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and comrmuni cate with the outside regarding the performance of designated
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’ " éECURITY SYSTEM OF INK JET RECORDING APPARATUS

BACKGROUND OF THE INVENTION

Field of the Invention

10 The present inventibn relates to a semiconductor
device provided with the function to convert energy
transmitted from the outside and communicate with the
outside regarding the performance of designated
operation or information, as well as provided with the

15 function to display the contents of communication. The
invention also relates to an ink tank provided with
such semiconducteor device, and an ink jet cartridge,
and an ink jet recording apparatus as well.

Also, the present invention relates to a method

20 for manufacturing a semiconductor device provided with
the function to convert energy transmitted from the
outside, and communicate with the outside regarding the
performance of designated cperation or information, as
well as provided with the function to display the

25 contents of communication. Further, the invention
relates to communication system, a method for adjusting

pressure, security system, and memory element, which



-2 utilize the aforesaid sem conductor device. Related Background Art
There are many apparatuses and equi pnments that detect the environnental

i nformati on under the 5 environnments that surround us, and then, HPE@ 2004
decision and operate in accordance with the result thus detected. 5F
exanple, a cooler detects the current environnental tenperature, and
conpares it with the 10 predeterm ned temperature. Then, when the
tenperature is |lower than the predeterm ned val ue, the device

i ncorporated therein operates heating or operates cooling if the detected
tenperature is higher on the contrary. It is conparatively easy to

structure suchthil ideyitRs dPoresa el sefE cxorpiidmonlviagl pment,
conponents, and the |like. However, even when it is extrenely difficult to

structure conmetidd e Kgrdun@ iaiabi l ity of securing a sufficient space
wWith restriction inposed upon the 20 arrangenent space, while the
envi ronment al i nf ormRddedrard fainys happatdmdeakend Mquigeeoitrg isanot only
tenperature, but nany other aspects, a designated operation should be
executed w t h datdatstthe amedunreetiadi dmfioormze inedeinidermdder dance with the
25 environnmental information. There are many demands in this respect, but
t he status quenwsindmnentse thats sweralund ast.r iastd diwen nalaki nitpehoben
descri bed above, these 14 0 E C 2004
and operate in accordance with the result thus
detected.
For example, a cooler detects the current
environmental temperature, and compares it with the
10 predetermined temperature. Then, when the temperature
is lower than the predetermined value, the device
incorporated therein operates heating or operates
cooling if the detected temperature is higher on the
contrary. It is comparatively easy to structure such
15 devices by use of the conventicnal equipment,
components, and the like.
However, even when it is extremely difficult to
structure components due tc the inability of securing a
sufficient space with restriction imposed upon the
20 arrangement space, while the environmental information
that should be taken into account is not only
temperature, but many other aspects, a designated
operation should be executed with an instantaneous
decision to be made in accordance with the
25 environmental information. There are many demands in

this respect, but the status quo is that due to several

restrictions including those described above, these



- 3 demands have not been net satisfactorily as yet. In recent years, even
in the field of mcrodevices the utilization of which is expected w dely
in many industries, a considerable nunber of research and 5 devel opnent
projects are underway, but there are still many nore studies needtd Uf6r00
maki ng them practicable. Now, as a specific exanple of the field in which
the utilization of mcrodevices is requi-red,- the filed of recording can be
cited. 10 At present, various kinds of printer systens are utilized for
printing various kinds of images. Such kind of printer systemis fornmed by
connecting a data processing apparatus |ike a personal conputer, a
printing appar@énmdd drawxanpt ebedihanet t et psfacttogilgsaappatat us out puts
on a recording medium such as a printing sheet, the printing data which
have been processeth eaaiia yracesseen appatbeéufieAd pfimierodppdcabuses
used for such kind of printing system there are on the market various 20
appar at us usi richey arti ollisz ateicor diihgvimetthotls expertsdnvidely fhomenki nds of
recordi ng methods, the so-called ink jet recording nmethod is extrenely
usef ul , becausiduftrigascor diongiderakll e snypber npficreandrgenandt es al nost
no noises at the tinme of recording, making high-speed 25 recordin

possi bl e dn arfl&irelkIRBsR H e I afHeetang tHRARTYaAYy b‘a’FtFBGFQraﬂixatigh

treatment. The ink jet recording is_such that a carriage 1 4 DEC 2004
many more studies needed for making them practicable.

Now, as a specific example of the field in which
the utilization of microdevices is required, the filed
of recording can be cited.

10 At present, various kinds of printer systems are
utilized for printing various kinds of images. Such
kind of printer system is formed by connecting a data
processing apparatus like a personal computer, a
printing apparatus, for example. Then, the printing

15 apparatus outputs on a recording medium, such as a
printing sheet, the printing data which have been
processed by data processing apparatus.

As printer apparatuses used for such kind of
printing system, there are on the market wvariocus

20 apparatus using various recording methods at present.
Of those kinds of recording methods, the so-called ink
jet recording method is extremely useful, because this
recording method is non-impact and generates almost no
noises at the time of recording, making high-speed

25 recording possible on an ordinary paper sheet without
any particular fixation treatment.

The ink jet recording is such that a carriage



- 4 having a recording head nmounted thereon travels in the printing
direction, while discharging ink froma plurality of discharge nozzles
arranged for the ink jet recording head (hereinafter, referred tp)sl /0y
as a 5 recording head as the case may be), thus printing inmages on the
recordi ng sheet by nmeans of dot patterns. The discharge ink for recording
use is contained in an ink tank and supplhied to the recordi ng head through
ink supply paths. If the ink which should be supplied no 10 | onger exists
in the ink tank, not only imge formati on becones inpossible, but the
recordi ng head may be damaged in sone cases. Therefore, various proposals

have been madend iy Q¥ifecariink KR msleitslet esdioon €8x 68sf oh dakecting

the remainders of ink in the.in 15 tank. For exanple, in accordance with
Japanese Patendrifeiid Cat it i d-wapere NDi s GhdAPORT , ihReFsbmugt ure is
di sclosed in ich as showmn in Fig. 1 two (a pair of) electrodes 702 are

arranged on thelufaeity ase dischinddk 20z 1 be dfdamdled heobothemigkdgewher e
non-conductive ink is filled, and then, a float 703 having el ectrodes 704
arranged to facecdidied aoddaddase Fdidhd St ¢ pvireleslrteod £bosimpbyi Ak &n the ink
tank 701. The two el ectrodes 702 are connected to the detecting section
(not showh) 2orddwatditef dodesd tdee tdondiede weayg omel) | i tdmuefpbbhbingl ect r odes,
respectively. Then, when the conductive condition of both electrodes is
det ected, the imkgds 410 tHe 208brding sheet by means of dot patterns.
The discharge ink for recording use is contained in an
ink tank and supplied to the recording head through ink
supply paths. If the ink which should be supplied no
10 longer exists in the ink tank, not only image formation
becomes impossible, but the recording head may be
damaged in some cases. Therefore, various proposals
have been made to provide an ink remainder detection
device for detecting the remainders of ink in the ink
15 tank.
For example, in accordance with Japanese Patent
Application Laid-Open No. €-143607, the structure 1is
disclesed in which as shown in Fig. 1 two (a pair of)
electrodes 702 are arranged on the inner face of an ink
20 tank 701 on the bottom side where non-conductive ink is
filled, and then, a float 703 having electrodes 704
arranged to face the electrodes 702 is provided to
float in ink in the ink tank 701. The two electrodes
702 are connected to the detecting section (not shown)
25 that detects the conductive condition of both

electrodes, respectively. Then, when the conductive

condition of both electrodes is detected, the ink



- 5 remaminder error is issued to indicate that there in no nore ink in
the ink tank 701, and the operation of ink jet recording head 703 A@%
suspended. Al so, in accordance with the specification of 5 Japanese QZW%
No. 2947245, the ink cartridge 805 for wuse of ink jet printer is

di scl osed, which is structured to formthe |ower part thereof in the
funnel formtoward the bottom face, and at _the sanme tinme, two conductors
801 and 802 are arranged on the bottomface 10 as shown in Fig. 2. Then,
the metallic ball 804 having a smaller gravity than ink 803 is arranged in
the interior thereof. Wth the structure thus arranged, the liquid

surface of ink-g03iddet WEFSE 85 {983 d SindPESEERnA A eﬁgrw G Ly s, the

position of the 15 netallic ball 804 that floats on the surtface of 1nk 803

is gradual |y |pyesethk Wientidieidi aehgk 16 f acen@f thdKop8P3ecisn! apergs to the
position of bottomface of ink cartridge housing, the metallic ball 804 is

in contact W jd thecd vWi kP nibied of 65 80d sush&¥deq Then, the 20 conductors
801 and 802 becone conductive to allow electric current to fl ow across

them Wth detecti ais®f stUEcEdBte wiven condi dpopipfchnkogngdscan be
detected. Wth the detection of ink end condition, information indicating

this ink £nd coaghiésn PStedb N | f2eg7 305 | henadisaik dJheceifigs Besnskrown
each of the structures represented by those disclosed in the publications
1 4 DEL c004 use of ink jet printer is disclosed, which is
structured to form the lower part thereof in the funnel
form toward the bottom face, and at the same time, two
conductors 801 and 802 are arranged on the bottom face
10 as shown in Fig. 2. Then, the metallic ball 804 having
a smaller gravity than ink 803 is arranged in the
interior thereof. With the structure thus arranged,
the liquid surface of ink 803 is lowered as ink 803 is
consumed. Along with this, the position of the
15 metallic ball 804 that floats on the surface of ink 803
is gradually lowered. Wher the ligquid surface of ink
803 is lowered to the position of bottom face of ink
cartridge housing, the metallic ball 804 is in contact
with the two conductors 801 and 802. Then, the
20 conductors 801 and 802 beccme conductive to allow
electric current to flow across them. With detection
of such current, the condition of ink end can be
detected. With the detection of ink end condition,
information indicating this ink end condition is
25 notified to the user.
There has been known each of the structures

represented by those disclcsed in the publications



- 6 described above for the detection of ink remainders in ink tank.
However, it is required for each of themto provide el ectrodes f04r H‘?ﬁlﬁf
detection in the ink tank, and at the sane tinme, to forma conne to[I1 P

5 the outside in order to transmt detection signals. Also, for the
detection of ink remainders by the conductive condition across el ectrodes,
no netallic ion or the like is used for 6he i nk conponent so as not to
cause electrolysis in ink, with the result that 10 structural restriction
i's inposed on the apparatus with respect to ink to be used. Also, in
accordance with the structures disclosed in the aforesaid publications,
only the anbuntesdribreshwitrivey ok tilse dittesttin arfl ¥k orereain@essmani on in
15 the interior of ink tank is obtainable fromthe outside. For exanple,
the pressure iyflortamk on Havaver, ik ¥samequhedrgeadt phythen| to
properties of ink, and the like are inportant paraneters for the ink jet
recordi ng headPrnavisheraiactatodds figre usenof retegtie o gheulbkof ink

di schargers. Thus, it is desirable to informthe external ink jet

recordi ng appataittus &¥d tafe thetsamemitighe ¢ ik R THEERRRCEPBnYLthe to tine
along wth the consunption of ink in the tank, as well as,to _conmunicate

with the dutsithe Luiptdndtbdfds @ DRt GRterolRR 151831 St nk.

Further, it is desired to provide an ink tank whjich is capgble of not only
provi di ng t he He3®ctiRF 1thl¢p§c'a(iteﬂ)tdﬁm JE 1A el e by ehe

conductive condition across electrodes, no metallic ion
or the like is used for the ink component so as not to
cause electrolysis in ink, with the result that

10 structural restriction is imposed on the apparatus with
respect to ink to be used.

Also, in accordance with the structures disclosed
in the aforesaid publications, only the amount of
remaining ink is detected, and no other information in

15 the interior of ink tank is obtainable from the
outside. For example, the pressure information in the
ink tank, the changes of physical properties of ink,
and the like are important parameters for the ink jet
recording head to operate at all the time in a stable

20 amount of ink dischargers. Thus, it is desirable to
inform the external ink jet recording apparatus of the
internal of tank that changes from time to time along
with the consumpticon of ink in the tank, as well as to
communicate with the outside as to the changes of

25 physical properties of ink.

Further, it is desired to provide an ink tank

which is capable of not only providing the detected



- 7 information of the internal condition of ink tank on one-way for the
out side. but al so, capable of exchanging information bidirectionally, such
as to provide the internal information in response to 5 inquires fyFm Dje
outside. Also, for the color ink jet recording apparatus that uses plural
kinds of ink for the formation of color inmages, the structure is proposed
so that ink tank is fornmed per color, ang that only the ink tank 10 having
no nore ink in it is nmade repl aceable independently. For the color ink
tank of the kind, it 1is necessary to install each ink tank on the
designated position per color. In order to prevent the user from
instal l'ing i nknifdthaiomnadeqhdt & esiddocorpit isuchblankd ntd omk j et
recordi ng apparatus is used, it is generally practiced to configure ink
tank of each e@lebwaydififrernterd oan: sasid 0 Wit ulisy,aldapaanied cbft he installation
on i nadequate position. However, to differentiate the ink tank
conf i gur at i onexidhamh gimyo em fafrmatd coo | boirdsi tesatdio i) 1tyo, tshech oy eased costs of
ink tank. Therefore, it is desired to provide the ink tank that can deal
with the i npmpoveneit tdfe iimsteadnlad! iiovf caspdcion vim |mdpmgmengcceach  of ink
tanks in the sane configuration. On the other hand, the ink jet recording
appar at us$s 25 inguines dedmnitthe udlairdd ity of nozzles (discharge ports)
for discharging ink, and the ink which is supplied fromthe ink tank to
the recordi ng headAlsad, £or Eh@ 7@04r ink jet recording apparatus
that uses plural kinds of ink for the formation of
color images, the structure is proposed so that ink
tank is formed per color, and that only the ink tank
10 having no more ink in it is made replaceable
independently. For the color ink tank of the kind, it
is necessary to install each ink tank on the designated
position per coler. In order to prevent the user from
installing ink tank on inadequate position when such
15 kind of ink jet recording apparatus is used, it 1is
generally practiced to configure ink tank of each color
different so as to structurally avoid the installation
on inadequate position. However, to differentiate the
ink tank configurations in a number of ink colors leads
20 to the increased costs of ink tank. Therefore, it is
desired to provide the ink tank that can deal with the
improvement of installation aspect, while keeping each
of ink tanks in the same configuration.
On the other hand, the ink jet recording apparatus
25 is provided with a plurality of nozzles (discharge

ports) for discharging ink, and the ink which is

supplied from the ink tank to the recording head is



- 8 retained in each of the nozzles by neans of the balance of capillary
phenonmenon and surface tension. As a result, in a case where the recording
head and ink tank are nounted on a carriage, for exanple, ink is.,c glp
to leak fromnozzles if the internal pressure of ink tank is higHé?Mﬁﬁ R
the atnospheric pressure. Here, it 1is necessary to nake the internal
pressure negative in the ink tank. Alse,8if an ink tank is an airtightly
cl osed container, the negative pressure in the ink tank 10 becones hi gher
along with the consunption of ink in the ink tank. Then, with the negative
pressure which should becone too high, ink in the nozzles is drawmn to the
i nk tank side naraifigst Sudady afbddie @3 Has |1BY yreans L chag gealarcehen
the recording head is driven to 15 discharge ink fromthe nozzles.
Therefore, i n % GHRidAGE vRIenaRe I\ | BHe2Gnktersrk - an*$nR absor bent
of porous material, fibrous material, or the Iike is contained partially

or totally iFaHE G ntidy idrcagterdyire e e e edde?nd nknbot@rknber
in which the ink absorbent is contained is conditjoned to be comrunicative
with the air d?ﬁ%i“&é%ntecqw&n éhdbting e £ Rk mjo%ﬂ_tu_fl"o ’aﬁ’)s%"f‘ﬁs‘é‘lﬂ_d retain
negat | ve r osadt deHs TR BIRAAES e e SHieT et e TR By EniBRi ng i ni
absorbent to gbsqrh ithivvi teh ttr}le resul t thoast ﬁehreic efrfésgsiuelr_lg}/ ol]‘{eirglf gttorage
i s | owered |n§ﬁ’ﬁ%bllsy. ARES A?rb(é%‘ezﬁﬂn p P
is necessary to make the internal pressure negative in
the ink tank. Also, if an ink tank i1s an airtightly
closed container, the negative pressure in the ink tank
10 becomes higher along with the consumption of ink in the
ink tank. Then, with the negative pressure which
should become too high, ink in the nozzles is drawn to
the ink tank side to cause such drawback as inability
to discharge ink when the recording head is driven to
15 discharge ink from the nozzles.
Therefore, in accordance with the conventional ink
tank, an ink absorbent of porous material, fibrous
material, or the like is contained partially or totally
in the interior thereof, and at the same time, the
20 chamber in which the ink absorbent is contained is
conditioned to be communicative with the air outside,
thus enabling the ink absorbent to absorb and retain
ink. In this manner, the interior of ink tank is
conditioned to be in negative pressure.
25 Here, nevertheless, ink is retained by enabling

ink absorbent to absorb it with the result that the

efficiency of ink storage is lowered inevitably. Also,



9 whereas the interior of ink tank is conditioned to be comunicative with
the air outside, the negative pressure becones hi gher when the anpunt of
ink retained in the ink absorbent becones smaller, and there is 5 5@@;@?@
possibility that the discharges of ink fromthe recording head i d d
depending on the relations wth the external pressure exerted on the ink
tank. Therefore, if it is possible to previde an additional function to
an ink tank so as to adjust the pressure in 10 the interior of the ink
tank, any ink absorbent is no |onger needed, and also, the efficiency of
ink storage is enhanced. Here, it is desired to provide an ink tank

havi ng such fundneds NG ntdrivmderf timkadidaid id heomiiesisened i totbe
interior of ink tank, there is a 15 need for know ng the condition of

i nternal presstomenunficdtik-d anichbytiad laineanst dideectihe aregandivect | y.
Meanwhi | e, the devel opnent of ink jet recording technol ogies is remarkabl e,
and the print ipmpsome deconde hdagthdmasvbzc dite etawrtelof high ratatoedt
years. 20 Thus, conceivably, the ink jet recording technol ogies can be
utilized even ifrortipr ddciatys edmnt thegmmes f9m@ laler deaowherhere okst he |i ke.
For the printer systemused for producing those docunents, it is required
to provife ttislde w inosSidnidtiiton 4wt Hdte tdiesdhiicdea X6 ik nfeemchipeot be
used by any one other than the owner or the authorized person by

regi stration. HEFdigephaashtis digiakded depandigumt e 1aiens Cc 2004

with the external pressure exerted on the ink tank.
Therefore, if it is possible to provide an additional
function to an ink tank so as to adjust the pressure in

10 the interior of the ink tank, any ink absorbent is no
longer needed, and also, the efficiency of ink storage
is enhanced. Here, it is desired to provide an ink
tank having such function. Also, in order to adjust
the pressure in the intericr of ink tank, there is a

15 need for knowing the condition cof internal pressure of
ink tank by all means directly or indirectly.

Meanwhile, the development of ink jet recording
technologies is remarkable, and the printing accuracy
thereof has become extremely high in recent years.

20 Thus, conceivably, the ink jet recording technologies
can be utilized even for producing securities, official
documents, or the like. For the printer system used
for producing those documents, it is required to
provide the security function so that the ink jet

25 printer cannot be used by any one other than the owner
or the authorized person by registration.

Also, copyright is given to the documents and



- 10 images produced by the person hinself with a conputer dedicated to

his personal use. No third party is allowed to print themout w thout the

perm ssion of such person. In this case, too, the printer should;€4?[pﬂm9e
eve

sonme security function as descri bed above. Wth respect to the d oprent
of recording systens to neet the various kinds of requirements described
above, the inventors hereof have given. ajtention to the ball sem conductor
manuf actured by the 10 Ball Sem conductor Inc., in which sem conductor
integrated circuit is formed on the spherical surface of a silicon ball of
approximately 1 mmdiameter. Since this ball sem conductor is spherical,

it is expectadaghat priaudetesli @ReobesdbhOHAfsRY 1 HitMY il @VKRAItEr
i nformati on and the gidirectional i nformati on exchange with the outside

can be carri ededaatel itel @Akl per@oaabetuiker copdithied phartyt hes flat  type
sem conductor if the ball sem conductor is contained in the ink tank.

However, as aanasweld @b pZ@nthenemgbuitnweshbgat ithe @eritiesdrdn tdit provi des
such function of the kind, it has been found that there are only those
ones whi ch ar gu¢seshefir@bnconactihng bakk, sewnicahduprdntdrhesizeliMes by neans
of electric wires such as disclosed in the specification of US Patent No.
25 5, 877,943, paieditdeatsomebalkelusaniyc dndettion devidescirtideld atshoul d be
devel oped in order to provide such function as described above. Al so,
t here sone nore prdtltbnweispettd tDEEh2404velopment of recording
systems to meet the various kinds of requirements
described above, the inventors hereof have given
attention to the ball semiconductor manufactured by the
10 Ball Semiconductor Inc., in which semiconductor
integrated circuit is formed on the spherical surface
of a silicon ball of approximately 1 mm diameter.
Since this ball semiconductor is spherical, it is
expected that the detection of surrounding
15 environmental information and the bidirectional
information exchange with the outside can be carried
out efficiently in a better condition than the flat
type semiconductor if the ball semiconductor is
contained in the ink tank. However, as a result of
20 thorough investigation on the art that provides such
function of the kind, it has been found that there are
only those ones which are used for connecting ball
semiconductors themselves ty means of electric wires
such as disclosed in the specification of US Patent No.
25 5,877,943, and that a ball semiconductor device itself

should be developed in order to provide such function

as described above. Also, there some more problems to



- 11 solve before the ball sem conductor device is effectively used for
an ink tank. One of the problens is that a novel device should be provided
in order to formmnmeans for accunulating 5 informati on on such a device as
the ball semiconductor, and that the novel device shoul d be capall &b 2004
making itself very small at first, and then, capable of being driven with
a smal |l anount of power dissipation, whihe -keeping information w thout
bei ng i nfluenced by the 10 fluctuation of energy supplied fromthe

power -supply system and if required, being able to rewite information.
Anot her problemis that the provision of an ink tank which is capable of

perform ng thedivdi begbirenzhe b2a1axekangenducitdiodertiicen isuch as to receive
inquiries fromthe outside and return internal information, not only by
perform ng the fgRe-tway 1k agsd Esiromnofinkhaanttet ect ed internal information
of ink tank to the outside. 20 Still another problemis that the device
that accumul at es ioakoFatthen psbdllethsbe sdrtihagn abpovied. deppildec agh@anldf | ow
el ectric power, together with the provision of power supply systemto
actuate the dee grovidedaiinedridert e tfanin mefanshd opowsIcwMHE YA®DHUr ce 25
should be built in the ink tank to actuate the device, the tank inevitably
becomes |sar gerinforsw biloen onheuchowe destims! \ass ddvec #ald HAFARYEST de t he

tank, it is 1 4 D E 12004 )
and that the novel device should be capable of making

itself very small at first, and then, capable of being
driven with a small amount of power dissipation, while
keeping information without being influenced by the

10 fluctuation of energy supplied from the power-supply
system, and if required, being able to rewrite
information.

Another problem is that the provision of an ink
tank which is capable of performing the bidirectional

15 exchange of information such as to receive inguiries
from the outside and return internal information, not
only by performing the one-way transmission of the
detected internal information of ink tank to the
outside.

20 Still another problem is that the device that
accumulates information should be driven by the
application of low electric power, together with the
provision of power supply system to actuate the device
contained in the tank. If the power-supply source

25 should be built in the ink tank to actuate the device,
the tank inevitably becomes larger. Even when the

power-supply source is provided outside the tank, it is



- 12 still necessary to arrange nmeans for connecting the power-supply
source and the device. This inevitably increases the costs of tank
manuf acture. Thus, the tank cartridge shoul d become expensive. Therngtayg.
the 5 device should be actuated fromthe outside by use of non-contact
means. It is a further problemto be solved that the device should fl oat
on the ink liquid surface in the ink tank er should be capable of residing
inink with a 10 designated depth fromthe liquid surface. For exanple, it
is desirable to position the device on the ink liquid surface in order to
nonitor the changi ng anount of negative pressure in tire series along with
the consunptis@ilQf niekkesisariheol acriange, mading tfors ctinffdcttiilrig 1thé 0 enabl e
the device to float on ink, because it is fornmed by silicon having a
speci fic gravipbwegreapely sbharceatad tAdVIARYeOF THEsS NVENTGADDRY It is an
obj ect of the present invention to provide a solid type sem conductor
devi ce havi nginseeasiety thencbistus biferteindr mashifale toane .be Totuatdee from t he
outside in non-contact so as to be able to detect environnental
i nformati on suanducdrigidge dbeudd hed@t @xpenstioveper firanaferenctlye
efficient communicate with the outside bidirectionally, at the sane tine,
bei ng c&pabl devficgesbonildg behacitmadedalf noondife emtefldendy rnkse @f DEC 2004
- 13
non-contact means.
It is a further problem to be solved that the
device should float on the ink liquid surface in the
ink tank or should be capable of residing in ink with a
10 designated depth from the liquid surface. For example,
it is desirable to position the device on the ink
liquid surface in order to monitor the changing amount
of negative pressure in time series along with the
consumption of ink in the ink tank, but it is difficult
15 to enable the device to flcat on ink, because it is
formed by silicon having a specific gravity greater

than water.

SUMMARY OF THE INVENTION

20 It is an object of the present invention to
provide a solid type semiconductor device having
security function therefor, which can be actuated from
the outside in non-contact so as to be able to detect
environmental information surrounding the device and

25 also, to perform extremely efficient communicate with
the outside bidirectionally, at the same time, being

capable of detecting the internal condition of the ink



tank (such as the kind of ink contained in the tank, internal pressure,
tenperature, pH, ink remainders), and adjusting the pressure inside the
container in non- contact with the outside of the container. It is ﬁk@@ﬁ$m4
objects of the invention to provide a nmethod for manufacturing suc

device, an ink tank provided with the device thus manufactured, an ink jet
cartridge, as well as an ink jet recordijgg_apparatus. It is also the

obj ect of the invention to provide 10 a nethod for adjusting pressure for
adjusting the pressure inside the container, at the sanme tine, to provide
t he conmuni cation systemwhich is actuated in non-contact, be able to

det ect surrouRgdinfig (s@RW RINFBRAL &linidn6e TAki @ondad ned Mh aHe edemely 15
efficient bidirectional communications with the outside, as well as to

provi de the sqhitdihnie preggiucendeehperd@viree Wi h inike reatlirdard ynction to
make it possible to registration fromthe outside, and also, to perform

the user di sChinfl RRAGU@FingERER Pievistirey i d20 tHeC Wonta iskat em oot he
recordi ng apparatus whereby to disable recording by any person other than
the owner or dola@aritt hanhz edepontendel ofy thegicentalinet,. amt tiwe anssory

el ement used for this systemas well. The solid (three-dinensional) type
sem conduct or obecdeviofe thk tiheeprasenttd prentiden ac arypticceEaaner gy
converting means for converting energy fromoutside, and operating nmeans
oper at ed by emangyfacanvdnigeduen deeited @nEiGk2@G@dk pkbvided with
the device thus manufactured, an ink jet cartridge, as
well as an ink jet recording apparatus.
It is also the object of the invention to provide
10 a method for adjusting pressure for adjusting the
pressure inside the container, at the same time, to
provide the communication system which is actuated in
non-contact, be able to detect surrounding
environméntal information and carry out extremely
15 efficient bidirectional communications with the
outside, as well as to provide the solid type
semiconductor device with the security function to make
it possible to registration from the outside, and also,
to perform the user discrimination, hence providing the
20 security system of the recording apparatus whereby to
disable recording by any person other than the owner or
the authorized personnel by registration, and the
memory element used for this system as well.
The solid (three-dimensional) type semiconductor
25 device of the present invention comprises energy

converting means for converting energy from outside,

and operating means operated by energy converted by the



energy converting neans. Al so, the comunication systemof the present
I nvention that uses solid type sem conductor device conprises a liquid
cont ai ner having the solid type 5 senm conductor device arranged therefor;
an oscillation <circuit provided with conductor coil, information /
acquiring neans for acquiring information inside the container, Jecwmfn
means for receiving signals from the eutigide, and information
comuni cating neans for 10 comunicating information to the outside forned
for the solid type sem conductor device; an external resonance circuit
arranged outside the solid type sem conductor device to generate electric
power by magnetmergyndwetieortingemeeers .t he circuit and the oscillation
circuit of the 15 solid type sem conductor device; and an external
comruni cat i on nmeandlfser, ddemavimramiieg ot satttieanatd ytheypréeentcepti on
means and the information communicating means of the solid type
sem conduct or ingwnitden 2Matunsesr sollid et deaficdndyrexerdeyvhgent i on for
manuf acturing a solid type sem conductor device, conprises the steps of
form ng a proteesmirgses |anlidwyd cestadnere Wit g 1id okYiPag openi ng
on a part_of the protection filmA; renovin onlfy t he upper part of 25 the
Si: fornig aSemgceRGuston 1I3aVESen atrﬁ'émigrﬁﬁ’erti@rﬁﬁ Gt A" RFFhELALEPNL he
work formed by the Si and  protection filmA; nmaking the hol]ow portion in
CI ul provide wlil conguctor Coll, lnrormatlion
1 4 DEC 2004 Cipguit d with conduct 1. informat
acquiring means for acquiring information inside the
container, reception means for receiving signals from
the outside, and information communicating means for
10 communicating information to the outside formed for the
solid type semiconductor device; an external resonance
circuit arranged outside the solid type semiconductor
device to generate electric power by magnetic induction
between the circuit and the oscillation circuit of the
15 solid type semiconductor device; and an external
communication means for communicating bidirectionally
by the reception means and the information
communicating means of the solid type semiconductor
device.
20 Further, the method of the present invention for
manufacturing a scolid type semiconductor device,
comprises the steps of forming a protection film A on
the entire surface of Si; forming opening on a part of
the protection film A; removing only the upper part of
25 the Si; forming a protection £ilm B on the inner and

outer surfaces of the work formed by the Si and

protection film A; making the hollow portion in



airtightly closed condition by use of conductive mterial; and form ng
conductor coil made by the conductive material. Al so, the nethod of the
present invention for 5 manufacturing a solid type sem conductor g3¥¥c®
conprises the steps of formng a protection filmA on the entire1 é é
of Si; formng opening on a part of the protection filmA;, renoving only
the upper part of the Si; formng a proygction filmB on the inner and 10
outer surfaces of the work forned by the Si and protection filmA;, making
the hollow portion in airtightly closed condition by use of conductive
material and form ng conductive filmon the entire surface thereof; and

patterning they %‘E&%‘ihw%ﬂﬂsb@ on3 tiib8MGOoREWche coridudmdr by conduct i ve
material. Furt according to the present invention, the security

system of a rgeeLdiing ;aRpAr %b%%lh@ Rbaviudedr Wolil ﬂlard%Cnydlthfﬂa head
cartridge detachably nounted thereon, in which the recording head

cartridge 20 QggﬁthQ%eath@Qg@uzed data hol ding portion for holding as
recogni zed data the personal information recognized by recognizing portion

for recogni zing peng@eal thienfreifol off; thckyesedd Anveindiivg Mwxion for
hol ding key code A, an encode converting portion for encoding 25 the

recogni zefl dat@ntachertiey @ode1Ad aypensedeadoddta tdrolddivigeporti on for
hol di ng the encoded data by the encode data converting portion; an
i nformati on i Rpri4edEE€h20@4epsl@f forming a protection film A on
the entire surface of Si; forming opening on a part of
the protection film A; removing only the upper part of
the Si; forming a protection film B on the inner and
10 outer surfaces of the work formed by the Si and
protection film A; making the hollow portion in
airtightly closed condition by use of conductive
material and forming conductive film on the entire
surface thereof; and patterning the conductive film to
15 from conductor coil made by conductive material.
Further, according to the present invention., the
security system of a recording apparatus is provided
with a recording head cartridge detachably mounted
thereon, in which the recording head cartridge
20 comprises a recognized data holding portion for holding
as recognized data the personal information recognized
by recognizing portion for recognizing personal
information; a key code A holding portion for holding
key code A; an encode converting portion for encoding
25 the recognized data by the key code A; an encoded data
holding portion for holding the encoded data by the

encode data converting portion; an information input



and output portion for receiving the key code A from the recording
apparatus side, and for transmtting the recognized data and the encoded
data to the recording apparatus; an energy converting portion for 4 pt( 2004
converting 5 electronotive force supplied fromthe recording apparatus
side in non-contact into electric power for actuating each of structural
portions, and then, the recording appardbus conprises an energy supplying
portion for supplying electronotive force to the energy 10 converting
portion in non-contact; a key code K setting portion for the owner of
recordi ng apparatus to set the key code K; a key code A holding portion
and a key codendBoldlpgitn@opdrioinof ororraesliging ke &ede cwdnd &P ode B
created fromthe key code K, respectively; an 15 information input and

out put port i ofhorecoxddmc RPPGratvs Idepodddatios tHansRitd iRpethe

sem conductor device, and for receiving the recogni zed data aqg,the
encoded dat a TRcOENiFCd diatd apfe eniGinied e tFevit dhg JEcrdin ogni zed
data hol ding portion for holding the 20 recogni zed data; an encoded data

hol di ng porti GRPAGATYSG| @Pn§ EFdYe REOYET PQEéiﬁﬂ) o SRR i Bor ti on
for decoding the encoded data by the key caode B; .a decoded data hol di ng
portion for h&§Gtg ogeddded fd"ft‘é Wﬁ%ddgdfé’ﬁb t(pt?h\}"éarctqrﬁjgub%rt ion;, a data
Gata 1 or r of cPOREEH i SEB0 R B o deiat i ORROP e o 11 ng
the use of re%%?%&%in%4e%% % %E&d%@ural portions, and then, the
recording apparatus comprises an energy supplying
portion for supplying electromotive force to the energy
10 converting portion in non-contact; a key code K setting
portion for the owner of recording apparatus to set the
key code K; a key code A holding portion and a key code
B holding portion for holding key code A and key code B
created from the key code K, respectively:; an
15 information input and output portion for transmitting
the key code A to the solid type semiconductor device,
and for receiving the recognized data and the encoded
data from the solid type semiconductor device side: a
recognized data holding portion for holding the
20 recognized data; an encoded data holding portion for
holding the encoded data; a decode converting portion
for decoding the encoded data by the key code B: a
decoded data holding portion for holding decoded data
by the decode converting portion; a data comparing
25 portion for comparing the recognized data and the

decoded data for reference: and discrimination

processing portion for admitting the use of recording



apparatus or naking the use thereof inpossible in accordance with the
result of conparison by the data conparing portion. Al so, the ink tank of
the present invention is 5 characterized in that at |east one soligﬂExqm4
sem conduct or device arranged therefor which conprises energy converting
means for converting energy fromthe outside; and operating nmeans operated
by energy converted by the energy conventi ng neans. 10 Further, the ink
tank, which contains ink to be supplied to a discharge head for
di scharging ink, and holds negative pressure in the interior thereof,
conprises pressure adjustnent neans for adjusting negative pressure in the
interior in acppadance Wirt makingeghlel weeptaeseod iimpioise iibdteeriror; and
energy converting neans for converting energy provide fromthe outside
i nto energy ofactioirdenert wiithd theometsivd tendr gymplagr somebat it tdeetgpr essur e
adj ust nent neans. Also, the method of the present invention for 20
adj usti ng presomparing porides.a solid type sem conductor device arranged
for a container holding negative pressure in the interior thereof, and
which is provi dedAlsph phesdmke tadkusifgiie prasenftod nygntsitdmgts negati ve
pressure inside the container in accordance 25 with the internal pressure
of the céntai mwaraskgrdredgyin dchatedt Agagdawaef Goldehams ng ener gy
provided from outside into different kind of energy fromthe energy 14 DEC
2004 - 18 semiconductor device arranged therefor which comprises
energy converting means for converting energy from the
outside; and operating means operated by energy
converted by the energy converting means.
10 Further, the ink tank, which contains ink to be
supplied to a discharge head for discharging ink, and
holds negative pressure in the interior thereof,.
comprises pressure adijustment means for adijusting
negative pressure in the interior in accordance with
15 negative pressure in the interior; and energy
converting means for converting energy provide from the
outside into energy of different kind from the energy
for operating the pressure adjustment means.
Alsc, the method of the present invention for
20 adjusting pressure, which uses a solid type
semiconductor device arranged for a container holding
negative pressure in the interior thereof, and which is
provided with pressure adjustment means for adjusting
negative pressure inside the container in accordance
25 with the internal pressure of the container, and energy

converting means for converting energy provided from

outside intoc dAifferent kind of energy from the energy



in order to operate the pressure adjustnment neans, conprises the step of
keepi ng pressure inside the container regularly by conparing pressure
detected by the pressure detecting nmeans for detecting pressure 5 inside
the container with the pressure inside the container. Further, the4mg6gild
el ement of the present invention conprises energy converting neans for
converting external energy supplied framghe outside in 10 non-contact into
el ectric power, in which personal information is held by actuating the
electric power. Here, in this specification, the term"nmetacenter” means
the intersection point of the Iine of action of weight at the tinme of

bei ng bal ancedn aderhad ioperafte thebpRaRuecaadite thieh afeddic) i nation.
Also, in this specification, the term"solid type" of the "solid type

sem conduct or JapiriSes ThEEatept 0f Kelpude @ldesisi@evarisid: the

t hr ee- di nensi onal shapes, such as a triangle, a sphere, a sem -sphere, a
square 20 col womtad nedt alegudlarlel biypldomplariedy pra ssane adtaddted ot ati ve
body, anong sone others. As the nethod for supplying external energy, it
shoul d be goodhen@uessufreoiet ertdng neansuFolry idedeoctlieet rporeddume force to

the device as the external 25 energy is arranged in the recovery position,
returning podinisidie the aondrded:f eritbheheaprieagarendadida the |ike when
this method is applied to an ink jet 1 4 DEC 2004 - 19

container.

Further, the memory element of the present
invention comprises energy converting means for
converting external energy supplied from the outside in

10 non-contact into electric power, in which personal
information is held by actuating the electric power.

Here, in this specification, the term "metacenter"
means the intersection point of the line of action of
weight at the time of being balanced, and the line of

15 buoyance at the time of inclination.

Also, in this specification, the term "solid type"
of the "solid type semiconductor device" is meant to
include all the various three-dimensional shapes, such
as a triangle, a sphere, a semi-sphere, a square

20 column, a rotatively elliptical body, a mono-axially
rotative body, among some others.

As the method for supplying external energy, it
should be good enough if only means for supplying
electromotive force to the device as the external

25 energy is arranged in the recovery position, returning

position, or arranged for the carriage, head, or the

like when this method is applied to an ink jet



recordi ng apparatus. Besides this, if only an apparatus having neans for
supplying electronotive force is used, it becones possible to detect
internal conditions of an ink tank without ink jet recording 5 a re%mﬁ.
For exanple, therefore, this nethod can be adopted for carrying ﬁgiE
I nspection or the like at a factory or a shop (for quality guarantee).
BRI EF DESCRI PTI ON OF THE DRAW NGS 10 Fig.19l i s a vi ew which shows one
exanpl e of the conventional ink remainder detection device. Fig. 2 is a
vi ew whi ch shows anot her exanple of the fconventional ink remai nder
detection device. Fig. 3 is a block diagramwhich shows the inner 15
structure of aremidinypepmeanondudarideyicteis n ificemlyaage with a first
enbodi ment of the present invention, and al so, represents the
comuni cat i ve apmindch tuorhdhiareofeand Ediheswpp by deg ¢lectdomstavel owchart
which illustrates the 20 operation of the device shown in Fig. 3. Fig. 5
is a bl ock di afpmare wis cseshowist thrcdmarerpost i ure ddétactointerppéd
sem conductor device in accordance with a second enbodi nent of the present
i nventi on, andccatdiolioeprasan siittheadmiiivenf vinkR5jeonoecpodinger eof with
the outside. Fig. 6 is a flowhart which illustrates the operation of the
devi ce shdwn iapgxatss. 1 Bpeaaole - Zoerefore s tkig mebakddragr Bm whi ch
shows the inner

adopted for carrying out inspection or the like at a

factory or a shop (for quality guarantee).

BRIEF DESCRIPTION OF THE DRAWINGS
10 Fig. 1 is a view which shows one example of the
conventional ink remainder detection device.

Fig. 2 is a view which shows another example of
the conventional ink remainder detection device.

Fig. 3 is a block diagram which shows the inner

15 structure of a solid type semiconductor device in
accordance with a first embodiment of the present
invention, and also, represents the communicative
condition thereof with the outside.

Fig. 4 is a flowchart which illustrates the

20 operation of the device shown in Fig. 3.

Fig. 5 is a block diagram which shows the inner
structure of a solid type semiconductor device in
accordance with a second embodiment of the present
invention, and also, represents the communicative

25 condition thereof with the outside.

Fig. 6 is a flowchart which illustrates the

operation of the device shown in Fig. 5.



structure of a solid type sem conductor device in accordance with a third
enbodi nent of the present invention, and al so, represents the

comuni cative 5 condition thereof with the outside. Figs. BA and 8B ia€ 2004
views which illustrate the positions of the device floating on ink in the
ink tank, together with the changes of ink consunption. Fig. 9 is a

fl omchart which shows the process to 02monfirmthe position of device
structured as represented in Fig. 5 and to determ ne whether or not the
repl acenent of tanks is needed. Figs. 10A, 10B and 10C are conceptual views
which illustrate the nethod for using the solid type 15 sem conduct or

devi ce in accordand®dia th s faodridrk elisudiamethigfh tdheows edentinme=nt i on.
Fig. 11 is a view which shows the exanple of the solid type sem conductor
arranged in arsinicturk ehdt sdldd nkgjetsamampndiiation daestimrecied t herewi t h.
20 Fig. 12 is a view which shows the structural exanple of transmtting

t he el ect r onpt3GALTEHRE ghikh ianfldvimd bostinande P dihen RIAgenth solid type
sem conductor device in an ink tank and the ink jet head which is

connect ed t herdWam 1B + RNDIHEC s A9RF B2 hFHH & I AEWHTU R LR Vi ce
sequentially. Fig. 13 is a view which shows one exanple of the ink tank in
whi ch sold t yirddrbidiriest g dheaputsdde £ C 2604 - 21 be arrange

preferably. X X . .
Figs. BA and 8B are views which illustrate the

positions of the device floating on ink in the ink
tank, together with the changes of ink consumption.

Fig. 9 is a flowchart which shows the process to

10 confirm the position of device structured as
represented in Fig. 5, and to determine whether or not
the replacement of tanks is needed.

Figs. 10A, 10B and 10C are conceptual views which
illustrate the method for using the solid type

15 semiconductor device in accordance with a fourth
embodiment of the present invention.

Fig. 11 is a view which shows the example of the
solid type semiconductor arranged in an ink tank and
the ink jet head which is connected therewith.

20 Fig. 12 is a wview which shows the structural
example of transmitting the electromotive force and
information provided for a certain solid type
semiconductor device in an ink tank and the ink jet
head which is connected therewith to the other solid

25 type semiconductor device sequentially.

Fig. 13 is a view which shows one example of the

ink tank in which solid type semiconductor device can



Fig. 14 is a view which shows anot her exanple of the ink tank in which
solid type sem conductor device can be arrange preferably. 5 Fig. 15 is a
vi ew whi ch shows still another exanple of the ink tank in which solid type
sem conductor device can be arrange preferably. Fig. 16 is a viewjwhii€H004
shows a further exanple of the ink tank in which solid type sem conduct or
device 10 can be arrange preferably. R @l 17 is a perspective view which
shows one exanple of the ink jet recording apparatus on which the ink
tank is nounted. Fig. 18 is a conceptual view which illustrates the 15

met hod for using the solid type sem conductor device in accordance with a
fifth enbodi neve aframee PpestetabiIwention. Fig. 19 is a structural view
whi ch schematically shows the ink tank which uses the solid type 20

sen conduct or devi cBL®f lheld id thiewbduicershowd pnoithes exgmppé @hich
shows the extinction wavelength of typical ink (yellow magenta, cyan, and
bl ack). Fig. 2the sink chaws-edihorialsad ey Woe sehovendwetopsdenkceank
schematically in accordance with a sixth enbodinment of the present

i nvention. Fi (capbe AQEramer PTRERFAMIMI ch shows the inner 1 4 DEC 2004 -

22 structure of a SO|Id tyfe sem conductor device in
s a view which shows still another

example of the ink tank in which solid type
semiconductor device can be arrange preferably.

Fig. 16 is a view which shows a further example of
the ink tank in which solid type semiconductor device

10 can be arrange preferably.

Fig. 17 is a perspective view which shows one
example of the ink jet recording apparatus on which the
ink tank is mounted.

Fig. 18 is a conceptual view which illustrates the

15 method for using the so0lid type semiconductor device in
accordance with a f£fifth embodiment of the present
invention.

Fig. 19 is a structural view which schematically
shows the ink tank which uses the solid type

20 semiconductor device of the fifth embodiment.

Fig. 20 is a graph which shows the extinction
wavelength of typical ink (yellow, magenta, cyan, and
black).

Fig. 21 is a cross-sectional view which shows the

25 ink tank schematically in accordance with a sixth
embodiment of the present invention.

Fig. 22 is a block diagram which shows the inner



accordance wth the sixth enbodi nent of the present invention, and al so,
represents the communicative condition thereof with the outside. 5 Fig. 23
is a flowhart which illustrates the ,operation of the solid typﬁu 9004
sem conductor device shown in Fig. 22. Fig. 24 is a block diagra mﬂt%%
shows the inner structure of a solid type sem conductor device in 10
accordance wth a seventh enbodi nent of- tdee present invention, and al so,
represents the comuni cative condition thereof with the outside. Fig. 25
is a flowhart which illustrates the operation of the solid type

sem conductor device shown 15 in Fig. 24. Fig. 26 is a view which

Il lustrates onetexcigte of atdelsd rugparewmicoprassiore éalyice nemt neans
provided for the solid type sem'conductor of the present invention. Figs.
27A, 27B, 27C ag@;davee wWwifth arhe 27t emizglinenvs ofhithe ipresentte t he
manuf acturi ng process of pressure adjustnment neans. Fig. 28 is a plan view
whi ch shows t hEnegntibn ypand stid@orkRereTettay | tde regmegeicabive Figs. 27A
to 27G. Fig. 29 is a view which shows the equivalent 25 circuit of

el ectrical streRRrdieion|theaxpab wiidssthe owdikd ment nmeans represented in
Fig. 26. Fig. 30 is a timng chart which shows one exanple 1 4 D E C 2004 -

23 of signals applH¥# 193 the o Ve rided drild balseates the

operation of the solid type semiconductor device shown
in Fig. 22.

Fig. 24 is a block diagram which shows the inner

structure of a solid type semiconductor device in

10 accordance with a seventh embodiment of the present
invention, and also, represents the communicative
condition thereof with the outside.

Fig. 25 is a flowchart which illustrates the
operation of the s0lid type semiconductor device shown

15 in Fig. 24.

Fig. 26 is a view which illustrates one example of
the structure of pressure adjustment means provided for
the so0lid type semiconductcr of the present inventicon.

Figs. 27A, 27B, 27C, 27D, 27E, 27F and 27G are

20 views which illustrate the manufacturing process of
pressure adjustment means.

Fig. 28 is a plan view which shows the sclid type
semiconductor device represented in Figs. 27A to 27G.

Fig. 29 is a view which shows the equivalent

25 circuit of electrical structure related to pressure
adjustment means represented in Fig. 26.

Fig. 30 is a timing chart which shows one example



el ectrode of pressure adjustnment nmeans represented in Fig. 26. Fig. 31 is
a view which illustrates one exanple of 5 the structure of pressure
detection neans provided for the solid type sem conductor of theqpygdeins
invention. Figs. 32A, 32B, 32C and 32D are views which illustrate the
manuf acturi ng process of pressure detection neans shown in Fig. 31. 10
Figs. 33E, 33F, 33G and 33H are views whiggh -illustrate the nmanufacturing
process of pressure detection neans shown in Fig. 31 after the process
shown in Figs. 32A to 32D. Fig. 34 is a view which shows the circuit that
15 nmonitors the output frompolysilicon resistive |layer represented in
Fig. 31. Fig. & sigrmaly egplsiant itonalhe ivailwhicleshioydes seh@maseal |y

anot her exanple of the ink tank to which the present invention is

appl i cabl e. 2CTardfe icf pndsannehiadh wehoven tonee axanmpepro$entad einal
pressure information to be witten on the solid type sem conductor device
in the graphiddgfd®ea Fig. 37 is a view which shows anot her exanpl e of
internal pressure information to be witten on the 25 solid type

sem conduct or devi ddd.n 3lhdgraaphiesalwifigthmilRigtra88:§ some pexappiei ¢€ vi ew
whi ch schematically shows another exanple of the ink jet recording 14 DEC
2004 - 245 appdraatttruc-ugd of ke sgEse e tiantenn dreans apppvidgiefor

the solid type semiconductor of the present invention.

Figs. 32A, 32B, 32C and 32D are views which
illustrate the manufacturing process of pressure
detection means shown in Fig. 31.

10 Figs. 33E, 33F, 33G and 33H are views which
illustrate the manufacturing process of pressure
detection means shown in Fig. 31 after the process
shown in Figs. 32A to 32D.

Fig. 34 is a view which shows the circuit that

i5 monitors the output from polysilicon resistive layer
represented in Fig. 31.

Fig. 35 is a cross-sectional view which shows
schematically another example of the ink tank to which
the present invention is applicable.

20 Fig. 36 is a view which shows one example of
internal pressure information to be written on the
solid type semiconductor device in the graphical form.

Fig. 37 is a view which shows another example of
internal pressure information to be written on the

25 solid type semiconductor device in the graphical form.

Fig. 38 is a perspective view which schematically

shows another example of the ink jet recording



Fig. 39 is a view which shows the structure of security systemof the
recordi ng apparatus represented in Fig. 38, and the transm ssion and
reception of data 5 at the time of registration. Fig. 40 is a ViEWD‘ﬁ’ﬁiZW
shows the structure of security system of the recording apparatu
represented in Fig. 38, and the transm ssion and reception of data at the
time of discrimnating the user. 10 Fig. 2414 s a view which shows the
operational flow for the security system of recordi ng apparatus
represented in Fig. 38 at the tinme of registration. Fig. 42 is a view which
shows the operational flow for the security system of recordi ng apparatus
15 represent edappridps 3B athitdie thenprsaditscinivaniaiamgis tapplseableéig. 43
i's a view which shows another application exanple of the solid type

sen conduct or of tHigrékrits 8 Miew WhichRERIvE Ye istruetwss-gcti onal

vi ew whi ch shows schematically a voice input sensor used for the

recogni ti on urfacwiltse@udten 9fsttdyp IEGprding AppaRatiny i ksPydsented
schematically shows the voice input sensor used for the recognition unit
of 25 securi thp Hik-eR8 Figgd 4he & rRANAMHFESHBW At AeReRR i 5l #9t8hows a
finger print sensor used for the recognition unit of 1 4 o E C 2004 - 25
security %ysteﬁﬁ the time of registration.

Fig. 40 is a view which shows the structure of
security system of the recording apparatus represented
in Fig. 38, and the transmission and reception of data
at the time of discriminating the user.

10 Fig. 41 is a view which shows the operational flow
for the security system of recording apparatus
represented in Fig. 38 at the time of registration.

Fig. 42 is a view which shows the operational flow
for the security system of recording apparatus

15 represented in Fig. 38 at the time of discriminating
the user.

Fig. 43 is a view which shows another application
example of the solid type semiconductor of the present
invention.

20 rFrig. 44 is a cross-sectional view which shows
schematically a voice input sensor used for the
recognition unit of security system.

Fig. 45 is a plan view which schematically shows
the voice input sensor used for the recognition unit of

25 security system.

Fig. 46 is a plan view which schematically shows a

finger print sensor used for the recognition unit of



Fig. 47 is a plan view which schematically shows a finger print sensor
used for the recognition unit of security system 5 Fig. 48 is a view

whi ch schematically shows the structure of a head cartridge which can
disable recording as a result of the user discrimnation in the $¢@aCizoM
system Fig. 49 is a viewwhich illustrates the principle 10 of electric
power generation for energy converting _ ngans constituting the solid type
sem conductor device of the present invention. Figs. 50A, 50B, 50C, 50D,
50E, 50F and 50G are views which illustrate one exanple of process of a 15
met hod for manufacturing the solid type sem conductor device of the

pr esent invemgéghrfﬂ$?s dg. @ vertically cut sectional view which
schematically shows the MOS circuit elenent used for the solid type

sen conduct or devi e Pf 4NeiPrLgetn 2PidvwaitdtonsciEgst id2 ly S2Rorsda52C
are views which illustrate the cell structure of ferroelectric nenory.
Fi gs. 53A and H£3Far emviewsseri ah udddistdmrtithe coseh g Dibord ouefabbe t he
solid type sem conductor 25 device manufactured by the method shown in
Figs. 50A to &Satmxphadyktdie. stabilized state in liquid. Figs. 54A and 54B
are views which illustrate the 1 4 D E C 2004 - 26 exanple of ink tank for
which thessolid tygeig. 48 is a view which schematically shows the
structure of a head cartridge which can disable
recording as a result of the user discrimination in the
security system.
Fig. 49 is a view which illustrates the principle
10 of electric power generation for energy converting
means constituting the solid type semiconductor device
of the present invention.
Figs. 50A, 50B, 50C, 50D, 50E, 50F and 50G are
views which illustrate one example of process of a
15 method for manufacturing the so0lid type semiconductor
device of the present invention.
Fig. 51 is a vertically cut sectional view which
schematically shows the N-MOS circuit element used for
the solid type semiconductor device of the present
20 invention.
Figs. 52A, 52B and 52C are views which illustrate
the cell structure of ferroelectric memory.
Figs. 53A and 53B are views which illustrate
conditions to enable the solid type semiconductor
25 device manufactured by the method shown in Figs. 50A to

50G to hold the stabilized state in liquid.

Figs. 54A and 54B are views which illustrate the



sem conductor device of the present invention can be arranged preferably.
Fig. 55 is a viewwhich illustrates the detection 5 of ink amounts. Fig.
56 is view which schematically shows the ECR plasma CVD apparatus1gﬁg€2%?r
manuf acturing the ferroelectrics of FeERAMfor the solid type

sem conductor device. 10 Fig. 57 is a view which shows the flowhart of

bi di recti onal conmuni cati ons between sol iab type sem conductor and
recordi ng apparatus on the transmtting side of the solid type

sem conductor enbodying the present invention. 15 Fig. 58 is a view which
shows the flowchart of bidirectional conmunications between solid type
sem conduct or &#anmler oridi gk dppdt fiar Whigthethe st Mgyt de of the solid

t ype sem conductor enbodying the present invention. 20 DETAI LED

DESCRI PTI ON OFS efHE PREFERRESIEVBEDIVENTS: Mgt Hafinsrentiaem ¢ad ebence to

t he acconpanying drawi ngs, the description will be nmade of the enbodi nents
i n accor dance aEargatk prewEbihvention. 25 Then, the detailed
description will be nade of the enbodinents particularly when the device is
arranged for the if®Eridt ¥ aviek wubd J}-&r‘ét’ﬁf@sde‘in%éi“i’%e‘ithoﬁ) L C

2044 - 27_ not only used for the ink tank, but for other objects,
5 of ink amounts.

Fig. 56 is view which schematically shows the ECR
plasma CVD apparatus used for manufacturing the
ferroelectrics of FeRAM for the solid type
semiconductor device.

10 Fig. 57 is a view which shows the flowchart of
bidirectional communications between solid type
semiconductor and recording apparatus on the
transmitting side cof the sclid type semiconductor
embodying the present invention.

15 Fig. 58 is a view which shows the flowchért of
bidirectional communications between solid type
semiconductor and recording apparatus on the receiving
side of the so0lid type semiconductor embodying the

present invention.

20
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Hereinafter, with reference to the accompanying
drawings, the description will be made of the
embodiments in accordance with the present invention.
25 Then, the detailed description will be made of the

embodiments particularly when the device is arranged

for the interior of an ink tank. Here, the device is



and the sanme effect is obtainable. (First Enbodinent) Fig. 3 is a block

di agram whi ch shows the inner 5 structure of a solid type sem conductor
device in accordance with a first enbodi nent of the present inv Qt'%qm
and al so, represents the conmunicative condition thereof with thg Jhts'%b.
The solid type sem conductor device 11 shown in Fig. 3 conprises the 10
energy converting neans 14 which convertggjthe electronotive force 12
supplied fromthe outside Ato the device 11 in non-contact into electric
power 13; information acquiring nmeans 15 actuated by electric power
obt ai ned by energy converting neans 14; 15 discrimnating neans 16;

i nformation agmtmynaly ngd®aryr thée iad Hakor ait aroX GEReY G jagtgpans 18.
This device is arranged in an ink tank. For the electronotive force which
is supplied tampata edne efdRbtca,s eJmadimamgnet i c i nduction, heat, 1ight,
radiant 20 rays. or the like is preferably usable. Also, it is preferable
to form at | egstimytemEmboctimesiti)i ng neans 14 and i nformati on acquiring
nmeans 15 on the surface or near the surface of the device. Al though
description wll E.gede isn adeétlaidk dirfgraetwhdictactums athenginmeens 25 17
shoul d preferably be structured using FERAM (Ferroel ectric Random Access
Menory) fornedtyucthere @d ectsaldsl tiype BE@2OKIuctZB: devigrerakn on acquiring
means 15 is the one for
accordance with a first embcodiment of the present
invention, and also, represents the communicative
condition thereof with the outside. The so0lid type
semiconductor device 11 shown in Fig. 3 comprises the
10 energy converting means 14 which converts the
electromotive force 12 supplied from the outside A to
the device 11 in non-contact into electric power 13;
information acquiring means 15 actuated by electric
power obtained by energy converting means 1l4;
15 discriminating means 16; information accumulating means
17; and information communicating means 18. This
device is arranged in an ink tank. For the
electromotive force which is supplied to operate the
device, electromagnetic induction, heat, light, radiant
20 rays. or the like is preferably usable. Also, it is
preferable to form at least energy converting means 14
and information acquiring means 15 on the surface or
near the surface of the device. Although description
will be made in detail, information accumulating means
25 17 should preferably be structured using FeRAM

(Ferroelectric Random Access Memory) formed by

ferroelectrics.



acquiring information inside the ink tank, which is the environnental

I nformati on surrounding the device 11. Discrimnating neans 16 conpares
the tank internal 5 information obtained frominformation acquiring nmeans
15 with information stored on information accunulating neans 17 and DEC 2004
determ nes whether or not the tank internal information thus obtained
should be transmtted to the outside. 1#&&rmation accumul ati ng 10 neans 17
accurul ates various conditions which should be conpared with acquiring
tank internal information, as well as the tank internal information

obtai ned from |nfornat|on acquiring neans 15. Information communicating
means 18 converts el®EATIEHIWRCTHDHINS RGRR Yyl ? ol petkOndini £8Fed as tank
internal information in accordance with_ instructions fromdiscrimnating
nmeans 16, and %ﬁ%&ﬂ%ﬂ&ﬂt%ﬂ?QQﬂﬂ@%QReﬁﬁﬁﬂdqrﬁQﬁr%ﬂ*oﬁa“%ndw%bﬁhuﬁﬁcépé it to
the outside B. Here, the |nfornat|on acquir means which |s

applicable to ?Wﬁ?%ﬂﬂW?P?%&x% E%HrEQQhQ%Pgsth%x@ﬁﬁ}??lé& for

d t h ljd .t t d ted
Sphor i Gal i ISEEHE R TPl git THPBAES Hic e “'?n#%f‘”r??%a e
acquirin 2 filmor

b d
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means 17 and determines whether or not the tank
internal informaticn thus obtained should be
transmitted to the outside. Information accumulating

10 means 17 accumulates various conditions which should be
compared with acquiring tank internal information, as
well as the tank internal information obtained from
information acquiring means 15. Information
communicating means 18 converts electric power into

15 energy to be communicated as tank internal information
in accordance with instructions from discriminating
means 16, and displays the tank internal information
and communicate it to the cutside B.

Here, the information acquiring means which is

20 applicable to the so0lid type semiconductor device is
exemplified for description. With solid type
semiconductor device being incorporated on a spherical
silicon, which is arranged in an ink tank, information
acquiring means may be structured in such a manner that

25 (1) Si0, film or SiN film is formed as ion sensitive
film to provide a sensor for detecting pH in ink or (2)

provide a pressure sensor of a diaphragm structure to



sensor for detecting the current position for the detection of ink

remai nders by incorporating photodi ode capable of converting light into
thermal energy for the 5 production of pyroelectric effect or (4) tlho4 DEC 2004
provide a sensor for detecting the presence or absence of ink depending
on the anmpbunt of noisture in the tank by use of conductivity of material
used the sensor, anong sone others. 10-Fg.-4 is a flowhart which
illustrates the operation of device shown in Fig. 3. As referred to in
Fig. 3 and Fig. 4, when electronotive force 12 is provided by the outside
A toward the device 11, energy converting neans 14 converts the

el ectronoti ve deteest 1@2rddsunt ochdreges et r tloe poavek d8. (Thene prohitlhea

el ectric power thus converted, information acquiring neans 15,

di scri m nati ngsemser i6r deforping othaccwnodat i posietos £47, thad

I nformati on communi cati ng neans 18 are actuated. 20 Information acquiring
means 15 thus @etectien efgink ccenaindensibn imct¢Teoraeingkphahkdiofiech is
the environnmental information that surrounds the device, such as ink
remai nders, theaRapde 2 i ernverkigeg atight iptp BRRICM: cePRrIPr E85utBe(st ep
S11 in Fig. 4). Then, 25 discrimpnating nmeans 16 reads out from.i nformation
accunul at ? ng nREPRUATLeMCE PTG MRt NHF chE BP et cdfpht bdtoWwFAVife fank
internal information thus obtained (step 1 4 0 E C 2004 - 30_ S12 in Fig.
4) . Thus, the TRETiONs IRtRCYERG Yk RFesence or absence of ink

depending on the amount of moisture in the tank by use
of conductivity of material used the sensor, among some
others.

10 Fig. 4 is a flowchart which illustrates the
operation of device shown in Fig. 3. As referred to in
Fig. 3 and Fig. 4, when electromotive force 12 is
provided by the outside A toward the device 11, energy
converting means 14 converts the electromotive force 12

15 into the electric power 13. Then, with the electric
power thus converted, information acquiring means 15,
discriminating means 16, information accumulating means
17, and information communicating means 18 are
actuated.

20 Information acquiring means 15 thus actuated
acquires information inside the ink tank, which is the
environmental information that surrounds the device,
such as ink remainders, the kind of ink, temperature,
pH, and internal pressure (step 511 in Fig. 4}. Then,

25 discriminating means 16 reads out from information
accumulating means 17 the conditions which are compared

with the tank internal information thus obtained {step



conpared with the tank internal information thus acquired to determ ne
whet her or not information should be comrunicated (step S13 in Fig. 4).
Here, the 5 discrimnation nade on the basis of the conditions 4 DEC 7004
predeterm ned for information accunmul ating neans 17 are such as té
determ ne that tanks should be replaced, because the ink remainders becone
| ess than the designated value (2 m|Lilzgters, for instance) or the 10 Ph
of ink, the internal pressure, or the Iike has changed greatly, for
exanple. In step S13, if it is determned by discrimnating neans 16 that
there is no need for the current inner condition of ink tank to be

conmuni cat ed tgy 4 hen 15 puis) de, e, itHegmid ian difs thti s WreeDtogondicki on
inside the ink tank is accunmul ated on information accunul ating neans 17

(step S14 in Ridgmpdbed Herth thHesitghidiiscid mridlatint meetisor 6tHids s accunul at ed
i nformati on may be conpared with the next information 20 acquired by
i nformati on acgtiyirel NRAREe tfrmiMes whed tthdthestrept Sti¥ordatdicer shbnati ng
means 16 determnes that tank internal information should be conmmunicated
to the outsidee tdmmelredatiad panesp @it hin iBiqbtd) neddne nedms of ener gy
conversion is converted 25 by information conmunicating nmeans 18 into
energy fas colisuorioatnatgidihenddek dranthe riasrimalofi riffoy mandntiens he
outside. Here, it is possible to use magnetic field, 1 4 DEC 2004 - 31
| i ght, shape, moidetemtiard ifomavsommiichn @eqummilatkdeng means 17 are

such as to determine that tanks should be replaced,

because the ink remainders become less than the

designated value (2 millilitexs, for instance) or the

10 Ph of ink, the internal pressure, or the like has

changed greatly, for example.

In step S13, if it is determined by discriminating
means 16 that there is no need for the current inner
condition of ink tank to be communicated to the

15 outside, the information of the current condition
inside the ink tank is accumulated on information
accumulating means 17 (step S14 in Fig. 4). Here,
using discriminating means 16 this accumulated
information may be compared with the next information

20 acquired by information acquiring means 15.

Also, in the step 513, if discriminating means 16
determines that tank internal information should be
communicated to the outside, the electric power which
is obtained by means of energy conversion is converted

25 by information communicating means 18 into energy for

communicating the ink tank internal information to the

outside. Here, it is possible to use magnetic field,



as energy for effectuating this conmmunication.’ Then, for exanple, if it is
found that ink renmai nders becone |ess than a designated val ue, for
exanmpl e, sounds are 5 nmade to informthe outside B (ink jet recordjhdtC 2004
apparatus, for instance) of the need for replacing tanks (step S15 in Fig.
4). Also, the communicating end is not necessarily an ink jet recording
apparatus, but it may be the eyesight ollauditory sense of a human 10 when
|l ight, shape, color, or sound is used in particular. Further, it nmay be
possi bl e to change conmuni cating nmeans such as using sound for
communi cation yegarding ink remainders, but using light for_conpunication
Fegardi ng pH otid: AR GIKE - Fo AHiErL S Aol | 3P Gt HRAHRE of ARy ce
structured herein is used for_an ink jet .recording apparatus, it is
possibl e Lo | st 1STBATCT G BIah P (HE® ARRPHEAT V1 o B8P0 this
devi ce as external ener on g recaqver | t.i on . where recover eration
Is 20 perforne - o‘?f‘aénqlg%'urlrﬁ"rfgt Ffbssi c’l%‘r%i{)\clﬁéarte J’trH'%a %ezinrarjina(geers r% cgér?ﬁ in the
recordi ng operation. on the c ' itsel f, or e his or the
f%shs r-!than a fes%{r{eita%ﬁ vayll.ie foro.eb)%{e}n;%lr(}a %@%%& §J:£

| i ke. Besi des | s arr angere may D€ pPoSsSi k e 1 nner
conditi ong of Imdé ag;( y ﬁ%tt@i&&ﬁ% ' gik Jq_Lk %getr %Cegéjr}dﬁ% pparatus if
only there is a device I'ch i's provide v&% ans for supplying such
el ectronotive a%ﬁ)z[ﬁ?tus-r,h%r Q[ t‘%ﬁfé&}' &f IfhdBelf ARSSE f‘,ﬁ;_@ngse 1 4 DEC
2004 - 32 the device effectlvéiy or inspecting an i1 nk tank,
tanks (step 515 in Fig. 4). Also, the communicating
end is not necessarily an ink jet recording apparatus,
but it may be the eyesight or auditory sense of a human
10 when light, shape, color, or sound is used in
particular. Further, it may be possible to change
communicating means such as using sound for
communication regarding ink remainders, but using light
for communication regarding pH of ink, or the like.
15 When the so0lid semiconductor device structured
herein is used for an ink jet recording apparatus, it
is possible to install means for supplying the
electromotive force to this device as external energy
on a recover position where recovery operation is
20 performed; on a returning position where the carriage
returns in the recording operation; on the carriage
itself; or on the head itself or the like. Besides
this arrangement, it may be possible to know the inner
condition of ink tank without using an ink jet
25 recording apparatus if only there is a device which is
provided with means for supplying such electromotive

force. Then, for example, it may be possible to use



anong some others, at a factory or at a shop, thus selling ink tank with a
guarantee of quality. In accordance with the present embodi ment, the 5
device is provided with energy converting neans. Thus, there is1qqmﬂﬁmﬂ
for the provision of any electric wres directly connected wth 'the
outside. As a result, the device can be arranged for use in any |ocation
in an object, such as in ink as shown in3¥jdg. 10 13 to Fig. 16 as described
later. Wth the device being arranged in ink, it becomes possible to grasp
the current condition of ink exactly in real time. Al so, with the energy
converting neans which is provided for the device, there is no need for
the 15 arrangefrntasdfideaiss ot nio mtimgpd dieied exd r ombot fark, f or ce whi ch
is required to operate the device (that is, the power-supply source in the
present enbodidmdig , soridustingdd Noat ta plessidte ¢o at ma athop zethbhe device so
that it can be used in any |location of the object, such 20 as a narrow
place or in inkeBEimsfiamk itarfk gvitlB 4 qydxpntdd. offeqealivy. t he present
enbodi ment, electronotive force is supplied in non-contact node, but it
may be possible toladuptordencmdel in tike gires ent ronpedimerbr ckhei s
supplied by being provisionally in contact with the 25 outside, and
subsequens|y, dévideeoheprondahtwicth wndrgY heonest e meandi s FhYpect,
when the FeRAM formed by 1 4 CE C 2004 - 33 ferroelectrics is used as
i nformati on actheme at$ mp need for the provision of any electric
wires directly connected with the outside. As a
result, the device can be arranged for use in any
location in an object, such as in ink as shown in Fig.
10 13 to Fig. 16 as described later. With the device
being arranged in ink, it becomes possible to grasp the
current condition of ink exactly in real time.
Also, with the energy converting means which is
provided for the device, there is no need for the
15 arrangement of means for accumulating the electromotive
force which is required to operate the device (that is,
the power-supply source in the present embodiment),
thus making it possible to miniaturize the device so
that it can be used in any location of the object, such
20 as a narrow place or in ink as shown in Fig. 13 to Fig.
16. Here, for the present embodiment, electromotive
force is supplied in non-contact mode, but it may be
possible to adopt the mode in which electromotive force
is supplied by being provisionally in contact with the
25 outside, and subsequently, it becomes non-contact with

the outside.

In this respect, when the FeRAM formed by



means 17, it beconmes capable of reading and witing data at high speed

| i ke a generally used DRAM (Dynam ¢ Random Access Menory), and also, this
means becomes 5 non-volatile nmenory that can retain data even W th £ DEC 2004
power - supply being cut off. Like this, the FeRAM makes higher access
possi bl e. Then, since the FERAMis non- volatile it does not eliminate data
even if the power- supply is instable, hefite naking the solid type 10

sem conductor device effectively usable for an ink tank. Wth the FeRAM
that stores information to be accunulated, it becones possible to perform
I nformati on processing exactly, as well as to performbidirectional signal

communi cat i onsfadfdelider exéLr gl uesdli peremifeimatidd dovumal aagagto drive
this means. In this respect, with the application of sem conductor process,

the device cafedes fDr etk Stetdss vdpLl€eadf beeddingnand woitimgl t age. As
descri bed above, the FeRAM nakes high speed access possible, while it is

non-vol atil e s@ats 20 WDih topedd Niiled ea dgdme e¥ELy Wi & aDRAME( Pguppliy: bei ng
i nstabl e, and, further, mniaturization possible at | ow power dissipation.
Wth these advmmmm@esac¢émsrﬂﬁﬁwtyb dnd nebsas eliseneapsebéecmnege
I nformati on accunmul ating neans for the solid type sem conductor device. It
is 25 parsicul mohyveldtecle veenary athahkcamnketalys@ataeeweni dithypbe
sem conductor device with these advantages in view, which will be
descri bed | at epowdr4suplPOeeling 3ut AHEH; wikikei hibs nathenFaBaUnmkrkeisng
means 17, that )
higher access possible. Then, since the FeRAM is non-
volatile it does not eliminate data even if the power-
supply is instable, hence making the solid type
10 semiconductor device effectively usable for an ink
tank. With the FeRAM that stores information to be
accumulated, it becomes possible to perform information
processing exactly, as well as to perform bidirecticnal
signal communications with the external equipment at a
15 low voltage to drive this means. In this respect, with
the application of semiconductor process, the device
can be formed smaller, which can be driven at low
voltage. As described above, the FeRAM makes high
speed access possible, while it is non-volatile so as
20 not to eliminate data even with a power-supply being
instable, and, further, miniaturization possible at low
power dissipation. With these advantages, the FeRAM is
formed as extremely effective information accumulating
means for the solid type semiconductor device. It is
25 particularly effective for an ink tank to use the sclid

type semiconductor device with these advantages in

view, which will be described later.



I's, FeERAM forned by ferroelectrics, it beconmes possible to make the

capaci tance of solid type sem conductor device larger if utilizing the
ferroelectric material 5 of FeRAM as capacitor. Wth a |arger capdcj g
of solid type sem conductor device thus arranged, it becones possible to
make the conmunication frequency of solid type sem conductor device
smal l er as described |ater when the soligytype sem conductor device
perfornms 10 signal comrunications with the external equipnent. As a
result, the communication of solid type sem conductor is possible at |ower
frequency to enhance the freedom of communication. (Second Enbodi nent) 15

Fig. 5 is a block djpgsanyihCinsbpwetibe a8BERulatiHG! HeAnaf 13 ,Sahlat type
sem conductor device in accordance with a second enbodi nent of the present

i nvention, andigl SPerAMDPESEREE Sby Nee ePOBVAEERELYE 1€0BdEbineR pHbeka®ien th
the outside. The solid type 20 sem conductor device 21 of the present

enbodi nent showh make Ftife Safo8Dtases enesgyidonypet sagigvaancdérf or
converting into electric power 23 the electronotive force 22 which is
supplied in nofleeHtid aCirdeéonm £ hetidui shgethet brardel betdeei matdtial
I nformation acquiring 25 neans 25 actuated by the electric power which is
obt ai ned by enefgyeREMvastcapacktbns. 24Withsar largati ngpameéasc26of
i nformati on accumul ati ng means 27; 14DEC2004 - 35 information
comuni cat i ng sehid 2fpe apemiecepucbor mdevisce thus arranged, it
becomes possible to make the communicaticn frequency of
solid type semiconductor device smaller as described
later when the solid type semiconductor device performs

10 signal communicaticns with the external equipment. As
a result, the communication of solid type semiconductor
is possible at lower frequency to enhance the freedom
of communication.

{Second Embodiment)

15 Fig. 5 is a block diagram which shows the inner
structure of a solid type semiconductor device in
accordance with a second embodiment of the present
invention, and also, represents the communicative
condition thereof with the outside. The solid type

20 semiconductor device 21 of the present embodiment shown
in Fig. 5 comprises energy converting means 24 for
converting into electric power 23 the electromotive
force 22 which is supplied in non-contact from the
outside A toward the device 21; information acquiring

25 means 25 actuated by the electric power which is

obtained by energy converting means 24; discriminating

means 26; information accumulating means 27;



29. These neans are arranged in an ink tank. What differs fromthe first
enbodi nent is that there is provided a function to receive signals. Al so,
5 el ectromagnetic induction, heat, light, radiation rays, or the {DkE006
applicable as the electronotive force which is required to operate the
device. Also, it is preferable to format |east energy converting neans
24, information acquiring nmeans 25, andijgeception neans 29 10 on the
surface of near the surface. In this respect, it is also preferable to
structure information accunul ating neans 27 by FeRAM fornmed by
ferroelectrics as described above. Information acquiring means 25 acquires

the 15 infor nafsSfnd #1sd i & drfidar it thianK raMtC IR 8 ;S drlie reatep t DoWanéahs

i nformati on surroundi ng the device 21. Reception nmeans 29 receives input
signals 20 frogg  herheys ikt sA dife GitrsmiRed.irDiACHNR Naiilg maeas 26
enabl es information acquiring neans 25 to acquire the 20 tank internal

i nformati on i M pEESrFsanee WHeh fiest rgmbcdisdegrtalis futoan ridoept i b neans 29,

and conpares the tank internal information thus acquired with the
informati on siEFethan 4 fuidiomtcamuailvat ingmeans Alio, det erm ne
whet her or not the acquired tank internal 25 information satisfies the
desi gnat esl congliddrmnagretfiay netduwrt isacumdeadt i gighsan &Vl actomitayes
various conditions to be conpared with the tank internal 1 4 DEC 2004 - 36
i nformati on t mbetleduiked,s appildatdse tdwe tthenlkelectromotive force
which is required to operate the device. Also, it is
preferable to form at least energy converting means 24,
information acquiring means 25, and reception means 29
10 on the surface of near the surface. In this respect,
it is also preferable to structure information
accumulating means 27 by FeRAM formed by ferroelectrics
as described above.
Information acquiring means 25 acguires the
15 information inside the ink tank, which is the
environmental information surrounding the device 21.
Reception means 29 receives input signals 20 from the
outside A or outside B. Discriminating means 26
enables information acquiring means 25 to acquire the
20 tank internal information in accordance with the input
signals from reception means 29, and compares the tank
internal infermation thus acquired with the information
stored on information accumulating means 27 to
determine whether or not the acquired tank internal
25 information satisfies the designated conditions.

Information accumulating means 27 accumulates various

conditions to be compared with the tank internal



internal information acquired frominformation acquiring neans 25.

I nformati on conmuni cati ng neans 28 converts electric power by the
instruction from5 discrimnating nmeans 26 into energy for comu ifﬁﬁﬂfﬁﬂ
to the tank internal information, and then, displays the result 'o

di scrim nation provided by discrimnating neans 26 on the outside A
outside B, or outside C and communi categgtherewith accordingly. 10 Fig. 6
is a flowmhart which illustrates the operation of device shown in Fig. 5.
In Fig. 5 and Fig. 6, the electronotive force 22 is supplied fromthe
outside A toward the device 21, and then, energy converting neans 24

converts the ghgeimarabnyeof secacddited,0 a8l e@l aspater t2hk Wth the
el ectric power thus converted, information acquiring neans 25,

di scri m nat i ng p#eans 128 nfoRfhativhi @ qeaeed faimd nfeansat i i nf or mati on
comuni cati ng neans 28, and reception neans 29 are actuated. 20 In this
condi tion, thecouisiiag Aeahsoussi denBortraaniom conmuntiva tdeng owe&is t B
signal 30 which is used for inquiring the information inside the ink tank.
This input sigealvel@s elebtiriexpoples, byhehs dmalt rudtdoebyEntam i nquire
whet her or not ink still remains in 25 the ink tank, which is received by
recepti ors neamd s29 imintdp ng2 heiamsFi2g. idto Emengvdifooy icamyain igp beRds 26
enabl es information acquiring nmeans 25 to acquire the 1 4 DEC 1004 - 37
i nformation i ni dédet tanknkinttamoals dclf cgmatienanemg tdfen, displays
the result of discrimination provided by discriminating
means 26 on the outside A, outside B, or outside C and
communicates therewith accordingly.

10 Fig. 6 is a flowchart which illustrates the
operation of device shown in Fig. 5. In Fig. 5 and
Fig. 6, the electromotive force 22 is supplied from the
outside A toward the device 21, and then, energy
converting means 24 converts the electromotive force 22

15 to electric power 23. With the electric power thus
converted, information acquiring means 25,
discriminating means 26, information accumulating means
27, information communicating means 28, and reception
means 29 are actuated.

20 In this condition, the outside A or outside B
transmits to the device 21 the signal 30 which is used
for inquiring the information inside the ink tank.

This input signal 30 is, for example, the signal
whereby to inquire whether or not ink still remains in

25 the ink tank, which is received by reception means 29

(step S21 in Fig. 6). Then, discriminating means 26

enables information acquiring means 25 to acquire the



I nk remai nders, the kind of ink, tenperature, and pH (step S22 in Fig. 6),
and also, to read out the conditions frominformation accunmulatin i

27 to 5 which the acquired tank internal information is referenceg E@E@U‘
S23 in Fig. 6), thus determ ning whether or not the acquired information
satisfies the set conditions (step S24 in Fig. 6). If it is found in the
step S24 that the acquired 10 informati 87 does not satisfy the set
conditions, the nessage of being unsatisfied is communicated to the
outside A outside B or outside C. If it is found that the acquired

I nformati on satisfies the set conditions, the nessage is comrunicated
accordi ngly (din€por$2asignd ins3dst gpeSAGK tAank.hisiglumst dihe amoumly dfe

possi ble to communicate with the outside regarding the acquired

i nformati on tdgét remajindierishe thes iindofofdiigds.i fempear@iurethiand dfhuni cati on
is carried out by the information conmunicating neans 28 which converts
the el ectric AGteOWSR20BMaFAEd BY -eR8EgR ISt &ositsd g it gy for

communi cating the information inside the ink tank to the outside. It is
possi bl e to userfdgiensc frem dnformghdons Resamud@tdng S@add i</ wele, sound,
or the like as energy for performng this conmuni cation, and the 25
comuni c&t i on “Hd&& BEIHERFe dBPE iR LECOG ddEe THAH O™ S resul t of

di scrimnation, and also, in a rdance w th the contents of question to
be answered (f&feFeRCsEC (5568 -%%§8l“efd1$pl &) iAo AP THER A HE | nk

remai nders ar%hg%%%r or not the acquired information satisfies the

set conditions (step 524 in Fig. 6).
If it is found in the step S5S24 that the acquired

10 information does not satisfy the set conditions, the
message of being unsatisfied is communicated to the
outside A, outside B or outside C. If it is found that
the acquired information satisfies the set conditions,
the message is communicated accordingly (step S25 and

15 step S26). At this juncture, it may be possible to
communicate with the outside regarding the acquired
information together with the result of discrimination.
This communication is carried out by the information
communicating means 28 which converts the electric

20 power obtained by enexrgy conversion into energy for
communicating the information inside the ink tank to
the outside. It is possible to use magnetic field,
light, shape, color, eclectic wave, sound, or the like
as energy for performing this communication, and the

25 communication mode may be changeable in accordance with
the result of discriminaticn, and also, in accordance

with the contents of question to be answered (for



than a designated amount (2 mlliliters, for instance) or whether or not
the pH of ink has changed or the Ilike). 5 Also, it may be possible, t
provi de el ectronotive force for the device 21 together with input &ﬁ@ﬁgﬂm4
30 fromthe outside A or outside B. For exanple, the electronotive force
may be used separately as signal for inquiring of the ink remainders if it
Is 10 el ectromagnetic induction, and as signmal for inquiring of the pH
condition of ink if it is light. In accordance with the present enbodi nent,
there is provided the function to receive signals fromthe outside.
Therefore, in addition to the effects 15 obtainable fromthe first

enbodi nent , i teXampgites whsddwhlar fat ttHee pids agpgmaibdel sredre tbeadiswer
various signalized questions fromthe outside, hence naking it possible
to perform corfiidl @atdesHgnsdiate et devittel L Bkt &8 siffRr bl FaREe bnal | y.
20 In this respect, the description has been made of the preferable device
to be arrange®q ¥h&thaik emmet Wil Rhatfetbile hae chaRTe i @F as%ined to be
provided with information acquiring nmeans. However, it is to be

under st ood t hati¥®e fundamental structure of the 25 present enbodi nent is
the solid type sem _conductor device having no inforpation acquiring nmeans,

but capable of outhPRr?i g HY iIF FMRIVF stORIP TS R 2004 -

39 on the device to the outside in response to the jnput
force for the device 21 t geéaer wigh inéht signal 30

from the outside A or outside B. For example, the
electromotive force may be used separately as signal
for inguiring ¢f the ink remainders if it is

10 eleétromagnetic induction, and as signal for inquiring
of the pH condition of ink if it is light.

In accordance with the present embodiment, there
is provided the function to receive signals from the
outside. Therefore, in addition to the effects

15 obtainable from the first embodiment, it becomes
possible for the present embodiment to answer wvarious
gsignalized questions from the outside, hence making it
possible to perform communications between the device
and outside bidirectionally.

20 In this respect, the description has been made of
the preferable device to be arranged in an ink tank,
and therefore the device is assumed to be provided with
information acquiring means. However, it is to be
understood that the fundamental structure of the

25 present embodiment is the solid type semiconductor
device having no information acquiring means, but

capable of outputting the information stored in advance



signals fromthe outside. (Third Enbodinent) Fig. 7 is a bl ock diagram

whi ch shows the inner 5 structure of a solid type sem conductor devgﬁgtbmé
accordance with a third enbodi nent of the present invention, and al so,
represents the comunicative condition thereof with the outside. The solid
type sem conductor device 31 of the present enbodi ment shown 10 in Fig. 7
conprises energy converting nmeans 34 far zgcanverting into electric power 33
the el ectronmotive force 32 which is supplied in non-contact fromthe
outside A toward the device 31; buoyance generating means 35 for

gener ati ng buoyance by use of the electric 15 power which is obtained by

energy convertdaHeasridh tol e JRHIMalh Afdshgask | o athe Nknpaek. I'n
accordance with present enbodi nent, when the electronotive force 32 is

provi ded fromdinmhaod Srden Ahd omglidene device 31, energy converting neans
34 20 converts the electronotive force 32 into the electric power 33. By
use of the el gctHiil mEawerdid®ntjuoyance generating neans 35 generates
buoyance so as to enable the device 31 to float on the ink |iquid surface.
This buoyance is rlg.neceassa idoal rdingathn ovtriedi dehows tttee 2bnnak |1 qui d
surface, but enable the device to be positioned belowthe ink Iiquid
surface iy a spemidtiure difstaarsee ivhderpeamencigauist tanc edesiocceasito prevent Z
4 0 EC 2004 - 40 discharge frombeing effectuated in a state where ink
accordance with a third embodiment of the present
invention, and also, represents the communicative
condition thereof with the outside. The scolid type
semiconductor device 31 of the present embodiment shown
10 in Fig. 7 comprises energy converting means 34 for
converting into electric power 33 the electromotive
force 32 which is supplied in non-contact from the
outside A toward the device 31; buoyance generating
means 35 for generating buoyance by use of the electric
15 power which is obtained by energy converting means 34.
These means are arranged in an ink tank.
In accordance with present embodiment, when the
electromotive force 32 is provided from the outside A
toward the device 31, energy converting means 34
20 converts the electromotive force 32 into the electric
power 33. By use of the electric power 33, buoyance
generating means 35 generates buoyance so as to enable
the device 31 to float on the ink ligquid surface. This
buoyance is not necessarily arranged to reside on the
25 ink liquid surface, but enable the device to be

positioned below the ink liquid surface by a specific

distance under any circumstances so as to prevent



I's not avail able. For exanple, Fig. BA and Fig. 8B illustrate the
positions of device 31 residing in ink in the ink tank 5 along mﬁtw4qﬂ%2mu
changes of ink consunption. In the tank structured with the ink chanber
containing ink directly, and the absorbent chanmber containing a negative
pressure generating nenber in it, which are communicated by the

comuni cating portion 39 as shown 10 in Hoy.- 8A, ink is retained in the
negative pressure generating nmenber 37 in an anount equivalent to the ink
whi ch has been consuned along with ink being led out fromthe negative
pressure generating nmenber 37 through the ink supply port 36. Thus, the
solid type 15 &Gpdlhvorgiciorm dedree FlfaqtuatieB8muy est attonwheand hinke

| owered position of ink liquid surface H due to ink consunption while it
still resides el taraikdbléquid surface H by a specific distance (Fig.
8B). Fig. 9 is a flowhart to confirmthe position of 20 device 31, and
det er mi ne whet her diomdxanpls. deices Sy yand & irppl8cd Hlarddsca i t bheef er ence
to steps S31 to S34 in Fig. 7 and Fig. 9, light is emtted fromthe

outsi de A or RRASHRNSB qlartlevikcy etl reasdddingg ldpgdadatios, therink ntagkce)
toward the device 31. Then, the light is 25 received by the outside A

out si de B (t heé@}eng jveith i rdiangeih pf dinks consrampisitoghce)In okheutanige C,
thus detecting the position of device 31. The ink jet 1 4 D E C 2004 -- 4
1 recording Gted Fitedha gk chaphedt gafitfdning ink

directly, and the absorbent chamber containing a
negative pressure generating member in it, which are
communicated by the communicating portion 39 as shown

10 in Fig. 8A, ink is retained in the negative pressure
generating member 37 in an amount equivalent to the ink
which has been consumed along with ink being led out
from the negative pressure generating member 37 through
the ink supply port 36. Thus, the solid type

15 semiconductor device 31 in ink 38 moves along with the
lowered position of ink liquid surface H due to ink
consumption while it still resides below the ink liquid
surface H by a specific distance (Fig. 8B).

Fig. 9 is a flowchart to confirm the position of

20 device 31, and determine whether or not it is necessary
to replace tanks. With reference to steps S31 to S34
in Fig. 7 and Fig. 9, light is emitted from the outside
A or outside B (an ink jet recording apparatus, for
instance)} toward the device 31. Then, the light is

25 received by the outside A, outside B (the ink jet
recording apparatus, for instance), or outside C, thus

detecting the position of device 31. The ink jet



whether or not it is necessary to replace tanks or the |I|ike by the
detected position of device. If it is found necessary to replace thhl&[ 2004
notification is made 5 accordingly by use of sound or light. For this
detection of device positions, light emtting neans and photosensitive
means are arranged to face each other to confirmthe position of device
when no light is allowed to pass the devdke-or to confirmit 10 when

phot osensitive nmeans senses the reflection of light emtted fromliquid
emtting means. Further, as described later, it nay be possible to arrange
the structure so that the solid type sem conductor device 31 itself
becones |ight veferdihggnepparating efi tkRenighliowsdt boadetphoinsensitive
means provi ded outside the tank. |In accordance with the present

embodi ment, itwhebherear prRti bt el$ onecessaky dbei cepla¢espankbverothehe

envi ronment surroundi ng the device, because the device can be positioned
al ways at a dekikedbyoehg i dptegteod romvkien ngftdevirect r bholtvésforce from
t he outside wusing_energy converting neans even when the buoyance or the
li ke required FORNYREERIFIEY nBY EPahCeS dtRNED, tRetifii¢rbiencdsi Rageavity
of liquid or other environmental conditions where the device is used. 25

In this raspecfCCPRELIBIEERT BFHRF e M eST bel9RBrbi ned with the first and

second enbodi nents _descrjbed above. 1 4 DEC 2004 -- 4 2 (Fourth
Enbodi nent) For this detection of device positions, light

emitting means and photosensitive means are arranged to
face each other to confirm the position of device when
no light is allowed to pass the device or to confirm it

1o when photosensitive means senses the reflection of
light emitted from liquid emitting means. Further, as
described later, it may be possible to arrange the
structure so that the solid type semiconductor device
31 itself becomes light emitting means, and emits light

15 toward photosensitive means provided outside the tank.

In accordance with the present embodiment, it

becomes possible to use the device irrespective of the
environment surrounding the device, because the device
can be positioned always at a desired location by

20 converting the electromotive force from the outside
using energy converting means even when the buoyance or
the like required for the device may change due to the
difference in gravity of liquid or other environmental
conditions where the device is used.

25 In this respect, the present embodiment may be
combined with the first and second embodiments

described above.



Figs. 10A to 10C are conceptual views which illustrate the nethod for
using the solid type sem conductor device in accordance with a fourth
enbodi ment of the present invention. The present enbodi nent is strﬁldetﬂfrﬁe?ﬂm
by adding to the solid type sem conductor device of the first or second
enbodi nent a function to communicate information to other devices, and a
plurality of such devices are 10 arrangetin an object. For the exanple
shown in Fig. 10A, a plurality of solid type sem conductor devices of the
first enbodinment are arranged in the object. Wien electronotive force E
I's supplied fromthe outside A or 15 outside B to each of the devices, each
of them acqui reé&ougte Emkedirrtht al i nfornmati on surroundi ng each of them
respectively. Then, the acquired information a of the device 41 is
conmuni cated to t heF B cOMO0 JHC 1 2 RRFPRENAhi BielE i W@ and b of the
device 41 and 20 device 42 are conmmuni cated to the next device one after
anot her. The IB5tugfefAlce e JORHRAR cEResuSiPgt Hhe %%Jqlcﬁr'é@?nfornatlon to
t he outside A or out5|de B. Also, for the exanple shown in Fig. 10B, a
plurality of s%ef‘?’occf%éc%%"rn%%‘fﬂd‘tﬁ:t’o‘ﬂ YPTRGT YHE! 25EREHRd enbodi ment

are arranged in an obj ect d el ectro tive force Eis supplied fromthe
out si de Ag érg: (4 at}&% RFeTH d’e’W%‘é'élmThen when a 1 4 DEC 2004 -

43 specifi Cal l y Sl‘lgrpéal | Zeesgen eesnt:ll.oogln%nts p”%f-&é’t&éé)&” lg{r]eaddlng to

the solid type semiconductor device of the first or

second embodiment a function to communicate information

to other devices, and a plurality of such devices are
10 arranged in an object.

For the example shown in Fig. 10A, a plurality of
solid type semiconductor devices of the first
embodiment are arranged in the object. When
electromotive force E is supplied from the outside A or

15 outside B to each of the devices, each of them acquires
the environmental information surrounding each of them,
respectively. Then, the acgquired information a of the
device 41 is communicated to the device 42, and the
acguired information a and b of the device 41 and

20 device 42 are communicated to the next device one after
another. The last device 43 communicates all the
acquired information to the outside A or outside B.

Also, for the example shown in Fig. 10B, a
plurality of solid type seniconductor devices of the

25 second embodiment are arranged in an object, and
electromotive force E is supplied from the outside A or

outside B to each of the devices. Then, when a



outside A or outside B to the device 53, for exanple, the device 51 or
device 52, which corresponds to the contents of such question, acquj DES 2004
information 5 corresponding to the question and answers it. The answer
fromthe device 51 or device 52 to such question is comrunicated to other
devices one after another, and the answer is nade fromthe desired device
53 to the outside A outside B or outsideg G 10 Also, for the exanple
shown in Fig. 10C, a plurality of solid type sem conductor devices of the
second enbodi nent are arranged in an object, and electronotive force Eis
supplied fromthe outside A or outside B to each of the devices. Then,
when a cert ai repecis el 1Y ssignnitized] fquss timn dutiss denpubtedufsdmetBet o

t he device 63, for exanple, such signal is communicated to the device 62
and devi ce 61 wHsigda & AhcrHaiderl talidy dastide o + oA a®P 88 on t he
outside A, outside B or outside C. 20 Here, for the exan&)I es shown in
Figs. 10A to 19€ dawessdl X v K Yon Mtk Dy RmesPUIds heR t Hired

enbodi ment, which is provided with buoyance generating neans, may be used
as one of pl ure@n&ig af FeIch IRt ACHEVIRRSINEE M PN Fj g, " 11 shows
the structural exanple in which solid type sem conductor devices are
arranged by SRFRFRAEIRE Sshiing rﬂjletsrﬁis‘g‘ Gnd WS 1t he ®%ond 1 4 BE

C 2004 - 44 of Lhe thifd §ibofiyent Jn an Jak L A &, 88Qidif%on
is communicated teo other devices one after another, and
the answer is made from the desired device 53 to the
outside A, outside B or outside C.

10 Also, for the example shown in Fig. 10C, a
plurality of solid type semiconductor devices of the
second embodiment are arranged in an object, and
electromotive force E 1s supplied from the outside A or
outside B to each of the devices. Then, when a certain

15 signal is inputted from the outside A or outside B to
the device 63, for example, such signal is communicated
to the device 62 and device 61 one after another, and
displayed from the device 63 on the ocutside A, outside
B or outside C.

20 Here, for the examples shown in Figs. 10&A to 10C,
the solid type semiconductor device of the third
embodiment, which is provided with buoyance generating
means, may be used as one of plural solid type
semiconductor devices.

25 Algso, Fig. 11 shows the structural example in
which solid type semiconductor devices are arranged by

appropriately combining those of the first, the second



head, respectively. In Fig. 11, a reference mark W designates the
directions of printing scans, and E, electronotive force. For this
exanple, the solid type 5 sem conductor device 71, which is forned B
adding to the first embodiment the device of third enbodi ment ha E@Zﬂﬁ"
buoyant generating neans, and al so, having information conmmunicating
function to the other device 79, is arramged in a desired position in ink
73 in the 10 ink tank 72. On the other hand, for the recording head 78

t hat di scharges fromthe discharge port 77 the ink supplied through the
liquid path 75 and liquid chanber 76 connected with the ink supply port 74
of ink tank %% tHee t3aldd enppa isemitcdnduest dnkdendnde aff is meecandiedg 15
which is formed by adding ID function (identifying function) to the solid
type sem condurdznt, desspee tdfvelyecorich éifgndilienta rEfeqsowsy nsupplW to the
device 79 may be made by the contact between the electrode portion
arranged on t hiesigrames dhet Hd metionsand o A0 ngpracests n@mpbrEi on on t he
surface of electric base board arranged to drive the recording head 78.
Then, when el edtgcmminiotd vfeorfoerdes. sdjopl itdd o revampliee diltssisiel 1d et of the
devices 71 and 79, the device 71 in ink acquires ink remainder

i nf or mat i%n, 2&rfigronguarhsire deatidea Hd .detiich 75 Geaned st g nedd  si de
communi cates to the device 71 the ID information which is needed for

det er ni ni ng t Hévar pinsdematoddmenik theq depdcrpedf -thigd rephedimenh  t he
device 71 conpares the acquired ink

having buoyant generating means, and also, having
information communicating function to the other device
79, is arranged in a desired position in ink 73 in the

10 ink tank 72. On the other hand, for the recording head
78 that discharges from the discharge port 77 the ink
supplied through the liquid path 75 and liquid chamber
76 connected with the ink supply port 74 of ink tank
72, the solid type semiconductor device 79 is arranged,

15 which is formed by adding ID function (identifying
function) to the solid type semiconductor device of
gsecond embodiment. The power supply to the device 79
may be made by the contact between the electrode
portion arranged on the surface of the device and the

20 contacting portion on the surface of electric base
board arranged to drive the recording head 78.

Then, when electromotive force is supplied from
the outside to each of the devices 71 and 79, the
device 71 in ink acquires ink remainder information,

25 for example, and the device 79 on the recording head
side communicates to the device 71 the ID information

which is needed for determining the replacement of ink



remai nder information with the IDinformation. If there is agreenent
between them it communicates with the device 79 to instruct the1oyggjﬂﬁ4
for the tank 5 replacenent. \Wen receiving such conmunication, the device
79 transmits signals to the outside for the tank replacenent or outputs
sound or light to appeal the -eyesight or auditory sense of human bei ng
accordingly. As described above, wth thgsacrangenent of plural 10 devices
in an object, it beconmes possible to define conplicated informational
conditions. Also, the exanples shown in Figs. 10Ato I10OC and Fig. 11 are
structured to supply electronotive force to each of solid type

sem conduct or anlkdl. t MGear,r ahgederticdS 7ils coapaneseshar idoygdiirad echk her et o.
It may be possible to arrange structure so that the el ectronotive force
supplied to aresidididerdavifoemasibhardnht thd T0 tih€oreishdrordeviies one after
anot her together with required information. For exanple, as shown in Fig.
12, the 20 solthéreypie semeecerdicbertwdewni chedl, iwhicommus ifcartes] wiyth addi ng
to the first enbodi nent the buoyance generating mneans of third enbodi nent,
function to cammudiesdice 7i9ntor dasitamcto tbehentdddiecdor dheandidnlas

el ectronotive force supplying function, and the solid type 25

senmi condukct or mpliacen@t .whitbleni setedmdd gbyugtidicogumus iaatd ofec otk

enbodi ment the buoyance generating nmeans of third enbodi ment, function to
communi cat e i rifeorimgt i70n tranpspECs26049n2a1s6 tor dhet et sdde dor e viedtkas

el ectronotive force

replacement or outputs sound or light to appeal the
eyesight or auditory sense of human being accordingly.
As described above, with the arrangement of plural

10 devices in an object, it becomes possible to define

complicated informational conditions.
Also, the examples shown in Figs. 10A to 10C and

Fig. 11 are structured to supply electromotive force to
each of solid type semiconductors, but the arrangement

15 is not necessarily limited thereto. It may be possible
to arrange structure so that the electromotive force
supplied to a certain device is transmitted to the
other devices one after another together with required
information. For example, as shown in Fig. 12, the

20 solid type semiconductor device 81, which is formed by
adding to the first embodiment the buoyance generating
means of third embodiment, function to communicate
information to other devices, as well as electromotive
force supplying function, and the solid type

25 semiconductor device 82, which is formed by adding to
the second embodiment the buoyance generating means of

third embodiment, function to communicate information



supplying function, are arranged in ink 73 in the ink tank 72 in the sane
way as shown in Fig. 11, respectively. On the other hand, for the
recording 5 head 78 which is connected with the ink tank 72, there, |
arranged the solid type sem conductor device 83 of second enbodim%ﬁﬁm&m@%
Is provided with the ID function (identifying function). The electric
power supply to the device 83 nay be madeg by contacting the 10 el ectrode
portion on the surface of the device with the <contacting portion on the

el ectric base board arranged to drive the recording head 78. In Fig. 12, a
ref erence mark E designates electronotive force, and W the directions of

printing scanto brnEiedevies ,elascivedDhisveleereomos ivepFored from the
outside to the device 81, the device 81 which resides in ink acquires ink

remai nder i nf gupplliyang fahctevanplate andabge@anas inki 93i dhortiet iiortk Wi th the
regul ated i nner conditions, and if conmunication with 20 the other devices
I's found necesamky,72t Ha ithlke sene wagr asi showmmatinoRighudlacquired i s

comuni cated to the device 82 together with electronotive force to operate
the device 8%esthetdeeilge 82nwiheh olthsr beeidyedorhéhsupgloprdifng

el ectronotive force receives the ink remainder 25 information communi cat ed
from t he sdevi teadll 78amthizh tilse conames teidnw i thc diver doki ot .orthreagmr di ng
pH of ink, for exanple, and then, transmts electronotive force to 1 4 DEC
2004 - 47 thésdevireagsd dhet Ise Lidc dymien§emdgdnsiugd oo dgydicat 83 et

second embodiment which is provided with the ID
function (identifying function). The electric power
supply to the device 83 may be made by contacting the

10 electrode portion on the surface of the device with the
contacting portion on the electric base board arranged
to drive the recording head 78. 1In Fig. 12, a
reference mark E designates electromotive force, and W,
the directions of printing scans.

15 Then, when electromotive force is supplied from
the ocutside to the device 81, the device 81 which
resides in ink acquires ink remainder information, for
example, and compares this information with the
regulated inner conditions, and if communication with

20 the other devices is found necessary, the ink remainder
information thus acquired is communicated to the device
82 together with electromotive force to operate the
device 82. The device 82 which has received the supply
of electromotive force receives the ink remainder

25 information communicated from the device 81, and at the
same time, acquires information regarding pH of ink,

for example, and then, trarsmits electromotive force to



device 83. Thus, the device 83 on the recording head side, which receives
el ectronotive force thus supplied, communicates ID information to the
device 82 for 5 determning the ink remainders which necessitates thepEl 2004
repl acenent of tanks or determining the current pH of ink. Then, the
device 82 conpares the acquired ink reminder information and pH
information with the ID information thud7conmunicated, and if in
agreenent, 10 conmunicate with the device 83 to instruct the outside for
repl aci ng tanks. Receiving this instruction, the device 83 transmts
signals to the outside for. replacing tanks or outputs sound, light, or the

like to appedit® KEVdFEs iBghootPRUHTRTAINeh LAt HittarF AR the
ol et romat | ve G o F00EL HF TRRATS &b Bt IS GRHCELABGEERYT wth
Lo D L Uy S RS e SR s S ey ™
oo, R o AR O ] WARD  Ade el cat ] o
et et SIS A YRR add T AREHAG, S e cal el
b "o L PR AT Rl XD GEASLER U, S Yo € 2001
ink. Then, the device 82 compares the acquired ink
remainder information and pH information with the ID
information thus communicated, and if in agreement,
io0 communicate with the device 83 to instruct the outside
for replacing tanks. Receiving this instruction, the
device 83 transmits signals to the outside for
replacing tanks or outputs sound, light, or the like to
appeal the eyesight or auditory sense of human being
15 accordingly. In this way, conceivably, there is a
method for supplying electromotive force from a certain
device to other devices together with reguired
information.
In this respect, it is possible for the recording
20 head 78 to adopt the discharge mode known in the field
of ink jet recording, in which ink is bubbled in liquid
flow path by the application of heat generated by
heater or the like, such as electrothermal converting
device, thus discharging ink from each of fine openings
25 communicated with each of the liquid flow path,
respectively, or to adopt the structure in which ink is

discharged by driving piezcelectric device.



structure of an ink tank to which the solid type sem conductor device of
t he above enbodinents is applicable. The ink tank 501 shown in Fig. 13 has
a 5 flexible ink bug 502 containing ink therein arranged in a houqimggﬁ?ﬁé
and the bug opening 502a is closed by neans of a rubber plug 504 fixe 0
t he housing 503. Then, when the hollow needl e 505 which is used for
| eading out ink is pierced through the.rylgber plug 504, 10 ink is supplied
to an ink jet head (not shown). The solid type sem conductor device 506 of
the present invention can be arranged in the ink bug 502 of such ink tank
501 as this. Also, an ink tank 511 shown in Fig. 14 is such 15 that the
ink jet head 515 t haitg.r acornds iy dilschafgivigws mhitoh ai Ileosurhitg theet S is
installed on the ink supply port 514 of the housing 512 containing ink
513. It is passiditgirded o raangak hearsoltiod whyipd e carldidtttorpe devi ce 516 of
the present invention in ink 513 in the 20 tank 511. Also, an ink tank 521
shown in Fig. ddmicrddigtaneieviank ofs e ameres embrod imdsitgs.18A and 8B,
Fig. 11, and Fig. 12, which conprises a conpletely closed first chanber
for contai ni ngappilkicaEtle.a Sronchke taamkers025 shonmaiim MLe. nNeydtasea pressure
generating nmenber 523 in a state of being comunicated with the air
out si de; @and fesciddramimike dtugy & (Rassagm 524 g drdhatileraire grrangdgd 44 DEC
2004 - 49 chanber and the second chanber to be comuni cated on
a housing 503, and the bug opening 502a is closed by
means of a rubber plug 504 fixed to the housing 503.
Then, when the hollow needle 505 which is used for
leading out ink is pierced through the rubber plug 504,
i0 ink is supplied to an ink jet head {(not shown)}. The
solid type semiconductor device 506 of the present
invention can be arranged in the ink bug 502 of such
ink tank 501 as this.
Also, an ink tank 511 shown in Fig. 14 is such
15 that the ink jet head 515 that records by discharging
ink to a recording sheet S is installed on the ink
supply port 514 of the housing 512 containing ink 513.
It is possible to arrange the solid type semiconductor
device 516 of the present invention in ink 513 in the
20 tank 511.
Also, an ink tank 521 shown in Fig. 15 is the same
tank as the one shown in Figs. 8A and 8B, Fig. 11, and
Fig. 12, which comprises a completely closed first
chamber for containing ink 522; a second chamber
25 containing a negative pressure generating member 523 in

a state of being communicated with the air outside; and

the communicative passage 524 to enable the first



the | owest portion of the tank. Wen ink is consuned fromthe ink supply
port 525 on the second chanber side, ink 522 in the first chanber Hs wﬂgmﬂ‘
out to the 5 second chanber in place of the air outside that enters @
first chanmber fromthe second chanber side. In the tank 521 structured in
this manner, the solid type sem conductors 525 and 526 are arranged each
in the first chanber and the second cha#®er, respectively. It 10 is

advi sable to Il et them comunicate with each other regarding ink in each of
t he separated chanbers. Also, an ink tank 531 shown in Fig. 16 is such
that a porous nmenber 532 retaining ink is housed, and then, an ink jet
head 533 is i ndtaaitiead anidertden steeonske chifbienk tohipe reampveicdted reror di ng.
In the tank 531 structured in this manner, the solid type sen conductors
534 and 535 arthearloaegdd peadh om afhdhienkankank Wiede HHY ihecomkuped head
side, respectively. It is advisable to |let them comunicate wth each

ot her 20 regarfdiony tihek ik saeplef pord S@daoa ddiestgerand aghambgy, Fig. 17
is a view which schematically shows the structure of an ink jet recording
appar at us havisigie .ndmit 632t Her dde tHasithicheaemiith ed Proviedetl®ith the
solid type sem conductor device of the present 25 invention. The head
cartri dgé 601 safics whambed dm PHacey R e ddortiidpphat B2 BBBSshown

in Fig. 17 conprises a liquid discharge head to _discharge_ink for % 4 DEC
2004 - 50 reddvdifig sl ichesbeind o ithe seends hahes r g 150 the

tank 521 structured in this manner, the solid type
semiconductors 525 and 526 are arranged each in the
first chamber and the second chamber, respectively. It
10 is advisable to let them communicate with each other
regarding ink in each of the separated chambers.

Also., an ink tank 531 shown in Fig. 16 is such
that a porous member 532 retaining ink is housed, and
then, an ink jet head 533 is installed thereon to use

15 ink thus retained for recording. In the tank 531
structured in this manner, the solid type
semiconductors 534 and 535 are arranged each in the ink
tank side and the ink jet head side, respectively. It
is advisable to let them communicate with each other

20 regarding ink in each of the separated structures.

Now, Fig. 17 is a view which schematically shows
the structure of an ink jet recording apparatus having
mounted thereon the ink tank which is provided with the
solid type semiconductor device of the present

25 invention. The head cartridge 601 which mounted on the
ink jet recording apparatus 600 shown in Fig. 17

comprises a liquid discharge head to discharge ink for



to Fig. 16 in order to retain liquid to be supplied to the liquid
di scharge head. Also, in the recordi ng apparatus 600, there are arranged
means 622 for 5 supplying electronotive force serving as external1 @E@ggw&
to the solid type sem conductor device (devices) arranged in the ink tank,
and neans (not shown) for comunicating information to and from such
device bidirectionally. 10 As shown in [pg.- 17, the head cartridge 601 is
nounted on the carriage 607 which engages with the spiral groove 606 of a
| ead screw 605 rotative through the driving power transm ssion gears 603
and 604 which are interlocked with the regular and reverse rotations 15
of a driving ndesrdldy phhintheadignrdd idge ek racigieaates bygdriyi ng of
the driving notor 602 together with the carriage 607 al ong the gui de 608
in the directt®rsig nhdigatrebiemrtows taiand iyuikheto e g@hppledr tbng
apparatus 600 is provided wth nmeans for 20 carrying recordi ng medi um ( not
shown) for cartle ngicuidprdiddlgyrghdatad sexhdag ias tHe resordimg nedi um
that receives liquid, such as ink, discharged fromthe cartridge 601. The
pressure pl at eagiidcrdtors t600 prihedengresestaigahmdaat R A Pdat en 609 by
means for carrying 25 recording nediumis arranged to press the printing
sheet P t® t hesybmlwine ol asterondis ve daidengaliview iansexidrahk carri age
607. 1 4 DE C 2404 - 51 In the vicinity of on end of the | ead screw 605,
energy to the solid type semiconductor device (devices)
arranged in the ink tank, and means (not shown) for
communicating information to and from such device
bidirectionally.
10 As shown in Fig. 17, the head cartridge 601 is
mounted on the carriage 607 which engages with the
spiral groove 606 of a lead screw 605 rotative through
the driving power transmission gears 603 and 604 which
are interlocked with the regular and reverse rotations
15 of a driving motor 602. The head cartridge 601
reciprocates by driving of the driving motor 602
together with the carriage 607 along the guide 608 in
the directions indicated by arrows a and b. The ink
jet recording apparatus 600 is provided with means for
20 carrying recording medium (not shown) for carrying a
printing sheet P serving as the recording medium that
receives ligquid, such as ink, discharged from the
cartridge 601. The pressure plate 610 for the printing
sheet P carried on a platen 609 by means for carrying
25 recording medium is arranged to press the printing

sheet P to the platen 609 cver the traveling directions

of the carriage 607.



phot ocoupl ers 611 and 612 are arranged. The photocouplers 611 and 612
constitutes the hone position detecting neans which recogni zes the
presence of the 5 | ever 607a of carriage 607 in the region forned tzy[] Egﬁ%
phot ocoupl ers 611 and 612 in order to switch the rotational di re(l,ti(g f
driving notor 602. In the vicinity of one end of the platen 609, a
supporting nenber 613 is arranged to supgort the cap nenber 614 10 that
covers the front end of discharge ports of head <cartridge 601. Al so, ink
suction neans 615 is arranged to suck ink residing inside the cap nenber
614 due to idle discharges fromthe head cartridge 601 or the I|ike. Wth
this ink suction nEanghelyidimd tyucifi am End edovarey lead aarad €S, f or t he
head cartridge 601 through the opening of cap nenber 614. For the ink jet
recordi ng appaiaiivscd@ders rfdiln ansbdl 3 upporannapgeehberTIg19 i s provi ded.
For this main body supporting nenber 619, a novabl e nenber 618 is 20
movabl y suppormrtetaapuriers ditl andl Helck ward tditvdsts diss haneatpdssitiont he
direction at right angles to the traveling direction of the carriage 607.
On the novablde tasfiey GE@nsy WHichninREAsbde 6 1Ehe Pruasange «f R node of
cl eaning bl ade 617 is not necessarily 25 |limted thereto. Any known nodes
of cl eanihg bll&¥enrdpP’pefusirdagauriterin the |ragors fpmmedianged for
initiating suction when suction recovery operation is 1 4 DEC 2404 - 52

carried out bPArFERALHESs §dtl @ dhefts P rdfTerto t9ye tch the

rotational directions of driving motor 602. In the
vicinity of one end of the platen 609, a supporting
member 613 is arranged to support the cap member 614

10 that covers the front end of discharge ports of head
cartridge 601. Also, ink suction means 615 is arranged
to suck ink residing inside the cap member 614 due to
idle discharges from the head cartridge 601 or the
like. With this ink sucticn means 615, the suction

15 recovery is carried out for the head cartridge 601
through the opening of cap member 614.

For the ink jet recording apparatus 600, a main
body supporting member 619 is provided. For this main
body supporting member 619, a movable member 618 is

20 movably supported in the front and backward directions,
that is, in the direction at right angles to the
traveling direction of the carriage 607. On the
movable member 618, a cleaning blade 617 is installed.
The mode of cleaning blade 617 is not necessarily

25 limited thereto. Any known modes of cleaning blade may
be usable. Further, the lever 620 is arranged for

initiating suction when suction recovery operation is



| ever 620 noves along with the novenent of the cam 621 wth which the
carriage 607 engages, and the novenent thereof is controlled by known
transm ssion neans, such 5 as clutch switching of driving power froWME
driving notor 602. On the recordi ng apparatus nmain body side, an § Qﬁ
recording controller is arranged to transmt signals to the heat
generating elenents which are provided ff the head cartridge 601, and
al so, execute 10 the driving controls of each of the mechani sns described
earlier. This controller is not showmn in Fig. 17. The ink jet recording
apparatus 600 thus structured enables the head cartridge 601 to 15
reci procat e ovesrthedestt riey sk hodf ik psuctiow méees 615 . Thehphi, nttheg
sheet Pis carried on the platen 609 by use of the aforesaid neans for
carrying recortengr 620inoves\aehonkiwitly thegnadscmaart seppthedchmosreieans
for supplying driving signals (not shown) to the head 20 cartridge 601 at
the tinme of thwsthoveientthe nkarbage dé07 engagels, | sndli sicaangedmbnam t he
liquid discharge head unit to the recording nmediumfor recording in
accordance w tthaegetf signadstr¢ Fléd hbEnbocvmettgndei s on IiBeassa blobk
di agram whi ch shows the inner structure of the solid type sem conduct or
devi ce i n5 accasdaheechi swileching ho®ndotV bedpt pefer hergr esleat dtigipEC 2004 -
53 invention, and the conmunication thereof with the
motor 602. On the recording apparatus main body side,
an ink ijet recording controller is arranged to transmit
signals to the heat generating elements which are
provided for the head cartridge 601, and also, execute
10 the driving controls of each of the mechanisms
described earlier. This controller is not shown in
Fig. 17.
The ink jet recording apparatus 600 thus
structured enables the head cartridge 601 to
15 reciprocate over the entire width of a printing sheet
P. The printing sheet P is carried on the platen 609
by use of the aforesaid means for carrying recording
medium. When driving signals are supplied from means
for supplying driving signals (not shown) to the head
20 cartridge 601 at the time of this movement, ink
{recording liquid) is discharged from the ligquid
discharge head unit to the recording medium for
recording in accordance with such signals.
(Fifth Embodiment)
25 Fig. 18 is a block diagram which shows the inner

structure of the solid type semiconductor device in

accordance with a fifth embodiment of the present



outside. The solid type sem conductor device 91 shown in Fig. 18 conprises
energy converting neans 94 for converting into electric power 93 the

el ectronotive 5 force 92 which is external energy supplied in non- contact
fromthe outside A toward the device 91; and light emtting neanp4%§Cng
emtting light by use of the electric power which is obtained by energy
converting nean 94. The device is arranged i-nk in an 10 ink tank. Light
emtting means 95 is formed by photodiode or the like. In this respect,

el ectromagnetic induction, heat, |light, radiation rays, or the like is
usable as the electronotive force which is supplied to operate the 15

devi ce. Al so, drvermstides, raabl ettteo dommmrainerigyon cidremsdfi ngi tteattse 94 and | i ght
emtting means 95 on the surface of device or near thereto. In the present
enbodi ment, whertsldect r ditod iscdl id drype Eenicaidientdr aetime oUl ssidewd t owar d
the device 20 91, energy converting neans 94 converts electronotive force
92 into el ectrirc Higverl ®onfhaise usEngrdhewliewattingg poyeens OB [ fght em tting
means 95 emts light 96. The intensity of light 96 thus emtted fromlight
emtting neans@fdtidet dotted eecdtiiousiale B Uk Blpcth®onatavet ruct ur al
vi ew whi ch schematically shows the ink tank that uses the solid type

sem condutt or dmded D whidhsits grdeinplacnamphcunpiied in DEG 2004 - 54

the fifth enbodi ment. The solid type sem conduct or
contact from the outside A toward the device 91; and

light emitting means 95 for emitting light by use of
the electric power which 1s obtained by energy
converting mean 94. The device is arranged ink in an

10 ink tank. Light emitting means 95 is formed by
photodiode or the like.

In this respect, electromagnetic induction, heat,
light, radiation rays, or the like is usable as the
electromotive force which is supplied to operate the

15 device. Also, it is desirable to form energy
converting means 94 and light emitting means 95 on the
surface of device or near thereto.

In the present embodiment, when electromotive
force 92 is given from the outside A toward the device

20 91, energy converting means 94 converts electromotive
force 92 into electric power 93. Then, using the
electric power 93 light emitting means 95 emits light
96. The intensity of light 96 thus emitted from light
emitting means 95 1s detected by the outside B.

25 Fig. 19 is a structural view which schematically
shows the ink tank that uses the solid type

semiconductor device 91 illustrated in accordance with



device 91 shown in Fig. 19 floats near the liquid surface of raw ink 522
in the ink tank 521, and electronotive force is induced by el ectrfﬁggﬁbdﬁc
5 induction provided by external resonance circuit (not shown) out8i e
ink tank 521. Then, the photodi ode which is arranged near the surface of
solid type sem conductor device 91 is driven to emt light. The [|ight
transmts through ink 522 to be receivedSdy -t he 10 external photosensor 97
of the ink tank 521. Fig. 20 is a view which shows the extinction

wavel engt h (absorbance spectrum) of typical ink (yellow (Y), magenta (M,
cyan (C), and black (B)). As understandable fromthe representati on of
Fig. 20, the IHeddddr eaadicdendn r dtico seflich Gy RO B IGANAYET 9B,

magenta, cyan,_ and bl ack, is dispersed in _the wavel ength band of 300 to
700 nm The pelgvigie %xShrn dt Fad o 16 H@atswistapdioxd ittty 390 nm
magent a approxi mately 500 nm_ bl ack appr.oxi natel 90..20 n and cyan

appr oxi mat el y BFFaHR oFd@Y & 13hdn e vﬂ\yeltéﬁg(t P of - vifith is included

in a range of 300 to 700 nr’gis emtftj\epgi*;ro the solid type sem conductor
devi ce, and t SRR HHGhE TS dfei “"r?s?{ntWe qllegchttror%%‘-ﬁé%?l%7 (see Fig.
19) ou_tsinéje t he 'nktsj: ank aftrjg%eélzgagbei q%tralnsmttnednthro]y h,dpk for _
det ect i orP of t’ﬁédurﬁ) on F3soT RS B IR Harmerc i1t 14%%0ssi bl e
1:52 ,?Ir Zﬁ;lmnl ?2‘%16\05;[ ﬁoiutrﬁifsl;ic I%rhet qrn?%n%iﬂ.t heq(ﬂélg,httkb@spﬂbéo%gooA' B
g e aroresal colors oOr 1 nkK.
which is arranged near the surface of solid type
semiconductor device 91 is driven to emit light. The
light transmits through ink 522 to be received by the
10 external photosensor 97 of the ink tank 521.
Fig. 20 is a view which shows the extinction
wavelength (absorbance spectrum) of typical ink (yellow
{(Y), magenta (M), cyan (C), and black (B)). As
understandable from the representation of Fig. 20, the
15 peak of extinction ratio of each color ink, yellow,
magenta, cyan, and black, is dispersed in the
wavelength band of 300 to 700 nm. The peak of
extinction ratio of yellow ia approximately 390 nm,
magenta approximately 500 rm, black approximately 590
20 nm, and cyan approximately 620 nm. Thus, the light the
wavelength of which is inecluded in a range of 300 to
700 nm is emitted from the solid type semiconductor
device, and then, such light is received by the light
sensor 97 (see Fig. 19) outside the ink tank after
25 being transmitted through ink for detection of the most
absorbed wavelength. In this manner, it is possible to

discriminate the ink color through which the light has



Al so, as clear fromFig. 20, the extinction ratio of each ink of yellow,
magenta, cyan, and black colors is distinctly different at the wavel ength
of 500 nm 5 The extinction ratio of each ink color at the wavelen &}E/ (%f
500 nmis: magenta approximately 80% bl ack approxi mtely 50% yei% C 2004
approximately 20% and cyan approximately 5% Therefore, with the
detection of intensity rate (transm ssigkty) of transmtted |ight 10

t hrough i nk against the intensity of light emtted from the solid type
sem conductor device with respect to |ight having wavel ength of 500 nm it
IS possible to discrimnate the color of ink that allows the light to
transmit througtarfsamtiedk apfonihase eElodesad@seoiloed DF abkve. Here, in

ei ther case described above, it is possible to discrimnate plural kinds
of ink by arrangi agseneds ndeafr Falomd Ftigpe 29enmtheneudtiorc tder ceatisach in
different ink tanks, respectively. 20 Also, for the ink jet recording
appar at us whi @f iesachstimikc toff gak itl@w,ngegen taac leyen plamdalbliagk tamksroHn each
desi gnated position in accordance with the kind of ink contained in each
of such ink tamkslisittinict lyddisdisirento atathangeviedang thorofi SN0 myrwarning to
the user by use of 25 the light sensor 97 that receives light transmtted
t hrough ik i Thehextikhdtdmin wednd tofi saddt dokegolloat att Héde nk tank i s not
install ed adequately as designated. 1 4 D E C 2004 - 56 As warning neans
in this case, Wavgienatit ofnd0feanms 1s: magenta approximately 80%,

black approximately 50%, yellow approximately 20%, and

cyan approximately 5%. Therefore, with the detection

of intensity rate (transmissivity) of transmitted light

10 through ink against the intensity of light emitted from
the solid type semiconductor device with respect to
light having wavelength of 500 nm, it is possible to
discriminate the color of ink that allows the light to
transmit through from ink of those colors described

15 above.

Here, in either case described above, it is
possible to discriminate plural kinds of ink by
arranging one kind of solid type semiconductor device
each in different ink tanks, respectively.

20 Also, for the ink jet recording apparatus which is
structured to install each of plural ink tanks on each
designated position in accordance with the kind of ink
contained in each of such ink tanks, it is advisable to
arrange means for issuing warning to the user by use of

25 the light sensor 97 that receives light transmitted
through ink in the ink tank when it is detected that

the ink tank is not installed adegquately as designated.



such as |l anp or soundi ng neans such as buzzer may be useable. The user
notices by the warning thus issued by such neans that the ink tank is
installed on an 5 i nadequate position so that he can install it ag?i Bq

t he designated position exactly. O, it may be possible for an ink ﬁZﬁ 004
recording apparatus of the kind to arrange control means for controlling
the recordi ng head dependi ng on the kindsgf .10 ink to be supplied to such
recording head fromthe ink tank installed thereon when it is detected by
the light sensor that receives light transmtted through ink in the ink
tank that the ink tank is installed on an inadequate position. Wth this

control, recovgl Yyahthi9REhiddrN il tMlOMRldeLallligrRardn ot Qi mygils when the
user should install the ink tank on an inadequate position so that an

appropriate i nRga LAY SOCRNIRE nPaEnd &uRiicad Huddet heay esor di ng
head is refreshed, and that user is no |longer very sensitive to the 20
instal ling posidddbiedf imHe e rATidRSCHyatheaRRMSind BoeHr Degeedw th t he
present invention, there are provi ded energy converting nmeans for
converting extgs nalcreM@a0is ivHad dild amantt daiknd sOfinselr gy @mdah i ght

emtting means for emtting light by 25 use of energy thus converted by
energy cover tim@dRaits poidandior o ithdiet@mesapdssit el ti: ddgein nbmat e
the kinds of ink by detecting the intensity of 1 4 DEC 2004 - 57

wavel engt h of tHeardsidratdd ghisiafiteer edxaghilyemitted

Or, it may be possible for an ink jet recording
apparatus of the kind to arrange control means for
controlling the recording head depending on the kind of

10 ink to be supplied to such recording head from the ink
tank installed thereon when it is detected by the light
sensor that receives light transmitted through ink in
the ink tank that the ink tank is installed on an
inadequate position. With this control, recovery

15 operation is automatically carried out even when the
user should install the ink tank on an inadequate
position so that an appropriate image recording becomes
possible once ink in the recording head is refreshed,
and that user is no longer very sensitive to the

20 installing position of ink tank.

As described above, in accordance with the present
invention, there are proviced energy converting means
for converting external energy into different kind of
energy, and light emitting means for emitting light by

25 use of energy thus converted by energy converting

means. Therefore, it becomes possible to discriminate

the kinds of ink by detecting the intensity of



fromthe solid type sem conductor device is allowed to transmt ink. The
solid type sem conductor device described in 5 accordance with the fifth
enbodi ment, for which light emtting neans is provided, may be usable as
given belowin addition to the utilization thereof in the ink tankyfoyy
the discrimnation of the kind of ink therein. For exanple, with the
provision of this device, it 10 is possigd e to nmeasure the changes of
continuous flow of fluid follow ng the Reynolds fluidity. In other words,
the solid type sem conductor device provided wth light emtting neans is
buried on the side face of a tube in which liquid flows so that the device
I s 15 exposed wavdlendttheyf anchridweint; teah tightoppbst el fgice ehetedf, a

phot osensitive device (this device may also be forned by the solid type
sem conduct or fiteelfHe isolial raympe sendarmdfarom xdmplas itz dokbowed possi bl e
then to adjust the liquid flow when gasoline and air are 20 m xed for use
of aut onobi | e lorAfiswitorinko. det ect the clogging condition of liquid pipe,
such as city water pipe. Also, for exanple, the device is preferably
usabl e when data $Hwulsblgal divps rrenigonduatican idey idee degerdked2Enof a
structure or the like. In this case, for exanple, solid type

sem condutt or ARTAFIBY v Viiheh igHh emhiadimeny s Wiich dkkglhat ed

wavel ength are 1 4 UL C 2004 58 apprqfriately arranged for the designated
| ocati ons of emitting means is provided, may be usable as given

below in addition to the utilization thereof in the ink
tank for the discrimination of the kind of ink therein.
For example, with the provision of this device, it

10 is possible to measure the changes of continuous flow
of fluid following the Reynolds fluidity. In other
words, the solid type semiconductor device provided
with light emitting means is buried on the side face of
a tube in which liquid flows so that the device is

15 exposed in the tube, and then, on the opposite face
thereof, a photosensitive device (this device may also
be formed by the solid type semiconductor itself) is
arranged. Here, for example, it becomes possible then
to adjust the liquid flow when gasoline and air are

20 mixed for use of automobile engine or to detect the
clogging condition of liquid pipe, such as city water
pipe.

Also, for example, the device is preferably usable

when data should be obtained by simulating the behavior

25 of a structure or the like. In this case, for example,
solid type semiconductors each provided with light

emitting means of a designated wavelength are



a nmenber required to performa specific operation, and then, the structure
Is driven to operate for obtaining data by detecting the behavior of the
devices. Here, 5 the result is obtainable by utilizing solid type L BLL

sem conduct or devi ces each capabl e of executing assigned functioﬂs [9%2004
non-contact with the outside. Mre specifically, it is possible to detect
the behavior of driving elenments that opgyate for discharge 10 the ink

whi ch has been distributed in the interior of an ink jet head. For

exanpl e, the devices each provided with light emtting nmeans having

wavel ength of 300 nm 400 nm 500 nm and 600 nm respectively, are

appropri at el y sigresiaech fry tdie-dligad bl e iss i e d® 1Heatibisdgkecting
light fromthe discharge port side, it becones possible to nmeasure the

novenent of eafhmentetfmaiiquidie @@ igd dfbrinhea hapwyi O @l op&f £t 1841, 0Anaf  each
driving elenment. (Sixth Enbodinent) 20 Fig. 21 is a cross-sectional view

whi ch shows t hther hicHeardk sl iigaldnivdm thi epetdiee sPbi-dob¥aening
sem conductor device in accordance with a sixth enbodiment of the present
invention is aptd aabldetedtii;g 2hd dehstidactaf athdl dekickagr adenbi, ch shows
the 25 inner structure of the solid type sem conductor device represented
In Fig. &, anthd hesdimin cattiadeatdrdidy ortiXieirepfsalid thpgeoutside. 1 4
DEC 2004 - 59 As shown in Fig. 21, the ink tank 101 conprises an
semiconductor devices each capable of executing
assigned functions in non-contact with the outside.
More specifically, it is pcssible to detect the
behavior of driving elements that operate for discharge
10 the ink which has been distributed in the interior of
an ink jet head. For example, the devices each
provided with light emitting means having wavelength of
300 nm, 400 nm, 500 nm, and 600 nm, respectively, are
appropriately arranged for the driving elements, and
15 then, by detecting light from the discharge port side,
it becomes possible to measure the movement of each
element for acquiring the behaviocral information of
each driving element.
{Sixth Embodiment)
20 Fig. 21 is a cross-sectional view which shows the
ink tank schematically, to which the solid type
semiconductor device in accordance with a sixth
embodiment of the present invention is applicable.
Fig. 22 is a structural block diagram which shows the
25 inner structure of the solid type semiconductor device

represented in Fig. 21, and the communicative condition

thereof with the outside.



I nk contai ning chanber 102 that contains ink, and the ink supply port 103
t hrough which ink in the ink containing chanber 102 is supplied to an ink
recording 5 head 104. The recording head 104 is connected detachably to
the ink tank 101 or connected fixedly to the ink supply port 1Q3;DEC 7004
Recording is nmade on a recording nedium by discharging froma plurality of
di scharge ports (not shown) the ink whi-cB9% s supplied 10 fromthe ink tank
101 in accordance with recording signals. For the recording head 104, ink
supplied from the ink tank 101 is retained in each of the discharge ports
by the bal ance between capilla;y phenonenon and surface tension. In order
to prevent ink | ealfggStowemins Filge rdoortdiend tred@ni4 G GIRPE L RS viHen
recording is not in operation, the interior of ink containing chanmber 102
i s kept in nedd vOn$Adad@de ChAMYET 1192 tthat wontadins dnk + IO type
sem conductor device (hereinafter referred to sinply as_ 20 "device") 111

is fixed in t A@KsSHPEh &°& ta 104 tthoeaabo WhiShe didsdd dltSiddE¥ t he i nk tank
101, while another, part is exposed i.n the interior of jink contajning
chanber 102, ARG foh € RmBeTg 10gs i G SEhd i 1A TG iAo
necessariJy limted, but at 25 |east the portion which is exposed in the

i nk contgai ni 5 3Gha¥er i[%? FECHES 1% REF S d s lﬁotccfnd"%ztef contact with

nge\r/\hagl ][ hgoirdtnell%(g;[ﬁ%%:‘%lﬁyg%oj[ chl}{?nf.gl%e t%rnkl l%lD%%Z%%Afm-ecqoed %fizee({ﬁplé/d on the

the ink supply port 103. Recording is made on a
recording medium by discharging from a plurality of
discharge ports (not shown) the ink which is supplied

10 from the ink tank 101 in accordance with recording
signals. For the recording head 104, ink supplied from
the ink tank 101 is retained in each of the discharge
ports by the balance between capillary phenomenon and
surface tension, In order to prevent ink leakage from

15 the recording head 104 at the time when recording is
not in operation, the interior of ink containing
chamber 102 is kept in negative pressure,.

Also, for the ink tank 101, the so0lid type

semiconductor device (hereinafter referred to simply as

20 "device") 111 is fixed in the state where a part
thereof is exposed outside the ink tank 101, while
another part is exposed in the interior of ink
containing chamber 102. Although the fixing position
of the device 111 is not necessarily limited, but at

25 least the portion which is exposed in the ink
containing chamber 102 is positioned so as not to be in

contact with ink when the ink tank 101 is in use or



when it is in use. The ink tank 101 is a container the interior of which
Is essentially closed, and in order to prevent 5 ink | eakage fromthe

di scharge ports of recording head 104 when recording is not in operation,
the interior of ink containing chanber 102 is kept at a designat éc DEC 2004
negative pressure. However, since the ink tank 101 is a container the
interior of which is essentially 10 cl osed, -the internal pressure of ink
tank 101 is reduced along with the consunption of ink in the ink
cont ai ni ng chanber 102. In other words, the negative pressure becones

hi gher. If the negative pressure in the ink tank 101 becones too high, ink
IS not easily pgifefiBrsstiiar gath ifheewgppdrt wasll nicardiesh taf dirgcheamge 10k from
the recording head 104, and the event is encountered in sone cases that

i nk cannot be wheschidr gied il tigmt ely. Therefore, the device 111 of the
present enbodinent is provided with the function to detect the inner
pressure 20 of ink TrenkirdQtamnd @hers & codramnscatie tireteminer afid outer
side of ink tank 101 in accordance with the result of such detection, thus
suppr essi ng t héhiggyads e sqrtaissre dhpdatk taank 0londer itse. piNowenti t h
reference to Fig. 22, the functional 25 structure of the device 111 wll
be descrihed. ink Hiepkage finmn ddwa bl schargamdsies asharegoréomyeheadg neans
114 for converting into electric power 1 4 01 C 2004 - 61 113 the

el ectronot i ve ¥k dthem regihing gt dd jgperation, the interior of

ink containing chamber 102 is kept at a designated
negative pressure. However, since the ink tank 101 is
a container the interior of which is essentially

10 closed, the internal pressure of ink tank 101 is
reduced along with the consumption of ink in the ink
containing chamber 102. In other words, the negative
pressure becomes higher. If the negative pressure in
the ink tank 101 becomes tco high, ink 1s not easily

15 discharged if even it is intended to discharge ink from
the recording head 104, and the event is encountered in
some cases that ink cannot be discharged ultimately.
Therefore, the device 111 cf the present embodiment is
provided with the function to detect the inner pressure

20 of ink tank 101, and then, to communicate the inner and
outer side of ink tank 101 in accordance with the
result of such detection, thus suppressing the negative
pressure in ink tank 101 to rise.

Now, with reference to Fig. 22, the functional
25 structure of the device 111 will be described.
In Fig. 22, the device 111 comprises energy

converting means 114 for converting into electric power



non-contact fromthe outside A of ink tank 101 toward the device 111;
pressure detecting neans 115 actuated electric power 113 converted by
energy contenting nmeans 5 114; discrimnating nmeans 116; information
accunul ating neans 117; and pressure adjustnment nmeans 118. For theé DEC 2004
el ectronotive force which is supplied to operate the device 111,

el ectromagnetic induction, heat, light, ghadiation rays, or the like is
usable. Also, at least, 10 energy converting neans 114 should preferably
formed on the surface or near the surface of the device 111. In this
respect, it is one of preferable structures that information accunul ating

means 117 is forymg i RRAMnAS Wiesordeed 10akioh ik Jumess® det ecting
nmeans 115 detects the pressure inside the ink tank, which is the

envi ronnment al nd N QrFRd 0 ol o Gute ildee Adeyd ekl Kankand buigwdsdit  to
di scrimnating neans 116. As pressure detecting neans 115, the pressure

sensor can be id ethvitdd ah thap i diapldeagntdng e iy flace aftudesdevi ce
111, for exanple, and detects pressure by the displacenent of diaphragm
based on the pessuie Juarged.13 RBdordrtietatiyngnmayys <ol exdnipeg eseame t ank
i nternal pressure information thus detected by pressure 25 detecting neans
115 wi t h g he i1mfar rditd i msitrGrteich @ me dod drléat iiof capeutrdratdgupmelbatind 7, and
determ nes whether or not the detected information of tank ti 4 DEC 2004 -
62 internal presasUriEl1;0 grkgasswd wtivstmendameag 118. For the
electromotive force which is supplied to operate the
device 111, electromagnetic induction, heat, light,
radiation rays, or the like is usable. Also, at least,
10 energy converting means 114 should preferably formed on
the surface or near the surface of the device 111. In
this respect, it is one of preferable structures that
information accumulating means 117 is formed by FeRAM
as described earlier.
15 Pressure detecting means 115 detects the pressure
inside the ink tank, which is the environmental
information surrounding the device 111, and outputs it
to discriminating means 116. As pressure detecting
means 115, the pressure sensor can be cited, which has
20 diaphragm on the surface of the device 111, for
example, and detects pressure by the displacement of
diaphragm based on the pressure changes.
Discriminating means 116 compares the tank internal
pressure information thus detected by pressure
25 detecting means 115 with the information stored on

information accumulating means 117, and determines

whether or not the detected information of tank



I nformati on accunul ati ng means 117 accunul ates the condition of internal
pressure which is the upper limt of negative pressure set for discharging
ink fromthe 5 recording head 104 installed on the ink tank 101, g 0

al so, the tank internal information itself detected by pressure hgp %EQ%g
means 115. Pressure adjustnent nmeans 118 is driven by electric power given
by energy converting nmeans 114 and 10 -adjausts the internal pressure of ink
tank 101 in accordance with the instruction fromdiscrimnating neans 116.
As pressure adjustnment neans 118, a valve nechanismcan be used, for
exanple, so as to enable the interior of ink tank 101 to be comuni cated
with the 15 outrsiedmall rpaasssiread®, prwessunte@ajusgtmesdumearfs ihk8. t ank 101
is adjusted in accordance with the difference between the result of

det ecti on obt dinfaxrnnt jmme sapuaulgdtiag imepnedils’ BB wmtlates virgie of
internal pressure of ink tank accumulated on information accunul ating 20
means 117. Therpndiid wparfi dg e lofPRad s aedtidi] s the drrebl 1 bpit
dependi ng on such difference. In this manner, the internal_ pressure of ink
tank 101 is nefe negpdgis ereSyreoFat o7 | Bat@tIid ik 1118 rEies the

25 operation of device represented in Fig. referring to Fig. 21

22. A
to Fig. 2B, wardAERe difsftd Vo4 figrdealdest jap ng\Nngr%!-Pf]? drAthet Bl s7E A of

ink tank 101 1 4 DEC 2004 - 63 toward the demice.lll,:§qfrg¥ cogverting
means 114 also, the tank internal information itsel etected by

pressure detecting means 115.
Praessure adjustment means 118 is driven by

electric power given by energy converting means 114 and

10 adjusts the internal pressure of ink tank 101 in
accordance with the instruction from discriminating
means 116. As pressure adjustment means 118, a valve
mechanism can be used, for example, so as to enable the
interior of ink tank 101 to be communicated with the

15 outside. 1In this case, the internal pressure of ink
tank 101 is adjusted in accordance with the difference
between the result of detection cobtained by pressure
detecting means 115 and the wvalue of internal pressure
of ink tank accumulated on information accumulating

20 means 117. Then, the opening time of valve mechanism
is controlled depending on such difference. In this
manner, the internal pressure of ink tank 101 is made
adequate.

Fig. 23 is a flowchart which illustrates the

25 operation of device represented in Fig. 22. Now,

referring to Fig. 21 to Fig. 23, when electromotive

force 112 is given from the outside A of ink tank 101



converts the electronotive force 112 into electric power 113. Wth the
el ectric power 113 thus provided, pressure detecting neans 115,
discrimnating nmeans 116, 5 information accunul ati ng neans 11@, 289
pressure adjustnent neans 118 are actuated. The actuated pres 6£ 004
detecting neans 115 detects the internal pressure of ink tank 101 (step
5111 in Fig. 23). Then, discrimnating ggans 116 reads out 10 accumul ated
i nformati on frominformation accunulating nmeans 117 (S112 in Fig. 23), and
conpares the condition thus read out with the detected information of tank
I nternal pressure, hence determ ning whether or not adjustnment is needed
for the interpakapaesayr @evicenkils easkgflOdonistepibpgldeansFig4 23). In
this respect, the ink tank 101 is set at an initial pressure by use of a
dedi cat ed i nspeai’eebsappar alLastabmbbevei fleroé shpimend eflectrtilee factory
after ink has been filled (step 5116 in Fig. 23), and such information is
written on RObbwBr2@18he Wevhcehdlélastirict paverniidBmahinenpotvdElesiLl7 in
Fig. 23) as to the portion (indicated as an adequate range (R) in Fig.
36). In Fig. B@Gesaurefdeeaceingrke8nsdéiibgndtiesriméngtisdpansieamsofllgr.i nti ng,
and VO and VC, opening and closing of valve, respectively. 25 In the step
S113, if sthe defectedibnt ecoamulptésgumeant LAK.tank POESSYI®i thin the
range of internal pressure of ink tank 101 accumulated on 1 4 D E C 2004 -
64 informati edjastusntameagsnmdifsare7acgndteden,
The actuated pressure detecting means 115 detects
the internal pressure of ink tank 101 (step S111 in
Fig. 23). Then, discriminating means 116 reads out
10 accumulated information from information accumulating
means 117 (S112 in Fig. 23), and compares the condition
thus read out with the detected information of tank
internal pressure, hence determining whether or not
adjustment is needed for the internal pressure of ink
15 tank 101 (step S113 in Fig. 23). In this respect, the
ink tank 101 is set at an initial pressure by use of a
dedicated inspection apparatus at the time of shipment
from the factory after ink has been filled (step 5116
in Fig. 23), and such information is written on ROM 1in
20 the device 111 as initial information (step S117 in
Fig. 23) as to the portion (indicated as an adeqguate
range {(R) in Fig. 36). In Fig. 36, a reference mark S
designates the suspension of printing, and VO and VC,
opening and closing of valve, respectively.
25 In the step S113, if the detected internal
pressure of ink tank 101 is within the range of

internal pressure of ink tank 101 accumulated on



di scrimnating neans 116 determ nes that no adjustnent s needed for the

I nternal pressure of ink tank 101, pressure adjustnent neans 118 is not
driven, and the 5 current internal information of ink tank 101 is

accunul ated on information accunul ated neans 117 (step S114 i h4AEG.20043) .
Here, Fig. 36 shows the exanple of accunulated internal information. In
this manner, then, it becones possi bl e-té4grasp the tenporal changes 10 of
negative pressure along the consunption of ink in the ink tank 101, as
wel | as the tenporal changes of negative pressure during the serial scan
of recording head. Such information is transmtted to the control circuit
of recordi ng hedarmatdpn aceumppatpags segnscd 175 andr &dgMery operati on and
the setting of driving condition of recording head. Also, in the step
S113, if the dadsesimdnaé&dag peangrddsudeterminrst RRT10P iRdiuGt&enthan t he
value of upper limt set to the internal pressure of ink tank 20 101,

whi ch is accudsl aeedeen frar ShrainrsRTRELUREREEIRG OfedRE fonk it -
discrimnating nmeans 116 determ nes that the internal pressure _of ink tank
101 shoul d bePr&8piseeddigsénentemsaPgstdent SnBlhs IFiFens aidvdli®dy the

eIectricSpomer 113 %onver&ed bg %n%%gi_conﬁgrti%g 25 nﬁ§Q§_115. Here, if
pressur e dadj uSPRERPENERAETRRE LBE] 198 REchafi SAPK &Y dfernal pressure
of ink tank 101C i s a%j sted.a odes%piged abov a&sﬁeﬁ g%lSlhg Hé%eZS).
TADEC2004 - 68°CHABITRE GByBECTTR R, SEAMBr2gRt fieans, 117 (stev
S114 in Fig. 23). Here, Fig. 36 shows the example of
accumulated internal information. In this manner,
then, it becomes possible to grasp the temporal changes
10 of negative pressure along the consumption of ink in
the ink tank 101, as well as the temporal changes of
negative pressure during the serial scan of recording
head. Such information is transmitted to the control
circuit of recording head to optimize the performance
15 of recovery operation and the setting of driving
condition of recording head.
Also, in the step 5113, if the detected negative
pressure of ink tank 101 is lower than the value of
upper limit set to the internal pressure of ink tank
20 101, which is accumulated on information accumulating
means 117, and discriminating means 116 determines that
the internal pressure of ink tank 101 should be
adjusted, pressure adjustment means 118 is driven by
the electric power 113 converted by energy converting
25 means 115. Here, if pressure adjustment means 118 is a
valve mechanism, the internal pressure of ink tank 101

is adjusted as described above (step S115 in Fig. 23).



recordi ng apparatus, the preferable position where neans for supply

el ectronotive force as the external energy is the recording head,
carriage, recovery 5 position of recording head, or carriage retur
position, anong sone others, for the ink jet recording apparatu§ QBE%EmﬁaI
type, for exanple. Besides, if an apparatus which is provided wth neans
for supplying electronotive force is used, -it is possible to know the 10
internal condition of ink tank even without ink jet recording apparatus.
Thus, the internal pressure of ink tank nay be adjusted w thout nounting
the ink tank on the ink jet recording apparatus actually at a factory or
a shop, for exanpl &heb5 the desdicebdd labevesed flort ke deki getlll provi ded
for the ink tank 101, it becomes possible to detect the internal pressure
of ink tank 1Gkcandiiadj agpparatius.a théepirgfietrablpr posditd onf wieine

el ectronotive force 112 is given to the device 111. As a result, the
interior of 2Meams tfamk s lyars lees tirepotiinea fprekepgblthenegdeinral condi ti on
suitable for discharging ink fromrecording head 104 irrespective of the
amount of i nk energiynder $hej geicordiagk heed, FeREd aggki F§CCVeFdssible to
supply ink to the recording head 104 stably. Also, there is no 25 need for
ret ai ni nd i nk Fogidd-amnRLapesordindbiedtsoPbi AFTTHRICoLSHEEH ng the interior
of ink tank 101 in negative <condition as in the case of the conventional
art. 1 4 o E ®°83(40N.66MONgeSOMSr Qthers - efPrcitifcy Yt Jetk TE&CHHEY s

enhanced.
apparatus of serial type, for example. Besides, if

an apparatus which is provided with means for supplying
electromotive force is used, it is possible to know the

10 internal condition of ink tank even without ink jet
recording apparatus. Thus, the internal pressure of
ink tank may be adjusted without mounting the ink tank
on the ink jet recording apparatus actually at a
factory or a shop., for example.

15 As described above, with the device 111 provided
for the ink tank 101, it becomes possible to detect the
internal pressure of ink tank 101 and adjust it to a
designated pressure if only electromotive force 112 is
given to the device 111. As a result, the interior of

20 ink tank 101 can be kept in a preferably negative
condition suitable for discharging ink from recording
head 104 irrespective of the amount of ink remainders
in ink tank 101, hence making it possible to supply ink
to the recording head 104 stably. Also, there is no

25 need for retaining ink in an ink absorbent by absorbing
it for keeping the interior of ink tank 101 in negative

condition as in the case of the conventional art.



Al so, in accordance with the present enbodi nent, since the device 111 is
provided with energy converting neans 115, it is no |onger necessary to
provide any 5 direct electrical wiring with the outside, and they ;diViX®
111 can be used even in any location that nakes electrical wring
difficult for direct connection with the outside. Further, with the device
111 having energy converting nmeans 115 _pggvide therefor, there is 10 no
need for providing the device 111 with any nmeans for accunul ating

el ectronotive force (power-supply source for this exanple) for operating

t he device 111. Therefore, the device 111 can be nade snaller, and the

device X11 cammps Jmie USHY @l ARMdyO0R 1aRS dtbralyel 3 Oliftfdncdd. ot her
words, the device 111 can be set at the optimal location in ink tank 101.

Here, for the preganl enBodRHdarRlee(liitdMBihey ledett ismbpdiMded, to the
device 111 in the formof non-contact, but it may be possible to adopt a

node in whi ch glge reidea o0 111Qr g8 iprovupRld ed thy dweidyy idbmanieligw th
the outside provisionally, and after that, it is nade non-contact wth
the outside. (RemantinsEnaadiiemo) llonger24ieice saaty et wralvideocdnyi agr am
whi ch shows 25 the internal structure of the solid type sem conductor
devi ce i s accaridaite aliedt ra eV enidi ngbddinmehle @futidiele praserithe nventi on,
and the comuni cative condition 14 DEC 2004 - 67 thereof with the outside.
The solid typaisameanduciaor be used even in any location that makes
electrical wiring difficult for direct connection with
the outside. Further, with the device 111 having
energy converting means 115 provide therefor, there is
10 no need for providing the device 111 with any means for
accumulating electromotive force (power-supply source
for this example) for operating the device 111.
Therefore, the device 111 can be made smaller, and the
device 111 can be made usable in any locations in an
15 object. In other words, the device 111 can be set at
the optimal location in ink tank 101. Here, for the
present embodiment, electromotive force is supplied to
the device 111 in the form of non-contact, but it may
be possible to adopt a mode in which electromotive
20 force is supplied by being in contact with the outside
provisionally, and after tkat, it is made non-contact
with the ocutside.
(Seventh Embodiment)
Fig. 24 is a structural block diagram which shows
25 the internal structure of the solid type semiconductor

device in accordance with a seventh embodiment of the

present invention, and the communicative condition



device shown in Fig. 24 (hereinafter referred to sinply as the "device")
121 is fixed to an ink tank (not shown) in the same manner as the device
111 shown in 5 Fig. 21, and conprises energy converting nmeans 1241Q tL2W4
converting into electric power 123 the electronotive force 122 whic
supplied fromthe outside A of ink tank in non-contact toward the deV|ce
121; pressure detecting nmeans 125, discgpminating means 126, 10

i nformati on accumul ati ng nmeans 127, pressure adjustnent neans 128, and
reception nmeans 129 actuated by the electric power thus converted by
energy converting nmeans 124. The present enbodiment differs fromthe

si xth enbodi Meffered £t hakn tthBasultde dbuncirnen s ileasipee skmitidgitilssodt hat
is, it has reception nmeans 129. For the electronotive force 122 to be

supplied to aeyale hewndevi ¢egl2ta ehecliomEgret ire fietdud ita,s hesly
light, radiated rays or the like is usable. Al so, at |east energy

converting nmeans t+hd4 "aediceceptlizan ige@&iskei?2%o2@nshowd daukef(ercabl y be forned
on the surface of the device 121 or near the surface thereof. Pressure
detecti ng neamnholdd det edks shime mahekmwalas phessaved cef lildk shadn which i s
the environnmental information surrounding the device 121, and output it 25
to the discri mirat izlg mpEAnsohdE isBec epeirary weaverIi%g measisy 24 i
signals 130 fromthe outside A which is the supply source of electronotive
force 122 or fownvehdihg4 iDEC 20@4trig8 posetrsilds Bhehiedledigragidtfisreent from
t he outside A
force 122 which is supplied from the outside A of ink
tank in non-contact toward the device 121; pressure
detecting means 125, discriminating means 126,
10 information accumulating means 127, pressure adjustment
means 128, and reception means 129 actuated by the
electric power thus converted by energy converting
means 124. The present embodiment differs from the
sixth embodiment in that it has the function to receive
15 signals, that is, it has reception means 129. For the
electromotive force 122 to be supplied to actuate the
device 121, electromagnetic induction, heat, light,
radiated rays or the like is usable. Also, at least
energy converting means 124 and reception means 129
20 should preferably be formed on the surface of the
device 121 or near the surface thereof.
Pressure detecting means 125 detects the internal
pressure of ink tank, which is the environmental
information surrounding the device 121, and output it
25 to the discriminating means 126. Reception means 129

receives input signals 130 from the outside A which is

the supply source of electromotive force 122 or for the



D scrimnating nmeans 126 enabl es pressure detecting neans 125 to detect
the internal pressure of ink tank 1in accordance with input signals from
reception means 5 129, and conpares the internal information of ink tank
thus detected with information stored on information accunulati ;l‘ug ITE30R
127, thus determ ning whether or not the detected information of internal
pressure of ink tank satisfies the condié8i en on which ink is discharged 10
fromthe recording head (not shown) installed on the ink tank. Information
accurnul ati ng nmeans 127 accunul ates such condition and ink information
itself obtained frompressure detecting nmeans 125. Pressure adj ustnent
means 128 is dritadifienyB wihdcdl d&t Qi et I ohitde iontsiisls ded from energy
converting nmeans 124 to adjust the internal pressure of ink tank in
accordance wiltifamaingdting Megmsf lgrh Eneddiad RRISRETRedRtec%ing For
pressure detecting nmeans 125 and pressure adjustnent nmeans 128, it is
possi bl e to udteanie Wandpdeded ddecdindednat EHFIMTIS A with 3K sixth
enbodinent. Fig. 25 is a flowhart which illustrates the operation of

devi ce shown il EgForspnagy ¢t e fiditc S1903 S From %ﬁﬁ?%‘dyﬂ JBeanfer gy
converting means 124 25 converts el ectronotive force 122 iﬂfﬁﬂ?' ctric

power 1 mhe’r?gt'hé‘“(ﬂ EPSTSS \Fé’ef L vl R TRV A S e 04 oﬁeﬂ%]i:de A
overd he deuce Wekndl A AUMER AR B AP B0 MEERH ©

accumulating means 127, thus determining whether or not
the detected information of internal pressure of ink
tank satisfies the condition on which ink is discharged

10 from the recording head (not shown) installed on the
ink tank. Information accumulating means 127
accumulates such condition and ink information itself
obtained from pressure detecting means 125. Pressure
adjustment means 128 is driven by the electric power

15 which is provided from energy converting means 124 to
adjust the internal pressure of ink tank in accordance
with the instruction from discriminating means 126.
For pressure detecting means 125 and pressure
adjustment means 128, it is possible to use the same

20 ones described in conjunction with the sixth
embodiment.

Fig. 25 is a flowchart which jillustrates the

operation of device shown in Fig. 24. With reference
to Fig. 24 and Fig. 25, energy converting means 124

25 converts electromotive force 122 into electric power
123 when the electromotive force 122 is given from the

outside A toward the device 121, thus actuating



I nformati on accumul ati ng neans 127, pressure adjustnent neans 128, and
reception nmeans 129. In this sate, input signal 130 transmtted from _ 5 the
outside A or outside B to the device 121 is received by receptior heendls
129 (step S121 in Fig. 25). This input signal 130 is to inquire the device
121 of the internal pressure of ink tank. The input signal 130 may be
provided for the device 121 together witRg 10 el ectronotive force 122. Wen
the input signal 130 is received, discrinmnating neans 126 enabl es
pressure detecting neans 125 to detect the internal pressure of ink tank
(step 5122 in Fig. 25), and reads out accunulated 15 information for

i nformati on agaardhel kG tRRRARglALan6Sten ,SHA3 driimiindt i mddWS 126,
determ ni ng whether or not the detected internal pressure satisfies the

aforesaid condifraatisheRcelbathliaf 1higd meddls 127, hire ssREReHd jddemeh i ti al
pressure is set for the ink tank by use of a 20 dedi cated inspection

apparatus at klanls T2sof anld peRebtibhomeahe flagt.ory after ink has been
filled (step S126 in Fig. 25), and the information thereof is witten as

the portion (indi canednds aatadequpue sdageal( RB0 tringmitied ohrdétie ROM of
device 121 as initial information 25 (step S127 in Fig. 25). In the step
5124, if gt ixheowndstildatl at be deteddedB itet ehraldepriessu2d daes not satisfy
condition, pressure 1 4 BE C 2004 - 70 adjustnment nmeans 128 is driven to
adj ust the intreicedlved by reception means 129 (step S121 in Fig. 25).
This input signal 130 is to inguire the device 121 of
the internal pressure of ink tank. The input signal
130 may be provided for the device 121 together with
10 electromotive force 122.
When the input signal 130 is received,
discriminating means 126 enables pressure detecting
means 125 to detect the internal pressure of ink tank
{step S122 in Fig. 25), and reads out accumulated
15 information for information accumulating means 127
{step 8123 in Fig. 25), thus determining whether or not
the detected internal pressure satisfies the aforesaid
condition (step $124 in Fig. 25}). 1In this respect, the
initial pressure is set for the ink tank by use of a
20 dedicated inspecticon apparatus at the time of shipment
from the factory after ink has been filled (step S126
in Fig. 25), and the information thereof is written as
the portion (indicated as an adequate range (R) in Fig.
37) on the ROM of device 121 as initial information
25 {step S127 in Fig. 25).
In the step S124, if it is found that the detected

internal pressure does not satisfy condition, pressure



pressure of ink tank (step S125 in Fig. 25). On the other hand, if the
detected internal pressure satisfies condition, the information of current
internal pressure 5 of ink tank is accurmul ated on infornmation accpgﬁtgqmpg
means 127 (step S128 in Fig. 25). In this respect, Fig. 37 shows e
exanpl e of accunul ated information of internal pressure. In Fig. 37,
reference marks VO and VC designate thesgpening and cl osing of valve, and
S, 10 the suspension of printing. In this nmanner, then, it becones
possible to grasp the tenporal changes of negative pressure along the
consunption of ink in the ink tank, as well as the tenporal changes of

negative preswiiitidntnaedhe 306 als Searedf tHee@jdistg theadnthriarh
information is transmtted to the control circuit of recording head to
optim ze the parduFRNeE ahk REGRYELteppPENals dn aid .t fps)set tomgetod drivi ng
condition of recording head. In accordance with the present enbodi nent,
with 20 the ptodrssihemdf iffhe Heudettioan eido indreainad pirgrsausd ramhidfices
outside, it becones possible to respond to variously signalized questions
fromthe outsiddmdirticadditthieod rifortras iehf edt cusirteaitndyiternnal ipgredsute
enbodi nent, and conmuni cate i nformati on between the 25 device and the

out si de W3 di r exft iiovaltdank Her @cdusmliatie dpoas dmtf camaddiane ccumhtl atalsed i pt i on
has been nade of one device 121 being provided with 14 DEC 2004 - 71
pressure detectdang fednd st2® &d8pdasdiide &dlust dntthis respect,

Fig. 37 shows the example of accumulated information of
internal pressure. In Fig. 37, reference marks VO and
VC designate the opening and closing of valve, and 5,

10 the suspension of printing. In this manner, then, it
becomes possible to grasp the temporal changes of
negative pressure along the consumption of ink in the
ink tank, as well as the temporal changes of negative
pressure during the serial scan of recording head.

15 Such information is transmitted to the control circuit
of recording head to optimize the performance of
recovery operation and the setting of driving condition
of recording head.

In accordance with the present embodiment, with

20 the provision of the function to receive signals from
the outside, it becomes possible to respond to
variously signalized questions from the outside in
addition to the effects obtainable by the sixth
embodiment, and communicate information between the

25 device and the outside bidirectionally.

Here, for the present embodiment, the description

has been made of one device 121 being provided with



means 128, but it may be possible to provide pressure detecting neans and
pressure adjustnent neans each individually for different devices. Then,
the 5 structure may be arranged so that the internal pressure of H@@thmh
is detected by one device to determ ne whether or not adjustnent is
required for the internal pressure thereof, and that, if adjustnent is
found necessary, the other device havi.ngjpressure adjustnment 10 neans
provi ded therefor is informed accordingly to adjust the internal pressure
of ink tank. Now, the description will be made of the exanple of specific
structure of pressure adjustnment nmeans, together with the manufacturing

steps thereof prladurg d@8elctiRg’m@Unehi1ol shegrldiauane adfusdidedrd  exanpl e
of pressure adjustment neans provided for the 'solid type sem conductor of

the present i meyMd ane,amht iiltl wskr deLpolsiaa baas & oMipicrilde iprdsaumgd on the
spherical silicon used for the aforesaid ball 20 sem conductor. Figs. 27A
to 27G are Vi exadtiGly melansandt @ riekeuten ddbcistmend meareseatth pressure

adj ust mrent nmeans shown in Fig. 26. In this respect, Fig. 26 and Figs. 27A
to 27G are sedindirdldualaws floak @n f faireinite deeriioers .of Tthes spiter i cal silicon.
25 As shown in Fig. 26, each of base electrodes 201 is formed respectively
at two | grati etrwftusehanycdle asirdangen 2@0 thwit dinef dodesacil gideersurd so,
surrounding 1 4 DEC 2004 - 72 the spherical silicon 200, SiN film206 is
formed. The of ink tank is detected by one device to determine
whether or not adjustment is required for the internal
pressure thereof, and that, if adjustment is found
necessary, the other device having pressure adjustment
10 means provided therefor is informed accordingly to
adjust the internal pressure of ink tank.
Now, the description will be made of the example
of specific structure of pressure adjustment means,
together with the manufacturing steps thereof.
15 Fig. 26 is a view which shows the one structural
example of pressure adjustment means provided for the
solid type semiconductor of the present invention, and
illustrates the case where it is formed on the
spherical silicon used for the aforesaid ball
20 semiconductor. Figs. 27A to 27G are views which
illustrate the manufacturing process of pressure
adjustment means shown in Fig. 26. In this respect,
Fig. 26 and Figs. 27A to 27G are sectional views taken
at the center of the spherical silicon.
25 As shown in Fig. 26, each of base electrodes 201

is formed respectively at two locations of spherical

silicon 200, which face each other. Also, surrounding



SINfilm206 is formed to be novable portions 210 and 211, which are
supported in a cantilever fashion having a gap wth the surface of the
spherical silicon 200, 5 respectively, on the areas where each of tﬂ ? e
el ectrodes 201 faces each other. Each of the novable nenbers 210 ld @52@%
Is provided with valve electrode 205 facing the base el ectrode 201,
respectively. Also, the SiN film 206 has,a_gap locally with the spherical
10 silicon 200 in each area fromone base el ectrode 201 to the other

el ectrode 201, respectively. Each of these portions becones the passage
212 that nmakes it possible to distribute the air between one novabl e

menber 210 sige aphelieaat han imvwakiod myierr Akl Aides HoMaw . Withe
reference to Figs. 27A to 27G the description will be made of the nethod

for manufact Wi jAReSD' & sAdiciaidiE o MRARG MW gdtthidhs 2610 Aindirst, on
the entire surface of spherical 20 silicon 201 shown in Fig. 27A, PSG

(phospho silicatile waliad$s)arfd |stpd tsfwh iah ddngi 184t Fd«itd. haleieg
before PSG film 202 is formed, each of base electrodes 201 is forned in
advance on the spliewicdl thd isanfa2@l ofattracipredfride taidl iawati@ns whi ch
are symmetrical to 25 the center thereof. After that, as shown in Fig. 27C
in order 30 fdgspeRATiveldy 203 amd karddSCuwhdm 261 of dlHeovbade | east the
base el ectrodes 201 to be exposed, 1 4 DE C 2004 - 73 and also, the
passage to be edesdiridded [2atlerfadase RSB other. Each of the movable
members 210 and 211 is provided with valve electrode
205 facing the base electrode 201, respectively. Also,
the SiN film 206 has a gap locally with the spherical
10 silicon 200 in each area from one base electrode 201 to
the other electrode 201, respectively. Each of these
portions becomes the passage 212 that makes it possible
to distribute the air between one movable member 210
side and the other movable member 211 side.
15 Now, with reference toc Figs. 27A to 27G, the
description will be made of the method for
manufacturing pressure adjustment means shown in Fig.
26.
At first, on the entire surface of spherical
20 gilicon 201 shown in Fig. 27A, PSG (phospho silicate
glass) film 202 shown in Fig. 27B is formed. Here,
before PSG film 202 is formed, each of base electrodes
201 is formed in advance on the spherical silicon 201
at each of the two locations which are symmetrical to
25 the center thereof. After that, as shown in Fig. 27C,

in order to form openings 203 on the PSG film 202 to

allow at least the base electrodes 201 to be exposed,



film202 is patterned by use of photolithographic process with the

portions becom ng passage left intact. Then, as shown in Fig. 27D, using

metallic CVD 5 nethod Cu film204 is fornmed to cover the base ll,e[?EECr'fﬂﬁkes
ec

201 and PSG film 202. The Cu film204 is renoved wth the base €l r'odes
201 and portions around thembeing left intact. Subsequently, as shown in
Fig. 27E, valve el ectrodes 205 are formedgyon the 10 portions of Cu film 204
whi ch beconme novabl e portions to be described later. Further, on the
entire circunference of spherical silicon 200, SINfilm206 is forned

usi ng PECVD nmet hod to cover the PSG film 202, the Cu film 204 and val ve

el ectrodes 20%ndl2186 ! hele RS sH@IEd beidbsckifbed Neatel ftHenB¥6 i s
patterned to be in the formof novable nmenbers. Fig. 28 is a plan view
whi ch schemat isald Y2 ohaws gt ededE by alsd S mwicaga i dddrdpteisSi N fil m 206
patterning, radial slits 206a are forned on the Cu film 204 portion 20 on
SiN film 206 gacdeas withFithe 2% rthimr ddwonGng igassapd baflt PSGdet m 202
are renoved by dissolution using adequate solvent. In this nmanner, as
shown in Fig. 27GThn,S@s dHowpe iserficpndiiil orugliewy oee sl bid aivizd, which
I's structured with the novabl e portions 210 and 25 211 on the two

| ocati onss eaatetdrod [ dider 20dd dovisyrmepbrita arsier egpedidasel y, so as to
function as valves supported with a gap to the spherical silicon 200, and
1 4 DEC 1004 -elpttndims 20 l1spack RF vigielhn t3{E upf8re i abl km nidhvbels 210 and

removed with the base electrodes 201 and portions
around them being left intact. Subsequently, as shown
in Fig. 27E, valve electrodes 205 are formed on the

10 portions of Cu film 204 which become movable portions
to be described later. Further, on the entire
circumference of spherical silicon 200, SiN film 206 is
formed using PECVD method to cover the PSG film 202,
the Cu f£ilm 204 and valve electrodes 205.

15 Further, as shown in Fig. 27F, the SiN film 206 is
patterned to be in the form of movable members. Fig.
28 is a plan view which schematically shows the device
at this stage. With the SiN film 206 patterning,
radial slits 206a are formed cn the Cu film 204 portion

20 on SiN film 206 as shown in Fig. 28. Then, the Cu film
204 and PSG £ilm 202 are removed by dissolution using
adequate solvent. In this manner, as shown in Fig.
27G, an solid type semiconductor device is obtained,
which is structured with the movable portions 210 and

25 211 on the two locations, each on the upper and lower
portions, respectively, so as to function as valves

supported with a gap to the spherical silicon 200, and



spherical silicon 200, and a space between the | ower novable nmenber 211

and spheri cal

212. 5 Wen this solid type sem conductor device is

silicon 200 are connected with each other by the passage
installed on an ink

t ank, one novabl e nenber 210 is positioned outside the ink tank,] aDEC 200é

ot her novabl e
install ati on.

menber 211 is positioned inside the ink tank for

10 Now, with reference to F4.- 26, Fig. 29, and Fig. 30,

t he

description will be made of the nethod for adjusting pressure in the ink

tank which is provided wth the solid type sem conductor device having
pressure adjustnment neans forned therefor.

t he equi val enttheii; cui spacehetivaan it wWwpartnowabrls ateuben presande
adj ust rent nmeans shown in Fig. 26. As clear fromFig. 29, a capacitor

formed bet weersRherigal eseliqan o0 . i Gl e dettassdetBE Wbiveh f ace

each other. Also, 20 Fig. 30 is a timng chart which shows one exanple
25 signal applMEERREL thRNRAH \Pé-]elalélﬁ refee Bt hasidl i GO RISf pressure
adj ust nent neans shomm in Fig. . In this respect, a reference mark C

desi gnates clS¥VHRE %ﬂuﬁ%ﬁh(ﬁﬁﬁﬂr&thQ Y rdie RaRsagR M ectrode 201 and

val ve electrode 20

Then, high |evel signal is

éﬁggre set at D | evel
applied td the bas bttt U LHRE HH oM YSEC D oty Loe5is

10

15

20

25

installed on an ink tank, cne movable member 210 is
positioned outside the ink tank, and the other movable
member 211 is positioned inside the ink tank for
installation.

Now, with reference to Fig. 26, Fig. 29, and Fig.
30, the description will be made of the method for
adjusting pressure in the ink tank which is provided
with the solid type semiconductor device having
pressure adjustment means formed therefor.

Fig. 29 1s a view which shows the eqguivalent
circuit, the electrical structure related to pressure
adjustment means shown in Fig. 26. As clear from Fig.
29, a capacitor C is formed between the valve electrode
VE and base electrode BE which face each other. Also,
Fig. 30 is a timing chart which shows one example of
signal applied to the valve electrode and base
electrode of pressure adjustment means shown in Fig.
26. In this respect, a reference mark C designates
closing, and O, opening.

At first, the base electrode 201 and valve
electrode 205 are set at GND level. Then, high level

signal is applied to the base electrode 201. and high

15 Fig. 29 is a view which shows

Cis

of



| evel signal is also applied to the valve electrode 205. Thus,

el ectrostatic attraction occurs between the valve electrode 205 and the
base el ectrode 201, and the valve electrode 205 is pulled to thq Pﬁ?@%W‘
el ectrode 5 201. As a result, the novable portions 210 and 211 are

di spl aced to the spherical silicon 200 side to be in contact with the
spherical silicon 200, thus closing thejgoth ends of passage 212. In ot her
words, the outside and inside of ink tank are brought into the 10

non- communi cati ve condition. This condition is established as the initial
one, and ink in the ink tank is being consuned. Then, the internal

pressure of inkvednkighadetiecta@@obyppnasaune taet gallvegeTRMTddwt shown)
as required. The negative 15 pressure rises along with the consunption of

ink in the irmostankhuandeledthestdatact adtiraceidal optessube theganee hi gher
than a specific negative pressure, low level signal is applied to the
val ve el ectr od=al12@5 elEutsodet REsmandblithepbakieorde2i@odad 2211, armel aHeowed to
part 20 fromthe spherical silicon 200 to rel ease the passage 212. as a
result, the avmalive ielcetedder @5t He puildiede tot thendbade efleichterddek t ank
t hrough the passage 212 to |ower the negative pressure in ink tank. Then,
when theé negatlilve pisessuesult.i ket awkabdeopestiibes23 ldesingnatldd arg ue,
hi gh level signal is again applied to the valve electrode 205 to displ ace
the novabl e gdsplese®to ah¢ 2phefdradl sdiligonh@Opasidge t2lpe im DEC 2004
76
contact with the spherical silicon 200, thus closing
the both ends of passage 212. In other words, the
outside and inside of ink tank are brought into the
10 non-communicative condition.
This condition is established as the initial one,
and ink in the ink tank is being consumed. Then, the
internal pressure of ink tank is detected by pressure
detecting means (not shown) as required. The negative
15 pressure rises along with the consumption of ink in the
ink tank., and if the detected internal pressure becomes
higher than a specific negative pressure, low level
signal is applied to the valve electrode 205. Thus,
the movable portions 210 and 211 are allowed to part
20 from the spherical silicon 200 to release the passage
212. as a result, the air is induced from the cutside
to inside of the ink tank through the passage 212 to
lower the negative pressure in ink tank. Then, when
the negative pressure in ink tank becomes the
25 designated value, high level signal is again applied to

the valve electrode 205 to displace the movable

portions 210 and 211 for closing the passage 212.



The determ nation of whether or not the negative pressure in ink tank
becones the designated value may be nade while controlling the rel easing
time of the passage 212 in accordance with the difference between g EP
result of detection executed by pressure detecting neans or by reb Q ﬁ@‘
the rel ease of passage 212 for a specific period several tinmes or in
accordance with the result of detection7éf -the internal pressure of ink
tank by use of pressure detecting neans in real tine. 10 For the exanple
shown in Fig. 26, the structure is arranged to provide the novabl e
portions 210 and 211 for the outside and inside of ink tank, respectively,
but if the outside Tfd Getsirad naft fiomk afgmbeddyehecdmot ditye ‘}EEQEFWEE)e good
enough to set either one of them 15 only for the purpose, Next, the

descri ption wiBesfaGeade d#’]%ﬁéné‘xé’rﬁﬂcﬁ‘esofthﬁéi%afqe@ STAkRE URRY of
pressure detectlng neans Fig. 31.is a view which shows the_ structure of

pressure deted®d Mg é[ﬁ’é-l& &ﬂ“&é?(?]fldrngc H@%quﬁaﬁ}ﬁ@ FdMeeRicditfict or

devi ce of the present |nvent|on in a case t is forned on the
ot 1 o of 1 haARSAGE 215, it ST S SRR e iEf e Dae Mt

formed | the assage .th o nstltutes ressure adj ust nent Fi gs.
32A to 35D andHh getde g éﬁﬁ%%%vcr? 9505 e Raeng
manuf act uri ng Rroc o;sgsos%g}g Rr.ess q:q{t ecljtelln JIeal a@ov%ﬁgse rbf:i gf0131 Her e,

in Fig. 31 to Sane rerer encé as shown in 14
DEC 2004 - 77spec:.flc period several times or in accordance with the

result of detection of the internal pressure of ink
tank by use of pressure detecting means in real time.
10 For the example shown in Fig. 26, the structure is
arranged to provide the movable porticns 210 and 211
for the outside and inside of ink tank, respectively,
but if the outside and inside of ink tank can be cut
off, it may be good encugh to set either one of them
15 only for the purpose.
Next, the description will be made of one example
of the specific structure of pressure detecting means.
Fig. 31 is a view which shows the structure of
pressure detecting means provided for the solid type
20 semiconductor device of the present invention in a case
where it is formed on the portion of the device
surrounded by broken lines in Fig. 26, that is, formed
in the passage that constitutes pressure adjustment
means. Figs. 32A to 32D ard Figs. 33E to 33H are views
25 which illustrate the manufecturing process of pressure
detecting means shown in Fig. 31. Here, in Fig. 31 to

Figs. 33E to 33H, the same reference marks as shown in



Fig. 26 are applied to the sane parts as those appearing in Fig. 26. Also,
the exanple shown in Fig. 31 is not provided with the novable portion on
the side corresponding to the interior of ink tank so as to be 5 able tg
detect internal pressure of ink tank while the valve is closed, Helc Btis 104
pressure detecting neans is arranged in the passage 212. Pressure
detecting neans shown in Fig. 31 is the 79emi conductor distortion gauge
that utilizes the piezo- 10 resistive effect of polysilicon film and
formed in the passage 212 of pressure detecting nmeans described earlier.
The polysilicon resistive layer 221 is formed on the surface of spherical
silicon 200 afig.diképhregappAdedngoa tper siaow parfisoats dpolsecal |y through a
hol |l ow 15 portion 225. On both edge portions of the floating up area of
pol ysi l i con r @ppsaniagl dpeFig21 26wi r Ahgo22Xhef exaa@ Ligy sbgwor iw iFsid .or med
for exanple. Then, the polysilicon resistive |layer 221 and wiring 222 are
covered by pr dtledsi sptf Previdedf yikkdthy SoNablg Perdipo way they asiglg e
detecting neans is structured. Next, with reference to Figs. 32A to 32D and
Figs. 33E toc33Mespreddagcitrpthen initerips pdddnds topE &6t R&d tS die

manuf acturing pressure detecting neans shown in_ Fig. 31. Here, in the

fol | owi n@ des@%ﬂﬁtW@n@eﬁﬁcﬁs1253§§§&n869ﬁﬁ§FepP€é§ﬁ%et&@*e@ﬁ%ﬁ?rﬁ&ﬂw i's
formed in the steps after the state shown in Fig. 27D. As shown in Fig.
32A, PSG fil mv28¥ei 45t 6LREG%n PEF3PEE PEGFSIreydgtecting means 1s

arranged in the passage 212.
Pressure detecting means shown in Fig. 31 is the
semiconductor distortion gauge that utilizes the piezo-
10 resistive effect of pelysilicon film, and formed in the
passage 212 of pressure detecting means described
earlier. The polysilicon resistive layer 221 is formed
on the surface of spherical silicon 200 as a diaphragm
having a portion to float up locally through a hollow
15 portion 225. On both edge portions of the floating up
area of polysilicon resistive layer 221, wiring 222
formed by Cu or W is formed, for example. Then, the
polysilicon resistive layer 221 and wiring 222 are
covered by protection f£ilm 223 formed by SiN. In this
20 way, pressure detecting means 1s structured.

Next, with reference to Figs. 32A to 32D and Figs.
33E to 33H, the description will be made of the method
for manufacturing pressure detecting means shown in
Fig. 31. Here, in the following description, it is

25 assumed that pressure detecting means is formed in the
steps after the state shown in Fig. 27D.

As shown in Fig. 32A, PSG film 202 is formed on



t he surface of spherical silicon 200. Now, as shown in Fig. 32B, this PSG
film202 is patterned into the shape of the hollow portion 225 (see Fig.
31) by means of photolithographic process. Then, as shown in Fig. 32C, 5
polysilicon resistive layer 221 is filned by plasma CVD nethod tq GV
the PSG film 202 thus patterned and spherical silicon 200, and patterned
into the designated shape that becones ?haphragnl Next, as shown in Fig.

32D, netallic film such as Cu or W is 10 fornmed by netallic CVD nethod on
the polysilicon resistive |ayer 221, which is patterned to formwring
222 on | ocations corresponding to both edge portions of diaphragm Wen

the wring 222phs Sl,QFaRd BF Eﬂgeﬁ‘ilc\éﬁi 5199k onl 2 0®ST Hdwe dVowRlint hese

are covered as shown in Fig. BEto formSiN filmby plasnma CVD net hod,

thus form ng mOt 86k ORKfilsl BSE2341mUniheris g% teamed i@ tRSFshafsG film
224 is formed by plasma CVD nethod on the protection film 223, and as

shown in Fig. 336heShi1ibkp3@ 306 i295f qlseed Fiker en thhenddred eoshown in
Fig. 33G corresponds to the state shown in Fig. 27E. Thereafter, the SiN

film206 is p%&b&m&@n@&aghﬂ%r&)@efs@nm trine nTo b | shape timesi@l03and 211
as shown in Fig. 27G Lastly, the PSG filnms 202 and 224 are 25 renoved to
f orm pressur e pdakeatiik@nmeaRs sitd viehaagassaga il ¥ jdsnexhcwn plading. CB3H.
Now, the description will be nade of the pressure 1 4 DEC 2004 - 79
method to cover the PSG film 202 thus patterned and
spherical silicon 200, and patterned into the
designated shape that becomes diaphragm. Next, as
shown in Fig. 32D, metallic film, such as Cu or W, is
10 formed by metallic CVD method on the polysilicon
resistive layer 221, which is patterned to form wiring
222 on locations corresponding to both edge portions of
diaphragm.
When the wiring 222 is formed on the polysilicon
15 resistive layer 221, these are covéred as shown in Fig.
33E to form SiN film by plasma CVD method, thus forming
protection film 223. Further, as shown in Fig. 33F,
PSG film 224 is formed by plasma CVD method on the
protection f£ilm 223, and as shown in Fig. 33G, SiN film
20 206 is formed thereon. The state shown in Fig. 33G
corresponds to the state shown in Fig. 27E.
Thereafter, the SiN film 206 is patterned (Fig.
27F) to form the movable portions 210 and 211 as shown
in Fig. 27G. Lastly, the PSG films 202 and 224 are
25 removed to form pressure detecting means in the passage
212 as shown in Fig. 33H.

Now, the description will be made of the pressure



detection principle of pressure detecting nmeans with reference to Fig. 31,
and Fig. 34 which is a circuit diagramof the circuit that nonitors the
output from the polysilicon resistive layer shown in Fig. 31, 5 1In Fi%.
34, given the resistance value of polysilicon resistive |ayer 2414 B #04
current of i =VDD(Ro + Rxr (R+r) j flows on the ameter 230. Al so,
polysilicon has the property that the-registance val ue thereof increases
10 substantially in proportion to the displacenent thereof. Therefore, when
the polysilicon resistive layer 221 displaces with the pressure changes of
passage 212, the resistance value r of polysilicon resistive |ayer 221
changes. As ageesdtliont beiadipest oE5Spiresbatrecde thetiegs meathsowidde of
ammeter 230 also changes. In other words, the anount of displacenent of
pol ysi i con regifsirevneel apeFig2l3ils kndwligy BHewbheghgés aofciowguidnt i, thus
making it possible to detect the pressure of passage 212, that is, the
i nternal pressdagraz0odf thekctiaokitTahdésmonbéofrgr ther outpddt ditom gi ven t he
l ength of polysilicon resistive layer 221 as L, the sectional area
thereof as S, thlee piodiyaliliesnstrandstizkeudaRecashown drpfdssedlas fol | ows: 25
R=pL/ Swere the pis resistivity. Here, if the polysilicon resistive
| ayer 225 changes dnoidgpr 8¢sugévenatles resis tangeprglp@ L 80
polysilicon resistive layer 221 as r, current of
i = VDD/{Ro + R x * (R + r)}
flows on the ammeter 230. Also, polysilicon has the
property that the resistance value thereof increases
10 substantially in proportion to the displacement
thereof. Therefore, when the polysilicon resistive
layer 221 displaces with the pressure changes of
passage 212, the resistance value r of polysilicon
resistive layer 221 changes. As a result, the current
15 i that can be measured by use of ammeter 230 also
changes. In other words, the amount of displacement of
polysilicon resistive layer 221 is known by the changes
of current i, thus making it possible to detect the
pressure of passage 212, that is, the internal pressure
20 of ink tank.
To describe further in detail, given the length of
polysilicon resistive layer 221 as L, the sectional
area thereof as S, the total resistance value R can be
expressed as'follows:
25 R=9pL /S

where the p is resistivity. Here, if the polysilicon

resistive layer 221 changes along pressure changes, the



| engt h becones longer as L + AL, and resistance value increases. On the

ot her hand, the sectional area becones smaller as S -- AS. Also, the p
changes to p'. The relationship between the increased portion AR 06[§ hﬁe
resi stance value and the increased portion AL of the length can 1elt 1
expressed as follows: P (L+AL) _ PL +OL P/ R+OR= s-A s S s-As Further, it
becones as follows: P S-As RR PfX- S XOB899XAL L where the kg is the
coefficient of change of resistance value against distortion. 10 Then,
using bridge circuit or the Iike, the change portion AR of resistance
value is detected to obtain the pressure changes. Polysilicon has the
property that ltelnartdi desomesn longeistaande +# dr.ednd aajestdnce enpluat ur es.
Therefore, 15 it is desirable to provide a tenperature sensor for pressure
det ecti ng neadddresses -polOpsithiec @theasihsndse thepys@actiongly aweer to nonitor
the tenperature of polysilicon resistive |layer 221. In other words, with
the vol tage VbBaaFiesh sildgpplaised to &She Poissi Itheo Zhanggstte el | ayer 221
t hrough the tenperature sensor, it beconmes possible to conpensate for the
resistance cAvgeelativaspdin ibediveedsitde v@qraased Priiet PR R changes

of environnental tenperature, and detect the 1 4 DEC 2004
5 the resistance value and the increased portion AL of

the length can be expressed as follows:

R+AR:-p—!(L+—‘m=p_L+AL p‘f
S-AZ 5 S-AS

Further, it becomes as follows:

/
AR_p' S (AL_, AL
R p S-As L L

where the kg is the coefficient of change of resistance
value against distortion.

10 Then, using bridge circuit or the like, the change
portion AR of resistance value is detected to obtain
the pressure changes.

Polysilicon has the property that the distortion
resistance thereof changes by temperatures. Therefore,

15 it is desirable to provide a temperature sensor for
pressure detecting means having polysilicon resistive
layer 221 in order to monitor the temperature of
polysilicon resistive layer 221. In other words, with
the voltage VDD which is supplied to the polysilicon

20 resistive layer 221 through the temperature sensor, it
becomes possible to compensate for the resistance
changes of polysilicon resistive layer 221 due to the

changes of environmental temperature, and detect the



- 31 internal pressure of ink tank nore accurately. The solid type
sem conduct or device provided with the aforesaid pressure adjustnent neans

is also applicable to an ink tank as shown in Fig. 35. 5 The inﬁﬁéﬁﬂg
shown in Fig. 35 conprises the outer wall 106 that constitutes t ugﬁng
of tank, and the flexible ink containing bug 105 which is housed i nside
the outer wall 106. Ink is contained iR ghe-ink containing bug 105. In this
way, airtightness is 10 enhanced for containing ink so as to prevent

chem cal reaction frombeing progressed by the material which is easily
di ssolved by ultraviolet rays fromoutside or wultraviolet rays as

catal yst. |In datietkallapkestutiee ofkiind, thing& swired acgpeatediyconduct or devi ce
of the 15 present invention 111 is arranged for the outer wall. Then, with
the solid type senThensgodidr tgpei semitbndmes oradeariged priowvildeshmeistipossi bl e
to maintain the internal pressure constantly between the outer wall 106
and the ink ctet aferegalidgplesssagei ast]ushaepfangensofisn@d®d ve 20 pressure
foll owing the consunption of ink fromthe ink supply port. So far, the
descri pti on happideabigddoorint hak ppakeds ishowRt 1dn Fig-exdenpl i fying the
case where the internal pressure is adjusted for the ink tank which is 25
used for %an ink jefheeddkditagkashamat s Fie FoeSORPTisHFetticortehot

necessarily limted thereto. The invention is applicable to aqy case where
the internal wadlpg@62&hat constitutes the housing of tank, and the

flexible ink containing bug 105 which is housed inside
the outer wall 106. Ink is contained in the ink
containing bug 105. In this way, airtightness is

10 enhanced for containing ink so as to prevent chemical
reaction from being progressed by the material which 1is
easily dissolved by ultraviolet rays from outside or
ultravicolet rays as catalyst. In an ink tank of the
kind, the solid type semiconductor device of the

15 present invention 111 is arranged for the outer wall.
Then, with the solid type semiconductor device 111 thus
arranged, it becomes possible to maintain the internal
pressure constantly between the outer wall 106 and the
ink containing bug 105 against the changes of negative

20 pressure following the consumption of ink from the ink
supply port.

So far, the descripticn has been made of the
present invention by exemplifying the case where the
internal pressure is adjusted for the ink tank which is

25 used for an ink jet recording apparatus. The present
invention is not necessarily limited thereto. The

invention is applicable to any case where the internal



- 82 pressure of a closed container should be adjusted. It is nost
preferable, however, to apply the invention to the case where, as
described in each of the aforesaid enbodinents, the internal pre % re of
an ink tank is 5 optimally maintained for an ink jet printer usiﬁé Eﬂ&‘
contained in an detachably nountable ink tank, which is supplied to the
i nk jet recording head thereof in order gko-print on a recording sheet by
i nk dropl ets discharged from such recording head. 10 Al so, the pressure
adj ust mrent nmeans has been described by exenplifying the case where this
means is driven in accordance with the internal pressure of an ink tank
whi ch is det epired sy eprofs s cd. cdeide clontg imean Showavbeerad jwered he Bol i d
type sem conductor device is 15 used for the ink tank, the amount of ink
consunption i ds moat prefarabdan bewesternatted agipins tthex dotian thyort heo
driving frequency of the recording head. Also, if the anount of ink
contai ned i n dmhe wlaseankiers ,c@ssdascriped Ha igadh alf ddrediaforegairised
condition), there are 20 correl ati ons between the anount of ink consunption
and the int eemdlodimesdgr.e thfe iimierasd Dresseing @f ign dmky tarke is

rel ati onship between the driving frequency of recording head and the

i nt er nal pr es owtdmafl LiynRaigtia ined dlgwaiafed nkn J&dv RO 19F msdifg ofnk
measurenment or the 25 like, it may be possible to nmintain the internal
pressure of tFONLFENESN K Ng@dydetaichahyl Yd Mopnitdice sdily dardyj (dtifdhtisreans
on the bases of the driving frequency 14 D E C 2004

supplied to the ink jet recording head thereof in order
to print on a recording sheet by ink droplets
discharged from such recording head.

10 Also, the pressure adjustment means has been
described by exemplifying the case where this means is
driven in accordance with the internal pressure of an
ink tank which ‘is detected by pressure detecting means.
However, when the solid type semiconductor device is

15 used for the ink tank, the amount of ink consumption in
the ink tank can be estimated almost exactly by the
driving frequency of the recording head. Aalso, if the
amount of ink contained in an ink tank is constant in
the initial condition (unused condition), there are

20 correlations between the amount ¢f ink consumption and
the internal pressure of ink tank. Therefore, if only
the relationship between the driving frequency of
recording head and the internal pressure of ink tank is
obtained in advance by means of measurement or the

25 like, it may be possible to maintain the internal
pressure of the ink tank adequately by driving pressure

adjustment means on the bases of the driving frequency



- 83 of the recording head even w thout the provision of pressure
detecting neans. As described above, in accordance wth the present
i nvention, energy fromoutside is converted into energy 5 of difi%qﬁ 5%4
ki nd. Then, the function to adjust negative pressure in a container 3
means of energy thus converted is incorporated in the solid type
sem conductor device. In this way, it begames possible to adjust and
control the negative pressure in the 10 container in the node of
non-contact with the outside. Particularly, with the application of the
solid type sem conductor device of the present invention, the negative
pressure in iriE tthek reaoddd npihrbd kedn adeduoatte|thes prtdvatsiionk afi schar ges
fromthe discharge 15 head are nmade executable in good condition, and at
the sane ti mpressmrenideseortdgy ekfansi.ency i s enhanced. (Ei ghth
Enbodi ment) Fig. 38 is a perspective view which schematically shows an ink
jet recording appadst desenbibeyd apotvies 10 wcevedianaey etittitothelprdrenit
cartridge 601 which is nounted on the ink jet recording apparatus 600
shown in Fig. i3&eadripmi.senergyl ifqund cgitsdier §& Ieoay efdiediistitmrafierpgy nk
droplets for recording prints, and an ink tank that retains 25 liquid to
be suppl i%ed tof Wdfifieqeind #ischar Jheeadhe AUdstigm the afkiUstportion on the
upper face of head cartridge 601, a solid type sem conductor device 635 is
1 4 D E C 200pnegative pressure in a container by means of energy
thus converted is incorporated in the so0lid type
semiconductor device. 1In this way, it becomes possible
to adjust and control the negative pressure in the
10 container in the mode of non-contact with the outside.
Particularly, with the application of the solid type
semiconductor device of the present invention, the
negative pressure in ink tank can be maintained
adequately so that ink discharges from the discharge
15 head are made executable in good condition, and at the
same time, the ink storage efficiency is enhanced.
(Eighth Embodiment)
Fig. 3B is a perspective view which schematically
shows an ink jet recording apparatus embodying the
20 present invention.
The head cartridge 601 which is mounted on the ink
jet recording apparatus 600 shown in Fig. 38 comprises
a liquid discharge head for discharging ink droplets
for recording prints, and an ink tank that retains
25 liquid to be supplied to the liquid discharge head.
Also, on the wall portion cn the upper face of head

cartridge 601, a solid type semiconductor device 635 is



84 buried. Then, as described later, the security system of this apparatus
Is structured by use of the solid type sem conductor device 635 and the
recording apparatus 600. Here, in the recording apparatus 600, 5 lahDEh&yy
supply unit 622 is installed to supply in non-contact the el ectronotive
force, which is the external energy, to the solid type sem conductor
device 635 installed on the upper part é&f the head cartridge 601 nounted
on the carriage 607. For the electronotive 10 force to be supplied for the
operation of the device, electromagnetic induction heat, |ight, radi ated
rays, or the like is usable. As shown in Fig. the head cartridge 601
is nounted oRUTR&dcar Fh&fe 6§7dﬁﬁP6Hb§ﬁg&§é§rvnFhetﬁ@cuf3t§bﬁ%ﬁt%ﬂoove
606 of |ead screw 605 which is interlocked to rotate with the _regular and
reverse rotaCfoBi§f 2BPRFALY SIS tEHSTUREGUEN 58 @fi sy s %kwﬁr
transm ssion %ears 603 and 604. By the dr|V|ng wer of driving notor 602,
t he head cart ﬁ?&eSGGiCQBdPSEP§r98¥ﬁ€§ pdgeth rt%PtWeFﬁedégﬁrlage 607 along
the guide 608 in the directigns indicated by arrows a and r the ink
et recordi ng RGAPAESs" 5880, %sasrdeﬁg%hshee#s&&w. AFPRERRS, SO0 -shown) 1 s
prOV|ded5to carry a 9 nt| she t ? rving as hg gcogdln medi um t hat 25
recei ves 7 i qui™®, “8&GEH aEUPR 4rding geasf Beheeledd SCRPMY dde 601. The
sheet pressure | at e 61% t he rlntlng ) C ri ed by
recor di ng ITEdI U JC_OH.tBE 588435 romotlv'e force? tf.llq.%th %E’xe
external energy. to the solid type semiconductor device
635 installed on the upper part of the head cartridge
601 mounted on the carriage 607. For the electromotive
10 force to¢ be supplied for the operation of the device,
electromagnetic induction, heat, light, radiated rays,
or the like is usable.
As shown in Fig. 38, the head cartridge 601 is
mounted on the carriage 607 which engages with the
15 spiral groove 606 of lead screw 605 which is
interlocked to rotate with the regular and reverse
rotations of driving motor 502 through the driving
power transmission gears 603 and 604. By the driving
power of driving motor 602, the head cartridge 601
20 reciprocates together with the carriage 607 along the
guide 608 in the directions indicated by arrows a and
b. For the ink jet recording apparatus 600, recording
sheet carrying means {not shown) is provided to carry a
printing sheet serving as the recording medium that
25 receives liquid, such as ink, discharged from the head

cartridge 601. The sheet pressure plate 610 for use of

the printing sheet P carried by recording medium



- 85 carrying neans on a platen 609 is arranged to press the printing
sheet P to the platen 609 in the traveling direction of the carriage 607.
In the vicinity of one end of the platen 609, 5 there is provide @ﬂf
supporting nmenber 613 which supports a cap nenber 614 to cover 1th m@ht
face of discharge ports of head cartridge 601. Also, ink suction nmeans
615 is provided for sucking ink retainedgsin the interior of the cap nenber
614 by idle 10 discharges or the like fromthe head cartridge 601. Wth

i nk suction neans 615, the suction recovery of head cartridge 601 is
performed through the opening of cap nenber 614. On the mai n body
supporting neghetychg mbanskopeh plateac6éodi hg appangeds t60@ressnirabl e
menber 618 is novably supported in the forward and backward directions,
that is, the griettingnsheeti §htoanpkeplavent h89t Lavehengrdveddinigon of
carriage 607. for the novable nenber 618, a cleaning blade 617 is
instal |l ed. 20dHoeetéprn plietbeeaarmgabgkald®7617 is not necessarily limted
to this configuration. It may be possible to use any one of cleaning

bl ades of the nodeIpulhecVjcirat¥nofFonet fadi gk the pdadedi A§%ppar at us 600
thus 25 structured, the printing sheet Pis carried on the platen 609 by
recordi n§ neditiereaisyprgviianshgs sugpsEtingdmanbes, 6addwhA€bhead cartridge

601 1 4 DEC 2004
supports a cap member 614 to cover the front face of

discharge ports of head cartridge 601. Also, ink
suction means 615 is provided for sucking ink retained
in the interior of the cap member 614 by idle
10 discharges or the like from the head cartridge 601.
With ink suction means 615, the suction recovery of
head cartridge 601 is performed through the opening of
cap member 614.
On the main body supporting member 619 of ink jet
15 recording apparatus 600, a movable member 618 is
movably supported in the forward and backward
directions, that is, the direction at right angles to
the traveling direction of carriage 607. for the
movable member 618, a cleaning blade 617 is installed.
20 However, the cleaning blade 617 is not necessarily
limited to this configuration. It may be possible to
use any one of cleaning blades of the mode publicly
known.
For the ink jet recording apparatus 600 thus
25 structured, the printing sheet P is carried on the
platen 609 by recording medium carrying means as

described above, and the head cartridge 601



- 86 reciprocates over the entire width of the printing sheet P. Wen
driving signal is supplied to the head <cartridge 601 fromdriving si (E:;nal
supply means (not shown) at that tinme, ink (recording liquid) is 154 0EC 2004
di scharged fromthe liquid discharge head unit to the recording nmediumfor
recording in accordance with such signal. Now, the description will be
made of the security systemof the afoer@gai-d ink jet recordi ng appar at us.
10 Fig. 39 and Fig. 40 are views which illustrate the structure of security
system of recording apparatus of the present enbodinent. Particul arly,
using arrow marks Fig. 39 shows the transm ssion and reception of data
bet ween t he canstignetdtesatoddre tharerafirkd widdihs tofattihen praimttiigg. 40 shows
the transm ssion and reception of data between themat the tinme of user
recognition. Nhweta® sholren mrfHivgng3 S igmhiFiig. s4ppliiked doi itthe thamed
sem conduct or device 635 which belongs to the head 20 cartridge 601 of
this exanpl e coprnishye 01l rstomr egdgninge d idaiad Iseipgilyy me@ns dmot03 t hat
hol ds as recognized data the personal information recognized by
recogni zi ng pattavon 202 that rdoegniisindg gesosddalg lidgudrdiatison at the tine
of registration or user 25 recognition; a first information input and
out put porti olistdmndest finogeithes IWapicodd sahrgn higad avutditey theppar at us
600 side and transmts encoded data and 14 DEC 2004 )
recording medium for recording in accordance with such
signal.
Now, the description will be made of the security
system of the aforesaid ink jet recording apparatus.
10 Fig. 39 and Fig. 40 are views which illustrate the
structure of security system of recording apparatus of
the present embodiment. Particularly, using arrow
marks Fig. 39 shows the transmission and reception of
data between the constituents at the time of
15 registration, and Fig. 40 shows the transmission and
reception of data between them at the time of user
recognition.
Now, as shown in Fig. 39 and Fig. 40, the solid
type semiconductor device 635 which belongs to the head
20 cartridge 601 of this example comprises a first
recognized data holding portion 703 that holds as
recognized data the personal information recognized by
recognizing portion 702 for recognizing personal
information at the time of registration or user
25 recognition; a first information input and output

portion 707 that receives key code A from the recording

apparatus 600 side and transmits encoded data and



- 87 recognized data to the recording apparatus 600; a first key code A
hol ding portion 705 that holds the key code A received by the information
i nput and output portion 707; an encode converting portion 704 thpgngcgmg
encodes the 5 recognized data by use of the key code A; a first encode
data hol ding portion 706 that holds the data encoded by the encode
converting portion 704; and the energy &hverting portion 708 that
converts the el ectronotive force which is supplied in non-contact 10 from
the recordi ng apparatus 600 side toward the device 635 into the electric
power that can actuate at |least the aforesaid constituents 702 to 707.
Also, it is dESTUHIEED Fhdm thd R PP THAH SRRHP BT 1§ U 708f hRFL

i nformation input and out put _15ﬁ§9rtion 707 on the surface or near the

surface of the*Pe\it B30I RRPTHIRG Wohsthatuditids Hat tFHREecoBerti ons
n"the. ot her PO THELIN 31 dBARRBATon SRR SPb IHERTE ReEbiefng
cheray supply b (b SESE RA ST LS T ATt oty 9 ERER HRfon i s
o e SR otk BUPS A ML odliYbEe £ o con et
rocond ey, O AdElAIR G MR dhIgs AhdSaathon o
encoded by the encode converting portion 704; and the
energy converting portion 708 that converts the
electromotive force which is supplied in non-contact
10 from the recording apparatus 600 side toward the device
635 into the electric power that can actuate at least
the aforesaid constituents 702 to 707.
Also, it 1is desirable to form the energy
converting portion 708 and information input and output
15 portion 707 on the surface or near the surface of the
device 635, and any other constituents than these
portions are formed inside the device 635 in order to
improve the security set up.
On the other hand, the control device (not shown)
20 in the recording apparatus 600, on which the head
cartridge 601 is mounted, comprises an energy supply
portion 622 that supplies the electromotive force which
is external energy to the solid type semiconductor
device 635 in non-contact; a key code K setting portion
25 711 for the user to set the key code K; a second key
code A holding portion 712 where the key code A is

created form the key code K when the user admits of



- 88 registration; a key code B holding portion 713 that holds the key
code B created fromthe key code K when the user admts of registraﬁg n, a
second information input and output portion 7C9O that transmts tThel ﬁm%
code Ato the solid type sem conductor device 635, and receives the
recogni zed data and encoded data fromthe device 635 side; a second
recogni zed data holding portion 715 thatgghal ds the recognized data; a
second encoded data hol ding portion 714 that holds the encoded 10 data; a
decode converting portion 717 that decodes the encoded data by use of the
key code B; a decoded data holding portion 718 that hol ds the data decoded

by the _decode: GOWErdifh PO WA o & 1A GOIBH 4 6k PPLS | Oat 716 1 hat

performs the conparative reference between the 1 ecogni zed data and

decoded data; @ S HdPidatd M cRIHEESE S PALd 1108l 7dSad hatwien f or ns
whet her or not admts the use of apparatus in accordance with the result

of conpari son yggle; fyr thentad &€ PRaId 11 iyt § o ddfondleigEohnyeven, it is
assunmed that the encoded 20 data encoded by use of the key code A cannot be

decoded by usgngit tdieg kevt it ok tisn only dnatiseraishies keye koge B. In
this respect, it is desirable to use non- volatile nmenory for the hol ding

portions of pess@pal tRStrts At e cbeiscdmitditorieveebcd3b3Rndanacor di ng
apparatus nmain body so that data are held even when the supply of electric
power is cut ofdceilvds Ote Geffithized data and encoded data from the
device 635 side; a second recognized data holding
portion 715 that holds the recognized data: a second
encoded data holding porticn 714 that holds the encoded
10 data; a decode converting portion 717 that decodes the
encoded data by use of the key code B; a decoded data
holding portion 718 that holds the data decoded by the
decode converting portion 717; a data comparing portion
716 that performs the comparative reference between the
15 recognized data and decoded data; and a discrimination
processing portion 719 that performs whether or not
admits the use of apparatus in accordance with the
result of comparison made by the data comparing portion
716. Here, however, it is assumed that the encoded
20 data encoded by use of the key code A cannot be decoded
by use of the key code A but only by use of the key
code B.
In this respect, it is desirable to use non-
volatile memory for the holding portions of personal
25 data and key codes in the device 635 and recording
apparatus main body so that data are held even when the

supply of electric power is cut off.



- 89 It is also desirable to install the energy supply portion 622 on the
carriage 607 so as to enable it to face the solid type sem conduct or
device 635 provided for the head cartridge 601 nounted on the car}ﬂgégzm4
607. 5 The information input and output portion 707 and 709 arranged for
the head cartridge 601 and the recordin%phead 600, respectively, may be

either in the contact type or in non-coffact type. In the case of contact
type, it is possible to use the one that can 10 inplenment electrical
conduction wth each other when the cartridge 601 is nounted on the

carriage 607. In the case of non-contact type, it .is possible to use
communi cat i ng neangttﬁéta§§€§d&%%ﬁﬁQ%?\ﬁ%ﬂ%nﬁﬁiﬁﬁﬂqQ? AW HHPRWE | ke.

15 Al , th 4 t i 702 . ' fi ints, [ ,
i5, A so. e Lecon el B an 02 Lecomizce, LN Pl e,
ti 702 is f d .t.h lid t. ' t [ 6.35.
ARG AT RN QRSN LD R,
ide th WA ti . tsi t ' , . i
prov e (e 1 RaEl AP L MR M SR 0 ol iy 1Y

exanmpl e, @as shown ig Fii%fo%%{ﬂﬁi#ﬁ”ﬁé?%& aplcas%ifubcl erttsg)r?;ﬁq;iloog?i?z@? theypatterns

of irides of 25 eyebal I's or use o ormat1on i nput

adopter 631 WhigGh Jrg AW 469 Winkh nan 4 BgE ri3Jes Yo B3 hPsrde recogni zing
portion in the recorgiﬁ% 1 % 6%% 28 4

recording head 600, respectively, may be either in the
contact type or in non-contact type. 1In the case of
contact type, it is possible to use the one that can

10 implement electrical conduction with each other when
the cartridge 601 is mounted on the carriage 607. In
the case of non-contact type, it is possible to use
communicating means that uses electric wave, magnetic
field, or the like.

15 Also, the recognizing portion 702 recognizes
finger prints, voices, irides of eyeballs, or the like
as personal information. The recognizing portion 702
is formed on the so0lid type semiconductor device 635.
Besides, however, the solid tYpe semiconductor device

20 635 may be able to provide the recognizing portion 702
outside the device, not necessarily limited to the
structural example shown in Fig. 39 and Fig. 40.

For example, as shown in Fig. 38, it may be

possible to recognize the patterns of irides of

25 eyeballs or the like by use of personal information
input adopter 631 which is provided with an image

sensor 630 as the recognizing portion in the recording



- 90 apparatus main body. Such personal information thus recognized is
transmtted to the control board 632 provided for the recordi ng apparatus
mai n body. The <control board 632 is provided with CPU 633 and nenor ¥ b 6B
installed thereon. The recogni zed personal information is provisionally
stored on the nenory 634, and transmtted to the solid type sem conduct or
device 635 through the information i npuggand out put portion (not shown)
after being data processed by the CPU 633. 10 Thus, the data on the
personal information is stored and held in the solid type sem conductor
device 635. In this case, it is good enough to obtain electronotive force
for the i nmuge gt EB3hditomddye amparmatpes somial idhrrsdtdenn hdHere, it
may be possible to use the sane systemof iris recognition as the one
di scl osed i n tlecogpemEd iicattmn sofi tisywhries & hta tcemit rApp lbozatd B 2 ai d- Open
No. 9-201348 or the like for means for recognizing and acquiring irides of
eyebal | s. 20 Nowvikded fraf direngecordhing adPaaadus gaidl badwe ddseri ption
wi |l be made of the case where the owner of the recording apparatus 600
regi sters aut omitzed. Qyensbridd] isHemevideg with £FPih 6Feraatd areamofy owchar t
at the tine of registration. 25 On the key code K setting portion 711 of
recordi np appetratins Bdded Hda@prcoddr wisicognig edefiars®nad the owner is
set (step S201), and when the owner authorizes 1 4 DEC 1004
information is provisionally stored on the memory 634,
and transmitted to the solid type semiconductor device
635 through the information input and output portion
(not shown) after being data processed by the CPU 633.
10 Thus, the data on the persoconal information is stored
and held in the solid type semiconductor device 635.
In this case, it is good enough to obtain electromotive
force for the image sensor 630 from the apparatus main
body side.
15 Here, it may be possible to use the same system of
iris recognition as the one disclosed in the
specification of Japanese Patent Application Laid-Open
No. 9-201348 or the like for means for receognizing and
acquiring irides of eyeballs.
20 Now, with reference to Fig. 39 and Fig. 41, the
description will be made of the case where the owner of
the recording apparatus 600 registers authorized
personnel. Here, Fig. 41 is an operational flowchart
at the time of registration.
25 On the key code K setting portion 711 of recording
apparatus 600, the key code K which is defined by the

owner is set (step 5201), and when the owner authorizes



- 91 registration, key code A and key code B are created fromthe key
code K (step S202 and step S203), which are held by the key code A hol ding
portion 712 and the key code B holding portion 713 of recordi Nng | 3AFERr @gus
5 600, respectively. The key code Ais transmtted from the information
I nput and out put portion 709 of recording apparatus 600 to the solid type
sem conduct or device 635 of head cartrd dage -601. On the other hand, in the
head cartridge 601, the 10 key code A thus transmitted to the solid type
sem conductor device 635 is received by the information input and out put
portion 707 of the solid type sem conductor device 635, and held on the
key code A hatediintgearidron ké35 desteed H0H keAlsaie 1B diee dfeatedgni zi ng
portion 702 of solid type sem conductor device 635, the voices or finger
prints of regifstcet athe parysavd0K Jretarecitfiid zadl (sitegp S2UH) . Wheoh t he
voi ces or finger prints 701 are held on the recognized data hol ding
portion 703 asameedogind Aed thhet &ke(staple® 3gpid)indTney tidre TeEogmi zededat a
are encoded data by use of the key code A by the encode converting portion
704 (step S20Rey Hwlaldt fraliisiemsotdadnrel helld raraiding RrRE2 48 a
hol di ng portion 706 (step S208), hence term nating the registration of
per sonnel5 aut H1Q zeredpectZyalie oits ke xaodanik Hg diansiekt $od £ 5e™40 and
Fig. 42, the description will be nade of the case where the user of 14 DEC
2004 the information input and output portion 709 of
recording apparatus 600 to the solid type semiconductor
device 635 of head cartridge 601.
On the other hand, in the head cartridge 601, the
10 key code A thus transmitted to the solid type
semiconductor device 635 is received by the information
input and output portion 707 of the solid type
semiconductor device 635, and held on the key code A
holding portion 705 (step S$204). Also, by the
15 recognizing portion 702 of solid type semiconductor
device 635, the voices or finger prints of registered
person 701 are recognized (step 5S205). Then, the
voices or finger prints 701 are held on the recognized
data holding portion 703 as recognized data (step
20 S206). Thus, the recognized data are encoded data by
use of the key code A by the encode converting portion
704 (step $207). The data thus encoded are held on the
encoded data holding portion 706 (step S208), hence
terminating the registration of personnel authorized by
25 the owner.

Next, with reference to Fig. 40 and Fig. 42, the

description will be made of the case where the user of



- 92 recording apparatus 600 is the registered personnel or not. Here,
Fig. 42 is the operational flowhart at the tinme of making discrimnation
(recognition). At first, when the user seeks the perm ssion to % @
recogni zing portion 702 of solid type sem conductor device that bz g% bt o
t he head cartridge 601 recognizes the voices, finger prints or the |ike
721 (step S209 and step S210). The recegmizzed data hol ding portion 703

hol ds the voices, finger prints, or 10 the like 721 as recogni zed data
(step S211). Then, the encoded data created at the tinme of registration is
transmtted by the information input and output portion 709 to the

recordi ng appareatarsiiG dppgetaters WOCh itshethe atapi taatedgieersditndh ¢he
recordi ng apparatus 600, the information input and output portion 709
recei ves the medogniHegse, ddtga o2 titse tleeropemhtivadndoded-idatta aiushe
transmtted, which are held on the recognized data hol ding portion 715
and the encodedimeataf mkénﬂgq;mﬂmnmomdmﬁmy (step S212).

Then, the encoded data is decoded by the decode data converting portion
717 by use of the Meyfixsde Whamd decdFeFr ERKESWieh D HELYh e he
decoded data hol di % portion 718 (step S213 After that, the decoded data
i s conpared witse t HEQFACOGHIIEd R B¥ O afséio it t¥¥%r ence (step
S214) by the data conparatiyve port ion 716. If identification is, confirmed
by the conpar &SR PHG O derlipe thagclsgdpngs to the head cartridge

601 recognizes the voices, finger prints or the like
721 (step 5209 and step $210). The recognized data
holding portion 703 holds the voices, finger prints, or

10 the like 721 as recognized data (step S211). Then, the
encoded data created at the time of registration is
transmitted by the information input and output portion
709 to the recording apparatus 600 together with the
recognized data.

15 In the recording apparatus 600, the information
input and output portion 709 receives the recognized
data of the user and the encoded data thus transmitted,
which are held on the recognized data holding portion
715 and the encoded data holding portion 714,

20 respectively (step S212). Then, the encoded data is
decoded by the decode data converting portion 717 by
use of the key code B and decoded data which is held on
the decoded data holding portion 718 (step S213}.

After that, the decoded data is compared with the

25 recognized data of the user for reference (step 5214)

by the data comparative portion 716. If identification

is confirmed by the comparative reference, the



- 93 discrimnating process portion 719 authorizes the user as registered
personnel to enable the user to use the recording apparatus 600 (step
S215). If data are not identical, the user is yet to be registereg.
Therefore, the discrimnating process portion 719 nmakes the recor i@é}tl%&
apparatus 600 unusable (step S216). For the enbodi nent described above, the
energy supply portion 622 that suppligsgglgctronntive force to the device
635 as external energy is provided for thé 10 carriage 607, but it may be
possible to arrange it on the recovery position, returning position, or
the like. In accordance with the present enbodi nent, the recognized data

of a regi Ster?‘is@?iﬁ?.'ﬂ%%'ig@ﬁ???’é%%%ﬂ g écigJae AWl 1o i6EY GiHM ARpAr at us

600 is encoded using a 1 ode, and the encoded data i1s stored

and held on the $QlgidtrRe PRFSHAAUCHY LAYIEE thid Wehadfl udedrdid dge 601
as the one that cannot be decoded with the exception of the remaining part

of the af or esgigdori@¥oC aPpparaitiulee slolde (REY /NG par tr Ofadthe &key wpde is 20
stored and held in thé recordi ng apparatus 600. As a result, it is

i npossi bl e t0 j3eaWicA1,heneeeren 28d yeadeo ®e e isterred personnel even if
only the device is analyzed. Also, if an encoded data holding portion is

formed i t he T8Rves® re35 thlel ldizicid nitet30lg Pproftape Pordtieofl9 itakesones
extrenely difficult to analyze data fromthe outside as conpared with the

Zem' conduct or th@eHee® riddmnige dppara thisate 0ouhsiusaitae t(futepradieg it 1 4 DEC
004 For the embodiment described above, the energy
supply portion 622 that supplies electromotive force to
the device 635 as external energy is provided for the
10 carriage 607, but it may be possible to arrange it on
the recovery position, returning position, or the like.
In accordance with the present embodiment, the
recognized data of a registered personnel authorized by
the owner of recording apparatus 600 is encoded using a
15 part of key code, and the encoded data is stored and
held on the solid type semiconductor device 635 of head
cartridge 601 as the one that cannot be decoded with
the exception of the remaining part of the aforesaid
key code, while the remaining part of the key code is
20 stored and held in the reccrding apparatus 600. As a
result, it is impossible tc acquire the recognized code
of registered personnel even if only the device 1is
analyzed. Also, if an encoded data holding portion is
formed in the device 635 utilizing the solid shape
25 thereof, it becomes extremely difficult to analyze data
from the outside as compared with the semiconductor

device formed on a flat substrate, thus making it



- 94 possible to enhance the security set up. Further, in accordance with
the present enbodi nent, with the device 635 being provided with the energy
converting portion 708, there is no need f or the 5 provision of ané
direct wiring, thus making it possible to install the device 6351 il ﬂWMon
the position in the head cartridge 601 or recordi ng apparatus 600 where
the personal information, such as voicegq tinger prints, of the user or
regi stered personnel can be easily read 10 out. Also, for the present
enbodi ment, the exanple is described in which the solid type sem conductor
device of the present invention is used for an ink jet recording
appar at us, bupokhii®180ltbd ehnpaceetheosduatraty tetdeypi.ce being able to store
and hold personal information, it is possible to identify the person
hi msel f reliably ifurktesql ifh typerdanceondtibt ahedpriecentl51 is buried in
t he human body 150 as shown in Fig. 43, and detect a pretender exactly. 20
Al so, it becormboddsmenil, ewtiahr ¢bei deviceaddGubedngt peaviged Wi @n Heei dent
or when getting ill if the profile of clinical history of the person
hinsel f is skeaesgyoconierddwnigcporiidoai 188t ethetriee idetna Inegdddser | Phe on
wi Il be made 25 of the specific exanple which is preferably applicable to
t he af or &sai d prewisiiop eofsaamn dArefitr yiringe $hiugcm@kdindeddmpassible
described with 1 4 DEC 2004
to install the device 635 freely on the position in the
head cartridge 601 or recording apparatus 600 where the
personal information, such as voices, finger prints, of
the user or registered personnel can be easily read
10 out.
Also, for the present embodiment, the example is
described in which the solid type semiconductor device
of the present invention is used for an ink jet
recording apparatus, but this solid type semiconductor
15 device being able to store and hold personal
information, it is possible to identify the person
himself reliably if the solid type semiconductor device
151 is buried in the human body 150 as shown in Fig.
43, and detect a pretender exactly.
20 Also, it becomes possible to receive an adeguate
treatment in an accident or when getting i1l if the
profile of clinical history of the person himself is
stored on the device.
Hereinafter, the detailed description will be made
25 of the specific example which is preferably applicable

to the aforesaid security system.

At first, the structural example is described with



- 95 respect to the recognizing portion 702 that recognizes the

regi stered personnel or the user. Fig. 44 and Fig. 45 are cross-sectional
and plan views, respectively, which schematically illustrate a 5 ?t?ﬁ

I nput sensor when the voice input sensor is used as the recogniz1ﬁé 4
portion 702. As shown in Fig. 44 and Fig. 45, the voice input sensor uses
a di aphragm 802 with silicon base, on a art of which a piezo-resistor
(silicon distortion 10 gauge) is |ncorporated by use of diffusion nethod,
and on the circunference of the sensor, electric circuits are |ntegrated
to forma arithnetically anplifying portion (PNP transistor 801, for

I nstance) 800. g-g\;ﬂle%t nefb S Y189 n3e3brt 18nS HohatR Rl reeldghilae 15

sem conduct or the functions of circuit, there are provided

such functiongpas rte@gs%@r‘éﬁt PRs o e 10WEPWhealiBli-f i cation degrees, the
conpensation for ténperature characteristics (zero point and

sensitivity), the QQJgUSWIEf&thfFlz;erQspat@t crodBnges®i®ndd @nl@iplLarl N or der
to adjust them it nmay be possible to add laser trimmng function to each

i ndi vi dual thiieud,| Peepicti®e 1GN0WhskaWaEhehBe ishll1§01 1dustardtieon gauge
200 adopted here is wused for the purpose of detecting the vibrations of

25 guttural beRa cthampliBRnBoddueen aheowbdceThapusUalensoircd s eseghi tion
recogni zes voi ces such as by the input of voices detected by a m crophone,
the 1 4 D E Cad0Qhe recognizing portion 702.
As shown in Fig. 44 and Fig. 45, the voice input
sensor uses a diaphragm 802 with silicon base, on a
part of which a piezo-resistor (silicon distortion
10 gauge) is incorporated by use of diffusion method, and
on the circumference of the sensor, electric circuilts
are integratéd to form a arithmetically amplifying
portion (PNP transistor 801, for instance)} 800. This
sensor is formed near the surface of solid type
15 semiconductor device 635. As the functions of circuit,
there are provided such functions as the adjustment of
output amplification degrees, the compensation for
temperature characteristics (zero point and
sensitivity), the adjustment of zero point, among some
20 others. In order to adjust them, it may be possible to
add laser trimming function to each individual thin
film resistor (not shown).
The silicon distortion gauge 200 adopted here 1is
used for the purpose of detecting the vibrations of
25 guttural bone when human produces a sound. The usual
voice recognition recognizes voices such as by the

input of voices detected by a microphone, the



- 96 conversion into the frequency region, and the standardi zation of

| ength and tone thereof. However, this voice input sensor utilizes high

pi ezo-resistance effect of silicon to nake it possible to detect 5 40EC 2004
pressure wave vibrations at high sensitivity (usually, silicon gauge
factor is approximately 200). The distortion due to the pressure wave
vibration thus detected by the voice i-nPét -sensor is converted into

el ectric signals. Then, the recogni zed data hol ding 10 portion 703 hol ds

t he i nput voice signals thus formed as the recognition data of the

regi stered person. Also, Fig. 46 is a cross-sectional view which shows
schemat i cal | y cprovearsdiomprinto ddies Sraguananhaedialgeranst iHte sensor i s used
as the recognizing portion 15 702. As shown in Fig. 46, the fingerprint
sensor 803 usdmndandization ¢ifagienggh sowt diong |thedietase HAWRIVOR: a part
thereof, fine resistive |ayer (heater) 805 of several mcron square is

i ncor por at ed Bpisedicdraut $SNGeImtiHdd 35S tHeN il zornessighance

resi stance value of the resistive |ayer, 805 changes by, whether or not the

surface of fifdreBoeh fidHee™ e M TefogsiR g HerdHRCt Thus, such
changes are neasured on thejﬁptine ar%ﬂégﬁ ng finger prinﬁﬂgoriio? of 25
finger that hd¥FSBiltied®Vanhd §€d:lf°6’rs t WS A o angtuet Y -
dent i T cat ion, qfy Lfie JJASTe R 1 MU SAMAER 3P A PONand nf or mati on.
distortion due to the pressure wave vibraticen thus
detected by the voice input sensor is converted into
electric signals. Then, the recognized data holding
i0 portion 703 holds the input voice signals thus formed
as the recognition data of the registered person.
Also, Fig. 46 is a crecss-sectional view which
shows schematically a finger print sensor when the
finger print sensor is used as the recognizing portion
15 702.
As shown in Fig. 46, the fingerprint sensor 803
uses a thin f£ilm diaphragm 804 of silicon base, and on
a part thereof, fine resistive layer (heater) 805 of
several micron square is incorporated by use of
20 diffusion method or the like. Then, the resistance
value of the resistive layer B05 changes by whether or
not the surface of finger 8506 touches the fine
resistive layer 805. Thus, such changes are measured
on the entire area of the finger print portion of
25 finger that has touched, and used for the
discrimination and identification of the finger print

which serves as perscnal information. Further, on the



- 97 ~circunference of the sensor, electric circuits are integrated to
forman arithnmetic anplifying portion is arranged, hence nmaking it

possi ble to enhance the identification accuracy still nore. As the 4 pEC 2004
functions 5 of circuit, there are arranged the adjustnent of out put
anplification degree, the conpensation of tenperature characteristics, the
adj ustnent of zero point, or the Ilike.-lgy R g. 46, a reference marks Q _
and 2 designate heat flow 10 Further, Fig. 47 is a structural diagram of
a finger print sensor in which the aforesaid finger print sensor is
arranged in towdinensionally, with the shift registers each controlling

t he hori zont al choaumexknoerdf ciele ssamsor £Sabed t vt yoiben hgs capbdi ned. For
15 exanple, if each of the finger print sensors is formed in MOSFET node
for this strucintegsdtowh to forgn &V, arithrieicioeanpbifyihe pordibbeact st he

t wo- di nensi onal information of finger print by turning on and off the

drai n vol t age ofram@dr hangs mploimanidt gfdssaihle hieo 2nhysnes ofie MOSFET
required for one horizontal scan in the vertical direction at a tinme. In
Fig. 47, a refidemce igarloHaeayiagntsti hbrmeont alAsvihe hfurvstignsti cal
switch; and PD, diode. Now, the description will be made of the exanple 25
in which The Wk @frewsr ditfreamprs auteanpyl | the popinert ,of goubpukt of

identifying discrimnation of the user by the aforesaid security systens.
Fig. 48 is 1 pmgdbigption degree, the compensation of temperature

characteristics, the adjustment of zero point, or the
like. 1In Fig. 46, a reference marks Q, and Q, designate
heat flow.

10 Further, Fig. 47 is a structural diagram of a
finger print sensor in which the aforesaid finger print
sensor is arranged in tow-dimensionally, with the shift
registers each controlling the horizontal scan and
vertical scan, respectively, being combined. For

15 example, if each of the finger print sensors is formed
in MOSFET mode for this structure shown in Fig. 47, it
becomes possible to detect the two-dimensional
information of finger print by turning on and off the
drain voltage of MOS or turning on and off all the

20 gates of MOSFET required for one horizontal scan in the
vertical direction at a time. 1In Fig. 47, a reference
mark HS designates horizontal switch: VS, vertical
switch; and PD, diode.

Now, the description will be made of the example

25 in which the use of recording apparatus 600 is
prohibited as a result of identifying discrimination of

the user by the aforesaid security systems. Fig. 48 is



- 98 a view which schematically shows the structure of head cartridge
t hat nakes recording inpossible. The ink tank 901 of head cartridge shown
in Fig. 48 contains ink 902 in it by use of a valve 903, and by uge, pf( %%45
suction punp 904, the air in ink tank 901 is sucked through the valve 903.
Then, after the interior of tank is set at a designated negative pressure,
the valve 903 is closed. Wien ink 902.iggsuch ink tank 901 is consuned by
t he di scharge operation of ink jet 10 recordi ng head, the negative pressure
in tank becones greater in the negative direction, because the interior
of tank is not communicated with the air outside. if the negative val ue

i nsi de the tank veeeadsdhhechiasitgrailad \owes the sRrictuse o f dhégdar ge
nozzle of 15 ink jet recording head is allowed to retract too nuch to

di sabl e di scharaqgaxidgige at@tdimakds qachrdihey efnmpessible accrielaimle with this
I nk supply structure, a pressure sensor (not shown) is arranged inside the
tank to det edtanke@dl & [reess waestrilkgye sklvewn tire Riad uet®fc@Otsimd pressure
sensor exceeds the designated value, the valve 903 is open until the val ue
of pressure sdmdor0Zaga nthéyonss |lcfver vaiare (HE demidizy edsevadfieg hence
controlling the negative pressure inside the tank constantly. 25 Wth the
struct ur & t husvatriamgedimpt 199 4, eddrediadg imedmic drank dfel skowugledig. 48 is
used for the recording apparatus 600 to nmake it inpossible to 1 4 DEC 2004
through the wvalve 903. Then, after the interior of
tank is set at a designated negative pressure, the
valve 903 is closed. When ink 902 in such ink tank 901
is consumed by the discharge operation of ink jet
10 recording head, the negative pressure in tank becomes
greater in the negative direction, because the interior
of tank is not communicated with the air outside. If
the negative value inside the tank exceeds the
designated value, the meniscus of discharge nozzle of
15 ink jet recording head is allowed to retract too much
to disable discharges of recording ligquid. Therefore,
in accordance with this ink supply structure, a
pressure sensor (not shown) is arranged inside the tank
to detect negative pressure. Then, when the wvalue of
20 such pressure sensor exceeds the designated wvalue, the
valve 903 is open until the value of pressure sensor
again becomes lower than the designated value, hence
controlling the negative pressure inside the tank
constantly.
25 With the structure thus arranged, the recording

head cartridge shown in Fig. 48 is used for the

recording apparatus 600 to make it impossible to



-- 99 performrecording in such a manner that if it is found that data
are not identical as a result of the identifying discrimnation of $@a;[ﬁy
nmeans of the aforesaid security system the valve 903 is open to g Z
the negative pressure inside the tank by use of the suction punp 904 until
I nk di scharges are disabled, or the level at which ink supply to the head
becones inpossible ultimately. Wth theogtructure that enbodies the
present 10 invention, the external energy supplied fromthe outside in
non-contact is converted into electric power to actuate the device to nake
It possible to hold the personal information recognized by the recognizing
portion. As ageafidrim rfdwyreliirgg rim rasth fomdamerd Spptovision b besdri cal
connection with the device for the supply of electric power, and the
devi ce that halldst ddtm paresord iddmirinstl ars Ganrdsmlalr rahgede freel y.
Further, the neans for holding the recognized data as personal information
may be provi deididrrtsiifijel idh el i rsioliirch tiygpe e seonduc trorardeveLethét becones
difficult to obtain such personal information by the external analysis,
t hus enhanci nqafidressdcursacumft yoerysoreal, tihdf oratate dH}3 | s cepién i bm, personal
i nformati on can be 25 recogni zed in the three-dinensional node to make the
restricti®n i nposed Wipomeadsd: idier aotdsomns dmecigti ttiengranluchy i wsorafit i on
smaller than the flat type 1 4 DEC 2004
the suction pump 904 until ink discharges are disabled,
or the level at which ink supply to the head becomes
impossible ultimately.
With the structure that embodies the present
10 invention, the external energy supplied from the
outside in non-contact is converted into electric power
to actuate the device to make it possible to hold the
personal information recognized by the recognizing
portion. As a result, there is no need for the
15 provision of electrical connection with the device for
the supply of electric power, and the device that holds
the personal information can be arranged freely.
Further, the means for holding the recognized data
as personal information may be provided inside the
20 solid type semiconductor device, it becomes difficult
to obtain such personal information by the external
analysis, thus enhancing the security of personal
information.
In addition, perscnal information can be
25 recognized in the three-dimensional mode to make the

restriction imposed upon the direction of recognizing

such information smaller than the flat type



- 100 sem conductor device that may be used for the same purpose. Al so,
with such solid type sem conductor device provided for the recordi ng head
cartridge or such 5 cartridge is nounted on the recordi ng apparatus, it
beconmes possible to provide function to provide function to recognnggzmq

personal information, and at the sane tinme, keep the recognized data with
hi gh security in the single body of recH@®ing head cartridge or 10
recordi ng apparatus. Al so, in accordance with the security systemof the
present invention, it becomes inpossible to obtain the recogni zed code of
a registered personnel even by  analyzing the device only, because the
recogni zed datS#MiFANIGHE T §ivdiCsr ddiafemMeonhe YsehFaz dddysamR owner of

recordi ng apparatus is encoded by use of the key code A which is a part of
the key code RPYWdNASfed by the owner, and the data thus encoded cannot be

decoded but only by  the key code B which the renainingtpart of the 20
aforesai d key code®&Pd ¥R FECR iSO P FEHAPBIF AT ALK FY t ype

sem conduct or devi.ce .of. recordi ng head artridge, while the key code B is
stored and help(fo‘ﬁ"r‘?sf“lddéotrhg eE&%&r%%gﬁﬂé’[ lﬁ’?g‘%ﬁ]g&e igT t%‘éciié%coded dat a
hol di n ortion_s .forned inside the ice 25 utilizing the soJjd type
Mheroof. B1 L Sbad RS WESnREd B fie Facstding, ittt bve 1 he

(21852 as Conp%re%%m\@st Ibo%lécl%l%oq:toi %r}:omadte I%Hu%ct%%ofnort%e%roor{riadgl =

function to recognize personal information, and at the
same time, keep the recognized data with high security
in the single body of recording head cartridge or

10 recording apparatus.

Also, in accordance with the security system of
the present invention, it becomes impossible to obtain
the recognized code of a registered personnel even by
analyzing the device only, because the recognized data

15 of the registered personnel authorized by the owner of
recording apparatus is encoded by use of the key code A
which is a part of the key code K defined by the owner,
and the data thus encoded cannot be decoded but only by
the key code B which the remaining part of the

20 aforesaid key code, and such data is stored and held on
the s0lid type semiconductor device of recording head
cartridge, while the key code B is stored and held
inside the recording apparatus. Also, if the encoded
data holding porticon is formed inside the device

25 utilizing the solid type thereof, it becomes extremely
difficult for the outside to analyze the data as

compared with such portion that may be formed on a flat



- 101 substrate, hence enhancing the security set up. Next, the
description will be nade of energy generating neans which is applicable to
the aforesaid solid type sem conductor device. Fig. 49 is a view 5 i ch
illustrates the el ectric power generating principle of the energyl 4 DEC 7004
generating neans that is a constituent of the solid type sem conduct or
device of the present invention. In F.gio#9, adjacent to the coil La of
external 10 resonance circuit 1101, the conductive coil L of oscillation
circuit 1102 is placed, and when electric current la runs through the coil
La by way of the external resonance circuit 1101, the magnetic flux B is
gener at ed by tshibsdiredter,i dregurer emthana;inghitdie penetridtyesselt ue coil L of
oscillation circuit 1102. Here, the electric current lais allowed to
change, the nagnet iNextf,| ibheB delsatr ijpdrigir atidsl tive magld df crerges
accordingly. Then, induction electronotive force Vis generated on the
coil L. As a reshgnatimg mesgid witlicdn i rapplicebiz t20 the iakborgerbded in
spherical silicon as energy generating neans, and if, for exanple, the
external res@wrice toinec wemicp@ducs ofr rdagiate -outfsidde 4hd Heviteew such as
arranged in the ink jet recording apparatus, so as to enable the
conduct i Ve coiwhichofildaxstinadisisot nes ediacdifiiic PRORHWaNeTalei®e side to be
pl aced adjacent to the coil La of the resonance circuit 1102 outside the
device, it beddHeSigds$sio &hto egeFSvatdenHA g yeprg Moyt is a

constituent of the so0lid type semiconductor device of
the present invention.
In Fig. 49, adjacent to the coil La of external

10 resonance circuit 1101, the conductive coil L of
oscillation circuit 1102 is placed, and when electric
current Ia runs through the coil La by way of the
external resonance circuit 1101, the magnetic flux B is
generated by the electric current Ia, which penetrates

15 the coil L of oscillation circuit 1102. Here, the
electric current Ia is allowed to change, the magnetic
flux B that penetrates the coil L changes accordingly.
Then, induction electromotive force V is generated on
the coil L. As a result, the oscillation circuit 1102

20 is incorporated in spherical silicon as energy
generating means, and if, for example, the external
resonance circuit 1101 is arranged outside the device,
such as arranged in the ink jet recording apparatus, so
as to enable the conductive coil L of oscillation

25 circuit 1102 on the device side to be placed adjacent
to the coil La of the resonance circuit 1102 outside

the device, it becomes possible to generate the



- 102 electric power that can operate the device by the electronotive
force fromthe outside by neans of nmagnetic induction. Al so, the nmagnetic
flux B that penetrates the coil 5 L of oscillation circuit 1102 of w nding
nunmber N which is incorporated in the spherical silicon as energy 4 0EC 2004
generating nmeans can be expressed by the following fornmula with the
proportional constant being given as K jf§gcause it is proportional to the
product of the 10 wi nding nunmber Na of the coil La of external resonance 15
circuit 1101 and the electric current la: B=k * Na * la (1) The

el ectronotive force V generated in the coil L can be expressed as follows:

V = -N{dB/ dt) elelaldipamidid that MaH dpldatdel)tierddvide e tmgnetic flux B

is assuned to provide the perneability of coil nagnetic core as pa, and

the 20 magnet ied efdtirethoasvid foBce Faldnz)the (Al Y/ ddds et 22) 3/ 2} (3)
where the z is the distance between the coil of external resonance circuit
and the coil whaiggletis id%Wdordenporated in the spherical silicon. Now, the
mut ual inductance of the formula (2): M can be expressed as foll ows:

Also, the magnetic flux B that penetrates the coil

5 L of oscillation circuit 1102 of winding number N which
is incorporated in the spherical silicon as energy
generating means can be expressed by the following
formula with the proportional constant being given as
K, because it is proportional to the product of the

10 winding number Na of the coil La of external resonance
circuit 1101 and the electric current Ia:
B = k * Na * Ia (1)
The electromotive force V generated in the coil L
can be expressed as follows:

15 v -N{dB/dt}

It

-kNaN{dIa/dt}

-M{dIa/dt} (2)

1

Here, if the magnetic flux B is assumed to provide the

permeability of coil magnetic core as pa, and the

20 magnetic filed as H:
B = paH(z)
= {paNaIara’/2 (ra®’ + z?)¥?%} (3)

where the z is the distance between the coil of
external resonance circuit and the coil which is
25 incorporated in the spherical silicon.
Now, the mutual inductance of the formula (2}: M

can be expressed as follows:



1 4 DEC 2004 - 103 M= {Nala} fgB dS (ara2NaNS/2po (ra2 + z2)312} (4)
where the o is the perneability of vacuum Then, the inpedance of the
transm ssion circuit 5 which is incorporated in the spherical sili 2%' é
can 10 15 be expressed as follows: Z (co) = R+ j {wL - (1/wQ)) (Sf b 004
t he i npedance of external resonance circuit: Za can be expressed as
follows: Za (W = Ra + jwLa - {0)2M/ Z ( }.(6) where the | represents
magneti zati on. Then, the inpedance when this external resonance circuit is
caused to resonate (current value: la at the maximum: Zo can be expressed
as follows: Zo (w) = Ra + jLacoo - (w2M2/R) (7) Then, the phase del ay of
this resonance circuit: pyd) (GA)nRE8Xgressedsas follows: tand) = {jLawo -
((002M2/ R}/ R (8) And the resonant fréquency of external resonance 20

circuit: fo can be obtained(analr@rhaNS7268 Frd? 2n(4268423Z (9) Fram the
rel ati ons described above, when the inpedance of oscillation circuit 1102

which is incorporghReel RnEh@oSRRENEAeTa®an ity GFUSRR WU 25 change
foll owi ng the changes of ink status in ink tank,
Then, the impedance of the transmission circuit
5 which is incorporated in the spherical silicon: Z can
be expressed as follows:
Z (w) =R+ j {owL - (1/wC)} (5)
And the impedance of external resonance circuit:
Za can be expressed as follows:

10 Za (w) = Ra + joLa - {o®™M)/Z(w)} (6)
where the 3} represents magnetization. Then, the
impedance when this external resonance circuit is
caused to resonate (current value: Ia at the maximum}):
Zo can be expressed as follows:

15 Zo (wo) = Ra + jLawo - {(wo’M?/R) (7)

Then, the phase delay of this resonance circuit: ¢
can be expressed as follows:
tanp = {jLawo - (wo’M?*/R)}/R (8)
And the resonant frequency of external resonance
20 circuit: fo can be obtained as follows:
fo = 1/2m(LC)? (9)
From the relations described above, when the
impedance of oscillation circuit 1102 which is
incorporated in the spherical silicon is caused to

25 change following the changes of ink status in ink tank,

the frequency of external resonance circuit 1101

changes accordingly. Then, the changes of ink status



t he frequency of external resonance circuit 1101 changes accordingly.
Then, the changes of ink status 1 4 D E C 2004 - 104 appear in the
anplitude and the phase differential of the inpedance of external
resonance circuit 1101. Further, this phase differential and anpl i titd 2004
contains the changes of ink rermainders (that is, the changes of 5 the z).
For exanple, with the -changes of resananfs frequency of external resonance
circuit 1101, the output (inpedance) of oscillating circuit 1102

i ncorporated in the spherical silicon is caused to 10 change in accordance
with the environnental changes that surrounds it. Therefore, with the
detection of apbearfhiqquaacumgependabuhit ¥hei bnheeoars repeesitilag ter detect
the presence or absence of ink or ink remainders. 15 Consequently, the
oscill ation ciheulilnpeaaaepobdt edtterfallheagphanceakigichiieon l@an be used not
only as energy generating neans for generating electric power, but also,
as a part of meamnhetor ttleétephbrg Gheéfelengeslotindi akpdtidtnde icesitoeinde

tank. 20 Now, the description will be made of the nethod for manufacturing
the solid typeheepheopdacodr ideviremaioflerhi § tbrénpke. thegshad@k s ©50G are
views which illustrate one exanple of the nethod for manufacturing the

solid type setrheomduct or device of the present 25 invention. Each of the
processi ng steps is represented
For example, with the changes of resonant
frequency of external resonance circuit 1101, the
output (impedance) of oscillating circuit 1102
incorporated in the spherical silicon is caused to

10 change in accordance with the environmental changes
that surrounds it. Therefore, with the detection of
this frequency dependability, it becomes possible to
detect the presence or absence of ink or ink
remainders.

15 Consequently, the oscillation circuit incorporated
in the spherical silicon can be used not only as energy
generating means for generating electric power, but
also, as a part of means for detecting the changes of
ink status inside the tank.

20 Now, the description will be made of the method
for manufacturing the solid type semiconductor device
of this example. Figs. 50A to 50G are views which
illustrate one example of the method for manufacturing
the solid type semiconductor device of the present

25 invention. Each of the processing steps is represented
by the section that runs through the center of the

spherical silicon. Here, also, the exemplified method



by the section that runs through the center of the spherical silicon.
Here, also, the exenplified method 1 4 D E C 2004 - 105 of nmanufacture is
such that the spherical siliconis produced so that the gravity theggofi
cones to the lower part of the center thereof, and the upper part 1nside
t he spherical body is made hollow, and further, the 5 hollow portion is
kept airtightly. Now, for the spherical X3i<con shown in Fig. 50A, the
thermally oxidized SiQ2 film 1202 is formed on the entire surface thereof
as shown in Fig. 50B. After that, as shown in Fig. 50C, the S102 filmis
patterned 10 by use of photolithographic process in order to form opening
1203 on a par bft manadactiiren isasushowhaitn thieg sphébicad] witlheamppes silicon
portion is renmoved through the opening 1203 by neans of isotropic etching
usi ng KOH sol wewduceldusof thaitngheharay iyl tbgrgoft comes2(4. tAfe ekowdrat , as
shown in Fig. 50E, SiNfilm21205 is formed on the inner and outer surface
of the solid pPpg¢ ¢dvithe gentgrLibepesdthead khet MPPeraPasttodnsiaei g. 50F,
using netallic CVD nethod Cu film 1206 is formed on the entire surface of
20 solid typethevispbertsal Redyhdwnmederhglloyc aPke faythiatm 16 is
patterned by use _of know photolithographic process to formthe conductor
coil L of3 wi n§ioddomume&itior ighkeRthedstddndi¥art of oscillation circuit.
After that, the solid type device having the conductor coi] 25 forned

. L
therefor is withdr 8- f F6% &hFaclifirdfifdr stddcpg shown in Fig. SO0A.
the thermally oxidized SiO, film 1202 is formed on the

entire surface thereof as shown in Fig. 50B. After
that, as shown in Fig. 50C, the Si0O, film is patterned

10 by use of photolithographic process in order to form
opening 1203 on a part thereof.

Then, as shown in Fig. 50D, only the upper silicon
portion is removed through the opening 1203 by means of
isotropic etching using KOH solvent, thus forming the

15 hollow portion 1204. After that, as shown in Fig. 50E,
SiN film 1205 is formed on the inner and outer surface
of the so0lid type device using LPCVD method.

Further, as shown in Fig. 50F, using metallic CVD
method Cu film 1206 is formed on the entire surface of

20 s0lid type device. The, as shown in Fig. 50G, the Cu
film 1206 is patterned by use of know photolithographic
process to form the conductor coil L of winging number
N, which becomes a part of oscillation circuit. After
that, the solid type device having the conductor coil L

25 formed therefor is withdrawn from a vacuum apparatus to
the air outside to clog the aforesaid upper opening

1203 with a sealing member 1207, such as resin or plug,



the air outside to clog the aforesaid upper opening 1203 with a sealing
menber 1207, such as resin or plug, 1 4 D E C 2004 - 106 to keep the

hol I ow portion 1204 inside the spherical type device in airtight {4 DEC 2004
condition. Being manufactured in this manner, the solid type sem conductor
device itself formed by silicon can be provi ded wi th buoyance 5 w t hout
any provision of neans for generating buoyence by the application of

el ectric power. Also, the driving circuit elenent other than the coil L
which is formed on the spherical silicon, before the solid type floating
sem conductor device is 10 manufactured, uses NNMOS circuit elenment. Fig.
51 is a vertiwaldeesanid anrdllow ewnthich Isithienatdickd |tyhes lapheertimal N- MOS
circuit element. As shown in Fig. 51, P-type MOS 1450 is forned for Ntype
wel | region l4GfbeonidviscdSiirs whisttriaghett IA0lidficR. 13 ecioved wetrarf dyytumeshs of

I mpurity inplantation induction and diffusion by inplantation or the like
usi ng general ilVi%im oegessr artheN-9lS dl45Ppa sdmramdlugtd®- tdgpeiael | regi on
1403. The P-MOS 1450 and N-MOS 1451 are structured by the polysilicon gate
Wi ring 1415, adrtbalfe fRrmalirhge sidgiaon o606 bedmaiay idegl ovi thidB1ayanes her s
which have induced N-type or P-type inpurities and deposited by CVD

met hod i b a t Widikwess asfy 4000/ igriget rafmmganrior GeheST00-MhduiaReR | ess
through gate insulation film 1408 formed in a thickness of several
hundreds of 23varigst rappligatiion v GO QisyireWes f or med by the P-MOS

Also, the driving circuit element other than the
coil L which is formed on the spherical silicon, before
the solid type floating semiconductor device is

10 manufactured, uses N-MOS circuit element. Fig. 51 is a
vertically sectional view which schematically shows the
N-MOS circuit element.

As shown in Fig. 51, F-type MOS 1450 is formed for

N-type well region 1402 on the Si substrate 1401 of P-

15 conductor by means of impurity implantation induction
and diffusion by implantation or the like using general
MOS process, and N-MOS 1451 is formed on P-type well
region 1403. The P-MOS 1450 and N-MOS 1451 are
structured by the polysilicon gate wiring 1415, and the

20 source region 1405, drain region 1406 and others which
have induced N-type or P-type impurities and deposited
by CVD method in a thickness of 4000 angstrom or more
and 5000 angstrom or less through gate insulation film
1408 formed in a thickness of several hundreds of

25 angstrom. Then, the C-MOS logic is formed by the P-MOS
1450 and N-MOS 1451.

The N-MOS transistor 1301 for use of driving



1450 and N-MOS 1451. The N-MOS transistor 1301 for use of driving 1 4 DEC
2004 - 107 elenment is also structured in the processes of inpurity

i npl antation, diffusion, and the like with the drain region 1411, source
region 1412, gate wiring 1413, and others on the P-type wel | subdtrHCel04
1402. 5 Here, if the NNMOS transistor 1301 is used as the device driver,
the distance L between drain gates that rmone transistor becones
approximately 10 pmat the mninumvalue. One of the breakdown itens of
the 10 pm is the width of contact 1417 between the source and 10 drain,
and the width portionis 2 x 2 um Actually, however, it is 1/2 thereof: 2

}gym because &eﬂ%hft g a%aos%ﬁetmeehh%nacﬂhacg%cters%@ SOfimpurity

si mul t aneousl y e ot her breakdown itens are the distance portlon

bet ween the cqp ?%hté%%nanﬁﬂf@ﬁs%he aﬁa3tate ilme( wiZhlene Arfin and the
wi dth portion of the gate 1413 wh 4 pm Therefore, the total is 10

pm Between eagligh Q|4Q'Ten%8urtc€er8§h.@ﬁt 'lQ@zf'gE‘tesevHi"iﬁb' QR 1r3egigHg 1453 i's
formed by fiel[d oxidation in a thickness of 00 angstrom or nore and

10000 angstrogehd@sObnl €8s, pLhypesaBanakibg tiri@echqaents. This field
oxidation filmfunctions as the first layer of heat accunulation |ayer

1414. Aftser each ofierBe elcewmat N-Mosf @r@B@isPSe 1BBIGCisf uis®@doad hendike is
deposited by CVD nethod as 25 interlayer insulation film 1416 in a
thi ckness of device driver, the distance L between drain gates that
form one transistor becomes approximately 10 ypm at the
minimum value. One of the breakdown items of the 10 pm
is the width of contact 1417 between the source and
10 drain, and the width portion is 2 x 2 pm. Actually,
however, it is 1/2 thereof: 2 pm, because a half is
also used by the adjacent transistor simultaneously.
The other breakdown items are the distance portion
between the contact 1417 and the gate 1413 of 4 mm (= 2
15 x 2 pm), and the width portion of the gate 1413 which
is 4 pym. Therefore, the total is 10 pm.
Between each of elements, the oxidation film
separation region 1453 is formed by field oxidation in
a thickness of 5000 angstrom or more and 10000 angstrom
20 or less, thus separating the elements. This field
oxidation film functions as the first layer of heat
accumulation layer 1414.
After each of the elements is formed, PSG, BPSG
film or the like is deposited by CVD method as
25 interlayer insulation film 1416 in a thickness of
approximately 7000 angstrom, and smoothing process or

the like is preformed by means of heat treatment.



approxi mately 7000 angstrom and snoothing process or the like is
preformed by neans of heat treatnent. 1 4 DEC 2004 - 108 Then, through the
contact hole, wiring is made by the Al electrode 1417 which bec‘o @:@m
first wwring layer. After that, the interlayer insulation film'14

SS®2 filmor the like is deposited by plasma CVD nethod in a 5 thickness
of 10000 angstrom or nore and 15000 angsipgm or |ess, and further, through
hole is forned. This NNMOS circuit is formed before the solid type

floating sem conductor device is forned as in Figs. 50A to 50G Then, the
FeRAM whi ch is preferably used as 10 information accunul ati ng nmeans for the

solid type sem&pndustQigftidediianthdwenti®ing the hede | bpttre
circult serving as energy converting neans, t he sensor portion serving as

i nformation i pUteTE@SNSodaNth TherHidke W@ mnnec otk bywiedn@f 14peraf oresai d
through 15 hole. Here, Figs. 52A to 52C are views which illustrate the

cel | structur eapéefrefRiM Wikt irstgfedwsmbinsulsetdias finhor4ns i f Sio,
accurrul ating nmeans, that is, the cell structure of ferroelectric nenory. In
Fi gs. 52A to 520m X)x acheefleilance ngpgoda tdeh itgngilesseaa fEYD asd Eeddi £n a
capacitor. As shown in Fig. 52A which is sectional view of structure, the
plate Iing (| ovherclkalexd raftlel)00 B 5h gd tarano el e gtanes sarildB 505 0 G dangpperom
el ectrode 1351 are lamnated in that order to formthe ferroelectric 25
capaci tor on amsewmsondtd dursiiest r dtherdugettielre vig hformed.
This N-MOS circuit i1s formed before the solid type
floating semiconductor device is formed as in Figs. 50A
to 50G. Then, the FeRAM which is preferably used as
10 information accumulating means for the solid type
semiconductor of the present invention, the oscillation
circuit serving as energy converting means, the sensor
portion serving as information input means, and the
like are connected by way of the aforesaid through
15 hole.
Here, Figs. 52A to 52C are views which illustrate
the cell structure of FeRAM which is preferably used as
information accumulating means, that is, the cell
structure of ferroelectric memory. In Figs. 52A to 52C
20 a reference mark C designates a ferroelectric
capacitor. As shown in Fig. 52A which is sectional
view of structure, the plate line (lower electrode)
1352, ferroelectrics 1350, and upper electrode 1351 are
laminated in that order to form the ferroelectric
25 capacitor on a semiconductcr substrate together with

bit line 1353 and word line 1354. By use of this cell

structure, it becomes possible to form the cell of 1TI1C



bit line 1353 and word line 1354. By use of this cell structure, it
becones possible to formthe cell of 1T1IC 1 4 0 E C 2004 - 109 type as
shown Fig. 52B, and cell of 2T2C type as shown in Fig. 52C Al'so, 4 DEC 2004
irrespective of the nodes of ink tank for which the solid type

sem conductor device is arranged, 5 it is necessary for the magnetic fl ux
(magnetic field) to act stably between tlh® oscillation circuit

i ncorporated in the spherical silicon by the aforesaid nethod of

manuf acture, and the external resonance circuit shown in Fig. 49. Here, in
the case where the 10 solid type sem conductor device is arranged to fl oat
in |iquid sudlpasasnkhowheFigqubdBsuahdceeidy olfie 2Ti26r Alype aduestawrext er nal
vi bration sonetinmes. The gravity of solid type floating sem conduct or

devi ce shoul dibeFigst 4Bfi.-shed so as to keep the stable condition thereof 15
in liquid even in such a case. As shown in Fig. 53A and Fig. 53B, when the
bal | sem conduct oRldevi éerespechivenps shenpbdessofl Hiokedank fidmat in
liquid, it is necessary, as shown in Fig. 53A, to satisfy the relations
that (1) buoy#hdehFteenepdhed Wreosamdceayucker| dgFigr 46t idgiFasigsshoyance
and that of weight (line that runs through the center of gravity G are in
agreemen® in dtddF PECREERTYhECHelheempANChALafhidty dBAINEHE fipld)y. 53A
and Fig. 53B, a reference mark h designates_ink liquid surface; 0, 25
liquid surfacd® @ctt fEaPekt BRtBregr APft @5CEllpldPRncdrcult

incorporated in the spherical silicon by the aforesaid
method of manufacture, and the external resonance
circuit shown in Fig. 49. Here, in the case where the
10 solid type semiconductor device is arranged to float in
liquid such as ink, the ligaid surface may be vibrated
due to external vibration sometimes. The gravity of
solid type floating semiconductor device should be
established so as to keep the stable condition thereof
15 in ligquid even in such a case.
As shown in Fig. 53A and Fig. 53B, when the ball
semiconductor device 1210 of this example is allowed to
float in liquid, it is necessary, as shown in.Fig. 534,
to satisfy the relations that (1) buoyance F = weight W
20 and {2} the line of action of buoyance and that of
weight {line that runs through the center of gravity G)
are in agreement in order to keep the device in
balanced condition. In Fig. 53A and Fig. 53B, a
reference mark L designates ink liquid surface; O,
25 liguid surface; G, the center of gravity: C, buoyance;
and M, metacenter.

Then, as shown in Fig. 53B, when liquid is caused



and M netacenter. Then, as shown in Fig. 53B, when liquid is caused 14 DEC
2404 - 110 by external force to vibrate, and the solid type sem conductor
device 1210 is slightly inclined fromthe balanced condition to]rd#é Nke
center of buoyance, the couple of forces is fornmed by the buoyance and
weight. 5 Here, the intersection point of the line of action of weight
(indicated by one-dot chain line in Fig.168B) in the balanced condition
and that of buoyance (indicated by solid line in Fig. 53B) in the inclined
condition is called "nmetacenter”, and the distance h 10 between the

nmet acenter and the center of gravity is called "height". As shown in this
exanpl e, the rogt @cehstreraloffogolel do wipeasem eodditeosoddd depk210 1S
positioned higher than the center of gravity. Therefore, the couple of 15
forces (restosenydomdew)tcacdeviiwet A 1@ iecisildghitd ywhingeH inelde foranyitied
position of balanced condition is regained. This restoring force: T cam be
expressed as badlangast camdl tiophgion@oxeFfidien oentegqvifs ibyeyer®e widree t he V
is the volune of liquid displaced by the solid type sem conductor device
1210, and the oeyple ©ofe foxgegntsof oxped; Pyc theabieyagices @indd wejiaht .

sem condusctor 25 device 1210.

Here, the intersection point of the line of action
of weight (indicated by one-dot chain line in Fig. 53B)
in the balanced condition and that of buoyance
{indicated by solid line in Fig. 53B) in the inclined
condition is called "metacenter", and the distance h

10 between the metacenter and the center of gravity is
called "height".

As shown in this example, the metacenter of solid
type semiconductor device 1210 is positioned higher
than the center of gravity. Therefore, the couple of

15 forces (restoring force) acts in the direction in which
the original position of balanced condition is
regained.

This restoring force: T cam be expressed as
follows:

20 T Whsin® = Fhsing

pgvhsing (>0)
where the V is the volume of liquid displaced by the
solid type semiconductor device 1210, and the pg is the
amount of specific gravity of solid type semiconductor
25 device 1210.
Now, therefore, to make h>0 is essentially

sufficient condition in order to make the restoring



Now, therefore, to make h>0 is essentially sufficient condition in order
to make the restoring 1 4 DEC 2004 - 111 force positive. Then, fromthe
representation of Fig. 53B, h becones as given below h = (I/VM 40?@%@4
where the | is inertia nmomentum around the 0 axis. Therefore, the
relations of: (1/V) > CG becone the prerequisite of the ball sem conductor
device 1210 to float stably in ink, and yperformthe 10 induction of

el ectronmotive force fromthe external resonance circuit, as well as to
make the bidirectional comrunications with comunicating neans outside the
device. Fig. 54A and Fig. 54B are views which illustrate 15 schematically
t he structurefofrcenpoisattivehat uses the solid type sem conductor device.
The ink tank 541 shown in Fig. 54A and Fig. 54B conprises a first chanber
whi ch is conpl et el fhehosd&doandheomepines el t 1947 ofa FdgcorddBehdmber which i s
t he negative pressure 20 chanber contai ning negative pressure generating
menber 546 i begowest @sogivennedomnuni cated with the air outside; and a
conmuni cat i ve passage 548 that conmunicate the first and second chambers
at the lowest part of the {ddk) FnkG n the second chanmber is 25 consuned

t hrough the ink supply port 549 forned on the
5 where the T is inertia momentum around the 0 axis.

Therefore, the relations of:
(1/V) > CG
become the prerequisite of the ball semiconductor
device 1210 to float stably in ink, and perform the
10 induction of electromotive force from the external
resonance circuit, as well as to make the bidirectional
communications with communicating means outside the
device.
Fig. 54A and Fig. 54B are views which illustrate
15 schematically the structure of ink tank that uses the
solid type semiconductor device. The ink tank 541
shown in Fig. 54A and Fig. 54B comprises a first
chamber which is completely closed and contains ink
547;:; a second chamber which is the negative pressure
20 chamber containing negative pressure generating member
546 in a state of being communicated with the air
outside; and a communicative passage 548 that
communicate the first and second chambers at the lowest
part of the tank. 1Ink in the second chamber is
25 consumed through the ink supply port 549 formed on the
portion on the side opposite to the communicative

passage 548 side on the wall portion that forms the



portion on the side opposite to the conmunicative passage 548 side on the
wal | portion that forns the 1 4 DEC 2004 - 112 second chanber. For this
ink tank 541, a first solid type sem conductor device 1301 and a A 04
solid type sem conductor device 1302 are arranged in the first éha er,
and a third solid type sem conductor device 5 1303 and a fourth solid type
sem conduct or device 1304 are arranged iyp the second chanber. As shown in
Fig. 54A, the second solid type sen conductor device 1302 floats near the
liquid surface of ink 547 in the first chanmber of ink tank 10 541, and

el ectronotive force is induced by neans of magnetic induction fromthe

external resonaReRdidhGtitler .OUFSrd@ntike iinkk thamk 5241, AlfSiGst asonadt
frequency can be generated. On the other hand, the first solid type

sem conduct or 149\ @RmiZzdhducted devike wopar and la eleclind o Tianke e
I nduces el ectronotive force by magnetic induction fromthe external
resonance Cir gémicidticder des iicek 13ank arél arAlas@ed tin atai Meisrdthe resonant

frequency signals generated by the second solid type sem conductor device
1302, and the i dd, Mnd@ atduallsatdd hemeos enifcambatd o abowied at i ng
means. Further, it generates resonant frequency to communicate the ink
i nf or mat ison | nNsiode dnlde a woutramk sodlid dyplke seodicsindimic iar tdewi@msk304 he
first solid type sem conductor device 1301 and the second solid type 25
sem conduct or aeviareabded dme tiweosedoddnvichiamdhieif.-er ent
As shown in Fig. 54A, the second solid type
semiconductor device 1302 floats near the liquid
surface of ink 547 in the first chamber of ink tank
10 541, and electromotive force is induced by means of
magnetic induction from the external resonance circuit
outside the ink tank 541. Also, resonant frequency can
be generated. On the other hand, the first solid type
semiconductor device 1301 fixed to the upper wall of
15 ink tank 541 induces electromotive force by magnetic
induction from the external resonance circuit outside
the ink tank 541. Also, it receives the resonant
frequency signals generated by the second solid type
semiconductor device 1302, and the same time,
20 accumulate them on information accumulating means.
Further, it generates resonant frequency to communicate
the ink information inside the ink tank 541 to the
outside. In this case, the first solid type
semiconductor device 1301 and the second solid type
25 semiconductor device 1302 are provided with different

functions, and the functions of these devices may be

inverted or may be made the same.



functions, and the functions of these devices -may be inverted or may be
made the sanme. 1 4 DEC 2004 - 113 Next, the description will be nmade of
the nethod for detecting the amount of ink in ink tank 541. Wth the
operation of the first solid type seniconductor device 1301 and thBEE#8bnd
solid type sem conductor 5 device 1302, the ink condition is set at the
initial state as represented in Fig. 54A4Fromthis condition, the first
solid type sem conductor device 1301 and the second solid type

sem conductor device 1302 are |ikew se operated in the condition where the
amount of 10 ink is reduced as shown in Fig. 54B. In this way, the anount

of ink can be detegbed, kHgeeactBeigeson RLE1ANbehaRdRCYE MRRE nftHd®E two
points in Fig. 54A and Fig. 54B, but with the periodical operation of the

first and seegpdggekicdihyPenhselneaRdUSEO nfteinCaskl 3@hkamd1130%1itkb the
anount of ink can be detected one after another. Fig. 55 shows the changes

of ink amount ghandpkhatsbat vs tAE @utR4t ssilgaakypat sehalcdidwtddow, the
description will be made of the detection of ink anmobunt in the second

chamber (negauievecer e39ur and2@hgegerahiangotidntepe, semivhindtudtver negati ve
pressure generating nenber 546 is contained, after ink 547 in the first
chanber iss nodegager 139ai,| ahkeinks cohawn ion EisgseT4At tthe tiniitdagol i d type
sem conductor device 1303 and the fourth solid type 25 sem conductor
devi ce 1304 aieatiexad irepadeantedtdn Fig. 54A. From this condition,
the first solid type semiconductor device 1301 and the
second solid type semiconductor device 1302 are
likewise operated in the condition where the amount of
10 ink is reduced as shown in Fig. 54B. In this way, the
amount of ink can be detected. Here, the description
has been made of the two points in Fig. 54A and Fig.
54B, but with the periodical operation of the first and
second solid type semiconductor devices 1301 and 1302,
15 the amount of ink can be detected one after another.
Fig. 55 shows the changes of ink amounts and the status
of output signals at that time.
Now, the description will be made of the detection
of ink amount in the second chamber (negative pressure
20 generating chamber), in which the negative pressure
generating member 546 is contained, after ink 547 1in
the first chamber is no longer available.
As shown in Fig. 54A, the third solid type
semiconductor device 1303 and the fourth solid type
25 semiconductor device 1304 are fixed in advance to

designated position in the second chamber,

respectively. For example, the third solid type



designated position in the second chanber, respectively. For exanple, the
third solid type 1 4 DEC 2044 - 114 sem conductor device 1303 is fixed to
the upper wall of the second chamber, while the fourth solid type4 DEC 2004
sem conductor device 1304 is fixed to the bottomface of the second
chanmber in accordance with the exanple 5 shown in Fig. 54A and Fig. 54B. In
this second chanber, the difference in Léd4onant frequencies is utilized,
which is detected by the third solid type sem conductor device 1303 and
the fourth solid type sem conductor device 1304 by use of the anmount of
ink 10 inside the negative generating nmenber 546. If the signal output is
set in advanceS®pledndudtnr idgvics 13iQhtes ifixed tecurml eppebevald pl
agreement with the termnating point in the first chanber, it becones
possi bl e to obihf FIHRNE| Girbeut plikartke SHOWER rsabidi §ypP85. Thus, the
amount of ink inside the ink tank 541 can be detected at all the tinme. In
Fig. 55 the SHELNPHTLUSHNICT 3G Fedairst 1 ddatirkeesmr arag
chanmber, and th rea B correspqonds to the ink chanber. As described above,
with a plural iﬁ fg?e sftﬂ‘%‘ti“{yfg‘@ﬁ“ sehi dRansTe deVER N e RyTRLRd, the
anount of_ink .inside the i tank 541 c e tected. Here, it is
particul atly pOs&Thi ddHetrth dHh aﬂrﬁ)urarr{hgg‘f ?ﬁkfi St$2CPP¢st chanber and

the second cha%érndit\ﬁ duﬁéé’g o Aleso., using a plurality of splid type
seni conduct or A ces T e M (ﬁﬂﬂﬁ%ﬁéﬁ?qﬁi%%ﬁggﬁﬁkﬁﬁﬁchﬁnber can

utilized, which is detected by the third solid type
semiconductor device 1303 and the fourth solid type
semiconductor device 1304 by use of the amount of ink

10 inside the negative generating member 546. If the
signal cutput is set in advance so that the initial
state in the second chamber is in agreement with the
terminating point in the first chamber, it becomes
possible to obtain the signal ocutput curve shown in

15 Fig. 55. Thus, the amount of ink inside the ink tank
541 can be detected at all the time. In Fig. 55, the
area A corresponds to the negative pressure generating
chamber, and the area B corresponds to the ink chamber.

As described above, with a plurality of solid type

20 semiconductor devices being used, the amount of ink
inside the ink tank 541 can be detected. Here, it is
particularly possible to detect the amount of ink in
the first chamber and the second chamber individually.
Also, using a plurality of solid type semiconductor

25 devices the initial condition in the second chamber can
be set in particular. Therefore, while storing the

full-tank condition of ink inside the ink tank 541 on a



be set in particular. Therefore, while storing the full-tank condition of
ink inside the ink tank 541 on a 1 4 DEC 2004 - 115 nenory, conparison
with that condition (differential detection) is being perforned §0fD0ie it
possible to detect the anount of ink nore accurately As described above,

It isrequired for the solid 5 type sem conductor device of the present
invention to operate using energy fromijs outside and discrimnate the
amount of ink or the like inside the ink tank, and then, to comunicate
exact information to the outside at high speed. However, in order to

provi de the 10 recording head (ink tank) which is in operation with energy

from the out Sinféoityabldomgarghrdrewalt rthadts congadadn dad fsx@nt el devi ce
can be driven with the |owest possible electric power. Al so, non-volatile

menory i s needrtexxildigt isnfoerimmf iperfoamede toepiakkb iw tpeisi Hireovi 6li ng
energy at all times, while information can be rewitten as required.
Further, it ideteedessar \antcmrftorod tilds emorearsduratéddyt.he solid type
sem conductor device, which requires mniaturization thereof. In this
respect, however, Hwe desucatiti@l sdrivegnductier rneguises woed ther ddikidt her
devices can be applied wth an advantage in costwi se. Wth these aspects
In view, 3t hadypeeeericundudiar deve deeREMther meesientf dmvegitEcinits | S
optimally usable as information accurnul ati ng means provi ded for the 25
solid type sempegrhectueringe\eneegyf firtom mhesemtside and discriminate
the amount of ink or the like inside the ink tank, and
then, to communicate exact information to the outside
at high speed. However, in order to provide the
10 recording head (ink tank} which is in operation with
energy from the outside stably, high-level art is
needed, and also, the device can be driven with the
lowest possible electric power. Alsc, non-volatile
memory is needed so that information can be kept
15 without providing energy at all times, while
information can be rewritten as required. Further, it
is necessary to form these means inside the solid type
semiconductor device, which regquires miniaturization
thereof. In this respect, however, the usual
20 semiconductor process used for the other devices can be
applied with an advantage in costwise.
With these aspects in view, it has been found that
the FeRAM formed by ferrcelectrics is optimally usable
as information accumulating means provided for the
25 solid type semiconductor device of the present

invention. The characteristics of ferrcelectric

material used for the FeRAM are the memory function



i nvention. The characteristics of ferroelectric material used for the
FeRAM are the nenory function 14 DEC 2004 - 116 wth respect to the
electric field, and using this as dielectrics for the nmenory capa?km@tzmﬂ
the conventional DRAM it becones possible to provide DRAM w th

non-vol atility while maintaining the high speed 5 thereof. Wth the high
speed access being possible, and no datal®eing elininated by
non-volatility even if the power-supply source is unstable, the solid type
sem conduct or device can be used for an ink tank effectively. Wth the
accurul ation of information on 10 such FeRAM it becones possible to
process i nf or tEtibrewest 1§ Wil 98 FHE Sigkd . T i ohSi 2% the
outside bidirectionally, as well as to drive this device at |ow voltage.

At the sane tiHEIHEFEH I ddtd MENH%IRAHILT 1 Hilfher diel ectric
capaci tance. CADRYETHUGIIAL TR Y HRsRest BARA GG oF Wi Cr Bt use
2 the sage. & IR R TREA T LAY SRS SRR R by SO0
the sl 1o ype R dbnaltit do e P4t Ak ML o B4t " apaci Lor

ooty b SR S8 S6aS Gt e PR CRE 00 25
the power-supply scurce 1is unstable, the solid type
semiconductor device can be used for an ink tank
effectively. With the accumulation of information on

10 such FeRAM, it becomes possible to process information
exactly, and perform signal communication with the
outside bidirectionally, as well as to drive this
device at low voltage.

At the same time, the ferroelectric material has

15 higher dielectric constant in general to make it
possible to form a capacitor o large capacitance. As a
result, the wireless communication which does not use
any wiring is possible between the ink tank and
recording apparatus, and at the same time, the freedom

20 of communication is enhanced for the solid type
semiconductor device. Here, given the inductance of
coil formed for the solid type semiconductor device as
L, and the capacitance of capacitor formed for the
solid type semiconductor device as C, the communication

25 frequency £ of the solid type semiconductor device can

be obtained by the following formula:



be obtained by the followng fornmula: 1 4 DE C 2004 - 117 f=1 2t C
Therefore, when the ferroelectric material of Fe RAM serving as
i nformati on accurmulating nmeans is filmed, it is possible to nak?éqﬁ%zmu

capacitance C grater for the solid type sem conductor device by utilizing 5
the ferroelectrics as capacitor. Thus, the solid type sem conductor device
can communi cate at |ow frequency. The-freedem of conmuni cati on becones
nore accordi ngly. Now, the description will be made of the nethod for
manuf acturing the ferroelectrics used for the FeERAM 10 serving information
accunul ating information of the present invention. Fig. 56 is a view which
schematically shows the ECR plasma CVD apparatus used for this nethod of
manuf acture. 15 The net hod of manuf actfs cribed in conjunction wth
Fig. 56 is to formthe ferroelectrics usémgLECR plasnma CVD net hod and
(Ba-Sr) T 03 (BST: bariumtitanate strontium as structural material of
thin ferroel ectri c THhédefiaxfe FoRdv ddreyifferzee ladtorimtnateaiczunef at i ng neans
20 of solid type sem conductor device. As the material of ferroelectric
mat eri al f or neeRAY tdwviEGR §d dgroddliBa PR a snglimtang oy$ - nmet hanate
bariunl , Sr (DPM2, Ti(Oi-C3H7)4 and 02 are wused. The Ba(DPM 2 and
Sr(DPM 2 are stibbmedd it I8 gipssible to make the capacitance C grater
for the solid type semiconductor device by utilizing
5 the ferroelectrics as capacitor. Thus, the solid type
semiconductor device can communicate at low frequency.
The freedom of communication becomes more accordingly.
Now, the description will be made of the method
for manufacturing the ferroelectrics used for the FeRAM
10 serving information accumulating information of the
present invention.
Fig. 56 is a view which schematically shows the
ECR plasma CVD apparatus used for this method of
manufacture,
15 The method of manufacture described in conjunction
with Fig. 56 is to form the ferroelectrics using ECR
plasma CVD method and (Ba-Sr) TiO, (BST: barium titanate
strontium) as structural material of thin ferroelectric
film of FeRAM serving as information accumulating means
20 of solid type semiconductor device.
As the material of ferroelectric material formed
by the ECR plasma CVD, Ba (DPM),[bis-dipivaloyl-
methanate barium], Sr (DPM},, Ti(O-i-C;H,), and O, are
used. The Ba(DPM), and Sr(DPM), are supplied at high

25 temperature each almost close to the fusion point into



25 tenperature each alnost close to the fusion point into 1 4 DEC 2004 -
118 the chanber 1362 of the apparatus with Ar gas as carrier shown in
Fig. 56. Also, the Ti(OGi-C3H7)4 is hubbled by carrier Ar gas to %E 0
supplied into the chanber 1362. Meanwhile, the O2 gas is al so subg -g&lﬁ
into the chanber 1362. In the chanber 1362, spherical silicon is held on
the sanpling stand 1363. Then, m crowavelld 2.54 GHz is induced into the
chanber 1362 through nagnetic coil 1361 to nake the aforesaid nmaterial
arranged in the chanber 1362 to be 10 plasm c. Thus, the materials reach
the surface of sanpling stand 1363 where the spherical silicon is held in
t he chanber 1382 chatber tl362seff fbe ebpephduiscaiithsiAn @@ @ t he sanpling
stand 1363, thin ferroelectric filmformed by ferroelectric materials is
produced. It tRurdprbehpwssipl Eige &fabl dlske $hepMid§-dt-&nl, 1363 to

rotate or to nove in order to formthe thin ferroelectric filmuniformy
on the surfac&ubpblegs iy cagirigr] AEoFas| §ot Bies sreppded e ddription has
been made of 20 the aforesaid method by use of ECR pl asma CVD_nethod, but
the method i s SRGMbRECdSSZri | Heppihids -t féfelo. ga%e%?déés?hﬁgpﬁéﬂﬁgd it may

b hie tq adopt pl CYD_net hod, t hod, - MOGVD
Vol ocul & - O EEVSRaRBERod6put L8 (G RBERBEY dperiie AR T 25 the

formati on thereqlcoﬁlig heidtg% %g%e%g%biln %Qﬁﬂd qg%%glectrlc film

Then, microwave of 2.54 GHz is induced intoc the
chamber 1362 through magnetic coil 1361 to make the
aforesaid material arranged in the chamber 1362 to be

10 plasmic. Thus, the materials reach the surface of
sampling stand 1363 where the spherical silicon is held
in the chamber 1362, and on the surface of spherical
silicon on the sampling stand 1363, thin ferroelectric
film formed by ferroelectric materials is produced. It

15 may be possible to enable the sampling stand 1362 to
rotate or to move in order to form the thin
ferroelectric £ilm uniformly on the surface of
spherical silicon.

In this respect, the description has been made of

20 the aforesaid method by use of ECR plasma CVD method,
but the method is not necessarily limited thereto.
Besides this method, it may be possible to adopt plasma
CVD method, thermal CVD method, MOCVD {(Molecular
Organic CVD) method, sputtering method, or the like for

25 the formation thereof.

Also, as the materials of thin ferroelectric f£ilm,

it may be possible to use, besides those described



It may be possible to use, besides those described 14DEC2004 - 119 above,
PZT (zirconate titanate: [solid solution of PbZrG3 and

PbTi G3]): Pb-Zrx-Til-x08, SBT (bisnuth strontiumtantal ate): Sr-Bi2 Eaﬁ@ml‘
SrTia8 (STO strontium titanate), BaTiO3 (BTG bariumtitanate), :Lr

(PZT, 5 that is, netallic oxide formed by adding La to the solid solution
of PbZra3 and PbTi3):(Pb, La) - (Zr, -TL)903 or the like. As the

bi di recti onal conmunication nmethod adopted for the systens using the solid
type sem conductor 10 device, it is possible to use the wireless LAN system
that uses frequencies of mcrowave band or the wireless access systemthat
utilizes frequemsies RAT quedisiconatd itndtaratwave solid |dedmtEon wafe band. In
this respect, the description will be made of 15 the outline of reception
and transm ssiBEat apd PRIFLEE EbsP AN 6 yBi br&ONowWBThdaigmieit t he dat a
transm ssion fromthe solid type sem conductor device to the recording
appar at us wi | SOt} itetalptehér donrfars . WaHdaf 8TPs staesitmed
fromthe recording 20 apparatus side to the solid type sem conduct or

devi ce, di scriifidifticoon BaT%o(BE9si BRELIBY tR&E2RAEE) | DORhPART HFZLZheen
distributed to the transm ssion and reception sides, respectively. For the

solid type serfiftdndict &It tdeviice ot dnd o284 SN DS R, tRach portion
of the Tine MY ol E1 P io, 25K ML F8E P, 2N fhect 9. and
Ti)O, or the like.
As the bidirectional communication method adopted
for the systems using the so0lid type semiconductor
10 device, it is possible to use the wireless LAN system
that uses frequencies of microwave band or the wireless
access system that utilizes frequencies of quasi-
millimeter wave to millimeter wave band.
In this respect, the description will be made of
15 the outline of reception and transmission in the
wireless LAN system. Now, hereunder, the data
transmission from the solid type semiconductor device
to the recording apparatus will be described; on the
contrary, when data 1is transmitted from the recording
20 apparatus side to the so0lid type semiconductor device,
discrimination is also possible by the data ID which
has been distributed to the transmission and reception
sides, respectively.
For the sdlid type semiconductor device on the
25 transmission side, each portion of the line monitor,
data handling, acknowledgement and checking, and error

processing is arranged, and for the recording apparatus



processing is arranged, and for the recording apparatus 1 4 DEC 2004 - 120
on the reception side, each portion of the data handling, acknow edgenent,
error processing, and display is arranged, anbng sone ot hers. FigT4§gEi®4a
fl omchart which shows the procedures 5 for the solid type sem conduc og
device on the transm ssion side. Wen data is transmtted, the initial
setting is made in accordance with the jpigarranged comunication protocol,
and then, the address on the reception side is set for transmtting 10
data. If any signal collision occurs during conmunication or no

acknow edgenent is returned from the device on the reception side, data is

agai n transnight @fe DU 18RE52HEONeabhepbirte obl }tUsheahtd he absence or
presence of acknow edgenent are 15 |nd|caFed on the display screen or the

l'i ke providednhahanihe bekaodileagareatatl UgreR bRedeaeapld oand de, thus
enabling the user to respond and take action exactly on the respective

operations. Figdsp28y §sdalrirawghart awbngh sshewsthleesprocedures 20 for the
recordi ng apparatus on the reception side. On the reception side, the line

nonitoring is alwaysgens7 ardawkedwicharavahliehi Ishiowsoft haddirersedifrean t hat
side own is ascertained, data are fetched fromthe line and accunul ated
on the buffer fofr the EBilidegPey seRiconduzbotredepticen on ftHal ock mark cannot
be acknow edged per 16 bytes or the checked suns are not identical due to
transmission side. When data is transmitted, the
initial setting is made in accordance with the
prearranged communication protocol, and then, the
address on the reception side is set for transmitting
10 data. If any signal collision occurs during
communication or no acknowledgement is returned from
the device on the reception side, data is again
transmitted. During operation, the line status, and
the absence or presence of acknowledgement are
15 indicated on the display screen or the like provided
for the recording apparatus on the reception side, thus
enabling the user to respond and take action exactly on
the respective operations.
Fig. 58 is a flowchart which shows the procedures
20 for the recording apparatus on the reception side. On
the reception side, the line monitoring is always on,
and when the availability of address of on that side
own is ascertainad, data are fetched from the line and
accumulated on the buffer of the main memory. During
25 reception, if block mark cannot be acknowledged per 16

bytes or the checked sums are not identical due to

erroneous detection process after the completion of



erroneous detection process after the conpletion of 1 4 DEC 2004 - 121
reception, the current reception is suspended, Then, |line is m)nitglﬁgi
again, waiting for the arrival of header. If reception is conpl eté C 2004
wi thout any errors, the contents of reception are indicated on the display
5 screen. For the solid type sem conductor device of the enbodinments
descri bed above, the magnetic induction Lgknerated by neans of coil is used
as external energy for supplying electric power to actuate the device, but
10 it nmay be possible to use light. Then, in order to convert the

bri ght ness and darkness of light into electric signals, the material that
changes the rregention.vdiheesunreme nageptiiar os cfudpeided ( pHtheronduct or,
for instance) is used to generate 15 electric power wth photoconductive
effect thus prloduded Mo haredR@addondditdmyg dy, theSrorivalgRBCd0. 2Te or
sone other two- or three-dinensional alloys, GaAs, Si, Va-Si, or the like
is usable. Fdaaster. wHdh oesaptiionded compdied@d ohidthant farteerrere) is
possible to generate electric power by neans of uantum ef fect of

radi ati on ener'gie fGOBReARS O EEcePANR ange dvlicrtadhonsdiie shidrtaY devi ce
enbodyi n\%nt he present invention is preferably applicable to the ink jet
printer i ch $FHESE-it 25 possible to detect the information of ink and

tank as well related to the _.ink jet recqrdiré%printer t hat
For the solid type semiconductor device of the

embodiments described above, the magnetic induction
generated by means of coil is used as external energy
for supplying electric power to actuate the device, but

10 it may be possible to use light. Then, in order to
convert the brightness and darkness of light into
electric signals, the material that changes the
resistive values by the irradiation of light
(photoconductor, for instance) is used to generate

15 electric power with photoconductive effect thus
produced. As the photoconductor, Cds, InSb or
Hg, ;,Cd, ,Te or some other two- or three-dimensional
alloys, GaAs, Si, Va-Si, or the like is usable.
Further, when heat 1s used as electromotive force, it

20 is possible to generate electric power by means of
quantum effect of radiation energy from substance.

Also, the solid type semiconducteor device

embodying the present invention is preferably
applicable to the ink jet printer which makes it

25 possible to detect the information of ink and tank as
well related to the ink jet recording printer that

prints on a recording sheet by ink droplets discharged



prints on a recording sheet by ink droplets discharged 1 4 DEC 2004 - 122
fromthe recording head to which ink contained in the detachably Egﬁgkgﬂ
ink tank is supplied to the ink jet recording head, and conmunica 04
information to the ink jet recording printer in order to control the 5
printer with an adequate nethod or to enable the ink jet printer to
control condition inside the ink tank tol2Zmintain it optimally. In this
respect, although the outer appearance of the ink jet recordi ng apparatus
is not showmn for the 10 present enbodinment, if the outer cover nay be
arranged to be sem -transparent, and also, a sem -transparent 1ink tank is
made usabl e, [firght t&gn recoaddpucfeas teomindsihc dnkngondaifiedriah, thee user
can observe the |light condition of the tank to easily notice such 15

condi tion as 'deddichahdyl gopdtedpiakedank 4st Fuppddpd tohdhesdmk sigk onpt ed
to replace tanks. (The button of the apparatus main body has been arranged
to be illuni #2COFIigayERedonaNdy Copundgare iSugh dafiosre tigr fhdvkat e
several functions dually tqo make it difficult 20 for the user to notice the

contents of iAf¥r A&t SACOEFAP Tl TP tefe WRaP 6T itHhCBEER, i11%uni nat ed.)

The solig type segicongg tor g%vice of thgﬁ reseqt ig*ﬁg%%g&ic%ﬂgrises

means for conP&rthitfg &Rt AR 838?6?,"W§. Por "Gota erhal

O o RS G R 550 AR o) S R G Tl ST €8
maintain it optimally.

In this respect, although the outer appearance of
the ink jet recording apparatus is not shown for the

10 present embodiment, if the outer cover may be arranged
to be semi-transparent, and also, a semi-transparent
ink tank is made usable, light can be adopted as
communicating means. Then, the user can observe the
light condition of the tank to easily notice such

15 condition as "tank should be replaced". 1In this way,
the user is prompted to replace tanks. (The button of
the apparatus main body has been arranged to be
illuminated conventionally, but such illuminations may
indicate several functions dually to make it difficult

20 for the user to notice the contents of information
carried by the way of light being illuminated.)

The solid type semiconductor device of the present
invention comprises means for converting external
energy;:; means for obtaining external environmental

25 information and information accumulating means which
cperate by the energy made usable by this energy

converting means; discriminated means for comparing the



converting nmeans; discrimnated neans for conparing the 1 4 DEC 2004 - 123
I nformati on thus obtained and accunul ated information for discrimnation;
and i nformation communi cating nmeans for comunicating the inforngt§ PiC WS
obtained to be displayed or cormmunicated to the outside. Then, with 5

I nformati on accumul ati ng neans that uses the FERAM which is forned by
ferroelectrics, it beconmes possible foripBe-device to efficiently obtain
the environnmental information that surrounds it, while utilizing the
spherical configuration fully. Further, communicating 10 neans is arranged
to receive signals fromthe outside, and obtain information in accordance
wi t h t he si gnailref ortnfatsi are aiuse dhb tEhiared vdreh ddvunnebat éd of n Eorpat isan

bet ween such information and accunmulated information is transmtted to the
out si de t oget herr wiitdetivel nld: diaxf;oramal io7f drmest Y@t et omdain 1 deet fieg unehas ed
information 1is stored on the FeERAM which is non-volatile nmenory fornmed by
ferroel ectri cEfothemmaureldatgnd Qbes sinfernat iqrerfrorsn obrifakmed | oo peocess
exactly, and execute signal comunications with external apparatus

bi di r ect i onal 141 syd agtechiayh coperdigatddw o diiieaguit Fida herThen t lwibe
utilization of ferroelectric material of FeRAM as capacitor, it becones
possi bl e X 0 mekd arma tdepa @acaed atging gldang yidw s amep i tERRaAMyi ce | ar ger
so that the degree of comunication freedomis enhanced when the 25 solid
type sem condf€Hsh dévifermeshmhmifesnee At i Hutkgepnes possible

for the device to efficiently obtain the environmental
information that surrounds it, while utilizing the
spherical configuration fully. Further, communicating

10 means is arranged to receive signals from the outside,
and obtain information in accordance with the signals
thus received. Then, when the result of comparisocon
between such information and accumulated information is
transmitted to the outside together with the

15 information thus received, the accumulated information
is stored on the FeRAM which is non-volatile memory
formed by ferroelectrics, hence making i1t possible to
perform information process exactly, and execute signal
communications with external apparatus bidirectionally

20 at high speed and low voltage. Further, with the
utilization of ferroelectric material of FeRAM as
capacitor, it becomes possible to make the capacitance
of solid type semiconductor device larger so that the
degree of communication freedom is enhanced when the

25 solid type semiconductor device communicates with the
outside.

Also, with a plurality of solid type semiconductor



Also, with a plurality of solid type sem conductor 1 4 0 E C 2004 - 124
devices arranged in an ink tank, it becones possible to communicat.e

& bt 20w

real time such information of ink contained in the ink tank, presé
inside the tank, and the like to the outside, such as an ink jet 5
recordi ng apparatus. For exanple, in order to stabilize ink jet discharges
by controlling the degree of negative-pressure inside the tank that
changes from tine to tinme along with the ink consunption, it is required
to provide the capability to operate at high 10 speed with | ow power

di ssipation, as well as the optinmal size of the device owing to the
restriction idepised womnided dvaidrabink thamd, sijadecdiidh gdesiblaspects in
view, this device advantageously stores accunulated information on the
FeRAM whi ch i somowmddady 15 frealodiiswt rsucsh tiofivemta ttiven reefuinienent s.
Further, it is structured to supply in non-contact the external energy

whi ch i s neede@nitgiaeidydnt Hdresdinkd tanype pyes ssured vigtoirded ehliec etanlber ef or e,
there is no need for the provision of energy supply source for actuating
20 the devi ceangsithe dide o ttdek cortsfigie .t Isa1ghy @A frorink jathe energy
supply wiring to be connected with the device, thus nmaking it possible to
use the devi cEFECRTHRG PPPRTEdNSWheF@L teXaspdief.f jlgulardey et up any direct

wiring with the outside. 25 For exanple, when the electric power is used as
energy to act §at&itfgeddikcdet N SEHRFIaS &Y contigilldng the degree

of negative pressure inside the tank that changes from
time to time along with the ink consumption, it is
required to provide the capability to operate at high
10 speed witﬁ low power dissipation, as well as the
optimal size of the device owing to the restriction
imposed upon the availability of space. With these
aspects in view, thils device advantageously stores
accumulated information on the FeRAM which is formed by
15 ferroelectrics to meet the requirements.

Further, it is structured to supply in non-contact
the external energy which is needed to drive the solid
type semiconductor device. Therefore, there is no need
for the provision of energy supply source for actuating

20 the device inside the ink tank or for the provision of
the energy supply wiring to be connected with the
device, thus making it possible to use the device in
the location where it is difficult to set up any direct
wiring with the ocutside.

25 For example, when the electric power is used as
energy to actuate the device, the conduction coil of an

oscillation circuit is formzd to be wound around the



oscillation circuit is formed to be wound around the 14DEC2004 25 outer
surface of solid type sem conductor device as external energy convertin
means. In this way, by neans of nagnetic induction, electric pomer14§EE%W4
generated in the conduction coil between the external 5 resonance circuit
and the oscillating circuit, thus nmaking it possible to supply electric
power to the device in non-contact. |nA 1h$s-case, since the coil is wound
on the outer surface of device, the intensity of inductance of coil 10
changes depending on. the ink remainders inside the ink tank, ink density,
pH of ink, for exanple. Therefore, the oscillating circuit changes the
oscillating fowpremriacecdoradiice tyipeh serd aohahgesomfdesuicde asduct ance.
In this way, it also beconmes possible to 15 detect the ink renai nders

i nsi de the inlexttanta arergy idanvsaddaupeanshe Jpddtheids otengesy of
oscillating frequency. Then, The solid type sem conductor device is

provi ded with means |dwipamnstge jindywaddon.o efllegdtriion provean g d, and at the
same tinme, the center of gravity of device is formed to be set at the

posi tion | owerdanfsRtadd e ditte coddugdiiope Coidr betaisite, thehatierral even | f
the recording head and ink tank nounted on the ink jet recording apparatus
oper at e seri alT§FARNCRUSE TGN 22 g e a8 LLAE inghic s widay ¥prand down,

and right and left, the device floats stably in ink inside the ink
making it possible to supply electric power to the

device in non-contact.
In this case, sincerthe coll is wound on the outer
surface of device, the intensity of inductance of coil
10 changes depending on the ink remainders inside the ink
tank, ink density, pH of ink, for example. Therefore,
the oscillating circuit changes the oscillating
frequency in accordance with the changes of such
inductance. In this way, it also becomes possible to
15 detect the ink remainders inside the ink tank or the
like based upon the updated changes of oscillating
frequency.
Then, The so0lid type semiconductor device is
provided with a hollow portion in order to float in
20 liquid, and at the same time, the center of gravity of
device is formed to be set at the position lower than
the center of device. For example, therefore, even if
the recording head and ink tank mounted on the ink jet
recording apparatus operate serially to cause ink
25 inside the ink tank to sway up and down, and right and
left, the device floats stably in ink inside the ink

tank, while detecting the information of ink, pressure



tank, while detecting the information of ink, pressure 14DEC2004 - =26
inside the ink tank, and the like, in good precision. Mreover, it is mde
possible to hold the coil of oscillation circuit forned for the dgviggg 004
descri bed above on the position which is stabilized with respect %o %e
coil of external resonance circuit, hence enabling the bidirectional
communi cation to be made stably at all ifge time. 14 DEC 2004 -- 12 7 WHAT
IS CLAIMED IS: 1. A solid type sem conductor device structured in the
solid form conprising: energy converting neans for converting energy from
out si de; and operating neans operated by energy converted by said energy
converting nmeainfsiddhalR nrikeaNer Ghd MLtk MRAAN G S POe at i ng
nmeans are incorporated on a spherical surface of spherical silicon
constituting tMuerespldrd titpe s seiie Pubtinile devinead heA &all Gt ype

sem conductor device according to Claim1l, wherein said operating neans is
val ve nmechanisguifidratdpenidigcand dosiat) foas 3age @ik ddgbried

sem conduct or device according to Caim?2, wherein said valve nechanismis
arranged for aboentom rdre keeyitnigmedeaiahy d sprsasdiirid Adeil twWictH Mefpast

5 to the coil of external resonance circuit, hence
enabling the bidirectional communication to be made

stably at all the time.



t hereof to constitute pressure adjustnent nmeans for negative pressure

i nside said container in accordance wth negative pressure in the interior
of container. 4. A solid type sem conductor device according to d ai %
said valve nmechanismis provide with a novable portion displaceab1éﬂgb 004
el ectrostatic attraction. 5. A solid type sem conductor device according to
Claim3, wherein said negative pressarg adjustnent is nade by opening said
passage by the operation of said valve nechanismto induce the air outside

into the 1 4 04. s knterior of said container when the negative
pressure inswggﬁgigdé%é%bgﬁnlgécones high. 6. A solid type sem conduct or

device according 4o 5,CLghile LUr LDAE GOMREL SE NG PIES I Qudkaheed | ng means

for detecting negative pressur e said contal ner by belng operated by
ener gy conveinedhbyssaid énsmgycmpohgengi ng nmeans, said pressure adjustnent

means adjusting n Y ; I 0s], des sali | hersd -0 aeger dance
with the result o ggg%gc?ngggégégi@gé%gegéﬁfékéﬁﬁgﬁﬁi 5H#%§#g. 7. Asolid
type seni conductodedeande according to Cdaim®6, wherein said pressure

detecting means i8p8,1p: RECRSUNLE SEOSOLCRIOYI ded ¥ Libdianiagy formed by

polysilicon filmto detect negative pressure iInsi sai d contai ner
utilizing chamgd ehereyi sphvertantaesedys. t he di spl acenent of said

di aphragm 20, By cAnsehid cheRe s emneerdualomedaw cadacser dipRgakang
means are incorporated on a spherical surface of
spherical silicon constituting the solid type

semiconductor device.
2. A solid type semiconductor device according to

Claim 1, wherein said operating means is valve

mechanism for opening and clcsing passage.

3. A so0lid type semicornductor device according to
Claim 2, wherein said valve mechanism is arranged for a
container keeping negative pressure in the interior
thereof to constitute pressure adjustment means for
negative pressure inside saié container in accordance

with negative pressure in the interior of container.

4. A solid type semicorductor device according to
Claim 2, said valve mechanism is provide with a movable

portion displacezble by electrostatic attraction.

5. A solid type semiconductor device according to
Claim 3, wherein said negative pressure adjustment is
mzde by opening said passage by the operation of seid

valve mechanism to induce the air outside into the



Claim1, wherein said operating neans is information comrunicating nmeans
for communicating information to display information externally or

comuni cate information to the outside. 25 9. A solid type sem cdndDED 2004
device according to Caim1, further conprising recognizing neans for 1 4
DEC 2004 - 129 recogni zing personal information and hol ding said

recogni zed personal information wth aetwasien by electric power. 5 10. A
solid type sem conductor device according to Caim9, further conprising
means for encoding said recognized personal information. 11. A solid type
sem conduct or device according 10 to C aim 10, wherein neans for hol ding
sai d recogni zeihtgreieond safdremattaimes whemnges negaolive pygesure

sem conductor device. 12. A solid type sem conductor device according 15
to Claimll, wirmerige siitd dentdimibetaesierghhe interior is released. 13.
A solid type sem conductor device according to Claim 12, wherein a holl ow
portion is fornmed in 20 solid type sem conductor device, and circuit is
formed on the portion facing said hollow portion by use of oxidized

mat eri al extingui sifabl & Beled daiReorsenicondueiory 4§Hhice eafedrdirgokodevi ce

according 25 to Claim 11, wherein neans for encoding said recognized
5 Claim 1, further comprising pressure detecting means

for detecting negative pressure inside said container

by being operated by energy converted by said energy

converting means, said pressure adjustment means

adjusting negative pressure inside said container in
10 accordance with the result of detection by said

pressure detecting means.

7. A solid type semiconductor device according to
Claim 6, wherein said pressure detecting means is a
15 pressure sensor provided with diaphragm formed by
polysilicon film to detect negative pressure inside
sald container utilizing change of resistive values by

the displacement of said diaphragm.

20 8. A solid type semiconductor device according to
Claim 1, wherein said operating means is information
communicating means for communicating information to
display information externally or communicate
information to the outside.

25

9. A solid type semiconductor device according to

Claim 1, further comprising recognizing means for



personal information encodes the recognized information by use of a part
of key code, and a part of said key 1 4 0 E C 2004 -- 13 0O code is

provi ded by external apparatus, and the encoded data cannot be decoded but
only by the reaming part of said key code. 5 15. A solid type 14 DEC 2004
sem conduct or device according to Caim9, wherein said personal
information is voice, a finger print,_of>@n_.iris of eyeball. 16. A solid

t ype sem conductor device according 10 to Caim9, wherein nmeans for
hol di ng sai d recogni zed personal information is inmge nenory for holding a
patterned image. 17. A solid type sem conductor device according 15 to

G aim 16, whergddograifid JEIEN VidformtRh RhdHbMoIRd i $&ia
sem conductor. 18. A solid type seni conductor device according to Claim
15, wherein thedddbafd eeahaldal Sinddmidtedbbwit?) ddamge: semsey. 19. A
solid type sem conductor device according to Claim1l, further conprising:
informati on acspedtrig: eAaRe for acquiring external 25 environnmenta
i nformation; information accunul ating neans for accumulating information
to be conpared with acquired information by 1 4 DEC 2004 - 131 said
i nformati on acquiring neans; and
5 10. A so0lid type semiconductor device according
to Claim 9, further comprising means for encoding said

recognized personal information.

11. A seolid type semiconductor device according
10 to Claim 10, wherein means for holding said recognized
personal information is arranged in solid type

semiconductor device.

12. A solid type semiconductor device according
15 to Claim 11, wherein data is eliminated when the

interior is released.

13. A solid type semiconductor device according
to Claim 12, wherein a hollow peortion is formed in

20 solid type semiconductor device, and circuit is formed
on the portion facing said hollow portion by use of

oxidized material extinguishable by oxidation.

14. A solid type semiconductor device according
25 to Claim 11, wherein means for encoding said recognized
personal information encodes the recognized information

by use of a part of key code, and a part of said key



di scrimnating neans for discrimnating the necessity to comrunicate

I nformati on by conparing the acquired information acquired by said
information 5 acquiring neans with the correspondi ng i nformation 14 DEC 2004
accurnul ated on said information accunul ati ng neans, wherein said

I nformati on comuni cati ng neans di splays the information acquired by said
i nformation acquiring 10 neans externall yzgr_conmmuni cates said information
to the outside when said discrimnating neans discrinnates the necessity
of communicating information, and said information acquiring nmeans, said
informati on 15 accumnul ati ng neans, and said discrimnating neans are al so

operated by enaj@ly PRy alxt SARII0YapaiMald | Nhdreans - e2foddasol i d
type sem conductor device according 20 to Claim1, further conprising:

recepti on meanfafrcdrftet Weddddga it YRl &y disidtinaig paforention
accurul ati ng neans for accunulating information, wherein 25 said
i nformati on caaRmigaRt idgideans di splays or comunicate information stored
an said informati on accunulating neans in accordance with signals received
1 4 DEC 2004 - 132 - by said reception neans, and said reception nmeans and
said information

5 15. A solid type semiconductor device according

to Claim 9, wherein said personal information is voice,

a finger print, or an iris of eyeball.

16. A so0lid type semiconductor device according
10 to Claim 9, wherein means for holding said recognized
personal information is image memory for holding a

patterned image.

17. A solid type semiconductor device according
15 to Claim 16, wherein said image memory is formed by

non-volatile semiconductor.

18. A solid type semiconductor device according
to Claim 15, wherein the iris of eyeball is obtained by

20 image sensor.

19. A solid type semiconductor device according
to Claim 1, further comprising:
information acquiring means for acquiring external
25 environmental information;
information accumulating means for accumulating

information to be compared with acquired information by



accunul ati ng nmeans are al so operated by energy converted by said energy
converting neans. 5 21. A solid type sem conductor device according to
Caim1l, further conprising: reception neans for receiving signals1frFhXite
outside; information acquiring neans for acquiring external 10
environmental information; information accunul ating neans for accunul ating
I nformation to be conpared with acquiredl3hformation by said information
acquiring neans; and discrimnating neans for enabling said information 15
acquiring neans to acquire external environnental information in
accordance with signals received by said reception neans, and conparing
sai d acqui r ed saisf dmimimet iwint la cgvd rdongr eepovsdi @@ di nf or mati on stored on
said information accunul ati ng nmeans to determ ne 20 whether or not said
acqui red i nf or mat i ¢Hssatiimifniads-ngdeciagisatfed ddsdirtindmsit imgertdien sai d
i nformati on communi cating nmeans displays at |east the result of
det er ni nat i on TecesHiFY dios SOMARdCate Aadesmetionnh &Y FompPadomiiniitat e sai d
25 result to the outside, and said reception neans, said information
accunul ati ng fEaETeshd nEaraadiion: prdvdsiedy e 874 dad@ £ oxmed- igder at ed by
energy converted by said ener%y_ 1 4dEC 2004 - 133 converting neans.
5 acquiring means wWith the corresponding information
accumulated on said information accumulating means,
wherein
said information communicating means displays the
information acquired by said information acquiring
10 means externally or communicates said information to
the outside when said discriminating means
discriminates the necessity of communicating
information, and
said information acquiring means, said information
15 accumulating means, and said discriminating means are

also operated by energy converted by said energy

converting means.

20. A solid type semiconductor device according
20 to Claim 1, further comprising:
reception means for receiving signals from the
outside; and
information accumulating means for accumulating
information, wherein
25 said information communicating means displays or
communicate information stored on said information

accumulating means in accordance with signals received



22. A solid type sem conductor device according to Caim1l, wherein said

i nformati on communi cating 5 neans displays on or conmunicate information to
other solid type sem conductor devices. 23. A solid type senicondqqgﬂ¥ 004
device according to either one of Caim19 to Caim2l, wherein sai &

I nformati on accunul ating neans is FeRAM formed by ferroelectrics. 24. A
solid type sem conductor device accordifgl32o- Cl aim 23, wherein the
structural material of said 15 ferroelectrics is PZT, PLZT, SBT, SrTi (B,
BaTi @3, or (Bay S3idlir@@eptdon Mesold.d angde seni conductor devi ce according
to Caim20, wherein said reception neans receives 20 signals from ot her
solid type sem condugciiar réeviptdon?fmeahssand daigk iggmmoontienor devi ce
according to Claim 21, wherein said reception neans receives signals from
ot her solid typedceleaichy neande vree .alzkm Dhersteal ity tgmperg¥m conduct or
device according to Claim1, wherein the external energy converted by 1 4
DEC 2004 - 134 cosaied-tetengy sedidy entenyy neanedtsirgumsdangl. i n non cont act .

28. A solid type sem conductor device according 5 to Caiml, wherein
energy converted by said energy converting neans is electric power. 29. A

solid type sem conductor device according _
3 21. A solid type semiconductor device according

toe Claim 1, further comprising:
reception means for receiving signals from the
ocutside;
information acquiring means for acquiring external
10 environmental information;
information accumulating means for accumulating
information to be compared with acquired information by
said information acquiring means; and
discriminating means for enabling said information
15 acquiring means o acqguire external environmental
information in accordance with signals received by said
reception means, and comparing said acgquired
information with the corresponding information stored
on said information accumulating means to determine
20 whether or not said acquired information satisfies
designated conditions, wherein
said information communicating means displays at
least the result of determination of said
discriminating means externally or communicate said
25 result to the cutside, and
said reception means, said information
accumulating means, and said discriminating means are

also operated by energy converted by said enexgy



to either one of daim19 to Caim?2l, wherein said 10 information
communi cati ng neans al so displays information on or comuni cating
information to other solid type sem conductor device. 30. A sol i]d @%/Lp@[”‘
sem conductor device according 15 to Caim1, wherein said inf orrrlb 0
comuni cating neans is light emtting nmeans for converting the energy
converted by said energy converting nmeangzgnto light to display externally
or conmuni cate information to said outside. 20 31. A solid type
sem conduct or device according to Caim30, wherein said light emtting
means is structured to emt |ight containing wavel ength within a range of
300 to 700 nMmcotreddin®y sRldnd .t ype sem conductor device according to Claim
30, wherein said light emtting neans is 1 4 0 E C 2004 - 135 structured
to emt |ight having wavel ength of 500 nm 33. A solid type sem conductor
device according to Claim1, wherein the external energy converted by 5
sai d energy convertang MeawEid teipec isetiidna St eldyice| asddodBgiet | C
i nduction, heat, light, or radiating rays. 34. A solid type sem conductor
devi ce accordittg ClHint a ,Clutiemelin \sadrdeiim fainch teier gyonemierdtigg neans i s
provided with the conductor coil and oscillation

5 means displays on or communicate information to other

solid type semiconductor devices.

23. A solid type semiconductor device according
to either one of Claim 19 to Claim 21, wherein said
10 information accumulating means is FeRAM formed by

ferroelectrics.

24. A solid type semiconductor device according
to Claim 23, wherein the structural material of said
15 ferrcelectrics is PZT, PLZIT, SBT, SrTiO,, BaTiO,, or

(Ba-Sr)TioO,.

25. A solid type semiconductor device according
to Claim 20, wherein said reception means receives

20 signals from other solid type semiconductor device.

26. A solid type semiconductor device according
to Claim 21, wherein said reception means receives
signals from other solid type semiconductor device.

25
27. A solid type semiconductor device according

to Claim 1, wherein the external energy converted by



circuit for generating electric power by electromagnetic induction between
external resonance circuit and said oscillation circuit. 15 35. A solid

t ype sem conductor device according to Caim 34, wherein said coqdyﬁE@ﬂm4
coil is formed to be wound around the outer surface of solid type

sem conductor device. 20 36. A solid type sem conductor device according
to Caim1, further conprising neans forigenerating buoyance to generate
buoyance using energy converted by said energy converting nmeans. 25 37. A
solid type sem conductor device according to Claiml, wherein said solid
type sem conductor 1 4 DEC 2004 - 136 device is provided with a holl ow
portion:-in ordatid endigatconven tdesy greained iposiuppdriesh irhendngui d surface
or inliquid. 5 38. A solid type seni conductor device according to Claim
37, wherein thercendter of gravity of solid type sem conductor device is
positioned | ower than the center of said device so as not to allow the
device to rotate but to sway stably in the liquid for the device 10 to
float therein. 39. A solid type sem conductor device according to Claim
38, wherein the net2centtersodfidsdivipg tggyd conductor device according

5 to Claim 1, wherein energy converted by said energy

converting means is electric power.

29. A solid type semiconductor device according
to either one of Claim 19 to Claim 21, wherein said
10 information communicating means alsoc displays
information on or communicating information to other

solid type semiconductor device.

30. A solid type semiconductor device according
15 to Claim 1, wherein said information communicating
means is light emitting means for converting the energy
converted by said energy converting means into light to

display externally or communicate information to said

outside.
20
31. A solid type semiconductor device according
to Claim 30, wherein said light emitting means 1is
structured to emit light containing wavelength within a
range of 300 to 700 nm.
25

32. A solid type semiconductor device according

to Claim 30, wherein said light emitting means is



sem conductor device is placed above the center of 15 gravity of said solid
type sem conductor device at all tines.

10

15

20

25

14 DEC 2004

- 135 -

structured to emit light having wavelength of 500 nm.

33. A soclid type semiconductor device according
to Claim 1, wherein the external energy converted by
said energy converting means is electromotive force by
electromagnetic induction, heat, light, or radiating

rays.

34. A solid type semiconductor device according
to Claim 1, wherein said energy converting means is
provided with the conductor coil and oscillation
circuit for generating electric power by
electromagnetic induction between external resonance

circuit and said oscillation circuit.

35. A so0lid type semiconductor device according
to Claim 34, wherein said conductoer coil is formed to
be wound around the outer surface of solid type

semiconductor device.

36. A solid type semiconductor device according
to Claim 1, further comprising means for generating
buoyance to generate buoyance using energy converted by

said energy converting means.

37. A solid type semiconductor device according

to Claim 1, wherein said sclid type semiconductor



10

15

14 DEC 2004

device is provided with a hollow portion in order to
float on a designated position on the liguid surface or

in ligquid.

38. A solid type semiconductor device according
to Claim 37, wherein the center of gravity of solid
type semiconductor device is positioned lower than the
center of said device so as not to allow the device to
rotate but to sway stably in the liquid for the device

to float therein.

39. A solid type semiconductor device according
to Claim 38, wherein the metacenter of solid type
semiconductor device is placed above the center of
gravity of said solid type semiconductor device at all

times.



