-1- INK JET PRI NTI NG HEAD AND | NK JET PRI NTI NG APPARATUS USI NG THE SAME
BACKGROUND OF THE I NVENTION 5 FIELD OF THE | NVENTI ON The present invention
relates to an ink jet printing head for ejecting liquids like ink and an
ink jet printing apparatus 10 which carries out printing operation using
the printing head. Apart froma generallprinting apparatus, a copying
machine, a facsimle with a tel ecommunication system a word processor and
the like with a printing unit, or a multifunction printing apparatus
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capability of printing on various print medium little noise generation at
the time of printing, and the like. For this_reason the ink jet printing
apparatus is widely adoptBAFEGRQHND, Ok FRE ZNVENTIONer t aki ng printing
opegations in printers, copying nachines, facsimles, and word processors
and“the like. Typical ink ejection nethods in printing heads nounted on the
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The present invention relates to an ink jet printing head

for ejecting liquids like ink and an ink jet printing apparatus
10 which carries out printing operation using the printing head.
Apart from a general printing apparatus, a copying machine, a
facsimile with a telecommunication system, a word processor and
the like with a printing unit, or a multifunction printing
apparatus combining these apparatuses can be adopted as a form

15 of the ink jet printing apparatus.

DESCRIPTION OF THE RELATED ART

The ink jet printing apparatus is a printing apparatus
20 adopting so called a non-impact printing method, and
characterized by its capability of high speed printing,
capability of printing on various print medium, little noise
generation at the time of printing, and the 1like. For this reason,
the ink jet printing apparatus is widely adopted as an apparatus
25 for undertaking printing operations in printers, copying
machines, facsimiles, and word processors and the like.
Typical ink ejection methods in printing heads mounted on
the ink jet printing apparatus include the one using

electromechanical transducers like piezo elements and the one



those ejecting ink droplets due to an effect of filmboiling by heating ink
Wth el ectrothermal transducer elenents having 5 heat elenents are w dely
used. Inthe ink jet printing heads of this form the el ectrothermnal
transducer elenents are provided in an inner side of an ink ejection
opening and electric pul ses, which beegre print signals, are supplied
thereto to generate heat. Thermal energy is given to ink by this and by 10
usi ng bubble pressure at the tine of ink foaming (at the time of boiling)
gener at edekit imghiasie dhapletel dusk tai dihefifeet ofr heaithgdnevapednbiyngn
mediumis carried out by ejecting mcrodroplets of ink froma mnute
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ejecting ink as 15 a droplet for_ exanple, and an ink supplying.systenlfor
suppl yi RBosenieiecting Asxzidromhetpr dne nke appaedifiectv f €adm Moiding
printing head as described above is capable of outputting letters and
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printing apparat us. €cause such prinfTng apparat uses have
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cost by using ink jet printing heads having an ejecfing portion for
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bl ack ink as a black lIiquid. Under a condition where higher speed and
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nnq% using bubble pressure at the time of ink foaming (at the time
of boiling) generated by a phase change of ink at the time,
printing to a printing medium is carried out by ejecting
microdroplets of ink from a minute ejection opening. The ink
jet printing head generally has a nozzle for ejecting ink as

15 a droplet for example, and an ink supplying system for supplying

ink to this nozzle.

The printing apparatus with the ink jet printing head as
described above is capable of outputting letters and images of
high qualities with low cost. The ink jet printing apparatus

20 using a principle, in which the film boiling is generated in
liquid and ink is ejected accompanied with bubble formation
(generation, development, defoaming, and extinction), is
particularly the mainstream of the ink jet printing apparatus.
This is because such printing apparatuses have an advantage in

25 that it is capable of carrying out color printing with low cost
by using ink jet printing heads having an ejecting portion for
ejecting color liquids such as cyan, magenta, and yellow inks,

apart from a black ink as a black liquid.

Under a condition where higher speed and definition of



of the ejection openings are now being provided in the ejecting portion in
the ink jet printing head. Mreover, an arrangenent density of the ejection
opening is becom ng 300 dpi, 600 dpi 5 or nore, where a notation "dpi-"
descri bes a nunber of the ejection opening per one inch, and is al so being
énhanced. The heat elenent as an el ectgot hermal transducer arranged in the
respective ones of these ejection openings forns bubbles due to film
boiling by pulse drives in the order of a fewp sec to 10 10 p sec and

real i zi pgihitdhd pass qsmahied Wgldhdrahlymege qual,i Gnd wenchse drdfiore
frequency drive. As one formof such an 1nk jet printing apparatus, the one
usi ng aofitkejefepition ogdreaigsi dhe amow| lpeinggppontiided dm athe iglje¢ting
printing head integrating the ejecting portion and an 15 ink container as a
cartri dgeritdoayan fbeeinknjethprindridyg hddd. iMomeovefd,ganaaraandement
exanpl e, Japanese Patent Appljication Laid-open No. 2001-322279) where the
cartri dgenfd tvaafachiae| eieatdnnPrend NG cif sbeGERIMNT 1309 ARioar6QQg@Pior
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by et CORHEEE aitERS G hat aa T Spl fespirhena huplek g tis ashdton,

t he mai of the printi a afus. ;A pawer  supply W king.termnn and
a gr oungpgngg%ﬁg Réell: moﬁgl %&ﬁ f %ﬁ)}%’ aJp I 9%&6’03%%?% gorﬁh%n%?ga rgﬁlﬁe?ﬁﬁgk
transd me : d Lpal; a ' f b Vi

tr anom £ ar 855 0, Ay SEREERRL (A hqSapLEy, | aREAIRTS) LY Thhe

el ement BespBRASRONSEe 00T itHddW d3betath tdSehlikYs HErmsoBLBRA dd) @Re | Nk
jet printing head side and a printing apparatus side. These termnals
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and the printing apparatus when the ink -4
10 1l0psecandrealizing high speed printing with high image quality
by such a high frequency drive.

As one form of such an ink jet printing apparatus, the one
using an ink jet printing head with an ejecting portion or an
ink jet printing head integrating the ejecting portion and an

15 ink container as a cartridge is available. 1In other words, this
is a configuration (for example, Japanese Patent Application
Laid-open No. 2001-322279) where the cartridge is
attachable/detachable to/from a support unit (a carriage for
mounting the printing head and making it scan printing media

20 in apredetermined direction in a serial type printing apparatus)
provided in the main body of the printing apparatus. A power
supply wiring terminal and a ground wiring terminal both for
applying power to the electrothermal transducer elements, and
data terminal and the like for receiving and transmitting data

25 for drive controlling the electrothermal transducer elements
in response to printing data and the like, are provided in an
ink jet printing head side and a printing apparatus side. These

terminals contact with each other to electrically connect the

ink jet printing head and the printing apparatus when the ink



jet printing head is nounted. However, when the ink jet printing head is not
mounted in a nornmal position in the main body of the printing apparatus,
contact of the termnals of the printing head with the termnals 5 of the
mai n body of the printing apparatus becone insufficient and a normal drive
of the ink jet printing head is not cargied out. Mreover, in extrene
cases, by inputting unexpected electric pulses to the printing head, there
is a concern that an elenment substrate provided with the el ectrothermal
transduget peieltcimgtReal tike mownied.printing head and the |ike is being
destructed. Accordingly, detection of normal nounting before the electrical
connecti on f dioweveyi,nghem tire ritning epeminbingshestd dsgny tdesiuretded| incan
be considered to apply the one 15 disclosed in Japanese Patent Application
Lai d- op@nnmmailmn(iQQQh%@aaimd?ﬁdguﬁﬁt the Porinkingi agperatugh

detection although it is not directly related to the ink jet printin
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i npl emented with high density in the efecting portion and further use

of ink épéctpiipulsdeatloptRe ged i ilg shehd', althierofi$j &cébngeldr tumﬂ_s
corresponding to a plural colors of ink are becom ng mainstream Therefore,
an applarc&liement smbschat guercvidedseiithritheapdessterothermal transducer
10 elements of the ink jet printing head and the like is being
destructed.

Accordingly, detection of normal mounting before the
electrical connection for carrying out printing operation is
strongly desired. It can be considered to apply the one

15 disclosed in Japanese Patent Application Laid-openNo. 11-099679
(1999) as a configuration for carrying out such detection
although it is not directly related to the ink jet printing
apparatus. The configuration detects whether each of signal
lines from a control substrate is inserted or not by calculating

20 logical product between a heating control line and respective
plural data lines, in print head for printing using a thermal
transfer ribbon and the like.

However, the number of terminals for carrying out the
electric connection described above is also currently increasing

25 when multiple ejection openings are implemented with high
density in the ejecting portion and furthermore, use of ink jet
printing head provided with a plurality of ejecting portions

corresponding to a plural colors of ink are becoming mainstream.

Therefore, an application of a technique disclosed in Japanese



-5 Patent Application Laid-open No. 11-099679 (1999) to detect the presence
or absence of contacts of all termnals leads to a |longer detection tine.
Mor eover, since the nunber of wirings for a detection nechani smincreases,
there are problens in that 5 upsizing of a substrate for nounting various
élements and a printing head takes plase and manufacturing cost increases.
SUMWARY OF THE | NVENTI ON 10 Although it is possible to consider detecting
the presence or absence of contacts for a part of termnals, this does not
guar ant Patielnt applactat dbnal.biteroperniNo. THat09%670n( bodern to devecd the
upsi zing of the for nounting various elenents and the printing head and the
i ncr easpresengaibacabsengecoftcontakdsght kbl 1l tterminabsdidads dalatlkeangehe

presence or absence of contacts of the part of termnals, it is highly
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termn etecting on € contacts between a termnals in
the printing head side and in the printing apparatus side. In af rst
aspect of the present invention, there is provided an ink jet printing head
attachabl e/ det achabl e t o/ f rISUMMARYi OF JTHE PINVENTZ 0N par at us, conprising: an

ej ecting portion having ink ejection openings and
10 Although it is possible to consider detecting the presence
or absence of contacts for a part of terminals, this does not
guarantee the contacts of all terminals. That is, in order to
avoid the upsizing of the for mounting various elements and the
printing head and the increase in manufacturing cost, although
15 it is favorable to detect the presence or absence of contacts
of the part of terminals, it is highly desirable where it is
possible to regard that the contacts of all terminals have been
made by this detection of contacts of the part of terminals.
To accomplish this, the present inventors have recognized that
20 an appropriafe determination of terminals used for the detection
is the problem, which should be solved.

In other words, an object of the present invention is to
provide a configuration for guaranteeing contacts of all
terminals by detecting only the contacts between a part of

25 terminals in the printing head side and in the printing apparatus
side.

In a first aspect of the present invention, there is
provided an ink jet printing head attachable/detachable to/from

an ink jet printing apparatus, comprising:



el ements for generating energy to eject ink fromthe ink ejection openings;
and a plurality of connection termnals for carrying out an 5 electrical
connection of signals including drive signals of the elenents by contacting
a plurality of connection termnals in the ink jet printing apparatus when
the head is nmounted on a main body of -6he ink jet printing apparatus,
wherein fromanong the plurality of connection termnals, 10 at |east two
term nal s whose di stances fromthe connection termnals in the ink jet
printing appaanat usjéeting npartionwhieaviagdeimkt ieoheottonr evpeninkgs and
mounting, are used as termnals for detection to carry out a confirmation
of cont gdemesftaifiomyenieratping Aneygyiteedestt iiok fzom bhesink®jectiencond
aspect of the present invention, there is provided an ink jet printing

appar at 98ePdmgddim @fch the above ink jet printing head is
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ej ection openings; and a plurality of connection termnals for carrying out
an el emaincdodpnoecthen iafk sjgbapgiintingli agpdtiataissj gnal s of the 7
wherein from among the plurality of connection terminals,

10 at least two terminals whose distances from the connection
terminals in the ink jet printing apparatus become maximum when
a deviation occurred in the mounting, are used as terminals for
detection to carry out a confirmation of contacts of all of the
plurality of connection terminals.

15 In a second aspect of the present invention, there is
provided an ink jet printing apparatus to/from wihch the above
ink jet printing head is attachable/detachable, comprising:

means for notifying an abnormality in a case where contacts
between the at least two connection terminals in the head side

20 and at least two corresponding terminals in the apparatus side
are not detected.

In a third aspect of the present invention, there is
provided an ink jet printing head attachable/detachable to/from
an ink jet printing apparatus, comprising:

25 an ejecting portion having ink ejection openings and
elements for generating energy to eject ink from the ink ejection
openings; and

a plurality of connection terminals for carrying out an

electrical connection of signals including drive signals of the



el ements by contacting a plurality of connection termnals in the ink jet
printing apparatus when the head is nounted on a nmain body of the ink jet
printing apparatus, wherein the plurality of connection termnals are
arranged 5 in a planar area, which is substantially rectangul ar-shaped, and
wherein at least two termnals positiongd in corners of the planar area are
used as termnals for detection to carry out a confirmation of contacts of
all of the plurality of 10 connection termnals, the at |east tw of the
ter m na¢ $ehentsddtyeciowbaaténgsad pflarrat i tgasft comreegnhbn tkerdiifiaelenin
types. In the present invention, in arrangenent areas of connection

t er m natBei Ankhe gk i Pringineappacatng cdrerspbadhend chsinvounded comi dal s
in the side of the main body of the printing 15 apparatus, at |east two
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area arghpgsed as the termnals for contact detection. By detecting contacts
of these termnals by this, connection of all the connection termnals in
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out a confirmation of contacts of all of the plurality of
10 connection terminals, the at least two of the terminals for
detection are used for at least two signals of different types.
In the present invention, in arrangement areas of
connection terminals in the printing head side and corresponding
connection terminals in the side of the main body of the printing
15 apparatus, at least two pairs of connection terminals positioned
in a region where distances between terminals can be maximum
due to a deviation in mounting are used as terminals for contact
detection. For example, from among a group of connection
terminals arranged in a planar area, which is almost
20 rectangular-shaped, connection terminals positioned in two
corners of the area are used as the terminals for contact
detection. By detecting contacts of these terminals by this,
connection of all the connection terminals in an inner side of

the area can be guaranteed.
25 The above and other objects, effects, features and
advantages of the present invention will become more apparent

from the following description of embodiments thereof taken in

conjunction with the accompanying drawings.



BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a plan view schematically
showi ng one exanple of an ink jet printing apparatus where the present
invention 5 is applicable; Figs. 2A and 2B are perspective views show ng a
configuration exanple of one of a printing head, which is possible to be
hounted on the printing apparatus in Fig- 1; Figs. 3A and 3B are expl oded
perspective views of the 10 printing head shown in Figs. 2A and 2B; Fig. 4
is a perspective view showi ng a configuration exanple of a print el enent
unit provided in the [BRIEFNDESERIPBHONNOFN THE)SDREAWINGS 2B; Fig. 5 is an
enl arged perspective view show ng an external 15 signal connection portion
of an electric wiring tape in the printing head shown in Figs. 2A and 2B;
Fig. 6 is a circuit diagramshowi ng an electrical configuration on a print
el enent substFige prdw dedlantnéepr isaherabhenl lynishowinggone emmphe 7
is acircuit diagramparticularly showing a major _portion for contact
detect i ®h 8 ﬂﬁ@‘el?ErHﬁPnﬁ%ﬂﬁuaEEﬁﬁ@ﬁHﬁnWhﬁﬁﬁt¢&@|HF¢$§nt61QMQPt¥PPs a

bIo%¥ dlagra f% a configuration exanple of a control systemof the
pri Q%£ Fig. 1, and 25 Fig. 9 is a flowhart show ng one

a1l gegact A8 S ore R oct R S s s
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possible to be mounted on the printing apparatus in Fig. 1;

Figs. 3A and 3B are exploded perspective views of the

10 printing head shown in Figs. 2A and 2B;

Fig. 4 is a perspective view showing a configuration
example of a print element unit provided in the printing head
shown in Figs. 2A and 2B;

Fig. 5 is an enlarged perspective view showing an external

15 signal connection portion of an electric wiring tape in the
printing head shown in Figs. 2A and 2B;

Fig. 6 1is a circuit diagram showing an electrical
configuration on a print element substrate provided in the print
element unit in Fig. 4;

20 Fig. 7 is a circuit diagram particularly showing a major
portion for contact detection of the external signal connection
portion in Fig. 6;

Fig. 8 is a block diagram showing a configuration example
of a control system of the printing apparatus in Fig. 1; and

25 Fig. 9 is a flowchart showing one example of a contact

detection procedure of the external signal connection portion.



5 1. Configuration exanple of ink jet printing apparatus Fig. 1 is a plan
vi ew schematically show ng one exanple of an ink jet printing apparatus
where the present invention is applicable. This printing apparatus has a
carriage 102 for detachably nmounting printing heads HL000 and H1001. The 10

‘carriage 102 is provided with electrica- connection portion for

transmtting drive signals and the |like to ejecting portions via external
signal connection termnals on the printing heads HL000 and H1001 in the
carriage 102. DETARLEDAPESERI PFIONDOF {EREBERRED ENECODPMENTId y nove 15

al ong a guide shaft 103 installed in a main body of the apparatus

and

extended in a main scan direction. The carriage 102 is driven and its
position and novenent are also controlled by a main scanni ng notor
(carriage notléye poseny dnventienswiiddi he deserhbeds isudetail bhetlow

pul l ey 105, an idler pulley 106, and 20 a tim ng belt 107. Moreover, a hone
posi ti &Y Se®EBFTrin® it©0 HEBULESt on the carriage 102. A position as a hone
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carriage 102 is provided with electrical connection portion for
transmitting drive signals and the like to ejecting portions
via external signal connection terminals on the printing heads
H1000 and H1001 in the carriage 102.

The carriage 102 is supported so as to reciprocally move
along a guide shaft 103 installed in a main body of the apparatus
and extended in amain scan direction. The carriage 102 is driven
and its position and movement are also controlled by a main
scanning motor (carriage motor) 104 via drive transmission
mechanisms such as a motor pulley 105, an idler pulley 106, and
a timing belt 107. Moreover, a home position sensor 130 is
provided on the carriage 102. A position as a home position will
be detected when the home position sensor 130 on the carriage
102 passed a position of a shield plate 136.

A print medium 108 made of paper, plastic thin plate and
the like is fed one by one from an auto sheet feeder (ASF) 132
by a paper feeding motor 135 rotating a pick up roller 131 via
a gear. Furthermore, the print medium 108 is conveyed
(sub-scanned) passing a position (print area) opposing a surface

(ejection face) where ejection openings of the printing heads



of a position of the print nmediumfront end when paper feeding 5 are carried
vbut at the tinme point where the print nmedium 108 passed a paper end sensor
133. This paper end sensor is also wused for identifying an actual position
of a rear end of the print nmedium 108 to eventually determ ne a current
printing position based on the actual-1position of the rear end. 10 It
shoul d be noted that the print nmedium 108 is supported on its back surface
by a platen (not illustrated) so as to form a flat surface to be printed in
t he primloeoeand! H100i1S ages €Eormd®, By ™ irgtdeada oE0Q0condekli®yl roaunged on
the carriage 102 are held so that their ejection faces protrude downward
from 1519 9edravenadpy BOZcarweypengmeoparalll3d wim tehegear nt Determib@®;iorand
are mai n-scanned on the print area. The printing heads HL000 and H1001 are
mount edeBrivhethegatheapringomedivmnid O8nisr fadgeranet andcidentsf iciadion

ej ection openings In each ejecting portion coincides with a direction 20
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i nseparably integrating ink“tank(s). The first printing head HLO000 has an
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ejecting black ink supplied fromthis 1nk containing portion. The second
printi mp$iadorl Milsédsonnkhec adtanail npopdrttiamsofi ithed meédih endor i nks
(cyan ink, nagenta
10 It should be noted that the print medium 108 is supported
on its back surface by a platen (not illustrated) so as to form
a flat surface to be printed in the print area. 1In this case,
the printing heads H1000 and H1001 mounted on the carriage 102
are held so that their ejection faces protrude downward from
15 the carriage 102 and become parallel to the print medium 108,
and are main-scanned on the print area.

The printing heads H1000 and H1001] are mounted on the
carriage 102 so that an arrangement direction of the ejection
openings in each ejecting portion coincides with a direction

20 (for example, sub-scan direction) intersecting the main scan
direction of the carriage 102. By ejecting ink from columns of
these ejection openings during the main scanning, printing in
a width corresponding to a range of ejection opening arrangement
is performed.

25 2. Configuration example of ink jet printing head

Afirst printing head H1000 and a second printing head H1001
are used in the present embodiment. Each printing head is formed
by inseparably integrating ink tank(s). The first printinghead

H1000 has an ink containing portion filled with black ink and



i nk, yellow ink) and ejecting portions for ejecting the 5 respective col or
inks supplied fromthe respective ink containing portions. Each of the
printing heads HL000 and H1001 is fixedly supported on the carriage 102 by
positioning neans and an electrical contact point and in a formof a
cartridge attachable /detachable to/frildmthe carriage. The printing head

10 can be replaced when the filled ink is used up. Qut of the printing heads
H1000 and H1001 used in the enbodinent, a configuration of the printing
head H1the& éjecddny pamiksomi forbejeetdm ddrl ek cink Asuppd itdd faromttmbs head
H1000, its description will be omtted since it can adopt a simlar 15

conf i guitRki@entaindmg pontion i nthagseeand1pginddang eahHR01has imat
the configuration is only for. one color, i.e. black jnk. Figs 2A and 2B are
per spocEPREaINdAT SRFFHENE EddriadHrath cRodREmIk D THAnpL Rkt i Ag drmeR
1001, whigh is ossi bl.e to pe mounted on the.printing apparatus in Fig.

1 and Tk gs PeRloha  TaRIT o SRy SURF g p et E 8D She POACT G L] ng
head H LS, 4 ej Lpg t e - ' i CYy. ,

vel Pow SFRCESAN oot ST AKS® FUELSn ) bRbm | ohe CHf¥spHERINS, A

configured as s per specti

3A and 3B thAnQifpost W 4'S. EHEnEATHERS A ¥ inG 1 S4B 1 GoOId@ A dol0l,

an electric wring tape H1301, an 1 nk contal ning  and supplyi ng nenber

H1501, iéifigedllyl bpdi¥ed. oandhidl Eakrrialeadsor by 9ItbOionthePhearssd
H1603, a cover nenber H1901, and a seal nmenber 1801. Fig. 4 is a partially

cut anayamér apeetliact vi ealf contidtexpbanti mnd ronéi forat ich af calrdmprdgs

el ement substrate H1101. This print el enent substrate H1101 is configured

by for mh‘gagha@é.e/detachable to/from the carriage. The printing head
10 can be replaced when the filled ink is used up.

Out of the printing heads H1000 and H1001 used in the
embodiment, a configuration of the printing head H1001 for color
inks will be described below. As for the printing head H1000,
its description will be omitted since it can adopt a similar

15 configuration to that of the printing head 1001 apart from the
fact that the configuration is only for one color, i.e. black
ink.

Figs 2A and 2B are perspective views showing a
configuration example of the printing head 1001, which is

20 possible to be mounted on the printing apparatus in Fig. 1, and
Figs. 3A and 3B are exploded perspective views thereof.

The printing head H1001] is for ejecting three colors of
ink, i.e. cyan, magenta, and yellow, and configured as shown
in the exploded perspective views in Figs. 3A and 3B. In other

25 words, the head has a print element substrate H1101, an electric
wiring tape H1301, an ink containing and supplying member H1501,
filters H1701, H1702, and H1703, ink absorbers H1601, H1602,

and H1603, a cover member H1901l, and a seal member 1801.

Fig. 4 is a partially cutaway perspective view for



| ong hol e-shaped i nk supply ports H1102 for each color ink of cyan,
agenta, and yellow in parallel on an Si substrate H1110 5 with a thickness
of 0.5 M to 1 mm The ink supply ports H1102 are formed by methods such
as anisotropic etching utilizing crystal orientation of Si and

sandbl asting. An array of electrothernil- transducer elenments H 110 3 f or
generating thermal energy to cause filmboiling in ink in response to

el ectrical 10 signals is arranged at each side of the ink supply port H1102.
Two arrexplafinimeg a eondtilgermest i onant dieeprdndneidemenrte sptectedatertibl ol .
staggered manner by shifting a half arrangenent pitch in the arrangenent

di recti Bhistpraintselement gubsfradie H3d0dnis @@gigug“e@obyiﬁmmimo@r@e
each color is configured on this 15 print elenment substrate HL101 by joining
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circuits, a tenperature sensor, an electro rtion H1104 n .
forned epfykhalS ordentdisiént &#HlEH0. ahlde shadbliLstihyngs Ane 5@fagur3@fyl ng

power to the electrothermal transducer elenents H1103 and are forne from
Al and ébecltirioetheiimal dgransducert slamenfts HAMi04 figrt jeneslaAcingtthsmmal
transducer elenents in response to printing data. The tenperature sensor
carri esenargyegecause fiéimcbiodd ifng in lBnkeihomeisppmsechpeedemtaical
adj ustment of the printing_head and
10 signals is arrangéd at each side of the ink supply port H1102.
Two arrays of the eletrothermal transducer elements are placed
in a staggered manner by shifting a half arrangement pitch in
the arrangement direction, that is, the sub-scan direction.
Ejecting portions H1108 for each color is configured on this
15 print element substrate H1101] by joining an ejection opening
forming member on which ink passage walls H1106 and ejection
openings H1107 are formed by applying a photolithography
technique to resinmaterials, while aligning each electrothermal
transducer element with each ejection opening. The printing
20 head with such the configuration is the one which ejects ink
in a vertical direction to a surface of the print element
substrate.
Electric wirings, logic circuits, a temperature sensor,
an electrode portion H1104 and the like are formed on the Si
25 substrate H1110. The electric wirings are for supplying power
to the electrothermal transducer elements H1103 and are formed
from Al and the like. The logic circuits are for driving the

electrothermal transducer elements in response to printing data.

The temperature sensor carries out temperature detection for



I's constituted of diodes and the |ike. These portions are electrically
connected with the outside by the el ectrode portion H1104. Furthernore, a
bunp H1105 nade of Au and the like is 5 formed on each of electrodes in the
el ectrode portion H1104. Note that the electrothermal transducer el enents
H1103 and the |like can be fornmed using3-existing filmform ng techniques.
In Figs. 3A and 3B, reference nuneral H1301 denotes an electric wiring tape
made by formng a wiring pattern nade of 10 copper foils on a base

subst r gperforneEthfa poemprirdatsure Tad jalsdment ofr thg tpapen baage hedd i arad
signal paths, which apply electrical signals to the print elenent substrate
H1101 fb$ cgngtlibgtedk.ofinddpdesgandr theodpdeat i nfhese Ppontiensmere
substrate H1101 is fornmed in the electric wiring tape H1301 and 15 el ectrode
Ler mi na® SeAtaa£a Ly Gonpectefiettdhe Auie LY 408 RSCtae B LN { he
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conti nuous wri ng patterns nm copper f An el ectri C connection
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H1101 can be carried out ol l ows, for exanple. is carried out by
el ectricall y onhggki.nBA hanQuaB, HJﬁ@Befenmd numéhalelPHC{UDd@enOItblsoraﬂ-l1104
on the print elenent substrate H1101 and the electrode termnal H1304 in
t he el ezlectniio wig ingetap80mader rtes foodnbngt @ whiaing eeatbdenpmaderH1104
on the print el enent substrate H1101 ~ 14
copper foils on a base substrate formed of polyimides. The
electric wiring tape has electrical signal paths, which apply
electrical signals to the print element substrate H1101 for
ejecting ink. An opening for incorporating the print element
substrate H1101 is formed in the electric wiring tape H1301 and
15 electrode terminals H1304, which are connected to the electrode
portion H1104 of the print element substrate H1101, is formed
inavicinityof arimof this opening. Moreover, external signal
connection terminals (contact pads) H1302 for receiving
electrical signals from the main body of the apparatus are formed
20 in the electric wiring tape H1301] and the electrode terminals
H1304 and the external signal connection terminals H1302 are
connected by continuous wiring patterns made of copper foils.
An electrical connection between the electric wiring tape
H1301 and the print element substrate H1101l can be carried out
25 as follows, for example. It is carried out by electrically
connecting the bump H1105 formed in the electrode portion H1104
on the print element substrate H1101 and the electrode terminal

H1304 in the electric wiring tape H1301 corresponding to the

electrode portion H1104 on the print element substrate H1101



with thermal ultrasonic conpression bonding. Reference nuneral H1501 denotes
an i nk containing and supplying nenber fornmed, for exanple, by resin
nolding. It is desirable to use resin materials mxed with 5 to 40 % of
glass 5 filler in order to inprove rigidity in shape. The ink containing
and suppl yi ng nenber H1501 has an ink tlnk function and an ink supply
function. In other words, as shown in Figs. 3A and 3B, it is realizing the
ink tank function by having a space for housing each of the ink absorbers
H1601, w682 thexmall 642 ti@ddonmtiepeadmpiressidmnchoaddfgr generati ng negative
pressure in order to retain the inks of cyan, magenta, and yell ow inside.
Moreover, thdRe¢firrengs ynangsgilonil0deadenetieBy dor inkg condepamngntandk
passages for introducing ink respectively to each of the ink_supplf ports
H1102 oRUPRAYdmchmamReEnfosmestr fior £x3amRbe. RYt KesdR Pedstiaged It is
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foreign parti rom entering e print el ement substrate

HL101. &hppoygrwration. the dtheer wothidl.aslldi98wnangd Fige3 Gan e tamt of

a nmesh type one formed of netal such as SUS, sintered nmetal (such as SUS)
25 fibeittige tesabbzéngaliebink Aarkkfanppliypyrposy haGhd ca spppleyifiar each
cyan, magenta, and yellowink to the print elenent substrate H1101 is
f or med housdognseaehmaf tthe | hRkpaatsagrbeTise BLHA el BheAR , sudedr dl603H1101
i s adhered and fixed to the _ink containing and supplying
independently, which are for generating negative pressure in
order to retain the inks of cyan, magenta, and yellow inside.
Moreover, the ink supply function is realized by forming
independent ink passages for introducing ink respectively to
each of the ink supply ports H1102 on the print element substrate
15 H1100. Although compressed polypropylene (PP) fibers are used
for the ink absorbers H1601, H1602, and H1603, compressed
urethane fibers can be used instead. Each of filters H1701,
H1702, and H1703 is joined by welding in a boundary portion
between each ink passage and each of the ink absorbers H1601,
20 H1602, and H1603 positioned in upstream thereof. These are
arranged in order to prevent foreign particles from entering
inside of the print element substrate H1101. Although each of
the filters H1701, H1702, and H1703 can be that of a mesh type
one formed of metal such as SUS, sintered metal (such as SUS)
25 fiber type is more favorable.
An ink supply port H1201 for supplying each cyan, magenta,
and yellow ink to the print element substrate H1101] is formed

in downstream of the ink passage. The print element substrate

H1101 is adhered and fixed to the ink containing and supplying



-15 nmenber H1501 with high accuracy of position so that each of the ink
supply ports H1102 on the print el enment substrate H1101 comuni cates with
each of the ink supply ports H1201 of the ink containing and supplying
menber H1501. A first adhesive agent 5 used for this adhesion desirably has
a low viscosity and | ow curing tenperasure, cures in short tinme, and has a
relatively high hardness and al so an ink resistance after being cured. A

t hernosetti ng adhesi ve agent having an epoxy resin as its mgjor conponent

can be membexaHn!s® 10k isie high iaé@uﬁdbysbfe?agmti.oﬁt%d/\ytqmv%é@htcm' Sthe
t hernosetti ng adhesi ve agent, a thickness o Its adhesive |ayer is

desi r abigkasmppdympelnt SSHPI02 bor ddver praniackl smehicesutbs brpset HIE10he
electric wiring tape H1301 is adhered and fixed to a plane in a periphery
near tGemmpringiesy whthseaghoafbyhe srkosdppdiyeportsiddRQl o Harhe sk
electrically connecting a second print elenent substrate HL101 and the
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the ink containing and supplying nenber HI501, the 'side surface being

al nost gempendindllcdn t beaone feacamphavbifg suth sappliy sporddhdi20é, agereat
staking or adhesion and the |ike.

10 When using this thermosetting adhesive agent, a thickness of

its adhesive layer is desirably approximately 50 pm.
Moreover, a back surface of a part of the electric wiring

tape H1301 is adhered and fixed to a plane in a periphery near
the ink supply ports H1201 by a second adhesive agent. A part

15 electrically connecting a second print element substrate H1101
and the electric wiring tape H1301 is sealed by first and second
sealants, so that the electrically connected part is protected
from corrosion by ink or external impacts. The first sealant
mainly seals a reverse side of a connecting portion between the

20 electrode terminal H1304 in the electric wiring tape 1301 and
the bump H1105 on the print element substrate, and a
circumferential part of the print element substrate, while the
second sealant seals a obverse side of the connecting portion.
Unadhered part of the electric wiring tape H1301 is bent and

25 fixed to a side surface of the ink containing and supplying member
H1501, the side surface being almost perpendicular to a surface
having ink supply ports H1201l, by heat staking or adhesion and
the 1like.

Reference numeral H1901 denotes a cover member which blocks



Ref erence nuneral H1901 denotes a cover nenber which blocks - 16 independent
spaces inside the ink containing and supplying nenber H1501 by bei ng wel ded
i n an upper opening of the ink containing and supplying nenber H1501. Note
that the cover nmenber H1901 has thin ports H1911, H1912, and H1913 for
Teleasing 5 pressure fluctuation in eacls-roominside the ink containing and
suppl yi ng nenber H1501 and fine grooves H1921, H1922, and H1923

respectively conmuni cating these thin ports. The other ends of the fine

gr oovesihid8pkmivh tll8pades ninlkd g8 dphentigk duntdining’ aave HigdPlying
Furthernore, an air conmunication port H1925 is 10 formed by covering nost
of the membegr dbl/e0 H1 B33 baiimigaivie lafed t hir am mmpets ogkdling HA81Z2 heaniinki1913
and the fine grooves H1921 and H1922 with a seal nenber H1801, and openi ng
t he ot hepngpdning t anfl uprplvidngr merbemoMl 50br eoliete ttHwatotbe mover

H1901 has_an engaaing portion H1930 for fixing the_second printing 15 head
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(not illustrated) pr n a carriage side. The abutting portions H1570,
H1580, #nd FHRBOgrajcydLrHPP31t 4AAI A 9e JUimtitng meafothi0bf e thin

predeterm ned 25 nounting position of the carriage. The abutting portions
H1570, gtitb68e, HANE HI5Fhrtheymourte ,pasi @ianicugnmuin AoaXidin euirtoMH 9B nisscan
direction), a Y-direction (sub-scan direction), and a
10 formed by covering most of the fine groove H1923, and all of
the thin ports H1911, H1912, and H1913 and the fine grooves H1921
and H1922 with a seal member H1801, and opening the other end
part of the fine groove H1923. Moreover, the cover member H1901
has an engaging portion H1930 for fixing the second printing
15 head to the ink jet printing apparatus.
The printing head H1001 is provided with a mounting guide
H1560, the engaging portion H1930, and abutting portions H1570,
H1580, and H1590. The mounting guide H1560 is for guiding to
a mounting position of the carriage 102 in the main body of the
20 ink jet printing apparatus. The engaging portion H1930 is for
mounting and fixing the printing head H1001l onto the carriage
by engaging with a fixed lever (not illustrated) provided in
a carriage side. The abutting portions H1570, H1580, and H1590
are for positioning the printing head H1001l in a predetermined
25 mounting position of the carriage. The abutting portions H1570,
H1580, and H1590 carry out positioning in an X-direction (main
scan direction), a Y-direction (sub-scan direction), and a

Z-direction (ink ejecting direction), respectively. An

electrical contact between the external signal connection



Z-direction (ink ejecting direction), respectively. An electrical contact
bet ween the external signal connection V 17 termnal H1302 in the electric
wiring tape H1301 and a contact pin of an electrical connection portion
provided in the carriage becomes possible by being positioned in the
carriage 102 by these abutting portionsi-5 Note that nounting of a printing
head containing a |light mgenta ink, a ink Iight cyan and a bl ack i nk,
instead of the printing head HL000, which is exclusive for the black ink,
wth atemidmdl cWb8oguiat the edddatiofwibeéngr tapen@lieel 41804 é6ntact
described so far is also possible. In other words, the printing 10 appar at us
can be pdadodisam ghecbrpciait eonafedt ighn ipmgeiqnabroyideyl ihi sheMbaroiage t he
printing head, which is formed by inseparably integrating ink tanks, is
shown a eawmm%smlemy PeddxhpPosdiivoenadrkn theweadir,iage Il&@barsthﬁse
conflgur%%gpn Is the one 15 where attaching/detaching to/froma support
menber POMEYIRI POFtAQE i s possible, the prlntlng head fornmed by
|ntq?rat|ng n_al sq and .nor epver
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bei ng close to and opposing a printing medium On the 25 ot her hand,
cont act apad niisl 4 avbA€d gutrat 88| tboBhwteoE dhe printing head H1001 as
described so far is also possible. 1In other words, the printing
10 apparatus can be used as a photo printer of high image gquality
by this.

Moreover, the printing head, which is formed by inseparably
integrating ink tanks, is shown as an example in the present
embodiment. However, as long as the configuration is the one

15 where attaching/detaching to/from a support member like the
carriage is possible, the printing head formed by integrating
separable ink tanks can also be adopted and moreover, the
printing head formed separately from the ink tanks can also be
adopted.

20 3. Characteristic Configuration

It is highly desirable that a datum for the positioning
be provided in a vicinity of the ejecting portion. This is
because the ejecting portion carries out printing by ejecting
ink while being close to and opposing a printing medium. On the

25 other hand, a contact pad is provided in a position where a
connection to a connection terminal (for example, a contact pin)
in the carriage side is easily made and from a viewpoint of

reducing a possibility of a short circuit among electrodes due

to a possible ink leakage, it is provided desirably in a position



connection to a connection termnal (for exanple, a contact pin) in the
carriage side is easily made and froma viewpoint of reducing a possibility
of a short circuit anmong el ectrodes due to a possible ink |eakage, it is
provi ded desirably in a position -18 distant fromthe ejecting portion.
Then, when the printing head is nountetg-even if it conmes to a state where
the positioning to the carriage in the vicinity of the ejecting portion is
secured by the positioning datum there is a possibility that an 5

el ectri @dlstenbaaton s atjedtsibgipwrtihshabl ®hen ,awhes therpiMatengt head
connection term nals should be contacted with each other due to an

i nfl uends afourtedi ngveaviidt iion.cévesetanpl staae iwhéhe phes@us anoningnt ,
there is a case where a terminal surface in a printing apparatus side
(carri a§e the capriage)intdievisinkcty gfdthere deetiingppritiomisirecusede
are not_parallel in the configuration where a group of contact pads H1302
are probPvdeblfn ROBLEAONIAG tu oltha%e ¢ 144 r fngPeapebididon, thatcaad of

occurrenge q{ I he nounting#devi tion, lLn that istancgébet en t he
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Opposi ng to eac In a termnal arrangenent area. en con

failuregyecqy ar‘i‘hﬁﬂftllih"er{jéété‘fcﬁo%ﬁef‘r?%ddév&@ﬁrcﬁ{‘.ce of a stroke of a
contact mechanism Thus, contacts of other contact pads are not 20

guar ant eed evEervSgAmple CAY a@f $hef pepdiit @misedidehthadherecligechesasenpl y
at random are detected. Accordingly, in the present invention, a
conf i guwheirena terprimd Helhmbece iprarpmistirgvepphomatoed edideon( careriage
appropriately selected and the contacts of all term nals are guaranteed by
10 102 side) and a contact pad surface in a printing head side are
not parallel in the configuration where a group of contact pads
H1302 are provided in a plane part of the electric wiring tape
H1301, in case of occurrence of the mounting deviation. In that
case, a distance between the terminal surface in the printing
15 apparatus side and the contact pad surface in the printing head
side is different between end portions opposing to each other
in a terminal arrangement area. Then contact failures occur
when the distance exceeded a tolerance of a stroke of a contact
mechanism. Thus, contacts of other contact pads are not
20 guaranteed even when the contacts of a part of contact pads
selected simply at random are detected.

Accordingly, in the present invention, a configuration is
provided where terminals served for detection are appropriately
selected and the contacts of all terminals are guaranteed by

25 detecting only the contacts of parts of terminals. In other
words, the present invention uses the connection terminals for
contact detection which are positioned in a portion where a

difference in distances between terminals can be maximum due

to the mounting deviation, on arrangement areas of the external



25 detecting only the contacts of parts of termnals. In other words, the
present invention uses the connection termnals for contact detection which
are positioned in a portion where a difference in distances between
termnals can be maxi rum due to the nounting deviation, on arrangenent
areas of the external - 19 signal connet®ion terminals in the printing head
side and correspondi ng connection termnals in the main body side. In the
present enbodi nent, a group of contact pads are arranged two dinensionally
in a pl siggnal econmechion aterminaliseciangithar pyhiapeing Thesad osd,deé hand
difference in distances between termnals due to the nounting deviation can
be maxi meNréspendipg danreopponi tenminaksaibathien maim ikedyr sidem In
portions_ nost distant fromand closest to the positioning datum |n other
wor ds, fihe PEeSABE lsmbedimeBtin falFredp 6 fOUtAMt i Ragdsy ame cA¥Ranged t he
area pr&yided wi th the external signal .connection termnpals HL

11302.
Accor di 8%, FHBRDSHE ¥ct $Tar A dePd@PAF i ATERe cIFREFE, neRLMBSE of
Il th t Lnsi de th cant eed.  Cor '
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of an external signal connection portion o he electric wring tape 1301

in the pn PimNBoPLABNS obPOAMas @0l tREROEE AR n pad-t fXhEARAl rém@P B tions
connection termnals (contact pads) H1302, which 20 are rectangl e-shaped,

are arr mogaddtiwe ali thEisnoaald yloBekhtetoatlpeposi i ohhig gt @aeuhil30In dJbhee of
t hese contact pads H1302 positioned in the corners of the arrangenent area
are usewofris, t hhecdtitsicandet bettiween | heantigral®r dan dmntmakipads Hi308¥,
10 corner of the area provided with the external signal connection
terminals H1302. Accordingly, when the contacts are detected
in the corners, connections of all the contact pads inside the
area can be guaranteed. Connection terminals positioned in
three corners are used for the contact detection in the present
15 embodiment.
Fig. 5 is an enlarged perspective view showing of an
external signal connection portion of the electric wiring tape
H1301 in the printing head of the present embodiment. 32
external signal connection terminals (contact pads) H1302, which
20 are rectangle-shaped, are arranged two dimensionally in the
electric wiring tape H1301. Three of these contact pads H1302
positioned in the corners of the arrangement area are used for
the contact detection. In other words, contact pads H1302a,
H1302b, and H1302c, which are positioned in a top right corner,
25 top 1left corner, and bottom left corner in the figure
respectively, are used for the contact detection. Hereinafter,
these pads are also referred to as contact check pads. When a

connection state is confirmed by inputting power or signals from

the main body of the printing apparatus to three contact check



H1302b, and H1302c, which are positioned in a top right corner, 25 top left
corner, and bottomleft corner in the figure respectively, are used for the
contact detection. Hereinafter, these pads are also referred to as contact
check pads. When a connection state is confirnmed by inputting power or
Signals from the main body of the pringgng apparatus to three contact check
-20 pads provided in the corners as described above, it is possible to
regard that contacts of other contact pads are al so nmade. Mdreover, in the

present padoPriRitdedoin AN dShéF8NEs @éstRrE vEtasdve herk m%@yibaéso
signal s used for the contact 5 detection are also approprlately sel ect ed.
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determ nin wayve m IS used for the contact ecti on an tﬁ

cont act NelteckerR¢ HEB AR 1@6&% eSnOUtype CORNELHNAN Ofi & Riel St slato dPLeever,
20 a signal of tenperature detection neans (tenperature sensor) for

per f or ncog tided oyt Lee, alhustheat woirddhe Joghei s§ighedds, wirichkcarsyused
as a signal unrelated to the signal determ ning
10 out the drive control of nozzles are used, and at least one of
other types of signals is unrelated to this.

Specifically, the logic signals include drive control
signals (DATA) of the electrothermal transducer elements in
accordance with the printing data, a signal (HE) determining

15 a drive waveform, and clock signals (CLK) regulating a transfer
of various signals or an operation on the print element substrate.
In the present embodiment, a signal determining the drive
waveform is used for the contact detection and the contact check
pad H1302a carries out a connection of this signal. Moreover,

20 a signal of temperature detection means (temperature sensor)
for performing the temperature adjustment of the printing heads
or ink, is used as a signal unrelated to the signal determining
the drive waveform. This temperature sensor can be implemented
during a manufacturing step of the print element substrate in

25 a print element unit in a form of a semiconductor diode. The
contact pad H1302b is for carrying out connection of this signal.

It is preferable to use different types of signals as

described above especially in a case where the printing head

is used which is made by forming the electrothermal transducer



the drive waveform This tenperature sensor can be inplenmented during a
manuf acturing step of the print elenment substrate in 25 a print elenent unit
in a formof a sem conductor diode. The contact pad H1302b is for carrying
Qut connection of this signal. It is preferable to use different types of
signals as described above especially i8la case where the printing head is
used which is made by formng the el ectrothermal transducer el enents and
drive logic circuits on the sane print element substrate in a process

sim | ar eleresesi andddt bvendiogiact oiregi s oeesthelhsames pheigauselement
reliability of the detection is not_ guaranteed even when the contact

det ect | SMbsteate Y aPraneed SiMhlarchoA Hamicendusitor papufacturing
participating in | pgi ¢ system siniga n.entire_logic circuit can
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el ectri galpcd A bA¥HAd AT T AL Dlcsh MENEuaERIGIAEG PEBVEHBCbALRR: 15
print elenment unit. Note here that denoted H1120 is an el ectrode for print
dat a si gadllufelri ve control signals of the electrothermal transducer

el ements) DATA transferred serially. Reference nuneral H1121 denotes an

el ectrode forFumdchdmukresi ghate ,CERr Ref epemrad immerfalthd Ik¥gidenoiecsuat

el ectrode for 20 a signal (a heat enable signal) HE, which determ nes the

drive a@deser fogith pn dihe Pasibleredgmeninsubsdrat @ nehtBewesfsuppéy VDD

numeral H1123 denotes an electrode for a latch signal LAT in
10  of TTL level ?normally 5V) is required other than a power supply

VH for the electrothermal transducer elements, this is supplied
via the contact pad H1302c.
Fig. 6 1is a circuit diagram showing an electrical
configuration on the print element substrate provided in the
15 print element unit. Note here that denoted H1120 is an electrode
for print data signals (drive control signals of the
electrothermal transducer elements) DATA transferred serially.
Reference numeral H1121 denotes an electrode for the clock
signals CLK. Reference numeral H1122 denotes an electrode for
20 a signal (a heat enable signal) HE, which determines the drive
waveform of the electrothermal transducer elements. Reference
numeral H1123 denotes an electrode for a latch signal LAT in
order to 1latch the drive control signals DATA of the
electrothermal transducer elements aligned in a shift register,
25 which is described later. Reference numeral H1125 denotes an
electrode pad for the power supply (VH) supplied to the
electrothermal transducer elements, and reference numeral H1124
denotes an electrode for ground (GND) corresponding to this.

Reference numeral H1126 denotes an electrode for signal output



order to latch the drive control signals DATA of the el ectrothernal
transducer elenents aligned in a shift register, 25 which is described

| ater. Reference nunmeral H1125 denotes an el ectrode pad for the power
supply (VH) supplied to the electrothernal transducer elenents, and
reference numeral H 124 denotes an el 2&trode for ground (G\D)
corresponding to this. Reference nuneral H1126 denotes an el ectrode for
signal output -22 used in order to carry out the contact detection using the
heat enslkid in g@ie HE amArey evehcehaurenhbhcll d2% edeniodesusingl €therbhdat f or
a |l ogic power supply (VDD). Moreover, although not shown in this figure, an
el ect r oeaafgre gigngha HEhpd egiferenget pumpsas Hekgordenptescaswleqtirade

el ectrode for ground (VSS) for the logic circuit and the tenperature sensor
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Fig. 5 yi h ectrical _si I hs, f d. i h | ectri T |
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in the boftomleft corner. The eleCtrode for the signal DIA 15 connected to

the tenperat urpesenedledtré@aseaired conrldiets@nt 8cthepadnttbdpapsifigoed in
the top left corner. In the printing head H1101 of the present enbodi nent, n

nozzl esiarEipr.o8ivied {iee ebectowcay slignak patipd \f gemédHId Ghe igl eathiof
the ejecting portions. The el ectrothernmal transducer 20 el enent H1103 for
heat i ngwilmidndgh tapendid4d @l andThede heceredentil HA2 16ofrorthie i hiead temable

el ectrothermal transducer el ement H1103
1 signal HE in particular is connected to the contact pad H1302a

positioned in the top right corner of the pad arrangement area
in Figs. 3A and 3B. The electrode H1129 for the logic power
supply (VDD) is connected to the contact pad H1302c positioned
in the bottom left corner. The electrode for the signal DIA

15 connected to the temperature sensor is connected to the contact
pad H1302b positioned in the top left corner.

In the printing head H1101 of the present embodiment, n
nozzles are provided per one row by the ink supply port H1102
in each of the ejecting portions. The electrothermal transducer

20 element H1103 for heating ink in the nozzle and a drive element
H1116 for driving the electrothermal transducer element H1103
are provided by corresponding to the respective one of the
nozzles. Hereinafter, a combination of each electrothermal
transducer element, drive element, and nozzle is also referred

25 to as a print element. A time division driving method, which
divides n print elements into a plurality of blocks and drives
sequentially, is adopted in the configuration in Fig. 6.

Brief description of the driving method of the printing

head of such a configuration is made as follows.



are provided by corresponding to the respective one of the nozzles.
Hereinafter, a conbination of each electrothermal transducer elenent, drive
el enent, and nozzle is also referred 25 to as a print elenment. Atine

di vision driving nethod, which divides n print elenents into a plurality of
bl ocks and drives sequentially, is adofied in the configuration in Fig. 6.
Brief description of the driving nethod of the printing head of such a
configuration is made as follows. -23 The printing data DATA of a

pr edet er m nedThentperiftihrg riatber DATMoaf| @ predetesminddnaambler | otheded
in one unit of tinme division) of bits are serially inputted via the

el ect r oBumber 20t spagEdesoudT vent ﬁjﬂﬂtbltiﬂlééﬂuﬁlg’hailfscflﬂﬁeﬁnp'm tafte vilteithe 5
el ectrode H1121 and are aligned and retained in the shift register (S.R
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enable signal HE inputted to the electrode H1122 7s cal culated by an

circuitthélbhifib LBgtikeeat he11bends Mskrspbachboves) gaatatcBlBifohit
dividing and driving n electrothermal transducer elenents H1103 is added as

a part Hildlve whirdhnysdabzated beraahestdt 3tlagenof Thhe shifftputdaeiktera
decoder not shown and the bl ock selection signals BLK are generated for
sel ect i Hld&ch lotdller khe prinking2dabe in mesponseoko drheilapch eiamal

i ncl udes_el ect r ot her nal )
10 LAT inputted via the electrode H1123. A logical product between

each of the drive control signals of the electrothermal
transducer elements outputted from the latch circuit H1117 and
the heat enable signal HE inputted to the electrode H11l22 is
calculated by an AND circuit H1119.

15 On the other hand, block selection signals (BLE) for
dividing and driving n electrothermal transducer elements H1103
is added as a part of the printing data in a serial data form.
This is inputted to a decoder not shown and the block selection
signals BLK are generated for selecting each of blocks (one unit

20 of time division driving), which includes electrothermal
transducer elements to be driven simultaneously, on the print
element substrate. The print elements selected by an output
from the AND circuit H1119 from among the print elements selected
by these block selection signals are driven and power is applied

25 to the electrothermal transducer elements in response to this,
leading to ink ejection from the nozzles and carrying out of
printing operation. During this drive, the print signals, clock
signals, latch signal and the like for carrying out the printing

in a next unit of time division driving are inputted to the



transducer elenents to be driven sinultaneously, on the print elenent
substrate. The print elenents selected by an output fromthe AND circuit
H1119 from anong the print elements selected by these block selection
signals are driven and power is applied 25 to the el ectrothernmal transducer
élements in response to this, |eading- 29 ink ejection fromthe nozzles and
carrying out of printing operation. During this drive, the print signals,
clock signals, latch signal and the like for carrying out the printing in
a next piintingi Aeadi.vi sion driving are inputted to the .24 printing head.
A configuration carrying out the contact detection, which is a

characteri sti & confmigunaici gn esantydangodintehhe aphitawt dedssactbed, mektiichFi g.
7 is acircuit diagramparticularly 5 showi ng an extracted nmajor portion
appl i edisora t phazagitenisticeditiosh of the dresant smprdiventectWbhlpbetion

in Fig. 6. The heat enable signal HE is adopted as one of the sjgnals_used
for thedeSkRedeit on Fil9 he pri8e EABSHItenfiagran s PATLGBLardle to
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CLK is outputted to the main body of the printing apparatus via a

connect ygedifie €hépobnitaict Rtédt26n The Hivvegprssenliy eXiddimsenep! yrag
power to the logic systemfornmed of transistors relevant to the drive

cont r ol isf afllse® prasdilklentatcarsy dutvehe detteat tonnbyt aonosifdiguaration
confirmation circuit H1127.

10 where the heat enable signals HE is simply returned to the main
body side. However, in the present embodiment, an operation
result CNO of a connection state confirmation circuit H1127
constituted of an AND circuit Hl11l27a operating a logical product
between the signal heat enable signal HE and the clock signals

15 CLK is outputted to the main body of the printing apparatus via
a connection state output terminal H1126. The power supply VDD
supplying power to the logic system formed of transistors
relevant to the drive control of the print element also drives
such a connection state confirmation circuit H1127.

20 By using two logic signals as in the present example, even
when a malfunction occurred in one signal path, for example,
resulting in a state where normal signals are always outputted
upon input of power supply, the electrical connection state can
be correctly confirmed by signals from other signal path. Note

25 that although the contact pad of the clock signals CLK can be
positioned anywhere, it can be positioned in a remaining corner
(bottom right of the area) in an arrangement in Figs. 3A and

3B, for example.

Moreover, the input signal DIA connected by the electrode



20 By using two logic signals as in the present exanple, even when a

mal f unction occurred in one signal path, for exanple, resulting in a state
where normal signals are always outputted wupon input of power supply, the
el ectrical connection state can be correctly confirnmed by signals from
Other signal path. Note 25 that althougtsthe contact pad of the clock
signals CLK can be positioned anywhere, it can be positioned in a remaining
corner (bottomright of the area) in an arrangenent in Figs. 3A and 3B,
for exaHAll80 Woradempeth¢urepsensandlS Posmeehoécsenmilmpricdectbecdiodes- 25
H1130 to a tenperature sensor TS fornmed of sem conductor diodes, the signal
DI A bei theunighalcdIdde tegpmpelsttedeho the \nr tohtelgmentsinive eentrol,

different type_of signals for confirmng the electrical connection state
and is d8ppised @5 tde Hffereny Lwpet lﬁ’e‘f pEilanadE afpar LoBLdsmimgsuthe

cont act Skt ﬁé&ngeméﬁ‘% Bee” and ok 8nahprkidncEPl b ot n Pody en
cont ot Ohel et B b eF as Bt o Heau S el?is?%@tte%%wgea[‘cﬁa%f‘é%oﬁﬁéct
s madey ﬁ\ée'&orff‘é’é'ﬂhgétﬂ%%g:nby Snno contact), the electrical connection state

can be correctly contirnme t he other signal path. A configuration and

processing |nB%;h§aE!’r Ny GaPPHat dsntacde deteSRibM 18194 PR &PNEPHESs
detection or the con rrratlon 15 of the electrical connection state will be

i | ustrefesigrals &sdledcribedisodar] agreamishave dge avlvoné i gmadifivinc exanpl e
of a control system of the printing apparatus shown in Fig. 1. As shown in
Fi g. 8, ogcuamedlirerorgdignalngathnand dowomtect contact detection is
10 carried out (a case where detecting that a contact is made even
though there is no contact), the electrical connection state
can be correctly confirmed by the other signal path.
A configuration and processing in the printing apparatus
side for carrying out the contact detection or the confirmation
15 of the electrical connection state will be illustrated next.
Fig. 8 is a block diagram showing a configuration example
of a control system of the printing apparatus shown in Fig. 1.
As shown in Fig. 8, a controller 600 forming a main control
portion of the apparatus has an MPU 601, and a ROM 602 storing
20 a program corresponding to a control procedure described later,
required tables and other fixed data. Moreover, the controller
600 has an application specific integrated circuit (ASIC) 603
for generating control signals to control the carriage motor
104, the conveying motor 134, and the printing heads H1000 and
25 H1001. Furthermore, the controller 600 has a RAM 604 provided
with an area for spreading image data and an area for work during
the execution of the program. Further, the controller 600 has

a system bus 605 for carrying out transmitting and receiving

of data by connecting these MPU 601, ASIC 603, and RAM 604.



portion of the apparatus has an MPU 601, and a ROM 602 storing 20 a program
corresponding to a control procedure described later, required tables and
ot her fixed data. Moreover, the controller 600 has an application specific
integrated circuit (ASIC) 603 for generating control signals to control the
carriage notor 104, the conveying noto26-134, and the printing heads H1000
and 25 H1001. Furthernore, the controller 600 has a RAM 604 provided wth
an area f or spreading i mage data and an area f or work during the

executi on of Mbeepvadr anreferthere nhinerahté 00| éen6d@ shas hos s yHiparatas605
for carrying out transmtting and receiving of data by connecting these MPU
601, ASRE @ ZFouince RAf/ supplyzanﬂx/bimger dartef dreertize npréndlingl Gppavatssa
host apparatus as a source of sup image data to the printing
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t

Il nstruc to start prlnt n erence ' nuneral 630 denotes a group of

sensors for drEeeltidit &N MRRaTalus 629 alRide §0Nat | b Olofd RAS tERAS
sensor 631 such as a photo-coupler for detecting thée hone position, and the

t enper atons tsiensoed (0Eogwiteses )£ dH peoceidahPninSerpeitilon inmhenspt an
substrate and the like. Furthernore, reference nuneral 640 denotes a
carri agepemat®r dsughkr adr avipogetheswppliyagwinmtlor6 204andr anpiiingt: tdweitch
10 622 and the like for instructing to start printing. Reference
numeral 630 denotes a group of sensors for detecting an apparatus
state and constituted of a position sensor 631 such as a
photo-coupler for detecting the home position, and the
temperature sensor (diode sensor) TH provided on the print
15 element substrate and the 1like.

Furthermore, reference numeral 640 denotes a carriage
motor driver driving the carriage motor 104 for making the
carriage 2 scan back and forth in the main scan direction, and
reference numeral 642 denotes a conveying motor driver driving

20 the conveying motor 134 for conveying the printing medium.

Fig. 9 is a flowchart showing one example of a contact
detection procedure of the external signal connection portion.
Firstly, the logic power supply VDD is supplied in step S1 and
the operation result CNO of the connection state confirmation

25 circuit H1127 is determined in step S3. Since the heat enable
signal HE is not supplied at this stage, if any waveform appear
while an output CNO should be essentially "0", it is determined

that some form of malfunction has occurred as a result of the

mounting deviation and an abnormality notification is carried



carriage 2 scan back and forth in the main scan direction, and reference
munmer al 642 denotes a conveying notor driver driving 20 the conveyi ng notor
134 for conveying the printing nedium Fig. 9 is a flowhart show ng one
exanpl e of a contact detection procedure of the external signal connection
portion. Firstly, the logic power supp2y- VDD is supplied in step Sl and
the operation result CNO of the connection state confirmation 25 circuit
H1127 is determned in step S3. Since the heat enable signal HE is not
suppl i eduat (tdtespsEagy,. if any waveform appear while an output CNO should
be essentially "0", it is determned that sone formof malfunction has
occurred as aOnethetobhernkandpuwhengtievoutput 6NO 28 conbirmeid gs "0”,

notification_is _carried .27 out({step S13). On the other hand, when the
out put ERE Fogkpighail aLlK @nd ghe heat enphle Lsnahdlk re&rrhisfe
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(step S13). When the output CNOis confirnmed as non-"O' in step S7, the
proceduov€ phecleeds émwablepsS§naldHEhENn cth¢ enitpat \GNOf tlheweseghaifiis
related to the tenperature sensor TH is determ ned. 15 Wen the tenperature
i nf or radlpers notdeppetasd, Hct d,s et gwnotrddr thatte spmeafesmofnmalyf urstepos | )

and if not (a case where the
10 has occurred as a result of the mounting deviation and the

abnormality notification is carried out (step S13).

When the output CNO is confirmed as non-"0" in step S7,
the procedure proceeds to step $9 and the current value of the
signal DIA related to the temperature sensor TH is determined.

15 When the temperature information is detected here, the procedure
terminates normally (step S11) and if not (a case where the
current value is not detected since the contact pad H1302b is
not contacting the terminals in the corresponding carriage side),
abnormality notification is carried out (step S13).

20 Incidentally, abnormality notification can be carried out
via a notifying portion 650 (Fig. 8) provided in the printing
apparatus. Display means such as LCD and LED provided on an
operation panel and the like in the printing apparatus or sound
output means like a buzzer can be adopted as the notifying portion

25 650. Moreover, by communicating with the host apparatus 610,
the notification may be carried out via the display means or
sound output means in the host apparatus side,. Furthermore,
these can be used in combination where appropriate.

In addition, either of the detection using logic signals



current value is not detected since the contact pad H1302b is not
eontacting the termnals in the corresponding carriage side), abnormality
notification is carried out (step S13). 20 Incidentally, abnormality
rmotification can be carried out via a notifying portion 650 (Fig. 8)
provided In the printing apparatus. Di&pl ay neans such as LCD and LED

provi ded on an operation panel and the like in the printing apparatus or
sound output neans |like a buzzer can be adopted as the notifying portion 25
650. Mopeothe, déyechimmusdiniqi¢enpgdrd teraosénappras digynal@léan beecarried
notification nmay be carried out via the display neans or sound output neans
in the PYdt figpsikatus side, . Furthernore, these can be used in conbination
where appropriate. In addition, either of the detection using |logic signals
-28 or the defecPt&®®Lf/ing tenperature sensor signals can be carried out
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connection 10 term nals present “in the corner cted as the contact

check patdwedWairmiindhe tANtBREtpehath Rpte LR ke SIEGEEhaRFAPEiage! Y
in accordance with a shape of the arrangenment area of the contact pads and

the |i kappértus, diadel Mecombosraxdimsitanads teabdire comeetrsonofertheal s
in the printing 15 apparatus side becone nmaxi nrum due to the nounting
devi ati amrangement area due to the mounting deviation, connection
10 terminals present in the corner are selected as the contact check
pads. However, the contact check pads can be selected
appropriately in accordance with a shape of the arrangement area
of the contact pads and the like. That is, terminals whose
distances from the connection terminals in the printing
15 apparatus side become maximum due to the mounting deviation
should be selected.

Moreover, although the heat enable signal and the clock
signals are used as the logic signals used for the contact
detection in the above embodiment, other signals may be used.

20 For example, a part of bits constituting a format of the serial
print data signals may be used. Similarly, if there are those
other than signals related to the temperature sensor as described
above, they may be used if they are signals unrelated to the
logic signals.

25 Furthermore, it is certainly possible to determine the
number of color tones and types such as color and dnsity of ink
used where appropriate and it is needless to say that the present

invention is not 1limited to those described in the aforementioned

embodiment.



shoul d be sel ected. Mreover, although the heat enable signal and the clock
signals are used as the logic signals used for the contact detection in the
above enbodi nent, other signals may be used. 20 For exanple, a part of bits
constituting a format of the serial print data signals may be used.
Simlarly, if there are those other thas-signals related to the tenperature
sensor as descri bed above, they may be used if they are signals unrel ated
tothe logic signals. 25 Furthernore, it is certainly possible to determ ne
the nunber ofAdshitoiohahéy,asdnicgpahe pfims eldmenéndndebhet grafve dgiesed
where appropriate and it is needless to say that the present invention is
not |i maigicubttbapebgedartidgratad: he dher same i pnédt ediemEmensubsiate
Additionally, since the print elenment and the drive logic circuit can be
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ink ejection nmethods applied to the ink jet printing apparatus, the

inventi gimee genumibdy O€ eajydt E6nabperdindgdeairek jmplementtioiy heatieh a
type using electronmechanical energy conversion el enents such as piezo
density and furthermore, a plurality of ejecting portions are
10 provided which correspond to inks of plural colors. However,
there are various kinds of ink ejection methods applied to the
ink jet printing apparatus, the invention can certainly be
applied also to the ink jet printing head of a type using
electromechanical energy conversion elements such as piezo
15 elements, for example.

The present invention has been described in detail with
respect to preferred embodiments, and it will now be apparent
from the foregoing to those skilled in the art that changes and
modifications may be made without departing from the invention

20 in its broader aspect, and it is the intention, therefore, in

the apparent claims to cover all such changes and modifications

as fall within the true spirit of the invention.



15 el ements, for exanple. The present invention has been described in detai
with respect to preferred enbodinents, and it will now be apparent from
the foregoing to those skilled in the art that changes and nodifications
may be nmade without departing fromthe invention 20 in its broader aspect,
and it is the intention, therefore, in 3t¢he apparent clainms to cover al
such changes and nodifications as fall within the true spirit of the
invention. -30 CLAIMS: 1 . An ink jet printing head attachabl e/ detachabl e
to/ fronCaAIMS¥K jet printing apparatus, conprising: 5 an ejecting portion
having ink ejection openings and elenments for generating energy to eject
ink fromthe ink ejection openings; and a plurality of connection termnals
for carrying out an electrical connection of signals including drive

si gnal slof thBn ipkelebheP¥inbingoheasd atdachaklay defashabhacke/ Exom an
termnals_ in the ipk jet printing apparatus,when the head is nounted on a
mai n bo&?koﬂqqu9¥ﬁﬂt#89 ﬁﬂ?ﬂ¥ﬂgu§pp£ﬂﬂRﬁ}sﬁﬂgﬁmr1fron1an0ng t he
I lit f ' t 1 nal. t L t.t t Lnal s wh di st
Promt he conntt iofce Shnpe e hELEn FeraBlianly Siedtify” Srehinds v 8
: e na. ' : ¢
dot ot 5o e FHSLRARACUNG Thodd o EMAE T PR Al AIRERR,

of connggkinghd#y nhpal s- 20 2. An ink jet printing head as clained in claim
1, wherein the plurality of connection termnals are arranged in a planar
area, which ia plaghaittvldy coenharndulc -tebapadlsintbat cheasting out an

electrical connection of signals including drive signals of the

10 elements by contacting a plurality of connection terminals in

the ink jet printing apparatus when the head is mounted on a
main body of the ink jet printing apparatus,

wherein from among the plurality of connection terminals,

at least two terminals whose distances from the connection

15 terminals in the ink jet printing apparatus become maximum when

a deviation occurred in the mounting, are used as terminals for

detection to carry out a confirmation of contacts of all of the

Plurality of connection terminals.

20 2. An ink jet printing head as claimed in claim 1, wherein
the plurality of connection terminals are arranged in a planar
area, which is substantially rectangular-shaped, and at least
two of the terminals for detection are terminals positioned in
corners of the planar area.

25
3. An ink jet printing head as claimed in claim 1, wherein
at least two of the terminals for detection are used for at least

two signals of different types.



two of the termnals for detection are termnals positioned in corners of
the planar area. 25 3. Anink jet printing head as clainmed in claim1l,
wherein at |least two of the termnals for detection are used for at |east
t'wo signals of different types. -31 4. An ink jet printing head as clai ned
inclaim3, wherein at least two of theisignals of different types include
a signal applied to a circuit, which carries out drive control of the

el enents and a signal unrelated to this. 5 5. Anink jet printing head as

cl ai med4i.n cl Anmisk whet eppintting ségdabsapdldimedoihhela@imcd j whegesingnal
for determining a drive waveformof the elenments. 10 6. An ink jet printing
head asadl dieast itvelafi hhe sdgnels ofitdiéferert doypds tircludei aasighed
detection are used, and wherein one of the three termnals is for supplying
pover t@PRliediteum cimeyit onwhilch apriasi epthedaive eomtrel | af clthem 4,
wherein _signals unrelated to_the signal _applied to the circuit, is a

si gnal Fé-leé‘?ee‘lit§oaﬁdt @rrp%?%‘?ﬁ?‘eu%r?gtﬂt%ﬁioggdgguﬁ' the ink jet printing
head. for carrying out tenperature detection. 20 8. An ink jet printing head
as c?ained inclaim7, wherein the tenperature sensor has a form of a diode
sensor provid : : : ryd e Al AT Sin22819%14 i LeL s
printing'headggslb a?”%gbﬁ%&gﬁgfﬁff?é§ﬁe%giﬁﬁ't e eléﬂeégglﬁge%'QkhéfEln

el ect r oty Bk ilgrRIS Hi5iST i 8aeFB M Ref @ircuit is a signal for determining

a drive waveform of the elements.

10 6. An ink jet printing head as claimed in claim 4, wherein
at least three of the terminals for detection are used, and
wherein one of the three terminals is for supplying power to

the circuit.

15 7. An ink jet printing head as claimed in claim 4, wherein
signals unrelated to the signal applied to the circuit, is a
signal related to a temperature sensor provided in the ink jet

printing head for carrying out temperature detection.

20
8. An ink jet printing head as claimed in claim 7, wherein
the temperature sensor has a form of a diode sensor provided
on a substrate forming the elements.

25 9. An ink jet printing head as claimed in claim 1, wherein

the elements have electrothermal transducer elements for
generating thermal energy to cause film boiling in ink as the

energy.



generating thermal energy to cause filmboiling in ink as the energy. -32
A10. An ink jet printing apparatus to/fromw hch an ink jet printing head as
claimed in claim1l1 is attachabl e/detachable, conprising: neans for
notifying an abnormality in a case where contacts 5 between the at | east
two connection termnals in the head side and at |east two correspondi ng
termnals in the apparatus side are not detected. 11. An ink jet printing
head attachabl e/ detachable to/froman 10 ink jet printing apparatus,
conprislag: anejiakt ijet pprintdntpvapparakudy eod/ Dprompeningls and ink ejeent s
for generating energy to eject ink fromthe ink ejection openings; and a

pl ur al ipyintinehiwsnad orstelaimelds ifprckaimyl njsoat tachalsl ef detaickdble ,
connection of signals including drive signals of the elenments by contacting
a plura¢9m9réﬁléﬁhhect|on termnals in the ink Jet printing apparatus when

the head is nounted_on a in bod the Lnk j r|nt|n appar at us,
whor ein the mﬁaﬁ.ﬁ%&%ﬂﬁme&%ﬁ Hneinall by ihd Catmaneng PO G
rect an sha wherm

Fer i nareEgeR T3 qi”?#ei%%'ﬁe$‘§°o?°gﬁ%§t&%{hpﬁe SepEdit St iR S hadf Ridd T
for detggai g8 | a8t o Qe SOBBRE Y 103 &fgtfﬁtéhefaghhr%ft@esl[s o

plurality o connection ter he a east two of termn
det ect i QReah U dOtedl | €ast two signals of different types. 12. An ink
jet printing head as clained in claim1l, wherein
11. An ink jet printing head attachable/detachable to/from an
10 ink jet printing apparatus, comprising:
an ejecting portion having ink ejection openings and
elements for generating energy to eject ink from the ink ejection
openings; and
a plurality of connection terminals for carrying out an
15 electrical connection of signals including drive signals of the
elements by contacting a plurality of connection terminals in
the ink jet printing apparatus when the head is mounted on a
main body of the ink jet printing apparatus,
wherein the plurality of connection terminals are arranged
20 in a planar area, which is substantially rectangular-shaped,
and
wherein at least two terminals positioned in corners of
the planar area are used as terminals for detection to carry
out a confirmation of contacts of all of the plurality of
25 connection terminals, the at least two of the terminals for

detection are used for at least two signals of different types.

12. An ink jet printing head as claimed in claim 11, wherein

at least two of the signals of different types include a signal



at least two of the signals of different types include a signal applied to a
circuit, which carries out drive control of the elenents and a signal
unrelated to this. 13. An ink jet printing head as clained in claim 12,
wherein 5 the a signal applied to the circuit is a signal for determ ning

& drive waveformof the elenents. 14. MABink jet printing head as clainmed in
claim12, wherein at least three of the termnals for detection are used,
and 10 wherein one of the three termnals is for supplying power to the
circuitapidiedh taka etigwuint | nghlicdd carciasnedti Mdxiwemcohtwdnkr ef nthes
signals unrelated to the signal applied to the circuit, is a signal related
to a tegge@manke abBfdser rPvateunreidfednkoj éhisrinting head for carrying
out tenperature detection.

13. An ink jet printing head as claimed in claim 12, wherein
5 the a signal applied to the circuit is a signal for determining

a drive waveform of the elements.

14. An ink jet printing head as claimed in claim 12, wherein
at least three of the terminals for detection are used, and
10 wherein one of the three terminals is for supplying power to

the circuit.

15. An ink jet printing head as claimed in claim 12, wherein
15 signals unrelated to the signal applied to the circuit, is a
signal related to a temperature sensor provided in the ink jet

printing head for carrying out temperature detection.



