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I nvention 10 The present invention relates to a sem condu !

provided with the function to convert energy transnmtted fromstibee outside
andrcomruni cate with the outside regarding the performance of designated

operation or infor E’Eﬁ&?ﬂmééq‘ww bE@S clr,oviNge d ANK: P RUIVELDED fWhHEH I on to
di splay the contents of comunication. The invention also relates to an

ink tank provided gﬁé}E S BIHEFO NG B ODIEY DCE deViVK eJEBRNGARARIMCE et
cartridge, and an 1nk jet recording apparatus as well. Also, the present

i nvention rel afl\ﬁﬁ 30 REESRPENG 20pF ORATES U METHOPNGOR MANUESTTYRINC devi ce
provided with "the function to convert energy transmtted fromthe

outsi de, and ceppUNkEaire oNpuRTORE DEVISRle ANEYAARAY IFRTI QR BEPTEHce of
desi gnated operation or information, as well as provided with the

h
functiorto displ agrifep 2DRCQUNIROELANG GRAFRGHR 1 JHEMERY t REEMENRe i nvention

relates to comruni cati on system a nethod for adé' usti ng ngﬁﬁ‘%e’ security
system and nenor geeluRTEYt SYSTEMh OF INK JET REC RDING “AP

BACKGROUND OF THE INVENTION

Field of the Invention

10 The present inventibn-relétes 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
inventidn also relates to an ink tank provided with
such semiconductor device, and an ink jet cartridge,

and an ink jet recording apparatus as well.

Also, the present invention relates to a method

20 for manufactﬁring a semiconductor device provided with
the function to convert energy t;ansmitted from the
outsidé, and cémmunicate with the outside regarding the
performance of designated operation or information, as
well as provided with the function to display thg

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

pressure, security system, and memory element, whlch
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*G0000!*




2 8 FEB 2007 -2 utilize the aforesaid sem conductor device. Rel aZﬁOI:E 7
Background Art There are many apparatuses and equi pnents that detécCt pﬂ@]
envi ronnmental information under the 5 environnents that surround us, and
t hen, nake decisions and operate in accordance with the result thus
detected. For exanple, a cooler detects the current environnental
tenperature, and conpares it with the 10 predeternined tenperature. Then,
when the tenperature is |lower than the predetern ned val ue, the device
i ncorporated therein operates heating or operates <cooling if the detected
tenperature is higher on the contrary..lt is co ratively easy to
structure sucHus it anﬁ}’ﬁfss@]d# ﬁ%‘él%%lh‘%‘éﬁ?gﬁ FVequt p?/rent , Y
conponents, and tr}[eesé id%}g. Howev(frp1 even when it is extrenely difficult to
structure co CRGIHE i3bi 1ity of securing a sufficient space

wth restriction inposed upon t S iLe
envi ronnment al i nfor r|eonalp‘? Wa%&h%&f%%é%‘gﬁ%? n?%?g%%%{rﬁ% Fégﬁot only
t enper at ur e, béjetté'@pytl% hﬁ{viaxzz_ﬂﬁﬁéﬁaf fdesi ghat £6n QOPEEAt 08 shoul d be

executed with an 1nstant aneou ecision to be nmade i n accordance with the

25 envi roé‘”entear{viﬁ]rﬂﬁmsi Oha ThELE Qifa TBEY SeABAKSn | Nmakli 8cE@5RBARE, but

the status quo 1Is at due to several
and operate in accordance with the result thus

detected.
For example, a cooler detecté 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 conventional equipment,
components, and the like.

However, even when it is extremely difficult to

structure components due to 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



restrictions including those described above, these 2 8 FEB 2007 3v
demands have not been net satisfactorily as yet. In recent years,2 Qﬁ&%ﬂ
the field of mcrodevices the utilization of which is expected widely in
many industries, a considerable nunber of research and 5 devel opnent
projects are underway, but there are sti.l _many nore studies needed for
maki ng them practicable. Now, as a specific exanple of the field in which
the utilization of mcrodevices is required, the filed of recording can be
cited. 10 At present, various kinds of printer systens are utilized for
printing vari Gismdidslhdfe inBaseeSudt Khndsphcpornlgrasygeemis formed by
connecting a data processing apparatus |ike a personal conputer, a
printing apparat us,If arestanpleardhesivet hen pthat Engldlbfapparatiesiceaisput s
on a recording nmedium such as a printing sheet, the printing data which
have been pr ddessedi bizaaiien priocgsisengiappapactsd widpilynisr mappgar at uses
used for such kind of printing system there are on the market various 20
appar at us usi nigndEEimiss r et ra Tigdemathbelsnambgregénresegfchhand ki nds of

recordi ng nethods, the so-called ink jet recording. nethod is extrenely
useful, Hécawﬁ?WQﬂQPmQQ&xﬁﬁﬂ1&F¢ﬁn¢ﬁﬂ ?%dﬁBWaanBEF thargeatrafé&d 1l nost
no noises at the tinme of recordlng maki ng hi gh-.speed 25 recording

possi bl e on aMBYHINRES HaubresMeedsd tFoktmakhpd E FRi BERSFLIFRRARI o

treat nent.
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 various
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



The ink jet recording is such that a carriage 2 8 FEB 1001 4 having a
recordi ng head nounted thereon travels in the printing direction,ZﬁﬁWBéW7
discharging ink froma plurality of discharge nozzles arranged for the ink
jet recording head (hereinafter, referred to sinply as a 5 recordi ng head
as the case may be), thus printing imageg on the recording sheet by nmeans
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

t he i nk which should be supplied no 10 | onger exists in the ink tank, not

only imge forymiQy a DRCUESi ndRASAd hSuntbd tHeréS0tfahg18ead Ry be

damaged in sone cases. Therefore, various proposals have been nade to

provi de an i nkp¥£imidyleliedecdt Onvh OBy i EBséwirgei@cinngriba aenai nders of
ink in the ink 15 tank. For exanple, in accordance wth Japanese Patent

Application LapThtpeitNof Gildddirge tiez slesicitirengsd fosctheednkn jefti ch as
shown in Fig. 1 two (a pair of) electrodes 702 are arranged on the inner
face of an i nkr&fbtdinrky HEadn( Hdree trod £ 0ar S| Kef atee@ bonstoptiycebva ink i s
filled, and then, a float 703 having el ectrodes 704 arranged to face the
el ectrodes 70Zrécsompiiong dexhd s ftloatcase imky ipel hethug paikt¥04. The two

el ectrodes 702 are connected to the detecting section (.not shown) 25 that
det ects the coltrges \an cidmlitgr dinpoiheet| REtmerrs, of edpecPRYERFNSThen,

when the conductive ) ] i ) _
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

ﬁave been made to provide an ink remainder detection

device for detecting the remainders of ink in the ink
15 tank.

‘ For example, in accbrdance with Japanese Patent
Application Laid-Open No. 6-143607, the structure is
disclosed 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



condition of both electrodes is detected, the ink 18 FEB 2007 5 enmai nder
error is issued to indicate that there is~I,no nore ink in the i t&hao
701, and the operation of ink jet recording head 705 is suspended. Al so,
in accordance with the specification of 5 Japanese Patent No. 2947245, the
ink cartridge 805 for wuse of ink jet printer is disclosed, which is
structured to formthe |lower part thereof %n the funnel formtoward the
bottom face, and at the sane tine, two conductors 801 and 802 are arranged
on the bottomface 10 as shown in Fig. 2. Then, the netallic ball 804
having a smaller gravity than.ink 803.is arragnged in the__interior

Cher aof . i ¢ n FRE=EbRE: SFEOFNAL "LrPaRgeto “LPARSR gLl natu rRe 6r ik 803
is lowered as | 8 i S d ong., W this, itiqn.of the 15
metal lic ball %gget §¥ ??ogﬁg gﬁﬁtﬁgé%u? éCegg? ?hé ggggagggﬁrg uéqﬁ/

| ower ed. \When Egg ££88£5i§§5%§ﬁ8 qbsiggtﬁggégég?hgmered to the position of

bottom face of "ink cartri ousl ng, ic ball 804 is in contact

with the two conducipss 894 éeeo§egnczh@mthtbﬁe2g £R¢4ELR5 8%k and 802
beconme conductive to alfow electric current to POM/aCFOSS them Wth

detections of 3uphnés&reatenthRocOndiltb@s, ofninknRNdacanibge @ReEHfd. Wth
the detection of ink end condition, information indicating this ink end

condition is 28s80obffigd §ettpeitser. idheiechasebeennkaawaseach of the
structures
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. When the liquid surface of ink
803 is lowered to the position of bottom faée 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 become 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 c¢ondition,
information indicating this ink end condition is
25 notified to the user.

There has been known each of the structures

represented by those disclosed in the publications



represented by those disclosed in the publications 2 8 FEB 1001 -AﬁF
descri bed above for the detection of ink remainders in ink tank. wgb@m
it is required for each of themto provide electrodes for use of detection
in the ink tank, and at the sane tinme, to forma connector with 5 the
outside in order to transmt detection §igngls. Al so, for the detection of
i nk remai nders by the conductive condition across el ectrodes, no netallic
ion or the like is used for the ink conponent so as not to cause

el ectrolysis inink, with the result that 10 structural restriction is

i nposed on thﬁ]eas[tﬁ%ft?édl%d’wé‘ £de SR lad i d o L6 MeeemAt S@ersi In

accordance w the structures disclosed in the aforesaid publications,

only the anmounty;oftadiemaiddns,d K i detashethe@nEbNeaihest i henmabi on in
15 the interior of ink tank is obtainable fromthe outside. For exanple,

the pressure ig¥rim idikdirddes 0K dskf tdetadangesinf tpayshkal
properties of. ink, and the like are inportant paraneters for the ink jet
recordi ng heacdrx opatdtat athaldandetimare to £foisi abl @o@Peatounwidh i nk

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

recor di ngs appatrted umitcfidenein iordgmaio of raregrkd t higtediaheessignal sime to tine
along with the consunption of ink in the tank, as well as to communicate
Wi th the outsidesas fiar tte delipsial @6 PHysteraipieperPyeshef i nk.

Further, it is desired to provide an ink tank o
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 Eime along
with the consumption 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



which is capable of not only providing the detected 2 8 FEB 2007 7
information of the internal condition of ink tank on one-way for &&ﬁfﬂ?%]

out si de, but

as to provide the internal

ki nds of ink
so that ink
no nore ink i

al so, capabl e of exchanging information bidirectionally

, such

information in response to 5 inquires fromthe

outside. Also, for the color ink jet regogd[ng apparatus that uses plural

for the formation of color inages, the structure is proposed

tank is formed per color, and that only the ink tank 10
nit is made repl aceable independently. For the color i

tank of the Kijigo b tiich BECEIRAMM el diSi@da8ah g A0k L1k Lo
designated position per color. In order to prevent the user from
instal ling i nlgpleagk 0% drnagRd bl iRRS i ahe)), LHghavh® kid of ink jet
recording apparatus’is used, it is generally practiced to configure
tank of each e@lc®iangdind anEirns® idmh v Gireediyradl 1y awiich tde taistal | ation
on i nadequate position. However, to differentiate the 1ink tank
confi gur at i ongriokridenwnzerindferinakl ciolfarmsndteiasts 20 texpdresd nory eased costs of
ink tank. Therefore, it is desired to provide the ink tank -that can
w th thes i npriovereris dromdthad lcattistieaspect, whil e keepi ng each of

tanks in the

sane configuration. On the other hand, the ink jet recor

havi ng
nk

i nk

deal
i nk
di ng

apparatus 25 is pRdscdedon tthea qsilamlinky gt mecdrdingiaargeisport s)

for discharg

10

15

20

25

ng ink, and the ink which is
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
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 color. In order to prevent the user from
installing ink tank on inadequate position when such
kind of ink jet recording apparatus is used, it is
genera;ly 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
to the increased costs of ink tank. Therefore, it is
desired to provide the ink tank that can deal wifh the
improvement of installation aspect, while keeping each
of ink tanks in the same configuration.

On the other hand, the ink jet recording apparatus
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



supplied fromthe ink tank to the recording head is 2 8 FEB 2007 2
retained in each of the nozzles by neans of the balance of capill ﬁ%fBZM]
phenonenon 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 caused 5
to leak fromnozzles if the internal presgure of ink tank is higher than
the atnospheric pressure. Here, it 1is necessary to nake the internal
pressure negative in the ink tank. Also, if an ink tank is an airtightly
cl osed container, the negative pressure in the ink tank 10 becones hi gher

al ong wi th the GANHEILIOR QN IJHK dHe e z1dK dpMeaddels Wi hohhenpggative
pressure which should beconme too high, ink inthe nozzles is drawn to the

ink tank side df0 G498 aS4C hhdndwan amd naidddey tdmsischagkgeai nk when
the recording head is driven to 15 discharge ink fromthe nozzles.

Therefore, inreeeardanee avddsd hhexenven imadrdity Heak amd imk eharr bent
of porous material, fibrous material, or the like is contained partially
or totally i mreheduniterd @n tahetaaafiagnd &ir theangalre, tinke, i$ hea@6edhanber
in which the ink absorbent is contained is conditioned to be conmunicative
Wi th thesair dgt diethd fridmusogzdlels nigf tthree |inkteabsol rdsswrabsbr bnknd retain
ink. In this manner, the interior of ink tank is conditioned to be in
negative presdan& iz5 hHagher ridaey tihe esgnogplienic IrtesdSitee by Bemdli a§ i nk
absorbent to absorb it with the result that the
is necessary to make the internal pressure negative in
the ink tank. Also, if an ink tank is 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,



efficiency of ink storage is lowered inevitably. Also, Z 8 FEB 200?81@82%7
whereas the interior of ink tank is conditioned to be conmmunicative with
the air outside, the negative pressure becones hi gher when the anount of
ink retained in the ink absorbent becones snmaller, and there is 5 still a
possibility that the discharges of ink frgmthe recording head is disabled
depending on the relations wth 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 vﬁ&&%}a@f{thdé Sjl_br{l%ri'&nQﬁr igedetdhk and Ambitide@f £bchency of

ink storage is enhanced. re, It 1s desired to provide an ink tank

having such funghi@icAlSR JitEndRs 4i aditstae ! Rdrasgaevén the
interior of ink tank, there is a 15 need for know ng the condition of

internal presgdesRire ivdedndikK Migrdd wRanstHl ra&cddnt ot i ek reetdined
Meanwhi | e, the devel opnment of ink jet recording technol ogies is remarkabl e,
and the printiiig taecumic\abddveanti Yeaonees o lebdr enmld) thehe i isr ecent
years. 20 Thus, conceivably, the ink jet recording technol ogies can be
utilized ®ven dtarl Jpreo g i iskeichyr i thads , thed fdicd dlargioe umenizk Bromhehei ke.
For the printer systemused for producing those docunents, it is required
to provide theseulina \hdathcts ohisabldthtdegrnding jat U pf¢ haktorannot be

used by any one other than the owner or the authorized person by
regi stration. 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 subh function. Also, in order to adjust
the pressure in the.interior of ink tank, there is a

15 need for knowing the condition of 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



Al so, copyright is given to the docunments and 18 FEB 2007 - 10 in£84§32W7
produced by the person hinself with a conputer dedicated to his persona
use. No third party is allowed to print themout w thout the perm ssion of
such person. In this case, too, the printer should 5 provide sone security
function as described above. Wth respegh to the devel opment of recording
systens to neet the various kinds of requirenents described above, the

i nventors hereof have given attention to the ball sem conductor

manuf actured by the 10 Ball Sem conductor Inc., in which sem conductor

| ntegrated cl fauibsl :bauERA 89 the pRBebhcAhnsuntace crols adgiton ball of
approximately 1 mmdianeter- Since this ball sem conductor is spherical, it

is expected ihatchhegdebestisope@kontdlr agadi ngolEhamd pateNtiad i nformati on
and the bidirectional information exchange with the outside can be carried

out efficienthylowed kot beintofHeh ontt Wanhbhe fthat petrypies ssiem omfhiduct or i f
the ball sem conductor is contained in the ink tank. However, as a result
of 20 thoroughchnpessogat i an eahisheazet, tthat phevipddnteurshdwhdti on of
the kind, it has been found that there are only those ones. which are used
for connecti ngroalide semecsrductitys funckdonves it serdipedfabeiric wires
such as disclosed in the specification of US Patent No. 25 5,877,943, and
that a ball sem coddbt sespegitc&oi tthel Hevelepmgife odeVETEH I order to

provi de such function ) ) .
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 by 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



as descri bed above. Also, there sone nore problens to 18- FEB 2007 g&{?3HM7
sol ve 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 formneans for accunulating 5 information on such a device as the
bal | sem conductor, and that the novel qﬁvice shoul d be capabl e of making
itself very small at first, and then, capable of being driven with a snal
anount of power dissipation, while keeping information w thout being ’
i nfluenced by the 10 fluctuation of energy supplied fromthe power-supply

system and if required. being l.e T i I RfeQriAd 1500, Anot her
problemis thzftoj'tv%e bbar O\Fiesi%?;'% (l))%liz'}n siten 1&}??#%‘%\%: ?ﬁlg:alg;bl e of

per formi ng the i dinechional.q ¥3rexehange «fid.nf or mation such as to receive
inquiries fromthe outside and return internal information, not only by

performing the onegyiay de AReMpsetked fdehadetreirdl eria smbwldation

of ink tank to the outside. EO Still another problemis that the device
that accunul e rddifitidmtinOBraraultd Fomt inemdbfdhacappiiaatron of | ow

electric power, together-with the provision of power supply systemto
actuate tshe devifemarGrinidiedudh thelewide df thee fpoverseupptydectete 25
should be built in the ink tank to actuate the device, the tank inevitably
becomes | ar gerandEwdratwhgre tdosel 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 recei&e inquiries
from the outside and return intefnal 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



power - supply source is provided outside the tank, it is Z 8 FEB 200?8l¥83%7
still necessary to arrange neans for connecting the power-supply source
and the device. This inevitably increases the costs of tank manufacture.
Thus, the tank cartridge should becone expensive. Therefore, the 5 device
shoul d be actuated fromthe outside by u of non-contact neans. It is a
further problemto be solved that the dévice should float on the ink
liquid surface in the ink tank or should be capable of residing in ink
with a 10 designated depth fromthe liquid surface. For exanple, it is

desirable to peshhi ARCERBEAEGViEEE aPRahlR mland ifdH EonwdAGHd Newsder to
noni tor the changi ng anmount = of negative pressure in tinme series along with

the consunpt peReel suBb1iynsbigcenbnbarihe Méviide i s Tdiifsf iigld¢itlablp enabl e
the device to float on ink,. because it is fornmed by silicon having a
‘speci fic gravihyregaeakerkhet Bag twaber taSWVIMARY: falc tTide .| NENTS ON2O It is an
obj ect of the present invention to provide a solid type sem conduct or

devi ce havi ngtas&ceeirty iflgec shonlthbeefonre, edpesisicvan b&heotafded, f then t he
outside in non-contact so as to be able to detect environnental

i nf or mat ison sdevdgedishguilde beéewrictaaded Za o dde tov Ysdideoy exse edkl y
efficient communicate with the outside bidirectionally, at the sane tine,
bei ng capabl @aoof cgatectti Agankke i nternal condition of the ink

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 oraer 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 float on ink, because it is
forﬁed 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



28 FEB 2007 - 13 tank (such as the kind of ink contained in the takFEB 2007
internal pressure, tenperature, pH, ink remainders), and adjusting the
pressure inside the container in non- contact with the outside of the
container. It is also 5 objects of the invention to provide a nmethod for
manuf acturing such device, an ink tank provided wth the device thus-

manuf actured, an ink jet cartridge, as ~wWell- as an ink jet recording
apparatus. It is also the object of the invention to provide 10 a nethod
for adjusting pressure for adjusting the pressure i nside the container, at

the same tine, rovi de the co aIro stem i ch atedrn
non- cont act , B’é%l Yeh @i ddte ﬁm%ﬁﬁ 'f?’orh ntal t%’ﬁf g?f’rat’l on and

t t ffi t bidi t I h th
ut o) der a5 WA ESRRTh BRI 1 A BT At Ve ot tariant ePagEDde with
the security fun cffor%mf 117 e | dr DORTEE! a4 0al CORST E5nLLIRALL UR QULS! de,

and al so, ser scrimnation, hence providing the

securi ty Syste&;@{ 34018, 800 16 APRRE S HBCESBYa L Rerdi Sgb @srsqgrodl ng by

any person ot her Fan The owner e aut hori zed personnel by

registratg on, d%r}geébé o FBAML Vi B} SN n Us8 o f 1 8bi 8 syshed asrvel | . The
| n

solid (three- sional) type sem conductor 25 device of the present
invention CONREASEEaSReF g $SOAYeddy e MEANSiARI t&8ARVEEDVAGeaNREigH from

outside, and operating neans operated by energy converted by the
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
environmental 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 register|  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



2-.8 FEB 2007 - 14 energy converting neans. Al so, the conmunication
system of the present invention that uses solid type seniconduct ok GEB/706F
conprises a liquid container having the solid type 5 sem conductor device
arranged therefor; an oscillation circuit provided with conductor coil,
information acquiring neans for acquiring information inside the
container, reception neans for receiving signals from the outside, and

i nformati on communi cati ng means for 10 comruni cating information to the
outside formed for the solid type sem conductor device; an externa

resonance ciLgUi b aELARYCE 1A fledBist.he solid type sem conductor device to
generate electric gomer by magnetic induction between the circuit and the

oscillation circuifi1gh,t kel Boiiund chtRSnS &P LUM WK Whd@sLLsn@nd an
external comuni cation nmeans for conmmunicating bidirectionally by the

recepti on neapgvangibhe thaktoRs @bl GO cainiRpiRano®iddhecsol id type
sem conduct or device. 20 Further, the nethod of the present invention for

manuf act uri ngcampelicdst wpa igeidc eddtaioerdedwiag teEdlses tihee st eps of
formng a protection filmA on the entire surface of Si; form ng opening
on a parts of sthecpnduecbrodefilcem Arraemged neodfort:hamupperi pbatioh 25 the
Si; formng a protection filmB on the inner and outer surfaces of the
“work forned bgitrkei8i paedidedowddhi eenduchos amikdi ngnfmrmmtiew portion in
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 solid 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 f£ilm B on the inner and

outer surfaces of the work formed by the Si and

protection f£ilm A; making the hollow portion in



6 FEB 2007 - 15 airtightly closed condition by use of conductive

material; and form ng conductor coil made by the conductive nateriLﬂFfBZMH

Al so, the nethod of the present invention for 5 manufacturing a solid type

sem conductor device conprises the steps of formng a protection filmA on

the entire surface of Si; formng openin%ion a part of the protection film

A, renoving only the upper part of the Tormng a protection filmB on

the inner and 10 outer surfaces of the work formed by the Si and

protection filmA;, making the hoIIOM/portion in airtightly closed

condition by use of duc ive rlal nd forn1€ coag% |ve filmon the.
i Ve m

entire surfac%lﬁtﬁ‘e‘?tg %S%%t?%r? %ng% condu? {5 15 form
conductor coi | "Hé’r%tegly CQA‘Q”E& Y E I b S ror FUELIGhaaachor #h00 o the

pr esent |nvent|%% securl a recording apparatus is
provided with, ng.fieaf. cartridge detachably nounted thereon, in
whi ch the recof |ng ead cartrl ge 20 conprises a recogni zed data holdlng

portion for hol dingy; &S, recOH&esh dsf arhbepPessSRpalni-8h 01 ARt QR recogni zed
by recogni zing portion for recognizing personal information; a key code A

hol di ng parti apad@fadOhsing akeyl t@deype aomen6adaceonvastiag portion for
encodi ng 25 the recogni zed data by the key code A, an encoded data hol ding

portion for hotehpeisde eneoseshbslasn byrmbeg enpodeedaianconier hi be
portion; an information input
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 form' 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 recogﬁizing 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



18 FEB 2007 16 and output portion for receiving the key code A fggm 3
recordi ng apparatus side, and for transmtting the recognized data aﬁ@ @ﬁe
encoded data to the recording apparatus; an energy converting portion for
converting 5 electronotive force supplied fromthe recording apparatus
side in non-contact into electric power r actuating each of structural
portions, and then, the recording appar atus 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 aDRRCAl UA-LALSEL I, ek AR iiurd ket e Adilidiagaporti on

and a key code portio hol di ng key code A and key code B

created from the kerocadagKagpBsattd Wias, ahalTdmiaidfidion iMpunand
output portion tor transmtting the key code Ato the solid type

sem conduct or devi;68 zed@d@d thoandeaie/ idigddeal Raegnix athalateacarnttiide
encoded data fromthe solid type sem conductor device side; a recognized

data hol di ng peblarafuisQr anoledicigyt ko rdfe rrteiceg pozad aiatfar arorerenideng dat a
hol di ng portion for holding the encoded data; a decode converting portion
for decodi ng theceroadad véattarey thepikeyed dienB;the mewodbihalat a hol di ng
portion for holding decoded data by the decode converting portion; a data.
conparing 25 pophirartusors idenpar ineg: tdwen trasto gl toe @l i th PR #REoded
data for reference; and discrimnation processing portion for admtting
t he use of reeortdiatgng each of structural 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 épparatus 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



18 FEB 2007 - 17 apparatus or naking the use thereof inpossibleij1
accordance with the result of conparison by the data conparing portﬂﬁﬂiﬂM]
Al so, the ink tank of the present invention is 5 characterized in that at
| east one solid type sem conductor device arranged therefor which
conprises energy converting neans for cgnverting energy fromthe outside;
and operating neans operated by energy dnvert ed by the energy converting
means. 10 Further, the ink tank, which contains ink to be supplied to a

di scharge head for discharging ink, and holds negative pressure in the

interior thereof, r gjtréﬁ(rg)ir;sﬁfak&rnesstlﬁree A ystamne _rgﬁlﬁn%sgiqgl@di’rysti ng

negative pres&EPE eri i’ accordance wi negative pressure

S 1] Y LA SO SIIAIE ISl CANSp 0 )

provi ded fromATTE T 64 e 1nto energy of dif e energy

for operating - Stadjust ment nmeans. Al so, the nethod of the
pr esent invenf%bgﬁgéﬁﬁﬁgg adj usting pressure, which uses a solid type

sem conduct or devi g &y r 3RGEd 10Tt Fhi€ WY aANEph«H g npetdiyei ressure in
the interior thereof, and which is provided with pressure adjustnent neans

for adjusting cHiegRiters e SSUrhd d e ddier cand aioterd itygecor dance 25 with
the internal pressure of the container, and energy converting neans for

converting enefegyiqumtictedt fdeamceoustamgddtthalidfer evitidh ncbropresesgy from
t he energy
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 adjustment means for adjusting
negative pressure in the interior in accordance with

15 negative pressure in the interior; and energy
converting means for converting energy providedfrom the
outside into energy of different kind from the energy
for operating the pressure adjustment means.

Also, the method of the pfesent invention for

20 adjusting pressure, which uses a solid type
semiconductor device arranged for a contéiner 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 into different kind of energy from the energy



2 8 FEB 2007 18 in order to operate the pressure adjustnent neans,
conprises the step of keeping pressure inside the container regularl§86§BZMN
conparing pressure detected by the pressure detecting neans for detecting
pressure 5 inside the container with the pressure inside the container.
Further, the nmenory el ement of the presepg _invention conprises energy
converting neans for converting external energy supplied fromthe outside
in 10 non-contact into electric power, in which personal information is
hel d by actuating the electric power. Here, in this specification,-the

term " nmetacentgr 5rAR2NEot BRerAier $86t beaspairdt agfjukhtaehitn@meainsact i on of

wei ght at the tinme of being bal anced, and the line of 15 buoyance at the
time of inclipahpeisedl $8e shephos gpepihigcpireesurehantsdrim "thel i d type" of
the "solid type sem conductor device" is neant to include all the various
t hr ee- di nensi epakashapeseganalrlyabyacompamdging, paesphaee dedesd®d sphere, a
square 20 colum, a rotatively elliptical body, a nono-axially rotative
body, anong sahe otksssreAdettketimghodahnsr foupdeyiend ioa @medsSUEfer gy, it
shoul d be good enough if only nmeans for supplying electronotive force to

t he devi 6e asinkédextbengontsiagar gy ths ther argssULe RSy position, -
returning position, or arranged for the carriage, head, or the |ike when
this nmethod i SOREPEPEF-t0 an ink jet

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 "metécenter"
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



18 FEB 2007 - 19 recording apparatus. Besides this, if only an apparatus
havi ng nmeans for supplying electronotive force is used, it beconE§BFEBzm7
possible to detect internal conditions of an ink tank w thout ink jet
recording 5 apparatus. For exanple, therefore, this nmethod can be adopted
for carrying out inspection or the |like atga factory or a shop (for

qual ity guarantee). BRI EF DESCRI PTION OF THE DRAWNGS 10 Fig. 1 is a view
whi ch shows one exanpl e of the conventional ink remainder detection
device. Fig. 2 is a view which shows another exanple of the conventional

i nk renai nder @Rigedinn dpdeus Fi Besides arthi ockifli @aggnamhi ch shows t he
i nner 15 structure of a solid type sem conductor device in accordance with
a first enbodiapydraifud leapireserdand rfwentswpplying s bectrepoeseat s t he
comuni cative condition thereof with the outside. Fig. 4 is a flowhart

whi ch il ustraicescd hiss REdpertathagpmds thessidvieetahdabheth FhgergalFig. 5
is a block diagram which shows the inner structure of a solid type

sem conduct or aediceions oft coy dare etagik withegbninleni®li FeaPT8inBhe present
invention, and al so, represents the comunicative 25 condition thereof with
the outside. RRPamAtys a fHFWETAP i cCH$T$ERE? at BR1$ HRELRPEr SBPoR®0f t he

device shown in Fig. 5. 18 FEB 2007 . . \
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.
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FEB %Qgis. 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
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
semiconductor device in accordance with a fourth
embodiment of the present invention.

Fig. lllis 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.

Fig. 12 is a view 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
type semiconductor device sequentially.

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

ink tank in which theSolid type semiconductor device can:



21 be arranged preferably. Fig. 14 is a view which shows anot her exanple
of the ink tank in which the solid type sem conductor device can be
arranged preferably. 5 Fig. 15 is a view which shows still another 7&KEgpiPE
of the ink tank in which the solid type sem conductor device can:be-----
arranged preferably. Fig. 16 is a view which shows a further exanple of

the ink tank in which the solid type senm<onduct or device 10 can be
arranged preferably. Fig. 17 is a perspective view which shows one exanple
of the ink jet recording apparatus on which the ink tank is nmounted. Fig.
18 is a conceptual view%yhic illustrates the 15 nethod for using the
solid type sem%oHRARY® T T - accordance with a fifth enbodi ment of

t he present inventiéghthf%g%%%%H%E?gpﬁ%{¥§ggﬁg%svégg&&@£ch§ﬁgggagkcalIy

shows the ink tank sem conduct or ~device of the

b oot aord meile fi8 e A Sn Au9IE0RAEN £51 QOGRS NERILLIEHLED, UBYELENI!D

of typical ink ow, nagenta, cyan, and bl ac Fig. Is a

cross-section [ j rdPey145 i nk tank schematically in
af S k&g Shove ¥

accordance with a six odi nent of” the present invention. Fig. 22 is a
bl ock di agram whi chgshowsst he i NpeLw 2:8i EEBsBORE still another

example of the ink tank in which the solid typel
semiconductor device can be arrangedpreferably.

Fig. 16 is a view which shows a further example.of
the ink tank in which the . 501id type semiconductor device

10 can be arrangeApreferably.

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 solid type semiconductor device in
accordance with a 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



- 22 structure of a solid type sem conductor device in accordance\@gtrﬂzu
the sixth enbodi nent of the present invention, and al so, represents the 07
comuni cative condition thereof with the outside. 5 Fig. 23 is a flowhart
which illustrates the operation of the solid type sem conductor device
shown in Fig. 22. Fig. 24 is a bl ock di gran1mhich shows the inner
structure of.a solid type sem conduct or gevfce in 10 accordance with a
sevent h enbodi nent of the present invention, and al so, represents the
comuni cative condition thereof with the outside. Fig. 25 is a flowhart

whi ch 1 LUstr a8, di QIR Oleshlle SlicbrdiRa eTapndlctor devi ce

shown 15 in irew which i1llustrates one exanpl e of

the structure QIcJULSIY &iad] USidreilx R b I iRdrded ff Gihe tdesoht d type
sem conductor of the present invention. Figs. 27A, 27B, 27C, 27D, 27E, 27F

and 27G are 2GwfWontifia idldest madf-ddem ts e @dsinuigi i oress of
pressure adjustnent neans. Fig. 28 is a plan view which shows the solid

type seni condigHdirt idRY it deRiT asiedt athd pUtisgsie 27A to 27G Fig. 29 is a
vi ew whi ch shows the equivalent 25 circuit of electrical structure rel ated
to presswse adjustment 2eearss a epfesdrdsd Wwhidh gll2GtEtes 3theés a timng
chart which shows one exanple 2 8 FEB 2007
. 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 solid 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 solid type semiconductor of the present invention.
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 solid 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



- 23 of signals applied to the val ve el ectrodes and base el ectrode of
pressure adjustnent neans represented in Fig. 26. Fig. 31 is a view which
illustrates one exanple of 5 the structure of pressure detectionzgqqg;
provided for the solid type sem conductor of the present invention. p@s.
32A, 32B, 32C and 32D are views which illLystrate the manufacturing process
of pressure detection neans shown in Fig. 31. 10 Figs. 33E, 33F, 33G and
33H are views which illustrate the manufacturing process of pressure
detection nmeans shown in Fig. 31 after the process shown in Figs. 32A to

32D. Fig. 34 i &:YeW MU 15R0Us, the Gid1GH te tdiatrodds MRt 94§ t he out put
frompolysilicon resistive layer represented in Fig. 31. Fig. 35is a

cross-sect i onal; a1 @WadidEh ph res HefRitnald nstod hespexespted oint he ink
tank to which the present invention is applicable. 20 Fig. 36 is a view

whi ch shows onggexawl e of internal pressure information to be witten on
the solid type sem conductor device in the graphical form Fig. 37 is a
vi ew whi ch shows amatghersiexanl eriefw whitedr nadl Lypstesstee omé oexahpda 66 be
witten on the 25 solid type sem conductor device in the graphical form
Fig. 38 i a perespantiotming ef piiesswehaletaatidy mejnsspreovifed £xanpl e of
the ink jet recording 18 FEB 2007
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
15 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



- 24 apparatus to which the present invention is applicable. Fig. 39 is a
vi ew whi ch shows the structure of security system of the recording
apparatus represented in Fig. 38, and the transm ssion and receptiqn of
data 5 at the tinme of registration. Fig. 40 is a view which shows t&éffﬂﬂm7
structure of security systemof the recording apparatus represented- in
Fig. 38, and the transm ssion and recepti“h of data at the tine of
discrimnating 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 tinme of registration. Fi i Vi ew whi

Fi.g. 42 whi ch. sh th
operational fl3RPAFHIST He® SBLLFH tvg%y%lfee?ﬁsrb'? +‘é‘6%‘?ﬁ+‘lf'1’g h%p%&ﬁg}ﬁgg?%e'

represented in Fig._38 the tine of .discri,mnatjn h . Eig. 43 is
a vi ew whi ch shows &Hrbt bt %ﬁnﬁi%ﬁﬁWcﬂplé&a%%ﬁ%so h%h%£§§?¥§g%y8§

sem conduct of Ol L& Praseily dAVAN 1.00:020:£h Sapddrdpud £LBREsERERONAI

. . curl
vi ew whi ch shoWw~ s¢ ically a'voice input™s or used

recognition ur@ir}]gg{sg.tt SeaH I e Sefééﬁénqigégonfl%égsr@cﬁ{)eﬂoxi §¥ Waigh

schematically s e vol ce I nput sensor use or the recognition unit

of 25t seclf i {Ye SYHEM s FediSrdfids. @ plan view which schematically
shows a i nger print sensor used for the recognition unit of 18 FEB 2007

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 shdws another application
example of the solid type semiconductor of the present
invention.

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

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

25 the gecurity SYStem-E

Fig. 46 is a plan view which schematically shows a

finger print sensor used for the recognition unit of



25 the security system Fig. 47 is a plan view which schematically shows a
finger print sensor used for the recognition unit of the security system
5 Fig. 48 is a view which schematically shows the structure of a hk&ﬂEBzmﬂ
cartridge which can disable recording as a result of the user :
discrimnation in the .security system Fig. 49 is a view which
illustrates the principle 10 of electr1éﬂb0Mer generation for energy
converting neans constituting the solid type sem conductor device of the
present invention. Figs. 50A, 50B, 50C, 50D, 50E, 50F and 50G are views

which illustragg.one ex%gQI [ocess of a 15 method for manufacturing

e _of
the solid type seniégﬁﬁuctgrsgagglce of the present invention. Fig. 51 is a

vertically cut sect%oggg?lLf%g%igfgh_§fgﬁnpﬁlggléghégggic%gfyhgyg§scgrcuit

el ement used for t sem conductor device e present 20

| nvention. Fi %in%%fé%x?fﬂ ahd, 52C @é@d%& tHA! EQ%J>%M'§£6§F QniEh%iiEgﬁl !

structure of ferr ric menory. Frgs. 53A and 53B are views wh

illustrate copditions,toe he solid type sem conductor 25 device
manuf act ur ed bgg%he net%odfgﬂg%ﬁmﬁh'Figs. 50Ato 50Gto hold the

stabilizeg state inplyquig. i i §sviSdARNEN 54Bhanet vbeIEy WeheRsi lchest rat e
the 2 8 FEB 2007

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 emnergy 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 solid 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. 527, 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



- 26 exanple of ink tank for which the solid type sem conductor deyj of
the present invention can be arranged preferably. Fig. 55 is a vie& 07
illustrates the detection 5 of ink amounts. Fig. 56isa view which
schematically shows the ECR plasma CVD apparatus used for manufacturing
the ferroelectrics of FeERAM for the solid type sem conductor device. 10
Fig. 57 is a view which shows the fl owcha&@®® of bidirectional

comuni cati ons between solid type sem conductor and recordi ng apparatus on
the transmtting side of the solid type sem conductor enbodying the

present invention. 15 Fig. 58 i Vi ew ) icqbsho . the flowhart of

bi di rectional THIRM ¢ ?JC}H% e s%l\rl\é}t e s%ejﬁﬁictgiﬁ%%ctor and

recordi ng apparatus on. the receiyj ' ' e i conduct or

embodyi ng t he SPHesEn u‘ftn?/ren‘f%lne./é Q%E %ﬁg\ﬁ% %ﬁ(ﬁ%‘%’ﬁg\?&c%ﬁEb%REFERRED

EVMBODI MENTS | i ference to the acconpanying draw ngs, the
o T Hrefladbls

description . énbod!nents in accordance with the present
i nvention. 25 Then,pihe sietailed, fescui it oM Wb trdeesmete Ofethetion

enbodi ments particularly when the device is arranged for the interior of
an ink tasnk. Hegeng hgnslevige is .~ 1
Fig. 56isa 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 of the solid 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 solid 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

- .L’-'



Z 8 FEB 1007 - 27 not only used for the ink tank, but for other obj b
and the sane effect is obtainable. (First Enbodinent) Fig. 3 is a b?ggﬁ 3M7
di agram whi ch shows the inner 5 structure of a solid type sem conduct or
device in accordance with a first enbodi nent of the present invention,
and al so, represents the conmunicative ndition thereof with the outside.
The solid type sem conductor device 11 gﬂoﬁn in Fig. 3 conprises the 10
energy converting nmeans 14 which converts the electronotive force 12
supplied fromthe outside Ato the device 11 in non-contact into electric
power 13; 1 NGLELTBLAGN (QEAUIELINRIPARS LApRE! WAL ERY oUrRE! Idif) e HONST
obt ai ned by energy converting neans 14; 15 di scrimnating mears

i nformation aggumihat isigemarectlis 3pdainla@eati on communicating neans 18.
This device is arranged in an ink tank. For the electronotive force which
i's supplied tQrepekakmbbld@mendgVvi ce, el ectronagnetic induction, heat,

light, radiant 20 rays. or the like is preferably usable. Also, it is
preferable to fornmray.l 8asl ene1@y:kecd@iweriamghiRaNshbds ank iinfrosamat i on
acquiring neans 15 on the surface or near the surface of the device.

Al t hough sdesckitpluic@nrewolfl abeonade tiyedateaiilconidufcdraratdesni cec ciunul at i ng
means 25 17 should preferably be structured using FERAM (Ferroelectric
Random Access aWeomdpncleomird lay fifrertr eslbectiniess. of the present

invention, and also, represents the communicative
condition thereof with the outside. The solid 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 14;

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 acguiring 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.



18 FEB 1007 - 28 |Information acquiring neans 15 is the one for acquiring
information inside the ink tank, which is the environnental information
surrounding the device 11. Discrimnating nmeans 16 conpares the tank
internal 5 information obtained frominformation acquiring means 13 8viiFBfpgyy
information stored on information accunulating means 17 and determ nes
whet her or not the tank internal inforngt8 on thus obtained shoul d be
transmtted to the outside. Information accurmul ating 10 neans 17

accunul ates vari ous conditions whi ch should be conpared with acquiring
tank internal information, well as the tank intferpal infopnation
obt ai ned from |nfdﬂﬁﬂHWﬁF%ﬁﬂnﬁ?qq&f*ﬁguﬂFﬁﬁﬁ }%f ? oR™€ coRfruni cat i ng
means 18 converts electrjc into 15.en o] at ed t ank
|nternal|rﬁ(NqEQQ%ﬁ%nqr%Qﬁ§%WQﬁﬂﬁﬁeﬁ@ﬁ+§? e??u%? Eanﬁfggﬁ1 ﬁséglnﬁﬁatlng
means 16, and i opl aisedie LANK L SI0R! o LALQLIRL QN en8NdopROuugh cat eSi t to

the outside B.€ e hfornat|on acquirting nea

appl i cabl e to\)é{ﬁﬁ ng}lrgatiﬁ/rpi REMEONEUC a5V €6 | SankXEBLLARET for

description sem conduct devi ce being 1 ncorporated on a

sphericalg silj &P&magﬂ&h d@t@ir‘i@cﬁ‘gﬁ%dxnlx?«f‘oi‘rﬂelftiéﬁkac!;ﬁfﬁiﬂ?tineans

ach|r|ng nmeans nay structured in such a manner that 25 (1) SiQ2 filmor
Nfilmis forsmgias 10 SeDsidh Vetoféd o 0iREO¥hdeiansapsomuiatidet ecting

pH in ink or (2) provide a pressure sensor of a diaphragmstructure to

means 17 and determines whether or not the tank
internal information 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 inforﬁation
in accordance with instructions from discriminating
means 16, and displays the tank internal information
and communicates it to the outside B.

Here, the information acquiring means which is

20 applicable to the solid 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



2 8 FEB 2007 - 29 detect pressure changes in the tank or (3) to provide a
sensor for detecting the current position for the detection of in HFEBZMU
remai nders by incorporating photodi ode capable of converting light into
thermal energy for the 5 production of pyroelectric effect or (4) to
provide a sensor for detecting the presence or absence of ink depending
on the anobunt of noisture in the tank by 28e- of conductivity of materi al
used byt he sensor; anong sone others. 10 Fig. 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 out si de
A toward the d@%?%%t1Ere%ﬁ%F©yCh%Bﬂ9§ran@hﬁEEﬁEklﬂg gﬁbe??sp¥ﬁ 2624 !

electronotive force 1 to. t he §$ectr|c

. e F t1l e ﬁ o g r %%%h the
e |
y u
|nforn?t|02 cgﬁgﬁﬁ ﬁﬁg?naknﬁﬁ st T8%a! ersgggaﬁ 8r§§9€ %o%nﬁpgg%dach|rlng
mean 5t j . f
Thans oo v s SEb4B1 800 A0ORUEER BT PEORE 9 b FhEEmbDohBE gyaRlor WD 19

remai nderg, thﬁr&,;%@&%n'ek pyPORELALYEE. erPEC1aBY WY ekBabBRasBULE (Step

S11 in Fig. 4 , 2b disctrimnating neans 16 reads out frominformation
accunul ating n@éﬂ%ﬁﬁ@aé@@ét&hﬁnﬁhwhp@eseheeceﬂpabgdncw bl tihg tank

internal information thus obtained (step
depending on the amount of moisture in the tank by use
of conductivity of material used bythe Sensoqhmong 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 S11 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



2 8. FEB 2007 - 30 Sl12 in Fig. 4). Thus, the conditions thus readzgﬁgBib?
conpared with the tank internal information thus acquired to determ 0
whet her or not information should be comrunicated (step S13 in Fig. 4).
Here, the 5 discrimnation nade on the basis of the conditions
predeterm ned for information accumul ating neans 17 are such as to
determ ne that tanks should be repl aced, 3®ecause the ink remai nders becone
| ess than the designated value (2 mlliliters, 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 determ ned by discrimnatin means 16 that
there is no neBkR fit e cbk r erfhi¥sindrhe GAAHRP ST THRAt GRE £F %e
communi cated to they 15 outside, the jnformation of the cug%ent condi tion

i nsi de the i nkCoBRACeS Erduntiat R AT T MR TP TR bt 8PP Rg means 17
o or mat 1 on meC L EART e SE M ThMIERET T brRat | Bheo ZiT kbt RgaR o
means 16 det e RBTREGA Ttk S TR Tt Thrordnt b Skt BAE communi cat ed
conversi oh | 5 ShTEHTRiEhoR RRIE ol ThES pasLo e o0 SInaEeteng e

energy for COHP%’&'&E@H&%% ot Nkn £ §AKa t 18T debuhii 2F (R ABahe M are
outside. Here,” 11 s possible to use magnetic field,
such as to determine that tanks should be replaced,
because the ink remainders become less than the
designated value (2 milliliters, 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 the jpkx 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 informatioﬁ

20 acquired by information acquiring means 15.

Also, in the step S13, 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,



2 8 FEB 2007 31 |light, shape, color, electric wave, sound, or the |ike

as energy for effectuating this communication. Then, for exanpl el FEB 207 is
found that ink renmainders becone |ess than a designated val ue, for
exanpl e, sounds are 5 made to informthe outside B (ink jet recording
apparatus, for instance) of the need far sqeplacing tanks (step S15 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
i ght, shape, color, or sound is used in particular. Further, it may be
possi bl e to changg , cYEpd) Gildly B SUCvas Usoumaound tiios like
communi cation regarding ink remai nders, but using light for comrunication
regardi ng pH ofs ighergy fidie dfiflea tult e thilse cpimuch isEti igonductloen devi ce
structured herein is used for an ink jet recording apparatus, it is

possi bl e to i xtraldxamedres, fidi isupd yiowpad Héateligdt reamtindefprieecemet hi s
device as external energy on a recover position where recovery operation
is 20 perfornEdisonthanr et Wesiapales tadmevhdiar taeaela i RINYRt@FAs in the
recordi ng operation; on the carriage itself; or on the head itself or the
li ke. Besi des madf stqrimfinfandite qutside e (odsit e XFWEHP L he i nner
condition of ink tank without using an ink jet 25 recordi apparatus if
only there is 3PRAFAYS wWHith Instaiss ffd the mersh Oﬁ(ﬁeéghﬁ#§bng such

electromotive farce . Jnen, Jof, amPIE 1By b LosshRlei o Vs§

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 solid semiconductor device structured
herein is used for an iak 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



2 8 FEB 2007 - 32 the device effectively for inspecting an ink tank

anong sone others, at a factory or at a shop, thus selling ink taalﬂ E/EBtZ\ﬂWa
guarantee of quality. In accordance with the present embodinment, the 5
device'is provided with energy converting nmeans. Thus, there is no need
for the provision of any electric wres directly connected with the
outside. As a result, the device can bé:%%fanged for use in any |location
in an object, such as in ink as showmn in Fig. 10 13 to Fig. 16 as descri bed
|later. Wth the device being arranged in ink, it becones possible to grasp

the current c nedilé{%‘gﬂc?ogeégekctej&g%d; yfér_nt%lﬁ?%e&fﬁg @ksgmkwcggkt' he ener gy

converting nea pr OV for evi ce; ere is no need for

the 15 arrange t Qo i t t ti f whi ch
RN Uod®alsndar, aRCUNY AL Sy LOe &1L e£1ERBB! I ¥Rusf 0T Ce whi C

is required to opeta evice s, “t power - supply source in the

present enbodidtng £{WS JBKINOEH ta RASSHDh Lo d Oo il Ghat Uty ze the device so
that it can be used1|n any location of the object, such 20 as a narrow

place or in ink as ghoyskdradide WBh ot goredént HemBodiment hetheesent
enbodi ment, electronotive force is supplied in non-contact node, but it

my be possi s, ice atopiréhrddmdei tn ek elly etesteptphgveebnsce Thss,
supplied by being provisionally in contact wwth the 25 outside, and
subsequent | y, tHehecDiraso noved ofdacthayi phovidhiconudsi aey éehechidcrespect,
when the FeRAM fornmed by
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 thé 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



2 8 FEB 1007 - 33 ferroelectrics is used as information accunul atin

means 17, it becomes capable of reading and witing data at high sﬁéd&ﬂ?Mﬂ
| i ke a generally used DRAM (Dynam ¢ Random Access Menory), and also, this
nmeans becones 5 non-volatile nenory that can retain data even with the
power -supply being cut off. Like this, theg FeRAM makes hi gher access
possi bl e. Then, since the FERAMis non- volatile it does not elimnate data
even if the power- supply is instable, hence naking the solid type 10

sem conductor device effectively usable for an ink tank. Wth the FeRAM

that stores i gt dieda s agdamny atiatkotma bbswn@scpossabiegt o perform
i nformation processing exactly, as well as to performbidirectional signal
comuni cat i ongpaMdd 1he Eextridve eqigued @f wveadfng oandobtagengo drive
this means. In this respect, with the application of sem conductor process,
the device cammthe dtormierh Ipdd@Erlikshialgamrdblyrised RRAMo(PyRahigge. As
descri bed above, the FeRAM nakes high speed access possible, while it is
non-vol ati |l e Kame®@aquEsd oqumhat@tﬁaabﬁ@vetbwtrhe@n%o%@o'%ﬁpl y being
instable, and, further, mniaturizati on possible at | ow power d|SS|pat|on
Wth thes® adwerrt-aggstilre RIRAY | that d?%dr%ab&t%ﬁél?V%?f%Fhvé e

i nformation accunulatlgéi means for the solid type. sen con Aﬁ vice. It
i s 25 parti culROYSE EFURREY REINF G i HKE t anklkD HRESt hEPGo ?g t?ﬁ es

sem conduct or device with these dvant | vi ew, . whi,c
descri bed | at drigher access possfg Qﬁk since the k& QAMAIS BSn-

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 bidirectional
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 extfemely effective information accumulating
means for the solid type semiconductor device. It is
25 particularly effective for an ink tank to use the solid
type semiconductor device with these advantages in

view, which will be described later.



18 FEB 1007 - 34 Also, with information accunul ati ng neans 17, th?BFfB?M]
FeRAM forned by ferroelectrics, it becones possible to nmake the

capaci tance of solid type sem conductor device larger if utilizing the
ferroelectric material 5 of FeRAM as capacitor. Wth a | arger capacitance
of solid type sem conductor device thus grranged, it becones possible to
make the communi cation frequency of solid type sem conductor device
smal l er as described later when the solid type sem conductor device
performs 10 signal conmunications with the external equipnment. As a

result, the communiGatd on, o, SO ¢S ¥Po s AESHRGLLE Ohg heaR8SSD! enak | over
frequency to enhance the freedom of comrunication. (%econd Enbodi nent) 15

Fig. 5is a black mipgf aBMis by hewsrddieed tingss, Sit UusésoRe ST passabid type
sem conductor device in accordance with a second enbodi ment of the present

invention, and:glfeke Mo eSS tdiece 0L TAd | gpe coaditonauthereof with
the outside. The solid type 20 sem conductor device 21 of the present
enbodi nent shaswvide IHged CONPtikesieyety Lonveeleoyrieanat24ihdr
converting into electric power 23 the electronotive force 22 which is
suppl i ed 5 n nonE ckeRMCtad raapadictonut sWileh Az t baegelr t hapdevtancelof
information acquiring 25 neans 25 actuated by the electric power which is
obt ai ned by ersmelid carneerssmicondnct o devies | Hinwat aRganaRdnsise
i nformation accunul ati ng neans 27, ) .

becomes possible to make the communication frequency of

solid type semiconductor device smaller as described

later when the solid type semiconductor device performs

10 signal communications 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;



2 6 FEB 7007 - 35 information communicating nmeans 28; and receptZ%q:Heans
29. These neans are arranged in an ink tank. What differs fromth fREB P07
enbodi ment is that there is provided a function to receive signals. Also,
5 el ectromagnetic induction, heat, light, radiation rays, or the like is
applicable as the electronotive force whugh is required to operate the
device. Also, it is preferable to format. | east energy converting neans
24, information acquiring neans 25, and reception neans 29 10 on the
surface or near the surface. In this respect, it is also preferable to

structure infof nRbiQRt i 86 CHAHhAhHILAGL MRGNGe2ds Dys FeRAN tatapd iy means
ferroelectrics as described above. Information acquiring nmeans 25 acquires

the .15 inforggti ofhb8si feahbeatr8katankgedhinhahsitketaekvi r divaent al

i nformati.on surrounding the device 21. Reception nmeans 29 receives input
signals 20 frogyEhersogtsindend ehirsut emdedBmeBksdtsi thadt thgneedss 26
enabl es information acquiring nmeans 25 to acquire the 20 tank internal

i nformati on i npas¢oadanaefuhthibhetbnpateisegaabsatlsom AdSepti on neans 29,
and conpares tﬂe tank internal information thus acquired with the
informati en  seédeedromagnboimatndncadonnuhaatnglighits Zrdid tddme AT R
whet her or not the acquired tank internal 25 information satisfies the
desi gnat ed condit itbes Likenfisr appilanakdeuns| henglReare™oFiyee FAASH es

various conditions to be conpared with the tank internal C .
which is required to operate the device. Also, it is

preferable to form at least energy converting meaﬁs 24,
information acquiring means 25, and reception means 29

10 on the surface or 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 acquires 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 information 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



18 FEB 1 pn7 - 36 information to be acquired, as well as the tan&BFfB?n
internal information acquired frominformation acquiring neans 25. 007
I nformati on communi cati ng neans 28 converts el ectric power by the
instruction fromb5 discrimnating neans 26 into energy for comunicating

to the tank internal information, and th D, di splays the result of

di scrim nation provided by discrininatfng means 26 on the outside A
outside B, or outside C and comunicates. therewith accordingly. 10 Fig. 6
is a flowmchart which illustrates the operation of device shown in Fig. 5.

n Fig 5 and, Big.8sohnECheCLEANRLENS LA 6813200 PR (oM he

outside Ato Vi ce n, energy converting neans 24

conver ts the glgehy gDl h¥G-hateEn2Rcdfikecehesiy inpaua &% WEh the

el ectric power convérted, Information acquiring neans 25,

di scrim natingg §9§n§6mehﬂgobgatiQBf@QﬁH@HbﬁtE@%mﬁ&&@&tiﬁb e nBg | on
conmuni cati ng ans. 28, and reception neans 29 are actuated. 20 In this

condition, thgoaytsidechetk raut poderBbyt taRs Mintst rivettiloe devince 21 t he
signal 30 which is used for inquiring the information inside the ink tank.

This inpgt si grabr3Rinatihgr mexagphe, inhe singraly fohreceynuro Gatguig e
whet her or not ink still remains in 25 the ink tank, which is received by
reception nears 28e tahkpis2irinalFiigfodmathileen, amidsdhiem .naismlagdns 26
enabl es information acquiring neans 25 to acquire the
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



2 8 FEB 2007 37 information inside the ink tank, such as the anygg% 95
i nk remai nders, the kind of ink, tenperature,.and pH (step S22 in ig. %),
and also, to read out the <conditions frominformtion accurmul ati ng nmeans
27 to 5 which the acquired tank internal information is referenced (step
S23 in Fig. 6), thus determ ning whether or not the acquired information
satisfies the set conditions (step S24 Bid Fig. 6). If it is found in the
step S24 that the acquired 10 information 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 sanfefrinasiphe isstdeohttiet ios tanthe SHds &Fe Ghe GHAHMT & ed

accordingly (step S25 and 15 step S26). At this juncture, it be
possi bl e to céprkuREBEAEBAREER thE !psaﬂ’& & rddar d%%?ﬁ’%%m%‘gﬂgﬂ

information together with the result of discrimnation. . This comunication
is carried ouK559Ptﬁ§2iﬁPoFﬁ§ti8§' &&ﬂﬂﬁi%ﬁﬂi%@ Y Wit ch converts

the electric 20 power obtained ener.gy. conver si i r r
connunicatingCPﬂglFﬁPBanfPQhlP%?Fagﬁfhei%ﬁg%%ﬁ%ég%?gﬁﬁﬁﬁg%t%?d%? It is
possible to use magnetic field. (|Light, shape ; tic wave, sound,
or the Iike gglg ngf FSF“%&% of%éﬁgﬁWus com%ﬁﬁéﬁﬂﬁ%%ﬁpé%% the 25

communi cat i on rade. Ry Hq GRANGabl:e, i ACG dankes Widtbridieidgsul t of
di scrim nati on, and al'so, 1n accor dance - with the. contents of guestions to
be ansvered (kﬂ%ther or not the acquired information satisfies the
set conditions (step S24 in Fig. 6).
If it is found in the step S24 that the acguired
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 energy conversion into energy for
communicating the information inside the ink tank to
the outside. It is possible to use magnetic field,
light, shape, color, electic 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 discrimination, and also, in accordance

with the contents of questions to be answered (for



2 8 FEB 1007 - 38 exanple, whether or not the ink remainders are % %
than a designated amount (2 milliliters, for instance) or whether E E%ﬂM7
the pH of ink has changed or the Ilike). 5 Also, it nay be possible to
provi de el ectronotive force for the device 21 together with input signa
30 fromthe outside A or outside B. Far sgxanple, the electronotive force
may be used separately as signal for inquiring of the ink remainders if it
is 10 el ectromagnetic induction, and as signal for inquiring of the pH
condition of ink if it is light. In accordance with the present enbodi nent,

there is. prouikdegikhe whettleOnd ddteadie/ et gamsi fdars tdiee udsi de.
Therefore, in addition to the effects 15 obtainable fromthe first

enbodi nent, i thhacend@esigessidd anfoamt he prigseiti esdodifoentit ot amnseer
various signalized questions fromthe outside, hence making it possible

t o perform cowrumheahieon®rbetotedine pd defviiosk rered ahdrggede dof dilreect i onal | y.
20 In this respect, the description has been nmade of the preferable device
to be arrangedike)an ink tank, and therefore the device is assuned to be
provided with information acquiring nmeans. However, it is to be

under st o8d that thé@lsgnddifemayl by MRairtleofta REPEL G alart et vent i s
the solid type sem conductor. device having no information acqy{régg neans,

but capabl e &PI&Et FO ithG Y IGTF At BH RO et R ntedn

from the outside A or outside B. For example, the
electromotive force may be used separately as signal
for inquiring of 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 various
signalized questions from the outside, hence making it
possible to pérform communications between the device
and outside bidirectionaliy.

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



18 FEB 2007 - 39 on the device to the outside in response to thngpﬁr}
signals fromthe outside. (Third Enbodinent) Fig. 7 is a block diagra 007
whi ch shows the inner 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 communicative condition ghereof with the outside. The solid
type sem conductor device 31 of the present enbodi nent shown 10 in Fig. 7
conpri ses energy converting nmeans 34 for converting into electric power 33
the electromptive force 32 which is supplied in non-contact fromthe

outside A towfd thize adeMicee t31:t HRUQYARGRIJaRE rAldgthsdTBaNS 3D {@put
gener ati ng buoyance by use of the electric 15 power which is obtained by

ener gy conver tdiRghareaksodd thel g ians are arranged in an ink tank. In
accordance with present enbodi nent, when the electronotive force 32 is
provi ded from/(tmra radutEsbdd ikenttonwar d t he device 31, energy converting neans
34 20 converts the electronotive force 32 into the electric power 33. By
use of the el ectri #igowdr i33,a lordndd aggememdtiiaiy shers 3% gomeent es
buoyance so as to enable the device 31 to float on the ink liquid surface.
This budyancetimatairenedegssallyd divmenemiiaendgitnr slevire 250ink liquid
surface, but enable the device to be positioned belowthe ink liquid

surface by a fss@rdagcedivwditince thdst eahp dinedinstfarddes B2t o prevent

invention, and also, represents the communicative
condition thereof with the outside. The solid 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 liquid surface. This
buoyvance 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



Z 8 FEB 2007 - 40 discharge frombeing effectuated in a state V\/n?re i nk
is not available. For exanple, Fig. 8A and Fig. 8B illustrate the Z8 FEB 2007
positions of device 31 residing inink inthe ink tank 5 along with the
changes of ink consunption. In the tank structured with the ink chanber
containing ink directly, and the absorbggt .chanber containing a negative
pressure generating nenber in it, which are communicated by the

comuni cating portion 39 as shown 10 in Fig. 8A ink is retained in the
negative pressure generating nmenber 37 in an anount equivalent to the ink
whi ch has beegicensuigRd falcan ®evinigh dffe Aeian@d aeh @uts taftfe0mHdre Nagat i ve
pressure generating nmenber 37 through the ink supply port 36. Thus, the
solid type 15 isemoxordiuaciiabidevi ce 31 in ink 38 noves along with the

| owered position of ink liquid surface H due to ink consunption while it
still resides bel owdrhexamplle,qiiidg. S faacie FHgby 88 spdaisftimatd stlemce (Fig.
8B). Fig. 9 is a flowhart to confirmthe position of 20 device 31, and
det er mi ne whetpoeri tdionsotofi tdeivsiaeeGds syl ding rapliade inartie AWk htawdf er ence
to steps S31 to S34 in Fig. 7 and Fig. 9, light is emtted fromthe

out si de 5A or adwngi gd i (Hhe ighlanges o&cdidi FPTEYPRECEs, fI8r thestamte)
toward the device 31. Then, the light is 25 received by the outside A
out si de B (th&HETUERd Wdddy difysy 1appsamber ORIl ™K or out si de C,

thus detecti r(‘i%.rterg:etlriro,sIatnIdOch(?af a es\{)lr een 1'ch-gr1n érnléclnettaining 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 jef
recording apparatus, for instance), or outside C, thus

detecting the position of device 31. The ink jet



2 6 FEB 2007 41 recording apparatus is then allowed to determ ne ZW@?B%E?
or not it is necessary to replace tanks or the 1like by the detected
position of device. If it is found necessary to replace tanks,
notification is made 5 accordingly by use of sound or light. For this
detection of device positions, light emjiing neans and photosensitive
nmeans are arranged to face each other to confirmthe position of device
when no light is allowed to pass the device or to confirmit 10 when

phot osensiti ve neans senses the reflection of light emtted fromliquid

em tting neansredfd¥d e, agSardessriveechét £11ovédnay QeteLmsShbl € to arrange
the structure so that the solid type sem conductor device 31 itself

becones |ight emethénNgoeaes, ianis enetésssaght tdbrépracd pankssensithieve
means provi ded outside the tank. In'accordance with the present

enbodi nent, itlikecoyeshpodstdteed opasttitme devdeeicer espfcitvésof the

envi ronnment surroundi ng the device, because the device can be positioned
al ways at a defSrurd necessary byo 20epbaver tamgst heotletcabimoni ke fmadee from
the outside wusing energy converting neans even when the buoyance or the
like requbred dopoxdingbyike weg ehaveenduertbigRE- difference in gravity
of liquid or other environnental conditions where the device is used. 25
In this respect, thepreibhtderdotirRn?t ndsvhee rerbiieusw thIPke first and

second enbodi nents. . descri bed qgove. .
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

iO 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 irreépective of the
environment surrounding the device, because the device
can be positioﬁed 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.



18 FEB 2007 42 (Fourth Enbodi nent) Figs. 10A to 10C are concept ualzq;lé@/vs
which illustrate the nmethod for using the solid type sem conductor 487
in accordance with a fourth 5 enbodi nent of the present invention. The
present enbodinent is structured by adding to the solid type sem conductor
device of the first or second enbodi nentg-a function to communicate
information to other devices, and a plurality of such devices are 10
arranged in 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. WianbueliedrMsyminate: force E is supplied fromthe outside A or

15 outside B to each of the devices, each of them acquires the

envi ronnment al i nf oredd oN GUrtOUNEE ngreacdnodp tien viewspactevel y. Then,

the acquired information a of the device 41 is.conmunicated to the device
42, and the acHuigtechteftdrerate ttrod fod bsDhgt tiee devl ok Wpand 20 device 42
are communi cated to the next device one after another. The | ast device 43
conmmuni cat es addmidmndwctps rdeivicd okmea¢orrdancdevibin st deowrblr out si de B.

Al so, for the exanple shown in Fig. 10B, a plurality of solid type

seni conduet or efehadiarent qfhethepresemt babedth@ht are arranged in an

obj ect, and electronotive force E is supplied fromthe_ outside A or

outside B to each ofhe HRFeR&AteamPafifRenpnks Htructured by adding 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 acquired information a of the
device 41 is communicated to the device 42, and the
acquired 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 semiconductor 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



Z 8 FEB 2007 43 specifically signalized question Qis inputted frqﬂirﬂf
outside A or outside B to the device 53, for exanple, the device 5I"0 2007
device 52, which corresponds to the contents of such question, acquires
information 5 corresponding to the question and answers it. The answer
fromthe device 51 or device 52 to such question is comunicated to other
devi ces one after another, and the answer is nade fromthe desired device
53 to the outside A outside B or outside C. 10 Al so, for the exanple
shown in Fig. 10C, a plurality of solid type sem conductor devices of the

second enbodi Bt &€& ANKANGRM 41N AT QiAo ie! Beddored i meohotse E is
supplied fromthe loultsi deyaA ?1 out si %1 B to each of the devices. Then,

when a certai kS Sdnalod Sdtud e 4 and hewidsiste, Aor axdmpUe, B to
the device 63, for exanple, such signal is communicated to the device 62

and devi ce 61 wnre @ftiRfe AOtdNErdeainsk 5h Spiaiked domredpendevieetB@8 on t he
outside A outside B or outside C. 20 Here, for the exanples shown in
Figs. 10A to pterthe aldutHt ywpee steimrcomatiptiore slelnfermdtidm t hird

enbodi ment, which is provided with buoyance generating neans, may be used
as one- of5 pl uralrsdpahdiype teatieomuhation dand casswess Also, Fig. 11 shows
the structural exanple in which solid type sem conductor devices are
arranged by apvegt it ythofawiory Those FVIFR 37159, Sife geedhyon

is communicated to 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 is 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 outside A, outside
B or outside Ci

20 Here, for the examples shown in Figs. 10A 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 Also, Fig. 11 shows the structural example in
which solid type semiconductor devices are arranged by

appropriately combining those of the first, the second



2 8 FEB 1001 - 44 or the third enbodinent in an ink tank and a recording
head, respectively. In Fig. 11, a reference mark W designates the 28 FEB 2007
directions of printing scans, and E, electronotive force. For this

exanple, the solid type 5 sem conductor device 71, which is forned by
adding to the first enbodi nent the device of third enbodi mrent having
buoyant generating neans, and al so, havirf¢ -i nformati on communi cati ng
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 di scharges fromthe drscharge ort 77 th i nk Ired thrgf@h t he

liquid path 7®Tardd e ittt oiffect Rﬁ?ﬁr? T kE<epptiport 74
of ink tank 72, the solid t e se duct.ar devrc IS Lan ed, 15
which is fornd€asy arcf’cﬁl?f'g‘:tllﬂyeﬁ%ct :%h%%l%enﬁfy‘? ’TJerr% T’oﬁr{: }?oﬁt he solid
type senlconductqr devrce of he second 0 ower 3SEpply to the
device 79; r?ﬁf er%%tn Act cgtg? Idl ﬁ]% "lf%?:%)ro e pgrtl on

arranged on thaecutrr_t %oetgeboar d@gvr G 2N idhe, %pr ntagd i g1 Prti-pa on the

surface of el éctTic base rranged to drive the recordi ng head 78.

Then, el eéf@lé@?}dd’@téfr&@viée SPPPlietet F 0N & R @USHI S@at Rgeash of the

devrces device 71 in 1nk acquires ink renmai nder
i nformati 0“ 25, d Of  EXADhBoa BRdh £ Nendlevd ecd o pnthiedr eapsdimngniead side

communi cates to the device 71 the ID information which is needed for
det er mi ni ng t hea ¢ &0 SRt Ofehékating 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
the_éébond 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 conﬁacting 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



18 FEB 1001 - 45 tanks. Then, the device 71 conpares the acquired 8 RE§ 2007
remai nder information with the IDinformation. If there is agreenent
between them it communicates with the device 79 to instruct the outside
for the tank 5 replacenent. When receiving such conmuni cation, the device
79 transmts signals to the outside for the tank replacenent or outputs
sound or light to appeal the eyesight -o%uditory sense of human bei ngS
~accordingly. As described above, with the arrangenent of plural 10 devices
in gp pbjectAlit beconmes possible to define conplicated informational

condi ti ons. so, the exanples shown in Figs. 10A tq 10C and ig.. 11 are
structured to PPty STR&Rr di&t iGRY ¥t cl! (P RS ot%’%o??%u%§%§ Tk

senm conductors, but the arrangenent 15 .is .not_necessari limted thereto.
It may be posSiPIRN4GF aﬁrqéﬂ@%@t%é"ﬁﬁl’é 9 A e %/ Yoo ?ve force

supplied to a certain device is transmtted to fhe LC ne after
anot hﬁr t oget het® W tH r%%‘iﬁermeedlst ibnato“fenea i%\?ﬁFo%@e%%%ﬁgcgggghg%Ri n Fig.
12, the 20 soljd t . sem d devi § i y adding
to the first é%ﬁ%d%%gh e?ﬂgq%ﬁgégﬁéé geﬂgﬁaﬁ%ﬁ5¥ﬂ%%2%%§oﬁﬂ%ﬂ??ghenbodinent,

function 4o coppl &atéhe | AL 101 @) Nfotlevdfiitn 188t 16hL 85e

el ectronoti ve ce supplying function, and the solid type 25

sem conduct or gey{ &8 B2, t MGt § oyrets byo aeldh et 9iaéheoseenndtank

enbodi ment the buoyance generating nmeans of third embodi ment, function to
comuni cate i nfOsBEéf¥nt 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 togéther 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 emboaiment, 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



Z 8 FEB 2007 46 to other devices, as well as electronotive force
supplying function, are arranged in ink 73 in the ink tank 72 in tme ane
way as shown in Fig. 11, respectively. On the other hand, for the ¢ 2007
recording 5 head 78 which is connected with the ink tank 72, there is
arranged the solid type sem conductor deygyigce 83 of second enbodi nent which
is provided with the ID function (identifying function). The electric
power supply to the device 83 nay be nade by contacting the 10 el ectrode
portion on the surface of the device with the contacting portion on the

el ectric base thoartear Gangeds,t asdiieda the elecardmog ieadot®e In Fig. 12, a
reference mark E designates el ectronotive force, and W the directions of
printing scansuppiylihen funieen oal,eaireormxtrangefdorime ink JBppini ethd riore t he
outside to the device 81, the device 81 which resides in ink acquires ink
remai nder i nf dramit i7@n inf dhe exaepiway asd shomparies Ftilgi-s Inf or mation with the
regul ated inner conditions, and if comunication with 20 the other devices
is found nece$§§@¢0tﬂw@lwnk Pandibed et hempgndat ifoF thes TEEQRF B i s

comuni cated to the device 82 together with electronntlve force to operate
the devisSce 8heaphd8daiicd 45 WarERArEd Mdddi v&@ tRE @0 y/ 2 ofthere

el ectronotive force recejves the .ink renni nder |nfo t.ion i?) ni cat ed
fromthe devi dé @fr@%%?dthFhé°¥%%n§ﬁﬂ%n§e a%g Hé?io rr‘ggarding

pH of i nk, fosrec%)§1 em odaipn%ntth%rlluc ralgsrgz;[o%i eedC Qcm)tI You lftpr ce to

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. In 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 outside 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, transmits electromotive force to
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device 83. Thus, the device 83 on the recording head side, which re

X PEF 007

el ectronoti ve
devi ce 82 for

47 the device 83 on the recording head side to operate

force thus supplied, comunicates IDinformation to the
5 determ ning the ink remai nders which necessitates the

replacenent of tanks or deternmining the current pH of ink. Then, the
devi ce 82 conpares the acquired ink rengthder information and pH

information w
agreenent, 10

repl aci ng tanks. Receivigggthis i nstruct

signals to t hdButdgHEs

th the_ID i nformati on thus communicated, and if in
communi cate with the device 83 to instruct the outside

olnstrt :
g T CRhAS JPOBh: s EoLRBCEREgRE %

li ke t t.h i ght di f '
acoordingy. HPTHE Ty, UbHe GHbI ST RE 65 @t Bher R AR RS At

el ectronoti ve

required i nf orT %icﬂﬁlﬁn

20 head 78 to
recording, in

devi ce,
with each of t
in which ink i

10

15

20

25

us discharging ink fromeach of fine openings

(O]

f f ' ' ;9L h ' '
UL HOM B LAY o HEULE6n b L1OLELAEVERES LAGRITRG W (1

IS respec or the recordi

t he

for
r the

g
ng

aﬁgg% i S . kno Rt Lel ebi Nk jet
|(:n%%ﬁ?§% @ﬂgﬁﬁgﬁg3%€1§§u¥g t??o%?%%%ﬁ gi t%g application
of heat tgfneradee@lemixhﬁ?é%h@riﬁlberérhgﬁmaéyghwﬁicﬁlﬁ@&é@gheaﬁag e@Rverting

25 communi cat ed

pldcthdhf | O paibs seS@etéiMehyngOthéocadpphtt bt sifr ucture

s discharged by driving piezoel ectric device.
ink. Then, the device 82 compares the acquired ink

remainder information and pH information with the ID
information thus communicated, and if in agreement,
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 beings
accordingly. In this way, conceivably, there is a
method for supplying electromotive force from a certain
device to other devices together with required
information.

In this respect, it is possible for the recording
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
communicated with each of the liquid flow path,
respectively, or to adopt the structure in which ink is

discharged by driving piezoelectric device.



2 B FEB 2007 - 48 Fig. 13 to Fig. 16 are views which illustrate the
structure of an ink tank to which the solid type seniconductor devi 28 Fg8 jpp7
t he above enbodi nents is applicable. The ink tank 501 shown in Fig. 13 has
a 5 flexible ink bug 502 containing ink therein arranged in a housing 503,
and the bug opening 502a is closed by _magns of a rubber plug 504 fixed to
the housing 503. Then, when the hollow needl e 505 which is used for

| eading out ink is pierced through the rubber plug 504, 10 ink is supplied
to an ink jet head (not shown). The solid type sem conductor device 506 of
the present inventdign aan the Farg.angedden vilkers mhiy H0Asfrateithe nk t ank
501 as this. Also, an ink tank 511 shown in Fig. 14 is such 15 that the
ink jet head Slrddiaire edorads imk dissdharogivwing.chi ihe sal¥®cyrid ng sheet Sis
installed on the ink supply port 514 of the housing 512 containing ink
513. It is pesgiiteanduw tanr degu dehesdihiad abpye RERTBHRREDrLS devi ce 516 of
the present invention in ink 513 in the 20 tank 511. Also,_ an ink tank 521
shown in Fig. amplisatie safhe tiak tank O omhostoi iFiF g3 876 4Ad 8B,

Fig. 11, and Fig. 12, which conprises a conpletely closed first gharrber
for contd ni nflieNd g2 ink duih %I%ﬁfeﬁ’lr?@%olﬂ]%i‘ﬁ??ﬁe’an eyt 92 ptBssure

ti nmb 523 i tat f bei ] icated wiih t i
utsi det and T MOEHRAMG AV (HE G SRS The1ired oF

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,
10 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



Z 8 FEB 2007 49 chanber and the second chanber to be conmmuni cat ed %. t he
| owest portion of the tank. When ink is consuned fromthe ink supp@@ 6Bﬂmm
525 on the second chamber side, ink 522 in the first chanber is led out to
the 5 second chanber in place of the air outside that enters the first
chanmber fromthe second chanber side. Lngyhe tank 521 structured in this
manner, the solid type sem conductors 525 and 526 are arranged each in the
first chanber and the second chanber, respectively. It 10 is advisable to

| et them conmuni cate with each other regarding ink in each of the

separ at ed chagh@i®er AhSO0ithan siedléndadkhamberstombe kedringinildated soch that a
porous nenber 532 retaining ink is housed, and then, an ink jet head 533
is installed thereeweke psetibn iofk thieusangt.ai M dink ecorchmguméd t he
tank 531 structured in this manner, the solid type sem conductors 534 and
535 are arrangedmeatle iinkt Beppik ploark 52is5denartdhet e darid jGhamead si de,
respectively. It 1is advisable to |let them conmunicate with each other 20
regar di ng i nk siidecadhkoB 22hd ns dpgr ftias tschadberests sy, O gto 1Phes a view
whi ch schematically shows the structure of an ink jet recording apparatus
havi ng fount s¢condr eambles ik plasle W dire @15 SHiAsy et h"é‘gt%ﬁgi d type

sem conduct or device of the present 25 invention. The head cartyidge 601
whi ch nount ed ¢ HEst ghapeey fEoMithe S5t Lfshaé&f%kﬁﬁ%ei n ggh?ﬂ

conpri ses _a | It%llj'xlkd S%IISCSQ%J%%J}%%C’ itno tq'llissC rr1n%rn eerI ,nkttie(,)rsolid 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



18 FEB 2007 50 recording prints, and an ink tank as shown in Fig. 13 to

Fig. 16 in order to retain liquid to be supplied to the

liquid di ddhpfpgmy

head. Al so, in the recording apparatus 600, there are arranged nmeans 622

for 5 supplying electronotive force serving as external

energy to the

solid type sem conductor device (devicesk, arranged in the ink tank, and
means (not shown) for communicating information to and from such devi ce
bidirectionally. 10 As shown in Fig. 17, the head cartridge 601 is nounted
on the carriage 607 which engages with the spiral groove 606 of a | ead

screw 605 rot %é&&ih{dgow&t@q UrdV i IREIa K S rsvPNLgesd $. 603 and 604

which are interl ocke

with the regular and reverse rotations 15 of a

driving notor §02;glhea draad Gxddr itdga LRl asiquiet e ddYslip View 66 the
driving notor 602 together with the carriage 607 along the guide 608 in
the directi ongHendiicatiel digsaidraws ieand lsbhe imkehg ated@edirty ng
apparatus 600 is provided with neans for 20 carrying recordi ng nmedi um ( not
shown) for cardppargtas @omt itigreheste Rrgemgetdy esanshes 22 coxdi ng nmedi um

that receives liquid, such as ink, discharged fromthe

cartridge 601. The

pressur e Pl at sl fiorg tieghmandtige dvemte Begarimedorextgimen 609 by
means for carrying 25 recording nediumis arranged to press the printing
sheet P to thenszavert60deosalichd woeas@nimprfivear slevies (dRvEees) age

607.

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

15

20

25

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
of a driving motoxr 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
carrying recording medium (not shown) for carrying a
printing sheet P 'serving as the recording medium that
receives liquid, such as ink, discharged from the
cartridge 601. The pressure plate 610 for the printing
sheet P carried on a platen 609 by meané for carrying
recording medium is arrénged to press the printing
sheet P to the platen 609 over the traveling directions

of the carriage 607.
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phot ocoupl ers

- 51 Inthe vicinity of oneend of the |ead screw 605,
611 and 612 are arranged. The photocouplers 611 and $j

constitute the home position detecting neans which recognizes the pr
of the 5 Il ever 607a of carriage 607 in the region formed by the

phot ocoupl ers
driving notor

611 and 612 in order to switch the rotational directio
602. In the vicinity of ofd end of the platen 609, a

b2E8

ns of

supporting nenber 613 is arranged to support the cap nenber 614 10 that
covers the front end of discharge ports of head cartridge 601. Al so,

sucti on neans

615 is arranged to suck ink residing insjide the cag me
ke

614 due to idle didcHAgeFHFEEY RE RELRA Y i e BtAd oFctee of

this ink sucti

on neans 615, the suctlon 15 recover |s arried out fo

head cartri dg@FPCY R SFsh & e ?%ﬁ)?ﬁedﬁﬁf Lr ® For the in

recordi ng apparatus

For this mainP

direction at
On the vam

cl eani ng Iadef% iI's not necessa

of cl eaning bl

15

20

25

rave e carri age

mte ereto. Any

i nk
nber

Wth
r the
k et

il T el B8 T it b o DL

novabl y suppor(% ethe[ ir;i fron{vﬁgfc b{?‘&é 1 |rec‘% Ig]pés %%a(gflghel n the

607.

”Q%Jg )F‘rgetl'§é'7 ¢§1oMSEhES- E{Fhfz‘hg‘)de of

nown nodes

gﬁgﬁté@tﬁﬁ e Usgb] eané:uéif'e{m $hGet eVET s h2Och Stigeranged for

|n|t|at|ng sucti on mhen suction recovery operatlon IS

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
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 suction means 615, the suction
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
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
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



18 FEB 2007 52 <carried out by use of ink suction neans 615. Then, the

| ever 620 noves along with the novenent of the cam 621 w th whichygt 00
carriage 607 engages, and the novenent thereof is controlled by kno
transm ssi on neans, such 5 as clutch swi tching of driving power fromthe
driving notor 602. On the recording appajatus main body side, an ink jet
recording controller is arranged to transmt signals to the heat
generating el enents which are provided for the head cartridge 601, and

al so, execute 10 the driving controls of each of the mechani sns described

earlier. This contioh|&it ity e KWW Nsudt fon keadd % i9K | PheheCRRdI NY
apparatus 600 thus structured enables the head cartridge 601 to 15

reci procate ovedvdihes BRtrdre M LtdhPfwarprimd imgvaheet of. tddecni shing
sheet Pis carried on the platen 609 by use of the aforesaid nmeans for

carryi ng recorwi try whech uthe Wearr THdge/ i 6117 Ségdadss Arend U i eelvémantneans
for supplying driving signals (not shown) to the head 20 cartridge 601 at
the tine of thilsemoyv@nientgon tikoXYet orydikgpwn grak) smis sli s heeged , f sorht he
liquid discharge head unit to the recording nediumfor recording in
accor dance wi tds sulohtsh ghel seh i foh EnotborepryeR5E iy, the dsivibBock

di agram whi ch shows the inner structure of the solid type sem conductor
device in acd@eance® i t P §he tTe MO IerRPIH 2t e fresdprdy side,

an ink jet 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 liduid
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



18 FEB 2001 - 53 invention, and the conmunication thereof with tgg
outside. The solid type sem conductor device 91 showmn in Fig. 18 r&ﬂﬁ@@k
energy converting nmeans 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; sand |ight emtting means 95 for
emtting light by use of the electric power which is obtained by energy
converting mean 94. The device is arranged ink in an 10 ink tank. Light
emtting means 95 is fornmed by photodiode or the like. In this respect,

el ect r omagnet ijgvieRd4ehi, 0ORndhedle, comn@ficatadimtimutrdory svitf tHe like is
usable as the electronotive force which is supplied to operate the 15

devi ce. Al so, outtsiigiedesimhablseliid ftypa erarigyondiorvar tdengice s Hovand | i ght
emtting nmeans 95 on the surface of device or near thereto. In the present
enbodi ment, whan Felgec tiBormwiniprd. s efsorepe ryy icongierdring amarhe DLUtsIde A towar d
the device 20 91, energy converting neans 94 converts el ectronotive force
92 into el ect cooveawdng3.ntphed eatsiisy Dowee|Setitiec Pemir@®tiyht enitting
means 95 emits light 96. The intensity of light 96 thus emtted fromlight
em tti ng Smeangogse 9 2dahdehed shpRtsardil SnfE B PPHiIEd PR RO structura
vi ew whi ch schematically shows the ink tank that uses the solid éype

seni conduct or S@&FREE FTOM st eated den PadBtarghdd qdavice 91 an

light emitting means 95 for emitting light by use of
the electric power which is 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 is 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
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device 91 shown in Fig. 19 floats near the liquid surface of raw i

in'

ext er nal

- 54 the fifth enbodinment. The solid type sem conduct

the ink tank 521, and electronotive force is induced by

el ectromagnetic 5 induction provided by external resonance circuit (
shown) outside the ink tank 521. Then, _t Bg phot odi ode which is arranged
near the surface of solid type sem conductor device 91 is driven to
light. The

light transmits through ink 522 to be received by the 10

or

A BER)07

not

emt

phot osensor 97 of the ink tank 521. Fig. 20 is a view which shows

t he extincti onphanavetenahibod@@heerhanaaespeatidigypd deomiaalduatkoxf yel | ow
(Y), magenta (M, cyan (O, and black (B)). As understandable from
represent ati ogedfidd 9.1 2Bownhenl Fipeak 9off lexttisnatdaon thed i oigfidach col or

i nk, yellow,

magenta, cyan, and black, is dispersed in the wavelen

band of 300 tgutGddemofThawedak 22 ext ithet iiovk ranlo Ol yedndw i s
approxi mately 390 nm nagenta approxi mately 500 nm bl ack approxi mately 590
20 nm and cyarlesppromotintee|§o1820 isminfmeed thve gleHiremagnsi/el engt h of

which is included in a range of 300 to 700 nmis emtted fromthe s
type senmiSondudatdyctigayipreVviged therx el igpRonanse S by (R | ght

sensor

97 (see Fig. 19) outside the ink tank after 25 heing transnit
ot R FoREras

through ink fcthaetleiteids the Idsttadhsrrived YRR

it

e surrace o

is possible to discrimnate the iq¥ col g thrqugj 1AC@y6§e l'igh

15

20

25

which is arranged near t
semiconductor device 91 is driven to emit light. The
light transmits through ink 522 to be received by the
external photosensor 97 of the ink tank 521.

Fig. 20 is a view which shows the extinction

t he

gth

olid

t ed
manner ,
t has

wavelength (absorbance spectrum) of typical ink (yellow

(Y), magenta (M), cyan (C), and black (B)). As
understandable from the representation of Fig. 20, the
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 nm, black approximately 590
nm, and cyan approximately 620 nm. Thus, the light th
wavelength of which is included 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
being transmitted through ink for detection of the mos
absorbed wavelength. In this manner, it is possible t

discriminate the ink color through which the light has

e

t

o]



2 8 FEB 1007 - 55 transmtted anong the aforesaid colors of ink. Also, as
clear fromFi g. 20, the extinction ratio of each ink of yellow, nﬂ@dﬁmqwm
cyan, and black colors is distinctly different at the wavel ength of 500
nm 5 The extinction ratio of each ink color at the wavelength of 500 nm
is: magenta approximately 80% bl ack appgoxi mately 50% vyel | ow

approxi mately 20% and cyan approxinate?y 5% Therefore, wth the
detection of intensity rate (transmssivity) of transmtted |light 10

t hrough i nk against the intensity of light emtted from the solid type

sem conduct or ez tWelih @SR Ehet @fokeghl ahaviiRg swaeligngt h of 500 nm it
is possible to discrimnate the color of ink that allows the light to

.transmit through fne®, ik eflebho$eomOlFrags descrheedxtinaitden ddetin in

ei ther case described above, it is possible to discrimnate plural ki nds
of ink by arbéngaks ek kifngeaflosql imdgeype ,seyiangnainct drladdyiaelomach in
different ink tanks, respectively. 20 Also, for the ink jet recording
appar at us whi @8 a3 s t3hetdyudad fleareintsbal theaetaveflepathalofi HOQ amks on each
desi gnated position in accordance with the kind of ink contained in each
of such isnk t @hles exittinict imdy irsdhiloe ofo eaghy dmde avd®rs Ftorthiessui ng warning to
the user by use of 25 the |light sensor 97 that receives |light transmtted
t hr ough i nk i waviedeingitht &k SAemm tisi:s "@geadte @PPFAX 1IN inIBYBnk is not

instal |l ed adequately as desi gnat ed.
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 adequately as designated.



2 8 FEB 2007 - 56 As warning neans in this case, light emtting nmeans

such as |l anp or soundi ng neans such as buzzer nay be useable. The USkﬁFEBﬂmy
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 again on

t he designated position exactly. O, it may be possible for an ink jet
recording apparatus of the kind to arra®ge-control means for controlling

t he recordi ng head depending on the kind of 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 theAsnkWamHiRg feang a0 ddiich @fe i ldBHuf™ Hok?¥iBR2 W th this
control, recovery 15 gperation is automatically carried out even_when the

user shoul d i ri&th 128 HEWMICT SAEH-Hh NeRRFe ARR 2HR1T7oh B¥tR&t an
nead | o ref r RS 1 Sma MR ARer G R bhdate Vi AihsTEiverS PR 50
present | nvertt GHel A B e eraly Sonve i hsAeghe o, 1 e
e 111 no Freans PSR T4 e TH R By on (S0 OF ey Sy oas 20k, OF,
ener gy converti atd R O €hod leRRGONES possible to discrimnate

the kinds of ink by detecting the intensity "of

Or, it may be possible for an ink jet recording
apparatus of the kind to arrange control meaﬁs 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 provided energy converting means
for converting external energy into different kindsof
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



18 FEB 2007 57 wavelength of transmtted light after |ight enitteg from
the solid type sem conductor device is allowed to transmt ink. Th'8§$&ﬂw7
t ype sem conductor device described in 5 accordance with the fifth

enbodi ment, for which light emtting nmeans is provided, may be usable as
given belowin-addition to the utilizatign_thereof in the ink tank for
the discrimnation of the kind of ink therein. For exanple, with the
provision of this device, it 10 is possible to nmeasure the changes of
continuous flow of fluid followng the Reynolds fluidity. In other words,

the solid type SRTnARUGLEO G@Wnae tioViided adtdt gt emitte® means is
buried on the side face of a tube in which liquid flows so that the device
is 15 exposed drdrt hiel Woa i dandgeh eemiddridue tepp deivtied dce allwvedf toa

phot osensitive device (this device may also be forned by the solid type
sem conduct or ddasRIdit iimk.arranged. Here, for exanple, it becones possible
then to adjust the liquid fl ow when gasoline and air are 20 m xed for use
of aut onpbi |l e engi Mheorsotld ddetypet stelmd cogidaggiony deoridiet idgsafibeduina pi pe,
such as city water pipe. Also, for exanple, the device is preferably
usabl e When datcaprstamded Wwidhobtha fdd thy esibadigeaniy tier peHLh ok1IRE of a
structure or the like. In this case, for example, solid type

seni conduct or eMdddHing dwiaded i tEF9vigind e Mat 9%y YREHS FS FHEt gnat ed

wavel ength are . . . .
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. 1In 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



2 B FEB 2007 58 appropriately arranged for the designated |ocations of a
menber required to performa specific operation, and then, the struZ8Eg )
is driven to operate for obtaining data by detecting the behavi or of the
devices. Here, 5 the result is obtainable by utilizing solid type

sem conduct or devi ces each capabl e of executing assigned functions in
non-contact with the outside. Mre speciS8cally, it is possible to detect

t he behavior of driving elenments that operate for discharging 10 the ink
whi ch has been distributed in the interior of an ink jet head. For exanple,
the devices each provided with [ight emtting nmeans havi ng wavel engt h of
300 nm 400 n@PBEEPTAtedt BURNERA fhddre §/191a§1‘éedab9%wpa§epg
arranged for the driving elenents, and 15 then, by detecting light fromthe
di schar ge por@:ﬂQmPer|§mﬁéﬁﬁﬁb§9MRﬁﬁQH¥@t% sRASHFLCt ARCFBU&ABNt 2BA each
el ement for acquiring the behavioral jnformation of each drh¥éﬂﬂ el ement .

(Si xt h Enbodi f&¥fD- qqierEFqg$z%%HQE%Y%%CY?oﬂ%?rQF% W&t he

i nk tank sche tIC I to whi ch .th olld ty conductor device in
accor dance wit Hgﬁiq% 7Yk95r£§eﬁ$ Ph%gﬁf?gh i ¥858p1 i cabl e.
Fig. 22 i ructur bl oc agr.am whi ch,.s h [ structure of
the soli typeH%eﬁicon €toﬂgeﬂﬁ%§9 W@ é%%ﬁ?%%f?ﬁ OJ2édzgg}sand t he

ConnuniCat'Vesé%¥%&déﬂhtéf“ﬁé¥§cé@téhéﬁ]c&bﬁﬁigeof executing

assigned functions in non-contact with the outside.
More specifically, it is possible to detect the
behavior of driving elements that operate foxr discharg@g,

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 behavioral 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 structﬁre of the solid type semiconductor device
represented in Fig. 21, and the communicative condition

thereof with the outside.



2 B FEB 2007 - 59 As shown in Fig. 21, the ink tank 101 conprises ggFEBﬂh7
cont ai ni ng chanber 102 that contains ink, and the ink supply port 1

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 toggthe ink supply port 103.

Recording is made on a recording nediunlgy di scharging froma plurality of
di scharge ports (not shown) the ink which is supplied 10 fromthe ink tank
101 in accordance with recording signals. For the recording head 104, ink

supplied from theagnknbankihO0FilgS ket aicRed ink eaelk afoit Rendsichay g, ports
by the bal ance between capill ary phenonenon and surface tension. In order

to prevent inkpkeakagaihiag thakberr eoor dhag Roadalidd dink herid nerhen
recording is not in operation, the interior of ink containing chanber 102
is kept in negaki ¥appngspuie. 183sehrbaght kkiichk inknknl@he timk solid type
sem conduct or device (hereinafter referred to sinply as 20 "device") 111
is fixed in tkenswahenghehamdemani2t her soppldedskfosa@d dumksimcadtbinnk t ank
101, while another part is exposed in the interior of ink containing
chanber 502. BAktkodg@H .t h&hki xiewgrddsiot herd 304 He donpnacted is not
necessarily limted, but at 25 | east the portion which is exposed in the
ink contai ni dgtekhabdy 102the poki ttiagked 0do oFs cemnacsask fikedlohttt with

i nk when the ink tank 101 is in use or . .
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 solid 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
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when it is in use. The ink tank 101 is a container the interior of Xhfghypr
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 Q2 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 consunption of ink in the ink

cont ai ni ng chayylgfe HIAy | O WS wdie giaaidy o f PIBs Stk begemes
hi gher. If the negative pressure in the ink tank 101 becones too high, ink
is not easilywhediischay ged dde even it is intended to discharge ink from
t he recording head 104, and the event is encountered in sone cases that
i nk cannot be di sciegethkiltdnrtially.is Bher@ftaaimert hehaeltoeridt of the
present enbodinment is provided with the function to detect the inner
pressure 20 ofwhindh tianles®Ehtismidly hdimsdd, cornuim catder hizo ipwevyemhd out er
side of ink tank 101 in accordance with the result of such detection, thus
suppr essiing t Hamkmdgakage frassire disdhicgameniod o reeerdiNegy, hepdh
reference to Fig. 22, the functional 25 structure of the device 111 w ||
be descri-bed. 10t mhen reCcqmEine i o] L AT RnctRy 1MV EPEI A§ neans
114 for converting into electric power ) .
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 too high, ink is 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 of 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. 101l 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
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non-contact fromthe outside A of ink tank 101 toward the device 111,
pressure detecting nmeans 115 actuated electric power 113 converted7ByfEp 2007
energy contenting nmeans 5 114; discrimnating nmeans 116; information----..
accurmul ating neans 117; and pressure adjustnment neans 118. For the
el ectronotive force which is supplied t-oédperate the device 111,
el ectromagnetic induction, heat, light, radiation rays, or the like is
usable. Also, at least, 10 energy converting neans 114 should preferably be
formed on the surface or near the surface of the device 111, In this
respect, it isllohethe efrasftaramsteleq rfirRqn esld FRLCh nfdriREbHEAct®nul ati ng
means 117 is formed by FeRAM as described earlier. 15 Pressure detgcti ng
means 115 det €t qqptaptedsinm the QWS 1dfe A ME 1Mk, taF H0t steher
environmental information surroundi negocg\e dﬁe,vi ce 111 ]@g ouﬁgu s,it to
di scri mi nat i ngtHe RV 0% 1 1y RTERITHEE AR RITHY Tedhs 2 at‘?%ssure
sensor can be cjted,. which has 20 diaphragmon the surface h ice
111, for exarfpteEtLfy %Oéfee%?]slir%%%‘ﬁ%)%teb rg%eerb‘?%%’fa%%%‘ceen?@% 5 ﬁ?gg ragm
based on fhe pressure changes.. Discrim i : g%gr] t ank
i nt er nal épres@uf’e 4%5%?%%%%”% u@eé%gegﬁﬂn%%%ﬁ %g et g%%i&ﬁg nmeans
115 with the info i.on r i j | af g N n 17, and
(4L 1 PD SEPrate Olurd NLLSIELMA: ARET P18 N0 FEANERd

. m
det er mi nes- wWHether oF n etected information of tank
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 be formed on
the surface or near the surface of the device 111. 1In
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
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I nformation accunul ating neans 117 accunul ates the condition of int I
pressure which is the upper limt of negative pressure set for di schi@ﬁfﬁg?ﬂﬂ?
ink fromthe 5 recording head 104 installed on the ink tank 101, and

al so, the tank internal information itseltf detected by pressure detecting
nmeans 115. Pressure adjustnent neans 118 is driven by electric power given
by energy converting nmeans 114 and 10 adjusts the internal pressure of ink
tank 101 in accordance with the instruction fromdiscrimnating nmeans 116.

As pressure adjuiiRnt greaReartlo dredldife MROAIIAC Jedis usesl, for
exanple, so as to enable the interior of ink tank 101 to be comruni cat ed

with the 15 outrHdiehatidnt hiceurRt Ie rddmey nal7 pressiinea s ithe tank 101
is adjusted in accordance with the difference between the result of

det ecti on obt g iy rploFs Swternddl eaidsxmueeans chl 5 santhd heppeat ukinf t
internal pressure of ink tank accunul ated on information accunmul ati ng 20
means 117. Thef rdyatdpeniprgstsure afetvflore diestieriging ik diton| tixe
dependi ng on such difference. In this manner, the internal pressure of ink
tank 1015 s nedeommdequdte@d Ri0g i23tiaslled |awdie tinghitenk |1Qkt raaeés t he

25 operation of device represented in Fig. 22. Now, referring to Fig. 21

to Fig. 23, wedismel édia daki Ve terarade fpymatgiore it fsoof 1Rt etEed dey A of

ink tank 101
pressure detecting means 115.

Pressure 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. In this case, the internal pressure of ink
tank 101 is adjusted in accordance with the difference
between the result of detection obtained by pfessure
detecting means 115 and the value of internal pressﬁre
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
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converts the el ectronotive force 112 into electric power 113. Wthi8H&B 2007
el ectric power 113 thus provided, pressure detecting nmeans 115,

di scrim nating neans 116, 5 information accunul ating nmeans 117, and
pressure adjustnent neans 118 are actgaﬁgdL The actuated pressure
detecting neans 115 detects the internal pressure of ink tank 101 (step
S111 in Fig. 23). Then, discrimnating neans 116 reads out 10 accumnul at ed
information frominformation accunulating neans 117 (S11'2 in Fig. 23),

and conpares {BgacaNdhbi @BviktBus1ieadnauhyWecbivihe idgt aekad iinfor mation of
tank internal pressure, hence determ ning whether or not adjustnent is

needed for thgohpberBaknpr essuteonbtink Foricank120intst eneSttadn Fig. 23).
In this respect, the ink tank 101 is set at an initial pressure by use of
a  dedi cated ppgpection appahathe alletheiti pewelr SAi3probmts pinoorhdetk, f act ory
after ink has been filled (step S116 in Fig. 23), and such information is
witten on RObressifet Hetdewinog théanas 1ilHi.t iddlsciriindmadtiingn mesnep 1617 i n
Fig. 23) as to the portion (indicated as an adequate range (R) in Fig.

36). In Big. 36foamptfieneaceuntirtingdaciagsatldd .t RS PEFSSHFIITEN of printing,
and VO and VC, opening and closing of valve, respectively. 25 In the step
S113, if the dddsstmenitnmepnsl 118r asgupetyrtielk tank 101 is within the

range of internal Rressure of ink tank 101 accunul ated q1
The actuated pressure detecting means 5 detects

the internal pressure of ink tank 101 (step S1l11 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 S1l16
in Fig. 23), and such information is written on ROM in

20 the.device 111 as initial information (step S117 in
Fig. 23) as to the portion (indicated as an adequate
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
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discrimnating neans 116 determ nes that no adjustnent is needed f&ﬂffﬂéw7
internal pressure of ink tank 101, pressure adjustnent neans 118 i s not
driven, and the 5 current internal information of ink tank 101 is

accunul ated on information accunul ated_nggns 117 (step S114 in Fig. 23).
Here, Fig. 36 shows the exanple of accumulated internal information. In
this manner, then, it becones possible to grasp the tenporal changes 10 of
negative pressure along the consunption of ink in the ink tank 101, as

well as the tegpgrahtsBangesunlilafedat nk@nkr 835Yr anduthea ,t he serial scan
of recording head. Such information is transmtted to the control circuit

of recording hegdrifninptiAgzrebhe pesf aetenaends ehateaovedyjuyietait on and
the setting of driving condition of recording head. Also, in the step
S113, if the det pstaddanegat ithe iptesadlepakesisnket affk ih@®1 tiamkl dwdr, t han t he
val ue of upper limt set to the internal pressure of ink tank 20 101,

whi ch i s accupukateadeondijnEamaati craascdmdl disi ngt dewanvenllAndartche

di scrim nating neans 116 determ nes that the internal pressure of ink tank
101 shoubd becuadpnst édtepredsanfoatptidomeef dsindankgliod dsiven by the

el ectric power 113 converted by energy converting 25 neans 115. Here, if
pressure adj uscasntlatads or1dnferpatigny acerdnadites "eRes dtildr dAteh essure

of ink tank 101 is adjusted as described above (step.S115 in Fig._23).
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 S113, 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).
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appar at us, t

65 Wien the device 111 is used for an ink jet recordjn

he preferable position where neans for supply electro

Pii 2007

force as the external energy is the recording head, carriage, recovery 5

position of
others, for
Besides, if

recordi ng head, or carriage return position, anpbng sone

the ink jet recording apparatus of serial type, for exanple.

an apparatus which is provided with neans for supplying

el ectronotive force is used, it is possible to know the 10 internal

condi ti on of

i nk-tank even without ink jet recording apparatus. Thus,

t he

internal pressure gf .ipk.tank;mmy;he adi ysbRdewit BAUGnRDYEEI Ng the ink
tank on the ink jet recording apparatus actually at a factory or a

for exanple. }gcogé§nge§§bﬁgﬁgu§bofﬁe prthethB1depbeetidh phavieded f

ink tank 101, it

ecofmres possible to detect the internal pressure of

shop,
or the
i nk

tank 101 and adhHst fbt tApdlydeseenabpdtpvessbiee hsofhy ekeetdnamtive
given to the device 111. As a result, the interior of 20 ink

force 112 is
tank 101 can
di schar gi ng
remai ndess

baekgpt isNtaepireterabhy negati varraaqdi,t resoseirtyabl e for

ink fromrecording head 104 irrespective of the amount of ink

i posikibankfl@tcorénog hekilngort cposdialgee redusoppl y i nk

to the

recordi ng head 104 stably. Al'so, there is no 25 need for retaining ink in
an i nk absor beotiliyjoabsemongg some bshekeepEny the iinkediedr reconfdinank 101

in negative

10

15

20

25

condition as in the case of the conventional art. .
apparatus of serial type, for example. Besides, if

an apparatus which is provided with means for supplying
electfomotive force is used, it is possible to know the
internal condition of ink tank even Qithout 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.

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 electrémotive force 112 is
given to the device 111. As a result, the interior of
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 164 stably. Also, there is no
‘need for retaining ink in an ink absorbent by absorbing
it for keeping the interiof of ink tank 101 in negative

condition as in the case of the conventional art.
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Al so, in accordance with the present enbodi nent, since the deV|ce 1 %My
provi ded with energy converting neans 115, it is no |onger necessary to
provide any 5 direct electrical wiring with the outside, and the device
111 can be used even in any location that nmakes electrical wring
~difficult for direct connection with theééutside. Further, with the device
111 having energy converting neans 115 provided 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
the devi ce 111Ther@&Qes orighe t %ﬁ%@%ﬁ¥]9§.¥ﬁﬁ1§ﬁ9¥ﬁ¥ﬁé-%%B?W%?ncﬁﬁd t he

device 111 can be nade usable in any locations in an 15 obje | n ot her
words, the device 1AhS@anhHerERTIR1CE h"él‘ifbt‘?rh"élplf%%%‘f'f o PR ?"Hﬁnf:ank 101
Here, for the present epbodi ne g# electro ve, égrce IS su$§ g

device 111 in $HCT ofhs oFeWTE cbht kg | p%ﬁﬁ AT e podsi Bréves lngt a

d whi ch el ectronptiye 20 f t with
The- outsi de. dreS: o 13E S frdnat 9@’” e

the outsi ge. g{even e FUPOOL SR )3 £l 8y v?;ftﬁs%ﬁes Shauetacal abhosked agram

whi ch sho %2 |n er na ruc th e sem conduct or

device in accogdance Mihcénst?é/e@_&@deé@@ﬁ'm%nénpflw@u@ﬁe@ﬁae jaxest i on,

and the communicative condition
electrical wiring difficult for direct connection with

the outside. Further, with the device 111 having
energy converting means 115 pro?idaﬂtherefor, 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 that, it is made non-contact
with the outside.
(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
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device shown in Fig. 24 (hereinafter referred to sinply

as the "de\CZitﬂgéE'Bﬂﬂm

121 is fixed to an ink tank (not shown) in the sanme manner as the device
111 shown in 5 Fig. 21, and conprises energy converting nmeans 124 for
converting into electric power 123 the electronotive force 122 which is
supplied fromthe outside A of ink tahk 7n"non-contact toward the device

121; pressure detecting means 125, discrinmnating means
i nformation accunul ati ng neans 127, pressure adjustnent

126, 10
nmeans 128, and

ti 129 b h | i
O e b orog R S pb 50l oFhE SoRUUCL/LAUS FARKEIARA
si xth enbodi 2%;5@ &ﬂgan'&Eggigég§4zKg@&ggﬂa%%e&e9gk%% 3 $i9nals,14 hat

is, it has receptron neans

ectronmotive force 122 to be

supplied to agLughe they:dev)oeai2ls eheslr eERaRelng kMOl heat,

light, radiated rays or I ke 1's usable. Also,

east energy

converting meaps,hz4;andnbecanti pAnABaNas128e2@esheul d 1ar eherablin be formed
on the surface of the device 121 or near the surface thereof. Pressure

" detecting neapsqgl2bidehaat solpeikBeeRalrgyPEensere igly melanisanies wuech is
the environnental information surrounding the device 121, and output it 25
to the discrigbngkirigngeansolatechedepbowermaans th29 e lieeteiowest iveput
signals 130 fromthe outside A which is the supply source of electronotive
force 122 or forceh@22 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,

radiated rays or the like is usable. Also,

light,

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
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Di scrimnating neans 126 enabl es pressure detecting neans 125 to d%&éEﬂzmn
the.internal pressure of ink tank in accordance with input signals from
reception neans 5 129, and conpares the internal information of ink tank
thus detected with information stored on d,nformation accunul ati ng nmeans
127, thus determ ning whether or not the detected information of internal
pressure of ink tank satisfies the condition on which ink is discharged 10
fromthe recording head (not shown) installed on the ink tank. Information

accunul ating NRANS d2 B AECHTU ALES AlGH € F |91k gk d ke | 0f OF Mat i on

itself obtained frompressure detecting neans 125. Pressure ' adj ust nent

nmeans. 128 i s ¢yi M8 adhdthe £iREdd o Poviavh Vi €ds 4 Srdravi sleelidg om ener gy
converting nmeans 124 to adjust the internal pressure of ink tank in

accordance Wndhdda dNHy Wdtedt fHun ditsadfridll natd s@ureass 16. tafder
pressure detecting neans 125 and pressure adjustnent neans 128, it is
possi bl e to usieh tdwe-caatenc) wangs idgsct idigrhd s crgmincdcepit wd medms si Xt h
enbodinent. Fig. 25 is a flowhart which illustrates the operation of
devi ce stown iI2F gan@4ompArtds rigferignoerndlo Fifprgat bonl ¢F ginkk5tarker gy
converting neans 124 25 converts electronotive force 122 into electric
power 123 whérmhushealedesthtad ittty el fireatizn jstofed ot rbp et beRsi de A

toward the device 121, thus actuating
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 illustrates the
operation of device shown in Fig. 24. With reference
to Fig. 24 and Fig. 25, energy convérting 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



Z 8 FEB 2007 - 69 pressure detecting neans 125, discrimnating neang_ 126,
i nformati on accunul ati ng neans 127, pressure adjustnment neans 128, aZ&FTBZMN
reception means 129. In this sate, input signal 130 transmtted from 5 the
outside A or outside Bto the device 121 is received by reception neans

129 (step S121 in Fig. 25). This input EEQUal 130 is to inquire the device
121 of the internal pressure of ink tank” The input signal 130 may be

provi ded for the device 121 together with 10 electronotive force 122. \Wen
the input signal 130 is received, discrimnating neans 126 enabl es

pressure det egtggguggaagﬁé%ggggmgshgctl Z%Qetflii@tc?riﬂﬁlna!%ri‘?%s Wea ol |5k, tank

(step S122 in s out accumul ated 15 information for

information aggepphatind FBa0RuidfingSheRnS143 7, N peGsud?® ad \¥Stment
determ ning whether or not the deteCted internal pressure satisfies the

aforesaid copdiahs0n26St @RaSEE4epRibndmedd)s. 129 .this respect, the initial
pressure is set for the ink tank by use of a 20 dedicated inspection
apparatus at the tiaetafissBapaentinphtomiighelf agoryaafsiert tetk fwvsmbeen
filled (step S126 in Fig. 25), and the information thereof is witten as
t he portison (ithdi oateddasAanradetsdtie Barge thie) dewilkieg.12137d)s on t he ROM of
device 121 as initial information 25 (step S127 in Fig. 25). In the step
S124, if it isetednedt bat rebepdébechmeadnsi A28 daltepr &42r enddeisg no25kat i sfy
condition, pressure
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 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 $122 in Fig. 25), and reads out accumulated
15 information for information accumulating means 127
(step S123 in Fig. 25), thus determining whether or not
the detected internal pressure satisfies the aforesaid
condition (step S124 in Fig. 25}. 1In this respect, the
initial pressure is set for the ink tank by use of a
20 dedicated inspection 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



2 8 FEB 2007 70 adjustnment neans 128 is driven to adjust the internal ,
pressure of ink tank (step S125 in Fig. 25). On the other hand, if tZ8eFEB 507
detected internal pressure satisfies condition, the information of current
internal pressure 5 of ink tank is accunulated on information accunul ati ng
means 127 (step S128 in Fig. 25). In thiz respect, Fig. 37 shows the

exanpl e of accunul ated information of i Pernal pressure. In Fig. 37,

ref erence marks VO and VC designate the opening and cl osing of val ve, and

S, 10 the suspension of printing. In this manner, then, it becones

possi ble to gkgﬁﬁﬁgﬁgnEeggghgl19gagge§rggePana%hﬁngrQ%§uﬁgggfﬁghthe

consunption o nthe 1nk tan as well as the tenporal changes of

negative pressuiLe gur b2d jhike taaki aktepan1ek recend ngsheadonlknich
information iS transmtted to the control circuit of recording head to

optinize the pehkerRARGE 9F theCaveeytepehaltiedhaangrikeusel tdatg ik i vi ng
condition of recording head. In accordance with the present enbodi nent,

with 20 the po@wigien,hothkhenfforfkitadnt 0fr eveires tsiignalraaflr greddiere
outside, it becones possible to respond to variously signalized questions
from t he sout siogte iink ta@dt tisoaccamulatefif eat S ndoiraiatdlvine agyrunhe st xtd
enbodi nent, and communi cate infornmati on between the 25 device and the
out si de bi di r eetainenall7y .( sHepe S1R68r inh&ipr.egent- efvodivisniresmectdescri pti on
has been made of one device 121 being provided with

Fig. 37 shows the example of accumulated information of

internal pressure. In Fig. 37, reference marks VO and

vC designate the opening and closiqg of valve, and S,

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 gquestions 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



18 FEB 2007 - 71 pressure detecting neans 125 and pressure adjustnent

nmeans 128, but it nay be possible to provide pressure detecting neaﬁﬁliﬂdm7
pressure adjustment neans each individually for different devices. Then,

the 5 structure may be arranged so that the internal pressure of ink tank
is detected by one device to determ ne ether or not adjustnent is
required for the internal pressure théréof, and that, if adjustment is
found necessary, the other device having pressure adjustnent 10 neans

provi ded therefor is informed accordingly to adjust the internal pressure

of ink tank. %!?\Q’SSRIQ% ﬁ%%%rc;tﬁtn' hednls 158 %ﬁeﬁqfeéﬁﬁ'eems%memt specific

structure of essure adjustnent neans, together wth the manufacturing

-steps thereof p 13 4Fi19g,268ltS 13 Wa?rwb@"'w&sim\@s o Ra & IPiddldte exanpl e
of pressure aaﬁustnent means provided for the solid type sem conductor of

the present igweRldtQhg #REAnsl lahds Praletirdd e Grsandia! éddnd dd ned on t he
spherical silicon used for the aforesaid ball 20 sem conductor. Figs. 27A

to 27G are vi awgiwhideallyl lFest Al dries tr@enfiaeisir i Mher,0cess of pressure
adj ustnent neans shown in Fig. 26. In this respect, Fig. 26 and Figs. 27A
to 27G are segttraralure ewy bekarraaigeideocemiadr tife tive:esplady ippassite con.
25 As shown in Fig. 26, each of base electrodes 201 is fornmed respectively
at two | ocati ofs iok $phdér isaldetsidtiecory200e Wevtled doe dededrmirieer . Al so,
sur roundi ng
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



2 8 FEB 2007 - 72 the spherical silicon 200, SiN film 206 is formned. TH%
SINfilm206 is formed to be movable portions 210 and 211, which are 28 FEB 2007
supported in a cantilever fashion having a gap with the surface of the
spherical silicon 200, 5 respectively, on the areas where each of the base

el ectrodes 201 faces each other. Each of Ehe novabl e nenbers 210 and 211

is provided with val ve el ectrode 205 Faging t he base el ectrode 201,
respectively. Also, the SIiNfilm206 has a gap locally with the spheri cal

10 silicon 200 in each area fromone base el ectrode 201 to the other

el ectrode 201,thre;a% %%Q-‘g%ly-stigﬁg&no“zdd‘,e%% ROr i O bECFEBSnd e PRRsage

I
212 that makes' i 0SSi e Istribute the air between one novabl e

menber 210 Sir_él‘i‘q 319 ot b Otinere JImEaP|1& BRIvaAhle Sidteridds Novy ahgh
i gs.

‘reference to /A to 27/7G the description will be made of the nethod
for manufact yniing RS Wre adigprid iPalcaNoWevdr Hfshid6. h&vihgr st,
on the entire surface of spherical 20 silicon 201 shown in Fig. 27A, PSG
(phospho sili gatp iass)tHd |gnAlkes iFwtHe dpter27A i sifocored2odier e,
before PSG film202 is formed, each of base electrodes 201 is formed in
‘advance on t heesperticallys dicame2@irest vwaaate afadheof wohé doase ons whi ch
are symmetrical to 25 the center thereof. After that, as shown in Fig. 27C,
in order to felmcdredeyy P0Fares kad@SEtfidm 2(Badiy ofal tley mevakidset the

base el ectrodes 201 to be exposed,
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 gther movable member 211 side.

15 Now, with :eference to 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 sphericél

20 silicon 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 whiéh 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,



10 FEB ?001 73 and al so, the passage to be described |ater, the PSG film
202 is patterned by use of photolithographic process with the porggqq§7m7
becom ng passage left intact. Then, as shown in Fig. 27D, using nmetallic¢
C/D 5 nethod Cu film204 is forned to cover the base electrodes 201 and
PSG film202. The Cu film204 is renoved with the base el ectrodes 201 and
portions around thembeing left intactm Bubsequently, as shown in Fig.
27E, valve el ectrodes 205 are fornmed on 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 nmetMbP 13 c o R?ﬁ??ﬁﬁa??I%?Z%%Scr%ﬂ%dcﬁaFFFntEB& BRE val ve
el ectrodes 205, 15 Further, as sho i i Nfilm?206 is
patterned to betih 1% ¥orRable %%PP% “%ﬁb%?sph%Fﬁ ltgggfgp Bl an view

whi ch schemat | | h e d t t t Wth,t SLN_ Fil m 206
pat Lerning, - rEIETeSITYE o08 Brserop ot antRa BEerAbR 354%,0P Sk 50 on

SiNfilm206 as sh 3§n & epi%th§7gu ﬁéiﬁb %g% ggqcPégbflln1202

are renoved by disso J%ion using adequaie solvent.~In this manner, as

shown in £ig. méafﬁzdaéhsptiﬂ ﬁdPeléeEbEHQ&UESOEoGGi" ¢Rel $aqBt ai ned, which

i's structured wth the novable portions 210 and 25 211 on the two

| ocations, eacih Ofkid@esPPEl 2N POYEEi1ROSbRONSThEECBREEMERY4 §8 as toO
function as valves supported with a gap to the spherical silicon 200, and

removed with the base electrodes 201 and portions
around them being left intact. Subsequently, as shown
in Fig.V27E, 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 film 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 on the Cu film 204 portion

20 on SiN film 206 as shown in Fig. Zg. Then, the Cu film
204 ‘and- PSG f£ilm 202 are removed by dissolution using
adequate solvent. 1In 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 toc the spherical silicon 200, and



18 FEB 2007 74 then, a space between the upper novabl e nenber 210 add FEB 7507
spherical silicon 200, and a space between the |ower novable nenber 211
and spherical silicon 200 are connected with each other by the passage
212. 5 Wen this solid type sem conductor device is installed on an ink

tank, one novabl e nenber 210 is positioqﬁp_putside the ink tank, and the
ot her novable nmenber 211 is positioned inside the ink tank for

installation. 10 Now, with reference to Fig. 26, Fig. 29, and Fig. 30, the
description will be made of the nethod for adjusting pressure in the ink

tank which 1S gyl dechodd Pl ik LSS AAANGI ke deVSEE RN NS

pressure adjustnent neans fornme IS a view whi ch shows

the equival entgpd Ficil 1, s i 40| Gla S Tpddl dlaifd tO PoRSsUr e _
adj ust nent neans shown in Fig. 26. As clear fromFig. 29, a capacitor Cis

formed bet weemdh Malnegniecirodaga \dpraseh has & @l ieedd oflsp BE-whi ch face

each other. Also, 20 Fig. 30 is a timng chart which shows one exanpl e of

signal appli ektdmnddiredalivth aelaet radeennsg, base paleaid ae of pressure

adj ust mrent nmeans shown in Fig. 26. In this respect, a reference mark C
designates cl osi niWheandttis opanidgy®b sdmidamsiuctidie dmsicel £strode 201
and valve electrode 205 are set at G\D | evel. Then, high level signal is
applied to thdnrsdldadcty coe 2K, tanidl ngh movable member 210 is

positioned outside the ink tank, and the other movable
member 211 is positioned inside the ink tank for
installation.

10 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.

15 Fig. 29 is a view which shows the equivalent
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 wvalve electrode
VE and base electrode BE which face each other. Also,

20 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.

25 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



2 8 FEB 2007 75 |level signal is also applied to the valve el ectrode 205.
Thus, electrostatic attraction occurs between the valve el ectrode %@qgggﬂm
t he base el ectrode 201, and the valve electrode 205 is pulled to th

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 the730ot-h ends of passage 212. In other
words, the outside and inside of ink tank are brought into the 10

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

pressure of i HeviednidiRadetic: BdF D PRR e e s@IViFy SOt shown)

as required. The neaﬁfive %gxfressure rises along with thﬁgfonsunption of
ink in the iM@%ank,*%hd S sd&es & tof BRESLre PEROmes e hi gher

th ifi ti o I I ' |_ i l'ied t h

val ve el bct r 0B 308 CLAIE 00 Y TaTih B D dRT bR g i it 47 aF fBued o
20 f ' i1 2. Ns

Pl the a P apiadH AR drand SR RS BT, o ©

through the pagsage pla LQ g 1QWel NG IRAAL ‘r’gosxpc{iﬁﬁ%rﬂéjé’hdd‘kzif‘”gr Then,

when the negative pressure inink tank beco e 25 signated val ue,
hi gh level sigialpiazeagaid aRPIdddi®ait e Maloe AJedide LR to di spl ace

t he novabl e portions 210 and 211 for closing the passage 212.
contact with the spherical silicon 200, thus closing
the both ends of passage 212. 1In 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 outside
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.



Z 8 FEB 2007 - 76 The determ nation of whether or not the negative
pressure in ink tank becones the designated value may be made whil @8 FEB 7007
controlling the releasing'time of the passage 212 in accordance with the
difference between 5 the result of detection executed by pressure detecting
means or by repeating the rel ease of pas§?ge 212 for a specific period
several tines or in accordance with the esult of detection of the
internal pressure of ink tank by use of pressure detecting nmeans in real
time. 10 For the exanple shown in Fig. 26, the structure is arranged to

provi de the anabI%h%gﬁ%kggﬁ?ﬁ%gi%gdoél%h%;lég!a (Hgéﬂéﬁ%. [fside of ink

tank, respectively e outside and 1 nside of i tank can be cut

off, it may b%r@%@@lg‘;enqlﬁgh.nﬁco t%%?kl ?Je%eso%emdetﬁ%rﬂajt%d)n}a\i&@rméi‘e

pur pose. Next, the scription w be nmade of one exanple of the specific

structure of RLesRL WHRLRCIHORE rFANSg thied redkdss nyy Wigs ¥ cthshows the
structure of pressure detecting neans provided for the solid type 20

seni conduct or pd@vage 0fl2t he piceeidanday aifthoHen di ffAendd &fetwden s f or med
on the portion of the device surrounded by broken lines in Fig. 26, that
is, formsd i Rrheheepadzags tdeatectdast iexeors ear eys e srljnes tdwetrdct IE@ANS .
Figs. 32A to 32D and Figs. 33E to 33H are views 25 which illustrate the
manuf act uri ngmerocess by pegestriag ddéteectalrgsreafs pdwmave 1 foBla Here,
in Fig. 31to Figs. 33Eto 33H, the sane reference marks as shown in
specific 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 portioﬁs 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 enough 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 and Figs. 33E to 33H are views
25 which illustrate the manufacturing 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



18 FEB 1007 77 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 tﬁ&Ffﬂzmﬂ
novabl e portion on the side corresponding to the interior of ink tank so

as to be 5 able to detect internal pressure of ink tank while the valve is

cl osed, because pressure detecting nmeans.is_ arranged in the passage 212.
Pressure detecting neans shown in Fig. 31 is the sem 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 polysiliceRgreskshirkeabp¥eea22d ithef QbiRdpa@R st B8 subkace of spherical
silicon 200 as a di aphragm having a portion to float up locally through a

hol  ow 15 portpgBaz2hg O Peyh edoe POEbLI, ORBeOkxai® 1kl @abivig iwp Fiafea of
polysilicon resistive layer 221, wiring 222 fornmed by Cu or Wis forned,

for exanple. 3hens hbe ppekyigel @amhr ekiesmovabllay@or2ibnant whd @22 are
covered by protection film223 fornmed by SIN. In this 20 way, pressure
det ecti ng neapsrirespbnddhygr &¢d. thNextinteirtiorr effedekceans Biogss 3A e 32D and
Figs. 33E to 33H, the description will be nade of the nethod for
manuf act Gri ngaplessor dedecéctintigrmednpreiseowrel of Hing tank Wévide ithe he
follow ng description, it is 25 assunmed that pressure detecting neans is
formed in thevagvepdsariesethebscatses PR suF eFidgterrpniagesiGvi-S n Fi g.
32A, PSG film 202 is fornmed on
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 polysilicon 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 film 223 formed by SiN. In this
20 way, pressure detecting means is structdred.
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



18 FEB 1007 78 the surface of spherical silicon 200. Now, as ShOW”ﬂNFEBzm7
Fig. 32B, this PSGfilm202 is patterned into the shape of the holl ow
portion 225 (see Fig. 31) by neans of photolithographic process. Then, as
shown in Fig. 32C, 5 polysilicon resistive layer 221 is filned by plasm
CVD nethod to cover the PSG film 202 thé patterned and spherical silicon
200, and patterned into the designated shape that becones di aphragm Next,
as shown in Fig. 32D, netallic film such as Cu or W is 10 formed by
metallic CVD nethod on the polysilicon resistive |layer 221, which is

patterned to LRLM\W-ELRE o222pRRi0EA! sQNS A RATPONTIRE, tas haldwedos
portions of I aphragm Wen the wiring 222 is formed on the polysilicon

15 resistive kayer 3381, thhgsesar eiaavened ias pehtawWrridd Fgto 33E §waperm Si N
filmby plasma CVD nethod, thus formng protection film 223. Further, as
shown i-n Fig. 033khe RSEB1bivl B0224 oins 20261 Medeby iRl .as3me) B meddwdodn the -.
protection film 223, and as shown in Fig. 33G SiNfilm20 206 is forned

t hereon. The gheatelikbwgraphEicgprad@sscor Maspandss tshavre Bt g shddd, i n
Fig. 27E. Thereafter, the SiNfilm206 is patterned (Fig. 27F) to formthe
nmovabl e porti pody2iQiaed 2&%issisieowrryem 2Rilg iR 73 lnedthy, piaem®IVPi | s
202 and 224 are 25 renoved to form pressure detecting neans in the passage
212 as shown methog. t33HovRewtheh® Sfedddimiiogn thus Dt iERediarfte pressure

spherical silicon 200, and patterned into the
designated shape that becomes diaphragm. Next, as
shown in Fig. 32D, metailic 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 f£ilm 224 is forméd by plasma CVD method on the
protection film 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



2 8 FEB 2007 - 79 detection principle of pressure detecting neans with

reference to Fig. 31, and Fig. 34 which is a circuit diagramof the&8 FEB 2007

circuit that nonitors the output from the polysilicon resistive |ayer

shown in Fig. 31, 51n Fig. 34, given the resistance value of polysilicon

resistive layer 221 as r, current of i E9VI[¥{R0 + Rxr (R+r)) flows on
e

the amreter 230. Also, polysilicon has t property that the resistance

val ue thereof increases 10 substantially in proportion to the displacenent
t hereof. Therefore, when the polysilicon resistive |ayer 221 displ aces

with the preSEEEECQE@H9?§iQEi passadprédidurkh@etestshanaRand Wweith of
polysilicon resistive [ayer 821 changes. As a result, the current 15 i

that can be ”E@?HE@HCEYtBSEi?f amrehgd 23Q.aBsowhebangesa loiratdisr words,
t he amount of di spl acenent o polysilicon resistive layer 221 is known by

the changes dafiaguamedE ithet buscumki Agaitt mpassblbkethe dettpett tthmnpressur e
of passage 212, that is, the internal pressure 20 of ink tank. To descri be
further in detakl pogiyeéditbe kengshivt lpgkysshowoninefiigt.i vd | ayer 221 as
L, the sectional area thereof as S, the total resistance value R can be
expressed as fol |l ows: F2§.R34,phives wher zeshetpncs vadiuetiofity. Here, if
the polysilicon resistive layer 221 changes al ong pressure changes, the
polysilicon resistive layer 221 as r, current of
i = VDD/{Ro + R x r (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 caﬂ be
expressed as follows:
25 R=pL /S

where the p is resistivity. Here, if the polysilicon

resistive layer 221 changes along pressure changes, the



2 8 FEB 2007 80 |ength becones longer as L + AL, and resistance val,ue
i ncreases. On the other hand, the sectional area becones smaller as .4 FEB 2007
AS. Al'so, the p changes to p'. The relationship between the increased
portion AR of 5 the resistance value and the increased portion AL of the
| engt h can be expressed as follows: R+tO P(L+OL) = PL+CL pi s-Os S S-Os
Further, it becones as follows: AR= p/ P'X S OGSx QL _kg.x AL 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 vahug s de8kbemked1bAgab! @knr Ltharpr e Ghangrse WRolysilicon
has the property that the distortion resistance thereof changes by
tenperat ures. jfbeeakase, ohSthk bihdeshaall, e the pentitmea targerat ure
sensor for pressure detecting means having polysilicon resistive layer 221
in order to npaicbakst BRalleapenrat gre as. paligsi,l itten o etisstgee tayel. 221. In
other words, with the voltage VDD which is supplied to the polysilicon 20
resistive | ayehe22tlakiongh iph®ettempar aher d rsemesred iforthegors Pbssible to
conpensate for the resistance changes of polysilicon resistive |ayer 221
gge to tlse chargeesdk tenvier vatwset alnd dingerianeasethdueiier Ahee? 8 FEB

07

the length can be expressed as follows:

R+AR=M -pPL +ALL
S-AS S S-AS

Further, it becomes as follows:

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



81 internal pressure of ink tank nore accurately. The solid type 8

sem conduct or device provided wwth the aforesaid pressure adjustneng J@@H@m
is also applicable to an ink tank as shown in Fig. 35. 5 The ink tank
shown in Fig. 35 conprises the outer wall 106 that constitutes the housing
of tank, and the flexible ink containLng bug 105 which is housed i nside
the outer wall 106. Ink is contained in the i nk 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 ssol ved by YLELAKLY! Brebguzel beMAK! tafle AbreUbiatitbay rays as |
catalyst. In anink ta of the kind, the solid type sem conductor device
of the 15 present igyeabhon %giaei Sedlicongedtber dele ceupeowiddd wifiten, with
the solid type sem conductor device 111 thus arranged, it beconmes possible
to maintain thgei BEBEBaLIidPPESSEIE eC@dSuaniney theansn itshalset er wal | 106
and the ink containing bug 105 agai nst the changes of negative 20 pressure
foll owi ng theagpnsdapliieorootn nkkf tamkt ke ishiownsdpplFyigpoBt.- So far, the
description has been nmade of the present invention by exenmplifying the
case whemse the infraendnkprteskusdows dadj Fdiged 3Pocomprissie ek AHi®h is 25
used for an ink jet recording apparatus. The present _invention is not
necessarily | wailtled Ohdhetto coTisd itiuhgsnttiben hosisame iofadie@’-o 2l Wike where

the internal 18 FEB 1007 ) ) C
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
ultraviolet 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 description 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 npst 28 FEB 7007
preferable, however, to apply the invention to the case where,

descri bed in each of the aforesaid enbodinents, the internal pressure of

an ink tank is 5 optimally maintained for an ink jet printer using ink
contained in an detachably nountabl e inkgtank, which is supplied to the

ink jet recording head thereof in order to print on a recordi ng sheet by

i nk droplets discharged fromsuch recordi ng head. 10 Al so, the pressure

adj ust mrent nmeans has been described by exenplifying the case where this

means is  driyencsir-aceer darae W koha indiredidduld ass W wita. ink tank
which is deteCted by pressure detecting neans. However, when the solid

type seni condygt pos¥epire@erablld woe@viedr, the dpikyt amle ithversmmmttof ink
consunption in the ink tank can be estimated al nost exactly by the
driving frequeneycaket i eireGoadi degshadthedAliso,eddh tdfe thenmmafiiredaidk
contained in an ink tank is constant in the initial condition (unused
condi tion), tkabedimen2d cdhreeliaticoms: lbemeesntehe farmuritnkoftanik oHnsunpti on
and the internal pressure of ink tank. Therefore, if only the
rel ati onshi p bettised Lyheadmitadimgd fequancyindd jatecuriditfy et anklk he
internal pressure of ink tank is obtained in advance by neans of
measur enent oconf@irsd jike an fdet@arhed b sawitable fdhitdnk + i el hal
pressure of the ink tank adequately by driving preﬁfure ad'ustneqé means
@pa er

on the bases &tPPHdedritd g rddueitdy P8 FHE B thereof in or

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 @hich-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. Also, if the
amount of ink contained in an ink tank is constant in
the iﬁitial condition (unused condition), there are

20 correlations between the amount of 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

g 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 20 F
detecting neans. As described above, in accordance wth the present © £8 2007
invention, energy fromoutside is converted into energy 5 of different

ki nd. Then, the function to adjust negative pressure in a container by
means of energy thus converted is incorggrated in the solid type

sem conduct or device. In this way, it becones 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 sef ¢aadueberddayi eeaaf ebBa Riesell itheepidovisildie omegative
pressure in ink tank can be naintai ned adequately so that ink discharges

fromthe di schakgguie Aeadcaragmdanexecutable in good condition, and at
the sane tinme, the ink storage efficiency is enhanced. (Ei ghth

Enbodi nent) Fig. 38si degacpébgdeabiove ,Viiewawkocidasciee neittibc dihey prdwmmst an i nk
j et recording apparatus enbodying the 20 present invention. The head

cartri dge 601 iwviealios.menetrgy dmommheuitsidej dis cogoreditreg dpdar Aner B0
shown in Fig. 38 conprises a liquid discharge head for discharging ink
dropl et s 5 f or ofeddtdemgnpr kand. afirean ithe ametden YetdIS®5 liquid to
be supplied to the Iiquid discharge head. A Also, on the wall portion on the
upper face of NeSadiveaPres§yEeedn, 3 CofItrd NeFp®Ys MFah Rt i ce 635 is

Z 8 FEB 1007 . . -
. thus converted is incorporated in the solid type

semiconductor device. In 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
édequately 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. 38 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 on the upper face of head

cartridge 601, a solid type semiconductor device 635 is



- 84 buried. Then, as described later, the security system of thi
apparatus is structured by use of the solid type sem conductor deZﬁé@Bé@g
and the recording apparatus 600. Here, in the recordi ng apparatus 600, 5
an energy supply unit 622 is installed to supply in non-contact the

el ectronotive force, which is the extgrﬂgl_energy, to the solid type

sem conduct or device 635 installed on the upper part of the head cartridge
601 nmounted on the carriage 607. For the electronotive 10 force to be
supplied for the operation of the device, electromagnetic induction, heat,

light, radiatggd-fays., TREnt Ngs! hkEckspbgabheerAstaBOWRCURilDsy3%em he head
cartridge 601 1s nounted on the carriage 607 which engages wwth the 15

spiral grooveof06n0f hpparacnswi§05twhbehirta byt askoelkedheospbatidgte with the
regul ar and reverse rotations of driving notor 602 through the driving
power transm ggpensgedcsn&l3tandaeddceBg3bhandr tiengecpadéngof driving
not or 602, the head cartridge 601 20 reciprocates together wth the
carriage 607 appagatte 660gui Her608innthherdcpedingneppadintasedOfy arrows a
and b. For the ink jet recording apparatus 600, recording sheet carrying
means (nbt shawngnesgprsvpddy toitabey as pnehalhgdsheesudpdyi A¢ as t he
recordi ng mediumthat 25 receives liquid, such as ink, discharged fromthe
head cartridgen6oantIat sheeelprtsouptipgpafercee WHAiclhsdSofthe he printing

sheet P carried by recording nmedium?2 8_FEB 2007 . .
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 602 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 carriageZGG{Bzwy
In the vicinity of one end of the platen 609, 5 there is provided the
supporting nmenber 613 which supports a cap nenber 614 to cover the front
face of discharge ports of head cartridge 601. Also, ink suction neans

615 is provided for sucking ink retainedd3in 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 nmenpber 614. On the main body

supporting meRBELY6RY BEangkOofef PIStEBCEPHi A &ﬁﬁ?P&FE%tQO@F%fﬁnﬁﬂﬁﬂe

menber 618 is novably supported in the forward and backward . .directions,
that is, the 8F#§6FP6nS§?eFiShFoaﬁ&FteFGenrgggtF&véBFnSIEWFQGfﬁbn of

parriage 607. for the vabl e menher 6 a cleaning bl ade 617 is
instal l ed. 209&R&EFEPD g%e%gﬁegﬁfﬁdagﬁa§§76l7 is not necessarily limted

to this configurat iIgnglhilezlvg.acg.nq \m?%%sggleeﬁ“& olfsj%g%n%l%r{%élo%ﬁ ’eani ng

bl ades of the node pu KNo For the i nk ecordi ng apparatus 600
oty o roaF A, BRSPS 00, SOG4 SRS 0 SR LD 0D, O
601 2 8 FEB Zgggports 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 wwdth of the printing sheet P. Wen
driving signal is supplied to the head cartridge 601 fromdriving si&fBd 2007
supply nmeans (not shown) at that tine, ink (recording liquid) is 5

di scharged fromthe liquid discharge head unit to the recording nmediumfor
recording in accordance with such signak, Now, the description will be
made of the security systemof the aforesaid ink jet recordi ng apparat us.
10 Fig. 39 and Fig. 40 are views which illustrate the structure of security
system of recording apparatus of the present enbodinent. Particularly,

using arrow gaiks, FiGted9 otROWEnEh@ nlt/i3@S Wi 9%hoB ranthel aapitioy of data
between the constituents at the tine of 15 registration, and Fig. 40 shows

the transm ssiggean® . I GeRR! i3eAvahgdatignet WweesuppaMed tohane meaf user
recognition. Now, as shown in Fig. 39 and Fig. 40, the solid type

seni conduct or deMirGage3%sonhirchhmbarargad @ ighelheappl30 mearisr i(odget 601 of
this exanple conprises a first recogni zed data hol ding portion 703 that

hol ds as recegwhed atatthatthe iper,sdmil (irefcomdanigod igedegniized by

recogni zing portion 702 for recogni zing personal information at the tine
of registsrati dissharsed Fromeddgniltiquid difsichargentheadatingit itpuithend

out put portion 707 that receives key code A fromthe recording apparatus
600 si de and teamwsing eeddded foat Fenerding fpBagg@rdance 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 dafa 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 recordi ng apparatus 600; a first key code A
hol di ng portion 705 that holds the key code A received by the infor&8thEB8r3007
i nput and output portion 707; an encode converting portion 704 -t hat

encodes the 5 recognized data by use of the key code A, a first encoded
data hol ding portion 706 that holds the data encoded by the encode
converting portion 704; and the energy &nverting portion 708 that

converts the el ectronotive force which is supplied in non-contact 10 from

t he recordi ng apparatus 600 side toward the device 635 into the electric
power that can actua1€¥£t | east the af oresai d constituen

Aso, it is desOBIEach G the ndsp earxtwga‘abﬁt%@% TBatanat’
information i ut an %Sépo%dldlga O%{thgp 77&.‘157 onn trl,1 %h G t%egnear t he

surface of th Bhst e e 88rt|ons

an‘the ot her ”ﬁ%ﬁf 4%‘%8%“# 3-&#&2*‘%% éﬁhnoéﬂ%‘%”a"%% WERRE Peerafng
apparat us 600,;0n. Wy ¢hddee Jg%lles e 16%r¥HH%eQm?88EEr&§ES an

energy supply portion 622 that s ectronotive force ich is

external gner gyedgydedddth tasf;p%sseereﬁof_r}wq&@; colfyige $3pifgrnon-contact;

a key code K setting portion 25 711 for the user to set the key code K, a

second key coglgcdidoldh g Hsadimn pd Wier 0 d henkeyhsnde fhesaatreat ed
fromthe key code K when the user admts of 28 FEB 2001

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 recofding 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 desirable to form the energy
converting portion 708 and information input and output
15 portion 707 on the surface or near the sﬁrface 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 cdde K; a second key
code A holding portion 712 where the key code A is

created from 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 registzpﬁE@ﬂT7a
second information input and output portion 709 that transmits the kéy g
code Ato the solid type sem conductor device 635, and receives the
recogni zed data and encoded data fromthgg device 635 side; a second
recogni zed data holding portion 715 that holds the recogni zed 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 depaded dahd MG ROEROMH N dity tgwitiwl dra 3 henatat a decoded
by the decode converting portion 717; a data conparing portion 716 that

perfornms the G¢RRAS alhe & ielyaNee divlarean fidven the acogriads Klatteerand
decoded data; and a discrimnation processing portion 719 that perforns

whet her or nottheadidrs ddf tes & Ofredjipaimaition ;n Acearaahcenfvttatien resul t
of conparison nade by the data conparing portion 716. Here, however, it is
assuned t hat tikswencode dwpudatpe rncoddgd dythege tofanswel keythwdeeA cannot be
decoded by use of the key code A but only by use of the key code B. In
this respect, dddd S desitteblseliicl tswencreminsingtud oRredRifice of33 he2™dl di ng
portions of personal .25 data and key codes in the device 635 and recording
appar at us nai rresgsiyveso tnmtrqm@i#gwét& arh sfirafehedatlq pgfgm ofiel ectri c

power is cut off. 2 8 FEB 2007 ) .
device 635 side; a second recognized data holding

portion 715 that holds the recognized data:; a second
encoded data holding 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 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 conductor
device 635 provided for: the head cartridge 601 nounted on the cal#Bifadll]
607. 5 The information input and output portion 707 and 709 arranged for

t he head cartridge 601 and the recordi.ngghead 600, respectively, may be
either in the contact type or in non-contact 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 rkhescaseocoiienama®ae act imgiall ttHes quasiplsuppmlyse
communi cati ng neans that uses electric wave, magnetic field, or the like.

15 Al so, the peg@geinzisng par then ca@2iteeognizae® dd rgerermbie sit viod ces,
irides of eyeballs, or the like as personal information. The recognizing
portion.702 ifackortmed sod itheypel isemtiynpederticgodhucias iy ireoedied
Besi des, however, the solid type sem conductor device 20 .635 may be able
to provi de théoredbgniheiadg cpartmiicige7 Pl apugites e Wi ETiRAe neéssarily
limted to the structural exanple shown in Fkgi 39 and Fig._40. For
exanpl e, 5as shown TReFiigfozgationgdpod ARk AR E P i 7%7 t#edpat t er ns
of irides of 25 eyeballs or the _|like Q{ use %;¥§§Q§9£al(%n€ornation i nput
adopt er 631 w0 arLagnasd doF wihen Pedd Gagd ™ RO RP%4s e recogni zi ng
portion In_th%éggggyﬁéﬁ e%% %%%,qugpectively, may be either in the
contact type or in non-contact type. In 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 solid 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 anleig. 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 recogni g
transmtted to the control board 632 provided for the recording aég F%i@%
mai n body. The control board 632 is provided with CPU 633 and nenory 5 634
install ed thereon. The recogni zed personal information is provisionally
stored on the nenory 634, and transmittggd to the solid type sem conductor
device 635 through the information i npuf and output 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. 10 hiS GASGaild doiyd00S RM0 e soRAbLdifblAcidPiiye force
for the i mge nsor 630 fromthe apparatus main body side. 15 Here, it

may be possiblgdfyiised hes s st abo thd ToreGeuniddayd a3 he one
di sclosed in the "specification of Japanese Patent Application Laid-Open

No. 9-201348 girditidd ke ahdmean®iding epegitiatiug nadich et riTgeiri des of
eyeballs. 20 Now, with reference to Fig. 39 and Fig. 41, the description

w |l be made @foriti®lcasmnther3 tilke pownededd witthe QRIC 3 regpd appesay us 600
regi sters authorized personnel. Here, Fig. 41 is an operational flowhart
at the tisre ofeIedirsttradtliesh.tiRFeOmn .t hdheeyresmimik egbtngrgppok tion 711 of
recordi ng apparatus 600, the key code K which is defined by the owner is
set (step S20MWnfcgmhtinm itsh@rovierionalHor istayed PIFEdRe gpmory 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 personal information is stored
and held in the solid type semiconductor device 635.
In this case, if 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 recognizing 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 S201), 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 hdBdERQ)N?
portion 712 and the key code B holding portion 713 of recording apparat us
5 600, respectively. The key code Ais transmtted from the information

i nput and output portion 709 of recordigg apparatus 600 to the solid type
sem conduct or 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
sem conductor device 635 is received by the information input and out put

portion 707 Okegagt%altii@nt,yn@ $R0eC AN Weyl@Wdee Bire axbdiedd on the
key code A hol ding portion 785 (step S204). Also, by the 15 recogni zi ng

portion 702 ofersql ithet ¥R§ SoMieC@Nduyaledyy Sabeviand G3=p t9B00j cdsicn finger
prints of registered person 701 are recognized (step S205). Then, the

voi ces or fingee preild Hy’theakeyhelodeon thud diegpgrirzecn diltZa dwd dting
portion 703 as recogni zed data (step 20 S206). Thus, the recognized data
are encoded daey lkypdeuse hofldihg lpeytdade 74 Dy h hecorsbidy cnRaratyag portion
704 (step S207). The data thus encoded are held on the encoded data

hol di ng porti 600708 espeatiSRiy)., Fhe&araadrat d tHansysiedt F6eMof
personnel authorized by 25 the owner. Next, with reference to Fig. 40 and
" Fig. 42, the tdesdniferingtign Lops thadd Fuime eaddiaer®d e user of 2 8

FEB 2007 q s .
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 S204). 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 S205). 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 S207). 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. FerﬁTBﬁhﬁ'
42 is the operational flowhart at the tinme of naking discrininatig
(recognition). At first, when the user seeks the permssion to 5 use, the
recogni zing portion 702 of solid type sem conductor device that belongs to
the head cartridge 601 recognizes the_vg&cgs, finger prints or the like
721 (step S209 and step S210). The recognized data holding 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 b!e%%?dﬁg gggggngugn%Bb anRd @l RgiRAdHN pefQddie 1 her

recordi ng apparatus gether with the recognized data. 15 In the

recordi ng appaat us xG0Q, Fhg.i NROKERLHAN ot ol GUiNEhaa! tAONEHE9
receives the recognized data of the user and the encoded data thus

transmtted, WhicClhramaxhaldaqrdhiaineeaen 2e%ddaim didding portion 715
and the encoded data hol ding portion 714, 20 respectively (step S212).
Then, the encoded dat &iirst,detegdedhay dser deeode tdat peoomiveritdmgteorti on
717 by wuse of the key code B and decoded data which is held on the
decoded dat a haledi nhepateiciogn i2isg( ploet iSN1 )02 Aff eroltivhttynene decoded dat a
is conpared with the 25 recognized data of the user for reference (step
S214) by t he seatizopdivdoat idey iiger tihart pEg.onds itderithe ihead cirr 1 51€9af i r med
by the conparative reference, the 2 8 FEB 2001 _ )
601 recognizes the voices, finger prints or the like
721 (step S209 and step S210). 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 S214)

by the data comparative portion 716. If identification

is confirmed by the comparative reference, the



93 discrimnating process portion 719 authorizes the user as reg ﬁﬁ
" personnel to enable the user to use the recording apparatus 600 (éfé@f
S215). If data are not identical, the user is yet to be registered. 5
Therefore, the discrimnating process portion 719 nakes the recording
apparatus 600 unusable (step S216). For b e_enbodi nent descri bed above, the
energy supply portion 622 that supplies el ectronotive 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 1ike. Ind%QEQiﬂ%ﬂﬁ@ﬁﬂ%hPrEE@sQrE%QQHoﬁ”bqgi%%Q%orﬁg%er%%gmkﬁﬁﬁ data

of a registered personne hori zed by the owner of recording apparatus

600 is enCOderUJ‘?E?Qs@eréé parkofhekeyocedaplandnchasercadedsdattmd s stored
and held on the solid type sem conductor device 635 of head cartridge 601

as the one thabceaanay hepdeatdedsvit i stiebesaisont | af @attehareemitni ng part
of the aforesaid key code, while the remaining part of the key code is 20
stored and helidehbithe,r ener dspg appgeat e GO refisderedsul t, it is

i mpossi ble to acquire the recogni zed code of registered personnel even if
only thesdevi Therefoaral yheddiskcsamingtange proded sdpox tioindi7dg pwkdsn is
formed in the device 635 utilizing the solid shape 25 thereof, it becones
extrenel y dif theukecpgdanal pppagatas BOOmunisablesi(@deds Sedfpared with the

sem conductor device forned on a flat substrate, thus making it 2 8 FEB
1QOT 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 embpdiment, 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 encodea 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 recording apparatus 600. As a \
result, it is impossible to 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. enbodinent, wth the device 635 being provided with £ReFED 2007
energy converting portion 708, there is no need for the 5 provision of any

direct wiring, thus making it possible to install the device 635 freely
the position in the head cartridge 601 9% recordi ng apparatus 600 where

the personal information, such as voices, finger prints, of the user or

regi stered personnel can be easily read 10 out. Also, for the present

on

enbodi ment, the exanple is described in which the solid type sem conductor

device of 1NhgoOLEReR! rhNUAALHER kheUsAukotyaBetly ot recording

appar atus, bu . ) em ¢ ( \ ;
and hol d personal pj,ptgepatiANactbridnBaswilbhe the ipdertdnfty the person

hinself reliably if the solid type sem conductor device 151 is buried in

the human bodgn,bs@iAsnshowathnthegdev4de 838 detiagt propfidieendartiexasé! y.

is solid type sem conductor 15 device being able to store

20

Al so, it becones possible to receive an adequate treatnent in an accident

or when gettiggeirhly tbnirBetipgobbleieh gbini takrki disomp ofeddhe qersion
hinself is stored on the device. Hereinafter, the detailed description
will be sade pzbvakibheogpaayf ddrexanplieingi, clihius padéfiemgalilty pappdickdl e
the aforesaid security system At first, the structural exanple is
descri bed witho2i8sEEBL26D® 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 adegquate
treatment in an accident or when getting ill 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

to



95 respect to the recogni zing portion 702 that recognizes the regygt ﬁ?ﬂ
personnel or the user. Fig. 44 and Fig. 45 are cross-sectional and %?Jﬁ 7
vi ews, respectively, which schematically illustrate a 5 voice input sensor
when the voice input sensor is used as the recognizing portion 702. As
shown in Fig. 44 and Fig. 45, the voice input sensor uses a di aphragm 802
with silicon base, on a part of which-a9piezo-resistor (silicon distortion
10 gauge) is incorporated by use of diffusion nethod, and on the
circunference of the sensor, electric circuits are integrated to forma
arithnmetically anplifying portion (PNP transistor 801, for instance) 800.
This sensor iresheafedondde meSognifzdag Prrddiond e FERABHARS or
device 635. As the functions of circuit, there are provided such functions

as the adjust i OLsEsGt PeRAIedattot e diS®Ss, the conpensation for

tenperature characteristics (zer.o pojnt d itivity), th | ust _
of zero point, anofgSorfé f’d‘(dotF‘H&'g.‘fan?r%Pd:é:ross%g% ﬁﬁq#%%eﬁﬂ;igfaldénrgi ggnt

possible to add laser trimung fungtion to each |indivi i ilm
resistor (not YStiStr) .re'ﬁ?eecrsqn"fe n’ d’f(i?tc 5% r?mg‘%ulgcea% %@psttteégﬂeerge is

used for the purpose of .detecti t he i brat.i ' ral hong when a
" human prsoducé's()lacesoll?%’dl.t ‘Is‘neglsuoslnu%hemv&:ﬂcee V?Oelcc%gﬁﬂ%{uo@nssf%t%%fjni%es Vol ces

such as by theas ig}%utre(gogxf&izci% d&;lq_qtoqp 4% a mcrophone, the 2.8 FEB 2001

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 circuits
are integrated 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 silicoﬁ distortion gauge 200 adopted here is

used for the purpose of detecting the vibrations of

25 guttural bone when 5jhumén produces a sound. The usualk
voice recognition recognizes voices such as by the

input of voices detected by a microphone, the



96 conversion into the frequency region, and the standardization of

| ength and tone thereof. However, this voice input sensor utilizes HH%E

pi ezo-resistance effect of silicon to make it possible to detect 52 2007
pressure wave vibrations at high sensitivity (usually, silicon gauge
factor is approximately 200). The distogtion due to the pressure wave
vibration thus detected by the voice input 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 pergalersfbsiOinkbdthdbfirsqdetlcyds Tegaohi, 0RRld WV whi ch shows
schematically a finger print sensor when the finger print sensor is used

as the recognigziaAdaPalitzh®Aonls£703nghh ShaWtone Ehgredd. t HoWdéwnger print
sensor 803 wuses a thin filmdiaphragm 804 of silicon base, and on a part
t hereof, finethasi Soiive Liapat ceeasber utd05zek higwepdle zv-oresistprrce s

i ncor porated by use of 20 diffusion nmethod or the |ike. Then, the

resi stance vealffecaf ofheifldsiost itwe maikperd t8@o schidigedohydaftietther or not the
surface of finger 806 touches the fine resistive |ayer 805. Thus, such
changes & e npasssede eavehyidmeitiensr @& & gbhsemisidamv i ntupriivn of 25
finger that has touched, and used for the discrimnation and

i denti fi cati orsidficome grjugge £ agitoRt 1SRRI o¥dmpde 1ys 204 )sonal ¢ nf or mat i on.
Further, on the 2 8 FEB 2007

distortion due to the pressure wave vibration thus
detected by the voice input sensor is converted into
electric signals. Then, the recognized data holding

10 portion 703 holds the input voice signals thus formed
as the recognition data of the registered person.

Also, Fig. 46 is a cross-sectional view which

shows schematically a finger print sensor wheh the
finger print sensor.is used as the recognizing portion

15 702.

As shown in Fig. 46, the fingerprint sensor 803

uses a thin film 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 805 changes by whether or
not the surface of finger 806 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 personal information. Further, on the



97 circunference of the sensor, electric circuits are integrated to form
an arithmetic anplifying portion, hence making it possible to enh&mtl tlhe
identification accuracy still nore. As the functions 5 of circuit, there
are arranged the adjustnent of output anplification degree, the
conpensation of tenperature characteristics, the adjustnent of zero point,
or the like. In Fig. 46, a reference marks QL and @ designate heat flow.
10 Further, Fig. 47 is a structural diagramof a finger print sensor in
whi ch the aforesaid finger print sensor is arranged two-di nensionally,
with the shift registers each controlling the horizontal scan and

vertical scan,ci¥eapetersntsy obethg TONPPRedeleeETiS €XRAPFES fFSeach of the
finger print sensors is_forned in MOSFET npde for this structure shown in
Fig. 47, it DbEHHFRPRESTRIEFD Rt B+ PR L Go2BP e hEFBAaPOT FAPSr nat i on of
finger print by turning on and off the,  drain voltage of MOS or turning on
and off all the 20 gatesh%ﬁcimfﬁfﬁn?ehﬁi?%ﬁs?g¥eoﬁ8 RBPPIGHL 5'®scan in the

tical di Ii catine. In Fig. 4 f [ t
ori zont al swi 1450t UL Eab ot carCatufy AL BEE" G B tPRon EFpaBRsT"™ o
horizontal sui D f _
agzgﬁggu;9208‘+é g%¥%§?€'?%%é€§ §%§2§%f?n§?d:S%%????P%gﬁaﬁﬁg??nfﬁg %gﬂlg?

the user by thg,af OF g8t flose6L5ELY , SYRL CBBmpEhEat48ni 852t BnbEBa2ARE

characteristics, the adjustment of zero point, or the

like. In 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 two?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 requiréd for one horizontal scan in the
vertical direction at a time. In 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 that
makes recording inpossible. The ink tank 901 of head cartridge shQWFEB)07
Fig. 48 contains ink 902 in it by use of a valve 903, and by use of a 5
suction punp 904, the air in ink tank 901 is sucked through the valve 903.
Then, after the interior of tank is setgqgt _a designated negative pressure,
the valve 903 is closed. Wien ink 902 in such ink tank 901 is consuned by.
t he di scharge operation of ink jet 10 recordi ng head, the negative pressure
in tank becomes greater in the negative direction, because the interior

of tank is noh GeORWUAHGAHEH ek thik@ 13k st dhe |ftrddueost ivgayal ue
i nside the tank exceeds the designated value, the neniscus of discharge

nozzl e of 15 iaktirglgeceand pakbeadecoraingwacthgdsdiract oo ieh to
di sabl e di scharges of recording liquid. Therefore, in accordance with this

i nk supply struakusel af pesscastyadger shooin siow)g i sA@rcangeins nsi de t he
tank to detect negative pressure. Then, when the value of 20 such pressure

sensor exceedsnkheodedsingnat &y wsleuef Bheralwas 8O POANG persaimf lat he val ue
of pressure sensor again becones |ower than the designated val ue, hence
control | i5Sng t bactaégat puappPdYdsutde pdirddnt Hatk dridok hstiahtdycked Wt h the
structure thus arranged, the recordin head cartridge shown in Fig. 48 is
used for the thEevgh hbeappdivat 993600 he¢muled far ithfosisieian 2f 8 FEB 2001

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 liquid. 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 value of

20 such pressure sensor exceeds the designated value, 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 r%
not identical as a result of the identifying discrimnation of usdrd E&Z‘”
means of the aforesaid security system the valve 903 is open to 5 | ower
the negative pressure inside the tank by use of the suction punp 904 until
i nk di scharges are disabled, or the |levegl, at which ink supply to the head
becones inpossible ultimately. Wth the structure 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 tQdheldnd BecoReisNan isHdr Midemhdreadan zed Hy tders@s@gni zi ng
portion. As aresult, there is no need for the 15 provision of electrical

connection W tdhath@adaviage hot ildemtsural yasofa eledtirt opams, and the
device that holds the personal information can be arranged freely.

Further, the meRm iffgrinkoladistg iieatdeegrifz etedatyy mesamperadnete i nf or mat i on
may be provided inside the 20 solid type sem conductor device, it becones
difficult to afraisaisucecuerisgnalysteimr ndte omlye 9038 et eyprrlt tanal ysi s,

t hus enhancing the security of personal information. In addition, personal
i nf or mat ison cdrwes 2her @eggtiired pressvare Hinsddd mérsitanlt hibdese ofrake t he
restriction inposed upon the direction of recogni zing such information
smal |l er than tthe ﬁmgﬁip@p@u@p89pg5qynyg 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 reéult, 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, personal 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 sane purpose. Al's
with such solid type sem conductor device provided for the recordin
cartridge or such 5 cartridge is nounted on the recordi ng appar at us,

beconmes possible to provide function to provide function to recogniz
per sonal

in the single body of recording head cartridge or 10

recordi ng apparatus. Al so, in accordance. with the security system of

pr esent

recogni zed data 15 of the registered personnel
recordi ng app
t he key code

t her eof
data as
2007

o,
head
i8t FED 2007

e

information, and at the sane tiqg,_ keep the recognized data wth
hi gh security

t he

nt invention, it becomes inpossible to obtain the recognized code of
a registered pepsesAalic@¥enabyicanahui hayt be devlcc&enlthe hegriise the

aut hori zed by the owner of

Eﬁ@bggeLs encoded by use of the key code A which is a part of
defined by the owner, and the data thus encoded cannot be
decoded but only bgisbhewkey eadh Bouhidchyiple seertmiondug:tpar tdeofiddhe 20

af oresai d key code, and such data is stored and held on the solid type

sem conduct or padeviidedofforetbrdirrgolrddsg teratr icage riviygd @t hmidtey code B is
stored and held inside the recording apparatus. Also, if the encoded data
hol di ng porti caritsifigeméd mpondedt ba ddel cec2Fdimnd iapparates solt d type

it becones extrenely difficult for the outside to anal yze the

conpRec@mgist PosgéR1lpoitei @FoVHae mapchdorortte®PIRY 9| at 2 8 FEB

10

15

20

25

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
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
of the registered personnel authorized Ey 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
aforesaid key code, and such data is stored and held on
the solid 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 portion is formed inside the device
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 appliggWEgsz
the aforesaid solid type sem conductor device. Fig. 49 is a view 5 which
illustrates the electric power generating principle of the energy
generating nmeans that is a constituent gf,the solid type sem conductor
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 la runs through the coi

La by way of theste%kel NAlentasRaRaR 16y Giid sblkitiyheeamanetic flux Bis
generated by the electric current la, which penetrates 15 the coil L of

oscillation circuiiNekt02 +thdeesciri® t iRIneGliNilc beladiet olfa érfersdy owed t o
change, the magnetic flux B that penetrates the coil L changes
accordingly. gEheRatinduaicans ehactr dsntappd ifcabde Yo shgerefiateshih the
coil L. As aresult, the oscillation circuit 1102 20 is incorporated in
spheri cal sil isoandas ypeesgynigenduattiony depdns, . afd d.f 49 drs exanigw, the
external resonance circuit 1101 is arranged outside the device, such as
arranged 5 n t hériiohk ijldusteaded feapgaciinis prverngene@iabl® t he
conductive coil L of oscillation 25 circuit 1102 on the device side to be
pl aced adj acemringcdplige ofoithel #nefr gvh @en@ddtdice maansuithat 655 it side  the

device, it becones possible to generate the 18 FEB 2007 X
constituent of the solid 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 piaced, and when electric
current Ia runs through the coil La by way of the
external resonance circuit 1101, the magnetic flux B is
génerated 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
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nunber

proporti onal

el ectric power that can operate the device by the electronoti

force fromthe outside by neans of magnetic induction. Al so, the mag\r?a f@ 2007
flux B that penetrates the coil 5 L of oscillation circuit 1102 of
N which is incorporated in the spherical silicon as energy
generating means can be expressed by thg“%gllomﬁng formula with the

constant being given as cause it is proportional

product of the 10 winding number Na of the coil La of external reson
circuit 1101 and the electric current la: B=k * Na * la (1) The

electronDtive

e AR Erar s CoPVPRERRTe) (5 eS0T magn

15V--de
flux B is assyged (g B&@%d%o&@% f&%ww Id&ﬂé e G mdHENYH ¢ core
and the 20 nmagnetic il H: = paH( = {pahblara2/2 (ra 2 + z

(3) where thﬁaénb§lbh§nqhgkagge betmeen the COI| of external reson
circuit and the coil which is 25 incorporated in the spherical silic

Now, the nutua
18 FEB 2007

foll ows:
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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
winding number Na of thé 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:

\Y% -N{dB/d4dt}

-kNaN{dIa/4t}

-M{dIa/dt} (2)
Here, if the magnetic flux B is assumed to provide the
permeability of coil magnetic core as pa, and the
magnetic filed as H:

B

praH(z)

{paNalIara?/2 (ra? + z?)%¥?%} | (3)
where the z is the distance between the coil of
external resonance circuit and the coil which is
incorporated in the spherical silicon.

Now, the mutual inductance of the formula (2): M

can be expressed as follows:



- 103 M= {Njlala} f ,B dS { }iara2NaNS/ 2lio (ra 2

+ z2) 3/21 (4)

where the Sao is the permeability of vacuum Then, the inpedance of ¢ REEB 2007
transm ssion circuit 5 which is incorporated in the spherical silicon: Z
can be expressed as follows: Z (w) =R+ {w - (1/(DO} (5 And the

i npedance of external resonance circuit:),Za

10 Za (co) = Ra + jwla - {wW2M2/Z (W) } (&) where the |
magneti zati on. Then, the inpedance when this external
caused to resonate (current value: la at the maxi mum

a can be expressed as foll ows:

represents
resonance circuit is
Zo can be expressed

as follows: 15 Zo (coo)M:=R@pﬁ/hhggg 'l gW2ZM/ R) (7) Then, the phase del ay
of this resonance circuit: can be éxpfessed as follows: tangy = { jLawo -

((002M2/R) }/R (8) And thecpaseRaningygaversy? of £ytRgnal resonance 20
circuit: fo can be obtained as follows: fo = 1/2TL(LC)1/2 (9) Fromthe
rel ati ons descri begnabeveneWhenikhehei ppedaade 1aftyosd haatuuan circuit 1102
which.is incorporated in the spherical silicon is caused to 25 change
foll owi ng the changasngf thak ispatasacien oiftnkhieak ansities sfircequeneynidf ext er na
resonance circuit 1101 changes accordingly. Then, the changes of ink
status 258 FEBh20A7is incorporated in the spherical silicon: Z can

be expressed as follows:

Z () =R + j {wL - (1/wC)}

(5)

And the impedance of external resonance circuit:

Za can be expressed as follows:

10 - Za (w) = Ra + joLa - {wM?/Z(w)}

(6)

where the j 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 Zzo (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 = 1/2n(LC)?

From the relations described above,

(9)

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 frequéncy of external resonance circuit 1101

changes accordingly. Then, the changés of ink status



104 appear in the anplitude and the phase differential of the inpedance
of external resonance circuit 1101. Further, this phase differenti af 828 2007
anplitude contains the changes of ink remainders (that is, the changes of
5 the z). For exanple, with the changes of resonant frequency of external
resonance circuit 1101, the output (inpedance) of oscillating circuit 1102
incorporated in the spherical silicon +sl@used to 10 change i n accordance
with the environnmental changes that surround it. Therefore, with the
detection of this frequency dependability, it becomes possible to detect
t he presence or absence of ink or ink remainders. 15 Consequently, the
oscillation cirppgier iifcdheorapdd tude mme dheemhane differerairbedtised not
only as energy generating neans for generating electric power, but also,
as a part of md&ndmRsAadete @ ﬁ&qﬂﬁ?%iuﬁﬁﬁ994ﬂceiQﬁF%ﬂ%ﬁL%lq%side t he
tank. 20 Now, the description will be nmade of. the net or mapufacturing

d
the solid typ&usdticcondddoPP@sn 8 Fisrantiia . glithI P % td‘é‘ie 50Nt 3 BOG are

views which illustrate one exanpl e af the t had for u LN t he
solid type seﬁ:ih(?oﬁttj"t?d’tgtﬁs c?gvi’ig( ﬁq%@éﬁressgﬁth TShven |oént?§%§%% gF t he
processigg st% S ié represented by the section that runs through the

center t he Q?bﬁ rical silicon. Here, also, the exenplified nethod 2 0

fEB 2007 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 surround . it. Therefore, with the detection of
this frequency dependébility, 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 inQention. Each of the processing steps is represented
by the section that runs through the center of the

spherical silicon. Here, also, the exemplified method



105 of manufacture is such that the spherical silicon is producec} S0 that
the gravity thereof comes to the |ower part of the center thereof, batd MiVe
upper part inside the spherical body is made hollow, and further, the 5
hol I ow portion is kept airtightly. Now, for the spherical silicon shown in
Fig. 50A, the thermally oxidized Si02 film1202 is forned on the entire
surface thereof as shown in Fig. 50B. Aft® -that, as shown in Fig. 50C,
the SiQ2 filmis 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 renoved through the opening 1203 by neans of
i sotropi c et clHifngansifRgtROR 36 v86D thaks ther PG TR 115 Hot S P Hdrti on
1204. After that, as shown in Fig. 50E,  -SiN film 1205 is fornmed, on the

i nner and. ouPErdsgedase thett kbes gAY ypd FERRde WGy 1PAIS kY hdY.

Further, as shown in Fig. 50F, usin al_li D et haod i 206 is
1;:or med on t he P&#s O 5EBYET %%ﬁq?gﬂ%ltd aﬂ}’get FeiEEs " ﬁ%r%] j];aﬂség%%vm in
ig. 50G the film1206 is patter se of i raphi c
pr ocesfs to flor etﬁé’@?&ﬁt‘f&g't %’rodg'oﬁs I'_“%o \?\%ér%oﬁﬂg r?tf@g\r/& %,éﬁhi% (Qgecgrres a
part o cillation circuit. After .t ; olid type device having the
conduct o%sco! Ihol_llf’g &r?rcéé’tht hlgrg(% rt |arslqstvﬁlt€#1 ré\\ﬁm froma vacuum appar a?us to
the air outside tog)ng dhe @eorgaid LPPEsi OREH Nehowk20h Wik, assral i ng

menber 1207, such as resin or plug, 2 8 FEB 1001
the thermally oxidized SiO, £ilm 1202 is formed on the
entire surface thereof as shown in Fig. 50B. After
that, as shown in Fig. 50C, the SiO, film is patterned
10 by use of photolithographic process in order to form
opeﬂing 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. S50E,
SiN film 1205 is formed on the inner and outer surface
of the solid 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 solid type device. Then, 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
thét, 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,



- 106 to keep the hollow portion 1204 inside the spherical type deyﬁygﬂkw7
airtight condition. Being manufactured in this manner, the solid type

sem conductor device itself fornmed by silicon can be provided with
buoyance 5 wi thout any provision of neans for generating buoyance by the
application of electric power. Al so, tbelggiying circuit elenment other than
the coil L which is fornmed on the spherical silicon, before the solid
type floating sem conductor device is 10 nmanufactured, uses N-MOS circuit
element. Fig. 51 is a vertically sectional view which schematically shows

the N-MXS cir iléeegi RNt o %W L 1 dh R4 Sthsfad Wik dAtdais forned
for "N-type well redion 1402 on tthe SI substrate 1401 of P- 15 conductor by

means of i mpurdgtne igee}a atd o At | handi g f  usd 0y aduideniaéaon or
the |ike using%ﬁgmwal MOS process, and N MOS 1451%¥?f0rned on P-type

vel | region 140%hiEhendtiddS 14R0 suudi iV i solusidicderr ek by t he
polysilicon gate wiring 1415, and the 20 source region 1405, drain region

1406 and ot herix séhifclFoidace byndiickeictdt togre by fRdvyipied npirh thesy amcle
deposited by CVD nethod in a thickness of 4000 angstromor nore and 5000
angstromsr | esistHdutougly gatevisisan aifi oredrid fiod 43t dmatigy ibneyam¢ekness
of several hundreds of 25 angstrom Then, the CGMOXS logic is forned by the
P-MOS 1450 argy NH¥OSpipiGica thvn NIVEE ¢ tamnist rerl301 for use of driving

2.0 FEB 2007
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, P-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



- 107 elenent is also structured in the processes of inpurity

i nplantation, diffusion, and the like with the drain region 1411, ;gJIBJW7
region 1412, gate wiring 1413, and others on the P-type well substrate
1402. 5 Here, if the NNMOS transistor 1301 is used as the device driver,
the distance L between drain gates that , formone transistor becones
approximately 10 pm at the nininun1vdlde. 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 pm Actually, however, it is 1/2 thereof: 2

pm because a lahlnkS; $3h38,UseHuBY.ERR a0 2HENPrbEARSES! O ShipddAppousy.

The ot her breakdown itens are t I stance portion between the contact

1417 and the Q%Eaﬁélﬁigﬁ,4d@@f(1§ign:l-5aﬁd2tﬁ@ 1iR8d ke Wndt o i on of
the gate 1413 ich is 4 pm Therefore, the total is 10 pm Between each

of elenents, thgiexi dationsbiukee sepabat ianzregaee ¥4%3nigs 1faaredcaky fiel d
oxidation in a thickness of 5000 angstrom or nore and 10000 angstrom 20

or |ess, thusogepasabnn@hthe-ekeaentil Fhibs tidatled 1@oizdati on fil m functions
as the first layer of heat accunulation |layer 1414. .After each of the
el ement ss5i s for nedHeP8G iBPtB8E&. N-MOBmMtaanishe tioirkd 3i0d deposiede g hytity/D
nethod as 25 interlayer insulation film 1416 in a thickness of
appr oxi mat el ydeéf@eeadgsiveom thedddsvenitend pedvesn drainhgdtidee tkat
preformed by nmeans of heat treatnent. 18 FEB 2007
form one transistor becomes approximately 10 pm 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 simultangously.
The other breakdown items are the distance portion
between the contact 1417 and the gate 1413 of 4 pm (= 2
15 x 2 pm), and the width portion of the gate 1413 which
is 4 pm. 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.



108 Then, through the contact hole, wiring is made by the A el ectroféa
1417 which becomes a first wiring layer. After that, the interlayer FEB 2007
insulation film 1418 of Si02 filmor the |ike is deposited by plasma CVD
method in a 5 thickness of 10000 angstrom or nore and 15000 angstrom or

| ess, and further, through hole is formedggThis N-MOS circuit is forned
before the solid type floating sem conductor device is formed as in Figs.
50A to 50G Then, the FeRAM which is preferably used as 10 infornmation
accurnul ati ng neans for the solid type sem conductor of the present

invention, these itdigh e Qoitae Wik ASq BN GYi € Gv@s thpgtReans, the

sensor portion serving as information input neans, and the like are
connected by vay feddto®f arasaivhidi astomed o £rstererimg gbay&2A to 52C
are views which illustrate the cell structure of FeERAM which is preferably

used as i nforamidOnaccumtatimereara; ihnildtsion hei el 1458 raft 8ie, of
ferroelectric menmory. In Figs. 52A to 52C 20 a reference mark C designates
a ferroel ectrifiilmcapacifieorlikls ishalapasited).bpA adma CVR methodnah avi ew
of structure, the plate line (lower electrode) 1352, ferroelectrics

135. 0., . .%nd upperkred st tafoded 0BG langstrammmpace i and hhd 0P dergsbre®r m t he
ferroelectric 25 capacitor on a sem conductor sSubstrate together with bit

| i ne. 1353 and rkess neanBsarhenschfoudh ks |1s skoxmedire, it becones

possible to formthe cell of 1T1C Z 8 FEB 2007 )
This N-MOS circuit is 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 ferroelectfic
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 semiconductor substrate together with
bit line 1353 and word line 1354. By use of this cell

structure, it becomes possible to form the cell of 1T1C



109 type as shown Fig. 52B, and cell of 2T2C type as shown in Fig. 52C
Al'so, irrespective of the nodes of ink tank for which the solid typgg FEB 2007
sem conductor device is arranged, 5 it is necessary for the magnetic fl ux
(magnetic field) to act stably between the oscillation circuit

incorporated in the spherical silicon by fhe 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 liquid such as ink, the liquid surface may be vibrated due to externa

vi bration SO”%%’EQEQS ;fﬁﬁwﬂrﬁygt.ys%, aaki detYPe£f beati Rgpee s aiduat or

devi ce shoul d establi1shed”so as to keep the stable condition thereof 15
in liquid evep,i pjguchz@ case. As shown in Fig. 53A and Fig. 53B, when the
ball sem conductor device 1210 of this exanple is allowed to float in
liquid, it is necessaby, iase5Pevai8 bEJthB3Aodeko oFatink wame fe@t ati ons
that (1) buoyance F = weight W 20 and (2) the line of action of buoyance
and that of wehgbh thensolhdt typasseniooghuthercdevdceofisgraidryged. are in
agreenment in order to keep the device in balanced condition. In Fig. 53A
and Fi g. 553B, ia isehecensergafkrltHesinggaessci Rul dmagnetrifadeielpl) 25
liquid surface; G the center of gravity; C, buoyance; and M netacenter.
Then, as showtoi acki gtab3B, bakwaehi fhedossiddasd@mSiFER X001
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 liquid 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 liquid 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. 53A,
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 liquid surface; G, the center of gravity: C, buoyance;

and M, metacenter.

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



- 110 by external force to vibrate, and the solid type sem conductgqr
device 1210 is slightly inclined fromthe balanced condition to no §F£B§W7
center of buoyance, the couple of forces is fornmed by the buoyance and
weight. 5 Here, the intersection point of the Iine of action of weight

(i ndicated by one-dot chain line in Fig. 53B) in the bal anced condition
and that of buoyance (indicated by soti¥Qime in Fig. 53B) in the inclined
condition is called "metacenter”, and the distance h 10 between the

nmet acenter and the center of gravity is called "height”". As shown in this
exanple, the netacenter of solid type sem conductor ggé{ce 1210 is

posi tioned hi §He@XteFRRL KOTCENS VOPTG &vi &P FREr SCIrE. WS coupl e of 15

forces (restorin fo%égﬁ acts in t ipectgpn i mhicgﬁit éﬂi i,nal
position of bEPEFCERRSAT 96 18 @g)allﬁe_&. l?ﬁ’ltg‘yr 3t nr?glef orroé'g:tr}ﬁe can be
exPr 9560, 35 L 2l I Gl Lot VISR, WL e V
L oot b B I SV e B MRl e
sufficient conditionn qider fiQ Mk e JAOIN e 8 B HUetion
| 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 poéitioned 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 can be expressed as
follows:

20 T Whsin® = Fhsin®

I

pgVhsine (>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



- 111 force positive. Then, fromthe representation of Fig. 53B, h
becones as given below h = (I/V) - CG5 where the | is inertia ”D”e{?@]‘FE'BZUW
around the 0 axis. Therefore, the relations of: (1/V) > CG becone e
prerequisite of the ball sem conductor device 1210 to float stably in ink,
and performthe 10 induction of electronotive force fromthe external
resonance circuit, as well as to make th&lbidirectional comunications with
comuni cating neans outside the device. Fig. 54A and Fig. 54B are views
which illustrate 15 schematically the structure of ink tank that uses the
solid type sem conductor device. The ink tank 541 shown in Fig. 54A and

Fi g. 54B conpficf&e PIS¥kve chanrber which is conpletely closed and contains
ink 547; a second chanber which is the negatjve pressure 20 chanber

cont ai ni ng negat i ve&sites st g"é}f‘er‘%ﬁl?lfﬁs%'?ﬂ) on Fi9a ¥Rt e?of being
communi cated with the air . out '?Fibecgga and a conmmuni cative passage 548 t hat
comuni cat es W&IPTEHET 5518 gtond chambers at the | owest part of the

tank. Ink in the second ch_anale/ )is_ %consum&d t hrough the ink supply port
549 formed on the porti}bn"o tHe side opposite to the comuni cative

passage 548 side on gifie Yald AN ddilnd G B4 difa 2o REB,2007

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
communicates Qitg}the first and second chambers at the lowest |
part of the tank. Ink in the second chamber 1is
25 conéumed 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



- 112 second chanber. For this ink tank 541, a first solid type

sem conduct or device 1301 and a second solid type sem conductor devippFEBzmn
1302 are arranged in the first chanber, and a third solid type

sem conductor device 5 1303 and a fourth solid type sem conductor device
1304 are arranged in the second chanber. {S shown in Fig. 54A, the second

solid type seniconductor device 1302 flodts near the liquid surface of
ink 547 in the first chanmber of ink tank 10 541, and el ectronotive force is
i nduced by neans of nmagnetic induction fromthe external resonance circuit

outsi de the i K Rdhpel SOFresanantinkl @@MRNGL AN dig-genssaied. On
t he ot her han%?c%%g F?éét solidotype~ sé#iconductor device 1301 fixed to

the upper “ﬁ|ky?% Lo bl niaaink 034 Bekidecasoal esld amitdasd gie dytypgnetic
i nduction fromthe external resonance circuit outside the ink tank 541.

Al so, it receigeas dohfucesenarivide agueneyesiagialinyyegener aired fyrdthe second
solid type sem conductor device 1302, and the sane tinme, 20 accunul ate

t hem on i nf or Bala®e rgC auwdl laatthigdresandid tipet Bemiddndensratdsy iesonant
frequency to communicate the ink information inside the ink tank 541 to
the outsi de. 1303t kind @afeurtthe sfolist typlel ¢emippndwticontuties He¥4ce 1301
and the second solid type 25 sem conductor device 1302 are provided with
different fumcted exsanged time thenstEicond ehamthese devi ces may be inverted

or may be nmade the sane. 2 8 FEB 1007 )
_ 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. Alsé, resonant frequency can
be genérafed. On the other hand, the first solid type
semiconductor device 1301 fixed to the upper wall of

15 ink tank 541 induces electrémotive 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 genefates resonant frequency to communicate
the ink information inside the ink tank 541 to the
outside. 1In this case, fhe 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.



- 113 Next, the description will be nmade of the nmethod for detecting the
amount of ink in ink tank 541. Wth the operation of the first soli d§ 007
sem conductor device 1301 and the second solid type sem conductor 5 device
1302, the ink condition is set.at the initial state as represented in Fig.
54A. Fromthis condition, the first soljd type sem conductor device 1301
and the second solid type seni conductort 'dbvi ce 1302 are |ikew se oper at ed
in the condition where the amount of 10 ink is reduced as shown in Fig.

54B. In this way, the anmount of ink can be detected. Here, the description

has been made of tfg two ol BLS LDELGy §40138d Fige HBndiettisd the

peri odi cal operation of I'rs econd so t ype sem conduct or

devices 1301 gpd 4302ceing! BR-2HRMN tObe HhxCaR hiRxdeband ok one after

another. Fig. shows t anges of ink amounts and the status of

out put signal gpat opBdhtibABorNeWe EResdeseNiinl k9PeWsldmikdomassy the
detection of 1nk anount in the second chanber (negative pressure 20

generating chagbeey, 1801WahahthBe seegald o 1p6e Typee sgatitfatdutorenber 546
is contained, after ink 547 in the first chanber is no |onger avail able.

As shownsi n FiagvibédAl3bhe thir dnkolcbddtiien deniseandiicttdre devitcieal1303 and
the fourth solid type 25 sem conductor device 1304 are fixed in advance to
desi gnat ed posithitenasnrepeeseotrd dhaiber., 54dsspé&atonydihis Rmndixdmsl e, the
third solid type 2 8 FEB 2007 : _
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 beeﬁ 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 in
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



- 114 sem conductor device 1303 is fixed to the upper wall of the é@é@ﬂ&m7
chanber, while the fourth solid type sem conductor device 1304 is fixed to
the bottom face of the second chanber in accordance with the exanple 5
shown in Fig. 54A and Fig. 54B. In this second chanber, the difference in
resonant frequencies is wutilized, which is detected by the third solid
type sem conductor device 1303 and the #btirth solid type seniconductor
devi ce 1304 by use of the anpunt of ink 10 inside the negative generating
menber 546. If the signal output is set in advance so that the initial
state in the second chanber is in agreenment_with the termnating_ point in
the first chafS@LCINIUEFInEeVifisssh %3%ﬁ)ﬁﬂﬁ%ﬂrF?rﬁp%i%ﬂ%?roﬁ?g&togurve
shown in 15 Fi inside the.ipk tank 541 can

. 55, Thus, t t. of .i
be detect ed alq%et %qqqu_séqW%%@vé%l%)hté{eng%%w AT ELpbRBS to the
e harbor e RIS D AT 04 A AT E8 EhENEEPBRNPASL (N

i nk chanber. 5 a plura

. o ¢ bei A - K
sem conduct or O%evg%?sﬁ%cfoler{yi g eégﬁ iaa((:glj#géqgcé %%]11 n.ghgee;{g[g gk tan

541 can be detecte y possible to detect the

amount  ofg i nk 4, . f g, ;éig.t Shanhel @rgl U secondeghanbecohadi vi dual Iy,

Al so, using a pluralit ype sénlcohductor.ZS devices the initia
condi tion in the, sacond rhaidiedefiite ben SEsdhaPr ti6ghencidbersfore, while

storing the full-tank condition of ink inside the ink tank 541 on a 2 8
FEB 2007 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 output 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 output curve shown in
15 Fig. 55. Thus, the amount of ink inside the ink tank
541 can be detected 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 describéd above, with a plurality of solid type
20 semiconductor devices being used, the amount of iﬁkz
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



- 115 nmenory, conparison wth that condition (differential detection) is
being perfornmed to nake it possible to detect the anount of ink myre
accurately. As described above, it is required for the solid 5 tydd FEB 2007
sem conductor device of the present invention to operate using energy from
the outside and discrimnate the amunt;pf ink or the like inside the ink
tank, and then, to communi cate 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 fromthe outside stably, high-level art is

needed, and akgforihe RPaGE o R RN Hnldh tildd (laawedreessa bl e
electric power. Al so, non-volatile nenory is needed so that information

can be kept 13etwicithoul) AsOWedindd pRiiglodihed tal makemas, poididld nf@r mation
can be rewitten as required. Further, it 1is necessary to formthese neans
i nsi de the soldeteictpahesamotortdwdt dnkdeaviree acsiratelgqui res mniaturi zation
thereof. In this respect, however, the usual 20 sem conductor process used
for the other devi @es demrridedagbloved vitt H sanreamhiaetdadeod nhoostad5@. Wt h

t hese aspects in view, it has been found that the FeRAM forned by

ferroel et ricsype gemisgndpaioabldevige off dheabnsseade dmentiin, neans
provided for the 25 solid type sem conductor device of_ the present

i nvention. The@PER&tEc U&iing iegeTely ffigomdihecite1deaEdd g1isfsedimte he

FeRAM are the nmenmory function 2 8 FEB 2007 . | )
the amount of ink or the like inside the ink tank, and

then, té communicate exact information to tﬁe 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. Also, 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 requires miniaturization
thereof. 1In 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 ferroelectrics is optimally usable
as information accumulating means provided for the

25 éolid type semiconductor device of the present
invention. The characteristics of ferroelectric

material used for the FeRAM are the memory function



- 116 wth respect to the electric field, and using this as diele trr}
for the nenory capacitor in the conventional DRAMit becones possi B Efﬁil[][ﬂ
provi de DRAM with non-volatility while naintaining the high speed 5
thereof. Wth the high speed access being possible, and no data being
elimnated by non-volatility even if the power-supply source is unstable,
the solid type semni conductor device canlBé osed for an ink tank
effectively. Wth the accurul ati on of information on 10. such FeRAM it
becones possible to process information exactly, and perform signal

communi cation with the outside bidirectjonall as |1 .,as to.drive this
devi ce at | ow Wl dSPegt tiR et te¢Rkrls l‘?g‘?r o&t c‘f??“&gnglfléﬁi 8F has 15
hi gher dielectrjic constant_in general to nake Jin;eo possiégl etoforma

\(,:\zpaﬁi fjor oal et ¥ApaLTT dhite. %em?]é%:ﬁ:??a i 131 &¥€ communi cati on
i ch does not i ' '
Ot SB ?gg%raavwaiﬂé‘%% ' P pggc?cl,,ﬁ%,g $§}é¥‘f§fet{‘8 éggg\iﬁgknﬁﬂﬁ

recordi ng appacf‘%lf‘ﬁ sane Ti reedom conmuni cati on

e

i nduct ance of “coil torne e Sso type sem tonduct o ice as L,

and the capaci{nrgop! GRDAE 0L KOLAPELLOR LbEessOblinbypEsseRneonduct or

device as C, the communication 25 ftequency of the solid type
seni conduct or gdeyigs &afa beioPtal NRdnbYeaheyf pbhovbngti ol eyl aved 8£FEB
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' the power-supply source is 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 of 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:



f 1 2n,/LC Therefore, when the ferroelectric material of FeRAM serving as
information accunulating neans is filned, it is possible to make th@§ FEB 2007
capacitance C grro#er 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 freedom of comunication
becones nore accordingly. Now, the deserlpiieon will be nade of the nethod
for manufacturing the ferroelectrics used for the FERAM 10 serving
information accunulating 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 met hod,of manufacture described in
conjunction wth Fig. 56 is to form the oel ectrics using ECR plasma
CVvD nmet hod and (Ba-Sr) Ti 03 (BST: bar i unffvtinat e strontium as structural
material of thin ferroelectric_ filmof_ FeRAM serving as infornation

accunul ati ng neans BEIRL SR | d”r}%etréeerﬁec‘iﬁﬂﬁjﬁlﬁcoﬁr]o‘é%%@rﬁ the material

Ot o, AT S Ao FFE AR B it 4 ano co
R st R (e T R LI SR
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], Sf (pbPM),, 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



t he chanber 1362 of the apparatus with Ar gas as carrier shown in Fi g .56,
Also, the Ti(Oi-C3H7)4 is hubbled by carrier Ar gas to be supplied ZlgﬂnE@ 2007
the chanber 1362. Meanwhile, the 02 gas is also supplied 5 into the

chanber 1362. In the chanber 1362, spherical silicon is held on the
sanpling stand 1363. Then, mcrowave of 2.54 Gz is induced into the

chanmber 1362 through magnetic coil 1361 P make the aforesaid materi al
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

Lre SMes 1ia% AatheRD 1A82°WE 3AR AbpRRARLCAl b Pk Uk L Ne SATPl i Ng

stand 1363, thin ferroelectric erroe c materials is

produced. It 1398y benpessihl ¢i60 8rabl &1ke sa@pling Stang 1362 to

rotate or to nove in order to formthe thin ferroelectric filmuniformy

on the surface@b1edPRY icadrisd hgORas! Rot bieS s ada iidi® daseri ption has
been made of 20 the aforesaid nethod by use of ECR plasma CVD net hod, but

the method is dnembRecassar.i | yelanwhiad ,t heleey. gaBessdassbhsspptiead, it may
be possible to adopt plasma CVD nethod, thermal CVD net hod, MOCVD
(Mol ecul &  Origadi &heVihambleliod 36gput tTer ithg refamber dr3ae dpherfoal 25 the
formation thereof. Also, as the materials of thin ferroelectric film it
may be possi blsdlticonsds bhediddes tthesesatgddmicbedtaddd 1883 .2001 - 119
Then, microwave of 2.54 GHz is induced into 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.
Besidés 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 film,

it may be possible to use, besides those described



above, PZT (zirconate titanate: [solid solution of PbzZrG3 and

PbTi O3] ) : Pb-Zrx-Ti |l -x03, SBT (bisnuth strontiumtantal ate): Sr-Bi g-ﬂ'@%@qﬂm
SrTiaB (STO strontium titanate), BaTi3 (BTO bariumtitanate), of

(PZT, 5 that is, netallic oxide formed by adding La to the solid solution
of PbZra3 and PbTi3): (Pb, La) - (Zr, Ti)03 or the like. As the

bi di recti onal conmuni cation nmet hod adopt @d9 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 frequencies of quasi- mllineter wave to mllinmeter wave band. In
this respect, abhevelesRZT ptibrncondte beivanetef [481lidesolbkine off reception
and transm ssion in the wreless LAN system Now, hereunder, the data
transm ssion fPom@hansoPbdiCpe: Benfesndudt 5P: de¥BEelbismakl recording
apparatus will be described; on the contrary, when data is transmtted
from the recor¥FRen B ok Brlate) d%rt%lfﬁ@ée)l i TP (SR ¢ SRR blum
device, discrimnation is also possible by the data |ID which has been

di stributed tottHPateahsnBEI%n (&Y r daditim i anpe) 're%‘be%rt?'@efg.ZTFor t he
solid type sem conductor devjce on, 1.§Sion_si ach portion

h 25 ,
of the line nohidbris: fB¢t2H h<a|?’ﬁb‘§egé%’8 (ra g:%afngnﬁacﬁgcﬁﬁﬁg, and
error  processing, § Ss8 LA198% s 818! &P SRS, NPu3PRANALUS A B FEB 2007
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Ti)O, or the like.
As the bidirectional communication method adopted
for the systems using the solid 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
r transmission from the solid type semiconductor device
to the recording apparatus will be described; on the
contrary, when data is transmitted from the recording
20 apparatus side to the solid type semiconductor device,
discrimination is also possible by the data ID which
has been distributed to the transmission and reception
sides, respectively.
For the sblid 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



on the reception side, each portion of the data handling, acknomﬂqﬂg h
error processing, and display is arranged, anong sone others. Fig. aﬂf@ %
fl owchart which shows the procedures 5 for the solid type sem conductor
device on the transm ssion side. Wen data is transmtted, the initial

setting is made in accordance with the prearranged comunication protocol,
and then, the address on the reception'side is set for transmtting 10

data. If any signal collision occurs during conmmunication or no
acknow edgenent is returned from the device on the reception side, data is

again_transnpit ed, BELAG10ACLakLONeabiCpbiagod! Bltisneathed he absence or
now edge

presence of ac nt are i ndicated on the display screen or the

li ke providedy,[,aq:hie Lekabw1RAgRRRALAL HEreR PhededGaRly Oans de, thus
enabling the user to"respond and take action exactly on the respective

operations. Figgsp28y $saafi-awglar,t awbhghsshews thlee-sprocedures 20 for the
recordi ng apparaFus on the reception side. On the reception side, the line

monitoring is alwaysgons7 amdawgebwcharavahliahi lshiowsoft haddressdfran t hat
side own is ascertained, data are fetched fromthe |line and accumul ated
on the buaffer ror the s®BiladmeEspey semiciondgu2doredeptiicen,on fthd ock mar k cannot
be acknow edged per 16 bytes or the checked suns are not identical due to
erroneous det échnemigsdoessigket.er Whiga defrpl disi drragfsmittegl FRRQ007

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 procédures
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 ascertained, 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



- 121 reception, the current reception is suspended. Then, line is

noni tored again, waiting for the arrival of header. If reception i

conpl eted without any errors, the contents of reception are indic&ﬁ%ﬁﬂbwﬂ7
the display 5 screen. For the solid type sem conductor device of the
enbodi nents descri bed above, the magnetic induction generated by neans of
coil is used as external energy for suppRy¢ing 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

mat.erial that changes.the resistive values by the irradiation of |ight
(phot oconduct oFeCeRF 1M st e eFUF LS cBCEBP bR r 45 eSYSPENEEEr | cTPBRer with
hot oconducti ve, ef fect thus oduced. As. the ot oconduct or, . Cds, I nSb or
P 0BeH00To o CHte B8 HBP™T bR Sb At Re. HR ST DT “CRFI BREIvaLAgE o |
Va-Si, or the like is u @ble. gyrthfr, mhef pegtw£§-us§g as elggggonntive
force, it 20 i%eﬁﬁ%gfblg toTGRRET Y et 21 GRTP TR EOEF "By hedfe SFX°FFant um
effect of radigtio o] c Ld.t
gﬁé.QoﬁPﬁ%g%y§%g@%%%&€%§£e§¥e.f%&Q?aEQS.88 il &E§P§ay

I
sem conduct or device e invention i S prefera

applicable to the ink jet printer which makes it 25 possible to detect the
i nformation of |Hi and tank as well related to the ink jet recording

printer that printg,pniRe 60148 fPposheehiBYndnktdrogketisedbecharged 2 8
FEB 2001 '

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 wifh 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 is 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 semiconductor 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



122 fromthe recording head to which ink contained in the detachably
nmounted ink tank is supplied to the ink jet recording head, and 2007
comuni cate such information to the ink jet recording printer in or er tg
control the 5 printer with an adequate nethod or to enable the ink jet
printer to control condition inside the,jyk tank to- - maintain it optimally.
In this respect, although the outer appearance of the ink jet recording
apparatus is not shown for the 10 present enbodinent, if the outer cover
may be arranged to be sem -transparent, and also, a sem -transparent ink

tank is made Wsghl enel FERbr82AgPRAAORLEANAEN GARMURBNGRLINAG TRAhe TheN,
the user can observe the |gh? condition of the tank to easily notlce such

15 condition ggta &ﬁ951§hﬂahﬁlteg LaRl 2ead’ isl BubBiSedato thke iuger
pronpted to replace tanks. (The button of the apparatus main bod] has been

arranged to beecbkhuﬂgnaéad,caﬂmeabmnallbya_tebupchpahfbtrhmnwmmtr@y-
i ndi cate several functions dually to nake it difficult 20 for the user to
noti ce the comhkRntstokecotdingt ponntear inedrdert he wantaioll itdle bei ng
illumnated.) The solid type sem conductor device of the present invention
conpri ses§ neapsihbtercwmvbr ahngdegtieteame thiodr gy, tveanabiler tdist dink ng
external environnental 25 information and information accumulating nmeans
whi ch  oper at debyprhateretgy cradizods aondifjonhiigsdfer gre davy draigtareans;
di scrim nated neans for conparlng the 2 8 FEB 2007
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". In this way,
the user is prompted to replace tanks. (The button of
thé 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

operate by the energy made usable by this energy

converting means; discriminated means for comparing the



- 123 information thus obtained and accunul ated information for

di scrimnation; and information conmmunicating means for comuni cai§rfgBt2667
i nformation thus obtained to be displayed or communi cated to the outside.
Then, with 5 information accumul ati ng means that uses the FERAM which is
formed by ferroelectrics, it becomes posshhle -for the device to
efficiently obtain the environnental information that surrounds it, while
utilizing the spherical configuration fully. Further, comrunicating 10
means is arranged to receive signals fromthe outside, and obtain

i nformation i nACHAaME M JdsiaNAfa dddisni eeedy ethrdRRAL i ¥hen the
result of conparison between such information and accunul ated i nformation

is transmttethrt @itdea-igditns tde i ;0g8id1&in M tria £ 16n 1Sohied d@t 10§ hBHASs

recei ved, the accunulated information is stored on the FERAM which is
non-vol ati | e meYOemrfwTied: iy ftete dal fietinid €50n hemee dmtkanged t tposei bl e to
performinformation process exactly, and execute signal comrunications

Wit h external dmparagteds dii diomeminigretdd/ 120 tdie hhwgths sgeed Einein | owmi bl t age.
Further, with the wutilization of ferroelectric material of FeRAM as

capaci tor5 it indpomed ives sidsuaula tiigikee mean < afset tesee thd BeRAM t ype

sem conduct or device larger so that the degree of communication freedomis
enhanced when WHeER S ssfamread) iy SERTBHRREDICHe i P eentemi Rasesbhpt h t he

outside. Also, with a plurality of solid type sem conductor i
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 comparison
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 it 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
.0of 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



2 B FEB 2007 - 124 devices arranged in an ink tank, it beconmes possible
to comunicate in real tinme such information of ink contained in the ink
tank, pressure inside the tank, and the |like to the outside, such as an
ink jet 5 recording apparatus. For exanple, in order to stabiliz; i_nk &et
di scharges by controlling the degree gflﬁgggtive pressure inside B 1hEB 2Nk
that changes from tinme to tine along with the ink consunption, it is
required to provide the capability to operate at high 10 speed with | ow
power dissipation, as well as the optinmal size of the device owing to the

restriction igERAsed WML avRidrabidi tead, sPaasecidd gdestri1aspscts in
view, this device advantageously stores accunulated information on the :

FERAM whi ch i gotmiumadate 1% frerdioalierd rdush tihfaekat ivh reguiienent s.
Further, it is structured to supply in non-contact the external energy

whi ch i s neededntt@iteidven htesdlnkd tdnke meys forduciHideledh« ecaniber ef or e,
there is no need for the provision of energy supply source for actuating
20 the devi ceandsitiie tihdke rdo ttdmek cort <figte t Feuqir ;8 saronirdd jéthe energy
supply wiring to be connected with the device, thus making it possible to
use the devi caecording lapegiriadmsvherer teanpdief f iioularder sted up any direct
wiring wwth the outside. 25 For exanple, when the electric power is used as
energy to act g&B®ilHEedapkcdet ki sehadigas Ay csintilking ddve | degrem

circuit is forned to be wound around the
of negative pressure inside the tank that changes from

time to time along with the ink consumption, it is
required to provide the capabilit& 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, this 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 fdr 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 possiblé to use the device in
the location where it is difficult to set up any direct
wiring with the outside.
25 For example, when the electric power is used as
energy to actuate the device, the conduction coil of an

oscillation circuit is formed to be wound around the



2 8 FEB 2001 - 125 outer surface of solid type sem conductor device as
external energy converting neans. In this way, by neans of mgn?fﬂ;@ﬁ

i nduction, electric power is generated in the conduction coil be Z@We
external 5 resonance circuit and the oscillating circuit, thus making it
possible to supply electric power to the device in non-contact. In this
case, since the coil is wound on the. out@ -surface of device, the
intensity of inductance of coil 10 changes dependi ng on.the ink remainders
inside the ink tank, ink density, pH of ink, for exanple. Therefore, the
oscillating circuit changes the oscillating frequency in accordance with
t he changes ofoudigdh SUGfRRS fcesolif thyne aniGandT P HHMEEL RSsible to
15 detect the ink remainders inside the ink tank or the |ike based upon
the updated cH¥iGERad FEHIN AIHET FHRGRERRS - THeh, P i PY ype

sem conduct or device js rovided with a hollow portion in order to float

in 20 |iquid, "ERPsihL M2 § | RGO G TGNy BF device is

fornmed to be set at .the position | r. than .the ter. .0 i For
exanpl e, t her BE2&en -0% hceonrée)u\(/:\‘%rld)lnngc%lelag)eatﬁg Thi %n%?%ﬁrﬁ &d on the

ink jet ecorrdeisnoqlaa}pcoear .t%fngﬁgﬁ gtlﬁeerésaéd{]y][% -trp&lt{fsgr% (Z:gtlﬁp%l de the

ink tank To sway up and down, i ght an ats stably

in ink inside g hhe ke goidepibids SRSEGH idbddeid fonamtionced ink,
pressure
device in non-contact.
In this 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 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, t+he solid 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



18 FEB 2007 - 126 inside the ink tank, and the like, in good precision.
Moreover, it is made possible to hold the coil of oscillation circ étF
formed for the device described above on the position which is sta FER &7
with respect 5 to the coil of external resonance circuit, hence enabling
the bidirectional conmunication to be made stably all the tinme. 18 FEB
2007 127 WHAT IS CLAIMED IS: 1. A sotil2éype sem conductor device
structured in the solid formconprising: energy converting neans for
converting energy from outside; and operating neans operated by energy
converted by sai.d_energy converting neans, wherein the energy converting
neans and t he Hperda ithe Mdadande Mt dtsorkdiess ot FPhRTear S0P f ace of

spherical. silicon constituti grgathe sol | té/tpoe sem conductor device. 2. A

solid type sedfUi¥ifctortded P RIH IR oF° A% He it ki o sai d
operating neans is valve nmechani smfor eni d closin ssage. 3. A
sgl id tyge serﬁst%]ﬁ]tﬁ?&lbqn devic r1’-&c oolf'nlﬁ%geoqro tr}% :‘%ﬁlfe vélee eI?%b% igd val ve
nmechanismis ed f cant aj . keepj tjVv S LNn.t he
interior the?ge%%pﬁqooqlcot%{set ?qoustglpoﬁlesqgfﬁég} gigji %é@%ﬁi@%n@ﬁgﬁé&éet

5 to the coil of external resonance circuit, hence

enabling the bidirectional communication to be made

stably all the time.



negative pressure inside said container in accordance wth negativ@BFfBZM7
pressure in the interior of container. 4. A solid type sem conductor device
according to Claim2, said valve nechanismis providedwith a novabl e
portion displaceable by electrostatic attraction. 5. A solid type

sem conductor device according to C.ai_m 3, wherein said negative pressure
adjustnent is nmade by opening said sage by the operation of said valve
mechani smto induce the air outside into the Zz6 FEB 2007 128 interior of
sai d cont ai ngpawhes CbaIimegafdiSve pressure inside said contain becones

high. 6. A solid type sem conductor device according to 5 Caim], further
conprising pressuiie deBesbildg rrassemorodéueter ngeliégat PYEURFEE&re i nsi de

sai d contai ner tBX Qgg@% ?ES%@QQQHQXSEQQEQy converted by said energy

converting neans, “sai pressure adjus nt means adj usting ne a{ive
pressure inside sahdrgyntcanner ting m@aaécéﬁéaﬁ@éVﬁF%hHEh%n?E%%I Tt
det ection byoéeggdepr%féyre detecting neans. 7. A solid type sem conduct or
devi ce according’to’ alm 6, wherein said pressure detecting neans is a 15
pressure sensor ppPPera&dng @ﬁadﬁhﬁﬁﬁéaﬁﬁﬁobﬁeﬁnﬁygyp6P9¥?FFEgnb¥iIn1to

det ect negatLye3pegesuie doRwiede ingamdagant ai ner utilizing change of
resi stive val ues bé §@g di spl acem%ntr of s%;ed ndsi a nhé agm o206r8a. i’% solid type
seni conduct o¥Ng&¢iEe tAG & t%?n(ﬁzﬁﬁﬂ%” erel n said peréil nmeans i s

i nformation means are incorporated on a spherical surface of
spherical. silicon constituting the solid type
semiconductor device.

2. A solid type semiconductor device accoxding to
Claim 1, wherein said operating means is valve

mechanism for opening and closing passage.

3. A solid type semiconductor 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 said container in accordance

with negative pressure in the interior of container.

4. A solid type semiconductor device according to
Claim 2, said valve mechanism is providedwith a movable

portion displaceable by electrostatic attraction.

5. A solid type semiconductor device according to
Claim 3, wherein said negative pressure adjustment is
made by opening said passage by the operation of seid

valve mecheanism to induce the air outside into the



comuni cating neans for comunicating information to display inforqmq@gqm7
externally or communicate information to the outside. 25 9. A solid type
sem conductor device according to Claim11, further conprising recognizing
means for 2 0 FEB 1007 - 129 recognizing personal information and hol di ng
said recognized personal information wfh actuation by electric power. 5
10. A solid type sem conductor device acco?ding to daim9, further
conprising means for encoding said recognized personal information. 11. A
solid type sem conductor device according .10 to Caim 10, wherein neans

for hol ding s3idoLGee0RZ el PRRUAndN IR Ay {ANGRL LSOl d Lype

sem conduct or “devi Ce. sol1d type sem conduct or” devi ce according 15

to Claimll, wheneie 43l dof teliniaricak gy he 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 a circuit is
formed on the portion facing said hollow portion by use of oxidized
mat eri al extingui skabl & ky1ax dgtpedkenlitonietddnd derpieces et axardlitoeg oto devi ce
according 25 to Claim 11, wherein nmeans for encoding said recognized
per sonal 5 nf oCmatimon ,efoedeert mempaticginy gd- dssfwreradetacting 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
said 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 informafion externally or communicate
information to the outside.

25

9. A solid type semiconductor device according to

Claim 1, further comprising recognizing means for



by use of a part of a; key code, and a part of said key: Z 8 FEB 7007 -

130 code is provided by external apparatus, and the encoded data cannot

be decoded but only by the renmining: part of said key code. 5 15. 2§ $6B 587

t ype sem conductor device according to Claim9, wherein said personalk. ...

information is voice, a finger print, or an iris of eyeball. 16. A solid

t ype sem conductor device according 16 #£89Craim 9, wherein neans for

hol di ng said recogni zed personal information is inmage nenory for holding a

patterned image. 17. A solid type sem conductor device according 15 to

Claim 16, wherein said inmage nenory is formed by a non-volatil e

seni conduct or . TASRIN THIF PeEFRAZE i REXETREHP dave cRO4EEBFIFAGI to O ai m

15, wherein, the iris of eyeball_is obtained by, 20 ipage, sensor. 19. A

solid type serfREPRREIRF REFFXRALERFAFRAYELLD %}E?n?ﬁFugﬁFPHe Yconpri si ng:

information acquirjng neans for acquiring external 25 environnental

i nf or mati on; i?ﬁ?ﬁ?ﬁéﬁcﬁP%ﬁEUnulating means for accunul ating information

to be conpared with acquired information by 2 8 FEB 2007 131 said

i nformation acquiring neans; and discrimnating neans for discrimnating

the 5 10. A solid type semiconductor device according
to Claim 9, further comprising means for encoding said

recognized personal information.

11. A solid type semiconductor devicé 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 so0lid type semiconductor device according
to Claim 12, wherein a hollow portion is formed in
20 solid type semiconductor device, and' a circuit is formedz
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 a: key code, and a part of said key:



necessity to conmuni cate information by conparing the acquired information
acquired by said information 5 acquiring means with the correspondZfdEf 2007
information accurulated on said information accunul ati ng nmeans, wherein
said informati on comruni cati ng nmeans di splays the information acquired by
said information acquiring 10 nmeans externally or comuni cates said
information to the outside when said di$86i m nating neans discrim nates

t he necessity of conmunicating information, and said information acquiring
means, said information 15 accunul ating neans, and said discrimmnating
nmeans are also operated by energy converted by said energg converting
means. 20. A swidel i meresskdeitlicrore s PREEDIES n@td0tke enarard,
further conprising: reception neans for receiving signals fromthe

outsi de; and iddFtr reant ReuirfedshPHeMRLY RY a8y PARFoPfati on,
wherein 25 said informati on communi cating nmeans di splays or conmmuni cates

i nformation st¥AEY ¥RY GO 1 nf or mati on accunul ati ng neans i n accordance
with signals received Z8 FEB 1007 - 132 by said reception neans, and said
reception neans and said information accunul ating neans are al so operated

by energxs 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 solid 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 8

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



converted by said energy converting neans. 5 21. A solid type sem carfIEER mo7
device according to Caim1, further conprising: reception neans for
receiving signals fromthe outside; information acquiring nmeans for
acquiring external 10 environnental information information accunul ating
means for accunulating information to be conpared with acquired
information by said information acquirihylneans; and discrimnating nmeans
for enabling said information 15 acquiring nmeans to acquire external
environnmental information in accordance with signals received by said
reception nmeans, and conparing said acquired information with the
cor r espondi ng S AP IR R SFIGTF Y PSaNr @Y on accunul ating means to
determ ne 20 whet her, or not said %%%g%%e% information satisfies designated
[ [

condi tions, wherei fISAT RS | ortiiini qﬁﬁf%ﬂ%ﬁ%?%i%%?ays at | east
e resul ! o RPN S S R S BT O
R L LR R A e
means. 2% A Sacéd&rtﬁ%e L NI U eGSR Nhformation
accumulated on said information adcumulating 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
communicates information stored on said information

accumulating means in accordance with signals received



to Claim1, wherein said information conmunicating 5 neans di spl aygg ¢p gd'
comuni cates information to other solid type sem conductor devices. % .U7A
solid type sem conductor device according to either one of Claim19 to
Claim 21, wherein said 10 information accunul ating neans i s FeRAM f or ned
by ferroelectrics. 24. A solid type sem conductor device according to
Claim 23, wherein the structural materiall®? said 15 ferroelectrics is

PZT, PLZT, SBT, SrTi (O3, BaTi 31 or (Ba-Sr)T103. 25. A solid type

seni conduct or davised daFese@itiger ¢S A™PH, wherein said reception neans
receives 20 signals fromother solid type sem copductor device. 26. A
solid type sem condsétist t@egnddoic i@ SR MEATINEPRi n sai d

recepti on neans receives signals fromother solid. type seniconductor
device. 25 27.acgusplliating@esas SHUFATT WATELAOrE "G to daim 1,
wherein the external energy converted by 2 8 FEB 2007 134 said energy
converting neaf®nvVEtRshbYedait FHRT Bo AT Y9I AT d type |

sem conductor device according 5 to Caiml, wherein energy converted by
sai d energy converting neans is electric power. 29. A solid type

sem condugt or devi cg,jaccqraing , 4,9 61 thek; 00l & A dy 18t At il

wherein said

to Cléim 1, further comprising:
reception means for receiving signals from the
outside;
information acquiring means for acquiring external
10 ‘environmental information,
information accumulating means for éccumulating
information to be compared with acquired information by
said information acquiring means; and
discriminating means for enabling said information
15 acquiring means to acguire external environmental
information in accordance with signals received by said
reception means, and comparing said acquired
information with the corresponding information stored
on said information accumulating means to determine
20 whéther 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 communicates said
25 result to the outside, and
said reception means, said information
aécumulating means, and said discriminating means are

also operated by energy converted by said energy



10 informati on communi cating neans al so displays information on or

comuni cating information to other solid type seniconductor devicel8 368 7087
solid type sem conductor device according 15 to Caim1, wherein said

i nformati on comruni cating neans is light emtting neans for converting the
energy converted by said energy converting nmeans into light to display
externally or communicate information t0l33aid outside. 20 31. A solid type
sem conductor device according to Caim30, wherein said |ight emtting
means is structured to emt |ight containing wavel ength within a range of
300 to 700 nm 25 32. A solid type sem conductor device according to Caim
30, wherein saahvegjhinemearnsg nmeans is 2 8 FEB 1007 .- 135 structured to
emt |ight having wavel ength of 500 nm 33. A solid type sem conductor
device according to Caiml, wherein the external energy converted by 5

said energy converting neans |s electronptiwgﬁéorce b¥, eIectroaggnetic
i nduction, heat, |i%ht, %rS¢aid &t¥RFy STEHRONEAICL FPTHCT yPRCREM E8nduct or
devi ce accordiing 10 to Caim1l, wherein said energy convertjng nmeans is
provi ded wi t h ¥hé&bbiutt d’fahec%‘?ltn ETicn s‘crf’%fxé{??%hon c%/?r&‘ﬁ??l?%{?l’g%ner ating
eleCtrlclyowe%éQﬁs displays on or communicates 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 ferroelectrics is PZT, PLZT, SBT, SrTiO,, BaTiO,, or

(Ba-Sr)Ti0;.

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 typé semiconductor device according

to Claim 1, wherein the external energy converted by



el ectromagneti c i nducti on between external resonance circuit and .said
oscillation circuit. 15 35. A solid type sem conductor device according to
Claim 34, wherein said conductor coil is forned to be wound around ?E
outer surface of solid type sem conductor device. 20 36. A solid tﬁ%ﬁ B 2007
sem conductor device according to CGlaim4, further conprising means for
generating buoyance to generate buoyance using energy converted by said
energy converting nmeans. 25 37. A solid type sem conductor device accordi ng
to Claim1, wherein said solid type sem conductor 2 8 FEB 2007 136 device
is provided wig} @ @l Reklelr @ rig e (0 sufﬂgla.ﬁed)rli.rﬁ_r@tﬁﬁ-l gnat ed
position on the liquid sSurface or in liquid. 5 38. A solid type

sem conduct or deMiaeq .according to Claim 37, wherein the center 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 conduct or devi o8 .aceorstilig tyweClsamic3Bdudieneidevinee neterehing of

solid type sem conductor device is placed above the center of
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 also 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 is
structured to emit light containing wavelength within a
range of 300 to 700 nm.
25

32. A sblid type semiconductor device according

to Claim 30, wherein said light emitting means is



15 gravity of said solid type sem conductor device at all tines.

10

15

20

25

28 FEB 2007

- 135 -
structured to emit light having wavelength of 500 nm.

33. A solid 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 solid type semiconductor device according
to Claim 34, wherein said conductor 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
buoyande to generate buoyance using energy converted by

said energy converting means.

37. A solid type semiconductor device according

to Claim l; wherein said solid type semiconductor



10

15

28 FEB 2007

device is provided with a hollow portion in order to
float on a designated position on the liquid surface or

in liquid.

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.



