1 5 DEC 2004 I NK TANK AND I NK JET RECORDI NG APPARATUS PROVI DED W TH THE
SAME BACKGROUND OF THE I NVENTION 5 Field of the Invention The present
invention relates to an ink tank provided with a sem conductor el enent
havi ng functions of detecting environnental information of the 1SDEC2%4
surroundi ngs to conmuni cate the informatioh o the 10 outside and display
the sanme, or having functions of detecting information inside an ink tank
(e.g., an ink residual anpbunt) using a sen conductor elenent to
conmmuni cate the information to the outside and display the sane. 15 In
addition, the present invention relates to an ink jet recordi ng apparatus
such as a facsi m | eINKIERANKIEAND INK NIETF RECORDINGVAPRARBTUENe to which the
ink tank is detachably nountabl e. Related Background Art 20 Conventionally,
in an ink jet recordi ng ERPAERMNWITOITHE iSANEIg an i nage on a sheet with
dot patterns by noving a carriage, which is provided with a recording
head, in a printing direction while jetting ink froma plurality of jet
nozzl es provided in the recording 25 head, an ink tank containing ink for
recording i s BAGKGRMINIAGEF tTHE i INVENTIONe ink tank is supplied to the
recording head via an ink supply line. Therefore, an - 2 1 5 DEC 2004
5 Field of the Invention
The present invention relates to an ink tank
provided with a semiconductor element having functions
of detecting environmental information of the
surroundings to communicate the information to the
1c outside and display the same, or having functions of
detecting information inside an ink tank (e.g., an ink
residual amount) using a semiconductor element to
communicate the information to the outside and display
the same.
15 In addition, the present invention relates to an
ink jet recording apparatus such as a facsimile
machine, a printer and a copying machine to which the
ink tank is detachably mountable.
Related Background Art
20 Conventionally, in an ink jet recording apparatus
for printing an image on a sheet with dot patterns by
moving a carriage, which is provided with a recording
head, in a printing direction while jetting ink from a
plurality of jet nozzles provided in the recording
25 head, an ink tank containing ink for recording is

provided and the ink in the ink tank is supplied to the

recording head via an ink supply line. Therefore, an



I nk residual anmount detection apparatus, wth which a residual anount of
the ink in the ink tank is detected, has been practically used, and a
variety of ink residual anobunt detection apparatuses have been 5 proposed.
For exanpl e, according to Japanese Patent Application Laid-open No.
6- 143607, two (a pair of) electrodes 702 are disposed on an intey RAEC 2004
surface of the bottomof an ink tank 701 that is filled wth 10
nonconductive ink, and a float body 703, on which electrodes 704 opposing
the el ectrodes 702 are disposed, floats in ink contained in the ink tank
701 as shown in Figs. 26A to 26C of the patent application. The patent
application diiakl esesidubhat ambantwielteceliet! npdas-atid anel trowietdieda
respectively to a detecting unit (not shown) for detecting a conduction
state of bot hrebedahéctmodas, o&indhehenkddinedhiend nkhetardonicddicleteeted , bot h
the el ectrodes, the detecting unit outputs a residual ink error signal
I ndi cating thhasnbe28 pmikctichéfly asedhe andk at analr 1AXYy arfd igtlops operations
of an ink jet recording head 705. In addition, Japanese Patent No. 2947245
di scl oses anresldoalt eindget806teotian appacatiusiedgdadGs Hagn i nk | et
printer wwth a configuration in which a lower part 25 is forned in a
f unnel - shape poegeged.bottom surface, two electric conductors 801 and 802
are provided on the bottomsurface and a nmetal ball 804 having specific 1
5 DEC 2004 - 3 For example, according to Japanese Patent
Application Laid-open No. 6-143607, two (a pair of)
electrodes 702 are disposed on an internal surface of
the bottom of an ink tank 701 that is filled with
10 nonconductive ink, and a fleocat bedy 703, on which
electrodes 704 opposing the electrodes 702 are
disposed, floats in ink contained in the ink tank 701
as shown in Figs. 26A to 26C of the patent application.
The patent application discloses that the two
15 electrodes 702 are connected respectively to a
detecting unit (not shown) for detecting a conduction
state of both the electrodes, and when detecting the
conductance of both the electrodes, the detecting unit
outputs a residual ink error signal indicating that no
20 ink is left in the ink tank 701 and stops operations of
an ink jet recording head 705.
In addition, Japanese Patent No. 2947245 discloses
an ink cartridge 805 for an ink cartridge 805 for ink
jet printer with a configuration in which a lower part
25 is formed in a funnel-shape toward a bottom surface,

two electric conductors 801 and 802 are provided on the

bottom surface and a metal ball 804 having specific



gravity smaller than that of ink 803 is provided inside. In such a
configuration, when the ink 803 is consuned and decreases, the liquid

| evel of the ink 803 is lowered. As the liquid |evel of the ink 803 is 5

| owered, the position of the netal ball 804 floating on the |iqul & DE&vEN
is also lowered. Wien the liquid Ilevel ofsthe ink 803 is lowered to the
position of the bottom surface of the ink cartridge housing, the netal

ball 804 contacts the two electric conductors 801 and 10 802. Then, since
the electric conductors 801 and 802 continue each other, an electric
current flows between them If the flow of the current is detected, an ink

end state can figdeeehd ek thhae ithaerd st 8035 1d9hRRt&fbag i nformation

indicating the ink end state is 15 comrunicated to a user. Configurations

for detecting igbiigek ras duah adBwEH gutadl dnK WK 1% reHN esEeNtegd by the
conventional art disclosed in the above-nenti oned patent and patent

application arRrisumgd and deerabees ,2@n@Entiquned 1eerfll @ atHéNsnk i408S
necessary to dispose electrodes for detection in the ink tank such that
i nformati on andg aowedled.ar asdehecldduddd leedILifc ahed inky sy ecd | y

contacting el ements thensel ves such as electrodes and a fl oat body or
el ectri c sconduciwaredgndhas pasietiahn b&E [thel meaaddi biadrl, sNdEE ddteindkon
residual anount is detected by a conduction state between the el ectrodes,
there is a redta diiigmidodevel tie bdsosddwasel.5 BEEn200e -1i4uid
level of the ink 803 is lowered to the position of the
bottom surface of the ink cartridge housing, the metal
ball B804 contacts the two electric conductors 801 and
10 802. Then, since the electric conductors 801 and 802
continue each other, an electric current flows between
them. If the flow of the current is detected, an ink
end state can be detected. If the ink end state is
detected, information indicating the ink end state is
15 communicated to a user.

Configurations for detecting an ink residual
amount in an ink tank as represented by the
conventional art disclosed in the above-mentioned
patent and patent application are known. In the above-

20 mentioned configurations, it is necessary to dispose
electrodes for detection in the ink tank such that
information and a state are detected and communicated
by directly contacting elements themselves such as
electrodes and a float body or electric conductors and

25 a metal ball. In addition, since the ink residual

amount is detected by a conduction state between the

electrodes, there is a restriction on ink to be used as



i ndi cated by the fact that a netal ion cannot be used as an ink conponent,
or the like. In addition, only the ink residual amount can be detected and
the other information on the inside of the 5 tank cannot be found fromthe
outside in the above nentioned configurations. For exanple, pressuflé DEC 2004
information inside the ink tank, variationg of a physical property of the
ink, or the |ike are paranmeters that are inportant for always operating an
10 ink jet head with a stable discharge anmount. Thus, a tank is desired
which can inform on a real time basis, an ink jet recording apparatus in
the outside of a pressure inside the tank that varies every nonent in

accordance W {hdibeteansynpheofaet thati AKmeftallhéochalannb® ®e afded
comuni cate the variations of the physical property of the ink to the

out si de. Mdregyean anki akmpanknts desithedlwkiech does not only unilaterally
inforns the outside of information detected in the ink tank but also can
execut e 20 bi di recihoadiexohangasdyothenfiaknakisddualcamaant etai ag i nsi de
information in response to an inquiry fromthe outside. In devel oping an
i nk tank suchdasethedeaddsthebetheabdnéprmaxdenoos dhet Hesjdeserft ttheventi on
took notice 25 of a ball sem conductor of Ball Sem conductor, Inc. in
whi ch a Seni cbadkccannpht bgr fbsddcErom theaoufteided ion the gblesrdcal surface
of a silicon ball with a diameter 1 5 DEC 2004 - 5
mentioned configurations. For example, pressure
information inside the ink tank, variations of a
physical property of the ink, or the like are
parameters that are important for always operating an
10 ink jet head with a stable discharge amount. Thus, a
tank is desired which can inform, on a real time basis,.
an ink jet recording apparatus in the outside of a
pressure inside the tank that varies every moment in
accordance with the consumption of the ink in the tank,
15 or can communicate the variations of the physical
property of the ink to the outside.
Moreover, an ink tank is desired which deces not
only unilaterally informs the outside of information
detected in the ink tank but also can execute
20 bidirectional exchanges of information such as
returning inside information in response to an ingquiry
from the outside.
In developing an ink tank such as those described
above, inventors of the present invention took notice
25 of a ball semiconductor of Ball Semiconductor, Inc. in

which a semiconductor integrated circuit was formed on

a spherical surface of a silicon ball with a diameter



of one mllineter. Since the ball sem conductor had a spherical shape, it
was expected that, if this ball sem conductor was contained in the ink
tank, the detection of surrounding environnental information and 5 the

bi di recti onal exchanges of information with the outside could be Ppgifbilted
extrenely efficiently conpared with a fd & -shaped one. However, when the

I nventors searched an ink tank having such functions, it was found that
only a technology for connecting ball 10 sem conductors by electric wring
as disclosed in USP 5877943 is existed, and that it is necessary to
develop an elenent itself having the above-nentioned functions. 1In
addition, in ofdenetnilhkretbrs ebeneat théf balilvekpicapduictalr ¢ad & he i nk
tank, there were problens that 15 should be cleared. One of the problens is
supply of el ephertcéy $bapact ivawargekhectkdnthatconffaithdd baltlhe tank.

If a power source for activating the elenment is provided in the ink tank,
t he tank becosesitangectoorwaeveantéingd powshesdpkc&ank.,pitde ded out side
the tank, 20 wiring is necessary between the power source and the elenent.
As a result, éeheethanupficsurropyndésgsenvirpamensak infpraeddoma@nal t ank
cartridge becones expensive, a user has to activate the elenment fromthe
out si de 5wit hthe bdAiaecthgnpl exchasdes aft ipipsmakdon pikht the 25
directly contacting it. In addition, it is not conventionally known that a
user connunicﬁ?§§lgﬂf6?ﬁﬁ@ibﬁ perfiecretwexererertsefficpeptdy2404 - 6

compared with a flat-shaped one. However, when the
inventors searched an ink tank having such functions,
it was found that only a technology for connecting ball
10 semiconductors by electric wiring as disclosed in USP
5877943 is existed, and that it is necessary to develop
an element itself having the above-mentioned functions.
In addition, in order to make this element effectively
applicable to the ink tank, there were problems that
15 should be cleared. One of the problems is supply of
electricity for activating the element contained in the
tank. If a power source for activating the element is
provided in the ink tank, the tank becomes larger, or
even if the power source is provided outside the tank,
20 wiring is necessary between the power source and the
aelement. As a result, since manufacturing ceosts of the
tank increases and a tank cartridge becomes expensive,
a user has to activate the element from the outside
without contacting it or has to activate the element by
25 directly contacting it.
In addition, it is not conventionally known that

a user communicates information between two elements



di sposed in renote places w thout contacting themor conmmunicates with and
controls a configuration that is provided with, for exanple, a plurality
of pairs consisting of two elenments. 5 SUMVARY OF THE | NVENTI ON Thus, the
present invention is for realizing a new configuration for commiri B&t 100
information between two el enents disposed;in renote places w thout
contacting 10 and for discrimnating which pair is selected anong a
plurality of pairs consisting of two elenents to comunicate with and
control, for exanple, with respect to a configuration of a conmmunication
system provided wth the pairs of elenments. 15 It is an object of the

present invengigpoked RhOYemStaN plakekan thbait kA% tdactimey aHexfdguration
not requiring to draw around wiring fromthe elenment on the ink tank and

provided withcommahigdates ¢efaUahar cene®BNk GaRJIRE gRiradilore®iat is
efficiently perform ng 20 bidirectional exchanges of information with the

outsi de suchpasviakdaciieh,ofornbaamieqnal plutalink tdnlpaiayd an ink jet
recordi ng apparatus provided with the ink tank. In addition, it is another
obj ect of thecphesenting2bfi nweneilemehasprovi de an ink tank that extrenely
efficiently perform ng detection of surrounding environnmental information
and bi di becti onal exchanges 1 5 DEC 2004 - 7
SUMMARY OF THE INVENTION
Thus, the present invention is for realizing a new
configuration for communicating information between two
elements disposed in remote places without contacting
10 and for discriminating which pair is selected among a
plurality of pairs consisting of two elements to
communicate with and control, for example, with respect
te a configuration of a communication system provided
with the pairs of elements.
15 It is an object of the present invention to
provide an ink tank that has a simple configuration not
requiring to draw around wiring from the element on the
ink tank and provided with a s0lid semiconductor
element capable of extremely efficiently performing
20 bidirectional exchanges of information with the outside
such as detection of information in the ink tank, and
an ink jet recording apparatus provided with the ink
tank.
In addition, it is another object of the present
25 invention to provide an ink tank that extremely

efficiently performing detection of surrounding

environmental information and bidirectional exchanges



of information with the outside, thereby being capable of detecting
detailed information in the ink tank on a real tine basis and
bidirectionally perform ng exchanges of information with an ink jet
recording 5 apparatus in the outside, and an ink jet recording béﬂﬁﬁé&ﬁs
provided with the tank. It is yet another gbject of the present invention
to provide a comrunication nethod that is capable of efficiently
perform ng determ nation and selection of a 10 pair of elenents anobng a
plurality of pairs or conmmunication and control between the elenents, an
I nk tank enploying the communi cation nethod, an ink jet recording

appar at us andfg ﬁnma%qtgl?_,oglisd%wg ch]:sqrdga'r 'gﬁ%y%éﬂﬁg flgﬁg?g?nt I oned

obj ects, an tan the present i1invention iIs an

hol di ng ink, Wi ofd tieS 1SWRPldRS 110 @ HAKAEANG e Hiy 1 DecoLd \gn a

i nformati on by applying tthe ink on a nmedium for recording Information

thereon, in agdiiK +GRRL #ald139 anghmrre%&%t@dmyalﬂéfm%ded by a wall,
wherein the 20 ink tank has a solid sem conductor el enent that conprises:

i nformation agRdnanRe@sTeaNS nffYrmdGAWr WiGtkn & IR &ledd¥Pid@tion of the
outside; information storing neans for storing information to be conpared

with the g nfoapRiratudcdw ed Ry:itidhitid nfafamain amilSj A Gl dd i mgans;
di scrimnating nmeans for conparing the information acquired by the

i nformati on aggaiatesMpads idadd withordRd itemxst ored in the infornation
storing 1 5 DEC 2004 8
It is yet another object of the present invention

to provide a communication method that is capable of
efficiently performing determination and selection of a

10 pair of elements among a plurality of pairs or
communication and control between the elements, an ink
tank employing the communication method, an ink jet
recording apparatus and a communication system.

In order to solve the above-mentioned objects, an

15 ink tank of the present invention is an ink tank for
holding ink, which is supplied to a recording head for
recording information by applying the ink on a medium
for recording information thereon, in an ink containing
chamber substantially surrounded by a wall, wherein the

20 ink tank has a solid semiconductor element that
comprises: information acguiring means for acquiring
environmental information of the outside; information
storing means for storing information to be compared
with the information acquired by the information

25 acquiring means; discriminating means for comparing the
information acquired by the information acquiring means

and information stored in the information storing



means, which corresponds to the acquired information, to determne the
necessity of conmunicating information; and informati on comuni cating
means for displaying the information acquired by the information $50EC 2004
acquiring neans or conmmunicating the information to the outside if the

di scrimnating means determines that it is necessary to communicate
informati on, and wherein a solid senm conductor elenment is enbedded in the
wal | such that a part of the solid sem conductor el enent 10 exposes from a

side of the wall contacting the ink, and the information acquiring neans
i s disposed in the exposed part. According to this configuration, since

th f .
S.Sedl)Pl ?L?&@%Bﬂ%fqﬁh Egﬁg’éggéef%g%hu@?iﬁ%ﬂ G4pe tpkesmeanat, [10M Jh
resi aua t

gpagotergﬁg%nkpﬁpﬁeges%q%ajB Bﬁhﬂﬁlhgﬁlh%kbtank can be

acquired pref e acquire fofmation can be conpared with

 nformation SYRkSImRY 88! Bkl gk%gﬂ%&%ﬂ%ﬁalmaa Walaily, Gy esponds

to the ach|re ofmat'i on, |scr|n1nat|ng nmeans can

di spl ayed or ﬁggEEQ?EQEGQhEO15@8rﬂgki'ﬁ a%%u&ggd b?fQEEaHn&QuﬁQﬁﬁHﬂicat'ng

means accordi ng e~conpari son resu 5 The solid sem conduct or

element gan DEcHReddgdnkns! BE WolinuBich ilg! the hretResabd nyndde both
sides of ~ the K tan ut| lzing its solid ape. In this way, 1 5 DEC 2004

-9 outside if the discriminating means determines that it
is necessary to communicate information, and wherein a
solid semiconductor element is embedded in the wall
such that a part of the solid semiconductor element

10 exposes from a side of the wall contacting the ink, and
the information acquiring means is disposed in the
exposed part.

According to this configuration, since the
information acquiring means is disposed in a part

15 exposed from the side of the wall of the solid
semiconductor element contacting the ink, a residual
amount of the ink, pH of the ink inside the ink tank
can be acquired preferably. Then, the acquired
information can be compared with information stored by

20 the information storing means, which corresponds to the
acquired information, by the discriminating means and
can be displayed or communicated to the outside by the
information communicating means according to the
comparison result.

25 The solid semiconductor element can be embedded in
the wall such that it is exposed from the both sides of

the ink tank utilizing its solid shape. In this way.



means can be di sposed in an exposed part opposite the exposed part on the
side contacting the ink, which functions preferably because it is exposed.
For exanple, an electrical contact can be disposed 5 preferably on 1thBEC 2004
part exposed to the outside by enbedding the solid sem conductor el enent

in the outer wall. That is, in this way, conmunication of information
between the solid seniconductor el enent ard” a recordi ng apparatus nain
body, supply of energy for 10 activating the solid sem conductor el ement or
the like can be perfornmed via a contact provided in a part supporting the
ink tank. In addition, the informati on conmunicating nmeans can be di sposed

tank. In add uni cat !
avant age of Bty Fahchf STORFEHd HreR ERbaen aFE SBBLRLRE ARET D

I Cclen conmun a Sl dgna

out si de becaqéggéée&spgfgqﬁgdtﬁg iPge éﬁ%ﬁ%?g??éntﬁgi§nﬁ§8§hﬁhgg solid

sem conduct or enent | sposed suc can be séen fromthe

outsi e, wheg ey £ 4ie G SAD S 1200 40T | £ ML NERLYBERON fTOM 20 t he

i nformati on comruni cati’hg neans | nformatT on comruni cati ng neans

as means for commupicating d nf.or neiiop-10ai NeoRthst deaRYbad MiSyRIdaa
recogni zabl e net hod such as emtting light. In addition, the solid

sem condsict orp 4 8R4 1 § Son 2h&peddegkhHsad t&NeheVBht sy 8iyng the inside
of the 1nk tank 1ntoa plurality of ink containing chanbers, and each
i ndependent | @i hPNtRE Wh1id0s dRdOSndScloP HEEmENL4in tBe outer
wall. That is, in this way. communication of
information between the sclid semiconductor element and
a recording apparatus main body, supply of energy for
10 activating the solid semiconductor element or the like
can be performed via a contact provided in a part
supporting the ink tank. In addition, the information
communicating means can be disposed preferably in the
part exposed to the outside, which can acquire an
15 advantage of being capable of efficiently communicating
a signal to the outside because it is exposed to the
outside. In this case, the solid semiconductor element
is disposed such that it can be seen from the outside,
whereby a user can directly confirm information from
20 the information communicating means with the
information communicating means as means for
communicating information to the outside by a visually
recognizable method such as emitting light.
In addition, the solid semiconductor element is
25 embedded in an inner wall dividing the inside of the
ink tank into a plurality of ink containing chambers,

and each independent informaticn acquiring means is



di sposed in a part exposed fromone side of the inner wall and a part

exposed fromthe other side. Thus, information on the ink inside the ink
contai ning chanbers on both the sides divided by the inner wall q B[ i
detected by one solid sem conductor elenment. Instead of disposing gne

solid sem conductor element to be exposed,fromthe both sides of the wall,
a first solid seniconductor elenent having a part exposed from one side of
the wall and a second solid 10 sem conductor el enent having a part exposed
fromthe other side nay be provided to comunicate information between
them In the present invention, if a plurality of solid sem conductor

el ements are ‘?Jif%p??g‘g il{‘]sgﬁ%%gé%g?%é 18 pgﬁésggaeaoygvalthe 3nslkat e of ink

in the plural par tank can be detected to confirma

state inside t [ t re i t ai t hi : :
Qf%éﬁ% d$2$?€€ %¥§@%%§i%f$m et BiSerCas8e . COFHMEGI Cati on of

i nformation of sem conductor elenents is perforned

by signals of, | f u i : 5ES ti MRl iaigpecific signa
assigned to e%é%@%&géﬁéﬁy%% %%%nﬁﬁ%cgﬁzh&gtgggt%gﬁ ﬁf?ﬁéégaﬁgred °

i nformation by, fhee éu?ﬁlﬁ ¥h Ofhe St 88s S8, £88UBY 0t ne! eABBISwallus, it can
be made distinguishable I ch solid sem conductor elenent 25 outputted a

signal . kn the,presesstbVEAt bPnond €661 Y Ngen®8BAdh6toxr 8Cemeng a si gnal
fromthe outside is further provided 1 5 DEC 2004 in the solid
sem conduct or el enRLtedddo£NYLEPHSEAGAbNe solid semiconductor
element to be exposed from the both sides of the wall,
a first solid semiconductor element having a part
exposed from one side of the wall and a second solid
10 semiconductor element having a part exposed from the
other side may be provided to communicate information
between them.
In the present invention, if a plurality of soliad
semiconductor elements are disposed in a plurality of
15 parts on a wall, a state of ink in the plurality of
parts inside an ink tank can be detected to confirm a
state inside the ink tank more in detail. In this
case, communication of information of the plurality of
solid semiconductor elements is performed by signals of
20 different frequencies, respectively, or a specific
signal assigned to each of them is communicated
together with acquired information by the plurality of
solid semiconductor elements. Thus, it can be made
distinguishable which solid semiconductor element
25 outputted a signal.
In the present invention, receiving means for

receiving a signal from the outside is further provided



I nformation inside the ink containing chanber is acquired by the

I nformati on acquiring nmeans according to the signal received by the

recei ving means. Thus, 5 bidirectional exchanges of information cdrh bel 2004
performed such as taking out information in the ink tank according to a
request fromthe outside. This receivigglqegns I s advant ageously di sposed
in a part of the solid sem conductor el enent, which is exposed to 10 the
outside of the tank. In addition, it is desirable to further provide in
the solid sem conductor el enents energy converting neans for converting
energy fromthe outside into energy of a different kind such that

activation enipgxné5ﬁégggtEgﬁgghhﬁuaggkcgmgmghet ShaMBAl 16 hnRG S| | Y

supplied fromthe ou ener converting neans is advantageously

di sposed N a;R3bntibhe18ibd cABTiGRNAUALALnShGTRRmuME alt 15 exposed to

the outside tank. ~the energy convertfing means is means having
an_electric cRRAUELArbGOkhe YRECRNAPRBRALETUELERY bk Bibcordin

el ectronmagneti c I nauct1 on bet ween t he ener gy converting neans and an

external osci khathBOs§hhali Fec@R¢e@nbgSehk! abiadvengCreansenergiucan be
supplied to the 25 solid sem conductor elenment fromthe outside in a non-

contact statepjhiraddibhan, ekBhhiigesCagein&oginateodf canh®d Perdfornkei i nk
tank can be detected utilizing a 15 DEC 2004 - 12 characteristic that an
i nduct ance of gagheheCthkéng out information in the ink tank

according to a request from the outside. This

receiving means is advantagesously disposed in a part of

the solid semiconductor element, which is exposed to

10 the outside of the tank.

In addition, it is desirable to further provide in
the solid semiconductor elements energy converting
means for converting energy from the outside into
energy of a different kind such that activation energy

15 for the solid semiconductor element can be easily
supplied from the outside. This energy converting
means is advantageously disposed in a part of the solid
semiconductor element, which is exposed to the outside
of the tank.

20 If the energy converting means is means having an
electric conductor coil, which generates electricity by
electromagnetic induction between the energy converting
means and an external oscillating circuit, and an
oscillating circuit, energy can be supplied to the

25 solid semiconductor element from the outside in a non-
contact state. In addition, in this case, a state of

the ink in the ink tank can be detected utilizing a



conductor coil is changed by contacting the ink. In addition, the recording
apparatus of the present invention is provided wth the ink tank as 5
descri bed above. The recording apparatus in this case preferably fh sl bbetibis
for supplying an electronotive force as external energy, which is
converted by the energy converting neans, to the solid sem conductor
elenment in the ink tank. As this electronﬁglve force, 10 el ectronagnetic

i nduction, heat, light or radiation is possible. In addition, the
recordi ng apparatus desirably has nmeans for receiving a comunication
signal fromthe solid sem conductor elenent. In addition, the present

' ti f tt b d abj ect t hod of
communi cati nCRPERCRERRAEAR: EJati Ot SORCABRoRENEG “WEN LR or  more

l'id duct I f, | id duct
ol eront §mdf23&5@88%5356g%?ééé%?ﬁ%ﬁg&dpbﬁi BohbboRand HCoAERyr oup. wherei n

the 20 plurality o sen1c ductor Ienent I 8¢S I nformation
acquiring neans fo& 8&??%8& |on:Lng aP@?%%Eﬁon%%o§#&nlcatlng nmeans

for disp!ayinga lnven%gtlng E@ob é”@&%ﬂ”tﬁ%gghQGQagﬁ the

information a g neans efiergy ¢ nvertlng means for converting

energy gigven ff%@k&ﬁsaoababge 'ghg r818%a) réﬁ gREEQQuEO nOR& %“d&kéhe

|nfornat|o I'ng neans the i'n communi cating 1 DEC 2004

- 13 neans, g@ ggraﬁlglngfﬁahngrggktgﬁpsm9aag ghvelebhBmotive

force as external energy, which is converted by the
energy converting means, to the solid semiconductor
element in the ink tank. As this electromotive force,
10 electromagnetic induction, heat, light or radiation is
possible. In addition, the recording apparatus
desirably has means for receiving a communication
signal from the solid semiconductor element.
In addition, the present invention for attaining
15 the above-mentioned objects is a method of
communicating with a plurality of groups of elements
with two or more solid semiconductor elements among a
plurality of solid semiconductor elements disposed in a
predetermined container forming one group, wherein the
20 plurality of solid semiconductor elements comprises:
information acquiring means for acquiring information;
information communicating means for displaying or
communicating the information acquired by the
information acquiring means; and energy converting
25 means for converting energy given from the outside into
energy of a kind for operating the information

acquiring means and the information communicating



t he outside, wherein conmmunication is perfornmed with a communication
condition different for each of the groups of elenents. 5 In addition, the
present invention is a nmethod of communicating with a plurality of] foyfuDg
of elements wth two or nore solid sem conductor el enents anong a
plurality of solid sem conductor elenentsigisposed in a predeterm ned

cont ai ner form ng one group, wherein the plurality of solid

sem conductor el enments conprises: information acquiring nmeans for
acquiring information; discrimnating neans for discrimnating information
based on the information acquired fromthe information acquiring nmeans and
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di spl ayi ng or ~comvuni ca € Inrorna

discrim nating,1eglss180¢d SRELAYnCBBKRLLL A LIBANS o Per oA L} 110 eger gy

given fromthe outside rnto energy o or erating the information
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comuni cating neans, which is different fromthe energy given fromthe

out si de, mhersgguggngynggghgggsLs performed with a communication condition
a

different for™ each of the groups of elenents. 25 In addition, the present
inventiog is a nmethpdaghitE8ATURheAbrRGeWt Andehkibal ily A0Mmextddl of

sem conductor elenents provided in a predeterm ned container, wherein 1 5
DEC 2004 14 t hgmhalHiahikl¥gokisal hdpIaFateRgueEOGrou@ReRIfS elements
with two or more solid semiconductor elements among a
plurality of solid semiconductor elements disposed in a
predetermined container forming one group, wherein the

10 plurality of solid semiconductor elements comprises:
information acquiring means for acgquiring information;
discriminating means for discriminating information
based on the information acquired from the information
acquiring means and a data table stored in advance;

15 information communicating means for displaying or
communicating the information determined by the
discriminating means; and energy converting means for
converting energy given from the outside into energy of
a kind for operating the information acquiring means,

20 the discriminating means and the information
communicating means, which is different from the energy
given from the outside, wherein communication is
performed with a communication condition different for
each of the groups of elements,

25 In addition, the present invention is a method of
communicating with a plurality of solid semiconductor

elements provided in a predetermined container, wherein



conprises; information acquiring nmeans for acquiring information;

I nformati on communi cating nmeans for displaying or communi cating the
information acquired by 5 the information acquiring nmeans; and enerigy(EC 2004
converting neans for converting energy given fromthe outside into energy
of a kind for operating the information acquiring nmeans and the

i nformati on communi cating means, which-i$4drfferent fromthe energy given
from10 the outside, wherein each of the solid sem conductor elements has
information for distinction or a nenory, and conmunication is perfornmed by
recogni zing the information for distinction or distinguishing the

I nformati on by the nennfg. 15 In_addition, the present invention is a

nmet hod of colhenpéBrahytvi eh sopidr apPLGOBAUSEPT dS4ERPRESduct or el ement s
provided in a predeterm ned container, wherein the plurality of solid

sem conduct or CEMBERRES: é%ﬁ%FW%Eé?niﬁFBPﬁﬁfPSnmﬁEHﬁiEPﬁgaﬁﬂgﬁ§HQﬁ
acquiring 20 information; discrimnating means for discrim_.nating

i nformation bABEATBALLAR: | HREPHART AP aCHURFBLCRF SRPL REENANESFmat i on
acquiring neans and a data table stored ip advance; i_nformati.ond

conmuni cat i ngAkERASYLBH BFSﬁ?%@?ﬂbcaBanoﬁﬁﬁn?Bg?Fﬂatﬂﬁg AESHES Y
determ ned by the 25 discrininating.neanS' and_e erggrcon%%%k%n jTeans f or
convertiAg enkPgyiBEOEREFBM PREUSELEPGRSrAT s 8RS §T°EFY §ORVSE Foi°
operating the inforpgation acguirin ns,..d 1 - . .
discrininatinﬂeﬁﬂﬁnggﬁnﬁo?ﬂggﬁﬁ?%r%ﬂg?gx giveR PEom'ERE obisid into

energy of a kind for operating the information
acquiring means and the information communicating
means, which is different from the energy given from

10 the outside, wherein each of the solid semiconductor
elements has information for distinction or a memory,
and communication is performed by recognizing the
information for distinction or distinguishing the
information by the memory.

15 In addition, the present invention is a method of
communicating with a plurality of solid semiconductor
elements provided in a predetermined container, wherein
the plurality of solid semiconductor elements
comprises: information acquiring means for acquiring

20 information; discriminating means for discriminating
information based on the information acquired from the
information acquiring means and a data table stored in
advance: information communicating means for displaying
or communicating the information determined by the

25 discriminating means; and energy converting means for
converting energy given from the outside into energy of

a kind for operating the information acquiring means,



conmmuni cating nmeans, which is different fromthe energy given fromthe
out side, wherein each of the solid sem conductor elenents has information
for distinction 5 or a menory, and communication is performed by 150EC 2004
recogni zing the information for distinction or distinguishing the
I nformation by the nmenory. In addition, t?g present invention is an ink

an

tank for containing ink, wherein the ink k includes two 10 or nore
solid sem conduct or el enents, which conprises; energy converting neans for
converting energy given fromthe outside into energy of a different Kkind;

i nformati on acquiring nmeans for acquiring environnental information of the

't PERBLALLCPLOTA RO E RS GR BhaT LAGOLRGRGRRI 100 10 De

conpared with ormatronacqui re ormati on acquiring

means; di scri giRabl ngs PPAISmE Qhs COPRERNYs! Bee cLBEAL MRLLAN tAEAWHGYPY the
ans and'the

i nformation acquiring ne Information stored in the information

storing 20 meanS.,WBLGH £RLTE3PENMS, t onbbesAcaNEhedsi Rhar gBan, to
determ ne the“necessity of communicating information; and information

conmuni cat i Ngs ARABSnARE tof SPEAYADS hBS iAFBLAALIGA #6#UWied 1A tiltm
i nformati on acquiring nmeans or comunicating the information to the 25

outside gf thgr-djsgemsipating sBaASnE6heishNes pRakormeanuii cation of
information is necessary, and the information acquiring neans, the

i nformation steebggidifg DEGe20Rformibiofeans, dibeidctebnmorat i ng means and
the information
distinguishing the information by the memory.
In addition, the preseat invention is an ink tank
for containing ink, wherein the ink tank includes two
10 or more solid semiconductor elements, which comprises;
energy converting means for converting energy given
from the outside into energy of a different kind;
information acquiring means for acquiring environmental
information of the outside: information storing means
15 for storing information to be compared with the
information acquired by the information acquiring
means; discriminating means for comparing the
information acquired by the information acquiring means
and the information stored in the information storing
20 means, which corresponds to the acquired information,
to determine the necessity of communicating
information; and information communicating means for
displaying the information acquired by the information
acquiring means or communicating the information to the
25 outside if the discriminating means determines that
communication of information is necessary., and the

information acquiring means, the information storing



communi cating neans are activated by the energy converted by the energy
converting neans, and wherein the two or nore solid sem conductor elenents
have a 5 function of detecting environnmental information of the 5 DEC 7004
surroundi ng of the solid sem conductor elenments to comrunicate thL
environmental information to the outside or display the environnental

i nformati on by communicating with each~oftRer. 10 In addition, the ink tank
of the present invention is provided with: energy converting nmeans for
converting energy given fromthe outside into energy of a different Kkind;
receiving means for receiving a signal fromthe outside; information

storing neans for 15 storing information; and informatiqn co nicatin
means for di SBPaYFngthP BORREAMAAETAGS: RERT BPARETn LGP HIRE SR of mat i on
storing neans according.to t he signal receiv%d gyt he recei ving neans,
wherein the FeEBEDIREtBEDeaPReFfir BFMATRSTISPEr thE FRERSYand the 20

ans _have two or..nore solid aﬁﬁﬂigpnductor
e

vher ei n | b i
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information to0 e outsidée-or envi r onnen ormati on by

Connunicatings&&&ﬁuﬁ&ﬁﬁglo§ Pﬁg gg?éd’ée&ZcoﬂhBE%or elements to

communicate the environmental information to the
outside or display the environmental information by
communicating with each other.

10 In addition, the ink tank of the present invention
is provided with: energy converting means for
converting energy given from the outside into energy of
a different kind; receiving means for receiving a
signal from the outside; information storing means for

i5 storing information; and information communicating
means for displaying or communicating the information
of the information storing means according to the
signal received by the receiving means, wherein the
receiving means, the information storing means and the

20 information communicating msans have two or more sclid
semiconductor elements that are activated by the energy
converted by the energy converting means, and the two
or more solid semiconductor elements have a function of
detecting environmental information of the surrounding

25 of the solid semiconductor elements to communicate the
environmental information to the outside or display the

environmental information by communicating with each



The solid sem conductor el enment of the present invention is provided wth:
energy converting neans for converting energy given fromthe outside into
energy of 5 a different kind;, receiving neans for receiving a signal from
the outside; information acquiring neans for acquiring environmentdld DEC 2004
I nformation of the outside; information storing neans for storing
information to be conpared with the infokfation acquired by the 10

i nformati on acquiring neans; and discrimnating nmeans for causing the
informati on acquiring means to acquire environnmental information of the
out side according to the signal received by the receiving neans and
conparing the acquired information and the information 15 stored in the

i nformation sPEPFﬁg means, which corresponds to the acquired information,
to discrimnate whether or not the_acquire n neets a

i nf or tig
predet er mi ned condfPPofi®&nd FRMGFABEPGHOTcH ﬁPgaP'nﬁ FeBRESERT di spl ayi ng
or conmmuni cati.n ag_zo Leas; thﬁ geteéﬁipatLon resglt %t t he diScr}ﬁgnaI!ng
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sem conduct or enen
for acquiring environmental information of the outside;

information storing means for storing information to be
compared with the information acquired by the
10 information acguiring means; and discriminating means
for causing the information acquiring means to acguire
environmental information of the outside according to
the signal received by the receiving means and
comparing the acquired information and the information
15 stored in the information storing means, which
corresponds to the acquired information, to
discriminate whether or not the acquired information
meets a predetermined condition and information
communicating means for displaying or communicating at
20 least the determination result of the discriminating
means to the outside, wherein the receiving means, the
information storing means, the discriminating means and
the information communicating means have two or more
solid semiconductor elements that are activated by the
25 energy converted by the energy converting means, and
the two or more solid semiconductor elements have a

function of detecting environmental information of the



communi cate the environmental information to the outside or display the
environnental information by communicating with each other. 5 The

i nformation communi cating neans of the solid sen conductor elenent SBYC 2004
di splay information or comunicate information to the other solid

sem conductor el enments, and the receiving neans nmay receive a signal from
the other solid sem conductor 10 el enenfs.-*Mbreover, at |east one of the
two or nore solid senm conductor el enments as descri bed above nay have a
function of giving an el ectronotive force to the other solid sem conductor
el ements. In the solid sem conductor elenment as described 15 above,

ext ernal ener t o be. d by.t ' '

preferabl y sugérrﬁanﬁaﬁﬁ”ﬁﬁﬁ%ﬁsoﬁﬁééﬁes?@?&gﬁﬁﬂgi%;‘aﬁéﬁ’%&%ﬂ Re. sol i d

sem conduct or el enent | bed ab th db h
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S possible.c% ﬁﬁiEQ%ihgf8EQRtEBBhCSQHEgiCati”9 means in this case,
means for convérting el'ectricity converted by the energy converting neans

ielntegt a g%algstei Srféghﬁa?l‘%ﬁ?@ﬁt?ﬁ‘ Rolftn2024inglReatRaRe theCUAM1a an
semiconductor element may display information or
communicate information to the other solid
semiconductor elements, and the receiving means may
receive a signal from the other solid semiconductor
10 elements. Moreover, at least one of the two or more
solid semiconductor elements as described above may
have a function of giving an electromotive force to the
other solid semiconductor elements.
In the solid semiconductor element as described
15 above, external energy to be converted by the energy
converting means is preferably supplied in a non-
contact state.
In addition, in the so0lid semiconductor element as
described above, the energy converted by the energy
20 converting means is electricity. As the external
energy to be converted by the energy converting means
into electricity, an electromotive force by
electromagnetic induction, heat, light or radiation is
possible.
25 As the information communicating means in this
case, means for converting electricity converted by the

energy converting means into a magnetic field, light, a



energy for displaying information or conmunicating information to the
outside, is possible. In addition, as the energy converting neans, neans 5
having an el ectric conductor coil, which generates electricity by

el ectronagnetic induction between the neans and an external oscil]lBBENEN
circuit, and an oscillating circuit is pgssible. The electric conductor
coil is preferably fornmed such that it Wi ids 10 itsel f around an outer
surface of the solid sem conductor elenent. In addition, the solid

sem conductor elenment as described above may be further provided with
buoyance force generating neans for generating buoyance force 15 using

energy converted by the inerg§ cogverthg nmeans. In ddi%&?n, the solid
seni conduct or SBABRent §81%FestPi GG hEdTe Y AEY REVECE Rl ™ f or

floating on a_ liquid |level or a predeterm.ned position i.n the |iquid. 20
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than the. centSropparaghotantle Suthiine drehert B8 Lot rotate Tin the
center of the sol i ansaitsbagleras’ EBH baF8F BoptRrclal et ok B S,
DEc 20045 Dofeyify, Fhodhbkepie! BEnBHCL A LR IDNHILA! oeridfaiod N Lhe 15

electricity by electromagnetic induction between the

means and an external oscillating circuit, and an
oscillating circuit is possible. The electric
conductor coil is preferably formed such that it winds

10 itself around an ocuter surface of the solid
semiconductor element.

In addition, the solid semiconductor element as
described above may be further provided with buoyance
force generating means for generating buoyance force

15 using energy converted by the energy converting means.

In addition, the solid semiconductor element as
described above may have a hollow part for floating on
a liquid level or a predetermined position in the
liquid.

20 In this case, it is preferable that a center of
gravity of the solid semiconductor element floating in
the liquid is positioned in a part lower than the
center of the element, and the element does not rotate
in the liquid, in which it floats, and steadily rocks.

25 In addition, a meta center of the solid semiconductor
element is always in a position higher than the center

of gravity of the solid semiconductor element in the



These two or nore solid sem conductor elenments can be provided not only in
liquid in an ink tank but also outside the liquid. It can be noved to
other places by 5 giving an electronotive force or causing it to 150EC 2004
communi cate. In addition, it my be fixed in a definite place if

necessary. In addition, the plurality of 8|Ld sem conductor elenents
preferably does not always comruni cate but 10 communi cates if necessary
fromthe viewoint of saving energy. An application such as giving a new
function to the plurality of solid sem conductor elements by conbining
themis also possible. In addition, the ink jet recording apparatus of 15

the present |&¥§Q&tggn|§fp{9¥|gggt&ktgftggaggg e- nmentioned ink tank. The
recordi ng apparatus In this case preferably has means for supplying an

el ectromoti ve fOrC@néQetbﬁopbyrﬁbféys@i1aogeﬂlc§ﬁaheeeéuau@meﬂk%neﬁﬁﬁ in
the ink tank as external 20 energy to be converted by the energy converting

nmeans. As thgeehbsstigamt h¥e bRLgeinch eghiamagnghi enknddaki Bat aheat, |ight
or radiation is possible. Mreover, the above-nentioned ink jet recording

appar atus prebetaphy tﬂasmqama.fonr e6Ri BeNGoGeaAMBi 68hie@n pilaemst gy sol i d
25 sem conductor el enent. Wen the electronotive force is supplied to the

plurality of geliflgseni evsduebmotelenestee bt tau$bnBPECL2@04 - 21 possible
to first supply the electronotive force to a
communicate. In addition, it may be fixed in a
definite place if necessary.
In addition, the plurality of solid semiconductor
elements preferably does not always communicate but
10 communicates if necessary from the viewpoint of saving
energy. An application such as giving a new function
to the plurality of solid semiconductor elements by
combining them is also possible.
In addition, the ink jet recording apparatus of
15 the present invention is provided with the above-
mentioned ink tank. The recording apparatus in this
case preferably has means for supplying an
electromotive force to the plurality of solid
semiconductor elements in the ink tank as external
20 energy to be converted by the energy converting means.
As the electromotive force, electromagnetic induction,
heat, light or radiation is possible. Moreover, the
above-mentioned ink jet recording apparatus preferably
has means for receiving communication from the solid
25 semiconductor element.
When the electromotive force is supplied to the

plurality of solid semiconductor elements, it 1is



mai n solid sem conductor el ement anong the two or nore solid sem conductor
el ements fromthe outside and to the other solid sem conductor el enent
fromthe main 5 solid sem conductor element. Alternatively, it is jpoBi fhe
that the electronotive force is supplied to the plurality of solié

sem conductor elements directly fromthe gutside. In addition, the present
I nvention is a 10 communi cati on systemusing a solid sem conduct or

el enent, which is provided with: a liquid container in which two or nore
solid sem conductor elements are disposed; an oscillating circuit having
an electric conductor coil, information acquiring nmeans for 15 acquiring

i nformation opdsha virsitde MAfrstthe A o1 dd@GRING 0, dTBBScd Of o F £CEI Vi NG
a signal fromthe outside and infornmation conmunicating nmeans for

conmuni cat i Ng maliff @oTald @enti@dndRidrsidenddiat adfohd AR ddd dhemspbi d
sem conductor el enent; an external oscillating circuit, 20 which is
di sposed out sis@a ildh& efdldoth daRItiodo RAiehiedit s Ereiethe falt ganerand Ngo

electricity by electromagnetic induction between the external oscillating
circuit and tthe ostick atbillg Gietrddicnduictidie eSeirieth tsrapnthectmaiel enent ;
and external communicating neans for 25 bidirectionally conmunicating
bet ween the r scdiid sgmiveadscaod tierenftor métlitenr neanmelixatitngi sreans of the
solid sem conductor elenent. 1 5 DEC 2004 - 22 |In the comruni cation system
of this case, posssiidle that the electromotive force is supplied to
the plurality of solid semiconductor elements directly
from the outside.
In addition, the present invention is a
10 communication system using a solid semiconductor
element, which is provided with: a liquid container in
which two or more solid semiconductor elements are
disposed; an oscillating circuit having an electric
conductor coil, information acquiring means for
15 acqguiring information on the inside of the container,
receliving means for receiving a signal from the outside
and information communicating means for communicating
information to the outside that are formed in the solid
semiconductor element; an external coscillating circuit,
20 which is disposed outside the solid semiconductor
element, for generating electricity by electromagnetic
induction between the external oscillating circuit and
the oscillating cixcuit of the so0lid semiconductor
element; and external communicating means for
25 bidirectionally communicating between the receiving

means and the information communicating means of the

s0lid semiconductor element.



preferable that a center of gravity of the solid sem conductor el enent
floating in the liquid, anong the two or nore solid sem conductor el enent,
is positioned 5 in a part lower than the center of the elenment, and §DE{ 2004
el ement does not rotate in the liquid, in which it floats, and steadily
rocks. In addition, a neta center of the_solid sem conductor elenent is
always in a position higher than the centér of gravity of the solid 10
sem conductor elenment in the direction of the center of gravity. If a

met hod of supplying external energy is used in an ink jet recording
apparatus, it is sufficient to provide neans for supplying an

el ect romot] ve 07 o4l kS nGLITERL oS SOH Yy SHADLA 2 Fecpyery
ea(f

position, a return poSition, a carri or the addi tion,

|f_an appar at ys faying Rans oeeabege'x n R D gmdorce is used

a state insid& an ink tan can oun he |n ] et recordlng

appar atus, 20 ghg B} b&emtentts fqggqlb@, qnf %teomq%@ %aﬁ&m It

can be used for I nspection or the ke (guarantee of ‘quality)

speci fic energyd $rImseR %%1&@9sé&hb@ndﬁ%@b&o@ﬁﬂﬁk%& e'%m%HsfﬁléﬁEHDFESEHt
invention for 25 attaini ng the above-nentioned object's fromthe outside of

the el emgnt of pf GORaAtRE 16%EeR $hhd themcearduChbE thel ety efl afhy in a
non-contact state), the energy 1 5 DEC 2004 - 23 converting means converts
the external enemgwt @o@s not rotate in the liquid, in which it

floats, and steadily rocks. In addition, a meta center

of the solid semiconductor slement is always in a

position higher than the center of gravity of the solid

10 semiconductor element in the direction of the center of

gravity.

If a method of supplying external energy is used
in an ink jet recording apparatus, it is sufficient to
provide means for supplying an electromotive force to

i5 an element as external energy in a recovery position, a
return position, a carriage, a head or the like. 1In
addition, if an apparatus having means for supplying an
electromotive force is used, a state inside an ink tank
can be found without the ink jet recording apparatus,

20 for example, if it is used in a factory or a sales
shop, it can be used for inspection or the like
(guarantee of quality).

When specific energy is given to the solid
semiconductor element of the present invention for

25 attaining the above-mentionesd objects from the outside
of the element or from the main solid semiconductor

element (preferably in a non-contact state), the energy



different energy, and the solid sem conductor elenent activates the

I nformati on acquiring neans, the discrimnating neans, the information
storing neans and 5 the information conmuni cati ng means by the converted
energy. The activated information acquiring neans acquires environyarfal 04
information around the el ement. The discrim nating means then reads

i nformation for referring to the acquire& i nformation fromthe 10

i nformati on storing neans and conpares the read stored information and the
acquired information to determ ne the necessity of commrunication

i nformation. Then, if the discrimnating neans determnes that it is
necessary (0 GQUUUIGALE AR TBLL AL d txeAUSARANG. SHbddY QI On
conmruni cat i ng “means to~commrunii cate the ~acquired I nformation to the

out si de. | n ;% A0%n s SACE oF [ URG! 1180 Qh136HWdrMbn T A dient

envi ronment al Tnformation to“conmunicate it to the outside is Incorporated

in a senicondg%ggga%gse BZeNh 1Ok t39n G 3RARESnd MR ik can be acquired
te [ y. Thus, a '

and communi ca t hree- di nensi ona _ , I rection of communicating
information igiRetkiliifhierdg GRERA" CENY ik dhimaaash idt oidd) meSgd spaduct or

elenment of a flat shape is used. Therefore, surrounding envi ronment al
i nfor matison caRebq nebihaitadhl )éoﬂqﬁmlwirc%chn?l% et dPee@ut i de.
In addition, when a plurality of solid 1 DEC 2004 2 4 sem conduct or

el enents are dnepreged MheA aRtedekRAMiREdrmation acquiring means
| acquires environmental information around the element.
The discriminating means then reads information for
referring to the acquired information from the
10 information storing means and compares the read stored
information and the acquired information to determine
the necessity of communication information. Then, if
the discriminating means determines that it is
necessary to communicate information, it causes the
15 information communicating means to communicate the
acquired information to the outside.

In this way, since a function of acquiring
surrounding environmental information to communicate it
to the outside is incorporated in a semiconductor

20 element of a solid shape, information can be acquired
and communicated three-dimensionally. Thus, a
direction of communicating information is not limited
compared with the case in which a semiconductor element
of a flat shape is used. Therefore, surrounding

25 environmental information can be efficiently acquired
and communicated to the outside.

In addition, when a plurality of solid



container to communicate with a plurality of groups of elenents with two
or nore solid sem conductor elenents anong the plurality of solid

sem conductor elements in 5 the predeterm ned container formng ong pgeqQem.
comuni cation is perfornmed with a different conmunication condition for
each of the element groups. As a result, it becomes possible to
efficiently performng determnation and selection of a pair of 10

el enents anong the plurality of pairs and communication and contro
between the elenents. Alternatively, each of the plurality of solid

sem conductor elenments provided in the predeterm ned container has

information Lap; Gbﬁh%le%foele&eﬁt@em@yalé?és@ammmac le@i tiemlh A f Or med
by recogni zing t ormati on di stinction or distinguishing the

i nformation bﬁohhﬁmaﬁﬁ%ycomuﬁlclatteab.s_thacgfraianqw Rire groudd igd ently
perform ng determnation and selection of a pair of elements anong the

plurality of pakhen@gdw§eAM¥RLCAL ABrd0sanddceainieoneicHen elkeneal srent s.
Mor eover, information corresponding to a received signal can be acquired

and a det erni Aabhgnthesphtiral i tg0BEakbIeA Wehicbhdusitered liefiicarymtion can
be comunicated to the outside together wwth the acquired 25 information

by addi ng comguai pakiBgermansdf epntadaeyi fgrming gnal dgiomm,t he out si de.
Thus, it is also possible to bidirectionally exchange signals with an
external 1 5 Dbfimd6@4atidh iel epefibrmed with a different
communication condition for each of the element groups.
As a result, it becomes possible to efficiently
performing determination and selection of a pair of
10 elements among the plurality of pairs and communication
and control between the elements. Alternatively, each
of the plurality of solid semiconductor elements
provided in the predetermined container has information
for distinction or a memory, and communication is
15 performed by recognizing the information for
distinction or distinguishing the information by the
memory. Thus, it also becomes possible to efficiently
performing determination and selection of a pair of
elements among the plurality of pairs and communication
20 and contrcl between the elements.

Moreover, information corresponding to a received
signal can be acquired and a determination result of
comparison with the stored information can be
communicated to the outside together with the acquired

25 information by adding communicating means for receiving
a signal from the outside. Thus, it is also possible

to bidirectionally exchange signals with an external



In addition, nore than two solid sem conductor elenments of this kind are
di sposed in an ink tank, and environnmental information of the surrounding
of the 5 sem conductor solid elenents is detected by nutually

comuni cati ng between the two or nore solid elenents, and the 15 DEC 2004
environmental information is communicated to and displayed in the outside.
Thus, it is possible to communicate i nfomati on on ink contained in the
ink 10 tank, a pressure in the tank or the like to, for exanple, an ink
jet recording apparatus in the outside on a real time basis. This is
advant ageous in controlling, for exanple, an anount of negative pressure
t hat changes eyer @Dnent I n accordance with 15 ink consunption to
stabilize disgxﬁw B%f ink jet. Moreover, since external energy for

activating a solid_seni,conductor el nt .1 s SURRlJ I.n. & non-_cont act
state, there is nogﬁeggh% 18P0v98§ea ﬁngy SSOEPE§% &%qggﬁ%kﬁﬁng an

element in an bk tank.er £9.20,GANLEt W4 G SUPRIY NG AOCTEYy Lo the
ﬁ uct or eﬁ

el enent. Thus; e Solid sem con nment C¢an be lUsed Ina part

uhere 1t 15 dbhliedhhehad’ MMEBEAURT W LleNInedlbE il aGANGH Shd O the

out si de. For exanp when energy ractivating an

el ectri C5ly, ngheRhiLEoroRINThobIERbh L0G Al (@Rtdd &Y MhGld iy t as an

a
external energy converting nmeans IS %orne such that it wn | t'sel f

around an 1 5-BRfnf984t1ngbbetibBh THE 268 BF W% eS@ol1d ¢S @liemiittuct or

el enent .
and the environmental information is communicated to

and displayed in the outside. Thus, it is possible to
communicate information on ink contained in the ink
10 tank, a pressure in the tank or the like to, for
example, an ink jet recording apparatus in the outside
on a real time basis. This is advantageous in
contrelling, for example, an amount of negative
pressure that changes every moment in accordance with
15 ink consumption to stabilize discharge of ink jet.
Moreover, since external energy for activating a
solid semiconductor element is supplied in a non-
contact state, there is no need to provide an energy
source for activating an element in an ink tank or to
20 connect wiring for supplying energy to the element.
Thus, the solid semiconductor element can be used in a
part where it is difficult to draw around wiring
directly connected to the outside.
For example, when energy for activating an element
25 is electricity, an electric conductor coil for an
oscillating circuit as an external energy converting

means is formed such that it winds itself around an



Thus, it is possible to generate electricity in the electric conductor
coil by electromagnetic induction between the solid sem conductor el enent
and the 5 external oscillating circuit to supply the electricity 1“5@@5?%4
el ement in a non-contact state. In this case, since the coil is wou

around the outer surface of the elenent,zéhe magni t ude of the |nductance

of the coil varies in response to, for xanpl e, existence of ink, a

resi dual amount of the ink, ink pHin the ink tank. Therefore, since the
oscillating circuit changes an oscillating frequency in response to the
variation of the inductance, it is possible to detect a residual amunt of

the ink in the 49 ak eank Baoed 0hig Varlabhon el 19 agld | ati ng

frequency to B ange n-ad i on € °s0o sem con ‘el enent has a

hol | ow part faf, | 'Oitt' 38 _bBsbiiBikdy Ahdoltatar KEACHHGRs dhaly Gpent er of

gravity of the e ément "1s positi on I"ower an t he ter of the

el ement . Ther ghgterikobondiatBieoo ge@;ﬁ]efeﬂet?:%rBﬁt%@h@'t&% Nerthdi g ded i

the ink jet recor ng apparatus an I nk tank "operate seri y and ink

in the ink ta%t@%‘ﬁs tHe ee.qﬁowem%onbﬁfctto%n@l@h%tt e R i d

sem conductor el enment can 25 detect information on the ink or a pressure in
the tankg “‘t@be&BaﬁCQEEQQXaWEhbecik%QleXofhﬁﬁgE% E&éﬂﬁiédﬂ%ldhtﬁhe i nk

tank. Moreover, the coil of the oscillating 1 5 1004 - circuit
formed in thetgl epeNkikmeRel dni B Achtabhtact state.

In this case, since the coil is wound around the
outer surface of the element, the magnitude of the
inductance of the coil varies in response to, for

10 example, existence of ink, a residual amount of the
ink, ink pH in the ink tank. Therefore, since the
oscillating circuit changes an oscillating frequency in
response to the variation of the inductance, it is
possible to detect a residual amount of the ink in the

15 ink tank based on the variation of the oscillating
frequency to be changed.

In addition, the solid semiconductor element has a
hollow part for floating in liquid, and is formed such
that a center of gravity of the element is positioned

20 lower than the center of the element. Therefore, for
example, even if the recording head provided in the ink
jet recording apparatus and the ink tank operate
serially and ink in the ink tank rocks up and down or
left and right, the solid semiconductor element can

25 detect information on the ink or a pressure in the tank
with high accuracy while steadily floated in the ink in

the ink tank. Moreover, the coil of the oscillating



position with respect to a coil of the external oscillating circuit to
allow stable bidirectional communication at all times. 5 Further, the term
solid in the solid sem conductor elenent throughout this specificqq §
includes all of wvarious solid fornms such as a triangular prism a s@ﬂémg,
a hem sphere, a quadratic prism a spheroihd and an uniaxial body of
rotation. 10 In addition, the termneta center in this specification

i ndicates an intersection of a line of action of weight in balance and a
line of action of buoyance force when slanted. O her features and

advant ages of the present 15 invention wll be apparent fromthe foll ow ng

description takep,hf® £0PREACLAORLY ERehbBRta¢SOARAAY AT dkaWNRYS, in which
the sane reference characters designate the same or simlar parts

throughout thgosttgdhenither89bec20tBRAEECPESER PhEObkOErAHE DRAWNGS In
t he acconpanying drawings, Fig. 1 is a view show ng an ink residual anount

detecting appgsaiusadengrcheduin dapanese Pahenk BhaAppkieéahkan Lai d-open
No. 6-143607; Fig. 2 is a view showi ng an ink residual anmount detecting
appar at us desgomfgflicatdapaaeselPatemesNo. 1 5 DEC 2004 - 28 2947245,
5 Further, the term so0lid in the solid semiconductor

element throughout this specification includes all of

various solid forms such as a triangular prism, a

sphere, a hemisphere, a quadratic prism, a spheroid and

an uniaxial body of rotation.

10 In addition, the term meta center in this
specification indicates an interxrsection of a line of
action of weight in balance and a line of action of
buoyance force when slanted.

Other features and advantages of the present

15 invention will be apparent from the following
description taken in conjunction with the accompanying
drawings, in which the same reference characters
designate the same or similar parts throughout the
figures thereof.

20
BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings,
Fig. 1 is a view showing an ink residual amount
detecting apparatus describaed in Japanese Patent

25 Application Laid-open No. 6-143607;

Fig. 2 is a view showing an ink residual amount

detecting apparatus describsd in Japanese Patent No.



Fig. 3 is a block diagramillustrating an internal configuration and
exchanges of information with the outside of a solid sem conductor el enent
of a first 5 enbodinment used in an ink tank of the present invention;
Fig. 4 is a block diagramillustrating an internal configuration RHDEL 2004
exchanges of information with the outsidgpof a solid sem conductor el enent

of a second 10 enbodi nent used in the ink*“fank of the present invention;
Fig. 5is a block diagramillustrating an internal configuration and
exchanges of information with the outside of a solid sem conductor el enent
of a third 15 enbodi nent used in the ink tank of the present invention;
Fig. 6 is a f%g&/ﬁggrt for describing operations of the el enment shown in
Fig. 3; Fig. Z flow chart for describing operations 20 of the el ement

shown in Fig. 5 Fg )%ghff 3l §52 b'b%fk:kdh% 30 '_-Ltlli%%”c%'t'l [ga 'ltnfetrélalla

configuration and e anges i orna on with th

Sol1
seni conduct or Shﬁﬁgﬂkag}oﬁ Lau Llcnanbad oent iusedain dohe.idak diank of the

present 25 invén g I's a diragramilTustrating an |nternal

conf  gurat i onoapd; SXCHENGeS 9 of 8L EBRAARCWI Babhient BDECFAAA -

out side of a SO|I sem conduct or ement of
5 embodiment used in an ink tank of the present
invention;

Fig. 4 is a block diagram illustrating an internal
configuration and exchanges of information with the
outside of a solid semiconductor element of a second

10 embodiment used in the ink tank of the present
invention;

Fig. 5 is a block diagram illustrating an internal
configuration and exchanges of information with the
outside of a solid semiconductor element of a third

15 embodiment used in the ink tank of the present
invention;

Fig. 6 is a flow chart for describing operations
of the element shown in Fig. 3;

Fig. 7 is a flow chart for describing operations

20 of the element shown in Fig. 5;:

Fig. 8 is a block diagram illustrating an internal
configuration and exchanges of information with the
outside of a solid semiconductor element of a fourth
embodiment used in the ink tank of the present

25 invention;
Fig. 9 is a block diagram illustrating an internal

configuration and exchanges of information with the



enbodi ment used in the ink tank of the present invention; Fig. 10 is a

bl ock diagramillustrating an 5 internal configuration and exchanges of

information with the outside of a solid sem conductor el enent of b5 D& 260k

enbodi ment used in the ink tank of the present invention; Fig. 11 is a

fl ow chart describing operations of 10 th el ement shown in Fig. 10; Fig.
o]

12 is a view showing an ink tank using a [id sem conductor el enment of an
exanple of the present invention; Fig. 13 is an enlarged view of the solid
15 semiconductor elenent part of the ink tank of Fig. 12; Fig. 14 is a
vi ew showi ng an i nk tank of another exanple using a solid sem conduct or

element; Fig. 1§§£§ea ¥iS“%SP%@‘§§8§BREH§C£BPke9 mahPt Ber o @4aqpl e using a

solid senicondUctor: elenen S an enlarged view of the solid

sem conduct or fsphepknk,ia f 4 Fi 15, g 17 i [

( ( h R h b s a view

show ng an_lniﬁ%gggﬁé?ggﬁ%? e%h gx%np?e Eé?ngog go?igrggﬁigonductor

el enent; Flg.iﬁ§?5§&gg,enlarged view of the solid 25 sem conductor el enent
a

part of the in of Fig. 17; Fig. 19 is a view showing an ink tank of

another exanpl e upigg g9S@kigd EEHEEOEQHﬁEQﬁ ¢he@sptatind BRC 2004 30 Fig.
20 is a view showi ng”an 1 nk tank of anot her

5 internal configuration and exchanges of information
with the outside of a solid semiconductor element of a
sixth embodiment used in th2 ink tank of the present
invention;

Fig. 11 is a flow chart describing operations of

10 the element shown in Fig. 10;

Fig. 12 is a view showing an ink tank using a
solid semiconductor element of an example of the
present invention;

Fig. 13 is an enlarged view of the solid

15 semiconductor element part of the ink tank of Fig. 12;

Fig. 14 is a view showing an ink tank of another
example using a solid semiconductor element;

Fig. 15 is a view showing an ink tank of another
example using a solid semiconductor element;

20 Fig. 16 is an enlarged view of the solid
semiconductor element part of the ink tank of Fig. 15;

Fig. 17 is a view showing an ink tank of another
example using a solid semiconductor element;

Fig. 18 is an enlarged view of the solid

25 semiconductor element part of the ink tank of Fig. 17;

Fig. 19 is a view showing an ink tank of another

example using a solid semiconductor element;



exanpl e using a solid sem conductor elenent; Fig. 21 is an enlarged view of
the solid sem conductor elenent part of the ink tank of Fig. 20; 5 Fig.
22 is a view showing an ink tank of another exanple using a solid 5 DEC
sem conductor elenment; Fig. 23 is a block diagramillustrating an | ngeznr%l
configuration and exchanges of informati-ozg with the outside of a solid
sem conduct or elenent of a 10 seventh enbodi nent of the present invention;
Figs. 24A and 24B are views showi ng a position of the elenment with the
configuration of Fig. 5 floated in the ink in the ink tank together with
changes of ink consunption; 15 Fig. 25 is a flow chart for confirmng a
position of the elrarent2zowiishat kdesohioguhat iaon iskowarikn i gandthend
discrimnating the necessity of replacing the tank; Figs. 26A, 26B and 26C
are concept ualexdmgpiiengsing khusoldsl sgrd cvadleed caf elsmgnts; sol i d
sem conductor 20 el enent being an eighth enbodi nent of the present
i nvention; Fig. 27FHig.a2l éw shownigrygedewdepl efofthar ramgidhg a solid
sem conductor elenent, in which the enbodi ments are appropriately
conbi ned, in @memigondacitoanelameintk p23t off Hbed iodhriegtkedf Fihe 20k tank,
respectively; Fig. 28 is a view show ng an exanple of a configuration for
sequenti @ |y comudiigat i2@g ignal vi-eBECh20049- a®1 ind détforndt ianothexe
supplied to a certain solid
example using a selid semiconductor element;
Fig. 23 is a block diagram illustrating an
internal configuration and exchanges of information
with the cutside of a solid semiconductor element of a
10 seventh embodiment of the present invention;
Figs. 24A and 24B are views showing a position of
the element with the configuration of Fig. 5 flocated in
the ink in the ink tank together with changes of ink
consumption;
15 Fig. 25 is a flow chart for confirming a position
of the element with the configuration shown in Fig. 5
and discriminating the necessity of replacing the tank:
FPigs. 26A, 26B and 26C are conceptual drawings
illustrating a method of using a solid semiconductor
20 element being an eighth embodiment of the present
invention;
Fig. 27 is a view showing an example of arranging
a solid semiconductor element, in which the embodiments
are appropriately combined, in an ink tank and an ink
25 jet head connected to the ink tank, respectively:;

Fig. 28 is a view showing an example of a

configuration for sequentially communicating an



sem conductor elenment to other solid sem conductor elenents together with
Information in an ink tank and an ink jet head connected to the ink tank;
5 Fig. 29 is a view showing an exanple of an ink tank that is prefe E&ﬁmﬁ
for providing the solid sem conductor elenent according to the vaﬂi%ﬁ
enbodi nents of the present invention therein; Fig. 30 is a view show ng an
exanple of an ink 10 tank that is preféréﬁié for providing the solid

sem conductor el enment according to the various enbodinents of the present
i nvention therein; Fig. 31 is a view showi ng an exanple of an ink tank
that is preferable for providing the solid 15 sem conductor el enent

according to t varlo odi nents of t present .invention therein;
Fig. 32 is a \ﬂ l{ﬂ'd' %bé?%ﬁl“@pdfleéinr{l EEH:IQ rhr é)preferabl e for
provi di ng the SO|Id congﬁ tor n acc rs |¥%§lco various 20
embodi ment s ofSFHE R ﬁf i gl shomnng an

exanpl e of an |nk t.an e for rOV|d|n ol

seni conduct or & g éﬁﬁg zﬁ”ﬁﬁﬁ? enbddi % ik e pr esent

i nvention thereln 5 F| WS h n |l e of an ink tank

that is preferart’blekf & p?’c?\?i%élcr?zmt%hee?ol %\Ms?e%n?;n ‘or el ement accor di ng

to the vayious 15 B5G 2094 vo 32 v:RRPUARRG LD ad TR on
tank that is preferable for providing the solid
semiconductor element according to the various
embodiments of the present invention therein:

Fig. 30 is a view showing an example of an ink

10 tank that is preferable for providing the solid
semiconductor element according to the various
embodiments of the present imnvention therein;

Fig. 31 is a view showing an example of an ink
tank that is preferable for providing the solid

15 semiconductor element according to the various
embodiments of the present invention therein;

Fig. 32 is a view showing an example of an ink
tank that is preferable for providing the solid
semiconductor element according to the various

20 embodiments of the present invention therein;

Fig. 33 is a view showing an example of an ink
tank that is preferable for providing the solid
semiconductor element according to the various
embodiments of the present invention therein;

25 Fig. 34 is a view showing an example of an ink
tank that is preferable for providing the solid

semiconductor element according to the various



Fig. 35 is a view showi ng an exanple of an ink tank that is preferable for
providing the solid sem conductor el enent according to the various 5
enbodi ments of the present invention therein; Figs. 36A, 36B and fg@ %rﬁ
diagranms for illustrating reasons for disposing a plurality of soli EL 2004
sem conductor el enents; Figs. 37A and 37B-are sectional views illustrating
10 a nmethod of detecting existence of ink, which can be attained by
conmbining a plurality of solid sem conductor elenents; Fig. 38 is a flow
chart showi ng an exanple of a nethod of detecting an ink residual anount;
15 Figs. 39A and 39B are flow charts showing an exanple of detecting a

state of ink anmiupd@htisnks %ﬂepp.tee%tt, iRhv@ntdQn TrRdREmSPective view
showi ng an exanple of an ink recordi ng apparatus mounted with the ink

20 tank shown in Figgg, 33 4Q %2v9'éwt R Wik afl @xathblieS o WreW Ak | ustrating
a theory of generating electricity of energy generating neans that 1is an

el ement of the ¢ 't@'na%emsc?&@lf%%'bl@ e@Nprofviiag RIRS&Y1idqvention; 25
Fig. 42 is a schematic vertical sectional view of an N-MOS circuit el enent

of the solid semiconductor etkfdB adveeddihd M ithle katkiods the present
i nvention; 7 5 DEC 2004 - 33 Fig. 43 is a flowchart of operations in a
solid 5 embodiments of the present invention therein;

Figs. 364, 36B and 36C are diagrams for
illustrating reasons for disposing a plurality of solid
semiconductor elements;

Figs. 37A and 37B are sectional views illustrating

10 a method of detecting existence of ink, which can be
attained by combining a plurality of solid
semiconductor elements;

Fig. 38 is a flow chart showing an example of a
method of detecting an ink residual amount;

15 Figs. 39A and 39B are flow charts showing an
example of detecting a state of ink around an ink
supply port;

Fig. 40 is a perspective view showing an example
of an ink jet recording apparatus mounted with the ink

20 tank shown in Figs. 12 to 22 or the like;

Fig. 41 is a view illustrating a theory of
generating electricity of energy generating means that
is an element of the solid semiconductor element of the
present invention;:

25 Fig. 42 is a schematic vertical sectional view of
an N-MOS circuit element of the solid semiconductor

element used in the ink tank of the present invention;



sem conductor elenment on a transmtting side in the case in which a

bi directional conmmunication is perfornmed between a solid sem conductor

el enent and a 5 recordi ng apparatus according to the ink tank of tg
present invention; Fig. 44 is a flow chart of operations in a rec 3&%&&W4
apparatus on a receiving side in the case_in which a bidirectional

comuni cation is perforned 10 between a~sdPi d semiconductor el ement and a
recording apparatus according to the ink tank of the present invention;
Figs. 45A, 45B, 45C, 45D, 45E, 45F and 45G are views showing a series of
steps for illustrating an 15 exanple of a nethod of manufacturing a solid
sem conduct or el enent of _a.floa % % é gs. 46% and 46B are Vi ms for
illustrating condftfond3tdf & $4PPd 85Fc8ﬁd83?5? &PBFer o Ht

t abl t at l.i d; k d |l hi
?n?erﬁa? goﬁf%%ﬂﬁégggﬁcﬁﬂa 8%%W§Hée§%oa ?ﬁg§PW§kigh%Tﬁlpﬁut quk??lgg of a

solid sem conduct or, ordln 18 of the pr esent
i nvention; Fi §2 S$8lPsW 1§§hgn§%|cr$F§%98 a%ol EB an u5|ng 25 the solid

s condict o SR eg e R, 5 14 R F Ry oS, Sidmet LT

show ng absorBFl eng representatlve I nk

(yellow gY), g%%%g%ﬁngw%pp%¥§Qus according to the ink tank of the

present invention;

Fig. 44 is a flow chart of operations in a
recording apparatus on a receiving side in the case in
which a bidirectional communication is performed

10 between a solid semiconductor element and a recording
apparatus according to the ink tank of the present
invention:

Figs. 45A, 45B, 45C, 45D, 45E, 45F and 45G are
views showing a series of steps for illustrating an

15 example of a method of manufacturing a solid
semiconductor element of a floating type;

Figs. 46A and 46B are views for illustrating
conditions for a solid semiconductor element to hold a
stable state in liquid;

20 Fig. 47 is a block diagram illustrating an
internal configuration and exchanges of information
with the outside of a solid semiconductor element
according to an embodiment of the present invention;

Fig. 48 is a schematic view of an ink tank using

25 the solid semiconductor element of the present
invention; and

Fig. 49 is a graph showing absorption wave lengths



(O and black (B)). DETAILED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS 5
Enbodi nents of the present invention will be described with reference to
the drawi ngs. (First enbodinment) Fig. 3 is a block diagran1i||ustr@§m@gzmn
internal configuration and exchanges of information with the 10 outsi f
a solid sem conductor elenent of a first gnbodinent used in an ink tank of
the present invention. A solid senmi condudfor element 11 of a form shown
in the figure is provided with an electric connecting portion 19 for
receiving supply of 15 electricity fromthe outside A and outputting a
signal to the outside A or B, information acquiring nmeans activated by

i <cri m nat i ngEneeheyan Ak ab 8T kT ChbA o RRY o haBR L AT F¥an i on 20

connunicating(ggagﬁ 1glggg gg 2[sposed on an outer wall of the ink tank.
In addition, it’'is 8e5|ra I g at at least the information acquiring neans
15 is forned on a surface of the elenent or in the vicinity of the
surface, and the electric connecting portion 19 is 25 formed on a surface

opposing it. RBBReAkRERr BRECRIPACON HF NGHEEARErERRABARMEOD IMERTSr mALI ON ONn
the inside of the ink tank that is 1 5 DEC 2004 -35 surroundi ng

environmgntal infogpBbaReAtst B €hENBREsert. iAlBnEISGM WTHAABENg Means
conpares the information

described with reference to the drawings.
(First embodiment)
Fig. 3 is a block diagram illustrating an internal

configuration and exchanges of information with the

10 outside of a solid semiconductor element of a first
embodiment used in an ink tank of the present
invention. A so0lid semiconductor element 11 of a form
shown in the figure is provided with an electric
connecting portion 19 for receiving supply of

15 electricity from the outside A and outputting a signal
to the outside A or B, information acquiring means
activated by the electricity received by the electric
connecting portion 19, discriminating means 16,
information storing means 17 and information

20 communicating means 18 and is disposed on an outer wall
of the ink tank. In addition, it is desirable that at
least the information acguiring means 15 is formed on a
surface of the element or in the vicinity of the
surface, and the electric connecting portion 19 is

25 formed on a surface opposing it.

The information acquiring means 15 acquires

information on the inside of the ink tank that is



on the inside of the ink tank acquired fromthe information acquiring
means 15 and information stored 5 in the information storing neans 17 to
determ ne whether it is necessary to communi cate the acquired in r t' n
on the inside of the tank to the outside. The information storing gé@ﬁQ‘ﬁ?
stores conditions for conparing with infgrnatlon on the inside of the tank

to 10 be acquired and the information on Re”i nside of the tank acquired
fromthe informati on acquiring nmeans 15. The informati on conmuni cati ng
means 18 comuni cates the information on the inside of the tank to the
outside A or B by sending a signal via the electric connecting 15 portion

P oaccondt "9 beyagunshouehkoRoRhehiSy ShpREndhioh, B8 HRANS RGec 0, 6 1 2

g opérations I"eénent” shown

Referring to Elgs Tﬁ faggc% mﬁhakinggﬁ%akgagom ?@segﬁgt h%bgﬁdgidﬁ glven

to 20 the el eent rom out'si ormation acquiring

means 15, thedi 36! FhUakbng e MeARS 1 1R chAR LBLACER! e2BnSkdl NG Means 17

and the |nfornat|on comuni cat1 ng neans e activated by the

el ectricity. 23eH0RaRGbbVALAM:LALGr fabhan %CQHHVhB§o¥%%Q§0%5sﬁHE&Hres

i nformati on on the |n5| tank, which is environnenta

| nfor mal son a5 uggel R cBLAgRAbLn 1tBRRG 38Afs 136 tosuehedhume oS! dua
anount of ink, a type o tenperafure and pH (step S11 of Fig. 6). The

whether it is necessary to communicate the acgquired
information on the inside of the tank to the outside.
The information storing means 17 stores conditions for
comparing with information on the inside of the tank to

10 be acquired and the information on the inside of the
tank acquired from the information acquiring means 15.
The information communicating means 18 communicates the
information on the inside of the tank to the outside A
or B by sending a signal via the electric connecting

15 portion 19 accoxrding to an instruction of the
discriminating means 16.

Fig. 6 is a flow chart for describing operations

of the element shown in Fig. 3. Referring to Figs. 3
and 7, it is seen that, when electricity 12 is given to

20 the element 11 from the outside A or B, the information
acquiring means 15, the discriminating means 16, the
information storing means 17 and the information
communicating means 18 are activated by the
electricity.

25 The activated information acquiring means 15
acquires information on the inside of the ink tank,

which is environmental information around the element,



di scrimnating neans 16 reads conditions for conparing wth the acquired
I nformation on the inside of the tank 5 fromthe information storing neans
17 (step S12 of Fig. 6), and conpares the read conditions and the1qpmgjm@p
i nformation on the inside of the tank to determine the necessity of
comuni cating information (step S13 of FE%._6). Here, as an exanpl e of

°n a

determ nati on based on 10 conditions set dvance in the information
storing means 17, it is determ ned that replacenent of a tank is required
because the ink residual amount is reduced to two milliliters or |ess or
pH of the ink changes significantly. 15 If the discrimnating neans 16

det er m nes thgpchtaﬁggtEggiﬁgggsgﬁbﬁnkoogogﬁgni%fggg%$%é Hf%{nation on the

i nside of the"tank e outsidée In ste ormati on on the

i nsi de of thegi ' o] [ t [ [ t @l 17 t
Sia of Big. ofchbshaflices aptORAT (shepl Wl BeEIE, &) O A R he (P

Dt o . by the Luf ; ke o .
| nformation agqui-t-efli RY+4Rg h@aﬂ%gg !Q%aﬁ%q%bhbﬁ 1&?@2%px4%ddbd¥¥%g

discrimnating nmeans 16 next. In ition, if the rimnating neans 16

determnes that it thd HEGRISREY 1h@ oTHATYRINC BN thide 1%r ilddf YEMBiHON Mk t he
inside of the tank to the outside in step S13, a signal is outputted from

the i nf osmati @RomC@RBURLEBEINAS iFRART 018 naNtheG@AFMINY qaitee 50 X i quipi de. 1
5 DEC 2004 - 3 7 For exanple, if it is determ ned that the ink residual
amount is redggedaha bwRpArkki theekeadr co@sistilh® and the acquired
information on the inside of the tank to determine the
necessity of communicating information (step S13 of
Fig. 6}. Here, as an example of determination based on

10 conditions set in advance in the information storing
means 17, it is determined that replacement of a tank
is required because the ink residual amount is reduced
to two milliliters or less or pH of the ink changes
significantly.

15 If the discriminating means 16 determines that it
is not necessary to communicate the information on the
inside of the tank to the outside in step S13, present
information on the inside of the ink tank is stored in
the information storing means 17 (step S14 of Fig. 6).

20 This stored information may be compared with the
information acgquired by the information acquiring means
15 in the discriminating means 16 next.

In addition, if the discriminating means 16
determines that it is necessary to communicate the

25 information on the inside of the tank to the outside in
step 5§13, a signal is outputted from the information

communicating means 18 and communicated to the outside.



I nformati on comuni cati ng neans 18 out puts an electric signal and

comuni cates to the ink jet recording 5 apparatus that replacenent of the
tank is necessary (step S15 of Fig. 6). If the elenent is used in an ink
jet recording apparatus, it is sufficient to provide neans for suppD§i 1m0
electricity to the device and receiving a_10 signal in a recovery position,
a return position, a carriage, a head or 3Yhé like. Besides, if an
apparatus having connecting neans is used, a state inside the ink tank
can be found without the ink jet recording apparatus, and for exanple, if
it is used in a factory 15 or a sales shop, it can be used for inspection

h ik f A d hi od
nformati on ECRuPREHDNG (A8 it GPNAETBRVACRE EPRG ABand Mot Ba.Luthul r od
| ect | i 20 ted, tall f
W ring is unneBRuaR 3 aﬁﬁugeﬁf‘a?et%P ik SR8 ChE oo PR Be oo B cal time

basis wth a S|ggﬂgtgﬁgrhg§&§;h8g§%£8ecgggsegpoghggﬂgkexc ef%dé%f%blOCk

dlagran1|IIusPP§ onfirguration anges o
o O o Bk g b gReBolod AETLARIJUR! Bt of o second
'nFig 4 thspbﬂﬁsawﬁt R0 +CQEPYLEALMRIoFERAS 18nk is necessary

{step S15 of Fig. 6).

If the element is used in an ink jet recording
apparatus, it is sufficient to provide means for
supplying electricity to the device and receiving a

10 signal in a recovery position, a return position, a
carriage, a head or the like. Besides, if an apparatus
having connecting means is used, a state inside the ink
tank can be found without the ink jet recording
apparatus, and for example, if it is used in a factory

15 or a sales shop, it can be used for inspection or the
like {guarantee of gquality).

According to this embodiment, since information
acquired by the information acquiring means can be
acquired as an electric signal if one part is

20 connected, excess installation of wiring is unnecessary
and a state of ink can be grasped on a real time basis
with a simple configuration.

{Second embodiment)

Fig. 4 is a block diagram illustrating an internal

25 configuration and exchanges of information with the
outside of a solid semiconductor element of a second

embodiment used in the ink tank of the present



converts electricity to energy for communicating information on the inside
of the tank according to an 5 instruction of the discrimnating neans 16
to di splay and conmuni cate the information on the inside of the tank to
the outside B. Electricity is converted into energy for connunlcqqgng:mm

I nformation on the inside of the ink tank 10 to the outside by the

I nformati on communi cating neans 18. As th&Benergy for this comrunication, a

magnetic field, light, a shape, a color, an electric wave, sound or the
| i ke can be used. For exanple, if it is determned that an ink residual
anount is reduced to 15 two mlliliters or less, the information

comuni cating neans 18 emts sound to communicate to the ink jet

recordi ng appénaeutivhat repl acenent of the tank is necessary. In
addition, information is not only conmmunicated to the ink jet recarding
apparatus but nay 29 Bégeoﬁnuhh@a}@ﬁoFB@t%?guﬁ?mmﬂgbﬁéFFBH BRA@NFedd ng i f
the information is comruni cat ed by ght, a shape, a color, sound or the
like in part|@QpaﬁrtﬁbﬁéGVEFlcatYnﬁ?h%HEBQYcgﬂﬁuﬁP@ﬁPPﬁSaﬁ&99be changed
according to information. For exanple, if it is determned that the 25 ink
resi dual ampuhPREPEMAEHOREENt BhenRRIfE| PT t ERE B?nklﬁggor R8Y fPolMhtion is
communi cated by sound, and_if it.is determned that f the ink varies 1

5 DEC 20B4 - BOstzpghiepcaht bhe ‘t"hECFh‘F‘bP?r’éH‘gn‘“?gnﬁo CcERISY i ght.

and communicate the informazion on the inside of the
tank to the outside B.
Electricity is converted into energy for
communicating information on the inside of the ink tank
10 to the outside by the information communicating means
18. As the energy for this communication, a magnetic
field, light, a shape, a color, an electric wave, sound
or the like can be used. For example, if it is
determined that an ink residual amount is reduced to
15 two milliliters or less, the information communicating
means 18 emits sound to communicate to the ink jet
recording apparatus that replacement of the tank is
necessary. In addition, information is not only
communicated to the ink jet recording apparatus but may
20 be communicated for visual inspection and hearing if
the information is communicated by light, a shape, a
color, sound or the like in particular. Moreover, a
method of communicating may be changed according to
information. For example, if it is determined that the
25 ink residual amount is reduced to two milliliters or
less, the information is communicated by sound, and if

it is determined that pH of the ink varies



According to this enbodi nent, since the elenment has nmeans for directly
comuni cating information, it is 5 sufficient to supply electricity only,
and excess electric wiring is unnecessary. Thus, it becones possi bq'% gfg 2004
sinply and accurately grasp a state of ink on a real tine basis. (Thi
enbodinent) 10 Fig. 5 is a block diagramillustrating an internal
configuration and exchanges of informatioRr™ith the outside of a solid

sem conductor elenment of a third enbodinent used in the ink tank of the
present invention. The solid sem conductor elenment 11 of a 15 form shown
in this figure is provided with an energy converting nmeans 14 for

converting an_el ectr. Lve r pplied fromthe tsi,de Ato the
el enent 11 oﬁlgnﬁ%ﬁggghggbtté@aggf%%F%%éngﬁgi&QW?QEiC%ﬁ%§59¥ﬁornation
acquiring nea 3 ﬁ% to be activated by the 20 electricity acquired by the
ener gy conver |ﬁg neans 14, the discrimnating nmeans 16, the information

Cori 17 : ¥ ot :
SHoring, meens L7 ARUCkRSb LS, PRULOBAORTHI Gt RIS WAk 1S
to be suppli eﬁa%%eéﬁts' ¥at! Eg.r%étﬁ.g'ec h@ﬂﬁ% t?i'ng;“irn Qliidh | nducid on,

heat, light radiation or the I'tke“can be applied. I'n addition, at east

the energy Ccopy@rtbREnBRBS shppa)detiBertiviPFConi®A 4Qq ¥ mtion |
acquiring neans 15 are deS|raéPy forneé on a surface of the elenment or in
the vicinity ghektR@ic wiring is unnecessary. Thus, it becomes

possible to simply and accurately grasp a state of ink

on a real time basis.

{Third embodiment)

10 Fig. 5 is a block diagram illustrating an internal
configuration and exchanges of information with the
coutside of a sclid semiconductor element of a third
embodiment used in the ink tank of the present
invention. The solid semiconductor element 11 of a

15 form shown in this figure is provided with an energy
converting means 14 for converting an electromotive
force 12 supplied from the outside A to the element 11
on a non-contact state into electricity 13, the
information acquiring means 15 to be activated by the

20 electricity acquired by the energy converting means 14,
the discriminating means 16, the information storing
means 17 and the information communicating means 18 and
is disposed on an outer wall inside an ink tank. As
the electromotive force to be supplied for activating

25 the element, electromagnetic induction, heat, light
radiation or the like can be applied. In addition, at

least the energy converting means 14 and the



surface. The information acquiring neans 15 acquires 5 information on

I nside the ink tank which is surrounding environnmental information of the
el enent 11. The discrimnating neans 16 conpares the information Q@[ngmm
inside of the tank acquired fromthe information acquiring neans 15 an

i nformation stored in the 10 informati on sfoor-i ng neans 17 to determne if
It IS necessary to communicate the acquired information on the inside of
the tank to the outside. The infornmation storing neans 17 stores
conditions for conparing with information on the inside of the tank to be
acquired 15 and the information on the inside of the tank which is

acqui red frominfiermaftdomaticguisdqgg meagsnddnares deShieabilyf domatedron
comuni cati ng neans 18 converts electricity into energy for conmmunicating
t he i nformati ensunfagei ¢ thiee eflemendc oor dinngheo vaeindstyr wdt ithe of t he 20
di scrimnating means 16 to display and comunicate the information on the
i nsi de of theSu&KRCER or to the outside B. Fig. 7 is a flow chart for
descri bing operations of the device shown in Fig. 5. Referring to Figs. 5
25 and 7, it is se&het AafopnasirRe asIBALingoMmepa st dbcactgriresyi ven fromthe
outside A toward the elenent 11, the energy converting nmeans 14 converts
the el ecPronotPferpagippconpdnsidg) thegipk Tankniwhiche 16| SMEEOMNAEINMB and

activates the information acquiring neans 15, the discrimnating
environmental information of the element 11. The

discriminating means 16 compares the information on the
inside of the tank acquired from the information
acquiring means 15 and information stored in the

10 information storing means 17 to determine if it is
necessary to communicate the acquired information on
the inside of the tank to the outside. The information
storing means 17 stores conditions for comparing with
information on the inside of the tank to be acquired

15 and the information on the inside of the tank which is
acquired from the information acquiring means 15. The
information communicating means 18 converts electricity
into energy for communicating the information on inside
the tank according to an instruction of the

20 discriminating means 16 to display and communicate the
information on the inside of the tank on or to the
outside B.

Fig. 7 is a flow chart for describing operations

of the device shown in Fig. 3. Referring toc Figs. 5

25 and 7, it is seen that when the electromotive force 12
is given from the outside A toward the element 11, the

energy converting means 14 converts the electromotive



means 16, the information storing nmeans 17 and the information

communi cating neans 18 by the electricity. 5 The activated information
acquiring neans 15 acquires information on the inside of the ink i3 £ 2004
which is environmental information around the elenent, such as an i'n

resi dual anmount, a type of ink, tenperatude-and pH (step S11 of Fig. 7).
The 10 discrimnating nmeans 16 then reads the acquired information on the
inside of the tank and the conditions for conparing fromthe information
storing means 17 (step S12 of Fig. 7) and conpares the read conditions
with the acquired information on the inside 15 of the tank to determ ne the
necessity of &OFfEnitdadintg thige silprdmigditdn 1Gsea@s SeFisfategy .ty . Here, as
an exanple of the determ nation based on _conditions set in advance in the
i nformati on stGFPRGatdRRs afauirings meg@dselfi-ndder KIS GEFINRTAEE of a tank
I's required 20 becatise tge i,nk residual amount is reduced to two
mlliliters ofeP8Ss8r FRCOANEREMALLOR SAGELNIsMGRENS @B fHe t he
discrimnatin ans . 16 determnes that it s _unnecessary to communicate
the i nf or mat | GRGATEHE O EOMARAE A6 N BopRf 1o Pihd HACRGRI THE T Ep 513,

present i.nformatiop,on _the insiden%f the.tank is_.stored int I nformation

storing means 17 (sP&p3EtAVEEeH JREPrmatigipAeaydg4ing Feark il st or ed
O el o0 R ARTEARAER i Bn BR chd' TR0 TRY 15k Rardil
which is environmental information around the element,
such as an ink residual amount, a type of ink,
temperature and pH (step S11 of Fig. 7). The
10 discriminating means 16 then reads the acquired
information on the inside of the tank and the
conditions for comparing from the information storing
means 17 (step S12 of Fig. 7) and compares the read
conditions with the acquired information on the inside
15 of the tank to determine the necessity of communicating
the information (step S$13 of Fig. 7). Here, as an
example of the determination based on conditions set in
advance in the information storing means 17, it is
determined that replacement of a tank 1s required
20 because the ink residual amount is reduced to two
milliliters or less or pH of the ink changes
significantly.
If the discriminating means 16 determines that it
is unnecessary to communicate the information on the
25 inside of the tank to the outside in step S13, present
information on the inside o the tank is stored in the

information storing means 17 (step S14 of Fig. 7).



15 next by the discrimnating means 16. In addition, if the discrimnating
nmeans 16 5 determnes that it is necessary to conmunicate the information
on the inside of the tank to the outside in step S13, the electricfgﬁ
acquired by the energy conversion is converted into energy for EC 2004
comuni cating the information on the insigle of the ink tank to the 10
outside in the information communi cating neans 18. As the energy for this

comuni cation, a magnetic field, |light, a shape, a color, an electric
wave, sound or the |ike can be used. For exanple, if it is determ ned
that an ink residual amount is reduced to two 15 mlliliters or less, the

i nformati on coTRiYi SEdrel) imRanisa tdforemdy 50 Wshpore@nuuphcahe to the ink
jet recording apparatus that replacenment of the tank is necessary (step
S15 of Fig. 7)infidrmaliidn ampguindad maf it i fnfefmoid on casgudreagesehast he
ink jet 20 recording apparatus but may be conmuni cated for visual

I nspecti on andlheasexihdpy ftHahaligdmimnatidning Snearodmipi cated by |ight, a
shape, a color, sound or the |like in particular. Mreover, a nmethod of
conmuni cati ng may b cdhigeicrac cidi dibeg d i amifnoi et i oy . m&an ot 6 exanpl e, i f
it is determned that the ink residual anount is reduced to two
mlliliteds ordétsmmindse thalf drineits oredes sEorpmutm cavmaubi/cabentheand if it
is 1 5 DEC 70D4 - 43 determned that pH of the ink varies significantly,
the i nformatiorfematgmmmincdihed insidgmt the tank to the outside in

step 513, the electricity acquired by the energy
conversion is converted into energy for communicating
the information on the inside of the ink tank to the

10 outside in the information communicating means 18. As
the energy for this communication, a magnetic field,
light, a shape, a color, an electric wave, sound or the
like can be used. For example, if it is determined
that an ink residual amount is reduced to two

15 milliliters or less, the information communicating
means 18 emits sound fto communicate to the ink jet
recording apparatus that replacement of the tank is
necessary {(step S15 of Fig. 7). In addition,
information is not only communicated to the ink jet

20 recording apparatus but may be communicated for visual
inspection and hearing if the information is
communicated by light, a shape, a color, sound or the
like in particular. Moreover, a method of
communicating may be changed according to information.

25 For example, if it is determined that the ink residual
amount is reduced to two milliliters or less, the

information is communicated by sound, and if it is



If the element is used in an ink jet recording apparatus, it is sufficient
to provide neans for 5 supplying electricity to the device as external
energy 1in a recovery position, a return position, a carriage, a h¢@qM$Wmu
the Iike. Besides, if an apparatus having neans for supplying

el ectronotive force is used, a state insi,de the ink tank can be found

wi thout the ink 10 jet recording apparatus, and for exanple, if it is used
in a factory or a sales shop, it can be used for inspection or the |ike
(guarantee of quality). According to this enbodi nent, since the el enent

has the energy converting neans, it becones unnecessary 15 to set electric

wiring direct E,XFP’FE‘E bhe tauksipie o TR, ihiRe v@IraMBNts iGN iR difery | netde part

where it is t to set"™wiring directly connected to the outside, or

in any part ign%'ar%}t%h §4C R ofuAn catRRr bywalilgraf. an ink tank shown in
Figs. 12 to 22. In 20 addition, it becomes possible to accurately grasp a

state of ink on a real thiemMaibkaeht ikhuadd tinorn Sinkcedtha«aiqaneitg has the
energy converting neans, it becomes unnecessary to di spose neans for
storing el ect pagRihvash Onee ik uEEticiaitng 2 pridve del enmnis (Eopower sour ce
in this exanple). Thus, the elenent can be mniaturized and can be used in
a narrow par kup?ﬁyiiﬂgaﬁﬁ_em&ﬁciMQi d@ ameoldeadices uth exteomadll emEYR004 -
44 an inner wall of an ink tank as shown in Figs. 12 to 22. Further,
al t hough el ectihoEDireve vikayC @oisd tdwmp| ieedeturn position, a carriage,
a head or the like. Besides, if an apparatus having
means for supplying electromotive force is used, a
state inside the ink tank can be found without the ink
10 jet recording apparatus, and for example, if it is used
in a factory or a sales shop, it can be used for
inspection or the like {guarantee of quality).
According to this embodiment, since the element
has the energy converting means, it becomes unnecessary
15 to set electric wiring directly with the outside.
Thus, the element can be used in a part where it is
difficult to set wiring directly connected to the
outside, or in any part in an object such as an inner
wall of an ink tank shown in Figs. 12 to 22. In
20 addition, it becomes possible to accurately grasp a
state of ink on a real time basis.
In addition, since the element has the energy
converting means, it becomes unnecessary to dispose
means for storing electromotive force for activating
25 the element (a power source in this example). Thus,

the element can be miniaturized and can be used in a

narrow part, or in any part inside an object such as on



in a non-contact state in this enmbodinent, electronotive force may be
supplied tenporarily in a 5 contact state with the outside and, then

non- contact state with the outside. (Fourth enbodinent) Fig. 8 is a1§ﬂﬁﬁﬁm4
diagramillustrating an internal configuration and exchanges of

information with the 10 outside of a soliggsem conductor elenment of a

fourth enbodinent used in the ink tank of the present invention. A solid
sem conductor elenment 21 of a form shown in this figure is provided with
the electric connecting portion 19 for receiving supply of 15 electricity
fromthe outside A and receiving a signal fromthe outside A or B and

further outpufhi pEn8rskangl oft Ont DEKOUARKd8s AshBwAR! ik, FiEEQr MRt iten
acquiring neans 25 to be activated by the electricity received by the

el ectric connggtingupehétOnalbhodyRACelLBtNAbNOPiBAE6rEE 26, suppdrimi i on
storing neans 27, information comunicating neans 28 and receiving nmeans
29 and is d'§HO§eﬂoﬁnc§ﬂt@bte§t&@b|lﬂfthhe embodankntThe ink tank is
different fromthose in the first to third enbodinents in that it has a
recei ving funglkebromdt2beaddrteomayabel sapplibd tampormatridy acqa ring
means 25 and the receiving nmeans 29 are desirably formed on a surface of
the el emgnt oeohBathestacenwiynothéheutssd®EANA008hen45insar have, and the
el ectric connecting portion 19 is desirably formed on a surface opposing
it. contact state with the outside.
{(Fourth embodiment)
Fig. 8 is a block diagram illustrating an internal
configuration and exchanges of information with the
10 outside of a solid semicondictor element of a fourth
embodiment used in the ink tank of the present
invention. A solid semiconductor element 21 of a form
shown in this figure is provided with the electric
connecting portion 19 for receiving supply of
15 electricity from the outside A and receiving a signal
from the outside A or B and further outputting a signal
to the outside A, B or C, information acquiring means
25 to be activated by the electricity received by the
electric connecting portion 19, discriminating means
20 26, information storing means 27, information
communicating means 28 and receiving means 29 and is
disposed on an outer wall of the ink tank. The ink
tank is different from those in the first to third
embodiments in that it has a receiving function. In
25 addition, at least the information acquiring means 25

and the receiving means 29 are desirably formed on a

surface of the element or in the vicinity of the



The information acquiring nmeans 25 acquires information on the inside of
the ink tank which is 5 surroundi ng environnental information of the
el ement 21. The receiving neans 29 receives an input signal 20 frpghtbﬁm4
outside A or B. The discrimnating nmeans 26 causes the information
acquiring neans 25 to acquire the information on the inside of the tank in
response 10 to the input signal fromthe decei ving neans 29, conpares the
acquired information on the inside of the tank and information stored in
the information storing means 27, and determnes if the acquired
information on the inside of the tank neets predeterm ned conditions. 15
The information storing neans 27 stores conditions for conparing with
i nfor mati on omurfiscensiptd shet Bdecdmikct 6onPecidfgi PEFLARR tUfe 4ishf or mati on
on the inside of the tank acquired fromthe information acquiring neans
25. The i nf odpatirshlyofermedachng FBARSC28 oPERFiAPcdtes the 20 information
on the inside of the tank to the outside A, B or C by sending a signal via
the el ectric conne®hendnfpsmaitdqn1 9cqudsidgngeadsarn i ASEYEE N of the
discrininating means 26. According to this enmbodinment s%pc the el enent
25 has a funciPEATBRLAEBePR hgealisdig ofr §Bet A8korPSka@ NGl Icones
possi bl e to answer questions by neans _of signals of va Il ous kinds fromthe
outsi de Pn ad8PFreRngiggpepvirsgpgntalginforiplion: o b?iﬁl?qﬁq t
enbodi nen nd infor i on n X n . n.th I n h
enbodl ment, and 1 N 2 v153 mdang 93722 R RN 4% A 2 the
from the outside A or B. The discriminating means 26
causes the information acquiring means 25 to acquire
the information on the inside of the tank in response
10 to the input signal from the receiving means 29,
compares the acquired information on the inside of the
tank and information stored in the information storing
means 27, and determines if the acquired information on
the inside of the tank meets predetermined conditions.
15 The information storing means 27 stores conditions for
comparing with information on the inside of the tank to
be acquired and the information on the inside of the
tank acquired from the information acquiring means 25.
The information communicating means 28 communicates the
20 information on the inside of the tank to the outside A,
B or C by sending a signal via the electric connecting
portion 19 according to an instruction of the
discriminating means 26.
According to this embcdiment, since the element
25 has a function of receiving a signal from the outside,

it becomes possible to answer guestions by means of

signals of various kinds from the outside in addition



(Fifth enbodinent) Fig. 9 is a block diagramillustrating an internal 5
configuration and exchanges of information with the outside of a solid
sem conductor elenment of a fifth enbodinment used in the ink tank ?
present invention. In Fig. 9, the information conmunicating nean£5i5 2004
converts electricity into energy for 10 cagnunlcating I nformation on the

i nside of the tank according to an instr ion of the discrimnating neans
16 to display the information on the inside of the tank or conmunicate the
information to the outside B. Electricity is converted into energy for 15
comuni cating information on the inside of the ink tank to the outside by

the information %RME{ES@&' BY PR gnfnéﬁ eéﬁogﬁﬁlem%r%af Qh f'é:&'ﬂ%[t

conmuni cat | on, a magne ape, n e ect ric

wave, sound L.t Qg gkéﬁaﬁgeabseegsgn ERL examahe: oy 5 ithel A% 1483 €1 M ned

that an ink r S|dual anount I's reduced t two m iters or less, the
information ¢ gqy@hcg%bggl BRERs 18 enlts sound to conmmuni cate to the i nk
j et recording appar at us that replacenent of the tank is necessary. In

addi tion, informat bgg I § RQt 2080 ¥cROaSQHPHA Gahed thatlihg &K iirile o di ng
apparatus but may communi cated for visual inspection and hearing if

the infogmati eenkigﬁemahcahadeh&hlahglag o $hEBemat ibndWBEG AHM - 47
color, sound or the like in particular. Mreover, a mnethod of
CO”““”'Cat|ngoHE¥196 ehanged12gCokfliRBnEActor element of a fifth
embodiment used in the ink tank of the present
invention. In Fig. 9, the information communicating
means 18 converts electricity into energy for
10 communicating information on the inside of the tank
according to an instruction of the discriminating means
16 to display the information on the inside of the tank
or communicate the information to the outside B.
Electricity is converted into energy for
15 communicating information on the inside of the ink tank
to the outside by the information communicating means
18. As the energy for this communication, a magnetic
field, light, a shape, a color, an electric wave, sound
or the like can be used. For example, if it is
20 determined that an ink residual amount is reduced to
two milliliters or less, the information communicating
means 18 emits sound to communicate to the ink jet
recording apparatus that replacement of the tank is
necessary. In addition, information is not only
25 communicated to the ink jet recording apparatus but may
be communicated for wvisual inspection and hearing if

the information is communicated by light, a shape, a



information. For exanple, if it is determned that the ink residual amunt
Is reduced to two miIliliters or 5 less, the information is comuni cated by
sound, and if it is determined that pH of the ink varies significant %,
the information is conmunicated by Ilight. According to this enbodiigék 2004
since the elenent 10 has a function of rggeiving a signal fromthe

q

outside, it becones possible to answer ™ sfions by nmeans of signals of
various kinds fromthe outside in addition to the effect by the second
enbodi ment, and information can be exchanged between the el ement and the
outside. 15 (Sixth enbodiment) Fig. 10 is block diagran1i||ustrating an

i nter nal fi j d_exch !
L SRR SRR L ML A 0,
the present 20 A sol

in tﬁisssigur@ #5 §r8v?§8ﬂmug?ﬁ5913§2é§ nggg%ﬁgnggﬁﬁsakggaég t forn1 shown

converting an,g ectgggghlve€0£0é%gm§§esu§?e%@d ErBEEEQ%19€E$kﬁ%ﬂA€&éthe

el ement 21 on a’hoRA-cont act “sta nté tricity 23, the 25 information

acqui ring ma?ﬁkzgegnggﬁi%bﬁﬁ{:egsmfehn edCkBCELLCHiY 1399k ed day the

energy converting neans Iscrimnating neans 26, the information

storing 15 DE 4 8 t he [ HTR R at ippgt A@ans 28
and the%rece%%?%g E%éné gg %g d?sggggg ?%EFEE ?nk tgna

it is determined that pH of the ink varies
significantly, the information is communicated by
light.

According to this embodiment, since the element

10 has a function of receiving a signal from the outside,
it becomes possible to answer questions by means of
signals of various kinds from the outside in addition
to the effect by the second embodiment, and information
can be exchanged between the element and the outside.

15 (Sixth embodiment)

Fig. 10 is block diagram illustrating an internal
configuration and exchanges of information with the
outside of a solid semiconductor element of a sixth
embodiment used in the ink tank of the present

20 invention. A solid semiconductor element 21 of a form
shown in this figure is provided with an energy
converting means 24 for converting an electromotive
force 22 supplied from the outside A to the element 21
on a non-contact state into electricity 23, the

25 information acquiring means 25 to be activated by the
electricity acquired by the energy converting means 24,

the discriminating means 26, the information storing



The elenment is different fromthat of the first enbodinent in that it has
a receiving function. As the 5 electronotive force to be supplied f 0
activating the elenent, electromagnetic induction, heat, light, r éié@ﬁm%
or the like can be applied. In addition, at |east the energy converting
means 24, the information acquiring nmeangg25, and the receiving neans 29
are 10 desirably forned on a surface of the elenent or in the vicinity of
the surface. The information acquiring neans 25 acquires information on
the inside of the ink tank which is surrounding environnmental information
of the elenent 15 21. The receiving neans 29 receives an input signal 30

fromthe outspdgnd 9%, BenéhendbsmbitTbRatbRfuABRBT 146 medihieed Ntha
i nformati on acquiring neans 25 to acquire the information on the inside of

the tank in regpopseeiyonyhRcbABUL 9SheRAk sf BABPLRRA eeLitHeNd MR, 20
conpares the acquired information on the inside of the tank and

i nformation stpeedibiehbeisnbeErBireat $romh R@atMeENThe/ £idtd determ nes if
the acquired information on the inside of the tank neets predeterm ned

conditions. E&RBolAheREBEROBLALORINBaEEANSeZéiFEaKEFut@didn .oNAd oth&5
conparing with information on the inside of the tank to be acquired and

the infosnmati eneeerbhotinei deret tbebet snppadedi Fed fcamvatd infiharat i on
acquiring neans 25. 1 5 DEC 2004 - 49 The information comuni cating neans
28 converts ellemeniCi eyetoremaggytier iadmuioaat hegtt,hdiighftor mat i on
radiation or the like can be applied. In addition, at
least the energy converting means 24, the information
acquiring means 25, and the receiving means 29 are

10 desirably formed on a surface of the element or in the
vicinity of the surface.

The information acquiring means 25 acquires
information on the inside of the ink tank which is
surrounding environmental information of the element

15 21. The receiving means 29 receives an input signal 30
from the outside A or B. The discriminating means 26
causes the information acquiring means 25 to acquire
the information on the inside of the tank in response
to the input signal from the receiving means 29,

20 compares the acquired information on the inside of the
tank and information stored in the information storing
means 27, and determines if the acgquired information on
the inside of the tank meets predetermined conditions.
The information storing means 27 stores conditions for

25 comparing with information on the inside of the tank to
be acquired and the information on the inside of the

tank acquired from the information acquiring means 25.



on the inside of the tank according to an instruction of the

di scrim nating neans 26, and displays or 5 comrunicates a determ nation
result by the discrimnating nmeans 26 on or to the outside A B QGB%Q§M4
Fig. 11 is a flow chart describing operations of the elenment shown in Fig.
10. Referring to Figs. 10 and 11, it is seen that when the el ectronotive
force 22 10 is given fromthe outside A t8ward the el ement 21, the ener gy
converting means 24 converts the electronotive force 22 into the
electricity 23 and activates the information acquiring nmeans 25, the

di scrimnating neans 26, the information storing neans 27, the 15

I nformation cQ nicatin%.neans receiv'ggc nean%SZQ by the

electricity. I qIﬁ%§°§ﬁ§té?“tﬁ@méﬁﬁﬁggt%g%ngapﬁqglr| gVabodt the

Lo the el emenBlebtoigiss 1, enas oyl ¢k cophbpifatiny e Il o’ O
Fecelved by 5 ABRe Ao s e sisb T ddpbnts 95, Ay
Saui ro 1nfor Be Tay SASsHRERCHAE rln 7R ARaPELLAE TRATD 20, 1O

residual o amiigd RSOl idltehitARiBMIER A1 BY (hkep S22 of Fig. 11)

and reads con ons for conparing wth the _ 2004 -- 5 0 acquired
| nformation o ‘ts%fari'nﬂ%'a%@.tn%f we38 st 318K o’ 3 &Be thleNbAERIdOD StPId NG Means
g 0

27 (step S23 o .11
Fig. 11 is a flow chart describing operations of

the element shown in Fig. 10. Referring to Figs. 10
and 11, it is seen that when the electromotive force 22

10 is given from the outside A toward the element 21, the
energy converting means 24 converts the electromotive
force 22 into the electricity 23 and activates the
information acquiring means 25, the discriminating
means 26, the information storing means 27, the

15 information communicating means 28 and the receiving
means 29 by the electricity.

In this state, the signal 30 for inquiring about
the information on the inside of the ink tank is sent
from the outside A or B to the element 21. This input

20 signal 30 is a signal for inquiring the element, for
example, if ink is still left in the ink tank and is
received by the receiving means 29 (step S21 of Fig.
11). Then, the discriminating means 26 causes the
information acquiring means 25 to acquire information

25 on the inside of the ink tank such as an ink residual
amount, a type of ink, temperature and pH (step S22 of

Fig. 11) and reads conditicns for comparing with the



determne if the acquired information on the inside of the tank neets set
conditions (step S24 of Fig. 11). 5 If the discrimnating neans 26

determ nes that the acquired information does not neet the set conditions
in step 524, it communicates that effect, and if the discrimnatihg JFE0R
26 determ nes that the acquired |nfornat|on neets the set conditions, it
comuni cates 10 that effect to the outside@?A” B or C (steps S25 and 826).
At this point, the acquired information may be conmmuni cated together with
the determnation result. This conmmunication is performed by converting
electricity acquired by energy conversion into energy 15 for comunicating
the information on t side. o nk.tank to_the o I.d

information BGHHAARE aPPEBrﬁﬁﬁﬁQHZQH St hBS&HEr §¥ F%F %ﬁ (%ﬁﬁﬁnﬁh%atlon
a magnetic field, ] shape r | .+ sound or the
li ke can be u%@gorﬁﬁg&ﬂpcﬁtﬂﬁ§ggemgﬁﬁﬁgég & PQS%%% fcgma %ﬁlLﬁQh nati on
result. In addition, the hod of conmy nlcatl n C ed acgording
to contents oa EGEQEPSn%f?EBSeanH%ﬁEre Orma%loga%ﬁeQ% lﬁﬂgééj éannunt

(S (o m i EhECEARE h88%s LEePH %ﬁt%n'sn s%ggn%%a oF Fllf 1 25 i ke).

Further, elec orce may Be given 't el enmen together W th

the i npli, si gnal 301 gpp igc 81 BEC1R004eanSl U EdRUAY ot

signal may be given according to pose using it. For exanp i f
the acquired information does not meet the set conditions

in step S24, it communicates that effect, and if the
discriminating means 26 determines that the acquired
information meets the set conditions, it communicates
10 that effect to the outside A, B or C (steps 525 and
S26). At this point, the acquired information may be
communicated together with the determination result.
This communication is performed by converting
electricity acquired by energy conversion into energy
15 for communicating the information on the inside of the
ink tank to the outside by the information
communicating means 28. As the energy for this
communication, a magnetic field, light, a shape, a
color, an electric wave, sound or the like can be used.
20 which may be changed in response to the determination
result. In addition, the method of communication may
be changed according to confents of questions to be
answered (e.g., if the ink residual amount is two
milliliter or less, if pH of the ink changes, or the
25 like).
Further, electromotive force may be given to the

element 21 together with the input signal 30 form the



el ectronotive force is electromagnetic induction, a signal for inquiring
about an ink residual anpbunt is 5 given, and if the electronotive force is
light, a signal for inquiring about pHis given. According to thisl13DEC 2004
enbodi nent, since the elenent has a function of receiving a signal from
the outside, it becones possible to answgy questions by neans of 10
signals of various kinds fromthe outside in addition to the effect by the
first enbodi ment, and information can be exchanged between the el enent and
the outside. (Exanples of a configuration of an ink tank) Exanples of a
configuration of an ink tank, to 15 which the solid sem conductor el enent

of the above'oE?EEhQnﬁdo§”§9dhﬂﬁnﬁssﬁbﬁa@pﬂh?e@e.@&Qeﬁhﬁﬁﬂokﬁiﬁb9&x>_12 to
22. An ink tank 511a shown in Fig. 12 has a housing 512 for containing ink

513 and is pfavgdﬁsowéthpénuhmhg 20.supBky eRamp1214i@Nthks outer wall. An
ink jet head 515 for making a record by discharging and applying the ink

513 supplied EigartBRotRkeSEBRLE RO b18t4remagneteeoididugtibest aS is
attached on the outer wall provided with the ink supply port 514. 25 A

solid seni condughal ebeneAtudibagi abduspescdnanreaiantioampantt dfs t he ink
tank 511a while being enbedded in the outer wall. In this case, the solid
15 DEC 2804 - gbRenSeahdonducher edketenmofiiba camceeidi 3pghéd such that a
part of it is exposed in the ink tank 511a and the
signal for inquiring about pH is given.
According to this embodiment, since the element
has a function of receiving a signal from the outside,
it becomes possible to answer guestions by means of
10 signals of various kinds from the outside in addition
to the effect by the first embodiment, and information
can be exchanged between the element and the outside.
(Examples of a configuration of an ink tank)
Examples of a configuration of an ink tank, to
15 which the solid semiconductor element of the above-
mentioned embodiments are applied, are shown in Figs.
12 to 22.
An ink tank 51la shown in Fig. 12 has a housing
512 for containing ink 513 and is provided with an ink
20 supply port 514 on its outer wall. An ink jet head 515
for making a record by discharging and applying the ink
513 supplied from the ink supply port 514 on a
recording sheet S is attached on the outer wall
provided with the ink supply port 514.
25 A solid semiconductor element 516a is disposed on

a bottom part of the ink tank 511la while being embedded

in the outer wall. In this case, the solid



other side is exposed to the outside. An enlarged view of the solid

sem conduct or elenent part is shown in 5 Fig. 13. The part of the solid

sem conductor el enment 516a exposed inside the ink tank 511a is a paf 0FEC 2004
contacting the ink, and information acquiring neans for detecting presence
of ink can be preferably disposed in thj%jxyt. That is, for exanple, a
mechani sm for 10 detecting a residual anount of ink fromvariations of a
resi stance val ue caused by the ink contacting the nechanismcan be
provided a the information acquiring neans, or a pH sensor can be forned
on the surface of the elenent to be nmade the information acquiring nmeans.

15 I'n addi ti ORem; RLAGRIICIN ARTBNY CAlINEAEYES a1l NtheH BRI ad.
energy converting nmeans are disposed on the part exposed to the outside of

the ink tank $hid oFhU% ilsnfeRpERicd N ntheE RO AN DA LTddci| |y
exchanged with the outside w thout being blocked by the 20 outer wall of

the ink tank Sthar Wilde SuClxpos@d itgundd Vutdi@e eXAWIchlditfed view
di scrim nating means conpares the information acquired by the information

acqui ring meanf aheé e iidnfsemiricnduc tairoreddmen t @b fig raidwan iai ori ng
means, whereby it 25 becones possible to emit a signal such as an electric
wave from t heFiiaf.olmat i Mhec @aminiofattiheg sudars semitdeen ducsenr d mgnaappar at us
when the discrimnating neans 1 5 DEC 2004 - 53 - determnes that ink is
exhaust ed. An5illa explosgtlinsliden the Rnk Tnk$lda is a part
contacting the ink, and information acquiring means for
detecting presence of ink can be preferably disposed in
this part. That is, for example, a mechanism for
10 detecting a residual amount of ink from variations of a
resistance value caused by the ink contacting the
mechanism can be provided a the information acguiring
means, or a pH sensor can be formed on the surface of
the element to be made the information acquiring means.
15 In addition, information communicating means, receiving
means and energy converting means are disposed on the
part exposed to the outside of the ink tank 511a.
Thus, information and energy can be efficiently
exchanged with the outside without being blocked by the
20 outer wall of the ink tank 51lla.
With such a configuration, for example, the
discriminating means compares the information acquired
by the information acquiring means and the information
stored in the information storing means, whereby it
25 becomes possible to emit a signal such as an electric

wave from the information communicating means to the

recording apparatus when the discriminating means



configuration substantially the sane as that of the ink tank shown in Fig.
12, in which a solid sem conductor 5 elenent 516b is di sposed on an outer
wall in a side part such that its part exposed to the outside can E%EC%ﬁﬁn
by a user. Wth this configuration, information acquiring means f%
~detecting presence of ink can be disposeggln a part exposed to the inside

of the solid 10 sem conductor elenent 51 and i nformati on comruni cati ng
means for emtting, for exanple, light and sound can be preferably

di sposed in a part exposed to the outside. By disposing such an

I nformati on conmmuni cating neans, the user can directly confirma 15 signal

fromthe |nfoﬁg@%&&&nggngugtcghkngsnggﬁgJgteahe solid sem conduct or
el enent 516b. An ink tank 511c shown in Fig. 15 has a configuration

substantially the agnensstbhRs€1hiB EheGn id2ragdi1i4nhagnd can be nounted on
a carriage 517. In 20 this ink tank 511c, a solid sem conductor el ement

516c is di spesa¢iigirathaht sﬁﬁ@‘téﬁ‘thﬁ@lﬁrhehéaéBjnégas51:ﬁa(tnofl ttheoUtrgt Wal | .
Fig. 16 shows an enlarged view of the solid sem conductor elenent part. A

termnal for tearnedbivanibl®igs dispasedniibhaapesiltidoseaiposidig:tidie 25
solid sem conductor elenent 516c on the carriage 517. Thus, information
acquiri ng neaasementdetleet isgdippesencenohni nkter thall iike acaidee di sposed
in the part 1 5 DEC 2004 - 54 exposed to the inside of the solid
sem conduct or paettesaeh $hét assi parheegpasplesoothEi gaitsideanmdirilife and
seen by a user. With this configuration, information
acquiring means for detecting presence of ink can be
disposed in a part exposed to the inside of the solid
10 semiconductor element 516b, and information
communicating means for emitting, for example, light
and sound can be preferably disposed in a part exposed
to the outside. By disposing such an information
communicating means, the user can directly confirm a
i5 signal from the information communicating means of the
solid semiconductor element 516b.
An ink tank 51lic shown in Fig. 15 has a
configuration substantially the same as those in Figs.
12 and 14, and can be mounted on a carriage 517. 1In
20 this ink tank 511lc, a solid semiconductor element 51lé6c
is disposed in a part contacting the carriage 517 on
its outer wall. Fig. 16 shows an enlarged view of the
solid semiconductor element part. A terminal for
connection 518 is disposed in a position opposing the
25 solid semiconductor element 516c on the carriage 517.
Thus, information acquiring means for detecting

presence of ink or the like can be disposed in the part



an electric connecting portion can be disposed in the part exposed to the
outside. 5 1In this way, when the ink tank 511c is attached to the carriage
517, the electric connecting portion of the solid sem conductor elp5%@t2m4
516¢ is connected to the termnal for connection 518 on the carriage,

wher eby, for exanple, a power source can bBe supplied to 10 the solid

sem conduct or el enent 516¢c and signals can be exchanged via the connecting
portion. In this case, the solid sem conductor elenent 516c can be nade to
be exposed fromthe outer wall relatively largely. Thus, it is easy to
make the electric connecting portion of 15 the solid sem conductor el enent
516¢c to be steagpkgd tontbet édstidet hé thenspdlidf semdcondacitomr 518 of the
carriage 517, and highly credible connection can be perfornmed. Although

t he exanpl es eflefegs. 518ct as18nshibw axam@lesngfeFdglsi-d 1€ermingoriducteard

el ement is disposed on the outer wall of the ink tank, a plurality of
solid sem comrduelectslieneansemaynberariponeganFpg. digpolseds inarthienk t ank
511d in which two solid sem conductor elenents are disposed. 25 A first
sol i d sem con@@&torxBegadhaQi fheacphFideexposed to the inside of the ink
tank 511d and a second  solid sem conductor 519b having a part exposed to
the 1 5 BEC 2004 - IB5thégt ¥pge BhephEhpnknkafRnkl3d18r éSerfEddd®d 2 he

outer wall of the ink tank_511d, Exchange of information .
the carriage 517, the electric connecting portion of

the so0lid semiconductor element 516c is connected to
the terminal for connection 518 on the carriage,
whereby, for example, a power source can be supplied to

10 the solid semiconductor element 516c and signals can be
exchanged via the connecting portion. In this case,
the so0lid semiconductor element 5l6c can be made to be
exposed from the outer wall relatively largely. Thus,
it is easy to make the electric connecting portion of

15 the solid semiconductor element 516c to be steadily
connected to the terminal for connection 518 of the
carriage 517, and highly credible connection can be
performed.

Although the examples of Figs. 12 to 15 show a

20 single solid semiconductor element is disposed on the
outer wall of the ink tank, a plurality of solid
semiconductor elements may be disposed. Fig. 17 shows
an ink tank 511d in which two solid semiconductor
elements are disposed.

25 A first solid semiconductor 519a having a part
exposed to the inside of the ink tank 511d and a second

solid semiconductor 519b having a part exposed to the



between the two solid sem conductors 519a and 519b is perforned by, for
exanpl e, contacting to dispose both 5 the sem conductors and electrically
connecting themat a contacting part. Fig. 18 shows an enl arged vi &T
the solid sem conductor elenment part. In this configuration, funct%b% B
the two solid sem conductors 519a and 518Q can be separated by, for 10
exanpl e, providing informati on acquiring neans for detecting presence of
ink on the part exposed to the inside of the ink tank 511d of the first
solid sem conductor 519a and providing information comunicating neans in
a part exposed to the outside of 15 the ink tank 511d of the second solid

sem conduct or ,,3L9Re AF ikAK tARKtadkas3N@WArkNefb8adtd Bas thef iduiler Chanber
530 for directly containing ink 522 and a second chanber 531 for

containing a {gEat b¥etBECIAR! €adR genarat ERenARGREh£53 3o thignst chamber
530 and the second chanber 531 connect each other in the lowest part of

the tank via geg¢qBEACthBItR3t Bo224 kBAlcbaduepersdsipaa@nidnBagviald
di viding both the chanbers. The first chanber 530 is substantially in a

cl osed 25 staperewcmptl be €opneghmpgepatbnbidtitbetseaasposehadsrdr 531 is
in an air connecting state, and an ink supply port 525 for supplying ink
to the ostsi dehessémhcbE@u2004s- ab8 edpenedcihbliyhecneeondnghdaiesr a&831. | nk
is held in the second chanber 531 utilizing a negative pressure
a contacting part. Fig. 18 shows an enlarged view of
the so0lid semiconductor element part. In this
configuration, functions of the two solid
semiconductors 519a and 519b can be separated by, for
10 example, providing information acquiring means for
detecting presence of ink on the part exposed to the
inside of the ink tank 511d of the first solid
semiconductoeor 519a and providing information
communicating means in a part exposed to the outside of
15 the ink tank 511d of the second solid semiconductor
519b.
An ink tank 52l1a shown in Fig. 19 has a first
chamber 530 for directly containing ink 522 and a
second chamber 531 for containing a negative pressure
20 generating member 523. The first chamber 530 and the
second chamber 531 connect each other in the lowest
part of the tank via a connecting path 524 that is
opened in an inner wall dividing both the chambers.
The first chamber 530 is substantially in a closed
25 state except the connecting path 524. The second

chamber 531 is in amn air connecting state, and an ink

supply port 525 for supplying ink to the outside is



generated by the negative pressure generating nmenber 523. In this ink tank
521a, when ink on the second 5 chanber 531 side is consuned via the ink
supply port 525, the air enters the first chanber 530 fromthe sechOEC 2004
chanber 531 side, and the ink 522 in the first chanber 530 is guided to

t he second chanber 531 in place of the ai In this way, a substantially
10 constant amount of ink is always held i'n"the second chanmber 531, and
ink is steadily supplied. In the ink tank 521 of such a configuration, a
solid sem conductor el enent may be di sposed on one side. However, as shown
in Fig. 19, a first solid 15 sem conductor el enent 526a and a second solid

seni conduct or o?mtlém SRR @snbedissposed 4 1 P 4 hﬁuftﬁét
chanber 530 and the second chanmber 531. That is, the first solid

seni conduct or RlYRNcRafbRr M e 1A RAlHg %@%icltv% e ddplde of the
first 20 chanber 530 and a part exposed to the outside of the ink tank

521a and the sReRIGtEA vy IBE GRRAGUGHY preliR Jqflrdtavidighdntiart exposed

to the inside of the second chanber 531 and a part exposed to the outside

of the ink ta?s.52Ta abA sprioNd dethk s A1d S whda tiaidk R the ZIWNdd such a
configuration, for exanple, presence of ink can be detected in each of the

first chanrber chzmhband 53the iskec dsd comagdnerd 53k tthec dmRukugailey gpaket ection 1
5 DEC 2004 - 57 signal to the outside, and nore detailed information on
the ink in thé2asnk thenlais2 tatears Bdeddiiscttedhandese®30 from the

second chamber 531 side, and the ink 522 in the first

chamber 530 is guided to the second chamber 531 in

place of the air. In this way, a substantially

10 constant amount of ink is always held in the second

chamber 531, and ink is steadily supplied.

In the ink tank 521 of such a configuration, a
so0lid semiconductor element may be disposed on one
side. However, as shown in Fig. 19, a first sclid

15 semiconductor element 526a and a second solid
semiconductor element 526b can be easily disposed in
both the first chamber 530 and the second chamber 531.
That is, the first solid semiconductor element 526a
having a part exposed to the inside of the first

20 chamber 530 and a part exposed to the outside of the
ink tank 521la and the second solid semiconductor
element 526b having a part exposed to the inside of the
second chamber 531 and a part exposed to the outside of
the ink tank 521a are provided in this ink tank 521a.

25 With such a configuration, for example, presence of ink
can be detected in each cof the first chamber 530 and

the second chamber 531 to communicate a detection



The ink tank 521b shown in Fig. 20 has a solid sem conductor elenment 527
enbedded in an inner wall 5 dividing the first chanber 530 and the second
chanber 531 and is disposed to have a part exposed in the first drapieI4
530 and a part exposed in the second chanber 531. Fig. 21 shows an

enl arged view of the solid sem conductorcglenment part. In this
configuration, 10 independent information acquiring nmeans for detecting
presence of ink or the |like can be provided in each of the parts exposed
on both sides of the solid sem conductor elenent 527, and one solid

sem conductor el enent 527 can detect ink in both the first chanmber 15 530
and the secong; ghaibep il oMtbias!Clnd m62R! HEYLRLLAN:nFBRHERGL I} cOSts
can be reduce conpare the case in ich a solid sem conduct or

el ement are pl&@}g'ﬂﬁﬁ ﬁdﬁﬁsnsﬂﬁﬁtk?(nkns@%hcshebeca@e@ercéd afaTherdik tank

521c shown in as a plurality of solid sem conductor elenments 528
di sposed on the igpgriuRl bafkvigdipdshbanf instighanbenad3a apditdhe second

chanber 531 and the outer wall. In the exanple “shown in this figure, four
sol i d sem condunt @bneLedBht 812ReR2858 ceflbsnasadianahhennarewanal | and one
solid sem conductor elenent 528 is disposed on the outer wall. In this

way, a myltiphi¢iéyngf tael EdrdtSchEkbeP0430 afld sRel eerdudt ehadibeyrent s 528
are di sposed, whereby a state of ink in the ink tank 521c can be detected
nore 531 and is disposed to have a part exposed in the first
chamber 530 and a part exposed in the second chamber
531. Fig. 21 shows an enlarged view of the solid
semiconductor element part. In this configuration,

10 independent information acguiring means for detecting
presence of ink or the like can be provided in each of
the parts exposed on both sides of the solid
semiconductor element 527, and one solid semiconductor
element 527 can detect ink in both the first chamber

15 530 and the second chamber 5331. With such a
configuration, manufacturing costs can be reduced
compared with the case in which a solid semiconductor
element are provided independently in both the
chambers.

20 The ink tank 521c shown in Fig. 22 has a plurality
of so0lid semiconductor elements 528 disposed on the
inner wall dividing the first chamber 530 and the
second chamber 531 and the outer wall. In the example
shown in this figure, four solid semiconductor elements

25 528 are disposed on the inner wall and one solid
semiconductor element 528 is disposed on the outer

wall. In this way, a multiplicity of solid



in detail, for exanple, presence of ink is detected in nmany parts to
precisely detect an ink residual anount. 5 If a plurality of solid

sem conductor el ements 528 are di sposed as described above, for exhbmE€.2004
frequency of a signal emtted fromeach solid sem conductor elenent is
changed or an ID signal is transferred andg then information is
transferred, whereby it can be nmade 10 di stingui shable that a signal is
fromthe solid sem conductor elenment 528 in each place. In addition, in
the case in which signals froma plurality of solid sem conductor el enents
are handl ed, for exanple, the case in which a plurality of ink tanks 15

are used in oRemieeREdcRerapRandhes, 528 hvedaskpakled,t whextgea frequency
for emtting a signal emtted for each solid sem conductor el enent or an

ID signal is gihapshernad andrhBeanknkankeskoe cant bansetfdoidd nwhias eby it
can be di stingui shed which solid 20 sem conductor elenment is the one that

emtted a sigRal dethAlt hifsrwayxambl ehepeaesnpessitbliakt d sdefearic tad iink
resi dual amount of each color in a recording apparatus having, for
exanpl e, a pl weaki prrek itok pragkselgodeespandnndnko re sphldueadl iamowft col or s
of ink. 25 Further, as the solid sem conductor elenent used in the ink
tank of fhis exanpli€, a plusadlisg pdssollid semicsadmedom ellemeEntthdé28
configurations of the above 1 5 DEC 2004 - 59 nentioned first and the
second enbodi emet dispesedppsodesarébgdcabiveedfor example, frequency
of a signal emitted from each solid semiconductor
element is changed or an ID signal is transferred and
then information is transferred, whereby it can be made
10 distinguishable that a signal is from the solid
semiconductor element 528 in each place.

In addition, in the case in which signals from a
plurality of solid semiconductor elements are handled,
for example, the case in which a plurality of ink tanks

15 are used in one recording apparatus, it is desirable to
change frequency for emitting a signal emitted for each
solid semiconductor element or an ID signal is
transferred and then information is transferred,
whereby it can be distinguished which solid

20 semiconductor element is the one that emitted a signal.
In this way, it becomes possible to detect an ink
residual amount of each color in a recording apparatus
having, for example, a plurality of ink tanks
corresponding to a plurality of colors of ink.

25 Further, as the solid semiconductor element used

in the ink tank of this example, it is also possible to

use one in which the configurations of the above-



(Seventh enbodinment) Fig. 23 is block diagramillustrating an internal 5
configuration and exchanges of information with the outside of a solid

sem conductor el enment according to a seventh enbodi nent of the prese
invention. A solid seniconductor element 31 of a form shown in thié'§b§@2@4
is provided with energy converting neans 34 for 10 converting el ectronotive
force 32 supplied in a non- contact state fromthe outside A toward the
elenent 31 into electricity 33 and buoyance force generating neans 35 for
generating buoyance force using the electricity acquired by the energy
converting neans 34, and is 15 disposed in ink in an ink tank. In such a

form when theglgehkamting LACand2 setomdi \E@ibddigBite otk side A toward
the el ement 31, the energy converting neans 34 converts the el ectronotive

force 32 into At o@r@Gltkil§ tdbmbineand the buoyance 20 force generating
nmeans generates buoyance force using the electricity 33 to float the
el enent 31 on(@@@enhhq¢m®dd$m§nﬁﬁ the ink. This buoyance force not only
floats the element 31 on the liquid level of the ink but also may always
position the el enemtiga f2i3xed 2 odiks tdarmee atovirblarsk faoimd hen | imuednagvel  of
the ink in order to prevent discharge in a state in which the tank is
enpty. 15 D kdifdtQdatioh anar esccimpiges Fkifysiniatnib 48 Shorheosi tions
of an elenment floated in ink contained in an ink tank and
outside of a solid semiconductor element according to a
seventh embodiment of the present invention. A solid
semiconductor element 31 of a form shown in this figure
is provided with energy converting means 34 for
10 converting electromotive force 32 supplied in a non-
contact state from the outside A toward the element 31
into electricity 33 and buoyance force generating means
35 for generating buoyance force using the electricity
acquired by the energy converting means 34, and is
15 dispesed in ink in an ink tank.
In such a form, when the electromotive force 32 is
given from the outside A toward the element 31, the
energy converting means 34 converts the electromotive
force 32 into the electricity 33, and the buoyance
20 force generating means generates buoyance force using
the electricity 33 to float the element 31 on the
liquid level of the ink. This buoyance force not only
floats the element 31 on the ligquid level of the ink
but also may always position the element a fixed
25 distance downward from the liquid level of the ink in

order to prevent discharge in a state in which the tank

is empty.



changes of the ink consunption. In the tank as shown in Figs. 24A and 24B,
I nk equivalent to a consuned 5 anmount is held in a negative pressure
generating menber 37 as the ink in the negative pressure generating j C2004
menber 37 is guided to the outside froman ink supply port 36. Thus, Q%e
solid sem conductor elenent 31 in raw ink,38 noves in accordance with

| owering of an ink 10 liquid level H by the consunption of the ink in the
state in which the solid sem conductor element 31 exists a fixed distance
downward fromthe ink liquid level H In this ink tank, the negative
pressure generating nmenber 37 for generating a negative pressure 15 in the

ink in the ink tankds SQMAIIEEidy 2 Q0N & 1 @R/ P SNGIHES .o8Nnd the
negative pressure chanber i's connected to a chanber that directly contains

the raw ink 38 dlidhendd f1odd QM GHA tedi¥aiGd i1 ddie tadfk Rasd tion of
the elenment 31 and discrimnating the necessity of replacing the tank.

Referring to sifRiSgesSdl ttq;es%kofcdﬁseﬁnén&%rﬁnd 120 tHel tansead dh@n | i ght is

enmtted to the element 31 by the outside A or B (e.g., an ink jet
recordi ng appamatrusys. 2 pasd 1248, alnk eyl Alegenrio 3l dendgifiact ed by

receiving the light reflected by the elenment in the outside A or B (e.g.,
an ink jet resuithd ApRAIALUS)a Aleddts valtRicds e demdrdt jaf memtser di ng
apparatus determnes if it is necessary to 1 5 DEC 2004 - 61 replace the
i nk tank accoradi ng tthd Heakpdsi tihen mefgdthiere pressure generating
member 37 is guided to the outside from an ink supply
port 36. Thus, the so0lid semiconductor element 31 in
raw ink 38 moves in accordance with lowering of an ink
10 ligquid level H by the consumption of the ink in the
state in which the so0lid semiconductor element 31
exists a fixed distance downward from the ink ligquid
level H. In this ink tank, the negative pressure
generating member 37 for generating a negative pressure
15 in the ink in the ink tank is contained in a negative
pressure chamber, and the negative pressure chamber is
connected to a chamber that directly contains the raw
ink 38.
Fig. 25 is a flow chart for confirming the
20 position of the element 31 and discriminating the
necessity of replacing the tank. Referring to steps
S31 to S34 of Figs. 23 and 25, it is seen that light is
emitted to the element 31 by the outside A or B (e.g.,
an ink jet recording apparatus)}, the position of the
25 element 31 is detected by receiving the light reflected
by the element in the outside A or B {(e.g., an ink jet

recording apparatus) or the outside C, the ink jet

recording apparatus determines if it is necessary to



element 31 and, if it is necessary, notifies a user of replacenment of the
tank by sound, light or the like. For the detection of the p05|t|on of the
element, 5 an ink jet recording apparatus is provided with |ight 18 tHliHg
means and |ight receiving neans opposing each other, and a part of the
el ement does not pass light fromthe Ithﬁten1tt|ng means, whereby the

g

position is confirned. Alternatively, emtted fronlthe i ght 10
emtting nmeans is reflected toward the |ight receiving neans, whereby the
position is confirnmed. According to this enbodi nent, even if buoyance
force or the like required for an el enment according to an environnent in

whi ch the el el dc L&f@dl%;&*{a@& I HAd BIP Mo RYQY FNEE { 5 LT £hbaui d,

the el ement canbe set to always exist in a desired position by converting

el ectronoti ve fiQfedf AMIANE QU Sitde PRIy CHMEE Y A0S §EUS the
el ement can be used regardl’ess of an environment in which it is placed. 20

Further, this piedamRitt G the aRAONY alRing, asgHnest WHd 1hee .
above- mentioned first and sixth enbodiments. (Elg th enbodi ment) Figs. 26A

to 26C are concept yalr dhWdedecddn |dfstynal i i iet i e USidBeh O OF
nore, that is, a plurality of solid sem conductor elenents, which is an

ei ght h embodi m@Nting jehe rcesd@iing RppHdatins i gl i witth? 1i§hs
enbodi ment has a configuration in which a
emitting means and light receiving means opposing each
other, and a part of the element does not pass light
from the light emitting means, whereby the position is
confirmed. Alternatively, light emitted from the light

10 emitting means is reflected toward the light receiving
means, whereby the position is confirmed.

According to this embodiment, even if buoyance
force or the like required for an element according to
an environment in which the element is used such as

15 different buoyance force of liquid., the element can be
set to always exist in a desired position by converting
electromotive force from the outside by energy
converting means. Thus, the element can be used
regardless of an environment in which it is placed.

20 Further, this embodiment can be appropriately
combined with the above-mentioned first and sixth
embodiments.

(Eighth embodiment)

Figs. 26A te 26C are conceptual drawings

25 illustrating a method of using two or more, that is, a

plurality of sclid semiconductor elements, which is an

eighth embodiment of the present invention.



function of comunicating information to the other elenents is given to
the solid sem conductor elenents of the first and the sixth enbodi nents, a
plurality of 5 which are disposed in an object. In an exanpl e of FiéﬂEﬁQMM
a plurality of solid sem conductor elenents of the first enbodi nent are

di sposed in an object. Wen electronotive force is supplied formthe
outside A or B to each elenent, each 10 “el®@ment acqui res surroundi ng
environnmental information, respectively. Then, information acquired by an
elenment 41 is communicated to an elenent 42, information a and b acquired
by the elenment 41 and the el enent 42, and subsequent information is

sequentially Connuﬁhﬁgt%ﬂp%%i%%n%hﬂaﬂeétéaﬁ?Ta@fatQ é@i&bghﬁgﬁ?t 43

. a ..
conmuni cates al | ormation acquiredto e~out si n addition,

Ry

the sixth e are arrange : electronotive 20 force

s supplied t g1gaehce! 94eRL bROTL RROULSIHEE AnlionBudlisn B gadal er m ned

guestion by a signal is inputt r exanple, in an elenent 53 fromthe

outside A or Be 2ReCkTRR! anl Phed3i%ehH BRRGRGRAG LY GORLRAL Oy (i
guestion acquires information 25 corresponding to the question to nmake an

answer. Ehe qughig@eaagsPageangweEnogbgggtelenent 51 or 52 are
sequentially communicated to the other elements and 1 5 DEC 2004 - 63
returned to the outsi da AxaRple ©off FOH.a2@@SI Behlurality of solid
semiconductor elements of the first embodiment are
disposed in an object. When electromotive force is
supplied form the outside A or B to each element, each
10 element acquires surrounding environmental information,
respectively. Then, information acquired by an element
41 is communicated to an el=ment 42, information a and
b acquired by the element 41 and the element 42, and
subsequent information is sequentially communicated to
15 the next element. A last element 43 communicates all
information acquired to the outside A or B.

In addition, in an example of Fig. 26B, a
plurality of solid semiconductor elements of the sixth
embodiment are arranged in an object, and electromotive

20 force is supplied to each element from the outside A or
B. When a predetermined gquestion by a signal is
inputted, for example, in an element 53 from the
ocutside A or B, an element 51 or 52 corresponding to
contents of the guestion acquires information

25 corresponding to the gquestion to make an answer. The
question and the answer of the element 51 or 52 are

sequentially communicated to the other elements and



element 53. In addition, in an exanple of Fig. 26C, a plurality of solid
sem conduct or elenents of the sixth 5 enbodi nent are disposed in an
object, and an electronotive force is supplied to each el enent frOﬂE EE%
outside A or B. Wien a certain signal is inputted, for exanple, i ARL 2004
elenment 63 fromthe outside A or B, the giggnal is sequentially

communi cated to an elenent 10 62 and an el enent 61, and the el enent 63
perfornms display on the outside A, B or C. Further, in the exanples of
Figs. 26A to 26C, the solid sem conductor elenent provided wi th buoyance
force generating neans of the seventh enbodi nrent nmay be 15 used as one of

the pluralityrghkusakidteeheondeciae acl @At & driomdddiddsased 9. 27 shows
an exanple of disposing a plurality of solid sem conductor elenents, with

which the enbodmeamt 53Qf the first, the sixth or the seventh 20
enbodi ments is appropriately conbined, in an ink tank or an ink jet head
connected to the i mk tdakitionespeactnvebyamplle i Figxamside, a solid
sem conductor elenment 71 is disposed in a desired positioninink 73 in
an ink tank 7glukalihe sdl sdlidnseondontoctelremtrmedd s7 b tte miostance
force generating neans and the function of comrunicating information to
anot her 5el enembodlmentt hees diespblednbodiame b j@&cd .added a0 the 1 5 DEC 2004
- 64 solid sem conductor elenent of the first enbodi nent.
electromotive force is supplied to each element from
the outside A or B. When a certain signal is inputted,
for example, in an element 63 from the outside A or B,
the signal is sequentially communicated to an element
10 62 and an element 61, and the element 63 performs
display on the outside A, B or C.
Further, in the examples of Figs. 26A to 26C, the
solid semiconductor element provided with buoyance
force generating means of the seventh embodiment may be
15 used as one of the plurality of solid semiconductor
elements.
In addition, Fig. 27 shows an example of disposing
a plurality of solid semiconductor elements, with which
the embodiments of the first, the sixth or the seventh
20 embodiments is appropriately combined, in an ink tank
or an ink jet head connected to the ink tank,
respectively. In this example, a solid semiconductor
element 71 is disposed in a desired position in ink 73
in an ink tank 72. In the solid semiconductor element
25 71, the buoyance force generating means and the

function of communicating information to another

element 792 of the seventh embodiment are added to the



On the other hand, a solid sem conductor elenment 79 of the sixth

enbodi nent provided with an ID function (authentication function) is

di sposed in a recording 5 head 78. The recordi ng head 78 di scharges i nk,
which is supplied through a liquid path 75 and a liquid chanber 76 DEC 2004
connected to an ink supply port 74 of thegqink tank 72, for printing.
Electricity may be supplied to this elenment 79 by the contact between an
el ectrode 10 portion disposed on the surface of the elenent and a contact
portion on an electric substrate for driving the recording head 78. Then,
when el ectronotive force is supplied to each of the elenents 71 and 79
formthe outsigdeidt bemtcemdnttotSelbmentt b& ithle fdausitr embotidmesxanyl e,

i nformati on on a residual anount of ink, and the elenment 79 on the
recordi ng headnsittle octhernheatiesa ol idxaeplieondDetiomf edesieingn Trof

di scrimnating an ink residual anmount for replacenent of a tank to the

el enent 71. Thae, stiké¢h2émbbdiment? progridadeyitthe aacdli feadctdlenr esi dual
anount and the ID and instructs the element 79 to notify the outside of

t he repl acenefautheatigakionl Funksionie lisndispesedudn anggsorskidid he | D
coincide with each other. Upon receiving the instruction, the elenent 79
25 commu#i cat bead gBgnafhgoreryirddnphbeadt I8déischaggesr dgkacabdth of a
tank and outputs sound, light or the |I|ike that appeals to eyes or hearing.
1 5 DEC 2004 isgsuppdigés&hrpaghaBovddudénpritRat’ed a@gndi ditGns dof

chamber 76 connected to an ink supply port 74 of the
ink tank 72, for printing. Electricity may be supplied
to this element 79 by the contact between an electrode
10 portion disposed on the surface of the element and a
contact portion on an electric substrate for driving
the recording head 78.
Then, when electromotive force is supplied to each
of the elements 71 and 79 form the outside, the element
15 71 in the ink acqguires, for example, information on a
residual amount of ink, and the element 79 on the
recording head side communicates, for example, ID
information for discriminating an ink residual amocunt
for replacement of a tank to the element 71. Then, the
20 element 71 compares the acquired ink residual amount
and the ID and instructs the element 79 to notify the
outside of the replacement of a tank only when the ink
residual amount and the ID coincide with each other.
Upon receiving the instruction, the element 79
25 communicates a signal notifying the outside of the
replacement of a tank and outputs sound, light or the

like that appeals to eyes or hearing.



I nformati on can be set by disposing a plurality of elenents in a certain
object. In addition, electronotive force is supplied to 5 each solid

sem conductor elenent in the exanples shown in Figs. 26 and 27. Fbyggﬁ{,
the present inventionis not |imted to this, and el ectronotive fo C 2004
supplied to a certain elenent may be sequgmtially communicated to the
other elenents together with information. For 10 exanple, as shown in Fig.
28, a solid sem conductor elenment 81 and a solid sem conductor el enent 82
are arranged in predeterm ned position in the ink 73 in the ink tank 72,
respectively, as in shown Fig. 27. In the solid sem conductor elenent 81,

t he buoyance force A5 desertbedgabeass, comel femedd aroodi cDomsinbEat i ng
information to the other elenments and the function of supplying

el ectronoti ve imfoemafit¢mecan xbd ®ebobly nikidposirey aaldetaltte oDl i d

sem conductor elenment of the first enbodinent. In the solid sem conductor
el ement 20 82,eld¢memtmyimce dartaimerizijeattng neans of the seventh

enbodi ment, the function of comrunicating information to the other

el enents, and the fimcaddhtiinsupltgimngmobiliexiffonm e suprkied tbe seventh
enbodi nent are added to the solid sem conductor elenent of the sixth 25
embodi men?. Orfadke srhid semicondwotor ekenevhductidre estammies 8shownt he .

si xth enbodi ment provided with an ID function (authentication function) is
di sposed in the FHDECO0A 266 Hewvel ngdhfeRrerenloneceniion i8e ink

tank 72.
not limited to this, and electromotive force supplied

to a certain element may be sequentially communicated
to the other elements together with information. For

10 example, as shown in Fig. 28, a solid semiconductor
element 81 and a solid semiconductor element 82 are
arranged in predetermined position in the ink 73 in the
ink tank 72, respectively, as in shown Fig. 27. In the
solid semiconductor element 81, the buoyance force

15 generating means, the function of communicating
information to the other elements and the function of
supplying electromotive force of the sixth embodiment
are added to the solid semiconductor element of the
first embodiment. In the so0lid semiconductor element

20 82, the buoyance force generating means of the seventh
embodiment, the function of communicating information
to the other elements, and the function of supplying
electromotive force of the seventh embodiment are added
to the so0lid semiconductor element of the sixth

25 embodiment. On the other hand, a solid semiconductor
element 83 of the sixth embodiment provided with an ID

function (authentication function) is disposed in the



Electricity may be supplied to this element 83 by the contact between an
el ectrode portion disposed on the surface of the el enent and a contact
portion on an 5 electric substrate for driving the recording head 78. In
Figs. 27 and 28, a synbol P denotes electronotive force and a syqbprme4
denotes a print scanning direction. Then, when electronotive force s
supplied to the 10 element 81 fromthe -oftési-de, the elenent 81 in the ink
acquires, for exanple, ink residual anmount information, conpares the
information with defined conditions of the inside. If it is necessary to
communi cate the information to the other elenments, the element 81 15
comuni cates the acquired ink residual amount information to the el enent

82 toget her wWEEFOTEES PE&AGt i7Pe COHNEStES topdi& ik thaniel hent 82. The
el ement 82 to _which the electronotive force is supplied receives the ink:

resi dual amoufLSCHE T BRY26Sc SRRIeS: &¢ APdh HeMaEendht B Bhey
acquires information on, for exaqg%s, pH of %he ink to comunj cate
el ect ronot i ve SPELEEY BE CH5EPA A NG LEFE TOMC ROFL 188 (- sBRSd MRntRB3 on the
recordi ng head %ide. Ehgg, t he_el enent 8300n th&lrec Ldin%rhead side 25 to
whi ch the el eGF6AGE ¥ PcELETRpACed COBATT PRSI Ihi! mati on for
di scrim atin% e%&r- exaﬁgleh anfgnk rﬁ%hduakhanguntrp. H %Ln%h? ink for 1
5 DEC 2004 - &7 &pCalé fEesP E°FafE i a theRE &R 9 B bl Ehrent
In Figs. 27 and 28, a symbol P denotes electromotive
force and a symbol w denotes a print scanning
direction.
Then, when electromotive force is supplied to the
10 element 81 from the outside, the element 81 in the ink
acquires, for example, ink residual amount information,
compares the information with defined conditions of the
inside. If it is necessary to communicate the
information to the other elements, the element 81
15 communicates the acquired ink residual amount
information to the element B2 together with
electromotive force for operating the element 82. The
element 82 to which the electromotive force is supplied
receives the ink residual amount information
20 communicated from the element 81 and acquires
information on, for example, pH of the ink teo
communicate electromotive force for operating the
element 83 to the element 83 on the recording head
side. Then, the element 83 on the recording head side
25 to which the electromotive force is supplied

communicates ID information for discriminating, for

example, an ink residual amount or pH of the ink for



82 then conpares the acquired ink residual amount information and pH
information with the ID and communicates to instruct the element 83 to
notify the 5 outside of the replacenent of the tank only when the 1a§ggﬁqmp
i nk residual armount information and pH information and the |ID coincidé
with each other. Upon receiving this, thgsel_ement 83 conmuni cates a signa
for notifying the outside of the replacenent of the 10 tank or outputs
sound, light or the like appealing to eyes and hearing. In this way, a

met hod of supplying electronotive force froma certain elenment to the
other elenents together with information is also possible. Further, as the

recording headep8ac@8mbREOLE HItarR RBaENLSchRERNR! @ 20hi aihef @QAEMdAK by heat
of an electrothermal conversion el enent such as a heater in a liquid path

and di schar gegat RehNkohpaied ¥her AcapierAgd inRORBEEENAY. Wenoume: | i qui d path
by air bubble growing energy. 20 (O her enbodi nents) Exanples of a

confi gurationigfozRaitiknt anl pA inwlbehathensealiitth st conawa or el ements of
t he above- nentioned enbodi ments can be applied are shown in Figs. 29 to

35. The ink tabkmbAicabesntbnihsgru2® has al2behiteBidblte nok ilfyg 302
containing ink provided in a housing 503, closes a bag opening 502a by a
rubber plbug bO4sfidredft theheehbasemgnBO3famtiesttiaoks callyohenm Mdedl e 1 5
DEC 2004 - 68 505 for guiding ink into the rubber plug 504 to connect
acquired ink residual amount information and pH
information and the ID coincide with each other. Upon
receiving this, the element 83 communicates a signal
for notifying the outside of the replacement of the
10 tank or outputs sound, light or the like appealing to
eyes and hearing. In this way. a method of supplying
electromotive force from a certain element to the other
elements together with information is also possible.
Further, as the recording head 78, a recording
15 head is possible which foams ink by heat of an
electrothermal conversion element such as a heater in a
liquid path and discharges the ink from a micro opening
connecting to the liquid path by air bubble growing
energy.
20 {Other embodiments)
Examples of a configuration of an ink tank to
which the so0lid semiconductor elements of the above-
mentioned embodiments can be applied are shown in Figs.
2% to 35. The ink tank 501 shown in Fig. 29 has a
25 flexible ink bag 502 containing ink provided in a
housing 503, closes a bag opening 502a by a rubber plug

504 fixed to the housing 503 and sticks a hollow needle



the ink into the bag, thereby suppling the ink to an ink jet head (not
shown). A solid sem conductor elenent 506 of the present invention can be
di sposed in 5 the ink bag 502 of such an ink tank 501. In addition,] &OFf N
tank 511 shown in Fig. 30 is an ink tank in which an ink jet head 515,

whi ch discharges ink toward a recordi ng et Sto record information on
it, to an ink supply port 514 of a 10 housing 512 containing ink 513. A
solid sem conductor elenent 516 of the present invention can be di sposed
in the ink 513 in such a tank 511. In addition, an ink tank 512 shown in
Fig. 31 is provided with a first chanber in a conpletely closed 15 state

for containi Nggsho224uiAin8CaA% AR Und Tublbdl o RRINRAL 11 b€t Whi Ch

is a negative pressur r contai ning a nedgative pressure

generating mgpRer nR23nfQr ta@NE/R!T Mhei ROAIPHL ML SHY G {dkan and a
connecting path 524 for connecting the first chanmber and the second

chanmber in thgphowast neakt (Abt R@WMANK. AVIN iidk dnfi SIS, from an i nk
supply port 525 on the second chanber side, the ink 522 in the first

chanber is gued@mentt 60l6Ne s e rERamer dventiTPUEE B RidpHd@ring the
first chamber fromthe 25 second chanber side. In the tank 521 of such a

confi gurationtheolintt $aR conduet @huickl efenink H2miansb1527 of the present
i nvention may be disposed in the first 1 5 DEC 2004 - 69 and the second
chanbers, respecti vl wadieiexchamgenk tank 511 shown in Fig. 30 is
an ink tank in which an ink jet head 515, which
discharges ink toward a recording sheet S5 to record
information on it, to an ink supply port 514 of a
10 housing 512 containing ink 513, A solid semiconductor
element 516 of the present invention can be disposed in
the ink 513 in such a tank 511.
In addition, an ink tank 512 shown in Fig. 31 is
provided with a first chamber in a completely closed
15 state for containing ink 522, a second chamber in an
air connecting state, which is a negative pressure
chamber, for containing a negative pressure generating
member 523 for generating a negative pressure in ink,
and a connecting path 524 for connecting the first
20 chamber and the second chamber in the lowest part of
the tank. When ink is consumed from an ink supply port
525 on the second chamber side, the ink 522 in the
first chamber is guided into the second chamber in
response to air entering the first chamber from the
25 second chamber side. In the tank 521 of such a
configuration, solid semiccnductor elements 526 and 527

of the present invention may be disposed in the first



information on ink in each of the divided chanbers. In addition, an ink
tank 541 shown in Figs. 32 to 34 is provided wwth a first chanber in a
conpletely 5 closed state for containing ink 547, a second chanber,
air connecting state, which is a negative pressure chanber, for cbé@gpzmﬁg
a negative pressure generating nenber 5 ﬁ% and a connecting path 548 for

o)

connecting the first chanber and the sec chanber at 10 the | owest part
of the tank as in Fig. 31. Ink in the second chanber is consuned from an

i nk supply port 549 forned in a part opposite the connecting path 548 side
in a wall portion formng the second chanber. In this ink tank 541, solid

sen conduct or enents 54 15 d t chanb
and solid sen?% {}-?%t%?cmﬁ n?&%ﬁ4 an%é%‘g{%?%fgl s%{);s%%&ll%héﬁ ngcoﬁ(rj
chanmber. In the of t f 0

sem conduct or %ﬁenen lén ggs%ggei q&aé%ﬁ%PfF¥§{@gﬁg&?%69§%§§ng chambers,

respectively. Eachrg0, 81&9%1%6@ OICE SHc 5 TR oPRNAACH 1 hBT 05 TRKKON on
ink in each chanber t he |n ormat i on cannot %e si nply™ conpared

because medi Jihfé {ﬂ&e@tfi&é Nenadbéstidngd tbgpseeang chanbers.
Reasons for |spos g a p urality of solid 25 sem conductor elenents in

each of ghe fifst.ANCkife £SLCONE: SNRMET Snii §47bea dgsebhBednuinbB v ef er ence
to Figs. 36Ato 36C. Fig. 36A1s a dlagran1shomnng an 1 5 DEC 2004 - 70
attenuation apugt Ofr aboRhEEt LTINSt C WRVEh USLdaf REgative
pressure chamber, for containing a negative pressure
generating member 546, and a connecting path 548 for
connecting the first chamber and the second chamber at
10 the lowest part of the tank as in Fig. 31. 1Ink in the
second chamber is consumed from an ink supply port 549
formed in a part opposite the connecting path 548 side
in a wall portion forming the second chamber. In this
ink tank 541, solid semiconductor elements 542 and 543
15 are disposed in the first chamber, and solid
semiconductor elements 544 and 545 are disposed in the
second chamber. In the case of the ink tank 521 of
Fig. 31, one solid semiconductor element is disposed in
the first and the second chambers, respectively. Each
20 solid semiconductor element manages information on ink
in each chamber, but the information cannot be simply
compared because media therein are different in the
first and the second chambers.
Reasons for disposing a plurality of solid
25 semiconductor elements in each of the first and the
second chambers will be described with reference to

Figs. 36A to 36C. Fig. 36A is a diagram showing an



communi cation between two solid sem conductor elenments in the case in

whi ch each of the two elenents is disposed in the first and the second
chanbers, 5 respectively. Fig. 36B is a diagramshow ng an attequgalrimm
anount of an el ectromagnetic wave used for comunicati on between a
plurality of solid sem conductor elenentggin the case in which the

el ements are disposed in the first chanber (X). Fig. 10 36C is a diagram
showi ng an attenuati on anmount of an el ectromagnetic wave used for

comuni cati on between a plurality of solid sem conductor elenents in the
case in which the elenments are disposed in the second chanber (Y). 15 For
exanpl e, in thateaseationwainolind ©LES iatu 2/l e camomaigneit il erdvek ardesd desect ed
usi ng an el ectronagnetic wave, attenuation anmounts of the wave are
different in commuhicatiandbeltwesacdawd cbadideserdsosidnatdmn ligne 364
because the first chanber contains only ink, whereas 20 the second chanber
cont ai ns i nk dmd thenegaei i@ phésbueachgeferthel nmgonelesentEhus it becones
difficult to grasp a state and to control detection of environnmental

i nformati on. Gd-splesedt hor thendirist Rings the2 segcodfl cheablershanber has a
plurality of solid sem conductor 25 elenents. It is advantageous to
comuni cat e b&ewpestivikdysol FddsedibBorduet diagrame showixigstamg i n each
chanber as shown in Figs. 36B and 36C because nedia 1 5 DEC 2004 - 71
therein are t REteapatipn ameupitopt anpedegtiropagnetic wave used for

communication between a plurality of solid
semiconductor elements in the case in which the
elements are disposed in the first chamber (X). Fig.

10 36C is a diagram showing an attenuation amount of an
electromagnetic wave used for communication between a
plurality of solid semiconductor elements in the case
in which the elements are disposed in the second
chamber (Y).

15 For example, in the case in which a residual
amount or the like is detected using an electromagnetic
wave, attenuation amounts of the wave are different in
the first and the second chambers as shown in Fig. 36A
because the first chamber contains only ink, whereas

20 the second chamber contains ink and a negative pressure
generating member. Thus, it becomes difficult to grasp
a state and to control detection of enviromnmental
information. On the other hand, in Figs. 32 to 34,
each chamber has a plurality of soclid semiconductor

25 elements. It is advantageouns to communicate between
the solid semiconductor elements existing in each

chamber as shown in Figs. 36B and 36C because media



solid sem conductor elenents are disposed in each of the first and the
second chanbers in this way, and data detected by each of the elenents are
corrected to be 5 conpared, whereby it becones possible to accuraqqsy C
manage information in a tank. Thus, nore accurate detection on a reaﬁ Zmﬁe
basi s becomes possible In addition, a problemoccurs here in that which
solid sem conductor elenents anong the plurality of 10 solid sem conductor
el enents are used to detect information on the inside of a predeterm ned
container. As an exanple of a method of distinguishing a necessary solid
sem conductor elenment out of the plurality of solid sem conductor

elenents, therfehdid GFe€tHROWAmEN 13nFa@di3don!,n d HiureASGy T i d
sem conductor elenents 542 and 543 or solid sem conductor élenments 544 and

545 comuni cabl iW kem@achdether eAtmantat Red ofispdiseld NGticdin® 4 he solid
sem conductor elenents, a nethod of changing properties of the solid 20

seni conduct or tplee#BRss han ehehsgcona tham@RTeniiGatih i URGSF, dHrid alfid
conditions is possible in a case such as the case in which a frequency to

be detected i getebtegedyoraeh aiffplihkudeementBaaged coTirtted @dnyu cation is
performed under different conditions 25 by changing a property of a solid

for eachsgrougomparehl,swheyeblyt iltebew@mepopdisli® 10 teparaiadtarlyeach group
in response to information fromthe outside. 15 D E C 2004 - 72 As anot her
nmet hod, i f solmagdagemiadndmatdon in a tank. Thus, more accurate
detection on a real time basis becomes possible.
In addition, a problem occurs here in that which
solid semiconductor elements among the plurality of
10 solid semiconductor elements are used to detect
information on the inside of a predetermined container.
As an example of a method of distinguishing a necessary
solid semiconductor element out of the plurality of
s0lid semiconductor elements, there is a case shown in
15 Fig. 32. In this case, solid semiconductor elements
542 and 543 or so0lid semiconductor elements 544 and 545
communicate with each other. As a method of
distinguishing the sclid semiconductor elements, a
method of changing properties of the solid
20 semiconductor elements for esach group to communicate
under different conditions is possible in a case such
as the case in which a frequency to be detected is
changed or an amplitude is changed. Since
communication is performed under different conditions
25 by changing a property of a solid for each group in
this way, it becomes possible to operate for each group

in response to information from the outside.



el enments, all of which have the sane properties, are used, a nmethod of

I ncorporating identification information (ID) in a plurality of solid

sem conductor 5 el enments before they are disposed in a predeterm néd JEC 2004
container to detect which solid sem conductor elenent is used according to
the identification Information is possiblg, Aternatively, a nethod of
Inserting solid sem conductor elenents before they are provided in a 10
predet erm ned container and i nputting distinguishing neans in the nenory

i n advance to distinguish a necessary one out of a plurality of solid

sem conductor elenments based on the information inputted in the nenory

earlier is also poaw RIdthdr taHdENtif igAtidsekbiddiaid®sd on (1D is
used, when a signal for Identification information (I1D), for exanple
called A is e3efenftisQmaline cdutiidth Hdvd tHWSSHNE @ridiirtsidd d are
sem conductor elenents falling into A conmunicate with each other, and as
a result, deteglet] envetoideifalindigpdmatintg didre iingatiant ed to or
di spl ayed on the outside. Alternatively, if a signal for identification
i nformati on (HRfoxalatddnB (iID)sent a iglursslpossidi esdihial seswildahderieonduct or
elements falling into B cormunicate wth each other, and detected
envi ronnént al ellefmemtst beor2b titeye amadicgietd drora girspleteesdaniored he
outside. A simlar nethod is possible in the case of a menory. 1In Figs. 32
to 34, a net heondrigeredio dgtect WIDEQ 200414 sEnigqEmiwiiiar Sdmenbf i nk
usi ng an attenuation anmount of a
is used according to the identification information is
possible. Alternatively, a method of inserting solid
semiconductor elements befcre they are provided in a
10 predetermined container and inputting distinguishing
means in the memory in advance to distinguish a
necessary one out of a plurality of solid semiconductor
elements based on the information inputted in the
memory earlier is also possible. If the identification
15 information (ID) is used, when a signal for
identification information (ID}, for example called A,
is sent from the outside, it is possible that solid
semiconductor elements falling into A communicate with
each other, and as a result, detected environmental
20 information is communicated to or displayed on the
outside. Alternatively, if a signal for identification
information (ID) called B is sent, it is possible that
solid semiconductor elements falling into B communicate
with each other, and detected environmental information
25 is communicated to or displayed on the outside. A

similar method is possible in the case of a memory.

In Figs. 32 to 34, a method of detecting a



wave form of an el ectromagnetic wave will be described here as an exanple.
In addition, it is assumed that the solid sem conductor el enents S4BDEGH
and 545 are 5 enbedded in the ink tank 541, and the solid sem conductor

el ement 542 floats in the ink 547 in the first chanber in this exanple.
Fig. 32 shows a state in which a lot of-ink 4s still left, Fig. 33 shows a
state in which a residual anount of the ink is 10 decreasing, and Fig. 34
shows a state in which ink residual amount is little and ink is only left
in a negative pressure chanber, that is, the second chanber. First, a

rel ati ons of wave forns of el ectromagnetic waves of the solid

seni conduct or eesiRl Suunhd 541K Sisiny tdro set dnddei el anosieti e6nduct or
el ements 544 and 545 are stored as an initial state. If the ink 547 in
the first charmisie devmesfeare gdegbwdgrie tie wave ivilll statdescsribhedn in
Fig. 33, the solid sem conductor elenents 542 and 543 approaches. \Wen the
el ements 20 dRFDHEN eHamiat i o Fddiviere figr Mofassumed echabmagnet i c
wave becones |ess. This neans that ink is decreasing. This state is
effective in filfliSRligd samsrdwHe atekanentiset hop 4bicind es4Zuare anount
decreases conpared with the initial state. 25 Then, when no ink is left in
the first? chaffdedded jin 4he dinds Sadowtd n a0d.tigy salike there i s not

factor for entering between the saolid sem conductor 15 BE[ 2004 - 74

el enents 542 ARPEPRANGHO elenent |34 5 HIQf/Ls i3gh the ink 547 in the

first chamber in this example. Fig. 32 shows a state
in which a lot of ink is still left, Fig. 33 shows a
state in which a residual amount of the ink is

10 decreasing, and Fig. 34 shows a state in which ink
residual amount is little and ink is only left in a
negative pressure chamber, that is, the second chamber.
First, a relations of wave forms of electromagnetic
waves of the solid semiconductoer elements 542 and 543

15 and those of the so0lid semiconductor elements 544 and
545 are stored as an initial state. If the ink 547 in
the first chamber decreases compared with the initial
state as shown in Fig. 33, the so0lid semiconductor
elements 542 and 543 approaches. When the elements

20 approaches, attenuation of a wave form of an
electromagnetic wave becomes less. This means that ink
is decreasing. This state is effective in finding at
random and at all times how much residual amount
decreases compared with the initial state.

25 Then, when no ink is left in the first chamber as
in the state shown in Fig. 34, since there is not

factor for entering between the solid semiconductor



amount of an el ectronmagnetic wave. Moreover, when no ink is left, in the
state of Fig. 34 as well, communication is then perforned between the
solid 5 senmiconductor elenents 544 and 545, and when a liquid |evel 58567 2i0h
the negative pressure generating nmenber 546 is |owered, both a part with
ink and a part without ink exist between ihe solid sem conductor elenments
564 and 565. Then, a point where dispersion of attenuation 10 of a wave
formoccurs, which gradually lowers as the ink becones |ess- It becones
possible to detect how much ink is left according to the point where

di spersion occurs. In addition, what is shown in the |ower part of 15 Fig.

34 1S a diagr Al RN % AN MAPLL Hhde £aSE 1D WL Ll ey bk tank

conmuni cates with the outsi First, infor I on ween el enents

ecel ving meanmalt el Wedsdttde e GATBIN Gaj 0, E! vPRD, TR SOl 1 d

sem conductor el enments 542 and 543. 1n this case, the 20 so

sem conduct or jglienBNtted € i tH Wi shedbpse g 44 epqpci £s. anpl i tudes,
| Ds, nmenories or the like such that information of a wong solid

sem conduct or coinfifEliaft e MPItHAL QParbrmd e be thitad 88 tsdFigq communi cat ed
to discrimnating and anal yzi ng neans 551. 25 Itens that are required to be

communi c& ed tsentiicortivdaay ed exeritie D14 i 9re, Wi aRtLd 1 Quod
di spl ayed on the outside, and the itenms of information 1 5 DEC 2004 - 75
are stored in level rsfeor niat itdre tewydtigragansshird generating member
546 is lowered, both a part with ink and a part without
ink exist between the solid semiconductor elements 564
and 565. Then, a point where dispersion of attenuation
10 of a wave form occurs, which gradually lowers as the
ink becomes less. It becomes possible to detect how
much ink is left according to the point where
dispersion occurs.
In addition, what is shown in the lower part of
15 Fig. 34 is a diagram showing an example in the case in
which the ink tank communicates with the outside.
First, information between elements receiving means 550
receives a result of communication between the solid
semiconductor elements 542 and 543. 1In this case, the
20 solid semiconductor elements are distinguished using
| frequencies, amplitudes, IDs, memories or the like such
that information of a wrong solid semiconductor
elements are not received. Then, the result is
communicated to discriminating and analyzing means 551.
25 Items that are required to be communicated to or
displayed on the outside are communicated to or

displayed on the outside, and the items of information



However, it is possible to store itens of information that have been
comuni cated to the outside in the information storing neans 552. Then, if
comuni cation 5 is perforned between the solid sem conductor eIe bg gﬁé
and 545, information acquired as a result of the comrunication i’s %

by the information between elenents receijd ng neans 550 as descri bed
above. Then, the information received by the information between 10

el enents receiving neans 550 is conmunicated to the discrimnating and
anal yzi ng nmeans 551, where itens of the information is also comuni cated
to or displayed on the outside if necessary, and the other items of the

i nf or Mat i O Oty yid &/F%:a iH HHIRLIFED hits IR\A A 4B A s beoR_ communi cat ed

to or dlsplayed on the outside are also stored in the Information storing

means 552. Thepydha Opar atd ?jb%s%.r‘cﬁ.é aRFalt’fhe WNRIED Yo AN AF@HRA £ Pbn
i nformation stored in the information storing neans 552 increases, and the

i nformati on cahdie HeAENHYGA RN 1231 t¥a Hs iRy fhdliddieipugsede. |In
addition, in sonme cases, determ nation and anal ysis are performed anong

itenms of stor lefldizfnﬂtrmiﬂ Ftordndalasern 55%.0r MdoN iMNeybimEeLSayednand the
i nformation stored in the information storing neans 552 to conmuni cate a

result 2% to tie pafifyriRd bk tWieh WA s 1aldiIrRinicbmfustdt delarshgonduct or
el enents are provided in a predeterm ned container, comunication is

performed for se&cang @45, dnfFdanaiGa0dquited dHate tasuiet es i tied and
anal yzed each tine

communication is received by the information between
elements receiving means 550 as described above. Then,
the information received by the information between

10 elements receiving means 550 is communicated to the
discriminating and analyzing means 551, where items of
the information is also communicated to or displayed on
the outside if necessary, and the other items of the
information or items of information that have already

15 been communicated to or displayed on the outside are
also stored in the information storing means 552.
Then, the operations are repeated, whereby an amount of
information stored in the information storing means 552
increases, and the information can be communicated to

20 or displayed on the outside. In addition, in some
cases, determination and analysis are performed among
items of stored information, or between information
newly received and the information stored in the
information storing means 552 to communicate a result

25 to the outside. 1In this way, a plurality of solid
semiconductor elements are provided in a predetermined

container, communicaticn is performed for each group, a



communi cation is perfornmed, and information is stored, whereby information
can be acquired each tine according to the necessity. 5 Figs. 38, 39A and
39B are flow charts showing how information in an ink tank is achf¢éy
detected in the case of the configuration showmn in Figs. 32 to 34. &7&94
Fig. 38 is a flow chart showi ng an exanpl &, of a nethod of detecting an ink
residual amount. In 10 the first place, electronotive force required for
detecting an ink residual anmount is supplied to the solid sem conductor

el ements 542 and 543 existing in the first chanber. Although it is
possible to simultaneously supply electronotive force to the solid 15

sem conduct or 8l 8Nt RALIANGe 2ind Ankhivs X 3FHe tinR ectronotive force
is first supplied to the solid sem conductor elenent in the first chanber

for efficienpmiiithildatAlodeist peRiFRMRG,a ahdl linre reRitsitth b SRy ng
electricity to a multiplicity of solid 20 sem conductor el enents at one

tinme. Then, ampHdievy enifdedlata@AUian bel RRquiirsd G arines Arieed g by
mut ual conmmuni cati on of the solid sem conductor elenments 542 and 543 using

the supplied elealnd GlddessiAy.a result, if ink is still left as in the
states of 25 Figs. 32 and 33, the ink residual amount is comunicated to

or displayed on theiedt.sizse. 3ba e 30BNELar ¥low dharntk skowiafd howt he
first chanber as 1 5 DEC 7004 77 shown in Fig. 34, electricity is supplied
fromthe information in an ink tank is actually detected in the
case of the configuratilon shown in Figs. 32 to 34.
First, Fig. 38 is a flow chart showing an example
of a method of detecting an ink residual amount. In
10 the first place, electromotive force required for
detecting an ink residual amount is supplied to the
so0lid semiconductor elements 542 and 543 existing in
the first chamber. Although it is possible to
simultaneously supply electromotive force to the solid
15 semiconductor elements 544 and 545, in this example,
electromotive force is first supplied to the solid
semiconductor element in the first chamber for
efficiency and in order to prevent a failure caused by
supplying electricity to a multiplicity of solid
20 semiconductor elements at one time. Then, an ink
residual amount in the first chamber is detected by
mutual communication of the solid semiconductor
elements 542 and 543 using the supplied electricity.
As a result, if ink is still left as in the states of
25 Figs. 32 and 33, the ink residual amount is
communicated to or displayed on the outside. To the

contrary, if no ink is left in the first chamber as



outside to the solid sem conductor elenents 544 and 545 in the second
chanber. Then, as described above, an ink residual anmount in the second
chanber is detected 5 by nutual conmunication between the solid

senmi conductor el enents 544 and 545 using the supplied electricityl JA§C004
result, if ink is still left, the residualzamunt is displayed. In
addition, since noink is left inthe first chanber already, it is

comuni cated to or 10 di splayed on the outside that ink is running out.
Moreover, it is preferable that a warning can be also displayed

I ndi cating, for exanple, how many recording sheets can be printed by

remai ni ng i nkshbent ke EFdgt.r 3y, eilfectthdod tiys im0 siupp riesi diredm artoeint , a
warning 15 indicating replacenent of an ink tank is displayed, and a
state i s nadeoptisidablte Wwhen soliddr spdcomEiuctios edmplestiexd. 544 iaysd 399 and
39B are flow charts showing an exanple of detecting a state of ink around
an i nk 20 supphy ther secthids chiambelye ddbeni.bes Wesenibed adnfvgurat i ons of
Figs. 32 to 34 as exanples as described above. In addition, in this
exanpl e, det d8ki asddhade ameualt @ &hen siegomd ichiambetk ishale testede second
chanmber only. First, a state of ink is 25 detected by nutual conmunication
of the s@id P¥eRPEYARIUEPBRUBLEREACE BLAVERE She iselikk samisinpdudtemer
when a power squrce of a main body is turned on 1 5 DEC 2044 - 78 as shown
in Figs. 39A glgmegts,p4anend p4psusing the supplied electricity.

As a result, if ink is still left, the residual amount
is displayed. In addition, since no ink is left in the
first chamber already, it is communicated to or

10 displayed on the outside that ink is running out.
Moreover, it is preferable that a warning can be also
displayed indicating, for example, how many recording
sheets can be printed by remaining ink. To the
contrary, if there is no ink residual amount, a warning

15 indicating replacement of an ink tank is displayed, and
a state is made printable when the replacement is
completed.

Figs. 39A and 39B are flow charts showing an

example of detecting a state of ink around an ink

20 supply port. This will be described with the
configurations of Figs. 32 fto 34 as examples as
described above. 1In addition, in this example,
detection can be executed even in an ink tank that has
the second chamber only. First, a state of ink is

25 detected by mutual communication of the solid
semiconductor elements 544 and 545 in the second

chamber when a power source of a main body is turned on



comuni cated that printing is perforned. As a result, as shown in Fig.
39A, if there is no anomaly, processing advances to a printing procgﬁf i&
the case 5 imedi ately after power source is turned on and before 1 C 2004
printing. However, if an anomaly is detected, for exanple, in the case in
which air entered froman ink supply port.,g automatic suction recovery is
performed, and processing advances to the printing process. In 10
addition, if suction recovery cannot be executed automatically, it is
comuni cated to or displayed on the outside that suction recovery is
executed, and the suction recovery is executed and processi ng advances to

the printing %rso%%%%]lagnslﬁ _i n ol %ng’%%%g 3% Whles 13 , a plurality of

solid sem conductor el énents aré~ di sposed around an ink supply port to

detect an ink %%ﬂéa%ehh%h%:]t; Qundiy! &%”Opﬁs LUt g SULtian,y fecovery

according to &5e necessity eby oper at or suction recovery that

has been conv [ | V. 2@ 1 lgar |y ; Ny a state of ink
o sg%génl Ao gleggglaga, Y ioXaqdR0 LYY Hrkaief,

can be reduced, 0 not decrease excessively. The method of

detecting inf gﬁ&fés%&n%n ddi@n Ry 48 Hhaddnly ipidcerled phne dsssi mply

one exanmple. I'n this éexanple, environmental detection is performed in 25

the firsts chanhfediladtelly a4 edepRAEOR JurdeelifOtiBte MYMBAdD®HSHbEE
sem conductor elenent in the second chanber when ink in the first chanber

has run out. 15 iREGnd004 Howb¥ertjOWRVen dnonal yaliso deasteE, tfbr
si mul t aneously perform
example, in the case in which air entered from an ink
supply port, automatic suction recovery is performed,
and processing advances to the printing process. In
10 addition, if suction recovery cannot be executed
automatically, it is communicated to or displayed on
the outside that suction recovery is executed, and the
suction recovery is executed and processing advances to
the printing process as shown in Fig. 39B. In this
15 way, a plurality of solid semiconductor elements are
disposed around an ink supply port to detect an ink
state in the surrounding part and execute suction
recovery according to the necessity, whereby operations
for suction recovery that has been conventionally
20 regularly executed regardless of a state of ink can be
reduced, and ink does not decrease excessively.

The method of detecting information on the inside
of a tank indicated above is simply one example. In
this example, environmental detection is performed in

25 the first chamber first, and detection is performed
using the solid semiconductoer element in the second

chamber when ink in the first chamber has run out.



environnmental detection in the first chanber and environnental detection

I n the second chanber and correct the results to perform environnental
detection 5 using relative conparison. In addition, an ink tank 5315 8§60
in Fig. 35 contains a porous material 532 holding ink, to which an ink
jet head 533 that uses the contained ink fay _recording is attached. In the
tank 531 with such a 10 configuration, the solid sem conductor el enetns 534
and 535 of the present invention nay al so be disposed on the ink tank
side and the ink jet head side, respectively, to exchange information on
ink inside each divided part. 15 In addition, Figs. 37A and 37B show

sectional Vi goweierystitatiisna1evamses nfe Gtei&sthﬂdlguameeﬁﬂi%g rfbfi USing
a plurality of solid sem conductor elenent. Figs. 37A and show i nk tank

571 in which enkyronfientalcdeitaictadnant aibRerf ived ardsdeBsad] sponge are
20 not contained at all or a part of the ink tank 571. Solid sem conductor
el ements 572 engiTrohm@neadi sleaged ionn imhahenlsdoad Thlambde aodi d
sem conductor elenment 572 floats on a liquid level of ink in the ink tank
571, and the solrirdécterheomesuilds d¢loementt B3 e ifdotmd: rids Iatdd thec tleepest
part of the bottomsurface in the ink tank 571. First, in the state in
whi ch i nlk nor meling rediagtivel gomperisiont.ank 571 as shown in Fig. 37A the 1
5 DEC 2004 - 80 solid sem conductor elenents 572 and 573 do not
In addition, an ink tank 531 shown in Fig. 35
contains a porous material 532 holding ink, to which an
ink jet head 533 that uses the contained ink for
recording is attached. In the tank 531 with such a
10 configuration, the so0lid semiconducteor elemetns 534 and
535 of the present invention may also be disposed on
the ink tank side and the ink jet head side,
respectively, to exchange information on ink inside
each divided part.
15 In addition, Figs. 37A and 37B show sectional
views illustrating examples of detecting presence of
ink using a plurality of solid semiconductor element.
Figs. 37A and 37B show ink tank 571 in which only
ink is contained and other media such as a sponge are
20 not contained at all or a part of the ink tank 571.
Solid semiconductor elements 572 and 573 are disposed
in the ink tank 571. The s0lid semiconductor element
572 floats on a ligquid level of ink in the ink tank
571, and the so0lid semiconductor element 573 is fixed
25 at the deepest part of the bottom surface in the ink

tank 571. First, in the state in which ink normally

exists in the ink tank 571 as shown in Fig. 37A, the



mut ual Iy conmuni cate. However, it is possible, for exanple, to detect a
state of ink by the solid sem conductor elenent 572 or 573 al one. Wen an
ink 5 residual anpbunt in the ink tank 571 decreases and nbst 1ink is
consuned to reach the state of Fig. 37B, since the bottom surfacel DUEE 3§d4
ink tank 571 has a slant and the solid-s&@ conductor elenment 573 is fixed
in the deepest part of the bottom surface, the solid 10 sem conductor

el enents 573 and 572 contact each other. Then, detection of presence of
ink is possible with a nethod of communicating to the outside that the ink
has run out by the solid sem conductor elenments 573 and 572 contacting
each ot her. Tisatlids semicondyesoirbled emenitsa 372 mad fakictdomats provi ded by a
plurality of solid sem conductor el enments being conbined or contacting
each ot her. Agudueddybecomwdpicateno doweyied .sdti ds PaasddnductiPrel ement s
are disposed in an_ink tank, and 20 the two or nore solid sem conductor

el ement s mut ugKePrdgnmirsi &etectnle SElFee i Advmemt dihe XYkt i on around

the solid sem conductor elenments is detected and the environnental

i nformati on | S$eFIFRBAICECED L6mEnt Fi7<pPZy &d oA -outEiefe-arhirk

i nformation on ink 25 contained in the ink tank, a pressure in the tank or

the |ike3an BESAANELeREPLRt: dRmiiecdPEd teEK Pl deerfases AP ekt
recording apparatys LontIeqUte! 98a5n° tREC AL ki LN Fd ALl basis.

the bottom surface of the ink tank 571 has a slant and
the solid semiconductor element 573 is fixed in the
deepest part of the bottom surface, the solid

10 semiconductor elements 573 and 572 contact each other.
Then, detection of presence of ink is possible with a
method of communicating to the outside that the ink has
run ocut by the solid semiconductor elements 573 and 572
contacting each other. That is, it is possible that a

15 new function is provided by a plurality of solid
semiconductor elements being combined or contacting
each other.

As described above, two or more solid

semiconductor elements are disposed in an ink tank, and

20 the two or more solid semiconductor elements mutually
communicate, whereby environmental information around
the solid semiconductor elements is detected and the
environmental informatioﬁ is communicated to or
displayed on the outside. Thus, information on ink

25 contained in the ink tank, a pressure in the tank or
the like can be more easily communicated to, for

example, an ink jet recording apparatus in the outside



If two or nore solid sem conductor elenents are disposed in an ink tank in
this way, as a nethod of supplying electronotive force fromthe outside to
the 5 plurality of solid sem conductor elenents, there is a nethod1?@EE2m4
directly supplying electronotive force from the outside to each of the
plurality of solid sem conductor elenentsgias described above.
Alternatively, electronotive force nay be first 10 supplied fromthe
outside to a main solid sem conductor elenment anong the plurality of solid
sem conductor elenents, and then supplied to the other solid

sem conductor elenments fromthe main solid sem conductor elenent. 15

(O her exanpl es) aAreadanylme dlasdsconfiguration of an ink jet recording
apparatus nounted with an ink tank, which is provided with the solid

sem conduct or el em@rit teo e momeeseitid mesvidomiud tors alleamgrnitcaldge shown in
Fig. 40. 20 A head cartridge 601 nounted on an ink jet recording apparatus
600 shown in Eigposgdhds &an ilgid dadiksdmartdds meatl fas alimatwrdjio® i nk for
printing and recording and an ink tank, as shown in Figs. 12 to 22, for

hol di ng | i quis#pPPappinde @ les tmematilyig & odicse Faoge theadutisides tidihe on,

means 622 for supplying electronotive force being external energy to a
cubit seli conBHEESL1dVe #EnS01ldids eSS UHer pd aaik or thenrts {5 shown)

for 1 5 DEC 2004 - 82 bhidirectionally conmunicating information with the
method of directly supplying electromctive force from

the outside to each of the plurality of solid
semiconductor elements as described above.
Alternatively, electromotive force may be first

10 supplied from the outside to a main solid semiconductor
element among the plurality of solid semiconductor
elements, and then supplied to the other solid
semiconductor elements from the main solid
semiconductor element.

15 (Other examples)

An example of a configuration of an ink jet
recording apparatus mounted with an ink tank, which is
provided with the solid semiconductor element of the
present invention, is schematically shown in Fig. 40.

20 A head cartridge 601 mounted on an ink jet recording
apparatus 600 shown in Fig. 40 has a liguid discharge
head for discharging ink for printing and recording and
an ink tank, as shown in Figs. 12 to 22, for holding
liquid supplied to the liquid discharge head. In

25 addition, means 622 for supplying electromotive force
being external energy to a cubit semiconductor element

disposed in the ink tank or means (not shown) for



el ement are disposed in the recordi ng apparatus 600. As shown in Fig. 40,
the head cartridge 601 is nounted on a carriage 607 that engages in apical
5 grooves 606 of a |ead screw 605, which rotates via driving for

transm ssion gears 603 and 604 in an interlocking manner with fédem@{'nd
reverse rotations of a driving notor 602.g2The head cartridge 601 is

reci procatingly noved in the directions of arrows a and 10 b al ong a gui de
608 with the carriage 607 by power of the driving notor 602. Means for
conveying nmediumfor recording information thereon (not shown) is provided
in the ink jet recordi ng apparatus 600, which conveys a print sheet P as a
medi um f or reodddiveg tioherligt icommin itdearienn ifnformectaion ngith gt such as

i nk discharged fromthe head cartridge 601. A sheet pressing plate 610,
whi ch presses edepreintt astee el spos@il eyedhen requrdtiery Gifthrdatudies means f or
conveying nediumfor recording information thereon, presses the print
sheet P agai nst 20 Ashehpwat ém GUY.ovidr, dhephieagl diammotidge &f0X hiss carri age
607. A photo couplers 611 and 612 are disposed in the vicinity of one end
of the | ead sowantedsonTike gavati@gec iy dbat6 ehgawes6ih @pidle position
detecting neans 25 for confirm ng existence of a | ever 607a of the

carri age 5607 igxooNesabdds odf a Heashscresb §®1%er yharh amtad i per f orm
switching of the like of a rotational 15 DEC 2004 - 8 3 direction of the
driving notor dg@¥ing §9§9@wﬁnﬂgsmission gears 603 and 604 in an

interlocking manner with forward and reverse rotatiocons
of a driving motor 602. The head cartridge 601 is
reciprocatingly moved in the directions of arrows a and

10 b along a guide 608 with the carriage 607 by power of
the driving motor 602. Means for conveying medium for
recording information thereon (not shown) 1is provided
in the ink jet recording apparatus 600, which conveys a
print sheet P as a medium for recording information

15 thereon for receiving liquid such as ink discharged
from the head cartridge 601. A sheet pressing plate
610, which presses a print sheet P conveyed on a platen
609 by the means for conveying medium for recording
information thereon, presses the print sheet P against

20 the platen 609 over a moving direction of the carriage
607.

A photo couplers 611 and 612 are disposed in the
vicinity of one end of the lead screw 605. The photo
couplers 611 and 612 are home position detecting means

25 for confirming existence of a lever 607a of the
carriage 607 in the areas of the photo couplers 611 and

612 to perform switching of the like of a rotational



menber 613 for supporting a cap nmenber 614, which covers the front of the
head cartridge 601 having a discharge opening, is provided in the vicinity
of one 5 end of the platen 609. In addition, ink absorbing means 6{&ptphy
absorbing ink accunul ated inside the cap nenber 614 by being vainly

di scharged fromthe head cartridge 601 isgalso provi ded. Absorption
recovery of the head cartridge 601 is perforned via an opening part 10 of
the cap nenber 614 by this ink absorbing nenber 615. A nmai n body
supporting body 619 is provided in the ink jet recording apparatus 600. A
novi ng nenber 618 is novably supported in the front and back direction,
that is, in a qiareentheubfrtlde récivimg whd tor esPpect A os@pportbigng direction
of the carriage 607 by the nain body supporting body 619. A cl eaning bl ade
617 is attachetembex thE3 nber ngupmoein® 18. cdp fresmbef & he, cévikrdohng bl ade

617 is not limted to this and may be any publicly known cl eani ng bl ade of
ot her fornms. Mmraerthe fromt oR0tleRChéad camtrtidge abdbripavongi a
perform ng absorption recovery operations by the ink absorbing neans 615
is provided. dimchangs @@ninyesis rppechiednoe Wie widinihpvefieaneof a cam
621 engaging with the carriage 607, and driving force fromthe driving
motor 6026 is Zndorf ridre allayepud?? cl yIkmddltkemsnink i dgseEbhRIsuch as
switching of a clutch. An ink jet recording control portion is provided on
t he recordi ng R R fRr misorigme pgosaccgmlayersy Lngikde wahehcgPves a

signal to a heating boqz
member 614 by being vainly discharged from the head

cartridge 601 is also provided. Absorption recovery of
the head cartridge 601 is performed via an opening part
10 of the cap member 614 by this ink absorbing member 615.
A main body supporting body 619 1s provided in the
ink jet recording apparatus 600. A moving member 618
is movably supported in the front and back direction,
that is, in a perpendicular direction with respect to a
15 moving direction of the carriage 607 by the main body
supporting body 619. A cleaning blade 617 is attached
to the moving member 618. A form of the cleaning blade
617 is not limited to this and may be any publicly
known cleaning blade of other forms. Moreover, a lever
20 620 for starting absorption in performing absorption
recovery operations by the ink absorbing means 615 is
provided. The lever 620 moves in accordance with the
movement of a cam 621 engaging with the carriage 607,
and driving force from the dfiving motor 602 is
25 controlled by publicly known transmitting means such as
switching of a c¢lutch. An ink jet recording control

portion is provided on the recording apparatus main



provided in the head cartridge 601 and nmanages driving control of each of
t he above-nenti oned nechani sns, and is not shown in Fig. 40. 5 In the ink
j et recording apparatus 600 having the above-nentioned configuratid@ﬂgﬁqm4
head cartridge 601 reciprocatingly noves over the entire width of the
print sheet P that is conveyed on the pl-atan-609 by the means for
conveyi ng nmedium for recording informati on 10 thereon. Wen a driving
signal is supplied froma driving signal supplying neans (not shown) to
the head cartridge 601 at the tinme of the novenent, ink (recording
liquid) is discharged froma liquid discharge head to a nmedium for
recordi ng i nf bodgt isddel5whiiehegavascar giiggatlo tohias heladgrdalg dwdly ecording i s
performed. A preferred specific exanple in disposing the solid
seni conduct or peberided ah the peedeparitmidgei 66 1i andamanggesarke wing now be
described nore in detail. 20 First, information acquiring neans applicable
to the solidcsaffiredn@fceachepénthe ebovieemgnédened meghamiemsni [dnde
described as an exanple. If the solid sem conductor elenent disposed in an
ink tank is fisrmed shognspReFiifal 48i-1icon, as the information 25 acquiring
means described in_the above-nentioned exanple, there are (1) a sensor
detectin§ pH of inkR ithe dmkcHeinrerezdingnaepPazd taisNel0 Aavinthdd s an
ion 1 5 DEC 2004 - 85 sensitive film (2) a sensor for depectiqﬂjfresence
of above-mentioned configuration, the head cartridge
reciprocatingly moves over the entire width of the
print sheet P that is conveyed on the platen 609 by the
means for conveying medium for recording information
10 thereon. When a driving signal is supplied from a
driving signal supplying means (not shown} to the head
cartridge 601 at the time of the movement, ink
{recording liquid) is discharged from a liquid
discharge head to a medium for recording information
15 thereon according to this signal and recording is
performed.
A preferred specific example in disposing the
s0lid semiconductor element of the present invention in
an ink tank will now be described more in detail.
20 First, information acquiring means applicable to
the so0lid semiconductor element of the present
invention will be described as an example. If the
solid semiconductor element disposed in an ink tank is
formed in a spherical silicon, as the information
25 acquiring means described in the above-mentioned

example, there are (1) a sensor detecting pH of ink, in

which an Si0, £ilm or an SiN film is made as an ion



ink froma noisture anount in the tank by using a conducting effect of a
material, or the like. A specific exanple of energy generating neans 5
applicable to the solid sem conductor elenment of the present inv?@qk?9m4
wi |l be described next. Fig. 41 illustrates a theory of generating
electricity of energy generating neans i1haj is an elenent of the solid

sem conduct or el enent of the present invention. 10 In Fig. 41, when an

el ectric conductor coil L of an oscillating circuit 102 is placed adjacent
a coil La of an external oscillating circuit 101 and an electric current
la is flown to the coil La through the external oscillating circuit 101, a

magnetic flux Ross taerermned 2 Wi genpietfor efetdit g ptefdnébeos
oscillating circuit 102 by the current la. Here, since the nagnetic flux B

penetrating thexe @idonl £ higasirehemdute alreaiid camtiienisimgis changed,
I nductive electronotive force V is generated in the coil L. Therefore, the

oscillating 2Qopiduitingl@Z Rt he enalagiergeller aid nthaelise s formed in  a
spherical silicon, and the external oscillating circuit 101 is di sposed
in, for exanple, am ispediflic reaampdien® fappemEivyemdrsd dnd mesienent . Thus,
the electric conductor coil L of the oscillating circuit 25 102 on the
el ement &$ de appliilbabde [td ahef stdldd eewiildatdurg ox redignert)lodutBede t he
el enent are adjacent each other, whereby electricity for operating 1 5 DEC
2004 - 86 t he palesmatt loaenddogendrldt éd e sardietd veexd] ectifigmt4 Ve
illustrates a theory of generating electricity of
energy generating means that is an element of the solid
semiconductor element of the present invention.
10 In Fig. 41, when an electric conductor coil L of
an oscillating circuit 102 is placed adjacent a coil La
of an external oscillating circuit 101 and an electric
current la is flown to the coil La through the external
oscillating circuit 101, a magnetic flux B is generated
15 which penetrates the coil L of the oscillating circuit
102 by the current la. Here, since the magnetic flux B
penetrating the coil L changes when the electric
current la is changed, inductive electromotive force V
is generated in the coil L. Therefore, the oscillating
20 circuit 102 as the energy generating means is formed in
a spherical silicon, and the external oscillating
circuit 101 is disposed in, for example, an ink Jjet
recording apparatus outside the element. Thus, the
electric conductor coil L of the oscillating circuit
25 102 on the element side and the coil La of the

oscillating circuit 101 ocutside the element are

adjacent each other, whereby electricity for operating



force by electromagnetic induction fromthe outside. In addition, the
magnetic flux B penetrating the coil L with the nunber of turns N of the
oscillating 5 circuit 102 fornmed in the spherical silicon as th? e[l:@rzﬂé
generating nmeans is proportional to a product of the nunber of o of
the coil La of the external oscillating gigcuit 101 and the electric
current la. Thus, when a proportional constant is k, the followng 10
expression is found: B=K*Na*la Electronotive force V generated in the coil
Lis: V=-NdB/dt) =-kNaN{dla/dt) 15 =-Mdla/dt} Here, when a magnetic
perneability of a magnetic core of the coil is pa and a magnetic field is

R the  magnetiyg fdihddl SarPTpakldridkatlba ANALR AR R d AR AL .

i ndi cates a dista etween the coll of theé external oscillating ci rCU|t

and the coil fomdy wetﬂaﬂctﬂﬁg Hetdlc Sﬂddlﬁﬁflod\/lﬁﬂdﬁ{ tH R M of the
expression is: 25 M5( Nlala) sB dS {ara2NaNS / 2 po (ra z+ z 2)3/2)

Here, 0 is a magnetiC RRIMERRI, ithe afagheduensih:e Berdiatify tHden,

i npedance Z of the oscillating circuit
coil L with the number of turns N of the oscillating

5 circuit 102 formed in the spherical silicon as the
energy generating means is proportional to a product of
the number of turns Na of the coil La of the external
oscillating circuit 101 and the electric current la.
Thus, when a proportional constant is k, the following

10 expression is found:
B=K#*Na=xIa
Electromotive force V generated in the ceil L is:
V=-N{dB/dt}
=-kNaN{dIa/dt}
15 =-M{dIa/dt}

Here, when a magnetic permeability of a magnetic
core of the coil is p, and a magnetic field is H, the
magnetic flux B is:

B=p H(z)
20 ={p,N,I,x>/2(r +z*)"?}
Here, z indicates a distance between the coil of the
external oscillating circuit and the coil formed in the
spherical silicon.
Mutual inductance M of the expression is:
25 M={p N/I,nIa}f,B-ds
= (np,r,INNS/2 ny(r,+2%)*?)

Here, p, is a magnetic permeability of wvacuum.



formed in the spherical silicon is represented as: Z((0)=R+{wL-(1/wC)}
and i npedance Za of the external oscillating circuit 5 is:

Za( (0) =Ra+j wLa- {w2M2%Z(w) } Here, J represents nmgnetization. Inpedq@qﬁfqmm
at the tinme when this external oscillating circuit oscillates (an
electric current value la is maximum is: g0 Zo (wo) =Ra+jLawo- (wW02M2/ R)
and a phase lag 4) of this oscillating circuit is: tan4)={jLaw-((Do2M/R)
}/R An oscillating frequency fQ of this external oscillating circuit can
be found by: 15 fo=1/2tt(LC)1/2 According to the relation as descri bed
above, when the inpedance of the oscillating circuit 102 fornmed in the

spherical silicon ciahes pgtdRH0% o THeNdsehane’ idg) dite@ount of the
ink in the ink tank, the frequency 20 of the external oscillating circuit

101 is changedorfd ihambaeedEMdonrad idhande irepgeadtapf the ink
appears in an anplitude and a phase difference of the inpedance of the
external oscillating &@Owrs{&L- (1IMaxegver, this phase difference and
anplitude include 25 an ink residual amount (i.e., variation of z) as well.
For exanpl e, idndninpeddncy 730 off atiéeniitednalhescaiilertialg esiadddiat i ng
circuit 101 is nmade variable, an 1 5 D E C 2004 - 88 output (inpedance)
fromthe pscilisating circuit 102
Za(w)=Ra+joLa-{wM*/Z{w)}
Here, J represents magnetization. Impedance Zo at the
time when this external oscillating circuit oscillates
{an electric current value la is maximum) is:
10 Zo(w,)=Ra+jLaw,- (w,M*/R)
and a phase lag ¢ of this oscillating circuit is:
tand={ jLaw,- (w,*M*/R} }/R
An oscillating frequency f, of this external
oscillating circuit can be found by:
15 f,=1/2n(LC)Y?
According to the relation as described above, when
the impedance of the oscillating circuit 102 formed in
the spherical silicon changes in response to the change
in the amount of the ink in the ink tank, the frequency
20 of the external oscillating circuit 101 is changed, and
the above-mentioned change in the amount of the ink
appears in an amplitude and a phase difference of the
impedance of the external oscillating circuit 101.
Moreover, this phase difference and amplitude include
25 an ink residual amount (i.e., variation of z) as well.

For example, if an oscillating frequency of the

external oscillating circuit 101 is made variable, an



formed in the spherical silicon changes in response to environnental
changes of the surrounding. Thus, presence of ink or the ink residual
anount can be 5 detected by detecting this dependency on frequenc 5
Therefore, an oscillating circuit to be forned in a spherical si?iéﬁﬁZQHn
be used not only as an energy generatiqu@pqns for generating electricity
but also as a part of neans for detecting changes in the anmount of 10 ink
in a tank according to a relation between the oscillating circuit and an
external oscillating circuit. Incidentally, the elenent 11 may be fl oated
on a liquid |level of ink. Such an elenent 11 floating on a 15 liquid

level of ink pule (1RGRUARELS, dea e dassdisin g &y g of

manuf act uri ng thé sane. s. 45A to 45G are views show ng a series of

steps for illuygthald N9 3RLXPMRARM i8R Rang@nufRGlddisgsa £9!id
sem conductor elenment 11 of a 20 floating type using a spherical silicon

that becones @apvhasemehthie chRAyesTRH dRedBddursBALOoNduIpr . Further
in Figs. 45A to 45G each step i's shown by a cross section through the

center of thepsRk@nicedbs Shiki €N thkn iafdidelsaluad EYHACIddd Nge Met hod is 25
descri bed as an exanple, which creates the spherical silicon such that a

center ofs gravieltgdted ByadedelctingWeh ilsh @ plelitiedRi &/n Atk Aie er part
inside the 1 5 0 E C 1004 - 89 sphere is nade hollow, and further the
hol |l ow part is Therefore, an oscillating circuit to be formed in
a spherical silicon can be used not only as an energy
generating means for generating electricity but also as
a part of means for detecting changes in the amocunt of
10 ink in a tank according to a relation between the
oscillating circuit and an external oscillating
circuit.

Incidentally, the element 11 may be floated on a
liquid level of ink. Such an element 11 floating on a

15 ligquid level of ink will be hereinafter described
together with a method of manufacturing the same.

Figs. 45A to 45G are views showing a series of
steps for illustrating an example of a method of
manufacturing a solid semiconductor element 11 of a

20 floating type using a spherical silicon that becomes a
base of the above-mentioned ball semiconductor.
Further, in Figs. 452 to 45G, each step is shown by a
cross section through the center of the spherical
silicon. In addition, a manufacturing method is

25 described as an example, which creates the spherical
silicon such that a center of gravity is in a part

lower than the center and an upper part inside the



held in a hernetic state. First, as shown in Fig. 45C, a thermally oxidized
SS2 film202 is formed on the entire surface of a 5 spherical silicon 201
shown in Fig. 45A. Thereafter, in order to forman opening 203 in anart

of the Si2 film202 as shown in Figs. 45A to 45G patterning i s130DEC 2004
performed using a photolithography processg Then, as shown in Fig. 45D, an
upper half of the 10 spherical silicon 201 is renoved by anisotropic
etching wusing a KOH solution through the opening 203, and a hollow part
204 is fornmed. Thereafter, as shown in Fig. 45E, the entire exposed
surfaces of the spherical silicon 201 and the S102 film 202 including the
internal 15 syphate dls madehdldldwwiardnd® Faraiteerc adieehollldw apast Nisfi | m 205
usi ng an LPCVD net hod. Moreover, as shown in Fig. 45F, a Cu film 206 s
formed on theheXiderimala $warir@dd cofsttate .SiN film 205 using a nmetal CVD

met hod. Then, as shown in Fig. 45G 20 the Cu film 206 is patterned using
the wel |l -known phetialsitt,hagr shlownprioc #s5sy. aEd .t ke Weomaly coniddicied coil
L being a part of the oscillating circuit 102 is forned with the nunber of
turns N. Ther &f,efilmh202sbsi fosmailcondubeoentiesenurfagenwifcia t he

el ectric 25 conductor coil L is fornmed, is forced out into the air froma
vacuum appar atsphertilea logddiiegn2@3 i shove dppdilg .pk3A i s THeargpiitey, a

seal i ng nenber 207 such as resin 15 DEC 2004 - 90 or a plug, and the

hol | ow part 204 jorgiede tohdogphane opgning 203 in a part of the 5i0,

film 202 as shown in Figs. 45A to 45G, patterning is
performed using a photolithography process.
Then, as shown in Fig. 45D, an upper half of the
10 spherical silicon 201 is removed by anisotropic etching
using a KOH solution through the opening 203, and a
hollow part 204 is formed. Thereafter, as shown in
Fig. 45E, the entire exposed surfaces of the spherical
silicon 201 and the Si0, film 202 including the internal
15 surface of the hollow part 204 are coated with an SiN
film 205 using an LPCVD method.
Moreover, as shown in Fig. 45F, a Cu film 206 s
formed on the external surface of the SiN film 205
using a metal CVD method. Then, as shown in Fig. 45G,
20 the Cu f£film 206 is patterned using the well-known
photolithography process, and the electric conductor
coil L being a part of the oscillating circuit 102 is
formed with the number of turns N. Thereafter, the
solid semiconductor element, in which the electric
25 conductor coil L is formed, is forced out into the air
from a vacuum apparatus, the opening 203 in the upper

part is plugged by a sealing member 207 such as resin



placed in a closed state. If the elenment is manufactured in this way, the
elenment itself fornmed of silicon can be given buoyance force. 5
(Stabilization of a floating type solid sem conductor elenent on £ thgmg
|l evel) If a solid sem conductor elenent is configured to have a ho? oW
part, and supply of electricity to the -s@bid sem conductor elenent is
performed by the above 10 nentioned oscillating circuit and external
oscillating circuit, a stable magnetic flux (magnetic field) is required
to work between the oscillating circuit formed in the elenent and the
external oscillating circuit in the outside, whatever state an ink tank is
pl aced. 15 That ksplube dhdectheohodfiowheaelterent iwistider ehpesphiexre tilwe
external oscillating circuit is required to be stable. However, if the
element is flpadcad in hi qlbdedsuthtas i Ak, theeellegend Hevel may be
oscillated by external oscillation to vary the direction of the 20

el enent. Evenmanufachuzedasn, thihe wemtethef edementy idsels fflogaeidngft ype
solid sem conductor element is determned as follows such that the el enent
hol ds a stabkalpostucani het gédvenqbbdyansesiowmgei.n Fi gs. 46A and 46B, if a
solid 25 sem conductor elenent 210 fornmed as a sphere is floated in
|iquid, Bhe fébStokihgzatiani efisaafdopsdnar 6¥Peoskdidr sgmizemdinsdi®n hat t he
solid sem conductor element 210 1 5 E C 2004 - 91 is in a balanced state
as shown in Fegemggp: on a ligquid level)

If a solid semiconductor element is configured to
have a hollow part, and supply of electricity to the
s0lid semiconductor element is performed by the above-

10 mentioned oscillating circuit and external oscillating
circuit, a stable magnetic flux (magnetic field) is
required to work between the oscillating circuit formed
in the element and the external oscillating circuit in
the outside, whatever state an ink tank is placed.

15 That is, the direction of the element with respect to
the external oscillating circuit is regquired to be
stable. However, if the element is floating in liguid
such as ink, the liguid level may be oscillated by
external oscillation to vary the direction of the

20 element. Even in such a case, the center of gravity of
a floating type solid semiconductor element is
determined as follows such that the element holds a
stable posture in the liquid.

As shown in Figs. 46A and 46B, if a solid

25 semiconductor element 210 formed as a sphere is flcated
in liquid, the following relations are required to be

realized such that the so0lid semiconductor element 210



(1) Buoyance force F = Weight Wof an object, and (2) A line of action of
buoyance force and a line of action of weight (a |line passing through a
center of 5 gravity G coincide with each other. Then, as shown in Ebg
46B, when liquid oscillates by an external force and the solid 1 C 2004
sem conductor elenent 210 slants from t-h@lbal anced state, the center C of
buoyance force noves and the buoyance force and 10 the wei ght nmake a
couple. Here, an intersection of a line of action of weight in a bal anced
state (an alternate |long and short dash line in Fig. 46B) and a |ine of
action of buoyance force when slanted (a solid |line in Fig. 46B) is 15
referred to adsaimemabadgnged MtpteAad shawoe in Fiat-wddd:t he met a-center
and the center of gravity Gis referred to as a height of the neta-center.
Further, a synbol (V)i Bucy@rtiegfoacgefioreded dhitqi @5l @pelobgieqthk . ande

met a-center of the solid _senm conductor elenment 20 210 is in a position

hi gher than the cedtdr Pofligea@ift pctE&onyed; SypYERSec S@gIce @dstdridRe f or ce)
acts in the direction of returning the solid sem conductor elenent to the
origi nal bal aR€ed@Ssdon iodn vetighd (Esddmengasednge tROCQF & &KINR @E: 25
T=Whsi ne=Fhsi ne =pgVhsi neig‘>0_) Here, Vis a volume of liquid renoved by
the soli @ 1 5953¥iEY604 Coigsidge ilkbngecorté¥eEment 210, and pg is a

specific weight Then, as shown in Fig. 46B, when ligquid oscillates
by an external force and the solid semiconductor
element 210 slants from the balanced state, the center
C of buovance force moves and the buoyance force and
10 the weight make a couple.

Here, an intersection of a line of action of
weight in a balanced state (an alternate long and short
dash line in Fig. 46B) and a line of action of buoyance
force when slanted (a solid line in Fig. 46B) is

15 referred to as a meta-center (MC). A distance h
between the meta-center and the center of gravity G is
referred to as a height of the meta-center. Further, a
symbol V in the figure denotes a liquid level of ink.

The meta-center of the solid semiconductor element

20 210 is in a position higher than the center of gravity
G, whereby the couple (restoring force) acts in the
direction of returning the so0lid semiconductor element
to the original balanced position. This restoring
force T is represented as:

25 T=Whsin©=Fhsing

=pgVhsin® (>0)

Here, V is a volume of liquid removed by the solid



of the solid sem conductor elenent 210. Thus, in order to nmake this
restoring force T positive, h>0 is a necessary and sufficient condition.
5 Then, fromFig. 46B, the follow ng expression is found: h:(llva-gg gﬁre
| is an inertia nonent around an 0 axis, Thus, 10 (I/V)>CGis a adbd
and sufficient condition for the solid -sem conductor elenent 210 steadily
floating in ink, and supplying inductive electronotive force from an
external oscillating circuit and bidirectionally 15 comrunicating with
conmmruni cating nmeans outside the elenent. In order to nmanufacture a driving
circuit of such a solid sem conductor element, an NN-MOS circuit el ement
i s used. Fig. séhichodeciogsckhdrnent 240t andl pg 6w af specdfild MeS ghitr cui t
el enent that is cut vertically. According to Fig. 42, a P-Mds 450 is
formed in an of thsesedid segicandoztemd edemintb21451 is formed in a
P-type well region 403 by introduction and diffusion of an inpurity such
as ion inplantati ofbhusi.ndnacydasr b mekepdhisocessoringn forceuffstrate 401
of a P electric conductor. The P-Ms 450 and the N-Mbs 451 are
respectively BOFp&I¥E- op>0vP§ a garessasyl andosufifipient gopddtiomy - 93
408 of a thlckness of several _hundred angstrons, a gate
Then, from Fig. 46B, the followmng expression is
found:
h=(I/V)-CG
Here, I is an inertia moment around an O axis.
Thus,
10 (L/V)>CG
is a necessary and sufficient condition for the solid
semiconductor element 210 steadily floating in ink, and
supplying inductive electromotive force from an
external oscillating circuit and bidirectionally
15 communicating with communicating means outside the
element .,
In order to manufacture a driving circuit of such
a solid semiconductor element, an N-MOS circuit element
is used. Fig. 42 shows a schematic sectional view of
20 an N-MOS circuit element that is cut vertically.
According to Fig. 42, a P-Mos 450 is formed in an
N-type well region 402 and an N-Mos 451 is formed in a
P-type well region 403 by introduction and diffusion of
an impurity such as ion implantation using a general
25 Mos process in an Si substrate 401 of a P electric
conductor. The P-Mos 450 and the N-Mos 451 are

respectively composed of, via a gate insulation film



Wi ring 415 by poly-Si appplied by a CV/D nethod in the thickness of 4,000
angstrons or nore to 5,000 angstrons or |ess and a source region 405, a
drain region 406 or 5 the like to which an N-type or P-type inpurit%ﬁks
i ntroduced. A C-Mbs logic is formed of the P-Ms 450 and the N M9 Mf12004an
N-Mbs transistor 301 for driving an el enrenty i.s conposed of a drain region
411, a source region 412, a 10 gate wiring 413 and the |ike on the P-type
wel | substrate 403 al so by the steps of introduction, diffusion or the
li ke of an inpurity. Here, if the NNMos transistor 301 is used as an
el enent driver, a distance L between drain gates 15 form ng one transistor
i s approxi mat &loy bEF amtafickhesshiofi FeverAlpaundved M ogdtioace d gdtd0 pin
is awdth of a contact 417 between a source and a drain, whichis 2 x 2
pm However, siirdega4ial byopotlye Sdi aipppildeshdyech OWMDt Imesthael glbarhiang
transistor, an actual width is 2 pm 20 The distance L also consists of 4
pmthat is 2 »xthdchkmesaqufyvdl, 000 bngstdiosisaonce mbekwden 3,100 (canteacttrods and
the gate 413 and 4 pmthat is a wwdth of the gate 413. These make the
total distancerlless afd exisdariciel megdpar 40i5ngar dgiadm 4%Fiicn fdrémesk by 25
field oxidation of the thickness of 5,000 angstrons or nore to 10, 000
angstrons or [|thes lisewtenwbdch eineNeftype amd Pr-itypel dmpwriity sieparated. This
field oxide filml1l 5 DEC 2004 - 9 4 - acts as a heat reserve |ayer 414 of
the first | aydmtroduced. A C-Mos logic is formed of the P-Mos 450
and the N-Mos 451.
An N-Mos transistor 301 for driving an element is
composed of a drain region 411, a source region 412, a
10 gate wiring 413 and the like on the P-type well
substrate 403 also by the steps of introduction,
diffusion or the like of an impurity.
Here, if the N-Mos transistor 301 is used as an
element driver, a distance L between drain gates
15 forming one transistor is approximately 10 pm at the
minimum. A part of the distance L of 10 pm is a width
of a contact 417 between a source and a drain, which is
2 x 2 pm. However, since a half of the width is shared
with a neighboring transistor, an actual width is 2 pm.
20 The distance L also consists of 4 ym that is 2 x 2 am
equivalent to a distance between the contact 417 and
the gate 413 and 4 pm that is a width of the gate 413.
These make the total distance 10 um.
An oxide film separating region 453 is formed by
25 field oxidation of the thickness of 5,000 angstroms or

more to 10,000 angstroms or less between each element,

and the element is separated. This field oxide film



After each element is formed, a layer insulating film416 is forned of a
PSG film a BPSG filmor the |ike by the CVD nethod in the thickness of 5
approximately 7,000 angstrons, and is subject to a |eveling proces§5qgtqmm
the like by thermal processing. Then, wiring is set to the |ayer
insulating film416 by an A electrode-424 to be a first wiring layer via
a contact hole. Thereafter, a layer insulating film418 10 of an 5102 film
or the like by the plasm CVD nethod is deposited in the thickness of

10, 000 angstronms or nore to 15,000 angstronms or less to further forma
through hole. The N-Mbds circuit is formed as descri bed above, 15 and is
connected to éﬁtéséﬁlﬂah?ﬁg Eepegve é@Yﬁﬁe4éﬁepéytgén§ﬁ§ﬁ¢n@aﬂﬁahs of the
present invention, sensor portion as the information acquiring neans or
the like via the abé%rrréﬁﬁhoﬁé&mﬁﬁﬁoagh framed. A8 daferhdasglating
bidirectional Ly conmmunicating with 20 an external connunlcatln means of
the solid seftiBnllétdF EPEREAt Of oPnBECadid®scri BBFCabdH® OFn thf rel ess

LAN system USE_ﬂFa mnﬁﬁ W(aﬁllﬁla nﬁPfre uency or a W rel ess access system
utilizing a subhfl PYntber &F PIF toe RQ%ERBSﬁﬁ PFequency can be
applied. .25 An_out| i oﬁ tz H§g1s%|on and recgpt on thet W reless LAN
system wPl | nBRPHEX aEEEF'Ee t NIFEERYFi 8P 1Fr3H1 1®651 8 &eni conduct or
el ement o a 3,5¢ PEE;2B04:2s8%n g 8EOLHLNY s RRPBYALHE AL p2B ARG Ped
bel ow. Furt her,
Then, wiring is set to the layer insulating film 416 by
an AI electrode 417 to be a first wiring layer via a
contact hole. Thereafter, a layer insulating f£ilm 418
10 of an Si0, film or the like by the plasm CVD method is
deposited in the thickness of 10,000 angstrems or more
to 15,000 angstroms or less to further form a through
hole.
The N-Mos circuit is formed as described above,
15 and is connected to an oscillating circuit as the
energy generating means of the present invention, a
sensor portion as the information acquiring means or
the like via the above-mentioned through hole.
As a method of bidirectionally communicating with
20 an external communicating means of the solid
semiconductor element formed as described above, an
wireless LAN system using a microwave band frequency or
a wireless access system utilizing a submillimeter
wave/millimeter wave band freguency can be applied.
25 An cutline of transmission and reception by the
wireless LAN system will now be described. Data

transmission from a solid semiconductor element to a



If data is transmtted fromthe recording apparatus side to the solid
sem conductor elenent to the contrary, a data IDis given to each side,
and a 5 transmtting side and a receiving side are determ ned by1t$gEﬂﬁ%¢
The solid sem conductor elenent on the transm ssion side has a line
nonitoring portion, a data handling porteen- an acknow edge checking
portion and 10 an error processing portion. The recordi ng apparatus on the
receiving side is provided with a data handling portion, an acknow edgi ng
portion, an error processing portion, a display portion and the like. Fig.
43 shows a flow chart of operations in the 15 solid sem conductor el enent
on the transnresovdisgdappavtnsduidlt bandasssibadi bedrwcut Ehrtdexn .niti al
setting is perfornmed and then an address on the receiving side is set by
a defined trabhfniigtaohsptoansoittedt Eappnthe dacardifhgaapplitiadiusn of
signal s occurs during 20 transm ssion or an acknow edgnent is not returned
from a desigpddedtappheasatidnsenécerderiprgeserentt ke §hea is
transmitted again. During_an operation, a state of _a line or presence of
an acknow edgh@RtraEYdi apfiayadiBnist évanspragapbr 64686/ -pPBH @ed in the
recording apparatus. 25 on the receiving side to urge a user tqQ nake an
appropriate JdeFaprFrhhEing. skdg. 2aad anbRECAVENBWSLHSr BT 6f AEHEFTETGSs in the
1 5 DEC 2004 - 96 recording apparatus on the receiving side. In this
by the IDs.
The solid semiconductor element on the
transmission side has a line monitoring portion, a data
handling portion, an acknowledge checking portion and
10 an error processing portion. The recording apparatus
on the receiving side is provided with a data handling
portion, an acknowledging portion, an error processing
portion, a display portion and the like.
Fig. 43 shows a flow chart of operations in the
15 s0lid semiconductor element on the transmission side.
When data transmission is executed, an initial setting
is performed and then an address on the receiving side
is set by a defined transmission protocol to transmit
data. If a collision of signals occurs during
20 transmission or an acknowledgment is not returned from
a designated apparatus on the receiving side, the data
is transmitted again. During an operation, a state of
a line or presence of an acknowledgment is displayed on
the display portion provided in the recording apparatus
25 on the receiving side to urge a user to make an

appropriate determination.

Fig. 44 shows a flow chart of operations in the



receiving side, the recording apparatus always nonitors a |line and, when
confirmng its own address, takes in data froma |line and accunul ate the
data in a buffer on 5 a main nmenory. During reception, if a block mark for
each 16 bites cannot be confirmed or a check sum does not natch ¥ hD&k2004
error detection processing after conpletbsag-the reception, the recording
apparatus determnes that a reception error has occurred to stop 10 the
reception and nonitors the line again to wait for arrival of a header. If
the reception is finished wthout an error, the recordi ng apparatus

di spl ays received contents on the display portion. In the solid

sem conduct or recemdnhgohppheaeéranphethébrasededogi bddeabovda, this

el ectromagnetic induction by a coil is used as external energy for
suppl yi ng el ececedvting BddeacthearengriilhagebpparnetukbHondways moglittarsy be
used as the external energy. When contrast of the light is converted into
an el ectric saghahe ehdct whent gonfarpéngoigenewat eddisgss .phékesoriduct i ve
effect using a material whose resistance value changes by irradiation of
light (e.qg.,dphatcomdacilény. apd acpHBudasadibeodatpodn x®WHEET £Mbi nary
alloy/a ternary alloy such as CdS, [nSb, Hg0.8CdO.2Te or the |ike, GaAs,
Si, Va-SP or ah@azp mpperdre DYEANIVMEPEBRELONI f 1fedt DilOCHs BT for

el ectromotive force, electricity can be generated from radi ant, energy of a
material by ac@GindfinPéteeccannogzbe)cgnplEmedrgfsarGherls Suh d%8&%ri or of

the ink jet recordin ) . .
not match in an error detection processing after

completing the reception, the recording apparatus
determines that a reception error has occurred to stop
10 the reception and monitors the line again to wait for
arrival of a header. If thz reception is finished
without an error, the recording apparatus displays
received contents on the display portion.
In the solid semiconductor element of the example
15 as described above, electromagnetic induction by a coil
is used as external energy for supplying electricity
for activating the element. However, light may be used
as the external energy. When contrast of the light is
converted into an electric signal, electricity can be
20 generated by a photoconductive effect using a material
whose resistance value changes by irradiation of light
(e.g., photoconductor). VAs a photoconductor, for
example, a binary alloy/a ternary alloy such as Cds,
InSb, Hg,,Cd, ,Te or the like, GaAs, Si, Va-Si or the
25 like are used. Moreover, if heat is used as
electromotive force, electricity can be generated from

radiant energy of a material by a quantum effect.



apparatus is not shown in this exanple. However, if a translucent cover is
used through which a state of the inside is visible and a translucent ink
tank is used, a 5 user can see light in the tank. Thus, the user can

easi |y recogni ze that "replacenent of a tank is required” and is{urpEdgh0
repl ace the tank. (Conventionally, althogegh-a button on an apparatus nain
body flashes, since the button perforns several display 10 functions, it is
difficult for a user to know what the flashing button nmeans.) As descri bed
above, according to the present invention, a solid sem conductor el enent

I s enbedded in an outer wall or an inner wall of an ink tank to be 15
exposed fromthe oBHuetheal | aor ekherinmepfwéihe do&h jeltatrecorddorg acts i nk,
which is provided with acquiring neans for acquiring environnental

i nformati on, apparatusods BPdr shgwneansthdissexampdat-i nffowmeaes .f orf conpari ng
acquired information and stored information to nake a 20 determ nation and
i nffor mati on céranalegentgcaeansisonsedi $pravohgwhichagqsitedd iaff ditmati on or
comuni cating the acquired information to the outside. Thus, a state of
the ink can b&nsifipl §saNésabdarand| ¢ §raspdvcentainkedpnk i megd. an
addition, if the solid 25 sem conductor elenent is exposed to the outside
of the Pnk taﬁﬂraﬁﬂnaﬁeélééﬂPFclEoﬁP&cFaPE-di?BB§edtgﬁ ¥§eresvsed part,
since there is nothing to block the 15 0 E C 2004 - 98 elenent, ink

i nformati on c&ASBLYcHRfNANEZEelhat “replacement of a tank is

required” and is urged to replace the tank.
{Conventionally, although a button on an apparatus main
body flashes, since the button performs several display

10 functions, it is difficult for a user to know what the
flashing button means.)

As described above, according to the present
invention, a solid semiconductor element is embedded in
an outer wall or an inner wall of an ink tank to be

15 exposed from the outer wall or the inner wall such that
it contacts ink, which is provided with acquiring means
for acguiring environmental information, information
storing means, discriminating means for comparing
acquired information and stored information to make a

20 determination and information communicating means for
displaying the acquired information or communicating
the acquired information to the outside. Thus, a state
of the ink can be simply and accurately grasped on a
real time basis. In addition, if the solid

25 semiconductor element is exposed to the outside of the
ink tank and an electric contact is disposed in an

exposed part, since there is nothing to block the



efficiently. Mreover, the solid sem conductor elenment can supply its
operation energy or exchange signals in a non-contact state or in
connection with a terminal 5 that is directly provided in a suppo &igg
portion or the like of the ink tank. Thus, the solid seniconduc{ PEC 2004

el ement can acquire information such as _ e i_nk residual amount efficiently
and communicate it to the outside with a sinple configuration wthout 1-0
drawing around wiring. In doing so, the information acquiring neans can be
preferably provided in a part exposed fromthe outer wall or the inner

wall to a side contacting the ink of the solid sem conductor el enment such

that informatg9@nkRtt NgnkNKnEdRha®aRnP@aAC B Rethmubd dd¥eRpver, the solid
sem conductor elenment is provided with communi cating neans for receiving a

signal fromtReroulshdeyandmacabivees itheOBAHIG0R el cIRERAILTE d emerd€Cei ved
signal to conmmunicate a result of conparison of the acquired information

with stored 2@annkappayi st opkhe tavinsed rigggeihexcidyd e qeos rad
information. Thus, It is also possible to bidirectionally exchange signals

with an exter aahonappatatissthee exadpl @oninkecadbnyatiton £nemgyinil t he
element 25 is used as electricity, an electric conductor coil of an

oscill atisng cithati isi direcreeg dpToeidedndn ensugporddmeenddmgareans to be
wound around the external 1 5 DEC 200; - 99 surface of the solid
sem conduct or tekeengke. oFhtithe ink tank. Thus, the solid
semiconductor element can acgqguire information such as
an ink residual amount efficiently and communicate it
to the outside with a simple configuration without
10 drawing around wiring. In doing so, the information
acquiring means can be preferably provided in a part
exposed from the outer wall or the inner wall to a side
contacting the ink of the so0lid semiconductor element
such that information in the ink tank can be acquired.
i5 Moreover, the solid semiconductor element is
provided with communicating means for receiving a
signal from the outside and acquires information in
response to a received signal to communicate a result
of comparison of the acquired information with stored
20 information to the outside together with the acquired
information. Thus, it is also possible to
bidirectionally exchange signals with an external
apparatus.
For example, if activation energy of the element
25 is used as electricity, an electric conductor coil of
an oscillating circuit is formed as external energy

converting means to be wound around the external



electricity is generated in the electric conductor coil by electronmagnetic
I nducti on between the coil and the external oscillating circuit, whereby
the supply of 5 operation energy in a non-contact state can be enepgﬂfﬁ@
In this case, since the coil is wound around the external surface o
el ement, a magnitude of the inductance-obgthe coil changes in response to,
for 10 exanple, a residual anmount of ink, an ink concentration and ink pH
in the ink tank. Therefore, since the oscillating circuit changes an
oscillating frequency in response to the change in the inductance, it is
possible to detect the residual anmbunt of ink in the 15 ink tank based on
vari ati ons of stihfaoscofl ahengolidequaicyntiocherchangedt .As Theasgri bed above,
wi th the communicating nmethod of the present invention, a plurality of
solid sem coallectoicetenkent geneeatiedpdsethienedeptedet eomdued 020 cxdrdt ai ner,
and in communicating with a plurality of groups of elenents with two or
nore sol i d senyceheottomageetmeniisdagbingnt hetpkanalkthey cofilsalnidd the
sem conductor elenments in the predeterm ned container form ng one group,
comuni cat i onextepealooseillbpothng compunitcawheneRy tbedistippdydiofff erent for
each of the groups of elenents. Thus, it beconmes possible to efficiently
di scri m Dat e operatientenepairinf achepearstapbngtatpl ¢ral bey of pairs 1 5 D
EC 1004 - 100 of elenments, or to perform conmunication and control
executed.

In this case, since the coil is wound arcund the
external surface of the element, a magnitude of the
inductance of the coil changes in response to, for

10 example, a residual amount of ink, an ink concentration
and ink pH in the ink tank. Therefore, since the
oscillating circuit changes an oscillating frequency in
response to the change in the inductance, it is
possible to detect the residual amount of ink in the

15 ink tank based on variations of the oscillating
frequency to be changed.

As described above, with the communicating method
of the present invention, a plurality of solid
semiconductor elements are disposed in a predetermined

20 container, and in communicating with a plurality of
groups of elements with two or more solid semiconductor
elements among the plurality of solid semiconductor
elements in the predetermin=d container forming one
group, communication is performed with a communication

25 condition different for each of the groups of elements.

Thus, it becomes possible to efficiently discriminate

or select a pair of elements among a plurality of pairs



anong the elenents. Alternatively, each of the plurality of solid
sem conduct or elenents provided in the predeterm ned container has
information for 5 distinction or a nenory, and comruni cation is p%{forned

by recognizing the information for distinction or distinguishindUEC 2004

i nformation by the menory. Thus, it alsodgcones possible to efficiently
discrimnate or select a pair of elenents anong a plurality of pairs of 10
el enents, or to perform comrunication and control anong the elenents. In
addition, with the ink tank of the present invention, two or nore solid
sem conductor elenents are disposed in the ink tank, and environnental

information lgracoeméntBe &gl td perreenddehAlin®LaNBBhLS ahdl dRieatsd by
nmut ual I y conmuni cati ng between the two or nore solid sem conductor

elements to caiBhyi €RéCelbRerby( r OAMEALALLilyBLQ! MBALECAN OO thide out side or
di splay the environnental information. Thus, It becones easy to

comuni cat e 2P1uphDi BRt bONsODLd NKeRDBbATNEHoNel BRehk padkidRd pigssure in
the tank or the like to, for exanple, an ink jet recording apparatus in
t he outsi de otha peafletérmenddstsntdbheri Baadvafbagaatisni Forf or exanpl e,
controlling an anmount of negative pressure in the tank 25 which changes
every noAent dhsttoot tlancerwathemoky, canduaptumonitatibabiilsi pe rfidenead
di scharge. Moreover, since the ink tank has a configuration 1 5 DEC 2004 -
101 for suppbyingecogniaimgntieniatorsabhien Extrednakiepéigyn or

distinguishing information by the memory. Thus, it

also becomes possible to efficiently discriminate or

select a pair of elements among a plurality of pairs of

10 elements, or to perform communication and control among

the elements.

In addition, with the ink tank of the present
invention, two or more solid semiconductor elements are
disposed in the ink tank, and environmental information

15 around the solid semiconductor elements is detected by
mutually communicating between the two or more solid
semiconductor elements to communicate the environmental
information to the outside or display the environmental
information. Thus, it becomes easy to communicate

20 information on ink contained in the ink tank, a
pressure in the tank or the like to, for example, an
ink jet recording apparatus in the outside on a real
time basis. This is advantageous in, for example,
controlling an amount of negative pressure in the tank

25 which changes every moment in accordance with ink

consumption to stabilize ink jet discharge.

Moreover, since the ink tank has a configuration



for operating an solid sem conductor elenent, it is not necessary to cause
the ink tank have an energy source for activating the elenent or
connecting wiring for 5 supplying energy to the elenent. Thus, the iqﬁ t ank
can be used in a part where it is difficult to set wring directl}fi Y.
outside. For exanple, if activation energyypf-the elenent is used as
electricity, an electric conductor coil of 10 an oscillating circuit is
formed as external energy converting neans to be wound around the external
surface of the solid sem conductor elenent. Thus, electricity is generated
in the electric conductor coil by electromagnetic induction between the

coil and the ggrexhppngingScihl at hBd-eohtHick, swateeby e rHIppine Qfy
operatlon energy rn a non- contact state can be executed. In this case,

since the coi fofsog@kladiﬁﬁoﬂﬂdsbmﬂd exhecpalustibiraea eplerithe id ereniot a
magni tude of the 0 inductance of the coil changes in response to, for

exanpl e, a regfkddgkaagoust caisenkheatinknkaaknaaner an emerayyd soudeged in the
ink tank. Therefore, since the oscillating circuit changes an oscillating
frequency in foespobseatonyyhehehabgrenn blrecondectange wiirtings £2 possi bl e
to detect the residual anmpbunt of ink in the ink tank based on variations
of the oscill atppyyifigegquengy to bbeckdrgedt.l FThDEC 20@4 inkl(GAnH n
addition, the solid sem conductor el enment has a
can be used in a part where it is difficult to set
wiring directly to the outside.
For example, if activation energy of the element
is used as electricity, an alectric conductor coil of
10 an oscillating circuit is formed as external energy
converting means to be wound around the external
surface of the solid semiconductor element. Thus,
electricity is generated in the electric conductor coil
by electromagnetic induction between the coil and the
15 external oscillating circuit, whereby the supply of
operation energy in a non-contact state can be
executed.
In this case, since the coil is wound around the
external surface of the element, a magnitude of the
20 inductance of the coil changes in response to, for
example, a residual amount of ink, an ink concentration
and ink pH in the ink tank. Therefore, since the
oscillating circuit changes an oscillating frequency in
response to the change in the inductance, it is
25 possible to detect the residual amount of ink in the

ink tank based on variations of the oscillating

frequency to be changed.



hol  ow part for floating in liquid, and is formed so that the center of
gravity of the elenent is positioned |ower than the center of the el enent.
Thus, for 5 exanple, even if the recording head and the ink tank t ed
on then ink jet recording apparatus operate serially and ink in'hﬂﬂffﬁw4
tank rocks up and down or left and rightygthe solid sem conductor el ement
can accurately detect information on the 1nk or a pressure 10 in the tank
while steadily floating in the ink in the ink tank. Mreover, the solid
sem conductor el enment holds the above-nentioned coil of the oscillating
circuit formed in the elenent in a stable position with respect to the

coi | of the externgh gaakitliahi,NghdS seilhelisemilddRiaRRY o $q eMmNiHYE S abl e
bidirectional comunication at all tinmes Further, detection concerning a

type of ink aegubW phed FdramloakihgninWililquiay BeddescrEdiakasan
exanpl e of a configuration utilizing the solid 20 sem conductor el enent
descri bed abotRatFitBe éénitgraoll gtkvditggoamthlel edlemahitng sapoditiivimed
configuration and exchanges of information wth the outside of an solid
sem conduct or 1evefremhanather d¢iengetro o&n tarbediementt .of Thixe ,prfesent i nventi on.
A 25 solid sem conductor elenent 91 of a formshown in this figure is
provi dedsw t hezaapdy , cemear tliftngherearso@dihgr headnaewdt ithg dlndcttraoriot | ve
force 92 being external energy 1 5 D E C 2004 - 103 supplied fromthe
out si de A towamduhhedebenthen9inknjet recording apparatus operate
serially and ink in the ink tank rocks up and down or
left and right, the s0lid semiconducteor element can
accurately detect information on the ink or a pressure
10 in the tank while steadily floating in the ink in the
ink tank. Moreover, the solid semiconductor element
holds the above-mentioned coil of the oscillating
circuit formed in the element in a stable position with
respect to the coil of the external oscillating
15 circuit, thereby alsc allowing stable bidirectiocnal
communication at all times.

Further, detection concerning a type of ink
accumulated in an ink tank will now be described as an
example of a configuration utilizing the solid

20 semiconductor element described above.

Fig. 47 is a block diagram illustrating an
internal configuration and sxchanges of information
with the outside of an s0lid semiconductor element
according to an embodiment of the present invention. A

25 solid semiconducteor element 91 of a form shown in this

figure is provided with energy converting means 94 for

converting electromotive force 92 being external energy



non-contact state into electricity 93 and light emtting neans 95 for
emtting light using the electricity acquired by the energy converting
means 94, 5 and is disposed in ink contained in an ink tank. The |ight
emtting means 95 is conposed of a photodiode or the |iKke. Furﬂﬁéﬁﬁ%ﬂg
el ectronotive force to be supplied for 0?85ating t he el enent,

el ectromagnetic induction, heat, 10 ligh radi ation or the like can be
applied. In addition, the energy converting nmeans 94 and the |ight

emtting means 95 are preferably forned on the surface of the elenment or
in the vicinity of the surface. Wth such a form when the el ectronotive

force 92 15 Laoghyen ktom the Quiide A tovard e Shegpnle Sy jbe, eneroy

converting mne converts the electronotivée force He
electricity 9 apdnrihe ! is@alk ekl qugq : ] igﬁ% 6 using the
electricity gg? In?ensit? ofetgg Iigﬁi 9t Zﬁi t§§|%%5$ﬁi e light 20

em LLing Meangndchfqlfbaskedsby o @nliicinde 13qnn Addid itgiey as a et hod of
supplying external énergy, it is sufficient td provide means for supplying

el ectronot | vee&e&%ﬂ:@;?hacaha%at 035 tBE @nRRlg LRYNPLrtih A By Y,
position, a return position, a carriage, 25 a fecording head or the Tike if

it is used inaad hBkaikpbseaCandiingk 2pPAANEYE iBesindasik itfardn apma at us

havi ng neans for supplying electronotive force is used, 1 5 D E C 2904 -

104 a state inghdeemdtitiligt aBkneansba sf Gurgoddd ¥t aapHotediode or
the like.

Further, as electromotive force to be supplied for
operating the element, electromagnetic induction, heat,

10 light, radiation or the like can be applied. In
addition, the enerqgy converting means 94 and the light
emitting means 95 are preferably formed on the surface
of the element or in the wvicinity of the surface.

With such a form, when the electromotive force 92

15 is given from the outside A toward the element 91, the
energy converting means 94 converts the electromotive
force 92 into the electricity 93, and the light
emitting means 95 emits light 96 using the electricity
93. Intensity of the light 96 emitted from the light

20 emitting means 95 is detected by the outside B.

In addition, as a method of supplying external
energy, it is sufficient to prowvide means for supplying
electromotive force to the element as external energy
in a recovery position, a return position, a carriage,

25 a recording head or the like if it is used in an ink
jet recording apparatus. Besides, if an apparatus

having means for supplying eslectromotive force is used,



jet recording apparatus, and if it is used, for exanple, in a factory or a
sal es shop, it can be used for inspection or the |ike (guarantee of
quality). 5 Fig. 48 is a schematic view of an ink tank using the sphiDE( 2004
sem conductor elenment of the present invention. A solid sem conductor

el ement 1526 shown in this figure floats;ip the vicinity of a liquid |evel
of rawink 1522 in an ink tank 1521. Electronotive force 10 due to

el ectromagnetic induction is induced by an external oscillating circuit
(not shown) outside the ink tank 1521, and a phot odi ode di sposed in the
vicinity of the surface of the solid sem conductor elenment 1526 is driven,

wher eby the sgl kg,38MifQRAKCHA" 1hR ¢LAIEREN1HRO £BlhlsS Witdliut Bhe ildight
penetrates through the ink 1522 and received by an optical sensor 1550

outsi de the ia&ttéebo%égﬁg Epgar4?ushowngalgon pt ianusave Ryt hs of

representative ink (yellow nmagenta, cyan and black). 20 As it is seen

fromFig. 49, ekpkpot, eaahacehetodl ¥e! BOWa18BIE8RLR, GYakadNBDhaAEG has a
peak of an absorption coefficient dispersed in wavel ength bands of 300 to

700 nm The peagk @hspaceksar pii @ReCcagkbi ¢gaAran@kecagh ge@llanyi)nk is
approximately 390 nmfor yellow, 25 approximtely 500 nmfor magenta,

approximgtely 590 piy.fes hkaak sardmappecoxiiewt ey an?Qnkmtlaak aysdimg
Therefore, light including a wavel ength in the range of 1 5 D E C 2004 -
105 300 to 7@8ensgbilsdeskmiedniinetmoan edemedtsei ¢hrdpeiearent
invention. A so0lid semiconductor element 1526 shown in
this figure fleoats in the wvicinity of a liquid level of
raw ink 1522 in an ink tank 1521. Electromotive force
10 due to electromagnetic induction is induced by an
external oscillating circuit (not shown) outside the
ink tank 1521, and a photodiode disposed in the
vicinity of the surface of the solid semiconductor
element 1526 is driven, whereby the solid semiconductor
15 element 1526 emits light. The light penetrates through
the ink 1522 and received by an optical sensor 1550
outside the ink tank 1521.
Fig. 49 shows absorption wave lengths of
representative ink (yellow, magenta, cyan and black}.
20 As it is seen from Fig. 49, ink of each color of
yellow, magenta, cyan and black has a peak of an
absorption coefficient dispersed in wavelength bands of
300 to 700 nm. The peak of an absorption coefficient
of each color ink is approximately 390 nm for yellow,
25 approximately 500 nm for magenta, approximately 590 nm
for black and approximately 620 nm for cyan.

Therefore, light including a wavelength in the range of



el ement, caused to penetrate through the ink and received by the optical
sensor 550 (see Fig. 40) in the outside of the ink tank to detect mhi;E
wavel ength of 5 light is absorbed nost. Thus, it is possible to det eDii A8
whi ch col or anmong the above-nentioned colors is a color of the ink through
which the light penetrates. In addition, ;@ it is seen fromFig. 49, the
ink 10 of each color of yellow, nagenta, cyan and black has a clearly
di fferent absorption coefficient each other in the wave |Iength of 500 nm
The absorption coefficient of the ink of each color in the wave | ength of
500 nm is approximately 80% for magenta, approximately 50% for 15 bl ack,
appr oxi mat el y 330%tbor oyenmowsaamigpeaorrzet @ny sol%d eeriydhdubiefore, it
is possible to determine, concerning the light with the wave | ength of 500
nm  whi ch cokgemaamngchheedbove pehetirated thebagh ithea it @nd of the ink
t hrough which the light penetrates by 20 detecting a ratio of an intensity
of the |ight rpeeétredt bggthker opghichiesenlsow S5I50r dspecFilgn a0 ) iimt ety of
the light emtted by the solid sem conductor elenent. Further, in any of
t he above- nenputsédecasethei ink25ank mosdeltleett ehdichkpeswedraiddimaof sol i d
sem conductor elenment in different ink tanks, respectively, to
di scri m pat e aightgr aki epsofrbedkmpgpes. ThEBECIHG04s- pB6ibllie dddition, in an
ink jet recording apparatus
determine which color among the above-mentioned colors
is a color of the ink through which the light
penetrates.
In addition, as it is seen from Fig. 49, the ink
10 of each color of yellow, magenta, cyan and black has a
clearly different absorption coefficient each other in
the wave length of 500 nm. The absorption coefficient
of the ink of each color in the wave length of 500 nm
is approximately 80% for magenta, approximately 50% for
15 black, approximately 20% for yellow and approximately
5% for cyan. Therefore, it is possible to determine,
concerning the light with the wave length of 500 nm,
which color among the above-mentioned colors is a color
of the ink through which the light penetrates by
20 detecting a ratio of an intensity of the light
penetrating through the ink with respect to an
intensity of the light emitted by the solid
semiconductor element.
Further, in any of the above-mentioned cases, it
25 is possible to dispose one kind of solid semiconductor

element in different ink tanks, respectively, to

discriminate a plurality of ink types.



that is configured such that each of a plurality of ink tanks is nounted
In a predeterm ned position in accordance with a type of ink contained in
each ink 5 tank, nmeans may be provided which gives warning to a uag{ M?ﬁ@
the optical sensor 550 that receives light penetrating through in %

Ink tank detects that an ink tank is muigged. i n an i nappropriate position.
As the warning neans in this case, light emtting neans 10 such as a | anp,
soundi ng nmeans such as a buzzer, or the |ike can be used. The user can

|l earn that the ink tank is nounted in a wong position by the warning
given by the warning neans, and can nount the ink tank in an appropriate
position again. 1514l 4eapeibnel ¥n AR sHrhjam iekoiréinyeappdiragusappar at us,
controlling neans may be provided which controls a recording head, to
which ink is swapl iedcohfDguredosnchdthak task, ofcaopdumgliayt ket tiype of
the ink when it is detected that the ink tank is nounted in 20 an

| nappropri at etpnkstiombyntedopti eapredaserminedepwvkigibnglin t hat
penetrates through the ink in the ink tank. Wth this controlling neans,
since appropacabedanagewitiboadiygei sfadnbmavhntalihgdpanf eambd indven if a
user nounts an ink tank in a wong position, 25 the user is not required to
pay spechal atamktimaans maynbenprayigdedi vhaghofidasi wrnamg tas adescri bed
above, in the present invention, an - 107 1 5 DEC 2004 solid sem conductor
el ement has eu@egywbgnvﬁhgiﬂ@tﬁ@gﬁssensor 550 that receives light

penetrating through ink in the ink tank detects that an
ink tank is mounted in an inappropriate position. As
the warning means in this case, light emitting means

10 such as a lamp, sounding means such as a buzzer, or the
like can be used. The user can learn that the ink tank
is mounted in a wrong pesition by the warning given by
the warning means, and can mount the ink tank in an
appropriate position again.

15 Alternatively, in such an ink Jjet recording
apparatus, controlling means may be provided which
controls a recording head, to which ink is supplied
from a mounted ink tank, according to the type of the
ink when it is detected that the ink tank is mounted in

20 an inappropriate position by an optical sensor
receiving light that penetrates through the ink in the
ink tank. With this controlling means, since
appropriate image recording is automatically performed
even if a user mounts an ink tank in a wrong position,

25 the user is not required to pay special attention to a
mounting position of an ink tank.

As described above, in the present invention, an



for converting energy fromthe outside into energy of a different type and
light emtting neans for emtting |ight by the energy converted by the
energy converting 5 nmeans. Thus, it is possible to cause light emtted
fromthe solid sem conductor elenent to penetrate through ink andqdeifecnns
an intensity of the penetrating |ight 4rcr certain wave | ength, thereby
discrimnating the type of the ink. 10 As many apparently w dely different
enbodi ments of the present invention can be nade w thout departing from
the spirit and scope thereof, it is to be wunderstood that the invention is
not limted to the specific enbodinents thereof except as defined in the
15 appended ctaiid.s@mbcon@iCradOdlemdénNs h¥$iAGneBITILAPNVEBrESnglmeans nk
tank for holding ink, which is supplied to a recording head for recording
i nf or mat i on bfor apphyéentinbdeenakgynfgomedhaneubsidecdnlPngnelbyr @dt ifon 5
thereon, in an ink containing chanber substantially surrounded by a wall,
wherei n sai d dhkfenerti trpadesdalightdenéhtinadueads ferefBAtLi88npri sing:

i nformation acquiring neans for acquiring_ 10 environnental informtion of
the outside; 1hgbEnbYi bheseprray AeRHETESR BY oFRRgePRFEVnEPPYRT G %e

conpared with the information acquired by said infornation, irin
negﬁs- 5 means. Thus, it isqpossiblg to cause ligﬁt eml%%%% 9

from the solid semiconductor element to penetrate
through ink and detect an intensity of the penetrating
light in a certain wave length, thereby discriminating
the type of the ink.

10 As many apparently widely different embodiments of
the present invention can be made without departing
from the spirit and scope thereof, it is to be
understood that the invention is not limited to the
specific embodiments thereof except as defined in the

15 appended claims.



di scrimnating means for conparing the information 15 acquired by said

I nformati on acquiring nmeans and information stored in said information
storing neans, which corresponds to the acquired information, to
determine the necessity of comunicating information; and 20 i nf of welthiali0s
comuni cating neans for displaying the infggnmation acquired by said

I nformati on acquiring mneans or comrunicating the information to the
outside if said discrimnating neans determines that it is necessary to
communi cate information, and wherein 25 said solid sem conductor elenent is
enbedded in said wall such that a part of said solid sem conductor

element is exﬁﬁigdf@“@ﬁxiMﬁd“i§ﬁ said wall contacting 1 5 DEC 2004 - 109
the ink, and saird infornmation acquiring nmeans is disposed in the exposed

part. 2. An ink tank aggori¢ixNgdnk Hod MolLaiMerigil Svnsiadl iSPldwpplied
sem conductor elenment is exposed from both sides of said wall. %. An i nk

tank accordi ngqt @ GleRigPadngMiaRi ForS detosdilng SoFbritelomedy fornming a
contour of 10 said ink tank and has an electric contact in a part of said

sol i d sem condyehefing GRRNLRX RS ed re@ ifdie £foRursidirdihg Amfidimatdén
according to claim?2, wherein 15 said wall is an outer wall formng a
contour of saittheddor,ank aaNdrS@ichntAH iR} ichanbeIMsuteatdmol alehns
surrounded by a wall, wherein
said ink tank includes a solid semiconductor
element, comprising:
information acquiring means for acquiring
10 environmental information of the outside:
information storing means for storing information
to be compared with the information acquired by said
information acquiring means;
discriminating means for comparing the information
15 acquired by said informaticn acquiring means and
information stored in said information storing means,
which corresponds to the acquired information, to
determine the necessity of communicating information:
and
20 information communicating means for displaying the
information acquired by said information acquiring
means or communicating the information to the outside
if said discriminating means determines that it is
necessary to communicate information, and wherein
25 said solid semiconductor element is embedded in
said wall such that a part of said solid semiconductor

element is exposed from a side of said wall contacting



is disposed in a part of said solid sem conductor elenent exposed to the
outside. 20 5. An ink tank according to claim4, wherein said solid

sem conductor elenent is disposed such that said infornmation acqui %ﬁg&
means can be seen from the outside, and said information acquiring H@M
comuni cates information to the outside-w®h a visually 25 recognizable
nmethod. 6. An ink tank according to claim2, wherein - 110 1 5 0 E L 2094
said wall is an inner wall dividing the inside of said ink tank into a
plurality of ink containing chanbers, and said informtion acquiring neans
is independently disposed in parts of said solid 5 sem conductor el enent
exposed from dipe dinke amd R FPHOFrTTIOTOACIF Eh&EARA 115 respect i vel y.
7. An ink tank according to claiml1, including a first solid sem conductor
el enent havi nglispesed depdded expeseo®ite side of said wall and a second
solid sem conductor el enent having a part exposed fromthe other side of
said wall, wherein said first solid sem conductor elenent and said second

solid sem conductor_ el enent _c ni cate 15 information b .them 8. An
i nk tank according 4o (ﬁ“ailrﬂkl,%%elaé:lcr?r lﬁ’l%&(ﬂ i rﬁ%lg} ris'ai%cﬁ/%g%}c‘i

sem conductor el ements, ang fiispased 4.0 ¢ Pl 4 BAdseqnesghd al |-

both sides of said wall.

3. an ink tank according to claim 2, wherein
said wall is an outer wall forming a contour of
10 said ink tank and has an electric contact in a part of

said solid semiconductor element exposed to the

outside.

4. An ink tank according to claim 2, wherein
15 said wall is an outer wall forming a contour of
said ink tank, and said information communicating means
is disposed in a part of said solid semiconductor

element exposed to the outside.

20 5. An ink tank according to claim 4, wherein
said solid semiconductor element is disposed such
that said information acguiring means can be seen from

the outside, and said information acquiring means

communicates information to the outside with a visually

25 recognizable method.

6. An ink tank according to claim 2, wherein



9. An ink tank according to claim8, wherein said plurality of solid
sem conductor el ements comunicate information by signals of different
frequencies. 25 10. An ink tank according to claim8, wherein said
plurality of solid sem conductor element 1 5 DEC 2004 - 111 connuigﬁgt 004
predeterm ned signals, which are assignedjjpo.each of them together Wt
said acquired information. 5 11. An ink tank according to claim1l, wherein
said solid sem conductor element further conprising: receiving neans for
receiving a signal fromthe outside, wherein 10 environmental information
inside said ink containing chanbers is acquired by said information
acquiring neans ingagPeRa 4@ tde isirrivdiacaimediing e dinebde vofig
means. 15 12. An ink tank according claim1l, wherein said wall is an outer
wal | formng asgentiew tadkd indd ¢ RAATALIY remnink cohisposiedgin a part of
said solid sem conductor elenent exposed to the outside from said outer
wal . 20 13. Ahanbersinlendceeridi ng florntd tion acquierisig meznsl 5ol i d
sem conductor el enment further conprises

independently disposed in parts of said solid

5 semiconductor element exposed from one side and the

other side of said inner wall, respectively.

7. An ink tank according to claim 1, including a
first solid semiconductor element having a part exposed
10 from one side of said wall and a second solid
semiconductor element having a part exposed from the
other side of said wall, wherein
said first solid semiconductor element and said
second solid semiconductor element communicate

15 information between them.

8. An ink tank according to claim 1, wherein
a plurality of said solid semiconductor elements

are disposed in a plurality of parts on said wall.

20
9. An ink tank according to claim 8, wherein
said plurality of solid semiconductor elements
communicate information by signals of different
frequencies.
25

10. An ink tank according to claim 8, wherein

said plurality of solid semiconductor element



energy converting nmeans for converting energy fromthe outside into energy
of a different kind, wherein 25 said information acquiring neans, said
information storing neans, said discrimnating neans and said inf9f&gilen
comuni cating neans are activated by the 15DEC2004 - 112 energy converted
by said energy converting nmeans. 14. An ik tank according to claim 13,

wherein said wall is an outer wall formng a contour, and 5 said energy
converting means is disposed in a part of said solid sem conductor el enent
exposed to the outside fromsaid outer wall. 15. An ink tank according to

claim 13, wherein 10 said energy converting neans has an electric

conductor coi |, fatn9eAekabrBactkeatinkd k)Y gan1se! etticnmagretdssigriadt i on
between the el'ectric conductor coil and an external oscillating circuit

and an osci | L3t LAgnChEC¥hbm, 12048 thAr @ae@hdisag daprepsmmesi i ncl udi ng an ink
tank according to any one of clains 1 to 15. 17. A recordi ng appar at us

according to GhgiAnh®ion20 conprising neans for supplying an el ectronotive
force to said solid sem conductor elenent in said ink tank as externa
energy to be converted by said energy converting neans. 25 18. A recording
apparatus according to claim 17, wherein _
5 11. An ink tank according to claim 1, whereln
said solid semiconductor element further
comprising:
receiving means for receiving a signal from the
outside, wherein
10 environmental information inside said ink
containing chambers is acquired by said information

acquiring means in response to the signal received by

said receiving means.

15 12. An ink tank according claim 11, wherein
said wall is an outer wall forming a contour, and
said receiving means is disposed in a part of said
solid semiconductor element exposed to the outside from

gaid outer wall.

20
13. An ink tank according to claim 1, wherein
said solid semiconductor element further comprises
energy converting means for converting energy from the
outside into energy of a different kind, wherein
25 said information acquiring means, said information

storing means, sald discriminating means and said

information communicating means are activated by the



1 5DEC?2004 - 113 said electronotive force is el ectromagnetic

I nduction, heat, light or radiation. 19. A recording apparatus according to
claim16, 5 further conprising nmeans for receiving a signal conmmunj get §4
fromsaid solid sem conductor elenent. 20. A nethod of conmunicating with a
plurality of groups of elenents with two_or nore solid sem conductor 10
el enrents anong a plurality of solid senicéhduct or el ements di sposed in a
predeterm ned container form ng one group, wherein said plurality of solid
sem conductor el ements conprising: information acquiring neans for
acquiring 15 information; information conmunicating nmeans for displaying
or communi cating the infor l.on acgyired by said _information acquiring
means; and endftRF EoREHNG S For Y tFUHY Ehetyy MR 3 ven from the
outside into energy of a kind for operating said information acquiring
means and said information comunicating neans, which is different from
said energy given fromthe outsid wherein c | cation J . or med
with a comrunicatio 4)‘25 }Ic}brfd}qi is%efﬁdtjiq’?ce(freén]tnq 01’?0 edac f@fiﬁs)'aivéﬁ%?%%%s of

el enents. 7 5 DEC 200 1) 3l 4 VRS2 OfL ARG A60EIEEY bRac! 2 m

5 said energy converting means is disposed in a part of
said solid semiconductor element exposed to the outside

from said outer wall.

15. An ink tank according to claim 13, wherein
10 said energy converting means has an electric
conductor coil for generating electricity by
electromagnetic induction between the electric
conductor coil and an external oscillating circuit and
an oscillating circuit.
15
16. A recording apparatus including an ink tank

according to any one of claims 1 to 15.

17. A recording apparatus according to claim 16,
20 comprising means for supplying an electromotive force
to said solid semiconductor element in said ink tank as
external energy to be converted by said energy

converting means.

25 18. A recording apparatus according to claim 17,

wherein



wherein said solid sem conductor el enments conprise: discrimnating nmeans
for maki ng determ nation based on the information acquired fromsaid
information 5 acquiring nmeans and a data table stored in advanceq ?ﬂgﬁ2%4

i nformati on comruni cati ng neans for displaying or conmunicating

I nformati on determ ned by said discrimnaitzng neans, wherein said energy
converting neans converts energy given 10 fromthe outside into energy of
a kind for operating said information acquiring neans, said discrimnating
means and said i nformati on comruni cati ng means, which is different from
said energy given fromthe outside. 15 22. A conmunication nethod accordi ng
to claim20, wher eialdeadlcticomaitd veolfiodcee Hisc @lcdudhmmadreteit s has
information for distinction or a nenory, and conmunication is performed by
recogni zi ng sandu2® iionf,ohematti, ol ifghrt dirs ttadd@itdrenor di st i ngui shi ng
information by said nenory. 23. An ink tank for containing ink, wherein
said ink tank includes two or nore solid 25 sem conductor el enents,
conprising: energy converting nmeans for converting energy given fromthe
outside into energy9f & diecoaddng kippgratus aqeardigey to 19FiMRetRi vi ng
means for receiving a signal fromthe outside; informatjon storing neans

f or storﬁng iﬁp@ﬁmggj@ppprising means for receiving a signal

communicated from said solid semiconductor element.

20. A method of communicating with a plurality of
groups of elements with two or more solid semiconductor
10 elements among a plurality of solid semiconductor
elements disposed in a predetermined container forming
one group, wherein said plurality of solid
semiconductor elements comprising:
information acquiring means for acquiring
15 information;
information communicating means for displaying or
communicating the information acquired by said
information acquiring means; and
energy converting means for converting energy
20 given from the outside into energy of a kind for
operating said information acquiring means and said
information communicating means, which is different
from said energy given from the outside, wherein
communication is performed with a communication
25 condition different for each of said groups of

elements.



and 5 information communicati'ng means for displaying the information of
said information storing nmeans or comunicating the information in
response to the signal received by said receiving means, wherein saig £C 2004
receiving neans, said information storing 10 neans, and said informtion
comuni cati ng neans have two or nore solipq sem conductor elenents that are
activated by the energy converted by said energy converting neans, and
wherein said two or nore solid sem conductor elenments have 15 a function
of detecting environnental information of the surrounding of said solid
sem conductor elenents to conmmunicate said environmental information to
the outside or di gpl ayasaommeniicatisannalthiod§ acoetriddmdbyto cdmiumidt i ng
with each other. 20 24. An ink tank according to claim23, wherein said
sol i d senm conguetrednekaianisodadp siemdsonducftormetlieoe ndsywomprg sesans f or
further acquiring environnental information of the outside; 25 information
storing neans for gisciginaftdngameans tforbeaakdmadedarmtifatie@n nf or mati on
acquired by said information acquiring neans; and 15DEC2004 - 116
di scri ni nat i npamednsnf dhec dmfariad iionf eomiired faoguisadd Bpifegmption
i nformati on acquiring nmeans and the information stored in said information
storing reans acguiring means and a data table stored in advance; and
information communicating means for displaying or
communicating information determined by said
discriminating means, wherein
said energy converting means converts energy given
10 from the outside into energy of a kind for operating
said information acquiring means, said discriminating
means and said information communicating means, which

is different from said energy given from the outside.

15 22. A communication method according to claim 20,
wherein
each of said solid semiconductor elements has
information for distinction or a memory, and
communication is performed by recognizing said
20 information for distinction or distinguishing

information by said memory.

23. An ink tank for containing ink, wherein
said ink tank includes two or more solid

25 semiconductor elements, comprising:
energy converting means for converting energy

given from the outside into energy of a different kind;



determ ne the necessity of communicating information, 5 wherein said

I nformati on communi cating nmeans di splays or comuni cates the information
acquired by said information acquiring neans on or to the outsideTigDE§gmp
di scrimnating neans determnes that it is 10 necessary to comunicate

I nformation. 25. An ink tank according to gifim 23, wherein said

I nformati on communi cating neans of said solid sem conductor elenent also

di spl ays or conmunicate the 15 information on or to the other solid

sem conductor elenments. 26. An ink tank according to claim 23, wherein
said receiving neans of said solid sem conductor 20 elenent also receives
signals from other seliedviag meaddcCiror &leclBRtisg a7 sifnalnfrbanithaccordi ng

to claim23, wherein at |least one of said two or nore solid 25
sem conduct or ehmgedes has a function of giving an electronotive force to
ot her solid sem conductor elenents. 1 5 DEC 2004 - 117 28. An ink tank
according to claim3idforhatéon sextrdhgameaner gprt stbeiagniafbechaly osgi d
energy converting neans of said solid sem conductor elenent is supplied in
a non-contact sdte. 5 29. An ink tank according to claim 23, wherein
5 information communicating means for displaying the
information of said information storing means or
communicating the information in response to the signal
received by said receiving means, wherein
sald receiving means, sald information storing
10 means, and said information communicating means have
two or more solid semiconductor elements that are
activated by the energy converted by said energy
converting means, and wherein
said two or more solid semiconductor elements have
15 a function of detecting envirommental information of
the surrounding of said solid semiconductor elements to
communicate said environmental information to the

outside or display said environmental information by

communicating with each other.

20
24. An ink tank according to claim 23, wherein
said solid semiconductor element comprises:
information acquiring means for further acquiring
environmental information of the outside;
25 information storing means for storing information

to be compared with the information acquired by said

information acgquiring means; and



energy converted by said energy converting neans of said solid

sem conductor elenent is electricity. 10 30. An ink tank according to claim
29, wherein said information communicating neans of said solid 1.3 DEC 2004
sem conductor el ement converts the electricity converted by said energy
converting nmeans into an electric field, 1higght, a shape, a color, an
electric 15 wave or sound that is energy for displaying information or
comuni cating information to the outside. 31. An ink tank according to
claim?29, wherein external energy to be converted into electricity 20 by
said energy converting neans of said solid sem conductor elenent is

el ectronotive forcaliyecrhiacdtOmponedins fowlusdmpan; idgainf dimation

radi ation. 32. An ink tank according to claim23, wherein 25 said energy
converting neansyuirehity stdidl isefomondiuot cacelemeng mesnanard ethei C
conductor coil for generating electricity by electromagnetic induction 1 5
D E C 2004 - Iliifformettviesn stoxkdlisctgdid contiuotariowi$tentdngrmexter hal
oscillating circuit and an oscillating circuit. 33. An ink tank according
to claim32, weteiming s dhetestity chmpwunicatingfisteamabliea,

sem conductor elenent is formed to be wound around an external surface of
sai d sol id serhaweictor el enent. 34. An ink tank according to claim 23,
wherein 10 said solid sem conductor elenment further conprises buoyance

force generating nessd Fdf QiR rRPMURGRELING means displays or

communicates the information acquired by said
information acquiring means on or to the outside 1if
said discriminating means determines that it is

10 necessary to communicate information.

25. An ink tank according to claim 23, wherein
said information communicating means of said sclid
semiconductor element also displays or communicate the
15 information on or to the other solid semiconductor

elements.

26. An ink tank according to claim 23, wherein
said receiving means of said solid semiconductor
20 element also receives signals from other solid

semiconductor elements.

27. An ink tank according to claim 23, wherein
at least one of said two or more solid
25 semiconductor elements has a function of giving an
electromotive force to other solid semiconductor

elements.



force using the energy converted by said energy converting neans. 15 35.
An ink tank according to claim34, wherein said solid sem conductor

el enent has a hollow part for floating in a predeternned position]&mDEg 2004
liquid level or in liquid. 20 36. An ink tank according to claim 35,
wherein a center of gravity of said solig,¢$em conductor elenment floating
inliquidis positioned |lower than the center of said element and said
solid semi conductor element stably rocks wthout rotating in the liquid in
25 which said solid sem conductor elenent floats. 37. An ink tank according
to claim36, wherein 1 5 DEC 2004 - 119 a neta-center of said solid

sem conductor el emggt g FLWAYSNK AR Ry GReciEan e wedt@in Of
gravity of said solid sem conductor elenment. 5 38. An ink tank according

to claim 23, wherepRtesdiad LHRrely o ®eSAonderREC Y UWL el@rgpts are in
contact with ink in said ink t§%E in some cases orqﬂ?n non-contact wth

said ink in oLRgkes238Y mbAndofARAiIRK sbanld aeeaidbmind tor| @lemddt akerein
said two or nore solid sen conductor elenments have a function of noving on

an ink Iiquidshgbqﬁedtﬂhogghoancddﬂaaﬂigﬂaﬂynt and in ink by receiving
energy and a signal fromthe outside. 15 40. An ink tank according to
claim 235 wherein

29, An ink tank according to claim 23, wherein
energy converted by said energy converting means

of said solid semiconductor element is electricity.

10 30. An ink tank according to claim 29, wherein
said information communicating means of said solid
semiconductor element converts the electricity
converted by said energy converting means into an
electric field, light, a shape, a color, an electric
15 wave or sound that is energy for displaying information

or communicating information to the outside.

31. An ink tank according to claim 29, wherein
external energy to be converted into electricity
20 by said energy converting means of said solid
semiconductor element is electromotive force by

electromagnetic induction, heat, light or radiation.

32. An ink tank according to claim 23, wherein
25 said energy converting means of said solid
semiconductor element has an electric conductor coil

for generating electricity by electromagnetic induction



at |l east one of said two or nore solid sem conductor elenents has a
function of nmoving in said ink tank, and the other solid sem conductor

el enents 20 are fixed to a negative pressure chanber containing a m%qﬁgim@
pressure generating nenber for generating a negative pressure in liquid?
said ink tank or to a bottomsurface of gagd_ink tank. 25 41. An ink tank
according to claim23, wherein said tw or nore solid sem conductor

el enents are in a state for always perform ng comuni cati on between 1 5 DEC
2004 - 120 solid sem conductor elenments or in a state for performng
conmmuni cati on between solid sem conductor elenents according to necessity.

5 42. An ink bk RGC Yadid @ llek taHidl BohdudMiF idh1 Sid dmceRter®ma® solid
sem conductor el enments can al so be conbined with each other, whereby said

solid sem conyliGtiara talrereiitreeiay et e dddictionind G #Seu#. i nk | et
recordi ng apparatus nounted with said ink tank according to any one of
clains 23 to 42 44. An ink jet recording apparatus according to claim43,
conprising means for supplying an 15 el ectronotive force to said solid
sem conduct or el emeyy. igh Saik Haik tandombimkites nalaane3 2y wiebeinonvert ed
by said energy converting neans. 45. An ink jet recording apparatus
according to 20 clsdid 44.ectfrcreicorshicteet extirlonef i saeld osckids
el ectromagnetic

semiconductor element is formed to be wound around an

external surface of said sclid semiconductor element.

34. An ink tank according to claim 23, wherein
10 said solid semiconductor element further comprises
buoyance force generating means for generating buoyance
force using the energy converted by said energy

converting means.

15 35. An ink tank according to claim 34, wherein
said solid semiconductor element has a hollow part for
floating in a predetermined position on a liquid level

or in liquid.

20 36. An ink tank according to claim 35, wherein
a center of gravity of said solid semiconductor
element floating in liquid is positioned lower than the
center of said element and said solid semiconductor
element stably rocks without rotating in the liquid in

25 which said solid semiconductor element floats.

37. An ink tank according to claim 36, wherein



I nduction, heat, light or radiation. 46. An ink jet recording apparatus
according to 25 claim45, wherein when said electronotive force is
supplied to said plurality of solid sem conductor elenents, said 15 DEC
2004 -- 121 electronotive force is first supplied to a main solid 135DEC 2004
sen conduct or el enent anong said two or _nprg solid sem conductor elenents
fromthe outside and to the other solid sem conductor elenments fromsaid
main solid 5 sem conductor elenent, or said electronotive force is

supplied to said plurality of solid sem conductor elenents directly from
the outside. 47. An ink jet recording apparatus according to 10 clai m 43,

further conprising:a FRANS JetdreGl WAl WM Sl Bhd i OFe 5 aé emehitd
sem conduct or el enent.
is always in a part higher than the center of gravity

of said solid semiconductor element.

5 38. An ink tank according to claim 23, wherein
said two or more so0lid semiconductor elements are
in contact with ink in said ink tank in some cases or

in non-contact with said ink in other cases.

10 39. An ink tank according to claim 23, wherein
said two or more solid semiconductor elements have
a function of moving on an ink liguid level, through an
injection port and in ink by receiving energy and a

signal from the outside.

15
40. An ink tank according to claim 23, wherein
at least one of said two or more solid
semiconductor elements has a function of moving in said
ink tank, and the other solid semiconductor elements
20 are fixed to a negative pressure chamber containing a
negative pressure generating member for generating a
negative pressure in liguid in said ink tank or to a
bottom surface of said ink tank.
25 41. An ink tank according to claim 23, wherein

said two or more solid semiconductor elements are

in a state for always perfcrming communication between
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so0lid semiconductor elements or in a state for
performing communication between solid semiconductor

elements according to necessity.

42. An ink tank according to claim 23, wherein
said two or more solid semiconductor elements can
also be combined with each other, whereby said solid

semiconductor elements have a new function.

43. An ink jet recording apparatus mounted with

said ink tank according to any one of claims 23 to 42.

44. An ink jet recording apparatus according to
claim 43, comprising means for supplying an
electromotive force to said solid semiconductor element
in said ink tank as external energy to be converted by

said energy converting means.

45. An ink jet recording apparatus according to
claim 44, wherein
sald electromotive force is electromagnetic

induction, heat, light or radiation.

46. An ink jet recording apparatus according to
claim 45, wherein
when said electromotive force is supplied to said

plurality of solid semiconcductor elements, said
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electromotive force is first supplied to a main solid
semiconductor element among said two or more solid
semiconductor elements from the outside and to the
other solid semiconductor elements from said main solid
semlconductor element, or said electromotive force is
supplied to said plurality of solid semiconductor

elements directly from the outside.

47. An ink jet recording apparatus according to
claim 43, further comprising:
means for receiving communication from said solid

semiconductor element.



