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1 SEM CONDUCTOR DEVI CE, | NK CARTRI DGE, AND ELECTRONI C
'DEVI CE CROSS- REFERENCE TO RELATED APPLI CATI ON [ 0001]
This application clains priority on Japanese Patent
Application No. 5 2006-067426, filed March 13, 2006,
the contents of which are |n&orporated herei n by

r ﬁgﬁgfeesen [ an%Jg&hE re a%l: H?]B@ sem Cgkég:g?gﬁ(ﬁa DEVICE

device, an ink cartridge, and an el ectronic device.
2. Related Art [0003] There are conventional nethods

of nanagin i nk_consu ion of ink 15 cartridges in
orintere ofeRASSHHTERINGT JOREhA TFBAPS6HATTAY

[ 0004] An exanpl e of such managenent nethods is one
[0801¢h cahsuippliesion nlimTpmyityph i gpanbse Rasénn d pplidatinaN®. t o
integrate the nunber of ink droplets ejected at the

2006-06 74269 fi ke Adaraln 43,1006, 208 bdtiterd$ of WhichBFEAhE&SPordded herein by
mai nt enance. [0005] However, this managenent net hod of

réfgfeg%_software to calculate ink 20 consunption has
probl ens such as the follow ng. [0006] There is weight
variation in the ink droplets ejected in the head.

[ 0007] Although this weight variation of the ink
droplets does not affect the |ma$e quality, it causes
i nk consunption amunt accunul ate in the
ink cartridge. [0008] Consequently, the remaining
lahwhnicaldfieldnk obt ai ned by cal cul ati on and the 25
actual remai ning anount of ink differ, so that ink

[0082Ri nSThapilekemt invintéai felated 9@ a @Mﬁi&oﬂductdi@l@@fﬂe tandnk cartridge, and
remai ni ng anount of ink is displayed as zero. [0009]

aVSRESoAY&iR0t | ced that exchanging a used ink
cartridge wth a new one even

2. Related Art

[0003] There are conventional methods of managing ink consumption of ink
cartridges in printers or the like that use ink for recording.

[0004] An example of such management methods is one which calculates ink
consumption by using software to integrate the number of ink droplets ejected at the
recording head and the amount of ink absorbed by maintenance.

[0005]) However, this management method of using software to calculate ink
consumption has problems such as the following.

[0006] There is weight variation in the ink droplets ejected in the head.

[0007] .Although this weight variation of the ink droplets does not affect the image
quality, it causes ink consumption amount errors which accumulate in the ink cartridge.
[0008] | Consequently, the remaining amount of ink obtained by calculation and the

actual remaining amount of ink differ, so that ink remains in the ink cartridge even
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when ink remains results in a waste of the remaining
ink. [0010] In order to solve this problem Japanese
Unexam ned Patent Application, 5 First Publication No.
2002- 283586 di scl oses a technjque that uses a

pi ezoel ectric device to moni4 or t he remai ni ng anount

tﬁ&.}gﬁqge ﬂe{ﬁn i’h”néeeﬂﬁmﬁ;%f ﬁﬂ(qgglsPl[ag?odlgs] qgﬁCCOr di ng to this

rai Ni g anoun I'n the i nk

an be, npnitored uysing changes.jn the
[{i@g’inan "P 2 %P%‘P FOEHEREA Se\‘zlu g‘fg"}"f © ifhfijpew one even
ener at ed by residual vibration of a vibration unit of
whea inj wpgiissesuits i aweste ef thegerpgomginidowever, in
Japanese Unexam ned Patent Application, First
[¢018] i caln endefNo solv2 R pdBRa8 dapdnee SmexaminesltHatent Applidasion,
conpl ex and the acconpanyi ng system al so becones

FaoiAl itatidn 106, 2862283 I8 Asse 4k kdtBnig @S thet uded 8 pkoelectric device
Furthernnre when the ink cartridge is set inside a

l. ed to the
t(pﬁ)leizig(geriﬂe1 r| C g%é@g%tg‘gn ac%g%lg(g%{rﬁ%t term nal and
15, el I onnect.ed to it
l@f}ﬁﬁ o ARy E F R b SR B RE P oL a1k 0 ink garidee
the electrical contact point between the |nk
cthbe MpRigrediitng ehanges in the iemmanembieansaeysoliforsideal (vihetion signal
ink is wasted. [0015] In the related art, systens
govieeated by mesidetledbretior offa dbtatiohiung of the ;jiezbelemait: idevicé.s
i ndependent froma storage unit for storing the ink

[0012Pr MeHb®BveRf ih GHpant R @ndxathindd Pafdn® ARPLi¢-4in dbEse Philitation No.
via the main frame in the storage unit. [0016]

26@'@%‘8@ Nhe Yersdr §t1§lc&thaf cSHl ; aﬁd%ﬂéﬁc@@rﬁgﬁg %g%ygtl fnyagﬁf‘

I nformat i on, orm si nple
n rmnagﬁement S ch as gsnsurl ng that the ink

becon}e %m@l%’égﬂ?ﬂ% IR y is set in the main
SUI\/I\/A Y 3 01 An
l@iﬁect Figt eflwéreiw P&ﬁ( f%%f assgﬁgltég gi@@‘m @8"@&@9%

device, an ink cartridge, and an el ectronic device,
tewhinghodnnedted f9dhe piskeslacaricidavaest contagts amn‘@getemmelramthegwnes
relating to ink in an ink cartridge accurately and
eleatticalyl opnudctidd ta it.
[0014] Consequently, there is concern over the reliability of the electrical contact
point between the ink cartridge and the main frame, and users notice that ink is wasted.
{0015} In the related art, systems wherein a detector for detecting ink information is
independent from a storage unit for storing the ink information often store ink
information detected via the main frame in the storage unit.
[0016] Consequently it is difficult to synthesize both types of information, and to

perform simple and detailed information management such as ensuring that the ink

cartridge cannot function unless it is set in the main device.

SUMMARY
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sinple configuration, while preventing wasteful use of
ink and increasing the satisfaction 5 of the user.
[0018] A first aspect of the invention provides a
sem conductor device including: a sem conductor
substrate including an active’ el ement formation face

iC [V I 1S . . [
BT < Ay RS sos iR oty BV s £RGp Bl Fer RGfbuctor
formati.on face; a .penetratiaon .electrode penetrati
debls® e e oSGkt JouEe. 36 Wb RPoSTHEL) et and
formed on or above the active elenent formation, face;
repip gt infrmatien edatingde inkk igrapdek epdtrisige aermvasely jgad rlighly with a
face, electrically connected to the el enent el ectrode
sumple codigneaimny whilopree¢raoigradeful aseotiek esd invgeasing the satisfaction
remai ni ng anount of the ink by being wet in the ink;
ofitietigeage circuit storing the remai ni ng anount of ink;
an antenna formed on either one of the active el enent
[6(ﬁr8 t grﬁrgtaa%gec@gﬁth'éqﬁveﬁlﬁgﬁ ngo@ﬁﬁ§ a%{lﬁﬂﬁﬁﬂlfcfdr'ﬁgvi%é ilﬁ:ﬂﬂiing: a

gin an contro t

receivin rmat i on; clrrcu
controllin he .detection el ectrodes, t.he. antenn .
sStfopistos g 165 @G S e fis Tyt R el fao8 O St gpive
strongly al kal i ne and chem cally corrosive, since in
clement §dorpedysnd & 1ear Bee tat ison agi geitestoiks agkiye elgment

is formed on or above the rear face of the

foeniion fidect pnetatist dedode plretagng the seheopdictdronbstiteg an
the active elenment 20 formation face can be prevented
eleheft dledtide 8drhedtondr AFovcBe hitle eldbA0ormbgon BB detddfon
anmount of ink (actual anount) or the like in the

TPRS R RSHneA A or Qﬁo»@%@féa??‘ac@,yeléﬁﬁéﬂfz cBEhERANIRR didhmdidie

resi stance and current between the detection

r wh t he re we the ink..[]0021 .
oTEREFEIBF B pERRb) ik, W5 ccttorhl o Mg Wi of the ink by
mhethe{ ink.is present .in the_.ink 25 cartri

dge. 4
be1gg st ingfie i 8 Sﬁ%ﬁa&ﬁgfrcvlf Stpgn%wgg?laﬁl@ns&%ﬁ&?ﬁp&aél quffana
ink cartridge without |leasing ink in the container.
formed e sithar one phdeasidye dementiermestipn fecerand theagar fapg transmitting
satisfaction for the wuser can be increased.
and receiving information; and a control circuit controlling the detection electrodes, the
antenna, and the storage circuit.
[0019] While ink is generally strongly alkaline and chemically corrosive, since in
this structure the detection electrodes wet by the ink is formed on or above the rear face
of the semiconductor substrate, the active element formed on the active element
formation face can be prevented from being affected by the ink.
[0020] The remaining amount of ink (actual amount) or the like in the container can

be detected by measuring changes in the resistance and current between the detection

electrodes when they are wet by the ink.

- [0021] Therefore, it is possible to reliably ascertain whether ink is present in the ink

cartridge.
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[0023] This inportant feature is common to all the

advant ageous effects described 5 below [0024] By

using the antenna, it is possible to performwreless
transm ssions between the el ectronic device unit and
the ink cartridge, and to reffer to content
0o o Pl BPRETS Bt ' ShARG i i il diPreasing nk
ilgﬁ{e:c?)}lt% %{.IO n%toqﬁg@gggg&tpg Wﬁ%@t y ﬁ)lﬁgeig qrﬁzgg: ﬁ'&lgees\{alti(s:fgction for the
information can thereby be reduced. [0026] Since the
uggitcen e ingzgasese f or ned on either one of the surface and
the bottom face of the sem conductor substrate, it is
[@023$i bl Ehisdmpedtan fearire hewenomiol dll thaadantagesus effects described
manuf acture, increase the antenna characteristics, and
beRwoN, i n accordance with the enbodinent. 15 [0027]
Furthernore, since ink information fromthe el ectronic

ce it C: ,

18241 B wbin B8 e TP Bos BT per Rl U B SRR B

el ectrodes, on the ink cartridge (remainin nount ,
e I HRRie device il and il Grtiet o de P pomt

.the storage circuit, information relating to the ink
infermasion yiprdyiadheo sterage cisewia ritaiteghe stofage 2a¢uil, and go on, even if
preferable that, in the sem conductor device of the
tHeiinks taragige ¢4 nafatthdhed 20thericetrbniodeviae pait.t of t he
penetration el ectrode be the detection el ectrode.

[0028P9] BhaeRt bthanetiyf the iikahfopRatiGifnith@cPeRetetadedon

el ectrode as the detection electrode, the surface and

[d?ﬂk% OM &ACEmE faﬂ{eﬂffa SHHIBRRUCS PR SARE sGfle 954 TR BBttom

conauctive wthout extracting an I nterconnection.

o207 B o050 R0 BEHES s BOGBRER Wb Uub&ervi s
manufacturing step is sinplified apd the cost, can pe
eLaEs, Ingreapeyihig ptenpa charastcarstics, BNksq ¢iadn ageqrdapge with the
sem conductor device of the first aspect of the
embedimenion, a part of the penetration el ectrode include
a protrusion protruding fromthe rear face, and the
[002F r ushwthetrsore hdnadhle iformmatioh €@t the electronic device unit (color,

count number of ejected droplets, etc.) and ink information from the detection electrodes

on the ink cartridge (remaining amount, actual amount, etc.) can be stored collectively in

 the storage circuit, information relating to the ink can be managed over a broad range.

[0028] It is preferable that, in the semiconductor device of the first aspect of the
invention, a part of the penetration electrode be the detection electrode.

[6029] Since this configuration uses the penetration electrode as the detection
electrode, the surface and bottom face of the semiconductor substrate can be made

conductive without extracting an interconnection.

[0030] Since an electrode necessary for the semiconductor device can be used, the

manufacturing step is simplified and the cost can be reduced.
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[0032] According to this configuration, since the ink
can sufficiently wet the 5 detection el ectrodes, an

i ncorrect detection signal can be prevented and
correct ink information can be obtained. [0033] It is
preferable that the sem conduttor device of the first

ct qf. Lnyent.j further .incl e: i
PR S bR BYARIA00 U PRl Py o GOl bt
.sem.conductQr, substrate with a ssivation film.
YO Sh B SRR b BBl orls feRiae ArRSRI g g0 tip from the

cover the conductive |ayer; and an opening forned on
redi daqsy ddethe pradrusion g the dejseléonrleciodeeast a part of the
conductive layer. In this structure, the detection
[8032¢t r odecordmgaotist cdnfigachtioy, sidve thaink cafi saffieiently wet the
conductive | ayer exposed through the opening. [0034]

dBEERGIR1E@rddes, b iifcotetf detlietiad 5ifal ciih BE BreRéitéd &d doRct ink
conductive | ayer exposed through the opening

iﬁ@?ﬁh&%Q£§§eBgﬁ' gtection el ectrodes, for exanple, the
pitch bet E

ween adj acent detection el ectrodes can be
' eased. 0 Furt herpore, since t i ze of 't
ERLCT B wiedestit et e mrondiis 8 e hedtimamisy o e
.the size of the opening, the detection el ectrodes can
inyentien fusthenincldgasqondertiveilayst formed en or plprysdhe gepr fage of the
preferable that the sem conductor device of the first
sepivenductlr substraROwiting passivatiod filnt Hherebetvadenpeprotective film formed
conductive |l ayer formed on or above the rear face of

sb Beto oo tEOBSHiUE@Ve 1§y&1,s=§rrdadn&;pehﬁag fernRASTH thé@piotdetibe tilh,
t herebetween; a protective filmforned so as to cover

ngoc&‘ ﬂa‘dﬂtdf 1?’3?1 rr(%fq}féeédndﬁ&gveq e‘i’lpeﬂl' i sﬁﬁétﬂ%? "EIteLegﬁon electrode

eiro% ctive exposing a east a part o

. duct i | X d b f d th duct i

R Rl PR B PR
350 4TRe 05 5L S e a0 e o

formed on the conductive layer, it is possible to
threughdhe epaning elingti@bes éhepreteption clebizodes: foy examperdhg pitch between
formation face and the detection electrodes, i.e.,
adjheent ddtedtion eladtradavas bbd@oreased.t hem i n t he t hi ckness

[0035] Furthermore, since the size of the detection electrodes can be determined
according to the size of the opening, the detection electrodes can be formed at a desired
size (range).

[0036] It is preferable that the semiconductor device of the first aspect of the

invention further include: a conductive layer formed on or above the rear face of the

- semiconductor substrate with a passivation film therebetween; a protective film formed

so as to cover the conductive layer; and an opening formed on the protective film,
exposing at least a part of the conductive layer; and a bump formed on the conductive
layer exposed through the opening. . In this structure, the bump is the detection

electrode.
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direction of the sem conductor elenent. 5 [0038] By

this neans, it is possible to prevent the active

el enent formation face from being affected by the

ink. [0039] It is preferable that the sem conductor
device of the first aspect of® the invention further

j ude ,an i.ns t.in r for on_or

B om ARt Pt ShaefiBon e T fPuiis o mg Qg ggnauetive
According to this conflguratlon sjnce, the insylating
laygy dfyis pasHiRlg fedacTaRse ke diSlBRRFbor eI b G iRt g?fm@wl face
detection electrodes, it is possible to increase the

anil thealgtestion elocirades ise theoohtive distansaptween theman thgghickness
detection el ectrodes, thereby preventing the active
dataivanif the emikeidagoddemgad by the ink. [0041] It is
preferable that, in the sem conductor device of the

[6038F¢ aBpeGk n{éﬁmst R8s pds3ible MG VeB the bBGvANMREAN FordRE oA BRe
det ecti oh electrodes be formed directly on the active

e ace or the rear face using the sane
f%%lngg alz%egfeﬁgqfetﬁ?é "as that constituting the active
2]. .Acco dlngtothls conf | tion,

(fish gra¥ Preferengs o & SERICARFEHY daxier pbTe dre Aghret ot
cink information transceiver, and the detection

insienidan foether inelndban inselating: lape forddent anhelapy a bptigsn layer efghe
manufacture. [0043] It is preferable that the
detection@isbtrote. devi ce of the first aspect of the
invention further include a plated filmfornmed on a

[@]40{ aceagfording t@ﬁﬁﬁﬁﬁlﬁgﬁkaﬁbﬁ GlcedR: 1nsdlﬁ%4]g&?\@§ﬁhﬁéd1&1 or

his configuration, plating using a net havi ng
R R S T e
SRR B RPVEIY P %%&5 et ehgimdr biiehy Parige the

af fected by the ink. [0045] Since ink is usually
afétvrsékg}eytﬁpmdqemgedamaﬂﬁdbyﬂ’éﬂxﬂsn of ink can be reliably

prevented by using a chemcally resistant netal as the
[00HEL i ngit isgtrefierable that, in the semiconductor device of the first aspect of the

invention, the antenna and the detection electrodes be formed directly on the active
element formation face or th§: rear face using the same conductive material as that
constituting the active element.

[0042] According to this configuration, the integrated circuit including the active
element, an ink information transceiver, and the detection electrodes can be formed
collectively, simplifying manufacture.

[0043] It is preferable that the semiconductor device of the first aspect of the

invention further include a plated film formed on a surface of the detection electrode.

[0044] According to this configuration, plating using a metal having excellent

chemical resistance prevents corrosion of the detection electrodes that is wetted in the ink,

and prevents infiltration of ink to the inside, thereby preventing the active element from
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[0046] It is preferable that the sem conductor device
of the first aspect of the 5 invention further include
a dielectric layer formed on or below a bottom | ayer
of the antenna. [0047] According to this
configuration, by formng the dielectric |ayer on or
belogﬁ t@ﬁ EPLt m | ayer of the detection el ectrode,
l?ﬁ@ CEFARY ntthe active elenent formation face

0 the detection el ectrodes_can be i ncreased,
D945 ent Stige tkels yevally strenglyalialing efilicgiangdiinlg candeaglizbly
by ink. [0048] Form ng the dielectric |ayer on or
pirvieniad biiasibg atcbemicalle resisfant metaha tha phatiag swtermhhances
the antenna characteristics. [0049] It is preferable

[008] t hE ispRIGableUat e sefitofiductdr deliRe bf thgtfiraiigert obthe
the invention further include three or nore detection

ifleRfb ﬁﬂﬁér indfadé Qgé@éctmg%%mdt@ ereﬁmcé’%ttcgﬁ' [a%t St
even I f the detection pretision o say,
B@Ctlon el ectrodes deteriorates due to the presence
air bubble or dirt between them it is possible

tw GRFaTG S U4 GopEb0eD. W AR08 b EIor g yer on o below
|nfornat|on i ndi cating whether ink is present can be

thethostiomddyer of the] d¥0Btipn Aleeteadsnthe distance from thi ectivevedemendn
provides an ink cartridge used for an electronic

fatenatioe facatd the defevibrgle @ daindBrbedncredied, prkvendng thedgtve clement
including: an ink cartridge casing including a

o Bedth z@E@b aacommodat es i nk; and a |iquid sensor

i ncl udi ng sentconductor device that detects and
gesg . Nf: t A [
OB ] T O e P

evi ce |nclude§ a 25. sentconductor substrate
PR ngpiehag f“ia(}tﬁnfettcérrent formation face on which an

active 8 element is forned, and a rear face that s
[Wd9h s lais mpisebile that the semmicarductps deviepahhe firy aprect ofthe
_face; a penetration el ectrode penetrating the
inyemtiondndbertincludutbstercamere defectmneteetroded. ect r ode f or ned

on or above the active element formation face;
[00S0Ct | Aftording to this configuration, even if the detection precision of, say, two of
the detection electrodes deteriorates due to the presence of an air bubble or dirt between
them, it is possible to compensate by the detection precision between the other detection
electrodes, and accurate ink information indicating whether ink is present can be
obtained.
[0051] A second aspect of the invention provides an ink cartridge used for an
electronic device unit including an antenna, the ink cartridge including: an ink cartridge
casing including a container that accommodates ink; and a liquid sensor including a
semiconductor device that detects and manages information relating to the ink

accommodated in the container. In this structure, the semiconductor device includes: a

semiconductor substrate including an active element formation face on which an active
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el ectrodes exposed in the container, forned in the ink
cartridge casing, fornmed on or 5 above the rear face,
el ectrically connected to the el enent el ectrode via
t he penetration electrode,mgﬁd detecting a remaining
anount of the ink by being in the ink; a storage
ei:eln%:%'tJ tfoﬁi(lé?f %ﬂq a }e'AFf cﬁ {139 s?cfm tosft)e{ to tﬂgact‘%g elen}ent
enna on elther one o
formation face and t rear face, transn1 t|n
D ERRUHG: § AFGHAREY Dol genee Rt feematn %ﬁf?rgsugstrate an
controlling the detection el ectrodes, the antenna, and
elementeleptengs fesmad antor above the sstjve sdeseaniforgation faep:detection
configuration, since the seni conductor device has an
ckktredeas-capesed i the comteinen 6drogttl g tHehek detriige icasing, formed on or
el ectrodes, the control circuit, the storage circuit,

aBov thd fean e Elatiridalll chiitfeofed®d itRR1&herk BRCEORA QR penetration
devi ce unit (color count nunber of ejected droplets,

e o e
S S5h b B 5 S 5 g3 375 e b v

|nfornat|on relating to the |nk [ 0054] Therefore,

clepent formatian ﬁa%ar@éhe prar faspdtpagmitting andyicpeiviag dnfgeaation; and a
information can be correctly supplied to the user.

c§ro0b Sircuit Grmlroi/lhgtthff ddteation elzttrodds, thaanteeny aed tetsadage circuit.
Thus, user's satisfaction can be 20 greatly

[0032] easgdcorﬂlagﬂﬁﬂmsﬁdﬁﬁgmtaﬁ&l ditce eid Rmi@IndattoOdietcetias an
t he sem conductor device is exposed in the container

al@fln-Bﬁl‘? thidbar€ ﬁfchfdllr%tgtﬁe Haéitﬂﬁ eéécgk%dgse Hﬁ%hﬁ@ll &lcBR1he gt%%ge

|rect y cont act ein nd can relia et ect
femmin a unt ink..(wh e i res

o SR P R s Dl e el 058} FRFTbr o
se nduct or eV|ce ot her.than t he detecti.on

n &1‘6@? gigeed groplets, elmpngddnlyinformatigniof ke % e*%ﬁcrlsnaalsctmdes

danmage to the active elenment forned on these other

(rpmpinsgeaset apipak dveounh leteheandlestoredogllestiealy avthe storage circuit.
Therefore, unwanted | eakage of ink solution can be

[00628)v e nt Byl thisTinaans, it $spossibkab nwhagd a broad eangb ef gif@atatipn relating
I ncreased.

to the ink,

[0054] Therefore, the information can be managed in detail, and useful information
can be correctly supplied to the user.

[0055] Also, wasteful use of ink can be prevented. Thus, user’s satisfaction can be
greatly increased.

[0056] Since the detection electrodes of the semiconductor device is exposed in the
container of the ink cartridge casing, the detection electrodes directly contacts the ink,
and can reliably detect a remaining amount of ink (whether ink is present) in the

container.

[0057] Since parts of the semiconductor device other than the detection electrodes
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[ 0058] Moreover, even if the ink cartridge is not set
in the electronic device unit, it is 5 possible to
refer to content information stored in the storage
circuit, wite to the storage circuit, and so on, in
addi tion, ink information frdmthe detection

I b or In the storage circui
o RS B i Sro 8 Bl 5 BN S S BP TR Sy psegter
For exappl e, . storing ink informtion such as .
PTG DY IR RO eHIel o 4 NOEi PP ARG (e of ink
the ink finishing date, the nunber of fillings, and so
selytion pandeet ypectedd  Thus, yeerdtsetsigetion; qap be greatlyjngreased.

i nformati on can be managed col lectively with detailed
[0058pr maMaveovee leedn ifithetink tireridgelis ndtsed if thedflé@onksi devere unit, it 1s
the detection electrodes and the storage circuit are

pbRibIBth RFer i CorSEi B fomtiRh sr&d inlthe 5tdraR@ 83N, Yritdto the storage
detect and manage the ink information in ink cartridge

ol Bnd sd BETERRR 1IGKEERACA bohndferkdfin flfizades can be stored
.functions.can be inparted to the ink cartridge in

i, P SlopB Rl PO HARBRRE Up UGBS R OHE: on ¢ he

el ectronic device unit decreases, the structure is

[0058b1 i f Ferexample, bhetofing bddpiosnationesugh 85 whethesjibe inkdfas been
the electronic device unit can be increased. [0062]

fiBgd, tthe Slling dats, the ink Sniglosg dtk.ahe oumbdystfifillings, dridesoiomk
cartridge wthout |leaving 20 any ink in the

b&oRhahd B the Et@ﬁ%@]:irélﬁt, kifis Pif@hetiallcen bddbnagded chiitively with
cartridge of the second aspect of the invention, a

deh Bk aﬂﬁnﬂ%%%gggﬁﬁgﬂfﬁgggection el ectrodes of the

sem conduct or ormed along the depth
I.hecti@gn of the container, t detection, el ectraqade
6DE " P Pet et Br ARG AES ontlRe SEIEE PP BTt ine same
5 [.0064] According to this configuration,, as the. )
S“i’%‘l‘fﬁ{ It fyrpostiRle G ditect sad manpgedhs ik igFprmation inj1gk petridge nits,
_level) indicating that there is no ink between the
ingeepeing therversaibyrad dlessink gartidee. det ect ed sequential |y
from between the detection el ectrodes thereabove.
[006DI65] Sibccmuerzemediteand idefeotismfunotionsiedn dbaimpaytetl hathe ink
there is no ink is detected at the
cartridge in this manner, the number of interconnections on the electronic device unit

decreases, the structure is simplified, and the freedom of the design layout of the

" electronic device unit can be increased.

[0062] By this means, it is possible to substitute the ink cartridge without leaving

any ink in the container.

[0063] It is preferable that, in the ink cartridge of the second aspect of the invention,
a plurality of pairs of the detection electrodes of the semiconductor device be formed
along the depth direction of the container, the detection electrodes being arranged along a

bottom face of the container,

[0064] According to this configuration, as the amount of ink decreases, information
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detection el ectrodes al ong the bottom face,
information indicating that the ink has not 5
conpletely enptied fromthe ink cartridge can be
obt ai ned. [0066] Thus, it is_possible to obtain not
only accurate i nfor mati on |né catlng whether ink is

[.e L al eC| i.nf or
(P% g elv%Ian% ¢ tlﬁéﬁbaltg}? S¥A§/)1 e% trstlla detgc m?ec‘[rfo £s can be
[0067] Wth this type of conflguratlon when t he
deierig ﬁ‘?‘l\’ﬁn%ﬂlﬁé’ b?tweﬁ%theﬁiefq%eon Flgctroggs thergepp iy e
decreases to a level that concerns the user, tinely
[0065br naMasepver Mdich nfg"omtmgndm@mﬁhﬂt e re frouerink @ﬁdq“twked at the
can be obtai ned. Thus, user's satisfaction can be
deteeiddn electiodey dagetile bbﬁ@ﬁ&&cel, informapior iret@lkihg tHabh eie,ink has not
the ink cartridge of the second aspect of the

cbﬁw&y Sfipticd¥rdth Wethk buRgeldR be BBlafRpdUCt or devi ces
be" f ormed al ong the depth dlrectlon of the 15

[Q‘(ﬁ)'e%j al nTﬁus (%gl;of“ t%'o%pcm? bel ! gsp&%ﬁra%l ﬁ&’? }ndpcgﬁné? {hether

sem COI’] ev ces alrranged a

L@%]ﬁ}:)?erdng{t u[ta Ltt h rgélgfg{nﬁqrbaggg %eSJ,aAt\Cg],Cgofr) ngqa& ally tg]ecreasmg
sem conduct or deV| ces along the depth direction of
agiBnicditkai ner, the liquid | evel of the ink can be

detected and the remai ni ng amount of ink can be

[G06Chr at Blith this cyretodicofiigur2ion, 0OéD thekrembinargrament of ink én the ink
the detection electrodes of at |east one of the

c&fiige Aastessedto FRVEIGRR chicedid AP USY, tBh&lH hfbhfatldalblaihg to the
face of the container, it is possible to reliably

C I n@ﬁg aﬂ’(ﬂﬁﬁthﬁﬁ | ol b'e%bpa'ir?e?le ntI'hu{, nggrls] sa-nrgf'ag‘tlon can be greatl

uratlonaso obtains tine Information rel
to th rermlnlng anount of ink |nthe smal | remai ni ng
mﬁFﬁ?ﬁl ink region that concerns the user. Thus, 25
user's satlsf a% on can be greatly increased.

11
[4068l72] Ihismelerblathale tn Be Miterridge Af the seqond ¢rrestolfhe invention,

el ectronic deV|ce i ncludi ng the abovenentioned ink
a phrality dfjde semigonductiirdeviconbafotwed alengithietdepthalitegtionyofithe
antenna. [0073] According to this configuration,
caitding, the detectionr dlediiodes ¢l feastSorelvd thethegdedndector devices being
arranged along a bottom face of the container.
[0069] According to this configuration, by forming a plurality of the semiconductor
devices along the depth direction of the container, the liquid level of the ink can be
detected and the remaining amount of ink can be accurately ascertained.
[0070] Furthermore, since the detection electrodes of at least one of the
semiconductor devices is arranged along the bottom face of the container, it is possible to
reliably detect whether ink is present.
[0071] This configuration also obtains timely information relating to the remaining

amount of ink in the small remaining amount of ink region that concerns the user.  Thus,

user’s satisfaction can be greatly increased.
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above can be detected and managed reliably, for
exanpl e, an appropriate replacenent 5 period for the
ink cartridge can be determ ned. [0074] Since it is
possible to substitute the ink cartridge to w thout

| eaving any ink in the contdlner, the replacenent

e of the in rtridge can.be extended and the .
IR £ o it asplt T 0 T e oS B REITORS ERice i Diging the
waste Qf the ink is prevented. The user's_ satisfaction
apoypmsationed gk eattridge; andrapdesironicdeviss urihinsludingon aptnna.
feature is common to all the advantageous effects
[53Lr i badcordipl tmthiy GmifizgjiraByn,reinee diknigfatmatiph suthias khat described
information in this way, the ink cartridge can be
ab&kyoah bd dekéted hechinhitagad deliasibtyh ittexvaple Can apptdriate replacement
information is useful in achieving 15 functions that

pBfiGd o8 BRNAK Sdrtrldde $8% ¥E §étBGnihe user. [0078] .
Informati on such as the nunber of recycles of the ink

rid can_ be . term.ned. . fr. 0 xanpl e, . <y

(Lt o R PRSI PURRE HrHBR Porsiee T o iy ing any inkin
this infor ion is useful not only in achieving
treeaieinghahe kcapen sxdle Af Theink sargiled req brgextensled gad the
_but also froman environnental perspective as regards
inkerslagdddi aogt capbe f@ired. Cbvi ously, a highly reliably,

hi gh-qual ity product can thereby be provided. BRIEF
[(ESCRI PBY (i fkankHvaddRANINGE {s@@8@htelf) GI'hdludes’s@atisfaction can be
schematic block diagramof an ink jet printer

g@ﬁ%ffn@fe@&d’!o an exanple of the invention. 25 [0081]
Fi 2 is a cross-sectional view of a schematic

hagr a : ' t | C i '
(68781 Ot ifock it SARK R B 0 3 VA BERRLN Bt ddhcribed
b | an view of the exterior of a sem conductor device

@¥rding to a first enbodi ment of the invention.

0083] FIG 4 .is a plan view of the exterior of
[0972k herBypaprgipgdgtailgd igk information in this way, the ink cartridge can be

]

—
-

recycled efficiently and without waste.  This information is useful in achieving
functions that are essential in servicing the user.

[0078] Information such as the number of recycles of the ink cartridge can be
determined from, for example, information relating to the number of ink fillings, this
information is useful not only in achieving functions that are essential in servicing the
user, but also from an environmental perspective as regards recycling.

[0079] Obviously, a highly reliably, high-quality product can thereby be provided.

BRIEF DESCRIPTION OF THE DRAWINGS
[6080] FIG. 1 is a schematic block diagram of an ink jet printer according to an

example of the invention.

[0081] FIG. 2 is a cross-sectional view of a schematic diagram of a semiconductor
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5 sem conductor device. [0084] FIG 5 is plan view of
a schematic diagram of a second antenna. [0085] FIG 6
is a cross-sectional view of a schematic diagram of a
second antenna. [0086] FIG _7 is a cross-sectional
view of a schematic diagram &t a semiconductor device

BREQH M 8 ArACGRRIRAGUIRRLRly! e Tnvent ion. 10

a Cross-sectional view of a schematic

[ aQra a sem conductor devige according.to a .
RS 1 kS s ROt RE e e BhA SEOERCRY g6 e yogording toa
cross-sectional view of a schematic diagramof a
s pmbedigneat of the gegniden. according to a fourth enbodi ment
of the invention. [0089] FIG 10 is a cross-sectional
[8083)v of FHG.slck e mpidni view iofitheamtenibr af aeitiec emboditrent ofkb
devi ce according to a fifth enbodi nent of the
seiANBAdicR? delif®90] FIG 11 is a cross-sectional view of
a schematic di agram of a seni conductor device

rdi t [ ' . ' i
BABLT PRt Bl i oPL IR sl O ok e
mat | i.agram of a sem copductor . device accordjn
3L "ok 8 L B ereRpiHe g RES Wil ¢ta5E0 f580H atfenna.

FIG 13 is a perspective view of the main i
[Q08at i gubsti7Tdma rosgrpedtigraljvaew pf # pehematiqhiagamhofzsemigonductor
cartridge containing a seniconductor device is
deptitcasicedintgroa spedndtearbodimént of flRGONtER.GC 14 is a
cross-sectional view for explanation of an ink

[0087] I | OBKS. Bfis b BRss-bdrviendlivid of A9 inalit Sagdhln b5 RuPtdructor
view of a nodification of an ink cartridge. 25 [0095]

: [ i, - Oof ' ' rinter tem
oG s P BBl AP PR | o)

di .of i d devi [ .
R T N I

T

invention will_ be explained with reference to FIGS. 1
d?VéC%@?Ofélf{%d@@f?wgb?ﬁl Bt A hBYFHOR- 1 and 41 are
contained in an ink cartridge 7 which is )

[0089] FIG. 10 is a cross-sectional view of a schematic diagram of a semiconductor

device according to a fifth embodiment of the invention.

[0090] FIG. 11 is a cross-sectional view of a schematic diagram of a semiconductor

device according to a sixth embodiment of the invention.

[0091] FIG. 12 is a cross-sectional view of a schematic diagram of a semiconductor

device according to a seventh embodiment of the invention.

[0092] FIG. 13 is a perspective view of the main configuration of an ink jet printer

~ wherein an ink cartridge containing a semiconductor device is attached to a printer unit.

[0093] FIG. 14 is a cross-sectional view for explanation of an ink cartridge of the
invention.
[0094] FIG. 15 is a plan view of a modification of an ink cartridge.

[0095] FIG. 16 is a flowchart of an ink jet printer system.



10

15

20

25

attached to a printer unit 23 (electronic device unit)
including a first antenna 22 described |later. [0098]
Sem conductor Device [0099] FIG 1 is a schematic

bl ock di agram of an el ectronic device of the

i nvention. 10 [00100] FIG 23is a cross-sectional

view of a first enbodi nent of a sem conductor device

of the invention. [00101] FIG 3 is an exterior view

of a first [ f em.conduct or V] of

the inventi ﬁ%&%ﬁ@% &ﬁﬁw&%ﬁé@ﬁﬁﬁﬂﬁence
nuneral 1 represents a _seni conductor device 15 having
[809%df er Bmbpdimanks of asemiieondueiRbdryiqevargsRyartidge aud an electronic
[00103] The sem conductor device | includes |iquid

deoit acdordih@tt the tventiéh WilEbeadplamed velleeteraded) FIGS. 1 to 15.
second antenna 3, an EEPROM 4 (storage circuit), and a

[6897 T Ol Kehicanddc@detREs £t ik collineh iRALinRIcMidRD fich is
a reéectangul ar sem conductor substrate 10. [00104] The

opeHl o & BB O e OEE hoP Eh P e B S E PR ARp BB Bhscried

1recei ves information to or froma first antenna 22 of
e printer unit 23. [00106] The EEPROM 4 stores ink

i nformation. [00107] The controller 5 controls the

0098l d ESemicaaduckrdsvicgdes 12, the second antenna 3,

and the EEPROM 4. 25 [00108] The sem conduct or

[@099%t r abHG. 110is a Scheadtic biapk Bagdram @fian dléctrdr@OdH9de oArthe invention.
integrated circuit (not shown) includes the controller

1601800 t hR3 BEPROMss dectionsltviéw bed fiby embbdivRnedfnRitiSonductor
such as transistors, and is forned on an active

d6ViEBNhe ifRhE@mL 1 on face 10a (surface) of the
selm con%lbct or substrate 10. [00110] The integrated

(BT e o 555 SRR R ot o
th%qlgye%%gg‘t S being nutually connected by

[00102] Inthese diagrams, reference numeral 1 represents a semiconductor device
having a wafer level chip scale package (W-CSP) structure.

[00103]  The semiconductor device 1 includes liquid contact electrodes 12 (detection
electrodes), a second antenna 3, an EEPROM 4 (storage circuit), and a controller 5
(control circuit), which are provided on a rectangular semiconductor substrate 10.
[60104] The liquid contact electrodes 12 detect a remaining amount of ink.

[00105] The second antenna 3 transmits and receives information to or from a first
antenna 22 of the printer unit 23.

[00106] The EEPROM 4 stores ink information.

[00107]  The controller 5 controls the liquid contact electrodes 12, the second antenna

3, and the EEPROM 4.

[00108] The semiconductor substrate 10 is made from silicon.
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i nterconnections or the like. [00111] In this

enbodi nent, the EEPROM (nonvol atile nenory) 4, which
is a readable/witable recording nmedium is used as
the storage circuit. [00112] The controller 5 perforns
updates or the like of ink i Hfornmation stored in the

P .4 based.on,the reninin noun f dnk.dn
ST o e A iR T oD sy B Rlep s b shirpPROM
el ectrodes 11 for nmaking the integrated circuit |
4&8%{5@?‘? Practjvg %r“éﬁﬂtso%’ﬁg phtransiirs.sad isforpet o ahagive clpgnent
active elenent formation face 10a of the
ferention figa d Do tsudfas of thesemionflaarisabst@itantd t hese
el enent el ectrodes 11 are fornmed so as to conduct
[@b11eprt | Yhanintdgratddcitduit iheludgraaleast aqiintertbhnsefion pattern, the
sem conduct or substrate 10, they are arranged in a

EBPRONIU, e cBAFJIRAS! 4Hd Aok @hdohentt B6h@RSAN connceted by
sem conductor substrate 10. [00115] Titantum (T1),

.1 Lum ni t i (Tin), alum num (Al), copper (Cu), an
1&at%rr%%§1eg?on@t05§1§gﬁ<em such |ike, can be used as materi al

r.the el enent electyro [00116] In thi .
(sl et Sborimerin bt EPROV elogala e vy b elch e
the elenment 20 electrodes 11. [00117] The el enent
regflehle/moidable Etordingmetion, tshecdastthy storlge meeiit. f or nat i on

face are extracted to a rear face 10b of the

[060a b2 Jc onBhwcdontrodentsporfulrds hifdatéseorahdldlter ofdhk infisrmigion biokeksin the
24 that penetrate through the sem conductor substrate

EEPROMAbA& ohinBe tpi-0MER nhBIa Dl Atk iﬁQlﬂc?ﬁak%ﬁsr&t éh {cORtallRH).
e

active el enent formation face 1 Ca of

PSENS S 4 OF RURAT ORER AL B BISAC R o i
iSOG PAdF RS S PLS s giretn foriglion ERETOR of the
[00120] During printing, a conductive paste is

seappRdyelar substrdie 1Phr ough- hol es 24.  [00121] In this

manner, the penetration electrodes 9 that function as
[08d14al | Sucatbeseadement elsbuigdesilh atchformed suagto isohdist ditectlyavith
f or med.
the integrated circuit of the semiconductor substrate 10, they are arranged in a pairina
peripheral portion of the rectangular semiconductor substrate 10.

[00115]  Titanium (Ti), titanium nitride (Tin), aluminum (Al), copper (Cu), an alloy of

these, or such like, can be used as material for the element electrodes 11.

[00116]  In this embodiment, aluminum (Al) is used as the material for the element

electrodes 11.

[00117]  The element electrodes 11 formed on the active element formation face are
extracted to a rear face 10b of the semiconductor substrate 10 via a pair of through-holes

24 that penetrate through the semiconductor substrate 10.

[00118]  The through-holes 24 penetrate from the active element formation face 10a of

the semiconductor substrate 10 to the rear face 10b.
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[00122] A material having |l ow electric resistant such
as copper (Cu) and tungsten (W can be used as the
conductive paste. [00123] Since the penetration
electrodes 9 are forned by filling the through-holes
24 with the conducti ve pastésin this manner,

ri con ca achi eved bet 10

o) L e HE R 8 Porfi 53 SRS ARATR hnP rhffod such
t he penetra ion elec 9 are formed with
a8, 19t exa8d, phatepthegtap @ﬁﬁ%ﬁ\éﬁ pradgtermiped diggetersat

greatly exceed the thickness of the passivation film
[o_mwbs c Piubleg ptintieg, a cPhditctive pastchie epbaddaddn itherthrough-holes 24.

el ectrodes 9 include protrusions. [00125] As shown in
[60131] 2, Id thés himiretighe palegaticidel ot@dén? thadfudicti@cid sp-daHeduontact
the|r 15 respective elenent electrodes 11. [00126]

?ﬁﬂéQ&bM§1ﬁ&%ﬁ?@h%ﬂ%ﬁk&““ normal I'y provided
ditectly below the el ement electrodes 11, this

[@g[?r’ gunat %tgll:ialgﬁgmg' lg\{v gleéﬁxc rle]sq%tﬁr[t chﬁ%se é’?ﬁer ([Cu) and tungsten (W)

Locate reas for form ng the through-holes 24 on the
ca ps Ysed @p dugtiye Raste-on face 1 Ca. 20 [00127] Since
this configuration can utilize electrodes that are

[@M23ht i Since thetpsaetrationicteshodastdmre fuvied by filling ke through-holes 24
sem conduct or device 1 can be made versatile w thout
withghié condgctiveqpastediiidehanes) dectri¢ad 0dinBtidiheandicewrhieved between
el ectrodes 11 fornmed on the active elenment fornation

tﬁe%get;&@nepgcgoﬂ)é@ ected by a passivation film 14
fornmed on the active element formation face I Ca. 25

élﬁ%f% As B V@; 9! Iabconprloﬁée@t!r s@raPé’fogrﬁgd f¥flprotrusion

ear et e y covers it
o tﬁirpgffﬁxé‘r’e%?a&a‘lﬂﬁsﬂ%?”e‘ B8 xRS ek ioR Pt e pa R oim
el ectrlcal insul atin material such as, for exanple,

1 drsprinpdilatares That igthg Reeﬁ@at%?@cﬁlwreé%%whﬁi? QEPIRUSIODY,
epoxy resin, silicone-nodified epoxy resin, acryli )
[00325h, Ahsioin inddin 2, the throughehalen Heare fgrBed)directly v their
pol ybenzoxazol e (PBO) .
respective element electrodes 11.

[00126]  Since active elements are not normally provided directly below the element
electrodes 11, this configuration can minimize the area of the semiconductor substrate 10

without needing to allocate areas for forming the through-holes 24 on the active element

formation face 10a.

[00127]  Since this configuration can utilize electrodes that are essential to the

semiconductor device 1, the semiconductor device 1 can be made versatile without
requiring a customized design.

[00128] The element electrodes 11 formed on the active element formation face 10a
are protected by a passivation film 14 formed on the active element formation face 10a.

[00129] A passivation film 14 is also provided over the rear face 10b, and completely
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[00131] It is also possible to use an inorganic
materi al such as silicon oxide (SiQ2) and silicon
nitride (Si3N4). [00132] In this enbodi ment, polyimde
resin is used as the material for the paSS|vat|on
film14. 10 [00133] In the pHssivation f|In114 in the

act i ment for i on

Cg‘@mﬁaﬁ%ﬁ? DfteatiLefthe SheoRich deddi 1 ¢ 1 ayer 15 made
insulating resin_is formed in_a center ﬁortlon of

[QMéﬂlsenTb%ma delgsed fsdhe pasavatipndilngl bisen clesical Brantng

the elenment electrodes 11. [00134] As shown in FIG

n@ferizhgiclios] ferexampld, pylyimils réssn, silisep@moidiledypolyimide resin, epoxy

trapezoidal in 15 cross-sectional view [00135] The

redirg kidigbrid-Moldidi¢e epdly resinRegiclream) hbaslasgndehzotgclobutene (BCB),
polyim de resin, silicone-nodified polyimde resin,

01831% %&0 es(ph one-nodi fied epoxy resin, etc.
mF:P %n‘i ormalon of the dielectric Iayer 15 on
element fornation face. 1 nLelieves . .

30 TS B SR bR sl ride si0
Ci r.cui t) The active 20 elenent's reliable life can be
a%ﬁlll‘éf@afmr&del(ﬁb?@ased [00137] Openings 14a are forned
in the passivation film 14 on or above the active
[09132}e nt Inftbiswatbodimeng pelyldile reginlisarsed avthawehterisd far thhe

el enent el ectrodes 11. The elenent el ectrodes 11 are
piseieongdyfilxppsed to the outside in the openings 1l4a.
[00138] Rel ocation interconnections 16 (conductive

[d(ﬁi‘ﬂr s) InQH@I-)Lfslsﬁrﬁﬁéﬂ S | ViR G R Emee férﬁ‘lah&?fa%é ¢0BbL the

el ectrodes 11 in the openi ngs 1l4a of the paSS|vat| on

sef{%llcﬁdlllétpr %lﬁ)str *8%35’ Jilel-lé?tﬁl e?‘f?gqa(ag of H{s&lafélg%fégﬁl ]}5 ?(?‘ﬁued mna

ocatin elec

t he integr ted Gir UIt nd are therefore f
ceugr é’ﬂfﬂ%g’ 2‘? E‘th"n%‘%?“at% 5 @ 8t BRpuLomay Oéfﬁ‘i‘ggﬁﬁ Slemept

a peri Eher al part of t he sem conductor substrate 10 to
elefiendeehl-er of the seniconductor substrate 10 and al so

rising onto the dielectric layer 15. 5 [00140] As
[08h3A41Nn i As $Ho@m 6 FIGN2, abkditlectnictlayer he issdubstentialkyltepezaodid en

11, el ectrodes 20a
cross-sectional view.
[00135]  The dielectric layer 15 is made from photosensitive polyimide resin,
silicone-modified polyimide resin, epoxy resin, silicone-modified epoxy resin, etc.
[00136] The formation of the dielectric layer 15 on the active element formation face
10a relieves thermal stress of the active element (integrated circuit). The active
element’s reliable life can be noticeably increased.
[00137]  Openings 14a are formed in the passivation film 14 on or above the active
element formation face 10a, and are formed above the element electrodes 11. The
clement electrodes 11 are thereby exposed to the outside in the openings 14a.

[00138]  Relocation interconnections 16 (conductive layers) are electrically connected

to the element electrodes 11 in the openings 14a of the passivation film 14.
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and 20b are fornmed in the integrated circuit on the

sem conduct or substrate 10 using a material simlar
to that of the elenment electrodes 11. [00141] A

rel ocation interconnection 19 (conductive |ayer) is

connected to the electrodesl?20a and 20b in the sane

PEES TBs < Frelp R e ot d odis BRagSPyBRT e Scctrodes
el ectrodes 20a and 20b to the center portion_and
11jof ghe igieerstad farcyitetnd arg thereforg dormed exfepding Sromihg element

relocation interconnection 19 that rises onto the

elﬁcgrbéqstlrlimangqﬁn apBripleralgrartad gledsesucamsiuetort substrate 10 to the center
interfere with the relocation interconnection 16 (see

of tHa. seRjcondiidor substimge 1hands@aonisingoiiteniadidlettiialayer 15.
communi cates with the first antenna 22 of the printer

[é(ﬁmri t AZ3nod P hlFkd. SIiB%déﬁi%ﬁWtkéTbﬁ&ﬁ@l?el?%ﬂé&deQ‘i PVd1 e des 20a

substantially in the center portion o

RE T B 1 BEIRERIGR oo %E?@%%ﬁ?%@h%t‘?%%u%%ﬁr%ﬁﬁpfi_ng a
00145 in FIG 6, '
R SBHAEER BT e BeBie e Surf oo 20 of the

dielectric layer 15 is formed on the sane flat face in
[@M4Eks - sAotiooatin inferannestidn i 8 {condustpierlayersia gpanecied i the
plan view shown in FIG 5. [00146] The second antenna

eldctredek A0amet 20b ihhle: da@leai@ineons the tRhzansleaiddent 1.9
arranged fromthe el ectrode 20a of the sem conductor

[(ﬂllhﬁ]t I afke eibcatsPmterd RnbARnSle&tdnad ﬁom?tﬁ@ ele@k&iRs 268 and 20b to
shown in FI , the second antenna 3 includes an

G 6
bRt s L P BB &Y D2 pper - ayer

Ielectric lTayer

i nterconnection 26 for t, the top of the .

(43, FhERg e iBrcPppdtipR 1o thes et omeqgptitc layer 15 s

i nterconnection 25 and the upper-Ilayer interconnection
arpanged s a i e teréerg with sheisinsateninterdonnpetion; 1§ (seer i 2hypnd

enbedding Cu in a hole 15a fornmed in the dielectric
faray ghe stBondsaniedd 4 8hat Tomsunidates withethe Kiesy entenna 22 of the printer

i nterconnection 26 is arranged so as not to be
unit 23.

[00144]  The second antenna 3 is provided substantially in the center portion of the
semiconductor substrate 10, and is constituted by a flat-type inductor element (spiral
inductor element).

[00145]  As shown in FIG. 6, the relocation interconnection 19 arranged on the surface
of the dielectric layer 15 is formed on the same flat face in cross-sectional view, and has
a spiral shape in the plan view shown in FIG. 5.

[00146] The second antenna 3 is formed by the relocation interconnection 19
arranged from the electrode 20a of the semiconductor substrate 10 across to the electrode
20b. Also, as shown in FIG. 6, the second antenna 3 includes an bottom layer

interconnection 25 formed at the bottom of the dielectric layer 15, and a upper-layer
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short-circuitting with the bottom Il ayer

i nterconnection 25 on the passivation film 14.

[00149] O the bottom | ayer interconnection 25 and the
upper -l ayer interconnection 26, the upper-|ayer

i nterconnection 26 is relati %Iy separated fromthe

sem conduc S for.ns spiral section
SERaGEHALE 26 Fonp g RO Mo e Mot e 3320] ' § nce ¢ he
dielectric |layer 15 is forned between t he spiral

QU] on The betem laer intseranBerinaS R d dhogpestageriptergapgection 26
spiral section 28 can be further separated fromthe
ageerinpenietlidn ecosneotr 23 thet ivlorhedsabeiding Gisindehdadsa fprmed in
the second antenna 3 are joined to the el ectrode 20a

the dielettkie ldyet 1Hm | ayer interconnection 25 of the
rel ocation interconnection 19. 15 [00152] The outside

[60198] ar §hi 't}{é‘?%%a&ola?&‘?m%}&ﬁﬁéc%ﬁ 28 War¥dn@ed fas not to be

upper(—JI ayer erconnecti on 26 00153 Form ng the

28
sREEERERL ﬁ"%&fh? oS B e DR 2 ah thE s UGl B4
l@ilg}éf ?253 S AR ?%%égrwé%]ﬁ §£ e@itﬂs‘s UpRItiayeH gpterconnection

current Ieakage fromthe second 20 antenna 3 and

26+tbe vppsiriayer intercormastininsds ismelativelyx sepaied fioo Igspmiteaductor
antenna characteristics are enhanced by form ng the
swwaard Oantd énha a3pial setiivn 28 @lcBal tHac sHoayneih F16. .0 thi s
manner. [00155] When the dielectric constant of the

[GﬁISbECt Singe {h@ﬂ?élecli@c la?eﬂ 3Gk %}ﬁ{%ﬁ befiveeR AR piraPREBSHIZE And the

ort engt can be fornmed in a narrow ar ea.

It Is
géﬁqqll %@qsﬂ%@l@; fglE:'s lsgét *b% caft (ﬁéﬁ’p%? Igc#gtfat #bﬁ%el

reduce nanu cos
0015 V\hll gIeIayer fllm mul ti-layered film
qGI%E?rfS‘lﬂ?s ttfj'fl gol d (Au), copper (Cu), silver (Ag),

titanium (Ti), sten titani umtungsten
100158 uRhsingide ara_ds (g‘rhemecm;g afama BNgrg joingddR dhe @%&r@d\/\éﬁ# via
(NiV), chrome (Cr), alum num (Al), palladium(Pd),
therbdtism layer iemorectiere2S afthe hdotive iterconreetiorf 19, t he
rel ocation interconnections 16 and the 5 19, in this
[08ub2Idi NElRY outdidy erlls @rd joimee &b fhe@iBcfrud2 6l |d tHe pper-layer
interconnection 26.
[00153] Forming the second antenna 3 (spiral section 28) on the dielectric layer 15 in
this manner achieves clearance with the semiconductor substrate 10, which is an
electromagnetic wave absorber, thereby reducing current leakage from the second
antenna 3 and increasing its transmission efficiency.
[00154] The antenna characteristics are enhanced by forming the second antenna 3 on
the dielectric layer 15 in this manner.
[00155] When the dielectric constant of the dielectric layer 15 is increased, a second

antenna 3 of short length can be formed in a narrow area. It is possible to miniaturize

the semiconductor device 1 and also helping to reduce the manufacturing cost. -
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[00157] As shown in FIG 6, a sputtering |layer 21 of
Cu is formed on the bottomof the second antenna 3.
This sputtering layer 21 is used in plating to form
the second antenna 3. [00158] As shown in FIG 2, a
protective |ayer 17 (protectﬂ e film is then forned

ct ment . for mat | n fa
1888568 o n Xt el i PR P Sy 18- DGR MR M, copper
rel ocation interconnections_16 (second antenpa 3),. the .
(Hrkpibeer (49, [itpprym 1), tupggienfy), W&%‘élp’v%}flg%‘ﬁlﬁ‘ 1o tighium nitride
[ 00159] The protective layer 17 is nmade froma
(Fi2Bt nicksd i1 amitkekmamadiuh (5FV)sdirdee (€9silyminunf GBl).6e]ladiom (Pd),
exanpl e, an alkali-resistant resin such as polyimde
ahé $o on, cBiPbe uadGs e hateridlused il tHeoelobaion iAgrdongections 16 and the
protective layer 17. [00161] Alternatively, SIN, SiQ2,

1f§' {iPhis anbbnﬁlﬁxehi {8y afeFBrmSEiorh €uf 418 fifln] NOF gani c

ilm [00162 It 1s preferable that a material having

e e ef‘l?‘y;ﬁt%‘isﬁ&faf&g g T et s otiom of
i e Eea S A RTBYIEIYF ehin WD DALTAS o fsgeond

of the protective |ayer 17 (|n order to enhance the
agenhalhti o of the wetted sensor) when the ink in the

ink tank decreases to a small anmount. In this

[G0158Hi MamEhoviaDinyHIGL Bea pregictive layetslddprotdcdivd 6iBth) ikhkeen formed on
surface of the protective layer 17 can be treated with

(R REACESHeRHUSIADN hleUnion gl s@ﬂnéohaa&mbstméi 165d hORBver
treatment. This broadens the range of resin materials

tl?e@e]‘tbl&ﬁion cBﬁne%ﬁR§§3 fdﬁegeco%ﬁ%ﬂ chba ggﬁTeod{aE%hlé bayer 15, and the

pro ective layer not ave i qui
Jé ﬁﬁ% o the ink. [00164] The protective |ayer 17
ver the side faces of the sem conductor

deV| ce 1. [00165] By this neans, the sem conduc
[0k e Thepretertu lagcrdd it gade Erymt gacaj-Fasistant mgteri F solder resist.

prevent ed.
[00160]  For example, an alkali-resistant resin such as polyimide resin, PPS, and PE is

used for forming the protective layer 17.

[00161]  Alternatively, SiN, SiO,, SiON, or the like, can used to form an inorganic
film.

[00162] It is preferable that a material having a liquid repellency to the ink be used
for the protective layer 17 in order to prevent a decrease in the resistance between the
liquid contact electrodes 12 caused by ink remaining on the surface of the protective
layer 17 (in order to enhance the S/N ratio of the wetted sensor) when the ink in the ink
tank decreases to a small amount. In this embodiment, polyimide resin is used.

[00163] The surface of the protective layer 17 can be treated with a process such as

fluorination treatment and silicone treatment. This broadens the range of resin materials

that can be selected, even if the overall protective layer 17 does not have a liquid
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[00166] Openings 14b are al so provided in the
passivation film 14 on or above the rear face | Ob.
[00167] In this configuration, the tips of the
penetration el ectrodes 9 protrude to the outside from
the openings 14b. 10 [00168] 2¢n this enbodi nent, the
t s of the penetration electrodes 9 protruding from
“BpE ﬁﬁ§§ﬁtonstitute the liquid contact el ectrodes
12 that function as detection electrodes for .
[BRYO4E | Ale profectivg byt T e alyoomyerde mde fagengf thp gemiconductor
penetration el ectrodes 9 as detection electrodes in
dewiice Iway, the nunber of interconnections on or above
the rear face I (b can be reduced and the 15
[00X85] gU B thi theand) thiesesticipldinétbedbvide00F g ]beinl dafhaged by the ink in
possible to detect whether ink is present by neasuring
Iﬁ nfe§Si stance and current between the |iquid contact
ectrodes 12. [00171] For exanple i f one l'i quid

ct electr 12 is co ed to r I,stor
@&%ﬁﬁof Ol P51 e pist PO S HE TehdBiohdf 4Gt above the
tact electrode 12 is connected to the 20 power
r%% d0bga transistor that is ON when there is ink will
switch OFF when there is no ink. [00172] By detecting
[#H6Z] i In this goufigirbtien, the tiwtof thr peactvtmniebectiodés ¢ protrude to the
present. [00173] In order to prevent deterioration in

olidRleifitkn hempasihgd Dib. due to electrolysis, it is
preferable that the current flow ng between the |iquid

[(ABRPCt Iﬁhﬁ%&qgﬁelﬁ %h@ﬁp@@fqﬁf g&fg%?orﬁél@&t}od@§ 9 protrudmgffrom

possi bl e, be pul’sed. 21 Since the pair

ﬂj}i o%gnlﬂﬁ tgon%\afﬁ]ie &l gﬁﬁld%gﬁt%ct e%ectr% ngzrt‘hs ﬁ‘flacoélsa% dﬁ?ﬁti%]
@gnmgg g@'ch ha ceIIent chen1ca| resistance and is

Eﬁ“ﬁ% ¥ al kal i ne i nk component is
'ﬁueferably used as the plated fil instead of this 5
[00169) at By usipg the menetmtionetectrpden 9 ag defecipmeleetrades i thifvay, the

such |li ke can al so be used.
number of interconnections on or above the rear face 10b can be reduced and the

configuration can be simplified.

[00170] It is possible to detect whether ink is present by measuring the resistance and
current between the liquid contact electrodes 12.

[00171]  For example, if one liquid contact electrode 12 is connected to a transistor
gate of a controller circuit and the other liquid contact electrode 12 is connected to the
power source, a transistor that is ON when there is ink will switch OFF when there is no
ink.

[00172] By detecting this, it is possible to determine whether ink is present.

[00173]  In order to prevent deterioration in the ink composition due to electrolysis, it
is preferable that the current flowing between the liquid contact electrodes 12 be made as _.

small as possible, and be pulsed.
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[00176] In the sem conductor device 1 of the above
configuration, since the liquid contact el ectrodes 12
are forned on the rear face | b of the sem conductor
substrate 10, there is not concern that the ink is
infiltrated to the actlve el éhent formation face 10a,

AT o S 4 o R0 BBl R RO e s

relocatlon |nterconnect|on 16 and the relocatlon

184% gopwdbeir 1Tares. can be formed so as to constitute
the sane | ayer on the sane face, they can be forned
[80178]1 t adewete] yhich bes@gtllay chémisalmesistancetand innotis&ected by a
manuf acturing steps is reduced, and the manufacturing
stosgd alkslinedalkl c@dponkht i @ﬁif&l@ﬂ)lyﬁh@ asthe plagod feainstead of this
the exterior of the sem conductor device 1 of the

AYERH IR, BRHWRI 'H‘maNﬁgiBFa‘éedSﬁﬁ{ A &kchMiK@Warh AsE bSused:
[ 00180] I'h thi's exanpl detectlon el ectrodes i ncl ude

f u des 1
B428) & §nths %8{08%3 i Behise To B BOR edfimetdighaiE he e
t he eS| urrent bet em 20 [00181]
cpRest pciTades e Oné'fiﬁﬁtf@ 16" fpefel @agéﬂt %ﬁmlEﬂn“P f Sbstate 10,
senm conductor device 1 of the invention shown in a
thareisnot eancemrthat the imlyis infiltraged .th¢ agive 2lement fdnngtion face 10a,
exanpl e there are six liquid contact el ectrodes 12.
wWhefb® He Adivh elehicats @bt B gtiaBiNtprevevieed fidm béieg afécal byothe ink
precision of a pair of liquid contact electrodes 12

[(ATTEAS SR rbiBcaoh iRRBLAS1iBA 16Ad HREEWESdiABRFontdEon 19
det ecti on 25 preci sion can be supplenented by the

it l!?eefogﬁgt!l % cohﬂfﬂﬁtg t}ﬁa?sﬂ{n %tyr?f off ‘ﬂ{ers%&%%aéezﬂ}e? 5 ? oi%%med

possi In accu ornmation ref

ththeaﬁhnk |s present. [00184] In this case,
i n precision can be prevented by using nore

(more than one pair of) qui d .cont act
[Qélléﬁl r OHE éhla;zlea% thequmbet %ﬁwﬁtf@évrsm&)ﬂemﬁ&reéa%qdn gnd the
the nunber of |iquid contact el ectrodes 12 increases.
manifaoussg cBe comdudedbodi nent

[00179]  FIG. 3 is an example of the exterior of the semiconductor device 1 of the
invention shown in a cross-sectional view in FIG., 2,

[00180] In this example, detection electrodes include a pair of liquid contact
electrodes 12, it being possible to detect whether ink is present by measuring the
resistance and current between them.

[00181] FIG. 4 is another example of the exterior of the semiconductor device 1 of
the invention shown in a cross-sectional view in FIG. 2.

[00182] In this example there are six liquid contact electrodes 12.

[00183]  With this arrangement, even if the detection precision of a pair of liquid
contact electrodes 12 decreases due to air bubbles or dirt between them, the detection

precision can be supplemented by the other pairs of liquid contact electrodes 12.  Itis
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[00186] A second enbodinment will be described with
reference to FIG 7. [00187] In FIG 7, parts
corresponding to those in FIGS. 1 to 6 are represented

by sanme reference nunerals, and are not repetitiously
expl ai ned. [00188] ReferenceZhuneral 40 represents a
sem.conduct or devi. of. the j.nvention .10. whose basic
PRGHTIE QLB e P e rfetion delali TP i T e e

descri bed above. [0Q0189] This enbodi nent. differs from
(D484} i r & thasrrssiirershon W RIpBOR Fat RegrBYTdtedhyt usiiggmarejthan two
formed directly on the passivation film 14 w thout ]
(porsvthan onp paicofd ligkid contae eldctrpdes 125  {The detbetionguecision increasing
[00190] In this enbodinent, the liquid contact

ag teaiubidest Hgidesnticoelegodss 1L heeréRey. 15 face 10b

which is on the opposite side of the sem conduct or

[@Hkgg{ r akgeohd EgbddiigerACt i ve elenent formation face 1
Ga. [00191] By this neans, since there is not concern

(O3B0 By it B SR € htFuBE W e BT

irecti of .the sem conductor. subhstrate 10 need not
(g ek ToRALtSEOHPHRINIRE tohose itk ﬁé-ﬁé@éﬁfﬂfﬁpmwed by
[00192] Since the step of formng the dielectric |ayer
sarBe Teferondetnugtrals, land atermsé repefitioushhexplednads i ng steps i s
reduced and the manufacturing efficiency can be
[00188asReferenc® A3 Morepregarts a sérmicendiictor idbeice of the invention
i nterconnections (16 and 19) can be fornmed on the

whotEbdslclonfip@atiéd isQimilRo i of thabmB6diéat &seiifidiabove.
formation face 1 Ga), the second antenna 3 can be

[lﬁﬁ§9 y gﬁ]{s %E%bdi%@n& (Qi%?s orf/i\!i;het ﬂjstsentﬂ; eﬁt% fﬁ.apgle]t,sg(fq)ng 3

second enna using the 1 nterconnecilon use

an it Rarreliepia B s itionln e oVl Ghgoouic
it is possible to formthemin the same step. [00195]

lagpinbetharsbefeer- naterials are required, the tinme and
cost of manufacture can be reduced. 5 [00196] Wil e

[00A80F i r btthisrethbodinmamt therbpdd ventas ethetrodésd asx forpied on the rear
fa\::\‘;?(r)l? which is on the opposite side of the semiconductor substrate 10 to the active
element formation face 10a.

[00191] By this means, since there is not concern that the ink infiltrates to the active
element formation face 10a, the distance in the thickness direction of the semiconductor
substrate 10 need not be increased by forming the dielectric layer 15.

[00192]  Since the step of forming the dielectric layer 15 is omitted, the number of
manufacturing steps is reduced and the manufacturing efficiency can be increased.
[00193]  Moreover, since all the interconnections (16 and 19) can be formed on the
same flat face (i.e., on the flat active element formation face 10a), the second antenna 3

can be easily formed. |

[00194] At this time, forming the second antenna 3 using the interconnection used for
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penetration electrodes 9 are used as detection

el ectrodes, this is not limtative of the invention.
[00197] In the follow ng enbodi nents, instead of
maki ng the penetration electrodes 9 function as
detection el ectrodes, rel ocagdon interconnections are

connegted to, the 1 netr.ati,on electrod and use

G e Sitetfuc et oB B8 e Bt 8B R R R e 0B el 38 For
configuration, the netration el ectrodes 9 need not
eiS’i“BPlPug]eaI\dr%ttlﬁ 30%8@3? torfgera thenpyg the sames3feRio in t he

first and second enbodi nents. [00199] The basic

[@HAF] guBuce om other mateaiplsiaserehiceds thedingsandrost ¢frmganugargure can
second enbodinents, in that the detection el ectrodes
batr&lupeédvi ded on the rear face 10b of the 15

senm conductor substrate 10 instead of the active

[6U196F "t WiSkTR! iRfad@EEorld SRoodiA0RP8dscb IS anfiIRati BNt S

wi ||~ be explained taking this configuration-as

BRI st Y bl P IR R B b i My ot

00203] Reference nuneral 41 represents a -
SR ¥bnduct or device of the invention. 20 [00204]
This enbodinment differs fromthe first and second
[WH93Hi nbvihe followingmembdriments ciostenduefinesking Be parEtiatigu iclgctrodes 9
contact el ectrodes 46 (detection el ectrodes) using
furetion ad dedattion Bleetradesreichthosinibconnections afedtommzctdleo tiear
face 10b of the sem conductor substrate 10. [00205]

péridtriica cl8etrddBE § and R4eti @S AOREAIEROHBOSe in FIGS. 1 to
6 are represented by same reference nunerals, and are

B3 ooRSLHARUAL b R AR G RRAR LA

Clrcuit d a 24 assj vat,i on fi 14 are.fo do
S EpRURS e find OF &7 et P s et sy EboRmeRE.
sem conduct or substrate 10. [00207] The .integrated
[Q9LPui ¢ Thefasigrentiguratinn is otheswiss theasene an thedpr@nd gecond
these being forned on the active el enent formation
erhbedmenta, in Shat @2 B8ictidn eleplacdss aat providéd dmihe4eardacer Wbeof the
pair of elenent el ectrodes 11.
semiconductor substrate 10 instead of the active element formation face 10a.
[00200]  Other embodiments will be explained taking this configuration as assumed.
[00201] Third Embodiment
[00202] A third embodiment will be explained with reference to FIG. 8.
[00203] Reference numeral 41 represents a semiconductor device of the invention.
[00204] This embodiment differs from the first and second embodiments in that the
second antenna 3 and liquid contact electrodes 46 (detection electrodes) using relocation
interconnections 16 are formed on the rear face 10b of the semiconductor substrate 10.
[00205] In FIG. 8, parts corresponding to those in FIGS. 1 to 6 are represented by

same reference numerals, and are not repetitiously explained.

[00206] In the semiconductor device of this embodiment, an integrated circuit and a
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[00209] As shown in FIG 8 in this enbodi nent, the

el ement el ectrodes 11 are exposed in openings 1l4a
formed in the passivation film14. [00210] Instead of
form ng openings 14a in the Eassivation film14, for
exanpl e, the passivation fikM 14 can cover the entire

active eqent formatiogn face .1 I ncl.udi.n he. .10
rivbialie FT O oreoBashin e ssBicoiemeR) AyPaiph ji% 199 Br k)
is . then fornmed over the passivation film14 so as to
seryirapducty subsigienkd- el ect r odes 11 exposed via the

openi ngs 14a. [00212] By this neans, the active
[60287F:nt Thoimtepratedhcitautandlodesi ascoptrol St edd ah BEPROM As these
shown in FIG 8, a dielectric layer 15 is forned on
being fo@sdionahé aiivkielamché forhatignfabhe0d ear face 10b of
the sem conduct or substrate 10 so as to avoid a pair

[sﬁzoafnetrﬁ@féasei%ﬁ&l 6] 19682 %m; SiL1RRAR tlcakddshiough
the th

i ckness direction of the sem conduct or

rate 10 an re.fornmed in a . peripheral, secti f
R85, oS e RTICE it B S oimp e R EsRERG T
layer. 15 is forned in the center t he sem conduct or
exprised iqnenipgs ?‘iagg’ﬂa ing{ae Basstvation ﬁ{w éfconnecti ons 16
are electrically connected to the penetration 20
[0248} r obhetsad of forming aperimigh ida indhe pessivatéonalss | 4 oy example, the
film14. [00215] The penetration electrodes 9 are
piglvatiad fithh 04 ciiheveete ehaeeiciiGbelemnOfl Tdhatibhdadecl Oadrdlinding the
i nterconnections 16 extend fromthe penetration

cRhRat dI&9dR3eP11.10 the center portion of the
sem conduct or substrate 10, and rise onto the

j ctric | I . T '

(R A icnp iR laveb 7 e BRER byt SRARER B 14 s0 510
cont ace:1 25 ?"l e‘%f rﬁ?e 46 descrli bed. bellgvv. [ 00218]

oo e sleanest slepigafies H{ exposid SR o PRENASS 187 i npor t ant
means of deviating the positions of the el enent

(00282} r JBethis meyrs, theackenslement dertion fsetilaisprotretedat
is often designed in mnute detail and the physi cal

[00333]t | oAsstwivitindFIGo8ghdipliettch ldyienld o formmtdat the Passivation film 14
el ectrodes 46.

on the rear face 10b of the semiconductor substrate 10 so as to avoid a pair of penetration

electrodes 9 which penetrate through the thickness direction of the semiconductor
substrate 10 and are formed in a peripheral section of the semiconductor substrate 10, i.e.,
the dielectric layer 15 is formed in the center of the semiconductor substrate 10.

[00214] Relocation interconnections 16 are electrically connected to the penetration

electrodes 9 in the openings 14b of the passivation film 14.

- [00215] The penetration electrodes 9 are relocated on the rear face 10b.

[00216] The relocation interconnections 16 extend from the penetration electrodes 9
to the center portion of the semiconductor substrate 10, and rise onto the dielectric layer

15.

[00217] The relocation interconnections 16 are connected to the liquid contact
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[00219] In addition to the elenent el ectrodes 11,
el ectrodes 20a and 20b are forned on the rear face |
o of the sem conductor substrate 10 using a nateri al
simlar to that of the elenment el ectrodes 11 (see
FIG 5). [00220] Wile in FI& 5 the second antenna 3
| s, for active elenent 10 formation face
egﬁ?m@enﬁgetsﬁﬁbeggﬁqvﬁur ation of the second antenna 3 is
depi cted. [00221] .As sane as the penetration

81 r od Besegelogation| ipleronRastioRR e ak HARREANbMea gf devigiingthe
connected to the el ectrodes 20a and 20b. [00222] The
pogliocadfitbnelembrtradatmodest I lor thdsepxtanddetof subsirathd O that is often
el ectrodes 20a and 20b to the center portion and

detisesl ia badete dbRildhe iR Ghiykical f@}ﬁﬁbnsl{ﬁf- thd fougR Q2R Jigdid @ontact
relocation interconnection 19 that rises onto the

efyc&j) t46' c layer 15 is arranged so as not to
I nt ﬁ%ere with the relocation interconnection 16 and

tes..the econd .a n t.hat co
FIRT | b e e AR SRS ORR 4T Pl O P TR formed
[00224] The second antenna 3 has the sa
op dirregfulpeg 1 Brpldhe semieondugiopbsirga B asing frgaterig) S{I@éﬁéi%]ha* of
A protective layer 17 is then forned on the rear face
the eBbmend elkstrodesddsae RIGeS5). second antenna 3, the
passivation film 14, the relocation interconnections
[(0220pndWHike in 816 £t kécdnll aitefinalbis fHREPH] thepetiversd@ndnt a
are fornmed in each relocation interconnection 19 of

f&rﬁﬁtlmg tRE €64, Tonfy th¥ekfighratiohdf E&Os%g(?r]d dnfernB13Ss depicted.

confi gur at i on part S 0 the relocation inter connectl on

[(ﬂﬂ%Z?rgoggg% e.¢s the tﬁ1 1@ glﬁ(%.&(ffée? 1{6} 0%1819 galc%nh@ is |
A{SOOZZSL. ﬁ ﬁ’? Le);e I | t act el ect rodes 46 are wet
? CPTHECTR KO the SRFir ﬁi ith the alkali-resistant

metal described apove. A plated | ayer is formed % not
[X383h) . Tl yebyatia] ingycanspeipnpQraxtends fromebe elegieedes ghia and 20b to
i nterconnections 16 as the |iquid contact
the center portion and rises above the dielectric layer 15.

[00223]  The relocation interconnection 19 that rises onto the dielectric layer 15 is
arranged so as not to interfere with the relocation interconnection 16 and constitutes the
second antenna 3 that communicates with the first antenna 22 on the printer unit 23.
[00224]  The second antenna 3 has the same configuration as in the above
embodiments.

[00225] A protective layer 17 is then formed on the rear face 10b so as to cover the
second antenna 3, the passivation film 14, the relocation interconnections 16, and the
dielectric layer 15.

[00226] Openings 17a are formed in each relocation interconnection 19 of the

- dielectric layer 15.

[00227]  In this configuration, parts of the relocation interconnection 19 exposed
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el ectrodes 46 and providing the dielectric |layer 15
between the |iquid contact el ectrodes 46 and the
sem conduct or substrate 10, the seni conduct or
substrate 10 can be reliably prevented from being
af fected by the i nk. [00230]2@ccording to this
enbodlnent ce the Ii ontact_ el ectr s 46 and
“?IH eh thg operipgtyl reriiae f%ﬂ%?%oa glsciopr ﬁg?‘feé%FPoF ace
1 Ob on the opposite side of the sem conductor
eleghedashte 10 to the active el ement formation face 1
Ca, the relocation interconnections 16 and the second
[@0228hna Sihcé thel lamad ¢ommct aleetrwion A€ atel vt id Bie inlgnhdyeare plated with
formed sinmultaneously. [00231] Furthernore, since the

theedRARfekRfAnt MEAT ERBTRAIORS 18 pRfd hit8 1S REABE (RNSIRRAD.
15 3 can be forned so as to constltute the sane | ayer

[6)62 bﬂ gglg ggﬁﬁ dtﬂg reﬁ&!yﬂ‘% H‘ﬁérco 5 Cl%lﬂ'sltlﬂgl i Eohtact

can SO can manur act uri ng

232] bl.e that dielectric Ia
elsginsdss G and By v e iRt ok Dot eate Fa%g‘)%ecta&#&mdes
t he second antenna 3. By this rreans it is possible to
46 ped thgsemigeaduciorsubyitste Hb theessmicandueiensubsiieie dd san be reliably
substrate 10 and the |iquid contact el ectrodes 46. It
pBQented frosshdmgaffastedrbiyahemkt he ant enna characteri sti cs.
It is possible to maintain a distance fromthe

[602BD ONABEIr8ing $81Sd drdbRlichéht! $indenBe hq&ldlcdnt@@tré‘le%%des 46 and the
el ectrodes 46 [00233] By this neans, the ink from

sdcBind bty ke BRI e Hr?%:gé?“néfﬁ?{ez@?’f‘%%%éﬁooﬂ/&ﬁ
Sﬁﬁﬂl&)ﬂf@’c%ﬁ%sr"%@%’éf e e Bo fRRattn e @ao{?&”%acat%n

those in FIGS. to 6 are represented, by sa
intereungriiqns Grapd Q@ecwoﬁnéﬁnea dtelocapien mtffrewevwn 19) can be
expl ai ned. [00237] Reference nuneral 42 represents a
fosemd siomdiane@slydevi ce of this embodi ment. [00238] This
enbodi nent differs fromthe third enbodi nent in that
[082BHs aFwetherthorensincedthe tddecationh anatompclistisdband tigcdct@nisantenna
16 exposed via the openings 17a in the

3 can be formed so as to constitute the same layer on the same face, the number of

rnanufacturing steps can be reduced, and so can the manufacturing cost.

[00232] It is preferable that the dielectric layer 15 be formed below the liquid contact
electrodes 46 and the second antenna 3. By this means, it is possible to increase the
distance between the semiconductor substrate 10 and the liquid contact electrodes 46. It
is possible to enhance the antenna characteristics. It is possible to maintain a distance
from the semiconductor substrate 10 to the liquid contact electrodes 46.

[00233] By this means, the ink from infiltrating inside the semiconductor device 40 is
prevented.

[00234] Fourth Embodiment

[00235] A fourth embodiment will be explained with reference to FIG. 9.
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protective layer 17 on the rear face 1 Cb, these bunps
being nmade to function as liquid contact el ectrodes
47 (detection electrodes). [00239] As shown in FIG 9,
the bunps are forned on the rel ocation

I nterconnections 16 exposed Wla t he openings 17a |n

ro e | d film1l
6P 7 HEFIC ¥f merB irespouling % ol h KiS° . 3 B e spifptted by
at h speed. [00240] The bunps function as liquid
S@Bﬁfﬁ%@“@ Reperyead WW&?PGHE?‘%%E expladned. nf or mat i on
when they are wet with ink. [00241] By formng the
(002373] at Befer¢riceni@erahd represents asemisbnduseordgvico pbthis embodiment.
infiltration of ink to the sem conductor substrate 10
[60238pe Mhaisicalboylinphedieiicilom e hiQ24bhdiMenoin thatttenps e
dielectric layer 15 is already forned bel ow the liquid

SRRl the RIRELHPHRIcohhectidn® lg'eﬁ @.@8: %aftﬁ@@énh{’gs 17a in the
sem conductor substrate 10 t i qui d contact

pEUEVE B8R 7 dn B Bed? Tade NODE AR q?%v“ el ey RS oy jiquia

i nk. 00243] ile . th th| rd and fourth errbodl ment s

coplagte qsgo%rﬁ‘f7vgﬁ?‘§{(’in e the 20 second antenna 3

is formed on the rear face 1 Gb on which the liquid
[MBAPhct Aebkawt Bdd§. 9.ahe biopsrarg foinredidneghé tfldastipmipterconnections
enbodi nent, the second antenna 3 is forned on or above

16 beposad viavke epeningnl 74 Brth@ptossetivatayed 1 Thy glob@@dAn-pldiad film 18
basic configuration is otherw se the sane as that of

of {12 salFaNEf £BROGH (B MHaeande ;{15%@@4@&1 ghibieelt Embodiment 28
[00246] A fifth enmbodinent Wl be explained with

(ﬁri@]r eNphe hifinds b 91 25 ﬁ]ﬂ%é:lolgkpefatt%dgsl& B8R drSct ink

correspondln t are represented

ane .reference nu and are not repetitiously
“E%ﬁpiPﬂeﬁwnP5@f£§Y1ﬁ@ﬁ§F§nce numeral 43 represents a

seni conduct or device of this enbodi ment. 00249] _A

[0024Hhd Briaming te Au-platedfidmd$ agrthe paiase Qﬁthﬁ Y gpe, infiltration

el ement formation face
of ink to the semiconductor substrate 10 can be reliably prevented.

[00242]  Also, since the dielectric layer 15 is already formed below the liquid contact
electrodes 47, the distance from the semiconductor substrate 10 to the liquid contact
electrodes 47 can be increased, further preventing semiconductor substrate 10 from being
affected by the ink.

[00243]  While the third and fourth embodiments describe configurations where the
second antenna 3 is formed on the rear face 10b on which the liquid contact electrodes
are formed, in the following embodiment, the second antenna 3 is formed on or above the

active element formation face 10a.

.[00244]  The basic configuration is otherwise the same as that of the above

embodiments.

-[00245]  Fifth Embodiment
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| Oa of a sem conductor substrate 10, and liquid
contact electrodes 48 are formed on a rear face 10b.
[00250] As shown in FIG 10, in this enbodi nment, the
rel ocation interconnections 16 and the second antenna
3 (relocation interconnectioﬁ& 19) are forned directly

0 ,passivatj.on f| e th i,we
(028 v AP PR e ooy éffnasﬁq?‘% 18
|nterconnect|ons 51 connect to_the penetratl
(0402801 r obreElD 10gpp4ts carresprpding & topeiRtil(Sohtad are represented by
passivation film 14 on or above the rear face | Qb.
sproe pgapncemmestls @ad aremat mpetitioshieerplamsl. 51 are exposed
t hrough openings 17a in a protective |ayer 17 forned
[00248] aRefetenchpumenal 43 Ape:sdfiba sdrbichditivdldeticelof tthis embodiment.
contact electrodes 48 are then forned on the

[6(?."49]? at A%coﬂd%%ﬁé’@ Aokl oé br Movh Qh TR RS fd%ﬁiaﬁ@n face
the sane nethod as 1 n the above enbodi nent. [OO 4]

PS4 heitbdhatORt S T6 4R Soa Rl Mgt B RR o HPGh o

i nfor i on. 20 [00255] By arranging the rel ocation
reahfacE dBPnect i ons 19 and 51 directly over the
assivation film14 without formng a dielectric |ayer
[00258hd AsshavsuindilGn 0, limghds emBodimenie thegelatatipnrinterconnassians 16
be sinplified, manufacture can be made easier, and the
anpehieatdond anehfid 3 (relocatiodntchdnhétiofnd $Bdhre fdd2d AjredBlyxdna
Enbodi ment 25 [00257] A sixth enbodinent will be

p@s?éﬁzlaﬁd)ﬂ]ﬁﬁ‘n 4 bA of SIRE BRCRVO elelrfent fhimatfon faddd98] In
11, parts correspondlng to those in FIGS. 1 to 6

[(ﬁﬁge]r':;ﬁs{elgigaﬁgh ?ntexrcgﬂrge%ﬁgﬁst f 0%}(16& e 7?%{1&{&%8% %lefta%% g] and

are not repeti I ously e al ne
er uneral 44 .re nt s condypct devi ce
af& onpli Ry o hemeivatipn BB Af Orir SbRRUBGRABHES ADY fers
fromthe fifth enbodinment in _that an insulating 5

[0025&),  1Ehe rglocation interqongeqtions Al pre Prpeser durqueglhopsnings|1dgin a

the under |ayer of the |iquid contact
protective layer 17 formed on or above the rear face 10b.
[00253] Liquid contact electrodes 48 are then formed on the relocation
interconnection 51 by forming bumps using the same method as in the above
embodiment.
[00254]  The liquid contact electrodes 48 formed by these bumps function as detection
electrodes for detecting ink information.
[00255] By arranging the relocation interconnections 19 and 51 directly over the
passivation film 14 without forming a dielectric layer 15 and an insulating layer 15°, the
configuration can be simplified, manufacture can be made easier, and the operating
efficiency can be increased.

[00256]  Sixth Embodiment

[00257] - A sixth embodiment will be explained with reference to FIG. 11.
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el ectrodes. [00261] The sem conductor device of this
enbodi nent includes an insulating |layer 15" that is
substantially trapezoidal in a cross-sectional view,
and is provided in a center ortion of the rear face
10b of the sem conductor sub%grate 10 with the

j vati film_ 10 14 therebetwee 0026
PERR| ngl FIS- oy s EPrshontiBe B ETRTIASSh ( faed HiG. 10 are
connects to the penetration _electrodes 9 so as to
renresenisA by spas Eefergncs ryumesg)s, ang are not repetifiusiy gxplaned.
contact electrodes 48 are inevitably noved to a
[00258] er Refesinanvemeénabdd tepecsergan s¢micenduc deyio®obd]s eBybodiment.
i ncreasing the distance between the rear face 1 Cb and
[00260] | qUh efbblliaednt differh@s thOfifgs eABodimehtih $haran idlating
the the rear face 1 o can be further prevented from

156t 19 ofdishBgh %sm’istpﬁgviﬂ&lkon dr3@R8A*he BhllerifiRr bEIRIRYMdWdntact
I'nt erconnections 19 that constitute the second ant'enna
e%’@&ﬁ formed on the sanme face on the passivation film
49Ty in this enbodinent and the fifth enmbodi ment,
ereas_jn the cross-sectiopal views of FI.GS. 10 .and
[00z61}, enyéf‘aWHB@)@B"thii%‘iP ¢ FWéP‘%&%@PEW@%‘H%%mS“Mmg layer
%OOZQS] Sevent h Enbodi ment [00266] A seventh
13 itbatds mhstantiplly trapszeidgl injaseasswidtionalefiev.cmdas povidedin a center
12. [00267] In FIG 12, parts corresponding to those
pottiofrbESe rdartfared,0b 10 theasethidohdadter subsipite $@nitdhdpassianton film
reference nunerals, and are not repetitiously
18Rty 25 [00268] Reference nuneral 45 represents
a sem conductor device of this enbodi nent, 30 the
C C . | . Wh r e .
@R5A, PR Rl Moo Mot oSl e dhubcldRFR benctration
00269]. This enbodinent differs fromthe.fifth d
CIBRRS 50 O ERO0G (ot et e &1 OregRib ot Etgtrades 48
insul ating layer 15 on or above the rear face | Ob of
arg ppevifablx meyed fue geptes diskpegtremthe regr ficel@t ri c | ayer

15 is fornmed on or above the active
[00263] By increasing the distance between the rear face 10b and the liquid contact

electrodes 48 in this manner, the the rear face 10b can be further prevented from being

affected by the ink.

[00264]  All the relocation interconnections 19 that constitute the second antenna 3 are

formed on the same face on the passivation film 14 only in this embodiment and the fifth

embodiment, whereas in the cross-sectional views of FIGS. 10 and 11 they can be
formed in other arrangements.

[00265] Seventh Embodiment

[00266] A seventh embodiment will be explained with reference to FIG. 12.
[00267] InFIG. 12, parts corresponding to those in FIGS. 1 to 6, 10, and 11 are
represented by same reference numerals, and are not repetitiously explained.

[00268] Reference numeral 45 represents a semiconductor device of this embodimgnt,
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el ement formation face | Ga. [00270] In the

sem conduct or device 45, the dielectric layer 15 is
formed in a center portion of the active el enent
formation face 1 Ca with a passivation film 14
therebetmeen and the |nsuI§9|ng Iayer 15' is formed

lhgg%asﬂcen orH‘fﬁl ﬁf thg R?{éaﬁ gt%ﬁ;f%] uﬁgxpa‘p] iments

this conflguratlon i ncludi ng the dlelectrlc | ayer 15
dspertied Be96w t he under layer of the second antenna 3,
the antenna characteristics can be enhanced. [00272]
[00269] by hiscmhodiméntt differs frbmtthefjfth ayd sixthmimdimentdinl that, in
the under |ayer of the |iquid contact el ectrodes 48,

ddbtiofl it formbR the Gi¥ulabigg agar 15 aar dbWetthe fdaeface U0k 6ff the
contact 15 el ectrodes 48 can i ncreased in t he same

NS5 el MU RS RIS o i

nk. . 0027 s preferable that the |nsulat|ng
e;[eé]gﬁé'f‘kof@atlﬁfaf:%ll d fromthe sane nateri aI as that of

{)@e di el e%éri c.| a‘%@r 15. By _this. nmeans, posg i bl e
(002705 nin the ssmisonetar slewice ﬂémtb? Q@lqﬂriqwl@yegt éps fopgyed 1n a center
[00274] Since the liquid contact el ectrodes 46, 47,
pertpnas thernctine cletientfotroatienfacst Ha veittbe fissivation file &4 therabktween,
i nformati on by being wet in the ink, their surfaces

add thefihailfthg layek 5ais feril ifa\center gresn 6fthe Fs (RE 206 ithS

in the first and second enbodi nents, so as to form an

pégéiﬁtlaﬁggnfmlﬂqgrg&n(,&lﬁe plated filmon the liquid
cont act eI ectrodes 46 |s not shown in FIG 8). 25

[&&9?75] B i&& ftlluts] gon aﬂon 1{1c18&1né§1 c{nﬁ‘gctﬁc E\Sr%d In d‘ll),l lc{)n b%?ow the

prev nts Senrco

Vi.ces to 4 fron1 eni ngs 17a, .the ctlve
uﬂ$ VST 9’5 &’E PFICAE ARICEEP i ﬁ%ﬂﬁ?’)ﬂad’gﬁaﬁfénﬁfcé\?%g
bei ng affected by the |nk on the active el ement
(90273t i Bksof b formmg the insulating fayenk>” 9amr beletithe grder layer of the
devices 41 to 45 in these enbodinents, or the entire
ligaidicomtacheddctnodesuts; theatistark@ frome thedeardadehidimte the lamid contact
prevented frombeing. 5 affected by the ink.
electrodes 48 can increased in the same manner as the above embodiment, preventing the

=

semiconductor substrate 10 from being affected by the ink.

[00273]  Itis preferable that the insulating layer 15” be formed from the same material
as that of the dielectric layer 15. By this means, it is possible to form them in the same
manufacturing step.

[00274]  Since the liquid contact electrodes 46, 47, and 48 in the third to seventh
.embodiments detect ink information by being wet in the ink, their surfaces are plated
with a metal having chemical resistance as in the first and second embodiments, so as to
form an Au-plated film 18 (the plated film on the liquid contact electrodes 46 is not

shown in FIG. 8).

[00275]  Since the formation of this Au-plated film 18 prevents ink from infiltrating
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[00276] Instead of silicon, another material such as
glass, quartz, and liquid crystal can be used in
form ng the sem conductor substrate 10. [00277]

I nstead of an EEPROM a storage el enent such as a

Fl ush MEMORY can be used as3%he EEPROM 4. 10 [00278]

Mor eqver rovided.,th t he, second na .3 dpes not
theeananguctly {‘)eﬁ’l‘ieﬁgl %iffmn&h%meﬂmltaﬁgq P slments

i nterconnections 16 and consequently does not limt

(ntraratgd eiecyihrar ba Meventeddtimg heing affectedhndetinpprthe @ﬁtlwlement
extracted fromthe el ectrodes 20a and 20b to an

famdaition facy 1pasf tdchnf thersdminompsctardevives #1 toed5 indkgse aubndiments,
of the relocation interconnection 19 and the

oetRGhfiRdemicRduastsubitiute dMimRRidiy theel .cad be pRIVEME] from being.

| nst ead of using the relocation I nterconnection 19 to
af)f%?ﬁ sgeond antenna 3, the second antenna 3 can
e for roman interconnection (A, Cu) or the like

g gﬁﬂs&e OF 1%, S SEE  SL dh S0A R B

[ 00281] .The above enbodj nents descri be sem conduct or
cfekq esed in fosminsdbe synigenduptyr gppstrated & he second ant enna

3 and the liquid contact electrodes 12 and 46 to 48

[60287] f olmstedd ofiart REPROM, echutagst cdemen isstly astadFlagh MEMORY can be
Al ternatively, for exanple, when desiring to further

usahs AaeEEPRONE4 f or mance of the second antenna unit,
each of the sem conductor devices 1 and 40 to 45 can

n {
BRI i RS B H

on a eparate hi

pést?t} Slga rg :(iatécrenvll %Bcongecltlgﬁ thgaI?A conse u%n ?y g(?es %Fﬂﬁlﬁt e

% pirece W

a relay antenna. 0Q28 nk Cart
ﬁs*adégbaﬁt@ﬁlf dgsiemy, i ERRmeheRy %@iﬁ ?XF%PWC{#%I%&%% wfﬁ%ﬁ 20a and

will be explained wwth reference to FIGS. 1,
2@infe apsbifranaBuitionhand hwnpsar the likgandepeadanhphide miécaélpn

the sem conductor devices 1 and 40 to 45 5 described
intdronrmectiondl 9 andathe eledtales D0parpirA0btoan behiorimed 3

(el ectronic device) including a first
[00279] Instead of using the relocation interconnection 19 to form the second antenna
3, the second antenna 3 can be formed from an interconnection (Al, Cu) or the like used
when forming the integrated circuit.
[00280] The same goes for the relocation interconnections 16.
[00281]  The above embodiments describe semiconductor devices 1 and 40 to 45
wherein the second antenna 3 and the liquid contact electrodes 12 and 46 to 48 are
formed on the semiconductor substrate 10.  Alternatively, for example, when desiring to
further enhance the performance of the second antenna unit, each of the semiconductor
devices 1 and 40 to 45 can be configured as an all-in-one module structure mounted on a

separate high-performance antenna. A semiconductor device having an all-in-one

module structure can also be arranged in a single piece with a relay antenna.
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antenna 22, as described bel ow. [00285] The
sem conductor devices 1 and 40 to 45 contained in the
ink cartridge 7 functions as wet sensors for managi ng
and detecting ink information of the ink cartridge 7.
10 [00286] This enbodi ment déscribes an ink cartridge
ains the sem conductor device 1. [00287]
léﬁéaﬁ %§%¢??? e 7is formed in a single piece by,
for exanple, resin jinjection  nolding, such_that

(8383 on Subsearendan arciak caitdgect writns @mbe@mqaéwélebeamlwed with

cartridge casing 8 including an ink tank 6 that
referened tosFIGSk 1, 2133[00288] A pair of |iquid contact
el ectrodes 12 of the sem conductor device 1 is

[603a} ed Tha idkharttidge 7 adtitaifs 6ansahd sddgicédiRicion KevitdA289]40 to 45
Parts of the sem conductor devi ce 1 other than the

arts ne s _
dtagc%b&'g&ﬂz@ s ﬁtltaﬁsﬁ&{ fc?))ga;@'b[]t B @l &g@qe‘h&)glgtgudlﬂga first

cartridge caS|ng uct or

is ar wal | section of thelnk 20
%%W%#%&gﬁ%sﬁgﬁ?fgb% ¥uch that the pair of liquid

cont act ﬁl ectrodes 12 run along a bottom fa%e of the

[90285}] anithgsenpigersystor deviessdaid A to He contgimed incihp indcqartridge 7
el ectrodes 12 provided on or above the rear face | b
funetiphgeasi we sensoks for maheginparidodeteitiog ok idwingléoriofi the ink cartridge
i nevitably contained such that its active el enent
7formation face | Oa faces the printer unit 23. 25

[00292] Therefore, the second antenna 3 fornmed on the

[(2B6)V e ThiRRIMbdiRnIBdst@hes AGRK @ﬁtnd%@@ thACB8taiend | I St
antenna 22 on the printer unit 23. "[00293] In this

, s possible to send |nfornat|on that is
%ﬁwﬁéﬁﬁf?eawé%% recelved directly to the prlnter unit

G O 35 B S 5 S i s
m-g?qligg S{J.qr;]}gﬂy;{ t,ialg ger}]m;gl;d%gto? Idgxs"lgg (1: ?s éc?:oxiﬂn%ilztatgg 1end51de?1?1d1nl£ Qaimdge
casing 8 including an ink tank 6 that contains ink.

[00288] A pair of liquid contact electrodes 12 of the semiconductor device 1 is
exposed in the ink tank 6 containing the ink.

[06289]  Parts of the semiconductor device 1 other than the liquid contact electrodes
12 are embedded in the ink cartridge casing 8.

[00290]  The semiconductor device 1 is arranged below a wall section of the ink
cartridge casing 8 such that the pair of liquid contact electrodes 12 run along a bottom

face of the ink tank 6.

[00291] By exposing the liquid contact electrodes 12 provided on or above the rear

face 10b in the ink tank 6, the semiconductor device 1 is inevitﬁbly contained such that

its active element formation face 10a faces the printer unit 23.

[00292]  Therefore, the second antenna 3 formed on the active element formation face
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reduced. [00295] A predetermned ink is contained in
the ink tank 6 of the ink cartridge 7, and the ink
can be fed out froma predeterm ned |location in the
ink cartridge 7. [00296] According to this
configuration, the liquid codtact el ectrodes 12 of the
0.sem, conduct or vice 1 can be_exposed in the ink
1ﬁ%ﬁfe TSt RRICPA Qﬂﬁ?ﬂﬂ@@“ %?%g 8. By this neans,
the Iiquid contact electrodes 12 are direct|ly contact
[RB98he Imikis sgryefure; itiispossiblastoserd ngormatipn Biay isdepepitied gad
remai ni ng anount of ink (whether ink is present) in
redeived dicectlyatn itheGprirft @08 73 vEthmet passigg plzer semiafndtitter substrate 10,
sem conductor device | other than the |liquid contact

whicheh a6 tleog@faghétit Watdigbsbiter.cartridge 7, it is
possible to prevent the active elenents forned in

0 : o0 'd In
({53367 TRE, (RS LEBTUREO RIRRE, M h ok Hgbiticy i
n%ﬁ%%fion can be prevented. The user's satisfaction is

eased. [00299] In addition, since the
sem conduct or device 1 can be_arranged with the |iquid
[0393bnt Adredsfespined ddsis pontghgd ith e mpRek p of gis ik e 7, and
substrate, even if the ink cartridge 7 is not set in
thelink pan et fed outrfrem 2Predeterinined domiibh & the inkefagiridge 7.
content infornmation of the controller 5 wite to the

[082D6OM Accopdifig td B30aTighraties did fiquid cortact eltb@sdm IR @ the
fromthe liquid contact el ectrodes 12 can be stored

oL S B W i .

Bﬁngﬁg i %ﬁrﬁsu mququlﬂj (sonka%{( ?1%%%&%% ij? ﬁrgﬁh{ei&@}k %cghn ctt) (t:)o the ink, and it is

nuractarin nformatl
transmtt nd received collectively for . each . .
Posaibley irﬂ&%ghﬁ?%te%fhet TRmATiAe TR PHEK (Photigrish 3§ present) in the ink
Furthernore, ink information such as whether the
fit ai ner has been filled with ink, the filling date,
the ink depleted date, the nunber of fillings, and so
[00297]c arEbeddiggiants efl therse mven iRV ite  aftioer éhanhthe hgwit] contact
fromthe factory, it is possible to manage this
electrodes 12 in the ink cartridge 7, it is possible to prevent the active elements formed in
these other parts from being damaged by the ink.
[00298] Furthermore, unwanted leakage of the ink solution can be prevented. The
user’s satisfaction is increased.
[00299]  In addition, since the semiconductor device 1 can be arranged with the liquid
contact electrodes 12 and the EEPROM 4 on the same substrate, even if the ink cartridge
7 is not set in the printer unit 23, it is possible to refer to content information of the
controller 5, write to the EEPROM 4, etc.
]00300]  In addition, ink information from the liquid contact electrodes 12 can be
stored in the EEPROM 4 without passing through the printer unit 23.

[00301] For example, at the time of manufacturing the ink cartridge 7, ink
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information collectively with detailed information
relating to the ink itself. [00303] By this neans, it
is possible to substitute the ink cartridge 7 w thout
leaving ink in the ink tank 6. [00304] The ink
cartridge 7 can contain a plé4ality of the

nduct evic as f.or, e I

TR B REE G D ibior Sredtier B tbetiifed B3 tspe ity ORI for
predetermned _intervals along the depth direction of

e@?@@h@@“ﬂ%‘ﬁl&t o thpinkifartiges 7.of the ink cartridge casing
8. [00305] In this configuration, it is possible to
[00303Ft Fiwthermierd, inkghformaiort such es iwhther the serdained Iras bben filled
remai ni ng amount of ink and the consunption course. 15
wiflddR Ghe Mlling lWat, thielitk ddpletédd41€35d Mhtbdr f Ffillingaind so on, can be
detect whether ink is present by arranging the liquid

AT R A
PR L0 b B R 0,

he in cartrlde7 [ 00308] V\h e thjs

éh. n%ﬁ thigmeans, Hé%p%ﬁS@ﬁﬁfp syDSLYE G 1 Erririderd widhaghlpaving
antenna 3 and the sem conductor device 1 having the
ifkuindhd ink task éan i nk depl et ed sensor are arranged in a
single structure, when, for exanple, further enhanci ng
[00304per Thy iR oatridde 7 &dm&:oﬁﬁﬁlozﬂﬂlumﬁ&yeﬁi’tae géthicondiietor devices 1 in
addi tional relay antenna can be provided and the

tHiY &s€ %Pé&m 2 5O QekriRsbt BRciAdHeR! b aferhr%ged@c éd%termmed

structure. 25'[00309] FIG 15 is an exanple of another
o L Bl YA o LADGAL BN caing

8|ncludes three pairs of I|qU|d contact el ectrodes 12.
[00311] The sem conductor device 1 is arranged al ong
depth direction of the ink tank 6 near the bottom
[Q960$]he Jnrihis conpfaguratism, ithepesaibletadetertige né@@/@%gﬂﬂé togeliably
[00312] Since there are three pairs of (i.e., siXx)
adcemain thecombmaig haot pHudesind e donsumption course.

[00306} At this time, it is possible to reliably detect whether ink is present by
arranging the liquid contact electrodes 12 of at least one semiconductor device 1 along
the bottom face of the ink tank 6.

[00307] Alternatively, the semiconductor device 1 can be affixed inside the ink
cartridge 7 after formation of the ink cartridge 7.

[00308]  While this embodiment describes a configuration where the second antenna 3
and the semiconductor device 1 having the function of an ink depleted sensor are
arranged in a single structure, when, for example, further enhancing the performance of
the second antenna unit, an additional relay antenna can be provided and the system can
be configured as an all-in-one module structure.

[00309] FIG. 15 is an example of another ink cartridge 7 of the invention.
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| evel can be detected by neasuring which pair of
liquid contact electrodes 12 the ink is contacting,
and the remai ni ng amount of ink and the consunption
course can be reliably ascertained. [00313] At this
time, if at |east one pair of5liquid contact

f

es, 12 is ed .10 al on tomf
[‘?13%5 SRy i PR {61430 Seroiepndictes et msvf udes three
whet ink is resent [00314] By this neans it is
PREES ‘%dF‘B“%féF@E?Oqeﬁé abovenenti oned i nformation by
the sem conductor device 1, and achi eves
[903dA] peTho seneinerdudter devicohismrtangal lbmgihe depth direction of the ink
configuration. 15 [00315] More than three pairs of

tankcfedr therboatoin dfliecinhaded! d2hERR afriPsOMsHIgd, more
detailed ink informati on can be obtai ned. [00316]

ébsapqu irstFicL e, Wiy 1i &F%i?' ' i
[ oy e]re a ggﬂ:{a ghm":% et B ﬁzgrsl{ff :git.e. V!nlrg? dlcﬁlid g%}gfﬂj@@@ g%oﬂ\}\% ink
r|nter t 23 i a pluralit f. ..

oL a3l cibetsd v8 g Whicn ity f Rt 65w flociohncs Beink i
erted and renoved. [00318] The printer unit 23

C?‘ﬂ%‘i W&e@dat ¥ ECARIPS @mH@&d)faﬂfoﬁnél theprisumatien ceygse can be reliably

mechani sm [00319] Ink is supplied fromeach ink

aﬁ?ﬁﬁ@ﬂ?d}lge to the recordi ng head. [00320] The paper

handl i ng nechani sm del i vers recordi ng paper 13

[0081L3]t i vat this tihe if @TFedseom phing lffqaﬁld:onﬁt@t elb@R3ddi2 iEh@ranged
printer unit 23 prints onto the recordi ng paper 13 by

alBh € fHelbdflom Thce N tRe ink ¥, litGis FRIHIY otﬂaﬁaﬂlfﬁ%&' ﬂi&?ﬁﬁcls

in accordance with printi'ng dat a. 002

pﬂeﬁt 14, the printer unit 23 includes a first antenna
[00323] The first antenna 22 conmuni cates with

[@gf 01%)@ es?x%éagns 31‘[ Esoprorsrs%gle(%g dg[ggtr‘]theo afibovgmterrl]t?onleg lfnformauon by the
semiconductor device 1, and achieves high-performance detection with a simple
configuration.

[00315]  More than three pairs of liquid contact electrodes 12 can be provided, more
detailed ink information can be obtained.

[00316]  Subsequently, a printer unit will be explained with reference to FIGS. 1, 2, 13,
and 14.

[00317]  As shown in FIG. 13, a printer unit 23 includes a plurality of the
abovementioned ink cartridges 7, which can be inserted and removed.

[00318]  The printer unit 23 includes a recording head and a paper handling
mechanism.

[00319]  Ink is supplied from each ink cartridge to the recording head.

[00320]  The paper handling mechanism delivers recording paper 13 relative to the

recording head.
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[00324] The first antenna 22 is arranged facing the
second antennas 3. [00325] The printer unit 23 al so

i ncludes a droplet ejection counter (not shown) that
counts the nunber of ink droplets ejected fromthe ink
cartridges 7, and cal cul ates ¥he renmining anount of

' fir omqt.he: nt,,of. j nk. consumed. 10 26] As . .
(OS2t O e R R 23 il e e 34¢0r e et P g leciing ik onto it
f.tached i,n the printer wunit 23. [00327] The

B EPY RS ﬂ'l?fre?cﬁﬂmgéﬁq?lind'ﬁ&dmcﬁémﬁtHfﬁélﬁédaﬁan par al | el

in an arrangenent that is determ ned in advance

1993234 di tp shewnie FIG.Jé, &k printer uhie 23 crehides a firft 0AGAR] 22.nk
information is transmtted and recei ved between the

[9323] er T ifirst2Bteand?? ddmmanibateatith 8&dohdl d8@nras B fBrmed on each of
W rel ess communi cati on between the first antenna 22
thaghkichRridggyond antenna 3. [00329] Using the antennas

3 and 22, information can be transmitted and received

en ' i 7 dthe printer unii 23
[lv?vl@%zﬁg ut 1%% Eitr %E{ﬁ eg%[%\%lgn f%iﬁ%e %QCIT]%%SS%O"QW{GW%S ans,
iabi Lity .i S inc sed, since there i s no concern
[‘?@&Qfdi !].JBG ﬁﬂms{ wut ?%e@afr inclides droplst gisetion opantsr (et shown) that
unit 23 and the ink cartridges 7 as in the related
cayts the-pymbgr el ink deplatseieded Bomoheninkeagridges|?y and calculates the
i ncreased. [00331] The information nanagenment cost can
rethainipp yimpent efdoic frdm thOAB3RAt oT ek Jvusdased, of first
antennas 22 on the printer unit 23 may be sane as the

[0032bEr Ak shaWn BATG! 1| HGIdraliBSoiN03331de107 Eseﬂtlzla?edtztg $he printer
nunber of first antennas 22°on the printer unit ,
wA@be than 37 one first antenna 22 can be provided
such that information relating to each ink cartridge 7
' ra 1 {ted a received_every tinme a carriage 31
(05211, 7 RS SR o5 e G100 St Pl hien aangement hat
. C Ftridge 7. 0f this enbodinent is attached in the
Sﬁ@ ermed i pdvages accordingdgithedypp efiak theyreoptaimext r act ed
fromel ectromagneti c waves that are used as carrier 5
08838s Jnk infermationiisransmatiédoamdaatqivd Hetvorentthepintestnit 23 and
antenna 22, and this power can be used
each ink cartridge 7 via wireless communication between the first antenna 22 and the

second antenna 3.

[00329]  Using the antennas 3 and 22, information can be transmitted and received
between the ink cartridge 7 and the printer unit 23 without contact between them.
[00330] By this means, reliability is increased, since there is no concern regarding

electrical contact between the printer unit 23 and the ink cartridges 7 as in the related art.

- The user’s satisfaction can be greatly increased.

[00331]  The information management cost can thereby be reduced.

-[00332]  The number of first antennas 22 on the printer unit 23 may be same as the

number of ink cartridge 7.

-[00333] To reduce the number of first antennas 22 on the printer unit 23, more than
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to drive the sem conductor device 1. [00335] Wth this
arrangenent, the second antenna 3 can jointly perform
the functions of transmtting/receiving informtion
and receiving power. [00336] _Furthernore,

conmmuni cati on between the fiBdt antenna 22 and the
.7 can

3 .qn, the i nk trid b .
FEG el 2L G R e enspeion i Spet sgartidge 7
.been c?r({ﬂaﬁeﬂ%il_ .attached in the printer unit 23.
1} BepsEiedqndirrgetved;eyery g a garags &l (dapratbed helophmoves.

cartridge 7 is not correctly attached to the printer
[00:33¢H 23 Whenithe frkcartridged7 epthzs/embasiimentds stichgd inrthe pnteunit 23,
conput er screen. [00338] Since the sem conductor

adequiired pbwescanteamxpactad &0mi dlectrofiag gt Waves thathiiesé & carrier

15 ink cartridge 7 be injection nolding, ink in the
waks SERK R iERANRRT GG TR AR @infdd 'T?é il

outside of the ink cartridge 7.8%06%%% "Fﬁgdrtﬂé?ggr";e}%%aﬂl?eused
15198 f . part where the sem conduct or

devi c@gﬁedulggﬁeuﬁ@g%‘ég‘fel‘and i nk | eakage fromthe ink

id 7,1 s avoided. [00340] By covering the liquid

[@%:?%Lct g‘@?"e‘!}iﬂrﬁ&&%ﬂﬂf@t\mé secpR&ppetng s 698 Jeinly aereraninag

20 process, it is possible to prevent incorrect
fonctiens el {eensiaitingirsesi ving énfoanstion and reqeiimg pofer. i nk

becones snall. [00341] Since ink information fromthe
[09336}) r ofirthedretiecemmintic4tinnl lRtweehahifirsbatit®ea 20fand the second

ej ected droplets, etc.) and ink information fromthe

atedcy dothe SlkeGHAEES cANbd BRI HetcGRhiny gqu fRTRL BAifige 7

anount, actual anpunt, etc.) can be store

hBeef ity Yrrhdhol REmE Biinepufibl 11 dge 7 that Tncl udes
u ce

the sem cohductor dev configured in one piece
th 8..controller 5, the EEP 4, .and the
(0058 " P e ,f%ﬂ'ﬁp[?a&h?%ﬁ'@é faniides 7 {apet smectly atiached to
relatin he ink _can be managed. [00342] The ink
the g BicF it té’:i tfélﬁg@rcé& displayed op YU onagonipker screen.
cartridge 7 is preserved even if the power of the
(083381t erSingsi the segnicendugtondevicd T isdnchrpdretedtime single piece with the
‘ cartr_i dge 5 7 i S rem)vegl fromthe printer unit 23,
inkkeantridge 7 beeinjectiori mbllinp inkoin thaikbamkdPtRHeatad@eliably airtight
with the outside of the ink cartridge 7.
[00339]  Therefore, ink does not leak from the part where the semiconductor device 1
is embedded, and ink leakage from the ink cartridge 7 is avoided.
[00340] By covering the liquid contact electrodes 12 with resin during the embedding

process, it is possible to prevent incorrect determinations when the remaining amount of

ink becomes small.

 [00341]  Since ink information from the electronic device unit (color, count number of

ejected droplets, etc.) and ink information from the detection electrodes on the ink

cartridge (remaining amount, actual amount, etc.) can be stored collectively in the ink

cartridge 7 that includes the semiconductor device 1 configured in one piece from the
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managed in ink cartridge units, enabling the
versatility of the ink cartridge 7 to be increased.
[00343] In this sem conductor device 1, it is possible
to inmpart ink managenment and detection functions to
the ink cartridge 7, whereby38he structure can be

' i figd reducj.ng the nunber of . .
PRI o e PRI S Sreonl ateii o, stuond woseafinfgymation
thi.s means, it _is possible to increase the freedom of
r?lﬁtén%@stﬁﬁwhca%am@ﬂgedt he printer unit 23. [00345] As
ment i oned above according to the effects of the
[PORAZht i dhe inkeinfirmetion $tofed imtttei KEPR@Mat ofithe indk cettadgakis
can be provided, achieving a remarkabl e increase in

piGesal iesdrai teQowep bf th ridfe Unit DO &3dfled HiQundaMRNIRERk hrtridge
an el ectronic device described bel ow. [00347] The ink

Sowres . _ : o i ,
o a oty (8 Rl it 3 bty Y s dpforh o YRfta ana
[ 1 A nt i nk rtridges. .7 f each cql or_or
w0 iy RCRRRE i o e I Bl I R Sefttet o be
.device 1 be incorporated in each independent ink
N7 dge 7 in order to transnit and receive
i nformation thereof. [00349] A first antenna 22 on the
(6313} er Infhistsemiondurtéradeyiceli il ésipdssiblestadinpart ink management and
cartridge 7. [00350] To reduce the nunber of first
deta¢temrfasctdds af the ik @itrider, widrtby?Be s@i@urelcallBé Simplified by
antennas can be provided so as to transmt/receive

ddtiap MR dudibePbf BRG LBk ' every time a
rcarlr?age 31 e(descr%bggg&bﬁl?g%%%\%%ﬁ%&g%l] Wth this

i I: . I tted Si | from.the |iquid
R8T, 67 0B WL OB B 0 Wb DO it o
a digital signal via the controller 5. 5

ant.enna
ﬂf@’ﬁ'ggeﬁ]umgg?’t hernore, the nunber of mechani cal

nnectjon points can be reduced,
[0%845] As mer?tioned above according to the effects of the invention, detailed

information relating to the ink can be provided, achieving a remarkable increase in
satisfaction for the user.

[00346] The same goes of an electronic device described below.

[00347]  The ink cartridge 7 can include a display unit for displaying ink information
stored in the EEPROM 4,

[00348]  When using independent ink cartridges 7 for each color or the like, it is

preferable that a semiconductor device 1 be incorporated in each independent ink

cartridge 7 in order to transmit and receive information thereof,
[00349] A first antenna 22 on the printer unit 23 can be provided for each ink
cartridge 7.

[00350]  To reduce the number of first antennas 22 of the printer unit 23, one or more

antennas can be provided so as to transmit/receive information of each ink cartridge 7
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and the informati on can be output on a stable digital
signal instead of an unstable analog signal that is
vul nerabl e to noise. [00353] El ectronic Device [00354]

Subsequently, a primry configuration of an inkjet
printer 30 (electronic 10 dewPce) according to the

' Lon . wll expl ai ned. based on the enbodi nent

ég%\%mﬂh%%car&f“%3€§i.esc[r8’6%ggfw9rﬁ'§“’?%kj et printer 30

' deg_a plurality of ink cartridges 7 that can be

{Qﬁ%&hj heg’v‘glh T embigriation aganplpg wvettad signalfram thediquid@ntact

e&(320356] In FIG 13, reference nuneral 31 represents a
trpdesge. canribe sutpat dirently fice the Bnpuhalech digital sigriabeia tiedcontroller

34 while noving back and forth along the axial

Xirection of a platen 35 by neans of a timng belt
driven by a carriage notor 32. [00357] The recording

[06332] 1BuitBerRlord RESHiniter 8f HEARM Q%Jnﬁgét%ﬂﬁ%ﬁﬁp%%ek}gduced,
the "carriage 31, and is carrleé: at a right angle to

' inection of t arri.age .3 1. 00358], A
chd s Gt Ul o bl 8 57 ieid ot Ansigile analog
31 that. is opposite the 20 recording paper 13.
S{%‘é@%ﬁsvﬁweﬁlpﬂ?m@%s 7B, 7Y, 7C, and 7Mthat supply
i nks in_colors of black, yellow, cyanogen, and

[98§3ht aFlestrenie Desisor di ng head are renovably attached
to its top. [00360] A capping nechanism 36 is provided

[00354] hoSwbspaueintly,onprithay cbafi@ititEinds aa inlfilé‘trprﬁﬁér@bi (Bl@ctronic
region. 25 [00361] Wen the carriage 31 noves to the

dBaes ap@iihl & theiifveaBBh WEbd QB1Nhidy g i
the carri age 31, the cappi n%fbnec%an%sgcfno%gleseggﬁ%gfﬁ&ttSﬁ)anm
Fi®zal e formation face of the recording head that is
nounted on the carriage 31. [00362] The second antenna

t ink cartridges 7 and the fjrst antenna 22
108382 + 1 P i Bt S50 e Clusal ot i coisen Adnat can be
sectjon of the printer unit) face each other at the 5
ath’&ﬁ?éi BLEPYe teor Siogviie pruter it 23,

[00356] InFIG. 13, reference numeral 31 represents a carriage. This carriage is
guided by a guide rod 34 while moving back and forth along the axial direction of a
platen 35 by means of a timing belt driven by a carriage motor 32.

[00357]  The recording paper 13 is arranged in a scanning region scanned by the
carriage 31, and is carried at a right angle to the scanning direction of the carriage 31.
[00358] A recording head is provided on a face of the carriage 31 that is opposite the

recording paper 13.

[00359]  Ink cartridges 7B, 7Y, 7C, and 7M that supply inks in colors of black, yellow,

cyanogen, and magenta to the recording head are removably attached to its top.
[00360] A capping mechanism 36 is provided at a home position that is outside a
non-printing region.

[00361]  When the carriage 31 moves to the home position, in conjunction with the



10

15

20

25

[ 00363] Consequently, each tine one of the ink
cartridge 7 returns to the hone position, its ink

i nformati on can be transmtted/received between its
second antenna 3 and the first antenna 22. [00364]
Since this enbodi ment uses wi4fel ess communication, the

' ' is t, 10 limted.to.that described .

BRIt Sitria2e,0k Sy Brins asehapisym 3prieals p Pl raing face of

2 at a osition other than above each of the second
tﬁ%’@éﬂ‘ﬁé@ }%aaf}ﬁéFséB?/m}t%‘Pfé%iCﬁ@ag%él-f reedom of the
unit design. [00365] The cappi ng nechanism 36 falls in
(83521 nc thibe seaping lantenea rof/bmink caokidpese? arckthe fiagy entdina 22 (the first
toward the printing region, whereby the sealed state
aofentd2? pewitedionghd@adsiag Bectibh of theGtingd lunB¥ifacé BRBGer At the
suction punp 37 is provided bel ow the capping

heBeRRBitsAashovalid FA@PI4 €S negative pressure to an
i nternal space of the capping mechani sm 36. [00367]

' | 36 f ti id f
L PRI Blch Rt oon 384 &R 5 indhy el the home
PS03 TR L A G ShegocR isgecond anienna 3

functions as an ink receiver when a flushing

apd e dirstantansa 3dr formed in order to eject ink droplets

by applying a drive signal unrelated to printing to
20364} ecBmde this ¢rebullim it Q36O irdlbgs@oMRiiuni ¢4ion ABO Berifuration is not
mechani sm 36 al so functions as a cleaning mnechanism

litrhtadl tP@af QSseBbAUBbYO Tt RIS Bleq atriee/thOMst Aftenna 22 ata
recordi ng head by applying 25 the negative pressure

' 7 r rdi ng head.. 4
PROBTL TS AP IE AT 0¥ sk o AR RER, Aoy UERE g fedom
of‘)tfheﬁﬁ'lkt)ﬁgr' or the like is arranged adjacent to a

region oT et he cappi ng nmechani sm 36 which is closer to

pripting . region. [00371] Wen necessary, the

l%gﬁﬂng Hisiasaping gssBIER Af Tallsdn eaninnefionyethtic s vepentsHf the

W_pi % the nozzle formation face of the recording head
cagagentd toweand the prigtingmegios, Wharkby the sealed state of the recording head can
be cancelled.
[00366] A suction pump 37 is provided below the capping mechanism 36, and applies
negative pressure to an internal space of the capping mechanism 36.
[00367] The capping mechanism 36 functions as a lid for preventing drying of the

nozzle opening of the recording head while the inkjet printer 30 is not is use..

[00368]  The capping mechanism 36 also functions as an ink receiver when a flushing

~ operation is performed in order to eject ink droplets by applying a drive signal unrelated

1o printing to the recording head.
[00369] Moreover, the capping mechanism 36 also functions as a cleaning
mechanism that performs suction emission of ink from the recording head by applying

the negative pressure from the suction pump 37 to the recording head.
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and forth to or fromthe cappi ng mechani sm 36. [00372]
The inkjet printer 30 noves the recordi ng paper 13
relative to the inkjet recording head which receives
the supply of ink fromthe ink cartridges 7. [00373]
Recording is perfornmed by ejé&ting i nk droplets onto

DR OL O ARt SRR PSR

Subs nt | a syst of the inkjet printer 30 wll o
BAgsHato ateson pEfe Fenmia wechepam Yevhicgslaper to the printing
Firstly, the ink cartridge 7 is attached to the

oHPHter unit 23. [00376] In step S 1, whether the ink
cartridge 7 attached to the printer unit 23 can be 15
[0&¥d] i s Venaetessary Atie ipiag hiember 38 parédrmsardeaning operation by
transmtted and received between the first antenna 22

vépiitg tien e RABEN Aioh Faf Fhe eOI3REIheFONEhe arihAEM moves back
supplied to the second antenna 3 fromthe printer unit

a%&gf&bhto%%ﬁf%%ﬁggq%ngﬁaﬁlﬂ fgomthe first antenna

, activating t € sem conductor device 1

ppkyi ng. redeterm ned volfage to the |iquid,
ERTRE0P e B pBAET T Moty o ensortibumn’ Lhe Ttk ¢ inlge
contains ink, current flows between the liquid contact
TESPELRG Brdvhich tipeives thesunphgotink Steghthe ik ¢antkidgesithi ng
them [00379] Signals (current val ues) detected by the
[003d3} d Beswrdiog iseelotmeadibgejedirariak daplgdeiéntd thetbeording paper 13
controller 5. [00380] Wen the signal detected by the
while ttiogingathé Bebrdegeitsad diggofdAntd Witk Blcgstindag agpduct i vi ty
between them the controller 5 determnes that ink is
o Li : . . b :
T er T A o FReor hMLIoTLARERI Gl o) AAARA 0, |
l:;g%lf@vkﬁ [00381] When that the ink cartridge 7
e used I's determ ned, information indicating

1S 1s..sent to the pripter unit 23. The printer unit
(09373 SHETE ik i Bty AtsChto e pmler WHGH-  ne
rinter unit 23 receives a print signal, recording of
[OBQ\'EG]pr i Intstepcp el whether the ink cartridge 7 attached to the printer unit 23 can be

s

used is defected. At this time, signals are transmitted and received between the first
antenna 22 and the second antenna 3.

[00377)  Power is then supplied to the second antenna 3 from the printer unit 23 by

- transmitting a signal from the first antenna 22, activating the IC of the semiconductor

device 1 and applying a predetermined voltage to the liquid contact electrodes 12.
[00378]  When the ink tank 6 contains ink, current flows between the liquid contact
electrodes 12 while passing through the ink touching them.

[00379]  Signals (current values) detected by the liquid contact electrodes 12 are
output to the controller 5.

[00380]  When the signal detected by the liquid contact electrodes 12 indicates

conductivity between them, the controller 5 determines that ink is present and supplies
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is executed as shown in step S2. [00382] On the other
hand, when the detected signal indicates that there.is
no conductivity between the |iquid contact el ectrodes
12, the controller 5 determnes that there is no ink
('ink depleted state). 10 [#8383] Ink information

Wale 1 Ng L her, ink .i.s. prese ased gn that .

L B0 AR o MORRE K i G B bhion s ftetmygacion to the
ﬁﬁﬂﬁﬁﬁﬁ%e shifts to step S5, in which a signal

‘'ng replacenent of the ink cartridge 7 is

output to the printer unit 23. [00384] By detecting
[Wr’é‘ﬁb ondViesnitha the ik saridgeckeanttieaistd yuettrmowed sioformation
electrodes 12 in this way, whether ink is present in
indieatingthis sdenGtoitse promér unie2s. ame priher usiabs bk a%ﬁrirft B@ndby
ink 15 cartridge 7 can be determ ned. [00385]
SEIRQ Wi, iwhef tRPprivder UREN LESvAR e Sighdl] feﬁ%\%gfgﬁ)ﬁc k?l’gét }Ee}%ting data

driven so as to execute printing, as s

iéﬁhxﬁ@@agﬂé“gﬁﬁg%%§g§ 7 detects the conductive state

bet ween t contact el ectrodes 12 at

tepm ned. tinmes. [0038§] The detection signal .

[(iifg S?fen{)ﬂ\ﬁg‘? %Eﬁr }Hgae‘?fl{‘ ?)aetF‘ﬁ%‘?Flg%fﬁ inlicagesthgtithere is no

el ectrodes 20 12 is output to the controller 5.
constysivily batweercthe awid sortpet decgodesni, thelcontmélbar Fedetepmirics that

adj usted as appropriate. [00388] The controller 5
theomis naink §finkpldplieted” sthie).i nk i nf or mati on of the EEPROM 4

based on the determ nation result. [00389] In this
[008831e T , Ink iefofrRAFRINiHMcaBAB Whethef ink RKpreRin® 388G orPihat NK)

is nonitored. 25 [00390] The controller 5 outputs the

' 7! I; j i P. 4 via the 4 . .
détih R 19&5&3‘&@% ek by 4,@?{1 b dslr?%gld%’ sh.\f’;\fﬁ Jo Step ﬁsg , 1Inn\Khlch a

second antenna 3 to the pri'nter

| on is supplied.to the user froma djspla
st PPk RREOR B bt 7 Bhrmond SR s vl 2.
S oftware on the printer unit 23 cal cul ates )
[@{’ugﬁarrg@héet%@mg teandheiyyei state betwaen the liquishcontagt elentedes 12 in
nunber of ejected ink droplets and the amount of 5
thisrikay, $dgtheyinkas pressmbinctbe ink tank 6 is confirmed, and the usability of the ink

i

cartridge 7 can be determined.

[00385]  As shown in step S2, when the printer unit 23 is being driven so as to execute

printing, as shown in step S3, the ink cartridge 7 detects the conductive state between the

liquid contact electrodes 12 at predetermined times.

[003861 The detection signal (current value) detected by the liquid contact electrodes
12 is output to the controller 5.

[00387]  The detection cycle of the ink information is adjusted as appropriate.
[00388]  The controller 5 constantly updates the ink information of the EEPROM 4
based on the determination result.

[00389]  In this manner, the remaining amount of ink (presence of ink) is monitored.

[00390]  The controller 5 outputs the ink information stored in the EEPROM 4 via the
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[00392] The result is sent to the EEPROM 4 of the ink
cartridge 7 via the first antenna 22 at each
predeterm ned tine, and the EEPROM 4 manages the
remai ni ng nount of ink (consunption anount). [00393]
In this way, ink-related infd2mation of the insulating

§ | s.constantly. 410 updgt ed based. .on.a si I
soap o 3 R P b RS B Sl RGP ol the s
f$3. d&o 394 Igfornation stored in the EEPROM 4 is
W CSHBYIPE §T f1PBHE SHRPUEESROR4  via the second
antenna 3 to the user by being displayed a conputer
[Q039dEn & shown ipsten S3,saltwarsrontthe primtengret 2 Uenl¢ul@Ss the amount of
[00395] In this manner, the user can nonitor the
rgmagmgssk romithéksuao 0$ w0t atmberldd efeefttiiiflttiopRty SIABRhOAAGML of
anount of ink, etc. [00396] Shortly after printing

i well $n mbhiten@X&@TP! €, a calculation result indicating
that the remai ni ng anount of ink has reached zero is

190592F L“ih F%f At F%é%%tﬁ{%%gﬁéw e Efﬂéffrﬁrf#_@%{f 3t first antenna
28 8P PR Bt ey o ERERES T Rimaniesnds wrppimaa mountof ink

i.e.,.when the status between the liquid contact
(omgEpptisgeamoppt); s conductive), that ink remains in the
ink tank 6 is clear, and therefore, that there is no
[003R3]i n Inhtkisiwey, inkrdelaGedi informbtictedfakdringalating lay 4 9 0bridtantly
the procedure returns to step S2 and recording of the
updatedt babgll 61od Sighdl cuit rorade flP32R]a 25*&&%3&&@%& lﬁﬁ%zs.
shown in step S4, when a signal indicating that the
ol d l; r v ed-t0.b
(000 e SR ST UG SPPREE R difemnpom 4
t | er 5 deter,m nes ase n that signal, that a
vig ity Jee%ﬁaqwagégﬂ&w by 878, ay§daqnuRTeT ShigeR Bhiatlisrlay
Lge ink.ipforng ion in the EEPROM 4. [00399] Since the
uniLon thg priptegpi2dont act el ectrodes 12 are provi ded
al ong the bottom face of the ink tank 6, the fact
(0032} "t Hayhis sasrerbibie ngereen thenitbrthe iprgiresa b inkt doasurhptime
is no 5ink in the ink tank 6.
confirm the remaining amount of ink, etc.

[00396]  Shortly after printing starts, for example, a calculation result indicating that
the remaining amount of ink has reached zero is transmitted from the printer unit 23 to
the controller 5.

[00397]  However, as shown in step S4, when the detection signal between the liquid
contact electrodes 12 indicates that ink is present (i.e., when the status between the liquid
contact electrodes 12 is conductive), that ink remains in the ink tank 6 is clear, and
therefore, that there is no ink in the ink tank 6 is not determined at this point; the
procedure retums to step S2 and recording of the printing data is continued.

[00398]  Thereafter as shown in step S4, when a signal indicating that the liquid

contact electrodes 12 have ceased to be conductive is detected on the ink cartridge 7, the
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[00400] Since this is nore reliable than the

cal cul ation of remaining anobunt of ink nade by the
dropl et ejection counter, the controller 5 always
gives priority to the signal fromthe |liquid contact
el ectrodes 12 that actually @&ntact the ink. [00401] A

| tual'ly dé ink. [0

PR RNy S el S il P O e hontcl RS
t qof ink TR Ni i.n fhe | tank 6 oft

(ke gd apids G ik in{o@alRh gribe BEPRAB fnkc dr opl ets and

variation in the anmount of ink injected at the tine
1893994 n uSince thepaif @ipi] cantichelettyodes 13 aregnotided dleng the bottom
signal fromthe liquid contact el ectrodes 12 in order

taee ofpheeink tankes, clenfaeintathbdyn@asetsking ewndeglvadsdithes thitkhere is no
cartridge 7 even when there is ink 15 renmaining in the
ihils theik tenlgét er the controller 5 determ nes that the

ink cartridge 7 has reached a state of "ink depleted

e ' : | hing, ampunt . of 1 nk .

1994007 SR il Rih e bl R B RElc BB A b Bl appount of ink
zero. [100403] .After determning that the .ink is, . -

”&F@S I%gtﬂieo‘%BBéL@ eCpn RuNtEY, dhe-gontrpliey 5¢a Hways giespricsigntoge signal
el e‘%tr_od_es 12, in step S5, the controller 5 outputs a

fromyihg ligpid peatact dlectiodps brdaeavtually@ontactitheinknk cartri dge

7 to the printer unit 23, and a warning is issued to

[00481]is eA discospaacydbatpbaythe Rrhaifing tanaveDinimbie from the droplet
printer unit 23 or a conputer screen. [00404] In this

ejeatidiedountel endigR act@lnkARAo AR '?eﬂlé&nln?% ABink %k!éﬂ{ﬂen occurs
cartridge 7. [00405] As shown in step S6, an in

dGédot vaki i i agng 0K l.eted i

'S 0r emg%d&ft?%%%gﬁg&ptp?nt er lglggt%n gg}é%%%ﬁr@%}feaaé%o \{Mgﬁlﬂk

. Lnk.cartrid 7. 25 [00406] For exanple, if the
%%%%ﬁ?%él%%ﬁ?“‘gﬁaﬁ?k cal cul ated by the droplet 45

(ﬁﬁ tion.counter on the printer unit 23 indicates that
[0HE2]; e nriordy & @iven iwdbigHenal &rom teiliquidsontagtelearades Fteader to

12 of the ink cartridge 7 clearly indicate that the
piepgat prgomimnd hringapadego raplase thyaiok eartiidge 7 evien ddish dlterelis ink
state, this is regarded as an error on the printer
regrittin® B, thaink tagno eftérahe crseiges dstethiae txate Gk drtridge 7 has
display unit of the printer unit 23 or on a conputer.

refced@46:td oMBNIdpRedfat e Pbird WhbredBe fdhdiMha bSubittnl he

remai ni ng amount of ink i's zero,
according to the droplet ejection counter reaches zero.

[00403]  After determining that the ink is depleted based on the signal from the liquid
contact electrodes 12, in step 85, the controller 5 outputs a signal requesting replacement
of the ink cartridge 7 to the printer unit 23, and a warning is issued to the user from a
display unit (not shown) of the printer unit 23 or a computer screen.

[00404]  In this manner, the user can know when to replace the ink cartridge 7.

[00405]  As shown in step S6, an ink cartridge 7 that has reached the ink depleted state

- is removed from the printer unit 23 and replaced with a new ink cartridge 7.

[00406]  For example, if the remaining amount of ink calculated by the droplet
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if the amount of ink remaining in the ink cartridge 7
at that point is determned to be nuch greater than
t he renmai ni ng anount of ink caused by variation in the
wei ght of the ink droplets, that the ink droplets
bei ng ejected are of a small & anmount than usual is
sioABSntdQnlHOAH gl 298 sungestdng
e P arer el i@ AcTERARY Gy PR i
i j ayed on.a display .unit or a cqnputer
ChEBM b IR e B PRl gt ik g ek ank
informatjon,on the printer unit 23 and ink )
hah B M ke tedsstai this tseggardedy anresror iog thecprinsertumiit23, and
el ectrodes 12 of the ink cartridge 7, and detects
a8 eF1eT Bressage saligplaynd en adinplay2@itarf dhet printémiait3r driondg@mputer.
by conparing 15 these two types of information.
[0®07].0] Wisaahspriger whit T3ecal dukit@lth@thdetlaimBg Sholidtio? ink is zero,
enbodi nent, since ink information can be reliabl
iﬂﬁ&ﬁﬁb@ﬁcﬁﬁlﬂn‘é’ﬁﬁﬁﬂﬁg' hd I f ol 84d indd
is possible to det elrn\r%hngl,k%?%tl E@xﬁ%pctﬁ%ﬂ Og[ﬁ 152%%%}%16?6%%{) é)e
I ' . the ink.cartri.dge 7. 004111 As
B BRERT R, et ihi R o Bty edtion s i eight of e
.cartrid 7, W t hout sting 20 ink, the replacenent _
ik HrpRleisthetfhe BQP%F%@W&&I@FP ofen wwallen ameuntrthan isuplgs
the cost for the user. [00412] By nmanagi ng the ink
asspmgd-mat i on in detail in this manner, the ink
cartridge 7 can be recycled efficiently and w thout
[00488]e. Tn0Bi4 t8de, T hiessage bigpeatoandtUfer bkaRplk @t irkSejection head
essential for servicing the user. 25 [00414]
stoutd teedlemee, i§ elspRYAITH £dishiaf AhTBE i O6n the
nunber of recycFes of thlgb4% in{< car?‘?{l&l&b&e 7 can be
0igher m ' ' lLattng-to the nunber of .
O T TR S PERROLPE I e Hotaf ot M rgeer e 23
r but .also.to the.re | er (manufacturer). i
el Vit o Pt e Sirige bl b bl Atgia ik
reliaply, high-quality product that enables detection
Ca&mgﬁgr%&éiﬁ?ﬁ?s BTS00 pRteramit 23| anlithgyink gaitrifigd hby bemparing
ink cartridge to 5 be perforned accurately and
thesg|tvatynes of tformationpl e confi gurati on.

[00410]  According to the inkjet printer 30 of this embodiment, since ink information
can be reliably detected and managed with a simple configuration, it is possible to
determine, for example, an appropriate replacement period of the ink cartridge 7.

[00411]  As aresult, since it is possible to replace the ink cartridge 7 without wasting

ink, the replacement cycle of the ink cartridge 7 can be extended, reducing the cost for

the user.

[00412] By managing the ink information in detail in this manner, the ink cartridge 7
can be recycled efficiently and without waste.

[00413]  This achieves a function that is essential for servicing the user.

[00414]  Furthermore for example, information such as the number of recycles of the
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[00416] While preferred enbodi nents of the invention

have been described and illustrated above, these are
exenpl ary of the invention and are not to be
considered as limting. Additions, om ssions,

substitutions, and ot her modi%6i cati ons can be made
ik ehasdecdeRAbE . SOi . SC of the .. .
pr esent i nvent idce)%.rl;lf gglgfrogﬁn}gﬁrfah{%geﬁaf@ gﬁﬁﬁ’éﬁ?’i’%’ﬁr plink fillings,
: consicdered as heing limted by the foregoing
8 indo R fon U o ek s lsh o imecsblopammtionss
lg@ﬁ| degécl ims.. 47 Wat is claimed is: 1. A
P¢ ond e b piRoesible i pioyideg: highly echablyn Hightquelity product that
substrate including an active elenent formation face
Bpblgindetertion and mavegenenebBinfmmation febatingdo irdridl thee inkadrtridge to
face that is on a side opposite to the active el enent
begerfatmelnctaatly andrelsdly aith@rsigpRebhRsRatENEL r at i ng
t he sem conductor substrate; an el enment el ectrode
OOS16Pd WhiR pr&RAYE ot DG AT | Lh AR LRSS
[detggtion eﬁgctrodgsggg?%%%%%gﬁér aﬁo%ég%ﬂgmﬁggrngggg@
nt el ectrode

: [ I 0 ed to 0. the.ele [
i 5 e PO SR Bt b fisPgBf BB B considered as
.amount, of the ink by being wet in the ink;

remai ni
h&“@%‘a r a‘g‘gil%?qscWS@% phbstitutieas, padrathst mgdifieations cah be niade
an antenna forned on either one of the active el enent
wi§prlepeiing Siom tadpiriber scopaof thapessertiaventioh.t | Agcoaditlgly, the
_receiving information; and 15 a control circuit
inventionok hottg beleondddratis ingliaiéd @ﬂﬂl&foﬂe?&ng QbRBPAen, 3R is
the storage circuit. 2. The sem conductor device
onlg Gt vy thedscob@bfMhd o bRin%. Part of the

penetra??on elgctrodepggﬁ%ﬁgﬁﬁg%ection el ectrode. 20

3. The sem conductor device according to claim 2,

wherein a part of the
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penetration el ectrode includes a protrusion protruding
fromthe rear face, and the protrusion is the

detection electrode. 25 4. The sem conductor device
according to claim1, furtheu7conprising: 48 a
conductive | ayer formed on or ‘above the rear face of

Whg iselins@neguct or substrate with a passivation film

t herebetween; a protective filmforned so as to cover

t he conductive | ayer; and an opening fornmed on the
protective film exposing at |least a part of the 5
1conducf‘% ive Ing er, wherein the detection electrode is
¢onst { TR §°Wh%evb°§rq0nwnsmﬁe conductive | ayer

exposed through the opening. 5. The sem conduct or

devi ca sgeicendiichy substialeingtuding fin metverelemnean formiatign {26 oA which
conductive |l ayer fornmed on or above the rear face of

an el eeiimen duidtaed, ad b3 #c@ thittidorta H188 Sppdite RNthE hbtie
t herebetween; a protective filmforned so as to cover

clehRncRBdLEdd fuee:| ayer; and an opening forned on the
protective film exposing at |east a part of the

condugt, : , b fornmed on the

condu% %Q/égra{l%ggwé@g geegxa?iﬂg g%sﬁnlf‘ﬁ’nggﬁgﬁﬁ'ﬁﬁ?@t,m%er ei n

t he bun% I S t?e d&tg}cti n electrode. 6. The i

seni cBhUtREYCleoic Proed gn gr #hyve theactiverlement formation face;
conprising: ~an insulating |ayer forned on or bel ow a

bot t ofRt§cHpB elesirodes domedentir ghovede edae fice odlerically chhwescted to
sem conduct or device according to claim1, wherein the
thgelasremtielactehdevia the tpendtiatinn eleeesdeQ SeBdA¢Rink AlrBMGining amount of
directly on the active elenent formation face or the

theéelt byf BB Wei inghd @ same conductive material as that
25 constituting the active el enent.
a storage circuit storing the remaining amount of ink;
an antenna formed on cither one of the active element formation face and the
rear face, transmitting and receiving information; and

a control circuit controlling the detection clectrodes, the antenna, and the storage

circuit.

2. The semiconductor device according to claim 1, wherein a part of the

penetration electrode is the detection electrode.
3. The semiconductor device according to claim 2, wherein a part of the
penetration electrode includes a protrusion protruding from the rear face, and the

protrusion is the detection electrode.

4. The semiconductor device according to claim 1, further comprising:
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49 8. The sem conductor device according to claiml,
further conprising: a plated filmformed on a surface
of the detection electrode. 5 9. The sem conduct or
devi ce according to claim1, further conprising: a

dielectric |ayer fornmed on o*bel ow a bot t om | ayer of

the ant@fdetive iagrer ifed Sﬁrb{: @9 ‘fﬁeolrﬁarqggé &tethgge%ﬁgnﬁgtor

to claim1, further conprising

ﬂggtpdlg tvﬁ E)Lts%f\; Elgxq??mﬁeir?be%\ﬁ%qﬁn ink cartri dge ussﬂefor

evi ce udi ng an ant enna
ink cartrid ing: an ink cartridge caS|ng
inclu &Ipﬁ%te%{wgg‘ﬂpgnﬁquswtto 50¥¢5 theo@atesdive faver; and
l'iquid sensor including a sem conduct or devi ce that
det ecf8 OpgRingrimRIge on thesroteétiverfiltn, oxpasizigatt icagt 4 ymart éfehe
i nk accommopdated in the container, wherein the

condrictive byet, ohekdvi ce i ncl udes: a serri conduct or
substrate including an active elenment formation face

on Whitehieftige tleMPodeli& 883 tituked ﬂﬁﬁgﬁﬁh offid ¢ gtl'tdu%ﬁ{r? fa?@r exposed

that |s on a side opposite e active
20 a penetratl on el ectrode penetrating

the sem Eon%ctor substrate; an el enent el ectrode
formed on or above the active elenent formation face;
detection el ectrodes exposed in the container, formed
in the ink cartridge casing, formed on or above the
Srear fhewmiegndagtor @%ﬁltr%/acemdnmdt)@liumd further @Empristnge nt
el ectrode via the penetration el ectrode, and detecting
a renatomdogti(ayeafommrid wfortabeve thi rday f42€ iofl theVeinidoRd i dier
ink; a storage circuit storing the renai ni ng anount of
smh%k'ate with a passivation film therebetween;
a protective film formed so as to cover the conductive layer; and
an opening formed on the protective film, exposing at least a part of the
conductive layer; and
a bump formed on the conductive layer exposed through the opening, wherein

the bump is the detection electrode.

6. The semiconductor device according to claim 1, further comprising:
an insulating layer formed on or below a bottom layer of the detection

electrodes.

7. The semiconductor device according to claim 1, wherein
the antenna and the detection electrodes are formed directly on the active
clement formation face or the rear face using the same conductive material as that

constituting the active element. -



an antenna forned on either one of the active el enent
formation face and the rear face, transmtting and
receiving information; and 5 a control circuit

controlling the detection el%gtrodes, t he antenna, and
the storage circuit. 12. The nk cartridge accordi ng

to claim11l, wherein a plurality of pairs of the
detecti on el ectrodes of the sem conductor device are

0 fo th di.recti.an of, t he cont.ai ner,
e qaRE Sl BRI L LR LA, £ yeE cGRprghe
bottom f ace.of .t he container. 13. The ink cartridge
accor aipi@e film. formed 95 a syHaseaf thedstactipnrleetyjodst t he

sem conductor devices are forned along the depth
direction of 15 the container, the detection

el ectrodes of at | east one of the sem conductor

Y%devi cdbe bamingnduator dageslacboality ® didint 0 MiiRe @orﬁﬁﬁéiﬁ'%
container. 14. An electronic device conprising: the

i Nk cadfeldeBieafG FoisHdh drbefdvth Bhdobn 1:88F0f A0 2@ nna.
el ectronic device unit i1ncluding an antenna.
10. The semiconductor device according to claim 1, further comprising:

three or more detection electrodes.

11. An ink cartridge used for an electronic device unit including an antenna, the ink
cartridge comprising: |

an ink cartridge casing including a container that accommodates ink; and

a liquid sensor including a semiconductor device that detects and manages
information relating to the ink accommodated in the container, wherein

the semiconductor device includes:

a semiconductor substrate including an active element formation face
on which an active element is formed, and a rear face that is on a side opposite
to the active element formation face;

é penetration electrode penetrating the semiconductor substrate;

an element electrode formed on or above the active element formation
face;

detection electrodes exposed in the container, formed in the ink
cartridge casing, formed on or above the rear face, electrically connected to the

element electrode via the penetration electrode, and detecting a remaining
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amount of the ink by being wet in the ink;

a storage circuit storing the remaining amount of ink;

an antenna formed on either one of the active element formation face
and the rear face, transmitting and receiving information; and

a control circuit controlling the detection electrodes, the antenna, and

the storage circuit.

12. The ink cartridge according to claim 11, wherein
a plurality of pairs of the detection electrodes of the semiconductor device are
formed along the depth direction of the container, the detection electrodes being arranged

along a bottom face of the container.

13. The ink cartridge according to claim 12, wherein
a plurality of the semiconductor devices are formed along the depth direction of
the container, the detection electrodes of at least one of the semiconductor devices being

arranged along a bottom face of the container.

14. An electronic device comprising:

 the ink cartridge according to claim 11; and

an electronic device unit including an antenna.



