shown in FIG. 31 is
applied. An ink jet device 170 shown in FIG. 33
comprises: a liguid chambexr 171 to which a
piezoelectric element 172 is attached; a supply tube
173 connected to an inflow port of the liguid chamber
171; and an ejecting portion 175 connected to an
outflow port of the liquid chamber 171 and having an
orifice 175a formed therein. Inflow valves 174a, 174b
which open only inwardly in the liguid chamber 171 are
disposed in the inflow port of the ligquid chamber 171,
and outflow valves 176a, 176b which open only outwardly

from the liquid chamber 171 are disposed in the outflow




Moreover, in the aforenmentioned respective enbodinents, the exanple in
which the solid sem conductor elenent is disposed in the ink tank, water
tube, mcro valve, or another apparatus for handling the liquid has been
descri bed, but the function of the solid sem conductor el enent may
directly be inparted to the apparatus. As84lescri bed above, according to the
present invention, since the function of acquiring the information about
the liquid (ink) and function of transmtted the acquired information to
the outside are fornmed in the elenent itself, the acquiring of the
information about the liquid and transmtting of the _information to the
outsi de can ef PPEFeft| jPBeliguidorhaBberat 1 cul &r #glidheaminensyriar

sem conduct or ilenent of the gresent i nvention_is apglied to the ink

tank, the drivPhg™8Rtthé7rd8of iR hRathPs Bt oPhalPebadédd-on the
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supply tube 173 is ejected as a liquid droplet from the
orifice 175a of the ejecting portion 175 wvia the liquid
chamber 171. Even in the ink jet device 170, the
driving of the piezoelectric element 172 is optimized
based on the detection result of the solid
semiconductor element 177, and a liquid droplet
ejection property can be optimized.

As described above, the present invention is
effective in obtaining the information about the liquid
in any apparatus in which the liquid is handled. 1In a
most preferahle case, as described in the
aforementioned embodiments, the present invention is
applied to the apparatus for supplying the ink
contained in the detachably attached ink tank to the
ink jet recording head, detecting the ink information
about an ink jet printer for printing the recording
sheet with the ink droplet ejected from the recording
head, transmitting the information to the ink jet
printer, and controlling the printer in an optimum
method, or maintaining the inside of the tank in an

optimum state.




elenment is utilized in respective color ink tanks for achieving color
recording will next be described. (Fifth Enbodinent) FIG 34 is a
schematic constitution diagram showing the ink jet recording apparatus
according to a fifth enbodiment of the present invention. An ink jet
recordi ng apparatus 1600 shown in FIG 34ggs-provided wth a carriage 1607
on which a liquid ejection head (not shown) for ejecting the
printing/recording ink droplet and respective color ink tanks 1500 for
holding the liquid to be supplied to the liquid ejection head are
nmounted. As the respective color ink tanks 1500, four color tanks of black
B, cyan C, nmgenta Nprgeveow iX¥ &the abantmdntRespdctespesdliivé sem conduct or
el enents 1011 having comuni cation functions with different response

condi tions areeibopdBedtrn the puappdei o wbich thk spdaks, and can

conmmuni cate with a communication circuit 1150 of the ink jet recording
appar at us 1600S8MiFEBEHCLAG: siB@eRhelfnfisnARedSHD. thge in¥mb@micat i on

circuit 1150 can communi cate w th_conmuni cation neans of the solid
seni conduct or WBF&RehBPge1P19Fe pBaLUC NPT hePPRREFaARPE5BE Sy £2Tr esonance

circuit 1102 constitute ency anuIato 15 I nduction coi
1151. The so||§an§£ﬁP€oﬁBﬁc%g?“i$ ﬁﬁﬁt §8%1 %ﬁﬁrﬁgﬁén %8§tgh resonance by
eIeCtronagnetlfuhggggﬁ SF Qﬂetggligsgggfggn EUIt lement may

directly be imparted to the apparatus.

As described above, according to the present
invention, since the function of acquiring the
information about the liguid (ink) and function of
transmitted the acquired information to the outside are
formed in the element itself, the acquiring of the
information about the liquid and transmitting of the
information to the outside can efficiently be
performed. Particularly, when the so0lid semiconductor
element of the present invention is applied to the ink
tank, the driving of the recording head is controlled
based on the information acquired by the solid
semiconductor element, and high-quality recording can
be performed. Concretely, even when the ink tank is
replaced with another ink tank, or a different type of
ink is inserted, this can be detected. Moreover, the
ink viscosity and surface tension changes are
estimated, the driving condition of the recording head
is optimized/controlled based on the estimation result,
and the stable ejection property can be kept.

A constitution in which the so0lid semiconductor




1102. In order to achi eve the comruni cati on functi on,

an i nduction coil

is wound around the surface of the solid senm conductor elenent 1011 as
shown in FIG 35. Mreover, to change the response condition of the

el ement for each color, the w nding nunber, length, and the like of the

coil L on the solid sem conductor elenenggfor each col or are changed
particularly in the present exanple, so that the resonance frequency
in the solid sem conductor elenment 1011 with each color. The
conmmuni cation circuit 1150 can nodul ate the el ectromagnetic inductio
frequency by the frequency nodul ator 1152. The resonance frequency of
solid sem condetewment| taentitbzedspopndespetvitdecotoroinkotahke for

differs

comuni cation is synchroni zed (tuned),

each color is achigveng Folorxuepbrdinpewilhenexhmbei descohbedrcuit

is in synchronization with the resonance frequency for a cyan color,
synchronous si ghafthsEpBedinertbnly fromthe solid sem conductor el ement
di sposed in the cyan-color ink tank, the circuit can communicate wt
el enent only with rBiBectt s §aF heMBE1e LFROF HEFYELOR ndbREERMON (when t he
synchroni zed siﬁnal s, . transmtted, oq&lqthe el enent in the_ cyan col

tank responds

1011 is

used to assenb §P¥%Lé%st$$¢%??d%

provi
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recording apparatus 1600 shown in FIG. 34 is provided
with a carriage 1607 on which a liquid ejection head
(not shown) for ejecting the printing/recording ink
droplet and respective color ink tanks 1500 for holding
the liquid to be supplied to the liquid ejection head
are mounted. As the respective color ink tanks 1500,
four color tanks of black B, cyan C, magenta M, yellow
Y are mounted.

Respective s0lid semiconductor elements 1011
having communication functions with different response
conditions are disposed in the respective color ink
tanks, and can communicate with a communication circuit
1150 of the ink jet recording apparatus 1600 disposed
outside the ink tank 1500.

The communication circuit 1150 can communicate
with communication means of the so0lid semiconductor
element 1011 disposed in the ink tank 1500 by a
resonance circuit 1102 constituted of a frequency
modulator 1152 and induction coil 1151. The solid
semiconductor element 1011 can communicate by resonance

by electromagnetic induction of the resonance circuit




the el ectromagnetic induction by the resonance circuit 1102 of the

comuni cation circuit 1150 can be converted to the power. Therefore, the
power for starting the circuit formed in the el enent can be supplied in
the non-contact nmanner. In the aforenentioned ink jet recordi ng apparat us,
for exanple, the comunication circuit 41189 transmts a signal with a
frequency equal to the resonance frequency for the cyan color to the tank
via an electromagnetic wave 1012 in order to exchange the infornmation
with the cyan-color tank. Then, the power is generated in the coil of the
el ement in the_cyan- color tank by the el ectromagnetic induction, and the
circuit in thelég%neninc%ﬁdﬁﬁ §¢ arthieventher spEMUBASAT iRBaFYCEACBequi ri ng
t he environnental,i$ﬁggnation of  the element or .the neans for trapsmtting

the environnefiBat? 19ROl th +hevBUPLi BECYRE HREpBUEHACEHOEh&NEi 1 cui t

in th | t h - tank, insjpde_inf ' d ted d

ot fied totnso Lt EFRLeoRreiesR FiendBk R0 Ll 85 PR oding tBneSPnner
tituti [ ' t . di f h

col'or and he MgERGHEE.  FobaTuEONCHES PLeSbaTER hidteaBhoBE e O P oot
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the like of the coil L on the solid semiconductor
element for each color are changed particularly in the
present example, so that the resonance frequency
differs in the solid semiconductor element 1011 with
each color. The communication circuit 1150 can
modulate the electromagnetic induction frequency by the
frequency mcdulator 1152. The resonance frequency of
the solid semiconductor element corresponding to the
color for the communication is synchronized (tuned),
and independent communication for each color is
enabled. For example, when the communication circuit
1150 is in synchromnization with the resonance frequency
for a cyan color, a synchronous signal is received only
from the so0lid semiconductor element disposed in the
cyan-color ink tank, the circuit can communicate with
the element only with respect to cyan-color tank inside
information (when the synchronized signal is
transmitted, only the element in the cyan color tank
responds to the signal).

Moreover, the solid semiconductor element 1011 is

provided with the induction coil L. Therefore, when

the coil is used to assemble the oscillation circuit,




signal of the electromagnetic wave 1012 transmtted fromthe comrunication
circuit 1150 in the recording apparatus 1600 and converting the

el ectromagneti c wave 1012 to a power 1013; and information acquiring nmeans
1015, discrimnation neans 1016, Information storing neans 1017, and

I nformati on transm ssion neans 1018 stard8®d by the power obtained by the
receiving and energy converting neans 1014. The receiving and energy
converting means 1014, information acquiring neans 1015 and information
transm ssion nmeans 1018 are preferably forned on the surface of the
element 1011 or_in the vicinity of the surface. The discrimnation neans
1016 receives the elgmbromagnehic olndecbhaynkYi EPRatesSenaDChnERTFHAL

recei ving and _ ener converting_neans (oscillatiﬁg circugt grovid d. with
the coil) 10141+820fh: ERe 15OPRREI R EIQRACTEFRLE r LAABnERT cPRat8n Y8152 dand
does not receige %he signal ¥€en %he nEﬁQs does npt re?on te. +n
Subsequently, “%p RS R Hing Fre %r%rg F BY¥The8f eBt70 1ﬁﬁeF|8 wave
1012, the neans, 0, i nf or [ I L] 5.t10 quire the
i nk tank insid§l§%¢%#fEé$%%# %%.gﬁ% %ﬂ%ﬁgﬁﬁ %%@?Bﬁa ggﬁ%%%%,l%nﬁﬁgolor

material concg, L@&ﬁpgctggén%ﬁgperature, and the like) as the

environnental 1n ormation of ! elgnent 10;1. The discrininatipn nmeans
conpares the acquirgd {RdKafHSden t1HAOA MBhK OFe Vi ¥:Qc5£‘§ih§fﬂi)ﬁﬁiggﬁs§t0red

in the information storing neans 1017, and judges whet her or -
for example, the communication circuit 1150 transmits a
signal with a frequency equal to the resonance
frequency for the cyan color to the tank via an
electromagnetic wave 1012 in order to exchange the
information with the cyan-color tank. Then, the power
is generated in the coil of the element in the cyan-
color tank by the electromagnetic induction, and the
circuit in the element can be started. Therefore, when
means for acquiring the environmental information of
the element or the means for transmitting the
environmental information to the outside are disposed
in the circuit in the element, the cyan-color tank
inside information can be detected and notified to the
outside.

FIG. 36 is a block diagram showing the inner
constitution of the so0lid semiconductor element 1011
disposed for each color and the exchange with the
outside.

The solid semiconductor element 1011 includes:
receiving and energy converting means {oscillation

circuit provided with the coil) 1014 for receiving a




not it is necessary to transmt the acquired tank Inside Information to the
outside. The information storing neans 1017 stores various conditions for
conparison with the acquired tank Inside information and tank I|nside

i nformation acquired fromthe information acquiring neans 1015. Here,
based on the condition set beforehand Lingghe information storing neans
1017, the discrimnation neans 1016 discrimnates the need for the tank
repl acenent, for exanple, when the Ink residual amount is 2 ml or |less or
when the ink pH largely changes. The information transm ssion neans 1018
converts the power to the energy for transmtting the tank inside

i nformati on tostigeadubsi tibe ehdctdowppryticrwavei L612hérnaskiltheidde
information to the outside based on the command of the discrimnation
means 1016. Th&remgitbei comnuhdcatkight cishupe, 186Poin thadirecwaddndsound,
and the |ike can be used as the transmtting energy. For exanple, when it
s judged thafPPRE2LHR L68PdaRR GABUATTLBRI2the 6lertysmagneddifd vave

emtted to transmt the need for_tank replacenent to the qutside.
Mor eover, the tPadskPs8i BAWEEsEPA3¢i BRY| {nfATPakifpt BFINATHLRE BERHFni cati on

Lol 190 o ghhe ol kel SOt 8PP 8L U BN R SR e
senses of si ghf, and 9830/ "dna THELDRLERLS +80mhG S48 HAUGE Hbal the raw
started by the power obtained by the receiving and
energy converting means 1014. The receiving and energy
converting means 1014, information acquiring means 1015
and information transmission means 1018 are preferably
formed on the surface of the element 1011 or in the
vicinity of the surface.

The discrimination means 1016 receives the signal
of the electromagnetic wave 1012 when the receiving and
energy converting means (oscillation circuit provided
with the coil) 1014 resonates by the received
electromagnetic wave 1012, and does not receive the
signal when the means does not resonate. Subsequently,
upon receiving of the signal of the electromagnetic
wave 1012, the means allows the information acquiring
means 1015 to acquire the ink tank inside information
{e.g., the ink residual amount, ink color material
concentration, pH, temperature, and the 1like) as the
environmental information of the element 1011. The
discrimination means compares the acquired tank inside
information with the information stored in the

information storing means 1017, and judges whether or




residual amount is 2 m or less, the sound is emtted. Wen the ink pH

| argely changes, light is emtted. The transm ssion nethod nay be changed
in accordance with the information in this manner. According to the fifth
enbodi nent, the solid sem conductor el enment having the conmunication
function of responding to the respectiveggolor ink tanks with different
frequencies is disposed, and the elenent can individually exchange the
information with the desired- color tank. Mreover, the solid sem conductor
el enent for each color converts the el ectromagnetic wave fromthe

comuni cation circuit disposed on the recording apparatus main body side
to the power fwoptsidrtisngechesadistei ficpasmin benacguifr@drdtandn acquiri ng
means, and information transm ssion neans in the elenment. Therefore, the
el ectric wiringngdds Apformatiern be thHer egtisydeonn&beed nfermad it si de, and
the el ement can be used in any position in the object, for exanple, in

the ink in mhiéﬁOFﬂnEsmﬂﬁpﬁiégﬁF EbOEBRNEErioNE cOPEditAiogsnifdthg directly
to the outside. Wien the elenment is dispgsed in the ink, the ink state can

accurately be GPEBBZESPR Pa&P tPReacRULLRE FERE 1PSide 1RTQITRSHY to
di spose nmeans %Bgmggnioukce in,tEe ﬁégsent ex§g§Ie% for §}oring t he
el ectronotive c ot P8 p8Pat PRGTPRELEP e ASHP IS0 HERE &Pent can
therefore be m nkalni28d 20dui2eHoHEIns" 1018 . "2HeY - vAs2a on the
condition set beforehand in the information storing
means 1017, the discrimination means 1016 discriminates
the need for the tank replacement, for example, when
the ink residual amount is 2 ml or less or when the ink
pH largely changes.

The information transmission means 1018 converts
the power to the energy for transmitting the tank
inside information to the outside, and
displays/transmits the tank inside information to the
outside based on the command of the discrimination
means 1016. The magnetic field, light, shape, color,
radio wave, sound, and the like can be used as the
transmitting energy. For example, when it is judged
that the ink residual amount is 2 ml or less, a sound
is emitted to transmit the need for tank replacement to
the outside. Moreover, the transmission destination is
not limited to the communication circuit 1150 of the
ink jet recording apparatus, and particularly the
light, shape, color, sound, and the like may be
transmitted to the human senses of sight and hearing.

Furthermore, when it is judged that the raw ink




pl ace. (Sixth Enbodi ment) Another enbodi nent will next be described. The
basic constitution of the solid sem conductor elenent is simlar to the
constitution shown in FIG 36, but the response condition in the

communi cation is different. Therefore, in the description, the sane
conponent as that of the fifth enbodi mrent9its-denoted wth the sane
reference nuneral. In the sixth enbodinent, different fromthe fifth

enbodi ment, the frequency to be tuned for the conmunication is the sane
with respect to all the elenents in the respective color ink tanks (the
resonance frequency determ ned by the w nding nunber, |ength, and the |ike
of the coil L reaighnalepmapnt is E2helsaheless.t hber sgpedt igecematied.

el enents). Different digital ID identifjication _functions are inparted to
the respectiveWbeBnEhResink PHhdaFgepBcENIBILEl ot 19BAKES ERALLSHK ofPEhe
color for the comrunication is identified by digital ID _and it . hs j udged
whet her the coffARERLPFLAT| Bethat BaYPe Hp§ég?gd}nF?€9°§§3P§eaﬁlt

expl anat ory vi&glot ? conffgt bx ﬁhich the digital IDis exchanged between
the communi catPBniBF PEERFLIR 50" ohPERMPRREF di ng apparatus main body side

Rfft g to Fia s5ocefnPhe kRorRe E0% . PHpSaERbhelIRg LEaBlC (o0,
affix - 93

semiconductor element having the communication function
of responding to the respective color ink tanks with
different frequencies is disposed, and the element can
individually exchange the information with the desired-
color tank.

Moreover, the solid@ semiconductor element for each
color converts the electromagnetic wave from the
communication circuit disposed on the recording
apparatus main body side to the power for starting thg
discrimination means, information acquiring means, and
information transmission means in the element.
Therefore, the electric wiring does not have to be
directly connected to the outside, and the element can
be used in any position in the object, for example, in
the ink in which it is difficult to connect the
electric wiring directly to the outside. When the
element is disposed in the ink, the ink state can
accurately be grasped in real time. Furthermore, it is
unnecessary to dispose means (power source in the
present example} for storing the electromotive force
for operating the element, and the element can

therefore be miniaturized and used even in the narrow




i ndicating that D3 is a hexadeci mal nunber) (FIG 37A), the communication
circuit 1150 converts this to a binary nunber K11010011" (FIG 37B), and a
correspondi ng el ectromagnetic i nduced waveformis forned (FIG 370 . It is
assuned that a digital "value 1 is a sine wave of one period, and 0 is an
output 0. Wien the comunication circulitgd150 transmts the waveformto
the solid sem conductor elenment 1011 by electromagnetic induction (FIG
37D), the elenment in the ink tank is tuned and obtains the simlar
waveform wth the coil L on the element 1011 (FIG 37E)- The elenent 1011
converts the waveformto a digital binary nunber string by a conparator
circuit, and thmkaceke (FIG 37F), and can obtain D3h as the digital ID
(FIG 37G. FIG 38 shows an operation flow for using the exchange of the
digital 1D to &8tpthcEnthedimeRt)nside information of the specific color.
First, when the ID of the response condition of the ink tank for the
comuni cat i on (D3h-%%Otmﬁicﬁ@ﬁ?@&mﬁﬁi|%1%h|%e%ﬁs%? fescxipbedt edThehe
comuni cation circuit 1150 converts the [ID to a binary nunber arrangenent
by a shift redgP@sts condbitmbivy of the sokkd %%m&%??gu?ﬁﬁraﬁiﬁﬁﬁﬁﬁent to

t he correspondi ng el ectromagneti c wavef orm an trans form
Duri ng thepcth%?§+T%ﬂa7o?og%R%nﬁ?%St%E%£b?%a§ O%ﬁnb%p}%éraﬁgeﬁﬁﬁ

mul tiplied by _the_ sine wave o %he sanme,_period in. A ate- The - 94
the response condition In the communication Is

different. Therefore, in the description, the same
component as that of the fifth embodiment is denoted
with the same reference numeral. In the sixth
embodiment, different from the fifth embodiment, the
frequency to be tuned for the communication is the same
with respect to all the elements in the respective
color ink tanks (the resonance frequency determined by
the winding number, length, and the like of the coil L
on the element is the same for the respective color
elements). Different digital ID identification
functions are imparted to the respective elements in
the respective color tanks, the tank of the color for
the communication is identified by digital ID, and it
is judged whether the communication is enabled or
disabled.

FIG. 37 is an explanatory view of a concept by
which the digital ID is exchanged between the
communication circuit 1150 on the recording apparatus
main body side and the so0lid semiconductor element 1011

by electromagnetic induction. Referring to FIG. 37,

first when the digital ID is set to D3h (h is an affix




solid sem conductor elenent 1011 acquires the sanme waveform as the
transmtted el ectromagnetic i nduction waveformwth the coil. The waveform
is converted to a binary nunber, and a hexadeci nal nunber is then

obtained by a converter disposed in the discrimnation neans 1016 of the
solid sem conductor elenent 1011. Subsequentdy, the discrimnation neans
1016 conpares the acquired | D of hexadeci mal nunber with the
identification I D of hexadeci mal nunber pre-stored in the information
storing neans 1017. Wen the conpared |Ds agree with each other, the

i nformati on subsequent to the IDis received. In case of disagreenent, the
i nf ormati on i sibtcalcaeptidpt veni s e heraderinah nunkeekpt BHG as3dbieri bed
above, the discrimnation neans 1016 allows the information acquiring
means 1015 to HEFTEYHHECR HION tGHICH S| W0 Q RrTRETDntRES gt Bhe ink

concentration, . residual amunt hysi cal_property, and the like) as the
envi r onnent al ‘?W%FW‘}‘%}?‘F%?‘ ]t]rﬂalfg‘? ; n@FIitg‘llﬁw }szt’b‘gr"i‘jance Wi t%} t he
accepted infornation as shomnhiqaéFlG. 306. Igﬁidi%irinin tion, neans
conpares the HEGHIRP I FHE FEOTFIV AT i GHYFTH YR Brhetion  stored
in the infor ' taring S 7, ' t her. | red
tank i nside {Tﬁ#éolggn% i@#dl'nee S ’to]]gt:a_ %Zér%m?u%ﬁ%%e&oﬁé%e%%%
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When the communication circuit 1150 transmits the
waveform to the solid semiconductor element 1011 by
electromagnetic induction (FIG. 37D), the element in
the ink tank is tuned and obtains the similar waveform
with the coil L on the element 1011 (FIG. 37E). The
element 1011 converts the waveform to a digital binary
number string by a comparator circuit, and the like
{FIG. 37F), and can obtain D3h as the digital ID (FIG.
37G).

FIG. 38 shows an operation flow for using the
exchange of the digital ID to acquire the tank inside
information of the specific color. First, when the ID
of the response condition of the ink tank for the
communication (D3h as the digital ID in this case) is
selected, the communication circuit 1150 converts the
ID to a binary number arrangement by a shift register
(not shown} or the like, converts the arrangement to
the corresponding electromagnetic waveform and
transmits the waveform. During the conversion, for
example, the binary number arrangement is multiplied by

the sine wave of the same period in AND gate. The



i nformation to the outside by the command of the discrimnation neans
1016, and displays/transmts the tank inside information to the outside.
According to the sixth enbodi ment, the solid sem conductor el enent having
t he communi cation function for a response with the communication protocol
using the different IDidentification fo4the respective color ink tanks
I s disposed. Therefore, simlarly as the first enbodi nent, the el enent can
i ndividually exchange the information with the desired col or tank.

Mor eover, the power for starting the circuit in the elenment can be
supplied in the non-contact manner, and therefore the el enent can be used
even in the i nkelid semivonducierelensnt clPll Feaeheesnbhe, s8MfAce each
color ink tank is identified by the digital 1D in the sixth_enbodi nent, a
| ar ge nunber ofaY§fEm ois t bk stEamspit ¥t o bec ksomaghphi e dinfrAtiAB
constitution of the fifth enbodinent. Additionally, t{he detec%i n _of the
ink type stor VTR RK Bagicoiti pERYeCRY bR ais oRRPEBhH th &Pi 8n

exanple in which the afarenenti gned soljd senjconductor enent is
utilized. FI GPXATY URRLk %‘?fg %ﬁ%@%%ﬂh@“‘f‘ ‘ﬁﬁrlscg%%?itution of the

ool 1, sori conduct oln AP CARREL LIS Spalea SIROFAPHL g0L R, B R
el ement 91 Sh%%@aﬁ@ fﬂf% é@ fﬁgmgéfﬁ§;sémfﬁknductor element 1011.

Subsequently, the discrimination means 1016
compares the acquired ID of hexadecimal number with the
identification ID of hexadecimal number pre-stored in
the information storing means 1017. When the compared
IDs agree with each other, the information subsequent
to the ID is received. In case of disagreement, the
information is not accepted.

When the information is accepted as described
above, the discrimination means 1016 allows the
information acquiring means 1015 to acquire the ink
tank inside information (e.g., the ink concentration,
residual amount, physical property, and the like) as
the environmental information of the element 1011 in
accordance with the accepted information as shown in
FIG. 36. The discrimination means compares the
acquired tank inside information with the information
stored in the information storing means 1017, and
judges whether the acquired tank inside information
needs to be transmitted to the outside. The
information transmission means 1018 converts the power

to the energy for transmitting the tank inside



energy converting neans 94 for converting an electronotive force 92 as the
outside energy supplied to the elenent 91 fromthe outside Ain the
non-contact nmanner to a power 93; and light emtting nmeans 95 for using

t he power obtained by the energy converting neans 94 to emt light. The
element is disposed in the ink in the ¢nft5tank. The light em tting nmeans
95 is constituted of the photodiode, and the |ike. Additionally, the

el ectromagnetic induction, heat, |light, ray, and the |i ke can be applied
as the electronotive force supplied to operate the elenment. Moreover, the
energy converting neans 94 and light emtting nmeans 95 are preferably
formed on the &néaEmatigprtactheroppsipe PYCF%Et?OGFaﬂﬁe°§u¢E&ce In this
enbodi ment, when the electronotive force 92 is applied to the elenent 91
fromthe outS|GésﬁFthéatéﬁér@9366n%84§v @nﬁe§ﬁ§Pg§Y§6ﬁF§P§§1Fﬁethe

el ectronotive force 92 to,the power 93, and the light emtting neans 95
uses the power tank; gngpfle FPGHFRQBIOK §Pr§ﬁ§tﬂu5Fl ghe light 96 enitted

fromthe |ight emt det ect de.B. M
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the different ID identification for the respective
color ink tanks is disposed. Therefore, similarly as
the first embodiment, the element can individually
exchange the information with the desired color tank.
Moreover, the power for starting the circuit in the
element can be supplied in the non-contact manner, and
therefore the element can be used even in the ink in
which wiring is difficult.

Furthermore, since each color ink tank is
identified by the digital ID in the sixth embodiment, a
large number of types of tanks can be handled as
compared with the constitution of the fifth embodiment.

Additionally, the detection of the ink type stored
in the ink tank will be described as one constitution
example in which the aforementioned solid semiconductor
element is utilized.

FIG. 39 is a block diagram showing the inner
constitution of the s0lid semiconductor element
according to one embodiment of the present invention
and the exchange with the outside. A solid

semiconductor element 91 shown in FIG. 39 comprises:



I ncluding the electronotive force supplying neans is wused, the ink tank

I nsi de state can be known without the ink jet recordi ng apparatus. For
exanple, the elenent may be used for a test purpose in a plant, store,
and the like (quality control). FIG 40 is a schematic constitution diagram
of the ink tank using the solid sem condkt-or el enent of the present

I nvention. A solid sem conductor elenent 1526 shown in FIG 40 floats in
the vicinity of the liquid surface of a raw ink 1522 in an ink tank 1521.
An electronotive force is induced by an outside resonance circuit (not
shown) di sposed outside the ink tank 1521 by el ectromagnetic induction.
The phot odi 0deeRRBPHSERNVEHEEME MeanHi T4 AT teRUVET ¥ NG edP conduct or el enent
1526 is driven to emt |light. The light is transmtted through the ink

1522 and recei YERFHFPBRL IR STAHCT | YhtaS sEMR oPUUSHIP oPNEHSY | RRPPARRI1521,
Tl e R s A
ool 11 ci ont paRENSE P el T Vel i TP EEAPS o485 15 505 nm The
ek of e TR B0, SISk dl A YELL Sl CoRpEt A0aihyt 1
o oy 518 s R O Wl o0 Sbea  Mink il 0 the
in the ink tank. The light emitting means 95 is
constituted of the photodiode, and the like.

Additionally, the electromagnetic induction, heat,
light, ray, and the like can be applied as the
electromotive force supplied to operate the element.
Moreover, the energy converting means 94 and light
emitting means 95 are preferably formed on the element
surface or in the wvicinity of the surface.

In this embodiment, when the electromotive force
92 is applied to the element 91 from the outside A, the
enerqgy converting means 94 converts the electromotive
force 92 to the power 93, and the light emitting means
95 uses the power 93 to emit light 96. A strength of
the light 96 emitted from the light emitting means 95
is detected by the outside B.

Moreover, in the method of supplying the outside
energy, for use in the ink jet recording apparatus, the
means for supplying the electromotive force to the
element as the outside energy may be disposed in the

recovery position, return position, carriage, recording

head, and the like. Additionally, when the apparatus




nmis emtted fromthe solid sem conductor elenent, transmtted through
the ink, and received by the |ight sensor 1550 (see FIG 40) disposed
outside the ink tank. Then, the nost absorbed wavel ength is detected, and
the color of the ink through which the light is transmtted can be
identified. Mdreover, as seen fromFlI G-4497 the respective yellow,

magenta, cyan and black inks are clearly different fromeach other in the
absorption coefficient in a wavelength of 500 nm For the absorption
coefficient of the respective color inks in the wavelength of 500 nm
magent a has about 80% black about 50% yellow about 20% and cyan about
5% Ther ef or einehedingi bhefelpetsernehigve Horedesiprlyingneganseds| i ght
(transmittance) to the strength of light emtted by the solid

seni conduct or BF@fenthqi trk Fauketnsidetpbaleghenhhei kgovRewhtienéngt h of
500 nmis detected, and therefore the color of the ink throu h whi ch the
light is transﬁ??téﬂkcéﬁtbﬁe?ﬁﬁﬂ%Fgl@HPaﬁﬂﬁvﬁronﬁPFyex?ﬁPéﬁy B&e, when one
type of the #ld sen1co duct or %enent i s, di sposed |n the, different ink

tanks, a plura? eUeE Tak ?p%§e@a °he? BFEEi RYERPeRBAI™NBrBYBBF, in the ink
j et recording g@g@éatg€ oﬁ% piyﬁ ng%%gé res$ﬂ ¥%%? ink tanks are attached

to predetermhed pbsi . nk type contained in
each ink tank. Th'Spf@Psﬁth§|Qn5@H¥mat§8 constitution diagram of the

ink tank using the so0lid semiconductor element of the
present invention. A solid semiconductor element 1526
shown in FIG. 40 floats in the vicinity of the liquid
surface of a raw ink 1522 in an ink tank 1521. An
electromotive force is induced by an outside resonance
circuit (not shown) disposed outside the ink tank 1521
by electromagnetic induction. The photodiode disposed
in the vicinity of the so0lid semiconductor element 1526
is driven to emit light. The light is transmitted
through the ink 1522 and received by an outside light
sensor 1550 of the ink tank 1521.

FIG. 41 shows an absorption wavelength of an
representative ink (yellow (¥Y), magenta (M), cyan (C),
black (B)). As seen from FIG. 41, in the respective
vellow, magenta, cyan, and black color inks, absorption
coefficient peaks are dispersed in a wavelength band of
300 to 700 nm. The peak of the absorption coefficient
of a yellow ink is about 390 nm, that of a magenta ink
is about 500 nm, that of a black ink is about 590 nm,
and that of a cyan ink is about 620 nm. Therefore, the

light including the wavelength in a range of 300 to 700




i nclude nmeans for issuing a warning to the user when the |ight sensor 1550
havi ng received the light transmtted through the ink in the ink tank
detects that the ink tank is attached to an inappropriate position. In
this case, exanples of the warning nmeans include light emtting neans such
as a |l anmp, sounding neans such as a buzz&B,-and the |ike. The user can be
I nformed by the warning of the warning neans that the ink tank is attached
to the incorrect position, and can again attach the ink tank to the
original position Alternatively, the ink jet recordi ng apparatus nmay

i ncl ude control neans for §ontro|| ng the recordin head with the ink
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Moreover, as seen from FIG. 41, the respective
yvellow, magenta, cyan and black inks are clearly
different from each other in the absorption coefficient
in a wavelength of 500 nm. For the absorption
coefficient of the respective color inks in the
wavelength of 500 nm, magenta has about 80%, black
about 50%, yellow about 20%, and cyan about 5%.
Therefore, the ratio of the strength of the ink
transmitted light {(transmittance) to the strength of
light emitted by the solid semiconductor element with
respect to the light having the wavelength of 500 nm is
detected, and therefore the color of the ink through
which the light is transmitted can be identified.

Additionally, in any case, when one type of the
s0lid semiconductor element is disposed in the
different ink tanks, a plurality of ink types can be
distinguished.

Moreover, in the ink jet recording apparatus, a
plurality of respective ink tanks are attached to
predetermined positions in accordance with the ink type

contained in each ink tank. This constitution may




converted by the energy converting neans. Therefore, the light emtted
fromthe solid sem conductor elenent is transmtted through the ink, the
strength of the transmtted light in the certain wavelength is detected,
and thereby the ink type can be identified. According to the present

i nvention, the solid sem conductor el e has a communication function of
acquiring the environnental information and transmtting the information
to the outside, only when the signal of the electronagnetic wave fromthe
outside neets the predeterm ned response condition. Therefore, the
environmental information for each el ement can independently be obtained.
Mor eover, sincénghiedepearfafePbniesnindracvarnipgi bRalhg Beer when
ach|red/transn1tted as conpared with the use of the E sem conduct or
el ement, |ittlEheetiohti$eRseE 13 3P oReeta% ?ﬁ%eFHFGrFB?l gFansnission

direction. Therefore e environnental info ti ently be
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means such as a buzzer, and the like. The user can be

informed by the warning of the warning means that the
ink tank is attached to the incorrect position, and can
again attach the ink tank to the original position.

Alternatively, the ink jet recording apparatus may
include control means for controlling the recording
head with the ink supplied thereto from the attached
ink tank in accordance with the ink type, when the
light sensor having received the light transmitted
through the ink in the ink tank detects the attachment
of the ink tank to the inappropriate position. In this
case, even when the user attaches the ink tank to the
wrong position, an image is automatically and
appropriately recorded. Therefore, the user does not
have to pay attention to the attachment position of the
ink tank.

As described above, the solid semiconductor
element of the present invention includes the energy
converting means for converting the energy from the
outside to the different type of energy, and light

emitting means for emitting light by the energy




the ink ejection. Particularly when the respective solid sem conductor

el ements are disposed in a plurality of ink tanks, and only when the
signal of the received electromagnetic wave neets the predeterm ned
response condition, the information is acquired in response to the
received signal. The discrimnated resu tigaf - conparison with the stored

I nformation can be transmtted to the outside together with the acquired

i nformati on. When the response condition is changed for each tank, the

i nformati on for each ink tank can independently be obtai ned. Therefore,
the user can replace the ink tank in which the ink is used up w thout any
m st ake. Furt h€PRBeEtedhbypbher ehergyperavengingemeansd Foeiredodect or
element is supplied to the elepent in the non-contact manner. In this
constitution, Fpeidighhnepéssafyfremditbgoselifesppherndygteos rdemendrting
the elenment in the ink tank, or to conpnect the power supplying wiring to
the el enent. THE EFeRsmitted pBroughqths PHE-ngéeSWHQPStBtOFS $efficult to

directly connect the W ri t he _outside. Mreover, since the elenment
functions in tRESDFBERFED DPobReIParRe: ReFhatinuRYESRPAE Tonner, ¢ ho
o et can "aaghgceoRluah: blarBhy COLR" 1k cORE PR bhSBasiisRNE e
conduct or FOil of tRSc8§&££§a£$°9hé ﬁggsent invention, the solid
semiconductor element has a communication function of
acquiring the environmental information and
transmitting the information to the outside, only when
the signal of the electromagnetic wave from the outside
meets the predetermined response condition. Therefore,
the environmental information for each element can
independently be obtained. Moreover, since the
information can three-dimensionally be
acquired/transmitted, as compared with the use of the
planar semiconductor element, little restriction is
imposed on the information transmission direction.
Therefore, the environmental information can
efficiently be acquired and transmitted to the outside.
Moreover, when at least one solid semiconductor el
ement is disposed in the ink tank, the information
about the ink contained in the ink tank, pressure in
the tank, and the like can be transmitted, for example,
to the ink jet recording apparatus disposed outside in
real time. This is advantageous in controlling the
negative pressure amount in the tank which changes with

the ink consumption every moment, and in stabilizing




circuit is wound around the outer surface of the solid sem conductor

el enrent, and the power is generated in the conductor coil by

el ectromagnetic induction with the outside resonance circuit, so that the
power can be supplied to the element in the non-contact manner. In this
case, since the coil is wound around theloal enent outer surface, the size
of inductance of the <coil changes in accordance with the ink residual
anount, ink concentration, and ink pHin the ink tank. Therefore, since
the oscillation circuit can change the oscillation frequency in accordance
wi th the inductance change, the ink residual anmount in the ink tank, and
the |ike can athe bekdejeetdenbased on the changed oscillation frequency.
Mor eover, since the solid sen conductor elenment has the_hollow portion for
floating in the |iqBRrBEthgalarke whew thecEptReChbiVengoti€ment is positioned
below the center of the elenent, for exapgple, the.recordin .headfand I nk
tank nounted oRCTHEOPHARCTRE ?%%%?HFﬁgarﬁpgg?%?ﬁg s%?i%l?€u5%é?§ye? Even

wh he ink i he__jnk k icall d. hori h
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the received signal. The discriminated result of

comparison with the stored information can be
transmitted to the outside together with the acquired
information. When the response condition is changed
for each tank, the information for each ink tank can
independently be obtained. Therefore, the user can
replace the ink tank in which the ink is used up
without any mistake.

Furthermore, the power for operating the solid
semiconductor element is supplied to the element in the
non-contact manner. In this constitution, it is
unnecessary to dispose the power source for starting
the element in the ink tank, or to connect the power
supplying wiring to the element. The element can be
used in the place where it is difficult to directly
connect the wiring to the outside. Moreover, since the
element functions in the vicinity of the tank in the
non-contact manner, the element can handle a plurality
of colors in one position. Moreover, the information
can be transmitted even during printing.

For example, the conductor coil of the oscillation




bi di rectional conmmunication is also constantly enabled. A constitution in
whi ch the solid sem conductor el enent is utilized as inner pressure

adj ustment nmeans of the ink tank will next be described. (Seventh

Enbodi nent) A seventh enbodi nent of the ink tank of the present invention
wi || next be described. Here, in a constigizuti on exanple, the ink can be
supplied to the outside via the ink supply port of an ink tank having a
doubl e chanber structure as shown in FIG 6 with high reliability. In the
i nk tank having the double chanber structure shown in FIG 6, as described
above, while the ink is supplied via the ink supply port 53, first the
ink is isotropcidakhytcoaswowddf appunfiethegatter sprésser efgdher asoildd nenber
of the negative pressure generating chanber 51 with respect to the ink
supply port 58emigendupbornkleunehticeandathespoWercéangenesategat® 50b, the
at nrosphere having entered the negative ressure generation chanber 51
flows into thethgkcorfamber SQl%iEYtﬁéeégﬁﬁ@éSPéﬁlﬁaﬂﬁdHGE}O?hylth

correspondi ng ampunt of ink is introduced into the negative pressure
generation chahBeroBtsifg Fererphke chhrBiF-55° Hhatt geiRRWPﬁ Ry PRk

chanmber 52 is con gg&d ingﬁead o& cgnsunlgg the_Lgk inttge negative
pressure generﬁ??ﬂs nb@r the ALE™ERE {RkTREr FReCORLPETy™@REfdes in the
negative pressure gfge£ﬁiéngaée}oéince the coil is wound around the
element outer surface, the size of inductance of the
coil changes in accordance with the ink residual
amount, ink concentration, and ink pH in the ink tank.
Therefore, since the oscillation circuit can change the
oscillation frequency in accordance with the inductance
change, the ink residual amcunt in the ink tank, and
the like can also be detected based on the changed
oscillation frequency.

Moreover, since the solid semiconductor element
has the hollow portion for fleoating in the liquid and
the gravity center of the element is positioned below
the center of the element, for example, the recording
head and ink tank mounted on the ink jet recording
apparatus serially operate. Even when the ink in the
ink tank vertically and horizontally rocks, the element
floats steadily in the ink in the ink tank, and the
information about the ink, pressure in the tank, and
the like can precisely be detected. Additionally, the
coil of the oscillation circuit formed on the element

is held in the stable position with respect to the coil

of the outside resonance circuit, and stable




menber in this state (hereinafter referred to also as "during gas-liquid
exchange"), the negative pressure anount becones constant with respect to
the ink jet head, and the ink jet head can constantly be operated wth a
stabl e ejection anmount. However, when the ink consunption anount fromthe
i nk supply port 53 is larger than the-i dl@3supply anopunt to the negative
pressure generation chanber 51 fromthe ink chanber 52 during gas-liquid
exchange, an ink path between the ink chanber 52 and the ink supply port
53 of the negative pressure generation chanber 51 is interrupted or the

negative pressure, generatron chanber 51 cannot _be refilled wt %
sufficient anoBABLISPCEARDAL SBRBURisationnpis ﬁFBBIEHPF§a§5FVe8nBP Eﬂanglng
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the problem T ere ore, ereis a deman r-a function of nonentarily

handl i ng t he ahobba E urrence of the problemis expected.
Therefore, an in gkmﬁav?ng ? e?double chanber structure simlar to that

of FIG 6 and havi nﬂ §EGQnthn¥ﬁBE&¥ﬁe£Hn6fl9He|§nﬁr€99ﬁedfh€hé FIG 42 is
a schematic sectional view show ng the -
present invention will next be described. Here, 1in a
constitution example, the ink can be supplied to the
outside via the ink supply port of an ink tank having a
double chamber structure as shown in FIG. 6 with high
reliability.

In the ink tank having the double chamber
structure shown in FIG. 6, as described above, while
the ink is supplied via the ink supply port 53, first
the ink is isotropically consumed from the negative
pressure generating member of the negative pressure
generating chamber 51 with respect to the ink supply
port 53. When the ink surface reaches the connection
path 50b, the atmosphere having entered the negative
pressure generation chamber 51 flows into the ink
chamber 52 via the connection path 50b. The
corresponding amount of ink is introduced into the
negative pressure generation chamber 51 from the ink
chamber 52, and the ink in the ink chamber 52 is

consumed instead of consuming the ink in the negative

pressure generating member. Since the ink surface

hardly changes in the negative pressure generating




seventh enbodi ment of the ink tank of the present invention. In the ink
tank having the doubl e chanber structure (simlarly as FIG 6) shown in
FIG 42, a solid sem conductor elenent 1004 (first nonitor nmeans) having
a pressure sensor (pressure detecting neans) for detecting the pressure
fluctuation is disposed in a negative prissure generati on chanber 1001. A
solid sem conductor elenent 1005 (flow rate adjustnent apparatus) having
an open/cl ose valve is disposed in a connection path 1050b, receives a
pressure signal from the solid sem conductor el enent 1004, and adjusts a

flow rate of connectign gath 1050b 8% the open/close valve. Additionally,
the solid seni BEHBGTt &P PéﬁeﬁFatTO eRgdfette hEeErEEELedO0RLEA BH t i ne

at which ink s orta occ ggas | | UId interface shown by a dotted Iine
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%0 larger than the ink supply amount to the negative
pressure generation chamber 51 from the ink chamber 52
during gas-liquid exchange, an ink path between the ink
chamber 52 and the ink supply port 53 of the negative
pressure generation chamber 51 is interrupted, or the
negative pressure generation chamber 51 cannot be
refilled with a sufficient amount of ink in some case.
This problem is solved by changing the material of the
negative pressure generating member around the ink
supply port 53 to a material having an ink absorption
force higher than that of a place other than the
periphery of the ink supply port 53 (e.g., PP pressed
material). However, in this measure, it is impossible
to expect the occurrence of the problem and momentarily
(digitally) handle the problem. Therefore, there is a
demand for a function of momentarily handling the
problem when the occurrence of the problem is expected.
Therefore, an ink tank having the double chamber

structure similar to that of FIG. 6 and having such

inventive function is proposed here.

FIG. 42 is a schematic sectional view showing the




means. The solid sem conductor elenent of the second enbodinent is
utilized as an open/cl ose val ve apparatus disposed in the connection path
1050b in this manner. However, the valve apparatus is not limted to the
solid sem conductor elenent, as long as the valve apparatus can adjust the
flow rate of the connection path in the dnh-contact manner without any
power source in the present invention. Furthernore, a solid sem conductor
el enent 1006 (second nonitor nmeans) having control nmeans for detecting
the ink residual anmount and fully opening the open/close valve of the

el enent 1005 when the anpunt drops to a glven amount | evel is floated on
the ink surfaéEVPHtPhEmPHQlEﬁaﬁbQF tB62ipk ﬁé&§s§§r§heTﬁéesﬁ€Fhod of
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drops tothe Iimt~line (dotted l'ine o bel ow which an’'ink - 107
detecting the pressure fluctuation is disposed in a

negative pressure generation chamber 1001. A solid
semiconductor element 1005 (flow rate adjustment
apparatus) having an copen/close valve is disposed in a
connection path 1050b, receives a pressure signal from
the s0lid semiconductor element 1004, and adjusts a
flow rate of connection path 1050b by the open/close
valve. Additionally, the solid semiconductor element
1004 needs toc be disposed on & 1imit line at which ink
shortage occurs {(gas-liquid interface shown by a dotted
line in FIG. 42) in order to prevent the ink shortage
beforehand. Reference numeral 1010a denote a partion
wall.

Moreover, the first or second embodiment
{(constitution of FIG. 3 or FIG. 11) can be applied to
the solid semiconductor element 1004. In this case,
the information acquiring means in the element 1004 is
a pressure sensor. On the other hand, the solid
semiconductor element 1005 can be constituted by
replacing the information transmission means of the

second embodiment (constitution of FIG. 11) with the

open/close valve and omitting the information acquiring




path is possibly interrupted during the gas-liquid exchange, and then the
solid sem conductor el enent 1004 noves above the liquid surface and is
exposed to the atnosphere. A state in which the liquid is present in the
negative pressure generating nenber around the elenent 1004 changes to a
state in which the liquid is elimnatedjognd then the pressure fluctuation
Is caused. The pressure sensor of the elenent detects the pressure
fluctuation, and the state in which the ink path to an ink supply port
1003 fromthe ink chanber 1002 is interrupted can be detected beforehand.
Subsequently, the solid sem conductor elenent 1004 transmts pressure
fluctuation inheamati ofhebsalnédsbypicbhduptessalemesnsof thet secsald d

sem conductor elenment 1005 of the connection path 1050b. The solid

sem conduct or embpdamendObsrutdlkeedt Ae aprepens/elpbacvadveonppairatmst i on
fromthe el enment 1004, and controls the open/close valve in accordance
with the pres§EPEO$PGC%Ea$h9nCPﬂﬂéﬁﬁﬁPPoHatKhé95P§ iph&hist menpegui d
surface of the _negative Eressure generation chanber 1001 drops to the

limt |ine havllAYe¥erpot bYPiY? B8PPBERLRFeht e 1ARIS&ENtPNESLr upti on,
t he open/close ialve o; th el eneng 1005 of t?e connechlon ath 1050b is
further openedS°aht Fﬁ% ?ﬂﬂ UEhRFyeafBERE - 23 ﬂ@gnﬁaaF Bré8sur e
gener ati on chanbe a o the, i E 002 Lngrease Mor eover ,
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path in the non-contact manner without any power source

in the present invention.

Furthermcre, a solid semiconductor element 1006
(second monitor means) having control means for
detecting the ink residual amount and fully opening the
open/close valve of the element 1005 when the amount
drops to a given amount level is floated on the ink
surface in the ink chamber 1002 if necessary. The
method of detecting the ink residual amount and
generating the buoyancy by the solid semiconductor
element 1006 can be the same as that of the first
embodiment.

Furthermore, it is considered that the solid
semiconductor elements 1004, 1005, 1006 are started by
the induced electromotive force described with
reference to FIG. 5.

An ink supply operation by the ink tank of the
seventh embodiment will next be described.

Referring to FIG. 42, the liquid surface of the

negative pressure generation chamber 1001 drops to the

limit line (dotted line of FIG. 42) below which an ink




obtained by the pressure sensor, and it can be judged by the value that
the liquid surface returns to the state having no occurrence of ink path
interruption. 1In this case, the open/close valve of the solid

sem conductor el enment 1005 of the connection path 1050b is closed, and the
normal flow rate is obtained. As descri-bd@&7above, in the ink tank having
the double chanber structure equal to that of FIG 3, the function of
detecting the possibility of interruption of the ink path to the ink
supply port 1003 of the negative pressure generation chanber 1001 fromthe
I nk  chanber 1002 and nonentaril reventing the interruption can be

di sposed. AddiP?B‘ha’r?yl?O%Je‘lehé‘XE‘gﬁ‘aPE%% whiegt bheefafehi 1806 is

di sposed in the ink chanb 002, th |Ld ' duct I 05
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open; t he gpeﬁ?%Y%%eée% %2%% oﬂyﬁéﬁér?%fﬁg %n%ngt 2 ?%%8§%§i§BZFﬁ§nnun? o?

the given amouptad SYELSr | Aestacdne] ShiicRYBRe ieduifie; Lnisrbsshiugh amoun

in the ink cha decCreases he s y “anount to the

negative PY eSSHAS 19&5@%@&' OPr EHADET gdR0at £48 REMBEEUsLGundNEhe can be

provi ded the doubl e “chanpber structure tank with a higher reliability of

ink supply. Thged@i€Cio®d Hhakdlsi s 4estatdl 1AMPNIER EhéheiquiBOis
eliminated, and then the pressure fluctuation is
caused. The pressure sensor of the element detects the
pressure fluctuation, and the state in which the ink
path to an ink supply port 1003 from the ink chamber
1002 is interrupted can be detected beforehang.
Subsequently, the solid semiconductor element 1004
transmits pressure fluctuation information cobtained by
the pressure sensor to the solid semiconductor element
1005 of the connection path 1050b.

The solid semiconductor element 1005 receives the

pressure fluctuation information from the element 1004,
and controls the open/close valve in accordance with
the pressure fluctuation information. That is, when
the liquid surface of the negative pressure generation
chamber 1001 drops to the limit line having a
possibility of occurrence of ink path interruption, the
open/close valve of the element 1005 of the connection
path 1050b is further opened, and the ink supply amount

to the negative pressure generation chamber 1001 from

the ink chamber 1002 is increased. Moreover, the

pressure value of the periphery of the element 1004 is




I nk chanber 1002 by the solid sem conductor elenent 1006 is not limted to
the nmethod of utilizing the change of the anplitude value in the resonance
frequency range in accordance with the di stance between the el enent and

t he outside resonance circuit as described in the first enbodi nent. That
I's, another nethod may conprise: disposiqgg the pressure sensor for
detecting the pressure of the ink chanber 1002 in the solid sem conductor
el enent 1006; detecting an initial pressure Po in the ink chanber 1002
before the liquid is consuned in the ink chanber 1002 and pressure P of a
certain point at which the liquid of the ink chanber 1002 is consuned, and
obt ai ni ng a pr ebtadipedody hhespresBuGe 42psoandandansnican bg teiged

i nformati on of pressure loss h to the solid sem conductor el enment 1005.
The pressure P¥s§he valupt dhaddtbe AigviBospyrfpge( Wetarnsgtoddhet es t he
speci fic weight of the solid sem conductor elenent). An upper limt value
of the pressur &tPE€shpyingepoj gegprsenshc etwink PasPednitedT®dOBi-ng head
speci fications ge.ﬁ“, nozzl e nunber, ejection_amount, drive frequency,

si ze between tfB TtHES: GARCan§PEHEPeRLEIPERNY2RESd O nkREuSEydport, and the
like). When the upper, limt yalue.i ceed durin se of the_  recording
head, an ener o8 CBRGRSFOF s el PIREH 1004 65 thReCPBBGFLRG Rekd 49300

eoorl o0 PBCa SObEAT hAS, (A hARRT SURUNESE RReTBRbtiglle Pl s

As described above, in the ink tank having the
double chamber structure equal to that of FIG. 3, the
function of detecting the possibility of interruption
of the ink path to the ink supply port 1003 of the
negative pressure generation chamber 1001 from the ink
chamber 1002 and momentarily preventing the
interruption can be disposed.

Additionally, when the so0lid semiconductor element
1006 is disposed in the ink chamber 1002, the solid
semiconductor element 1005 receives the ink residual
amount information in the ink chamber 1002 cbtained by
the solid semiconductor element 1006, and controls and
fully opens the open/close valve upon discriminating
the ink residual amount of the given amount level or
less. Thereby, even when the ink residual amount in
the ink chamber 1002 decreases, the sufficient supply
amount to the negative pressure generation chamber 1001
can be secured. There can be provided the double
chamber structure tank with a higher reliability of ink
supply.

The detection of the ink residual amount in the




data and recording head is stopped frombeing transferred to the recording
head fromthe recording apparatus, and thereby the inmage can be prevented
from being deteriorated because of ink supply shortage to the recording
head. <Open/ C ose Val ve> One concrete structure exanple of the open/close
valve in the seventh enbodi ment will be descr4 bed together with

manuf acturing steps. FIG 43 is an explanatory view of one exanple of the
solid sem conductor elenent in which the open/close valve of the seventh
enbodi ment is formed. The element is forned in spherical silicon for use
in the ball sem conductor. FIGS. 44A to 44G are explanatory views of the
manuf act uri ng $h&p&hambege 1808sbir éhgdsedife senigeaducspgve iememtc 43.

Addi tional ly, FIGS. 43 and_44_ show sections_taken along the center of the
spherical sil t088. 1Asn8hodimifer] &° kBe pgibod eft pédddzioy &M fornmed in

two opposite portions of . {he spherical I 1i¢con 200. Moreover, an SIN film
206 is formed FgaggPrB nakﬁhémgﬁﬁEPﬁEaVa PEi dBntBGoTePRBABSE il m 206

o the hase of SERRBRBEYo68 dPe1n: ARRRFHBRC R At BaRrr ASE MRS S
nterval from iphe supiaceagh the SRBSEhEaLesbhlged 9cufdl 4 o ectrodes

205 are di sposed opposi o0 the base - "I1
described in the first embodiment. That is, another

method may comprise: disposing the pressure sensor for
detecting the pressure of the ink chamber 1002 in the
solid semiconductor element 1006; detecting an initial
pressure P, in the ink chamber 1002 before the liguid is
consumed in the ink chamber 1002 and pressure P of a
certain point at which the liquid of the ink chamber
1002 is consumed, and obtaining a pressure loss h (see
FIG. 42); and transmitting the information of pressure
loss h to the solid@ semiconductor element 1005. The
pressure loss h is obtained by h = (P,-P}/pg (here, pg
denotes the specific weight of the so0lid semiconductor
element). An upper limit value of the pressure loss is
set in accordance with respective recording head
specifications {e.g., nozzle number, ejection amount,
drive frequency, size between the ink tank and the
recording head ink supply port, and the like). When
the upper limit value is exceeded during use of the
recording head, an emergency signal is transmitted to
the recording head and recording apparatus from the
so0lid semiconductor element of the present invention.

Thereby, the drive signal for controlling the image




el ectrodes 201 in the respective novable portions 210, 211. Mreover, in a
portion extending to the other base electrode 201 from one base el ectrode
201, the SIN film206 is forned at an interval fromthe spherical silicon
200. This portion fornms a path 212 in which gas can circul ate between one
novabl e portion 210 and the other novablld®ortion 211 A nethod of
manuf acturing the open/close valve shown in FIG 43 wll next be described
with reference to FIGS. 44A to 44G First, as shown in FIG 44B, a phospho
silicate glass (PSG film202 is fornmed on the whole surface of the
spheri cal 5|I|con 200 shown in FIG 44A. Additionally, the base el ectrodes
201 are forned aE@f8PQh§ﬁ&°FﬁlPﬂthBBo§§tétBBPF§0ﬁ§°§yhﬁéPﬁical with each
other via the genter h erical I|c n re the PSG film 202
s forned.  Thef EAPEEREral %ehg : EAcer AingaBeah dpmo o BRsoEA process
Is used to pa he PSG f cludin LUl an for t he path,
in order to fo%ﬁg %e§$t g& ggﬁ fope efsg ﬁgpfﬁgﬁé£§§iﬁQ%ﬂrode
201 in the PS e pa

GBLHh EQ%FriE?g§£§4E§EHh%§ B EH50§§SFS fgho 'ge to

Subsequently, as’s PrI m orne 0 coat the
base electrodetgglrgggrgﬁg? % .202 by a nmetal CVD process, and renoved
| eavi ng upper and periphe portlons of the base el ectrode 201.

Thereafter, asc¢spewpciBsE! a144F. the valve electrode - 112

One concrete structure example of the open/close
valve in the seventh embodiment will be described
together with manufacturing steps.

FIG. 43 is an explanatory view of one example of
the solid semiconductor element in which the open/close
valve of the seventh embodiment is formed. The element
is formed in spherical silicon for use in the ball
semiconductor. FIGS. 44A to 44G are explanatory views
of the manufacturing steps of the pressure adjustment
means shown in FIG. 43. Additionally, FIGS. 43 and 44
show sections taken along the center of the spherical
silicon.

As shown in FIG. 43, base electrodes 201 are
formed in two opposite portions of the spherical
silicon 200. Moreover, an SiN film 206 is formed to
surround the spherical silicon 200. The Sin f£ilm 206
constitutes movable portions 210, 211 in which portions
disposed opposite to the base electrodes 201 are
supported in a cantilever manner at an interval from
the surface of the spherical silicon 200. Valve

electrodes 205 are disposed opposite to the base




205 is formed in a portion which is to formthe novable portion on the Cu
film204. Furthernore, PECVD process is used to forman SIN film 206 on

t he whol e periphery of the spherical silicon 200, so that the PSG film
202, Cu film 204 and val ve el ectrode 205 are coated. Furthernore, as shown
in FIG 44F, the SINfilm 206 is patterndd i-n a novabl e portion shape. A
schematic plan view of the elenent in this stage is shown in FIG 45. The
SINfilm206 is patterned, and as shown in FIG 45, radial slits 206a are
formed in the Cu film204 on the SIN film 206. Subsequently, the Cu film
204 and PSG film 202 are aggroprlately di ssol ved béﬂa sol vent and renoved.

Ther eby, as sh8MCLrRApEG20i4&n the IBFPECEANPCHAVAELLEr PEFEAORS 240,
obtained. In the_el enment, Iuralltx of novabl e _Rortlons 210, 211 acting
as valves are aﬁéposgarPHVPﬁm 1BpBePORAdOPoRELCBILELORS, tRRd OLtSTort ed at

t I th h 200. th
Cbper movabl e PBRFI e E8oRRAZPA %gaﬁSBPeaBassiPﬁesﬁrﬁes A,

bet I . bI t 11 d th h L 200

oras Colurari 3T MR Ag 595G 8R phorabPryRl eﬁreiniﬂs?%b%%r:emlcf’é‘
di d t t t h F
ngiggfg poL?lo%E}&ggn aBésf??@%gdbSPt é Fég%gcﬁaﬁg ?gézagf ?Eg I nk

tank shoun in BLG o2 c880u150E G4ERECHDYAB! RoPABLEOPo2ELobS 2Siaoned on

the other movable portion 211.

A method of manufacturing the open/close valve
shown in FIG. 43 will next be described with reference
to FIGS. 44A to 44G.

First, as shown in FIG. 44B, a phospho silicate
glass (PSG) film 202 is formed on the whole surface of
the spherical silicon 200 shown in FIG. 44A.
Additionally, the base electrodes 201 are formed
beforehand in two opposite portions symmetrical with
each other via the center of the spherical silicon 200,
before the PSG film 202 is formed. Thereafter, as
shown in FIG. 44C, the photolithegraphy process is used
to pattern the PSG film 202 excluding a portion forming
the path, in order to form at least an opening 203 for
exposing the base electrode 201 in the PSG film 202,
and to form the path described later.

Subsequently, as shown in FIG. 44D, a Cu film 204
is formed to coat the base electrode 201 and PSG film
202 by a metal CVD process, and removed leaving upper
and peripheral portions of the base electrode 201.

Thereafter, as shown in FIG. 44E, the valve electrode



negative pressure generation chanber 1001 side of the ink tank of FIG 42.
A nethod of adjusting the ink supply anobunt in the ink tank with the solid
sem conductor el enment having the open/close valve attached thereto wl|
next be described with reference to FIGS. 43, 46 and 47. FIG 46 is an
equi valent circuit diagramof an electtiklZonstitution of the open/close
val ve shown in FIG 43. As clearly seen fromFI G 46, a capacitor C is
constituted between the valve electrode (VE) and base el ectrode (BE)

di sposed opposite to each other. Mireover, FIG 47 is a timng chart of one
exanmpl e of an_applied signal to the valve electrode (VE) and base

el ectrode (BE)2PR tfefprBsdudd 3dPeitiom whesats isHovfarm fihg ngyalle F G

47, C 'denotes cl gse, denotes qpen. First, the base el ectrode 201

d
and val ve el ecPPd éOHZgg 5?‘8 §& M09 ev ENT EERFEOF FentHEL VI DR QeSS vel
[ | i li,ed to.th | ect. 201, d furth to the |
ol Sctrode 205, Lnurag, ¥o,A0%R Bor Fl{ 2D 206, 40 s OIS RASBiE ben t he
| | ect | ect.rod 1. Si t el de 205
e Attracted ¢ 8% f0% S0EeERERIT 5aA 0" 2005 59 BB R YD AEHE HH 1 ons
210, 211 di Spoéﬁdfﬁm Qggoéhhevgﬁ‘.@% %‘cletctﬂ?op%yr}io%l%r%r ﬁ:o@tselﬁ aced toward

the spherical silicon 0 to contact the's cal "silicon 200, and the
opposite ends of the,pahBrgbeedr 8sCBof inl¥4G. 44F, the SiN £ilm

206 is patterned in a movable portion shape. A
schematic plan view of the element in this stage is
shown in FIG. 45. The SiN film 206 is patterned, and
as shown in FIG. 45, radial slits 206a are formed in
the Ca film 204 on the SiN f£ilm 206. Subsequently, the
Cu fiim 204 and PSG film 202 are appropriately
dissclved by a solvent and removed. Thereby, as shown
in FIG. 44G, the so0lid semiconductor element is
obtained. In the element, a plurality of movable
portions 210, 211 acting as valves are disposed in two
upper and lower portions, and supported at an interval
from the spherical silicon 200. Moreover, a space
between the upper movable portion 210 and the spherical
silicon 200 is connected to a space between the lower
movable portion 211 and the spherical silicon 200 via a
plurality of paths 212.

When the so0lid semiconductor element is disposed
in the ink tank connection path 1050b shown in FIG. 42,
one movable portion 210 is positioned on the ink
chamber 1002 side of the ink tank shown in FIG. 42, and

the other movable pertion 211 is positioned on the



excluding gaps fornmed by the slits 206a. Wen the high I|evel signal is
applied to all the valve electrodes 205 of the novable portions 210, 211
in the opposite ends of the path 212, outlet/inlet ports of all the paths
212 are minimzed. This state is regarded as an initial state. Wien the
flowrate is increased, a low |level signdll3is applied to the valve

el ectrodes 205 of the novable portions 210, 211 in the opposite ends of
the desired nunber of paths 212. Thereby, the novable portions 210, 211
are detached fromthe spherical silicon 200, and the outlet/inlet ports of
the path 212 largely open. The flow rate can be adjusted_ i.n accordance
with the nuanFQBFlﬁﬁeﬂr%§FH§e BPe5IEionRRAMPRE {PBd Fite ©fsthBain
reduced, the hi | evel nal is applied again to the valve el ectrode 205
to displ ace thégﬂnﬁeﬁﬁl%sngFroﬁg 210, 21 and cl ose the paths 212. Even in

closed pat hs. As eboht ERadahyaTouEopd: hae: trEneoip E¥cAtourf, 2 PR
there is provideg the douphe.ghaubety sw@a,gagotw% efigfLahagiaLn whi ch a

closed liquid “contalner I'STconnec an sor €r ~contai ner

bl oo Lehhy SEORFELSDe! palbE BLERSALE Erolip bes, chpgection bl 11
ej ection head g8scfise@SedthNréberancar b6 rEQa! 2i8er46hanesy. In the - 115

FIG. 46 is an equivalent circuit diagram of an

electric constitution of the open/close valve shown in

FIG. 43. As clearly seen from FIG. 46, a capacitor C

is constituted between the valve electrode (VE} and

base electrode (BE) disposed opposite to each other.
Moreover, FIG. 47 is a timing chart of one example

of an applied signal to the valve electrode (VE)} and

base electrode (BE) in the pressure adjustment means

shown in FIG. 46. In FIG. 47, C denotes close, and O

denotes open.
First, the base electrode 201 and valve electrode

205 are set to GND level. Subseguently, a high level

signal is applied to the base electrode 201, and

further to the valve electrode 205. Thereby, an

electrostatic attracting force acts between the valve

electrode 205 and base electrode 201. Since the valve

electrode 205 is attracted to the base electrode 201,

as a result, the movable portions 210, 211 disposed in

opposite ends of the path 212 are displaced toward the

spherical silicon 200 to contact the spherical silicon

200, and the opposite ends of the path 212 are closed




container, at |east one elenent in which the function of acquiring the

I nformati on about the liquid (ink) and function of transmtting the
acquired information to the outside are formed is di sposed. The
information about the liquid can efficiently be acquired and transmtted
to the outside. Particularly, the drivinglldf-the recording apparatus, ink
supply anobunt, and the 1like are controlled based on the information
acquired by the solid senm conductor elenment, and high-quality recording
can be achieved. - 116 WHAT IS CLAIMED IS: 1. A solid sem conductor

el ement conpri si ng: rece|V|n and ener converting neans for receiving a

si gnal of Sn e PEEt §didisaL057 -2 WhaR ddift ditgh
manner, and conver th ectr t e to._a po r

| hue?ag&fﬁ SRRt F0h tc G cHARes APS
gu?S?BQHHERSFLO %athF% rnatl%ﬁﬁggn%ﬁ§ﬁ§é9§E§}} Lin égﬁg&ﬁg%g%ug?Lrlng
I nformation 0 r "o |
| nformati on aC%%'%hEQ %E%“%ugd'%ﬁEhEEPQEh%Q Cof Eﬁ¥z£fi %{Eﬁﬁﬂﬁf

i nformation ach|red y sai ormat i on acquiring neans w
correspondi ng bggor F ?rgd in said information storing neans, and
discrimnating a nee ormation transm ssi on when the signal of the

el ectromagnetic wavgnigCceitued BY% $RArbeeCia% A% dMdtial state. When
the flow rate is increased, a low level signal is
applied to the valve electrodes 205 of the movable
portions 210, 211 in the opposite ends of the desired
number of paths 212. Thereby, the movable portions
210, 211 are detached from the spherical silicon 200,
and the outlet/inlet ports of the path 212 largely
open. The flow rate can be adjusted in accordance with
the number of open paths. Moreover, when the flow rate
is again reduced, the high level signal is applied
again to the valve electrode 205 to displace the
movable portions 210, 21 and close the paths 212. Even
in this case, the flow rate to be reduced can be
adjusted by the number of closed paths.

As described above, according to the present
invention, there is provided the double chamber
structure liguid container in which a closed liquid
container chamber is connected to an absorber container
chamber partially connected tc the atmosphere, via the
connection path in the bottom surface of the container,
and the supply port to the liquid ejection head is

disposed in the absorber container chamber. In the




energy converting nmeans satisfies a predeterm ned response condition; and
i nformati on comruni cating mneans for displaying or transmtting the
information acquired by said information acquiring nmeans to the outside
when said discrimnation nmeans discrimnates the need for the information
transm ssion, wherein said information-add® r4 ng neans, said information
storing neans, said discrimnation neans, and said information

comuni cati ng neans are operated by the power converted by said receiving
and energy converting nmeans. - 117 2. The solid sem conductor el enent
according to claiml1, wherein said resEonse condi tion conprises an

el ect r omagnet i E°RRALRET ondf r LGB RCYRe e lenentoindvhdrhcbhguErsLtdrBnent
according to claim1, wherein said response condition_conprises . a
communi cat i on P oREERITing fhe %Bf?ﬁnggPEoﬁBBEFth%Iéﬁﬁﬁ%daé&BFdiﬁ&dto

laim1, wh | 1d i ti jcating. 1 h
converted by SEBSFERR] O nb? REn bhebdy CR6nOBHHIAET mRRETPAORasflet 1 ¢

(LG 3 OnLend o3LRR8e, ArEkohed.d AChRetHEr, uaf RS R ST

for displaying or P ERsh _ or matt ( sard - _ The
sol i d sem condygt,of ?ﬁ&”ffﬁuf808£ﬁ!QﬁfEQighé%g‘ﬁe gﬁ?keaséhﬂ receiving
and energy converting neans conprises a conductor cdOil and an oscillation

transmitted to the outside. Particularly, the driving

of the recording apparatus, ink supply amount, and the

like are controlled based on the information acquired

by the so0lid semiconductor element, and high-quality

recording can be achieved.




circuit for generating the power by electromagnetic induction with an
out si de resonance circuit. 6. The solid sem conductor elenent according to

claimb5, wherein said conductor coil is forned to be wound around an outer
surface of the solid sem conductor elenment. - 118 7. The solid

sem conductor el enment according to claim11, conprising a hollow portion for
floating on a liquid surface or in  a*3fedeterm ned position in the

liquid. 8. The solid sem conductor elenment according to claim?7, wherein a
gravity center of the solid sem conductor elenent floating in the liquid
I's positioneduhel ow aroemEer Ief: the el enent, and the floating el enent
rocks stabily without rotating in the Iliquid. 9. The solid sem conductor
el ement according to claim@8, wherein a nmetacenter of the solid
serm conductor el enént i & E8ASHaREMY-CHHSICEORe§1EP6PE COMPTGSAASY center of
the solid sem conductor elenment. 10. An ink tank in which at | east one of
solid sem coRGGELEATEI BRENEEEZTXoFEING LS I EERE SO LS YIPE F 9 i s
di sposed. 11. The ink_tank according to.claim1Q, wherein response
Conti 1 on of SASHAPTd BeREGIATEPaP et EndRTe dFPIorS AuFSARa M i ¢ he
tank. non-contact manner, and converting the electromagnetic
wave to a power by electromagnetic induction;
information acqguiring means for acqguiring outside
environmental information;
information storing means for storing information

to be compared with the information acquired by said

information acguiring means;

discrimination means for comparing the information
acquired by said information acquiring means with the
corresponding information stored in said information
storing means, and discriminating a need for
information transmission when the signal of the
electromagnetic wave received by said receiving and
energy converting means satisfies a predetermined
response condition; and information communicating
means for displaying or transmitting the information
acguired by said information acquiring means to the
outside when said discrimination means discriminates
the need for the information transmission,

wherein said information acquiring means, said
information storing means, said discrimination means,
and said information communicating means are operated
by the power converted by said receiving and energy

converting means.




12. The ink tank according to claim 11, wherein the response condition of
said solid sem conductor elenment differs with an ink color in the tank. -
119 13. The ink tank according to claim1l, wherein the response
condition of said solid sem conductor element differs with a col or
material concentration of the ink in the tank. 14. The ink tank according
to claim11l, wherein the response condilti on of said solid sem conductor

el enent differs with an ink property of the ink in the tank. 15. An ink
jet recording apparatus in which a plurality of ink tanks according to
claim10, are disposed. 16. The ink jet recording apparatus according to
claim 15, further conpriBhagscbiiunenate¢oduabanseliement according to
transm tting/receiving an el ectromagnetic wave with respect to the solid
sem conduct or elaivent, i rweerdin nkaldanksparseThendhkipat CPEPELGEFg 2™
apparatus according to claim16, wherein said conmunication neans
conprises a retepbhemaghetlet iRGRCERPRtTHYIVABCEL ect romagnetic wave. - 120
18. A communi cation systemin which a solid sem conductor elenent is used,
conprising: a plurality of liquid containers in which said

3. The solid semiconductor element according to
claim 1, wherein said response condition comprises a

communication protocol.

4, The solid semiconductor element according to
claim 1, wherein said information communicating means
converts the power converted by said receiving and
energy converting means to a magnetic field, a light, a
shape, a color, a radio wave, or a sound as the energy
for displaying or transmitting the information To said

outside.

5. The solid semiconductor element according to
claim 1, wherein said receiving and energy converting
means comprises a conductor coil and an oscillation
circuit for generating the power by electromagnetic

induction with an outside resonance circuit.

6. The solid semiconductor element according to
claim 5, wherein said conductor coil is formed to be
wound around an outer surface of the solid

semiconductor element.



respective solid sem conductor elenents are di sposed; an oscillation
circuit forned in said solid sem conductor elenent and provided with a
conductor coil; information acquiring nmeans for acquiring the information
in said container; receiving neans for receiving a signal fromthe

outside; information conmunicating nmeans for transmtting the information
to the outside when a predeternined ~reshonse condition is satisfied; an
out si de resonance circuit, disposed outside said plurality of liquid
containers, for generating a power with respect to the oscillation circuit
of said solid sem conductor elenent by el ectromagnetic induction; and
out si de conmmuni cati 6n neans &olibi demgcbhanakby etemeuni eatiomgiwgt hosai d
receiving means and said information conmunicating nmeans of said solid
sem conduct or eledmntl., 18omPhésiognanhoalpwnpeystiem dcrofdraging chaim 18,
wherein said response condition differs with each container. - 121 20.
The comuni cat fapusgssenfaceordi hg eopctdeherndnedhprsiifiioni dnr édsonse
condition conprises an electromagnetic induction frequency. 21. The
communi cati on $y§Péf-according to claim

8. The solid semiconductor element according to
claim 7, wherein a gravity center of the scolid

semiconductor element floating in the liguid is

positioned below a center of the element, and the
floating element rocks stabily without rotating in the

liquid.

9, The solid semiconductor element according to
claim B, wherein a metacenter of the solid
semiconductor element is constantly positioned above

the gravity center of the solid semiconductor element.

10, An ink tank in which at least one of solid
semiconductor elements according to any one of claims

1 to S is disposed.

11. The ink tank according to claim 10, wherein a
response condition of said solid semiconductor element

differs with an ink in the tank.

12. The ink tank according to claim 11, wherein
the response condition of said solid semiconductor

element differs with an ink color in the tank.




19, wherein said response condition conprises a comrunication protocol.
22. The conmmuni cation system according to claim 18, wherein a gravity
center of the solid sem conductor elenent floating in the liquid is

posi tioned below a center of the elenent, and the floating el ement rocks
stabily without rotating in the liquid 23. The conmuni cati on system
according to claim 22, wherein a net ateAter of the solid seniconductor
el enent is constantly positioned above the gravity center of the solid
sem conductor elenment. 24. Aliquid container in which an ink to be

supplied to a liquid ejection head for ejecting a liquid droplet is
cont ai ned, conprisi Ag: aTher shkchanledo@IrER Gs tRactiddM y' ico “Cd to

at nosphere and in which an absorber for absorbing.a liquid is contained; a
second chanber tigi ERSPENER0SEAIELANY 9 §G1S §8 AN FTH SIS d 1 qui d

is contained; - _ 122 a connectiogn_path, disposed.in the vicinity. of

bott om porti onSEmERE ERESTHeM 1 thod SSﬁHECBia%&r zi’iqd CHG A nerofo sai d
second chanber; a supply port which is disposed in said first chanber, and
via which the FP&uPﬁﬁiénsﬁﬁﬁlﬁéﬁkro said liquid ejection head; first
nonitor means, disposed in said first chanber, for nonitoring a liquid
anount of said first

14. 'The ink tank according to claim 11, wherein
the response condition of said solid semiconductor
element differs with an ink property of the ink in the

tank.

15. An ink jet recording apparatus in which a
plurality of ink tanks according to claim 10, are

disposed.

16. The ink jet recording apparatus according to
claim 15, further comprising communication means for
transmitting/receiving an electromagnetic wave with
respect to the solid semiconductor element in each ink

tank.

17. The ink jet recording apparatus according to
claim 16, wherein said communication means comprises a

resonance circuit for emitting the electromagnetic

wave .




chanber; and a flow rate adjustnment apparatus, disposed in said connection
path, for adjusting a flow rate of said connection path in accordance with
information fromthe first nonitor neans. 25. The |iquid container
according to claim 24, wherein second nonitor neans for nonitoring the
liquid anmount of said second chanber is disposed in said second chanber,
and said flow rate adjustnent apparatus?Cis controlled in accordance with
the information from the second nonitor neans. 26. The |iquid container
according to claim?24, wherein said first nonitor means conprises a first

solid seniconductorgghsggnkpﬁ%gﬁg%gkggh g%ﬁégﬁsgn_ggggﬁugesggg%ption nmeans

for detecting a pre ron of i qui Irnformation

comruni cati ng éeﬁggonggg@grfgﬁe%gggsggpég?ﬁépeg§?gggihatornation obt ai ned

by the pressuré detection neans to sai wra adj'ust nent appar at us;

and energy converting ;LQr seConyeE ki PgLRA18RSL0Y napBkiced sfri@am t he
outside to an energypg??%gﬁggt0?ron¥said aBplﬁed ene?gy #o operate said

pressure detecti QB aRans apdi%2kdmiBhARBRELONe16ARBRYBI 6okl Ry sPoAeA;27. The
| i quid container according to claim26, wherein said first solid

sem conductor el emegl, bgcidisResadcaberetarbirfiuid isushaee sefiisai d first
chanber when a liquid supply to said first chanber from said
semiconductor element and provided with a conductor
coil;
information acguiring means for acquiring the
information in said container:;
receiving means for receiving a signal from the
outside;
information communicating means for transmitting
the information to the outside when a predetermined
response condition is satisfied;
an outside resonance circuit, disposed outside
said plurality of liguid containers, for generating a
power with respect to the oscillation circuit of said
solid semiconductor element by electromagnetic
induction; and
outside communication means for bidirectionally
communicating with said receiving means and said

information communicating means of said solid

semiconductor element.

19. The communication system according to claim

18, wherein said response condition differs with each

container.




second chanber is possibly interrupted, and in a position in which a
pressure fluctuation can be detected. 28. The liquid container according
to claim26, wherein said flow rate adjustnent apparatus is a second

solid sem conductor el enent conprising: at |east receiving nmeans for
receiving the pressure information fromsaid first nonitor neans; an
open/ cl ose valve which operates in respbnse to said received pressure

i nformation; and energy converting nmeans for converting an energy applied
fromthe outside to an energy different fromsaid applied energy to
operate said receiygong mreansoandnsakdiopesyekese avalovrein?42%1aMwe |iquid
contai ner according to claim?24, wherein said second nonitor neans is a
third solid sam, cendwetar seidneaspoospr conigtian lceagtcises dual  anount
detection neans for detecting a liquid residual anmount; information
communi cati ng eRaeasrbewrgnerdansimtticngonesirédgakenayount i nf ormati on obtai ned
by the residual amount detection neans to said flow rate adjustnent
apparatus; and energy converting nmeans for converting an energy applied
fromthe outside to an energy different fromsaid applied energy to operate
sai d residual anbungldet Bbei compEARSAAAEDS VS t e PGPS INY dohftkf 4t i ng
means. 30. The |iquid container according to claim?29, wherein said solid
sem conduct or &iSenmeirerelipasgignrgsponse condition comprises a

communication protocol.

22. The communication system according to claim
18, wherein a gravity center of the solid semiconductor
element floating in the liguid is positioned below a
center of the element, and the floating element rocks

stabily without rotating in the liquid.

23. The communication system according to claim
22, wherein a metacenter of the solid semiconductor
element is constantly positioned above the gravity

center of the solid semiconductor element.

24. A liguid container in which an ink to be
supplied to a liguid ejection head for ejecting a
liguid droplet is contained, comprising:

a first chamber which is partially connected to
atmosphere and in which an absorber for absorbing a
liguid is contained;

a second chambexr which is closed from the outside

and in which said liguid is contained:;




liquid surface or in the liquid. 31. Aliquid ejection recording apparatus
conprising: a liquid ejection head for ejecting a recording liquid
droplet; and the liquid container according to any one of clainms 24 to 30
in which the liquid to be supplied to the liquid ejection head is
contained. 32. The liquid ejection recording apparatus wherein said liquid
ejection head utilizes a film boilingl¢dused when the heat energy is
applied to the liquid to eject the liquid droplet via a nozzle.

a connection path, disposed in the vicinity of a
bottom portion of the container, for connecting said
first chamber to said second chamber;

a supply port which is disposed in said first
chamber, and via which the liguid is supplied to said
liguid ejection head;

first monitor means, disposed in said first

chamber, for monitoring a liquid amount of said first

chamber; and

a flow rate adjustment apparatus, disposed in said
connection path, for adjusting a flow rate of said
connection path in accordance with information from the

first monitor means.

25. The liquid container according to claim 24,
wherein second monitor means for monitoring the liquid
amount of said second chamber is disposed in said
second chamber, and said flow rate adjustment apparatus
is contreolled in accordance with the information from

the second monitor means.

26. The liguid container according to claim 24,
wherein said first monitor means comprises a first
solid semiconductor element comprising: at least
pressure detection means for detecting a pressure

fluctuation of the liquid; information communicating
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means for transmitting pressure information obtained by
the pressure detection means to said flow rate
adjustment apparatus; and energy converting means for
converting an energy applied from the outside to an
energy different from said applied energy to operate
said pressure detection means and saiad information

communicating means.

27. The liguid container according to claim 26,

wherein said first solid semiconductor element is
disposed above a liguid surface of said first chamber
when a liquid supply to said first chamber from said
second chamber is possibly interrupted, and in a
position in which a pressure fluctuation can be

detected.

28. The liquid container according to claim 26,
wherein said flow rate adjustment apparatus is a second
solid semicondoctor element comprising: at least
receiving means for receiving the pressure information
from said first monitor means; an open/close valve
which operates in response to said received pressure
information: and energy converting means for converting
an energy applied from the outside to an energy
different from said applied enexrgy to operate said

receiving means and said open/close valve.
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29. The liguid container according to claim 24,
wherein said second monitor means is a third solid
semiconductor element comprising: at least residual
amount detection means for detecting a liquid residual
amount; informaticon communicating means for
transmitting residual amount information obtained by
the residual amount detection means to said flow rate
adjustment apparatus; and energy converting means for

converting an energy applied from the outside to an

energy different from said applied energy to operate
said residual amount detection means and said

information communicating means.

30. The liguid container according to claim'29,
wherein said scolid semiconductor element floats on a

liguid surface or in the liguid.

31. A liquid ejection recording apparatus
comprising: a liquid ejection head for ejecting a
recording liguid droplet; and the ligquid container
according tc any one of claims 24 tc 30 in which the
liguid to be supplied to the liquid ejection head is

contained.

32. The liguid ejection recording apparatus
wherein said liguid ejection head utilizes a film

boiling caused when the heat energy is applied to the

liguid to eject the liguid droplet via a nozzle.






