| NK- JET HEAD AND I:NK- JET PRI NTI NG APPARATUS | NCORPORATI NG THE SAME
BACKGROUND OF THE I NVENTION Field of the Invention The present invention
relates to an ink-jet head to be e -oned in_an ink-jet printing apparatus
whi ch ej ects a-<gitimuilinlg fddd dANDAILINIRT Rk Bl LN odl: NG n openi ngs
(orifices) as flying liqui per.f or ms prlntlng by
depositing the liquid dropﬂ@ﬁéﬂghﬁ ' ;aﬁegﬂu&$ and to an ink-jet

printing apparatus enploying the ink-jet head.

BACKGROUND OF THE INVENTION
Field of the Invention

The present invention relates to an ink-jet head

to be employed in an ink-jet printing apparatus which

10 ejects a printing liquid (ink and so forth) through
ejection openings (orifices) as flying liquid droplets
and thus performs printing by depositing the liquid
droplets on a printing medium, and to an ink-jet
printiﬁ§ apparatus employing the ink-jet head.

15 It should be noted that, throughout the
description and claims, the term "record" refers not
only to recording characters but also to printing

drawings, patterns and so forth.
20 Description of the Related Art

A typical one of conventional ink-jet heads has
been disclosed in Japanese Paﬁent Application Laid-
open No. 132253/1980. The disclosed ink-~jet head is

25 constructed by fitting, onto a substrate formed with
electrothermal transducers by way of film formation
technology, an upper plate having ink-ejection

openings, ink passages to be heat acting portions of

the electrothermal transducers and a common liquid
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substrate. Furthermore, a wiring substrate for wiring
the driver circuit is provided. The substrate and the
wiring substrate are located adjacently to each other

on a heat radiating member.

With reference to Figs. 5 and 6, the conventional
ink-jet head will be further discussed hereinafter.

Fig. 5 is a schematic perspective view of the ink-
jet head having the construction described above, and
Fig. 6 is a schematic sectional view taken along line
A - A of Fig. 5.

In Fig. 6, reference numeral 112 denotes a
substrate, on which a plurality of electrothermal
transducers are arranged; 113 denotes an upper plate
which integrally incorporates a plurality of ink
ejection openings 101, nozzle portions 102 serving as
ink passages communicated with the ink ejection '
openings 101, a common liquid chamber 104 for
supplying ink to respective nozzle portions 102, an
ink supply cylinder 116 having an opening portion 105
in the upper surface of the common liquid chamber 104,
and a liquid chamber frame portion 106 serving as a
contacting portion to the substrate 112; 119 denotes
the upper flat portion of the common liquid chamber
104; and 111 denotes a metal support member for
constructing the ink-jet head by assembling various

parts thereto.
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ot therelectrothermal transducers and a common |iquid 2 chanber for
supplying ink to the ink passages. Also, a driver circuit for driving the

Substrat e, FuFCHEr ASRERSES Ao SBOND, HC FHRTLST . P RBver cirouit is
provi dedg ey sURE T 249 apg 5%%5@@9 éﬂb%&{éatrﬁe% 2 | 96t AdhAGRIL LY
111, and connected to the substrate 112 via bonding
wires 109. The bonding wire 109 is adapted to
5 electrically connect a pad 107 on the substrate 112 to
a pad 108 on the wiring substrate 110.

In the afore-mentioned construction, discussing a
flow_of ink supply upon ink ejection, the ink flowing
out of a tank (not shown) fdr storing the ink passes

10 through various connection tubes and so forth to reach
the ink supply cylinder 116 of the upper plate 113 and
is temporarily accumulated in the common liquid
chamber 104 via the opening 105 on the upper surface
of the liquid chamber. The ink also flows to the

15 respective nozzle portions 102 and is retained at the
end of the ejection openings 101 by surface tension
and so forth. Under this condition, when ejection
signals are applied to the electrothermal transducers
on the substrate 112, bubbles are generated in the ink

20 within the corresponding nozzles 102, and ink droplets
are ejected through the ink ejection openings 101.

Accordingly, when ejection is initiated, a
required quantity of the ink has to be sequentially
supplied to the nozzle portion from the common liquid

25 chamber 104.

At this time, when bubbles 300 are present in the
common liquid chamber 104 for some reason, ink supply
to the nozzle portion is temporarily interrupted to

make ink ejection unstable, and thus causing
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to each other on a heat radiating menber. Wth reference to Figs. 5 and 6,
the conventional ink-jet head will be further discussed hereinafter. Fig. 5
is a schematic perspective view of the ink-jet head having the construction
descri beflegadataenrof pristidirghealétiect i Bratheswargenwiiemg |ine

A- Aof Fig. 5 1Ip,Fi,g. 6, reference nuneral 112 denptes a substrate, on
whi ch a smgrw FPP‘S?-té%é'bt%ﬁt Faelniats dddds e de€takPRndant 1 ure &abt es

an UPPer ol ot £ Wl e b8! ek 8OBAN AL Y A RUS BTSN 10k el ection
The bubbles 300 may be generated either during
5 printing or before initiation of printing. When the
bubbles are generated during printing, a user may
perform a recovery operation by means of capping and
so forth to remove the bubbles from the liquid
chamber. On the other hand, when bubbles have already
10 Dbeen generated before initiation of printing, the
recovery operation is automatically performed before
starting ink ejection to remove the bubbles 300 from
the liquid chamber.
Furthermore, concerning the ink-jet head
15 maintained in the unused condition (a condition
without performing printing) for a long period, the
bubbles 300 may be grown by permeation of gas from the
outside and/or penetration of air through the ejection
openings and is retained (299) in the upper flat
20 portion 119 of the common liquid chamber 104. Such
bubbles residing in the common liquid chamber 104 will
. be hereinafter referred to as residual bubbles 299.
In such a case, the residual bubbles 299 retained in
the upper flat portion of the common liquid chamber
'25 are not only difficult to be removed by the recovery
operation due to an excessively large difference in
level relative to the ejection openings, but also

degradate ink wettability in the nozzle and the liquid
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nozzl e portions 102 serving as ink passages conmunicated with the ink
ej ection openings 101, a comon |iquid chanber 104 for supplying ink to

respective nozzle po;%ions 102, an i nk suppl C¥Linder 116 having an

openi ng $ 1052 t%%ﬁ@u%ﬁ%cée&&c{% demoR Tl ithe dpaieRbanalo4,
and a liquid,chanber franme pqoriion 106 serving as a contacting portion to
the subst¥uRLif®. URPE RASCHLPRe upper flat portion of the common Iiquid

chanber 104, KHetbEdFRs rdn R THIPOIL NI SY GAUSUYCEbI0 4 "
long period, a given period is stored in the apparatus
5 per se to automatically pe:form recovery operation at
intervals of the given periods for removal of the
residual bubbles in the liquid chamber and prevention
of growth of the bubbles.
In EP-A 419181 is disclosed an ink-jet head where
10 bubbleé can be removed more easily from a liquid
chamber.
However, in the prior art, since the flat portion
119 is present at the upper portion in the common
liquid chamber 104, the rate of.growth of the residual
15 bubbles 299 is high for the presence of a large number
of portions subject to permeation of gas from the
outside in the construction where the ink flow passage
from the ink tank to the ink ejection openings is long
or where a large number of parts are to be connected.
20 Also, when the liquid chamber is small, even with
a relatively small residual bubble 299, a degree of
degradation of wettability of the nozzle and the
liquid chamber becomes significant.
Therefore, particularly in_the case of longtime
25 storage, it becomes necessary to shorten the interval
of the recovery operation of the apparatus i.e., to
increase the frequency of the recovery operation in
order to prevent residual and growth of the bubbles

299. This clearly increases consumption of the ink (a

This Sheet Has Been 'Reilaced

AR WA -5 -




3% Fur ther nor e,

the nmetal support nenber 111, and connected to the substrate 112 via
bondi ng wires, 109.

bondi n i r ted.,to el ectr,ically connect
2 pad SOFUIAG SRSLr AT ALE] BATROSKSNARGLAG RE ShS. AR 110 I n
t he af organﬁgt ong Sgo%sor[éjﬁsi on, discussing a flow of ink supply
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On the other hand, in the prior art, since the
pads 107 for connection with the bonding wire 109 are
arranged at the back side of the rear end of the upper

plate on the substrate, in which the electrothermal

transducers are formed, the substrate is extended

rearwardly in the significant length. Accordingly, it
becomes necessary to provide the substrate having an
area greater than that required for the common liquid
chamber and the liquid chamber frame. Therefore, when
a large number of substrates, each of which is formed
with the electrothermal transducers by film foiming
technology are to be simultaneously formed of a single
silicon wafer, the number of substrates to be formed
of the single silicon wafer must be reduced to cause

an increase in cost.
SUMMARY OF THE INVENTION

Therefore, it is an object of the present
invention to provide an ink-jet head and an ink-jet
printing apparatus which can improve recovering
performance for bubbles in a liquid chamber even in a
construction having a long ink passage, a large number
of parts to be connected or a relatively small liquid
chamber, and can assure high quality printing. |

Another object of the invention is to provide an
ink-jet head which can reduce residual bubbles and
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upon iink ejection, the ink flow ng out of a tank (not shown) for storing
the ink passes through various connection tubes and so forth to reach the

i nk supply cylinder 116 of the upper plate 113 and is tenporarily

accunul agembwiht lef chlvenrnrésdaduh thbuisn 1 €84 to arelduopeting fe&qrenby
upper surface of the liquid chanber. The ink also flows to the respective
nozzl e poftivASOMPrindperattiamednst wherehy ot ot medjieet i bhkopeni ngs 101
by surface tension, and so forth. Under this condition, when ejection

si gnal s ECNSPPPECRo the el ectrothermal transducers on the substrate 112,
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5 ink-jet head which enables down-sizing of a substrate
and can be prpduced efficiently at a low cost.
In a first aspect of the present invention, there
is provided an ink-jet head comprising:
a substrate arranged a plurality of ejection
10 energy generating elements thereon and provided with
wirings for driving the elements and connecting
portions for electrically connecting the wirings at
the rear end portion thereof;
an upper plate member to be fitted with the
15 substréte and having a plurality of ink ejection
openings, nozzle portions to be ink passages
communicated with the ink ejection openings, a
recessed portion to be at least one common liquid
chamber communicated with the nozzle portions, and a
20 supply cylinder communicated with the recessed portion
via an opening portion; and
wherein an inner surface of the common liquid
chamber extending from an ink ejection opening side to
the opening portion is titled in a direction opposite
25 to an ink ejecting direction, and an inner periphery
of the common liquid chamber extending from the side
opposite to the ink ejection opening side to the
opening portion is tilted in the same direction as the

former tilted inner surface.
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droplets are ejected through the ink ejection openings 101. Accordingly,
when ej ection is initiated a required quantity of the ink has to be

sequentially s e to t he no zl e hion fromthe OWWDH|I(% chanber
104. At this ti IBGbﬂ’E% 8o0@farklpr dRNEL; r?"H:i ing

chaeds Y tor o gl Sy g et &g b
portion in the direction opposite to the ink ejecting
direction may be greater than the tilting angle of the

5 inner surface'extending_from the side opposite to the
ink ejection opening side to the opening portion.

The inner surface extending from the side opposite
to the ink ejection opening side to the opening

| portion may be formed of two tilting surfaces of two
10 different titling angles.

The ink ejection energy generating elements may be
electrothermal transducers generating thermal energy
acting on ink.

In a second aspect of the present invention, there

15 is provided an ink-jet head comprieing:

a substrate arranged a plurality of ejection
energy generating elements thereon and provided with
wirings for driving the elements and connecting
portions for electrically connecting the wirings at

20 the rear end portion thereof;

an upper plate member to be fitted with the
substrate and having a plurality of ink ejection
openings, nozzle portions to be ink passages
communicated with the ink ejection openings, a

25 recessed portion to be at least one common liquid
chamber communicated with the nozzle portions, and a
supply cylinder communicated with the recessed portion

via an opening portion; and
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4s degradation of printing quality. Furthernore, when such condition is
continued, ink ejection failure can be caused to thus make printing

i npossi bl e. The bubbl es 300 may be generated either during printing or
before initi awhereinpd nteag. etdn siiefacdieblef ahe geppeat edldure ng
printing, a_user nmay performa recovery operation by neans of capping and

so fort hmeghenoid tdediuerCtd onr cppPes it guitd carntidtk ejeadteiBther hand,

when . . .
direction corresponding to a rear end of the substrate

in the direction opposite to the ink ejecting

5 direction, is recessed into a configuration avoiding
interference with the connecting portion of the
substrate.

A bonding wire may be connected to the connecting
portion provided at the rear end of the substrate.

10 In a third aspect of the present invention, there
is provided an ink-jet head comprising:

a substrate arranged a plurality of ejection
energy generating elements thereon and provided with
wirings for driving the elements and connecting

15 portions for electrically connecting the wirings at
the rear end portion thereof;

an upper plate member to be fitted with the
substrate and having a plurality of ink ejection
openings, nozzle portions to be ink passages

20 communicated with the ink ejection openings, a
recessed portion to be at least one common liquid
chamber communicated with the nozzle portions, and a
supply cylinder communicated with the recessed portion
via an opening portion; |

25 wherein an inner surface of the common liquid
chamber extending from an ink ejection opening side to
the opening portion is titled in a direction opposite
to an ink ejecting direction, and an inner periphery

of the common liquid chamber extending from the side
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bubbl es have al ready been generated before initiation of printing, the
recovery operation is autonatically performed before starting ink ejection
to renmove_t he bubbl es il the Liquid chanmber. Furéhernore concer ni ng

the i nk- PEPASLE St Rt theeF OBFR118n F3€or® tFBS wi t hout
et moat Q%E"éi% ??%r%mfi %%PSC.]‘&S%% i Suk pafe oﬁggrr%ﬁf’?ﬁ? Sne ke
the commag e o ShGesE BT SR EER  cs resiting in the common |1 qul d
chanmber 3@ wW Il be hereinafter referred to
5 wherein a rear end surface of the upper plate
member in a direction opposite to an ink ejecting
direction corresponding to a rear end of the substrate
in the direction opposite to the ink ejecting
direction, is recessed into a configuration avoiding
10 interference with tﬁe connecting portion of the
substrate.

The tilting angle of the inner surface extending
from the ink ejection opening side to the opening
portion in the direction opposite to the ink ejecting

15 direction may be greater than the tilting angle of the
inner surface extending from the side opposite to the
ink ejection opening side to the opening portion.

The inner surface extending from the side opposite
to the ink ejection opening side to-the opening

20 portion may bé formed of two tilting surfaces of two
different titling angles. |

In a fourth aspect of the present invention, there
is provided an ink-jet printing apparatus comprising,
mounting means for mounting the ink-jet head as

25 defined in any one of claims 1 to 11.

The mounting means may mount the ink-jet head with
the ink ejection openings oriented downwardly.

In one aspect of the present invention, the inner

surface of the common liquid chamber extending from
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as residual bubbles 299. In such a case, the residual bubbles 299 retained
i n-the upper flat portion of the common |iquid chanber are not only
difficult to be removed by the recovery operation due to an excessively

| ar ge di the ehnk iejectdloneppenvingo aideecterttbe qrenigy partdcn
degradate ink wettability in the nozzle and the liquid

15

20

25

is tilted in the direction opposite to the %irection
of ink ejection, and the inner surface of the common
liquid chamber extending from the opposite side to the
ink ejection opening side to the opening portion is
titled in the same direction as the former tilted
inner surface. Therefore, substantially no
horizontally extending flat portion is present in the
upper portion of the common liquid chamber toward the
opening portion of the common liquid chamber in the
upper plate. The tilted inner surfaces serve to make
bubbles, which may be retained in the liquid chamber
otherwise, escape through the opening portion.
Furthermore, the tiled inner surfaces may reduce a
residuél period of the bubbles to effectively prevent
growth of bubbles per se. Also, in ejection and
recovery operation, the titled inner surfaces may
serve to smoothly supply the ink from the opening
portion the common liquid chamber of to the ejection
opening (nozzle side). |

By this, recovery performance can be improved to
achieve the effects of reduction of the residual
bubbles and of suppression of growth of the bubbles in
the liquid chamber. ‘

Furthermore, according to another aspect of the
invention, the rear end portion of the upper plate on
the opposite side to the ink ejection opening side,
corresponding to the rear end portion of the substrate

on the opposite side to the ink ejection opening side,
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chanber, and thus causing degradation of the printing quality upon
ejection. Therefore, when the ink-jet head is unused for a long period, a

given period is stored._jn the apparatus per se to autopaticaglly perform
Jecover y 1 RERFFEE HRTr SNOLGENEhd 5t S &t GRPREEs WhEr &REAI of ( he

oL el SBBLER i LS. ST PR SpoRSent el aous ofs e
EIOYEd, BUCRRY igheRaeki ¢ oBRR VHE BnddbE B AbaLy "O°
for avoiding interference between the connecting _

5 portion of the substrate and the rear end portion of
the upper plate. Thus, the substrate and the upper
plate can be fitted in the area substantially
approximate to the necessary area for the common
liquid chamber énd the liquid chamber frame.

10 Accordingly, when a plurality of substrates with the
electrothermal transducers are simultaneously formed
of a single silicon wafer by way of a film fbrming
apparatus and so forth, the number of the substrates

to be formed can be increased to lower the production

15 cost.
BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be understood more
20 fully from the detailed description given herebelow
and from the accompanying drawings of the preferred
embodiments of the invention, which, however, should
not be taken to be limitative to the present
invention, but are for explanation and understanding
25 only.
In the drawings:
Fig. 1 is a perspective view of a first preferred
embodiment of an ink-jet head according to the present

invention;
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upper portion in the common |liquid chanber 104, the rate of growmh of the
residual bubbles 299 is high for the presence of a | arge nunber of portions
subject to permeatign Oof gas fromthe outside in the construction where the

i nk flow passfgedfrémihedi fechirnalt Hdgwktaken i ahosi@niage iB rody or

where a | ,hunber qof parts are to he cannected. 'Alsp, when the |liquid
chanber P?gﬁﬁgl', byed I ¥tT 3%} Bg; \F&P? gﬁ‘_&ﬂsftrg Imgidh efaddre

becores. ST JEtarkSathadRbratnl; K v bRy HVeRRa M ee of longtime
storage, it DgGQEES3 j5 a sectional view taken along line C - C
.5 of Fig. 1, illustrating a second embodiment of the
ink-jet head according to the invention;

Fig. 4 is a perspective view of an ink-jet
printing apparatus in which the ink-jet head according
to the present invention is mounted;

10 Fig. 5 is a perspective view showing the
construction of a conventional ink-jet head;

Fig. 6 is a sectional view taken along line A - A
of Fig. 5, showing the construction of the
conventional ink-jet head; |

15 Fig. 7 is a schematic cross sectional view of a
third embodiment of an ink-jet head according to the
present invention;

Fig. 8 is a schematic front view showing a grooved
upper plate of a fourth embodiment of an ink-jet head

20 according to the present invention, as viewed in a
direction of ejection openings;

Fig. 9 is a schematic rear view showing the
grooved upper plate of the fourth embodiment of the
ink-jet head according to the present invention, as

25 viewed in the direction of the ejection openings; and

Fig 10 is a schematic bottom.view showing the
grooved upper plate of the fourth embodiment of the
ink~jet head according to the present invention, as

viewed from the side of a substrate.
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nmecessary to shorten the interval of the recovery operation of the

apparatus i.e., to increase the frequency of the recovery operation in
order to prevent residual and grow h of the bubbles 299. This clearly
i ncreases consunption of the ink (a 6 runni ng cost associated with

exchanging of the;F kAN TBK! Gf THE "BREFERRED EMBODIMENTS
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Preferred embodiments of an ink-jet head and an
ink-jet printing apparatus accofding to the present
invention will be discussed hereinafter in detail with
reference to the accompanying drawings.

Fig. 1 is a perspective view generally showing a
part of an ink~jet head, to which the present
invention is applied.

In Fig. 1, reference numeral 10 denotes a
substrate formed of ceramic or so forth. As is well
known, a plurality of electrothermal transducers 11
(see Fig. 2) as ejection energy generating elements,
formed by film forming technology, are arranged on the
substrate 10. While not illustrated, driver circuits
for driving the electrothermal transducers 11 are
simultaneously formed on the substrate 10.
Furthermore, pads 12 for connecting the driver
circuits are provided at the rear portion of the
substrate 10. Reference numeral 20 denotes an upper
plate to be fitted with the substrate 10, which upper
plate will be discussed later. Reference numeral 30
denotes a wiring substrate to be connected to the
driver circuits of the substrate 10. Pads 32
corresponding to the pads 12 of the substrate 10 are
provided on the wiring substrate 30.

The substrate 10 and the wiring substrate 30 are

arranged in side-by-side relationship on a support
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G ther other hand, in the prior art, since the pads 107 for connection wth
the bonding wire 109 are arranged at the back side of the rear end of the
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chamber BT, thergheie 19had bor i dUBRHNOELADS bakdioh eBEh L wy ch
is formed wth the ‘el ectrothermal transducers byfilmform ng technology are
to be si mddngedB I Bohdikyg ¥fifesi ag e silicon wafer, the

5 Next, the first embodiment of the present

invention will be discussed also with reference to
Fig. 2.
In the upper plate 20, a plurality of ink ejection
openings 21 are formed. The ink ejection openings 21
10 are downwardly oriented in perpendicular direction to
the surface of a printing medium and arranged in
parallel relationship to each other in the form of an
array. Also, the upper plate 20 is formed with a
plurality of grooves which define nozzle portions 22
15 serving as ink passages communicated with the ink
ejection openings 21 as fitted with the substrate 10.
Reference numeral 23 denotes a recessed portion formed
in a liquid chamber frame 26 for defining a common
liquid chamber communicated with the plurality of
20 nozzle portions 22. With the recessed portion or
common liquid chamber 23 is communicated an ink
passage 27 inside an ink supply cylinder 24 formed
integrally with the liquid chamber frame 26 via an
opening portion 25 (here, the opening'portion referred
25 to throughout the description means a boundary portion
between the ink passage 27 inside the ink supply
cylinder 24 and the common liquid chamber 23).
An inner surface 26A extending from an ink

ejection opening 21 side of the common liquid chamber
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nunber of substrates to be forned of the single silicon wafer nust be
reduced to cause an increase in cost. SUVWARY OF THE | NVENTI ON Therefore

ke et Bt AR e 2 (ORI Cah 4, BY rs‘e’%%«ﬁ%' a5 chelvatefor "
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invention 1s to provi an 1 nk-jet
Also, an inner surface 26B extending from the side

5 opposite to the ink ejection opening side to the
opening portion 25, is also tilted in the same tilting
direction as that of the inner surface 26A. It should
be noted that the tilting angle of the inner surface
26A is greater than that of the inner surface 26B.

10 This is for increasing the capacity of the common
liquid chamber 23 while obtaining desired effects.

On the other hand, a rear end surface 26C of the
liquid chamber frame 26 corresponding to the rear end
portion of the substrate 10 where the pads 12 are

15 arranged, is formed with a recessed surface having a
gradient approximately equal to that of the inner
surface 26B, to define a recessed portion 28 (see Fig.
1) . The recessed portion 28 serves to avoid
interference with the connecting portion where the

20 pads 12 and the bonding wires 42 are arranged.

According to the shown embodiment, since the inner
surfaces 26A and 26B of the common liquid chamber 23
are formed to have a surface configuration ascendingly
tilted toward the opening portion 25, substantially no

25 horizontally extending flat portion to the opening
portion 25 is present on the upper portion of the
common liquid chamber 23. Thus, even if bubbles are
generated in the common liquid chamber 23, the inner

surfaces 26A and 26B having a tilting gradient, may
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can reduce residual bubbles and 7 growt h of the residual bubbles to
reduce the frequency of recovery operation and whereby to reduce ink

COnUTDt ke AL AR S5 1 S AN PR A SRR BERYE an Lt
efficienthyAhgh tMe opening portion 25. Furthermore, since
the remaining period of the bubbles can be shortened
by the inner surfaces 26A and 26B having a tilting
5 gradient, growth of the bubbles per se can be
prevented. On the other hand, since the tilted inner
surfaces 26A and 26B smoothly guide the ink toward the
ink ejection openings 21 (nozzle portions 22) in
ejection and recovery operation, ink supply can be
10. performed smoothly without causing disturbance of the
ink flow. By this, the recovery performance can be
improved so that an amount of the growth of the
bubbles remaining in the liquid chamber and the
bubbles the growth can be reduced even in the case of
15 non-usage for a long period.

‘FPurthermore, according to the shown embodiment,
the rear end surface of the upper plate 20 in the
direction opposite to the ink ejection opening side is
formed as the recessed surface 26C, intérference with

20 the connecting portion including the bonding wires 42
and so forth can be avoided. Therefore, the area to
be occupied by the driver circuits for the
electrothermal transducers 11 can be reduced to permit
down-sizing of the substrate 10.

25 Fig. 3 is a sectional view taken along the line C
- C of Fig. 1, illustrating a second embodiment
according to the present invention (since the external

appearance of the ink-jet head of this embodiment is
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cost. sln a first aspect of the present invention, there is provided an
I nk-j et head conprising: a substrate arranged a plurality of ejection

energy generating el enents thereon a rovided wi,th wirings_for driving
the ele E’(% ﬁﬁH‘%\:o"ﬁﬁe&r}ﬁE B tF]Bﬁsr‘Ffdlo’FsEl @é‘ﬁ??g&mﬁp‘%om%c??ﬁ'&nc%% 18
W rings re ortion thereof; an upper plate nmenber to be fitted
W th the%ﬁfi) F& ?ﬁﬁ I'ng a plurali ty of ink ejection openings, nozzle

portions to bg ifkFRRSSOHERE between the second embodiment and the
first embodiment is that the inner surface of the
5 common liquid chamber 23 on the side opposite to the
ink ejection opening side is formed into two tilted
surfaces 26Bl1 and 26B2. Namely,.while the inner
surface 26Bl1 has substantially the same tilting angle
as that of the inner surface 26B of the former
10 embodiment, the inner surface 26B2 is formed at a
smaller tilting angle (closer to the right angle with
respect to the substrate 10). Since other
construction is similar to the first embodiment, the
same function portions are represented by the same
15 reference numerais for avoiding redundant discussion.
Fig. 7 is a schematic cross sectional view of a
third embodiment of an ink-jet head according to the
present invention. |
A principal difference of this embodiment from the
20 second embodiment is that én inner surface 26B2 is
reduced in size and slightly tileted in a direction
opposite to that in the second embodiment.
It is preferable that the cross-sectional shape of
an ink passage extending from the opening portion 25
25 of the common liquid chamber 23 to the inlet of the
nozzle portion 22 be gradually enlarged from the
opening portion of the common liquid chamber 23 toward
the inlet of the nozzle portion 22 (between B and C).

Namely, the relationship between an angle 81 formed
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comuni cated with the ink ejection openings, a recessed portion to be at
| east one conmon |iquid chanber comruni cated with the nozzle portions, and

port o BRKMERT! of Aot ORnSuEARFac S br tﬁﬁisseﬁ%ﬁét Fuid chanper
B B B ] PR R 305 S BT SO B
Sy s o s bSO g
directi oheater surface and the inner surface 26B; is preferably
5 established by the following inequality:
01 < 62
The desirable angular ranges of the angles 01 and 02
are given, respectively, as follows:
30° £ 61 < 75°
10 40° < 02 < 80°
and more preferably, as follows:
45° £ 01 < 60°
60° £ 082 < 75°
The upper limits of the angles 01 and 02 are determined
15 so that pressure fluctuation in the ink passage, in
particular, pressure fluctuation of ink in the
vicinity of the inlet of the nozile portion 22 could
be within suitable values. The lower limits of the
angles 01 and 02 are determined mainly so that £fluid
20 resistance in the ink passage could be within
appropriate values so as to make the ink or bubbles
flow easily.
Meanwhile, it is preferable that a center line (A)
in the cross section of the ink passage extending from
25 the inlet of an ink supply cylinder 24 to the inlet of
the nozzle portion 22 through the opening portion 25
of the common liquid chamber 23 be bent toward the
inlet of the nozzle portion 22 around the opening

portion of the common liquid chamber 23. Moreover, it
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as the former tilted inner surface. 8 The tilting angle of the inner
surface extending fromthe ink eJectlon opening side to the opening portion

the 111115 RRSEEERENE ThAL: Caer B €5t arh hiORAh ThERs BTosik e 1o
the ink @ﬁﬁnﬁg%éﬁﬁgi@%ééﬂafﬁbt??om the inlet of the ink supply
cylinder 24 to the opening portion of the common
liquid chamber 23 be gradually tapered from the inlet
5 of the ink supply cylinder 24 (having an inner
diameter D) toward the opening portion of the common
liquid chamber 23. The relationship between a bending
angle 03 of the inner surface 26A and a bending angle
04 of the inner surface 26B3y is preferably established
10 by the following inequality:

03 < 04
The desirable angular ranges of the angles 03 and 04
are given, respectively, as follows:

120° < 63 < 180°

15 130° < 64 < 180°
and more preferably, as follows:

135° £ 63 < 150° £ 064 < 170°
The upper and lower limits of the angles 93 and 64 are
determined so that both pressure fluctuation and fluid

20 resistance in the ink passage could be within
appropriate values.

It is preferred that an ending point (a base point
of the angle 03) of the inner surface 26A at the
opening portion 25 of the common liquid chamber 23 be

25 farther from the inlet of the ink supply cylinder 24
than a bending point (a base point of the angle 04) of
the inner surface 26B; at the opening portion of the
common liquid chamber 23; thus improving flowability

(removability) of the bubbles. This is because the
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openimg portion. The inner surface extending fromthe side opposite to the
I nk ejection opening side to the opening portion may be fornmed of two

gener ati HPRACI(ROTEF HREe iR 1 SO b U SRS BUAHIEL b oo F g Aer FE
o ovi ded AT EAE | of R BIRSFTeF S hubhier tha chhe BEBRIY 1 1y Tor
ej ecti onNehgY JEEhd '{ner surface 26A.
Figs. 8 through 10 are a schematic front view, a
S schematic rear view, and a schematic bottom view,
respectively, showing a grooved upper plate of an ink-
jet head in a fourth embodiment according to the
present invention.
An ink passage reaching the ejection openings is

10 divided into four channels, each internal structure of
which is almost the same as that in third embodiment.
In this embodiment, inks of different colors are
supplied to the channels, respectively. Namely, black
ink is supplied from an ink supply cylinder 24Bk to

15 ejection openings 21Bk through a common ink chamber
23Bk. In the same manner, cyan ink is supplied from
an ink supply cylinder 24C to ejection openings 21C
through a common ink chamber 23C; magenta ink from an
ink supply cylinder 24M to ejection openings 21M

20 through a common ink chamber 23M; and yellow ink, from
an ink supply cylinder 24Y to ejection openings 21Y
through a commoﬁ ink chamber 23Y¥. A plurality of
nozzle portions, not shown, are provided in a part
denoted by reference numeral 51 in Fig. 10.

25 In the case where the common ink chamber is
relatively small as in this embodiment, the ink
supplied from the ink supply cylinder flows into
common ink chamber as it is. Conseéuently, the

present invention can be favorably applied to the ink-
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el ements thereon and provided with wirings for driving the elenents and
connecting portions for electrically connecting the wirings at the rear end

portion thereof; an upper, plate nmenber tq be fitted with the substrate and
havi ng algturhgady I Fhisjerboshingat Recanse| difdressmn tafb&hek

e at | ChBE Ore EbniMeky dSBRarber o BREA HESLeREnTEEOTm
port | ons, na"d. SogiL X/ Id PIERICUTRRITARY P Peb I S8E° SPRLS eV @

removing performance that not only the inner surface

5 26A but also inner tilted surfaces 52 of the common
ink chamber extending from the opening portion of the
common ink chamber to the nozzle portion, which are
positioned at opposite sides of the common liquid
chamber with respect to the direction of typically

10 designated by reference numeral 52, be tilted the
array of ejection openings, as illustrated in Fig. 10.

Incidentally, reference numeral 53 in Fig. 10

denotes a plate-like projecting member for forming a
separate chamber 53 within the common ink chamber so

15 as to act as a buffering portion for aggregatively
retaining the bubbles. One end of the projecting
member extends in a direction perpendicular to the
plane of Fig. 10 and the other end is connected to the
substrate 10 to be connected the grooved upper plate

20 shown in Fig. 10. The chamber 53a defined by the
projecting member 53 has the same depth as that of the
position of the opening portion of the ink supply
cylinder 24 Bk shown in Fig. 10. In order to make
communication the chamber 53a with the common ink

25 chamber, a relatively shallow slit 536 is provided
between the projecting member 53 and the ink chamber
frame.

As apparent from the above description, the

present invention is favorably applied to the ink-jet
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9 wheriein a rear end surface of the upper plate nmenber in a direction
opposite to an ink ejecting direction corresponding to a rear end of the

Fecossed iod AR ERETLBR B0 8053t e tr EhEE R EEEEANR L | ng
portion ghdlenydPsipgioximately downward in the vertical
direction.

Next, one example of ink-jet recording apparatus

5 IJRA provided with the ink-jet head, according to the
present invention, is illustrated in Fig. 4.

An ink-jet head IJH has an ink supply cylinder 24
detachably set in an ink supply opening of an ink tank
and is installed on a carriage HC with directing the

10 ink ejection openings 21 downward, as an integral ink-
jet cartridge IJC. Here, the carriage HC is slidingly
guided by a guide rod 5003 and reciprocative shifted
in the directions of arrows g and b via a motor 5013,
gears 5012, 5011, 5009 and a lead screw 5004 formed

15 with a feed thread 5005. Accordingly, the ink-jet
head IJH installed in the carriage HC is reciprocated
with opposing to a sheet of paper P on a platen 5000.
Rns 5007 and 5008 are photo-couplers for detecting a
home position by moving a lever 5006 in and out. Rn

20 5022 is a capping member contacting with an ejection
surface of the ink-jet head IJH which performs suction
recovery of the ink-jet head IJH via an opening
portion 5023 thereof. On the other hand, rn 5017 is a
cleaning blade.

25 These capping, cleaning and suction recovery are
performed in desired operati¢n with taking timings at
corresponding positions.

The present invention achieves distinct effects on

ink supplying performance and bubble removing

L - 23 -
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A bonding wire may be connected to the connecting portion provided at the
rear end of the substrate. In a third aspect of the present invention,

bl ur ol 1 1 PedrLQFERIGE S aga%s&”%géiﬁ PUREThEA S 2 i
connect i %%qﬁé%%ﬁiﬁﬁ@ SPIGRG RS Fﬂe%greﬁ"fgo?”&sf o %tﬁ“n@r ate
menber t ppReehhLl Chdtlly LEGCRURSL " 802 AP Alad transducers or

laser light, and which causes changes in ink including

5 generation of bubbles by;the thermal energy so as to
eject ink. Such a system can achieve a high density
and high resolution recording.
A typical structure and operational principle

thereof is disclosed in U.S. patent Nos. 4,723,129 and

10 4,740,796, and it is preferable to use this basic
principle to implement such a system. Although this
system can be applied either to on-demand type or
continuous type ink jet recording systems, it is
particularly suitable for the on-demand type

15 apparatus. This is because the on-demand type
apparatus has electrothermal transducers, each
disposed on a sheet or liquid passage that retains
liquid (ink), and operates as follows: first, one or
more drive signals are applied to the electrothermal

20 transducers to cause thermal energy corresponding to
recording information; second, the thermal energy
induces a sudden temperature rise that exceeds
nucleate boilihg so as to cause film boiling on
heating portions of the recording head:; and third,

25 Dbubbles are grown in the liquid (ink) corresponding to
the drive signals. By using the growth and collapse
of the bubbles, the ink is expelled from at least one
of the ink ejection orifices of the head to form one

or more ink droplets. The drive signal in the form of
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plurakity of ink ejection openings, nozzle portions to be ink passages
comuni cated with the ink ejection openings, a recessed portion to be at

I i.qui d _chamb ' d wi h ' : d
" uppl o PRRRr LS HeAc B REAIP L Re AN SEY Lert FRPIFE FhBpeni ng.
porti on;c#ié?e%agf k. %"l{kgﬁ%‘és()fc%ﬂebcé)"%gﬂilé {jd chanmber extendi ng

froman i | ON opéning srde to e openrng portion is titled in a

directi g 8eRH 48 i j gﬂﬂ§b ' | PR, n 3 PREH el s ry of

the common liquid ?Eﬁ;lr%‘]e?y e@;r%cgngi ng rgx%%é glﬁ(?et’mﬁlhé 1hgRid (iﬁh@
excellent in responsiveness can be expelled. As a

5 drive signal in the form of a pulse, those described
in U.S. patent Nos. 4,463,359 and 4,345,262 are
preferable. In addition, it is preferable that the
rate of temperature rise of the heating portions
described in U.S. patent No. 4,313,124 be adopted to

10 achieve better recording.

U.S. patent Nos. 4;558,333 and 4,459,600 disclose
the following structure of a recording head, which is
incorporated to the present invention: this structure
includes heating portions disposed on bent portions in

15 addition to a combination of the ejection orifices,
the liquid passages and the electrothermal transducers

| disclosed in the above patents. Moreover, the present

invention can be applied to structures disclosed in
Japanese Patent Application Laid-open Nos. 123670/1984

20 and 138461/1984 in order to achieve similar effects.
The former discloses a structure in which a slit
common to all the electrothermal transducers is used
as ejection orifices of the electrothermal
transducers, and the latter discloses a structure in

25 which openings for absorbing pressure waves caused by
therﬁal energy are formed corresponding to the
ejection orifices. Thus, irrespective of the type of
the recording head, the present invention can achieve

recording positively and effectively.
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10 opposite to the ink ejection opening side to the opening portion is
tilted in the sane direction as the fornmer tilted inner surface; and
wherein a rear_end surface qf the upper plate menber in a direction

opposite to afHGkP&ERINRg IRYEBLIIHN 6 HBngiLELt 8PP E8A &R 8f 9
‘ called full-line type recording head whose length

equals the maximum width across a recording medium.
Such a recording head may consist of a plurality of

5 recording heads combined together, or one integrally
arranged recording head.

In addition, the present invention can be applied
to various serial type recording heads: a recording
head fixed to the main assembly of a recording

10 apparatus; a conveniently replaceable chip type
recording head which, when loaded on the main assembly
of a recording apparatus, is electrically connected to
the main assembly, and is supplied with ink the main
assembly from; and a cartridge type recording head

15 integrally including an ink tank. '

It is further preferable to add a recovery system,
or a preliminary auxiliary system for a recording head
as a constituent of the recording apparatus because
they serve to make the effect of the present invention

20 more reliable. As examples of the recovery system,
are a capping means and a cleaning means for the
recording head, and a pressure or suction means for
the recording head. As examples of the preliminary
aux;liary system, are a preliminary heating means

25 utilizing electrothermal transducers or a combination
of other heater elements and the electrothermal
transducers, and a means for carrying out preliminary

ejection of ink indepéndently of the ejection for
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substriate in the direction opposite to the ink ejecting direction, is
recessed into a configuration avoiding interference with the connecting

portion of the,substra The tiItin t he |nne surface endi ng
from t het BROEREES on kaﬁﬁﬂg %%ﬁ?? g%@%tﬁ&Q| riﬁ?ﬁe%al%cUcm
opposite ej ecting direction may be greater than the tilting
angl e ofr%%§x$ﬁn5@¥surface extending fromthe side opposite to the ink

ej ection openipd ShURY 3 ?ﬁg)ip‘%zbej Jos rfé%rcﬁ]ﬁg’ r}ngédgurggcg ext endi ng

fromthe side opposite
mounted on a recording apparatus can be also changed.

5 For example, only one recording head corresponding to
a single color ink, or a plurality of recording heads
corresponding to a plurality of inks different in
color or concentration can be used. In other words,
the present.invention can be effectively applied to an

10 apparatus having at least one of the monochromatic,
multi~color and full-color modes. Here, the
monochromatic mode performs recording by using only
one major color such as black. The multi-color mode
carries out recording by using different color inks,

15 and the full-color mode performs recording by color
miking. N

Furthermore, the ink jet recording apparatus of
the present invention can be employed not only as an
image output terminal of an information processing

20 device such as a computer, but also as an output
device of a copying machine including a reader, and as
an output device of a facsimile apparatus having a
transmission and receiving function.

The present invention has been described in detail

25 with respect to various 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 in its broader aspects,

and it is the intention, therefore, in the appended
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apening side to the opening portion nmay be fornmed of two tilting surfaces
of two different titling angles. In a fourth aspect of the present
invention, there is provided an ink-jet printing apparatus conprising,
nmount i ng GleALRS dtomearéengalhe suict eehhRagess imedifiaaf inesoRs
claims 1 to_11. The,nounting neans nay, nount the ink-jet head with the ink
ej ect i on Ipbhi Mt Binefilaa BORE 1En Adnet BEpdd VRGN pr esent

i nvention, the inner surface of the conmon |iquid chanber extending from
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the ink ejection opening side to the opening portion is tilted in the
direction opposite to the direction of ink ej ectionJMﬂ”ﬂ”j"’Hu rface
of the ¢ n Liqui ﬂ hanber extending fromthe opp ﬂ!“ﬂrlnk
ejection%ﬁggﬁl §# 8 1Mk -thsbpenlng portion is titled in the'sa

direction as the former tilted inner surface. Therefore, substantially no
hori zontally extending flat portion is present in the upper portion of the

common lhquidan jnk-jet head comprising:
a substrate arranged a plurality of ejection
5 energy generating elements thereon and provided with
wirings for driving said elements and connecting
portions for electrically connectihg said wirings at
the rear end portion thereof;
an upper plate member to be fitted with said
10 substrate and having a plurality of ink ejection
openings, nozzle portions to be ink passages
communicated with said ink ejection openings, a
recessed portion to be at least one common liquid
chamber communicated with said nozzle portiohs, and a
15 supply cylinder communicated with said recessed
portion via an opening portion; and
wherein an inner surface of said common liquid
chamber extending from an ink ejection opening sidg to
said opening portion is titled in a direction opposite
20 to an ink ejecting direction, and an inner periphery
of said common liquid chamber extending from the side
opposite to the ink ejection opening side to said
opening portion is tilted in the same direction as
said former tilted inner surface.
25
2. An ink-jet head as claimed in claim 1, wherein the
tilting angle of the inner surface extending from the
ink ejection opening side to the opening portion in

the direction opp051te to the ink. ejectlng dlrectlon
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chanber toward the opening portion of HMIHMHHIIIM’J“& chanber in the

upper plate. The tilted inner surfaces servetto*make bubbles, which nay be
bor 1 on. HGREARSE, LAA| EREs ¥ A %r““ri%raifgéﬁ@ﬁefr Jag L‘e—tr?r?@%??s?a%ﬁ?ag@i od
o) ect i on AR § T bk orﬁféﬁ% FRBEG b RneP dhFailR SJech i o
o to « noiLhid LLE 8 OBa s, SBEN NP HILEROHY U Lot or mance can
be inproved to achieve the effects
5 3. An ink-jet‘héad as claimed in claim 1, wherein the
inner surface extending from the side opposite to the
ink ejection opening side to said opening portion is
formed of two tilting surfaces of two different

titling angles.

10
4, An ink-jet head as claimed in claim 1, wherein
said ink ejection energy generating elements are
electrothermal transducers generating thermal energy
actingfon ink.

15

5. 'Aﬁ"ink—jet head comprising:

a substrate arranged a plurality of ejection
energy generating elements thereon and provided with
wirings for driving said elements and connecting

20 portions for electrically connecting said wifings at
the rear end portion thereof;

an upper plate member to be fitted with said
substrate and having a plurality of ink ejection
openings, nozzle portions to be ink passages

25 communicated with said ink ejection openings, a

| recessed portion to be at least one common liquid
chamber communicated with said nozzle portions, and a
supply cylinder communicated with said recessed

portlon via an openlng portion; and

Been Re laced
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~of reduction of the residual bubbl eHlemIHIH“Jm"Equ on of growth of the

bubbles in the liquid chanber. Furthernorey; accordrng to anot her aspect of
to the i nk o SHSEREheh: REAE dEnSL S EEARRI TG (O 1 Ae UERETeREBERti on of
the SUbShABe?" {{1CaCRAPLER 1WA obpd £PL LM & 8 'Ok ORYUHP; Hif'e:
direction corresponding to a rear end of said
substrate in the direction opposite to the ink
5 ejecting direction, is recessed into a configuration
avoiding interference with said connecting portion of

sald substrate.

6. An ink-jet head as claimed in claim 5, wherein a
10 bonding wire is connected to said connecting portion

provided at the rear end of said substrate.

7. An ink-jet head as claimed in claim 5, wherein
said ink ejection energy generating elements are
15 electrothermal transducers generating thermal energy

acting on ink.

8. An ink-jet head comprising:
a substrate arranged a plurality of ejection
20 energy generating elements thereon and provided with
wirings for driving said elements and connecting
portions for electrically connecting said wirings at
the rear end portion thereof;
an upper plate member to be fitted with said
25 substrate and having a plurality of ink ejection
openings, nozzle portions to be ink passages
communicated with said ink ejection openings, a
recessed portion to be at least one common liquid

chamber communicated with said nozzle portions, and a

- 31 -
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32 is.recessed for avoiding interference with the connecting portion of the
substrate. Therefore, it becones unnecessary to extend the substrate

2532?’?2?%*3%?& 9 le] FonfioB Ca B T phy S 2P0 T aB AL et rar ¢

and the g,g ap ea substant lally approximate to
t he nec sary al ea el%%%%nﬁ.lqu| anber and the |iquid chanber

frame. Accor ckmelﬂemharh alﬁhwxalsﬁff@céue%‘t 'S £8 \@drﬁnbhe Fiqatlrd)t her mal
transducers are sinultaneously forned of a single silicon wafer by way of
chamber extending from an ink ejection opening side to
5 said opening portion is titled in a direction opposite
to an ink ejecting direction, and an inner periphery
of said common liquid chamber exteﬁding from the side
opposite to the ink ejection opening side to said
opening portion is tilted in the same direction as
10 said former tilted inner surface;
and
wherein a rear end surface of said upper plate
member in a direction opposite to an ink ejecting
direction corresponding to a rear end of said
15 substrate in the direction opposite to the ink
ejecting direction, is recessed into a configuration

avoiding interference with said connecting portion of

said substrate.

20 9. An ink-jet head as claimed in claim 8, wherein the
tilting angle of the inner surface extending from the
ink ejection opening side to the opening portion in
the direction opposite to the ink ejecting direction
is greater than the tilting angle of the inner surface

25 extending from the side opposite to the ink ejection

opening side to said opening portion.

10. An ink-jet head as claimed in claim 8, wherein the

inner surface extending from the side opposite to the
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a.filmformng apparatus and so forth, the nunber of the substrates to be -
formed can be increased to | ower the production cost. BRI EF DESCRI PTI ON OF

' THE DRAW,NGS The cPresent |nvent|on&:ﬁ be under st ood. nore fugl Y fromthe
det ai | ed cPIRTHROR RRCAH D B IR RntCr St EhOPRL L RFaRP R @i Rgs of

Laken to SERER (o1 R ot e i BNEY R0 10k Cuie 4P E T 8BE ant  on

and underbsi[@j_lghr@ gﬁbﬂ_eép t he draw ngs:

5 11. An ink-jet head as claimed in claim 8, wherein
said ink ejection energy generating elements are
electrothermal transducers generating thermal energy

acting on ink.

10 12. An ink-jet printing apparatus comprising, mounting
means for mounting said ink-~jet head as defined in any

one of claims 1 to 11.

13. An ink-jet printing apparatus as claimed in claim
15 12, wherein said mounting means mounts said ink-jet
head with said ink ejection openings oriented

Iy

This gh et Has Been Replaced

N |III|| 11

- 33 -~



Fig. 1..is a perspective viewof a first preferred enbodi nent of an ink-jet
head according to the present invention; 13 Fig. 2 is a sectional view
taken along line B- B of Fig. 1, il | ng the first enbodi nent of the
i nk-j et head according to the inve%ﬁéﬁﬁéﬁgﬂ :

INK=JET HEAD AND INK-JET PRINTING APPARATUS
INCORPORATING THE SAME

An ink-jet head reduces bubbles retained in a
liquid chamber (23) and restricts growth of the
bubbles, for facilitating recovery operation. Also,
the ink-jet head makes a substrate (10), on which the

10 electrothermal transducers are arranged, compact. The
ink-jet head is formed by fitting the substrate (10)
to an upper plate (20) formed with ink ejection
openings (21), nozzle portions (22) communicated with
the ink ejection openings (21) and the common liquid

15 chamber (23), and an ink supply cylinder (24). The
inner surface (26A) of the common liquid chamber (23)
extending from an ink ejection opening side to an
opening portion (25) and the inner surface (26B)
extending from the side opposite to the ink ejection

20 opening side to the opening portion_(?S) are tilted in
the same direction, to dispense with a horizontally
extending portion on the upper portion of the liquid
chamber (23). A recessed portion (28) is formed at

the outside of the peripheral wall corresponding to

25 the inner surface (26B).
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Fig. 3 is a sectional view taken along line C- Cof Fig. 1, illustrating a
second enbodi nent of the ink-jet head according to the invention; Fig. 4 is
a perspective view of an ink-jet printi apparatus in which the ink-jet
head according to the present inventidn%@ mounted; Fig. 5 is a perspective
vi ew showi ng the construction of a conventional ink-jet head; Fig. 6 is a
sectional view taken along line A- A of Fig. 5 showing the construction
of the conventional ink-jet head;




Fig. % is a schematic cross sectional view of a third enbodi nent of an

I nk-j et head according to the present invention; Fig. 8 is a schematic
front view showi ng a grooved upper plate of a fourth enbodi nent of an

i nk-j et head according to the present EUOﬂBtion, as viewed in a direction
of ejection openings; Fig. 9 is a schematic rear view show ng the grooved
.upper plate of the fourth enbodi nent of the ink-jet head according to the
present invention, as viewed in the direction of the ejection openings; and
Fig 10 is a schematic bottom vi ew showi ng the grooved upper plate
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of the. fourth enbodi ment of the ink-jet head according to the present
i nvention, as viewed fromthe side of a substrate. 14 DESCRI PTI ON OF THE

PREFERRED ENMBODI MENTS Preferred enbodin%?tg’of an ink-jet head and an
i nk-jet printing apparatus according t@ L present invention will be
di scussed hereinafter
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In detail wth reference to the acconpanying drawings. Fig. 1 is a
perspective view generally show ng a part of an ink-jet head, to which the
present invention is applied. In Fig. 1,,reference nuneral 10 denotes a
substrate forned of ceramic or so fortm/m is well known, a plurality of
el ectrothermal transducers 11 (see Fig. 2) as ejection energy generating
el enments, fornmed by filmformng technol ogy, are arranged on the substrate
10. While not illustrated, driver circuits for driving the el ectrothermnal
transducers 11 are sinultaneously forned on the substrate 10. Furthernore,

pads 12 for




connecting the driver circuits are provided at the rear portion of the
substrate 10. Reference nuneral 20 denotes an upper plate to be fitted with
the substrate 10, which upper plate mﬁbl ﬁﬁ di scussed | ater. Reference
nuneral 30 denotes a wiring substrate d/ connected to the driver
circuits of the substrate 10. Pads 32 corresponding to the pads 12 of the
substrate 10 are provided on the wiring substrate 30. The substrate 10 and
the wiring substrate 30 are arranged in side-by-side relationship on a
support. ~

"FIG.5
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15 plate 40 made of a netal material having high heat conductivity, such as
alum num for heat radiation. Both the pads 12 and 32 are connected to each
ot her by means of bonding wires 42. Next, the first enbodi nent of the
present invention will be discussed aBsf1@th reference to Fig. 2. In the
upper plate 20, a plurality of ink ejection openings 21 are
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formed. The ink ejection openings 21 are downwardly oriented in
perpendi cul ar direction to the surface of a printing medium and arranged in
parallel relationship to each other in ;he formof an array. Also, the
upper plate 20 is formed with a pluralf 3}Q)f grooves whi ch define nozzle
portions 22 serving as ink passages conmunicated with the ink ejection
openings 21 as fitted with the substrate 10. Reference nuneral 23 denotes a
recessed portion forned in a liquid chanber frame 26 for defining a conmon
| i qui d chanber communicated with the plurality of nozzle portions 22. Wth
‘the recessed portion or common |iquid chanber 23 is
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comuni cated an ink passage 27 inside an ink supply cylinder 24 forned
intedrally with the liquid chanber frane 26 via an opening portion 25
(here, the opening portion referred tggypéoughout t he description nmeans a
boundary portion between the ink passdde'27 inside the ink supply cylinder
24 and the common |iquid chanber 23). An inner surface 26A extending from
an ink ejection opening 21 side of the common |iquid chanber

23Bk

~24Bk
21Bk

23C

21C—] ~24C
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21M o 2 1-24M
23Y

21Y 4 o4y
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16 23, nanely, a conmunicating portion with the nozzle portion 22 to the
openi'ng portion 25, is tilted in a direction opposite to the ink ejecting
direction. Also, an inner surface 26B extending fromthe side opposite to
the ink ejection opening side to thegbﬁéﬁ?ng portion 25, is also tilted in
the sanme tilting direction as that of the inner surface 26A. It should be
noted that the tilting angle of the inner surface 26A is greater than that
of the inner surface 26B. This is for increasing the capacity of the ¢onmon

1L——1 o26cBk
24Bk— =
24C —4 "~ :;/‘\— 26CC
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l'iqui d chanber 23 while obtaining desired effects. On the other hand, a-
tear “end surface 26C of the liquid chamber frame 26 corresponding to the
rear end portion of the substrate 10 m2ere the pads 12 are arranged, is
formed with a recessed surface havir radlent approximately equal to
that of the inner surface 26B, to deflne a recessed portion 28 (see Fig.
1). The recessed portion 28 serves to avoid interference with the
connecting portion where the pads 12 and the bonding wires 42 are arranged.
According to the shown enbodi nent, since the inner surfaces 26A
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and"‘268‘bf the common |iquid chanber 23 are fprued-1-0-have—a—StH-FaE6e
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INK-JET HEAD AND INK-JET PRINTING APPARATUS
INCORPORATING THE SAME

BACKGROUND OF THE INVENTION
Field of the Invention

The present invention relates to an ink-jet head to be employed in an
ink-jet printing apparatus which ejects a printing liquid (ink and so forth)
through ejection openings (orifices) as flying liquid droplets and thus
perfbrms printing by depositing the liquid droplets on a printing medium,
and ro an ink-jet printing apparatus employing the ink-jet head.

It should be noted that, throughout the description and claims, the
term "record” refers not only to recording characters but also to printing

drawings, patterns and so forth.
Description of the Related Art

A typical one of conventional ink-jet heads has been disclosed in
Japanese Patent Application Laid-open No. 132253/1980. The disclosed |
ink-jet head is constructed by fitting, onto a substrate formed with

' electrothermal transducers by way of film formation technology, an upper
' plate havmg mk—e]ectron openings, ink passages to be heat acting portions

of the electrothermal transducers and a common liquid
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17 “make*t he bubbl es, which can renmin ot herw se, escape through the opening
portion 25. Furthernore, since the remaining period of the bubbles can be
shortened by the inner surfaces 26A and 26B having a tilting gradi ent,
grow h of the bubbles per se can be prevented. On the other hand, since the
tilted inner surfaces 26A and 26B snmoothly guide the ink toward the ink
ej ection openings 21 (nozzle portions 22) in ejection and recovery
operation, ink supply can be perfornmed ot hly wi thout causing disturbance
of the ink flow By this, the recovery performance can be
chamber for supplying ink to the ink passages. Also, a driver circuit for
driving the electrothermal transducers arranged on the substrate is built in
the substrate. Furthermore, a wiring substrate for wiring the driver circuit
is provided. The substrate and the wiring substrate are located adjacently
to each other on a heat radiating member.
With reference to Figs. 5 and 6, the conventional ink-jet head will
be further discussed hereinafter.
Fig. 5 is a schematic perspective view of the ink-jet head having the
construction described above, and Fig. 6 is a schematic sectional view
taken along line A - A of Fig. 5.
In Fig. 6, reference numeral 112 denotes a substrate, on which a
plurality of electrothermal transducers are arranged; 113 denotes an upper
plate which integrally incorporates a plurality of ink ejection openings 101,
nozzle portions 102 serving as ink passages communicated with the ink
ejection openings 101, a common liquid chamber 104 for supplying ink to
respective nozzle portions 102, an ink supply cylinder 116 having an
opening portion 105 in the upper surface of the common liquid chamber
104, and a liquid chamber frame portion 106 serving as a contacting
portion to the substrate 112; 119 denotes the upper flat portion of the
common liquid chamber 104; and 111 denotes a metal support member for

constructing the ink-jet head by assembling various parts thereto.
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i npt oved so that an amount of the growth of the bubbles remaining in the

l'i qui d chanber and the bubbles the growh can be reduced even in the case
of non-usage for a long period. Furthernore, according to the shown

enbodi ment, the rear end surface of the upper plate 20 in the direction
opposite to the ink ejection opening side is fornmed as the recessed surface
26C, interference with the connecting portion including the bonding wres
42 and so forth can be avoided. Therefor8, the area to be occupied by the
driver circuits for the electrothermal transducers 11 can be reduced to
permt down-sizing of the -

Furthermore, as shown in Fig. 5, a wiring substrate 110 is arranged
on the metal support member 111, and connected to the substrate 112 via
bonding wires 109. The bonding wire 109 is adapted to electrically
connect a pad 107 on the substrate 112 to a pad 108 on the wiring substrate
110.

In the afore-mentioned construction, discussing a flow of ink supply
upon ink ejection, the ink flowing out of a tank .(not shown) for storing the
ink passes through various connection tubes and so forth to reach the ink
supply cylinder 116 of the upper plate 113 and is temporarily accumulated
in the common liquid chamber 104 via the opening 105 on the upper
surface of the liquid chamber. The ink also flows to the respective nozzle
portions 102 and is retained at the end of the ejection openings 101 by
surface tension and so forth. Under thiS condition, when ejection signals
are applied to the electrothermal transducers on the substrate 112, bubbles
are generated in the ink within the corresponding nozzles 102, and ink
droplets are ejected through the ink ejection openings 101.

Accordingly, when ejection is initiated, a required quantity of the ink
has to be sequentially supplied to the nozzle portion from the common
liquid chamber 104.

At this time, when bubbles 300 are present in the common liquid
chamber 104 for some reason, ink supply to the nozzle portion is

temporarily interrupted to make ink ejection unstable, and thus causing
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substrate 10. Fig. 3 is a sectional view taken along the line C- C of Fig.
1,"illustrating a second enbodi nent according to the present invention
(since the external appearance of the ink-jet head of this enbodinent is
18 the sane as that of the first enbodinment, reference is made to Fig. 1).

4
degradation of printing quality. Furthermore, when such condition is
continued, ink ejection failure can be caused to thus make printing
impossible.

The bubbles 300 may be generated either during printing or before
initiation of printing. When the bubbles are generated during printing, a
user may perform a recovery operation by means of capping and so forth
to remove the bubbles from the liquid chamber. On the other hand, when
bubbles have already been generated before initiation of printing, the
recovery operation is automatically performed before starting ink ejection
to remove the bubbles 300 from the liquid chamber. |

Furthermore, concerning the ink-jet head maintained in the unused
condition (a condition without performing printing) for a long period, the
bubbles 300 may be grown by permeation of gas from the outside and/or
penetration of air through the ejection openings and is retained (299) in the
upper flat portion 119 of the common liquid chamber 104. Such bubbles
residing in the common liquid chamber 104 will be hereinafter referred to
as residual bubbles 299. In such a case, the residual bubbles 299 retained
in the upper flat portion of the common liquid chamber are not only
difficult to be removed by the recovery operation due to an excessively
large.difference in level relative to the ejection openings, but also degradate

ink wettability in the nozzle and the liquid
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A di ffer‘ence between the second enbodi ment and the first enbodiment is that
the inner surface of the common |iquid chamber 23 on the side opposite to
the ink ejection opening side is formed into two tilted surfaces 26B1 and
26B2. Nanely, while the inner surface 26B1 has substantially the sane
tilting angle as that of the inner surface 26B of the forner enbodi nent,
the inner surface 26B2 is forned at a smaller tilting angle (closer to the
right angle with respect to the substrat® 10). Since other construction is
simlar to the first embodi ment, the sanme function portions are represented
by the sane reference nunerals for avoiding

chamber, and thus causing degradation of the printing quality upon
ejection.

| Therefore, when the ink-jet head is unused for a long period, a given
period is stored in the apparatus per se to automatically perform recovery
operation at intervals of the given periods for removal of the residual
bubbles in the liquid chamber and prevention of growth of the bubbles.

In EP-A 419181 is disclosed an ink-jet head wheré bubbles can be
removed more easily from a liquid chamber.

However, in the prior ai't, since the flat portion 119 is present at the
upper portion in the common liquid chamber 104, the rate of growth of the
residual bubbles 299 is high for the presence of a large number of portions
subject to permeation of gas from the outside in the construction where the
ink flow passage from the ink tank to the ink ejection openings is long or
where a large number of parts are to be connected.

Also, when the liquid chamber is small, even with a relatively small
residual bubble 299, a degree of degradation of wettability of the nozzle
and the liquid chamber becomes significant.

Therefore, particularly in the case of longtime storage, it becomes
necessary to shorten the interval of the recov_ery- operation of the apparatus
i.e., to increase the frequency of the recovery operation in order to prevent
residual and growth of the bubbles 299. This clearly increases

consumption of the ink (a
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redundarft discussion. Fig. 7 is a schematic cross sectional view of a third
enbodi nent of an ink-jet head according to the present invention. A

princi pal difference of this enbodiment fromthe second enbodi nent is that
an inner surface 26B2 is reduced in size and slightly tileted in a
direction opposite to that in the second enbodinent. It is preferable that
the cross-sectional shape of an ink passage extending fromthe opening
portion 25 of the common |iquid chanber 83 to the inlet of the nozzle
portion 22 be gradually enlarged fromthe opening

running cost associated with exchanging of the ink tank and so forth).
On the other hand, in the prior art, since the pads 107 for connection
with the bonding wire 109 are arranged at the back side of the rear end of
the upper plate on the substrate, in which the electrothermal transducers are
formed, the substrate is extended rearwardly in the significant length.
Accordingly, it becomes necessary to provide the substrate having an area
greater than that required for the common liquid chamber and the liquid
chamber frame. Therefore, when a large number of substrates, each of
which is formed with the electrothermal transducers byfilm forming
technology are to be simultaneously formed of a single silicon wafer, the
number of substrates to be formed of the single silicon wafer must be

reduced to cause an increase in cost.
SUMMARY OF THE INVENTION

Therefore, it is an object of the present invention to provide an
ink-jet head and an ink-jet printing apparatus which can improve recovering
performance for bubbles in a liquid charriber'even in a construction having
a long ink passage, a large number of parts to be connected or a relatively
small liquid chamber, and can assure high quality printing.

Another object of the invention is to provide an ink-jet head which

can reduce residual bubbles and

heoet
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por’ti onof the common |iquid chanber 23 toward the inlet of the nozzle
portion 22 (between B and C). Nanely, the relationship between an angle QL
f ormed 19 between the top surface of the substrate 10 (hereinafter,
referred to as a heater surface) and the inner surface 26A and an angle @
fornmed between

1
growth of the residual bubbles to reduce the frequency of recovery
operation and whereby to reduce ink consumption.

A further object of the invention is to provide an ink-jet head which
enables down-sizing of a substrate and can be produced efficiently at a low
cost. |

In a first aspect of the present invention, there is provided an ink-jet
head comprising:

a substrate arranged a plurality of ejection energy generating
elements thereon and provided with wirings for driving the elements and
connecting portions for electriéally connecting the wirings at the rear end
portion thereof;

an upper plate member to be fitted with the substrate and having a
plurality of ink ejection openings, nozzle portions to- be ink passages
communicated with the ink ejection openings, a recessed portion to be at
least one common liquid chamber communicated with the nozzle portions,
and a supply cylinder communicated with the recessed portion via an
opening portion; and

wherein an inner surface of the common liquid chamber extending
from an ink ejection opening side to the opening‘ portion is titled in a
direction opposite to an ink ejecting direction, and an inner periphery of
the common liquid chamber extending from the side opposite to the ink
ejection opening Side to the opening portion _is tilted in the same direction

as the former tilted inner surface:
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t he' heater surface and the inner surface 26Bl1 is preferably established by
the foll owi ng i nequality: QL < Q2 The desirable angular ranges of the
angles QL and @2 are given, respectively, as follows: [err] and nore
preferably, as follows: [err] The upper limts of the angles QL and 2 are
determ ned so that pressure

_8

The tilting angle of the inner surface extending from the ink ejection

opening side to the opening portion in the direction opposite to the ink

~ ejecting direction may be greater than the tilting angle of the inner surface
extending from the side opposite to the ink ejection opening side to the
opening portion. |

The inner surface extending from the side opposite to the ink ejection
opening side to the opening portion may be formed of two tilting surfaces
of two different titling angles.

The ink ejection energy generating elements may be electrothermal
transducers generating thermal energy acting on ink.

In a second aspect of the present invention, there is provided an
ink-jet head comprising:

a substrate arranged | a plurality of ejection energy generating
elements thereon and provided with wirings for driving the elements and
connecting portions for electrically connecting the wirings at the rear end
portion thereof;

an upper plate member to be fitted with the substrate and having a
plurality of ink ejection openings, nozzle portions to be ink passages
communicated with the ink ejection openings, a recessed portion to be at
least one common liquid chamber communicated with the nozzle portions,
and a supply cylinder communicated with the recessed portion via an

opening portion; and
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fltictuation in the ink passage, in particular, pressure fluctuation of ink
in the vicinity of the inlet of the nozzle portion 22 could be within
suitable values. The lower |imts of the angles QL and @ are determ ned
mainly so that fluid resistance in the ink passage could be within
appropriate values so as to make the ink or bubbles flow easily. Meanwhile,
it is preferable that a center line (A in the cross section of the ink
passage extending fromthe inlet of an_i%hk supply cylinder 24 to the inlet
of the nozzle portion 22 through the opening portion 25 of the conmon

i quid chanmber 23 be bent toward the inlet of the nozzle portion

wherein a rear end surface of the upper plate member in a direction
opposite to an ink ejecting direction corresponding to a rear end of the
substrate in the direction opposite to the ink ejecting direction, is recessed
into a configuration avoiding interference with the connecting portion of the
substrate.

A bonding wire may be connected to the connecting portion provided
at the rear end of the substrate.

In a third aspect of the present invention, there is provided an ink-jet
head comprising:

a substrate arranged a plurality of ejection energy generating

elements thereon and provided with wirings for driving the elements and

connecting portions for electrically connecting the wirings at the rear end
portion thereof;

an upper plate member to be fitted with the substrate and having a
plurality of ink ejection openings, nozzle portions to be ink passages
communicated with the ink ejection openings, a recessed portion to be at
least one common liquid chamber communicated with the nozzle portions,
and a supply cylinder communicated with the recessed portion via an
opening portion;

wherein an inner surface of the common liquid chamber extending
from an ink ejectiori opening side to the opening portion is titled in a
direction opposite to an ink ejecting direction, and an inner periphery of

the common liquid chamber extending from the side
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22 *arounid the opening portion of the comon liquid chanber 23. Mreover, it
20" is preferable that the cross-sectional shape of the ink passage
extending fromthe inlet of the ink supply cylinder 24 to the opening
p]?rtihon_ 01;( the common |iquid chanber 23 be gradually tapered fromthe inlet
of the In :

10
opposite to the ink ejection opening side to the-Opening portion is tilted in
the same direction as the former tilted inner surface;
and

wherein a rear end surface of the upper plate member in a direction
opposite to an ink ejecting direction corresponding to a rear end of the
substrate in the direction opposite to the ink ejecting direction, is recessed
into a configuration avoiding interference with the connecting portion of the
substrate.

The tilting angle of the inner surface extending from the ink ejection
opening side to the opening portion in the direction opposite to the ink
ejecting direction may be greater than the tilting angle of the inner surface
extending from the side opposite to the ink ejection opening side to the
opening portion.

The inner surface extending from the side opposite to the ink ejection
opening side to the opening portion may be formed of two tilting surfaces
of two different titling angle.s.:

In a fourth aspect of the present invention, there is provided an
ink-jet printing apparatus comprising, mounting means for mounting the
ink-jet head as defined in any one of claims 1 to 11.

The mounting means may mount the ink-jet head with the ink
ejection openings oriented downwardly.

In one aspect of the present invention, the inner surface of the

common liquid chamber extending from
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supply ¢ylinder 24 (having an inner dianeter D) toward the opening portion
of the common |iquid chanber 23. The rel ati onship between a bendi ng angl e
@ of the inner surface 26A and a bending angle 4 of the inner surface
26B1 is preferably established by the followng inequality: @B < 4 The
desirabl e angul ar ranges of the angles B and 4 are given, respectively,
as follows: [err] and nore preferably, als1 fol | ows:

the ink ejection opening side to the opening portion is tilted in the direction
opposite to the direction of ink ejection, and the inner surface of the
common liquid chamber extending from the opposite side to the ink
ejection opening side to the opening portion is titled in the same direction
as the former tilted inner surface. Therefore, substantially no horizontally
extending flat portion is present in the upper portion of the common 1iquid
chamber toward the opening portion of the common liquid chamber in the
upper plate. The tilted inner surfaces serve to make bubbles, which may
be retained in the liquid chamber otherwise, escape through the opening
portion. Furthermore, the tiled inner surfaces may reduce a residual period
of the bubbles to effectively pfevent growth of bubbles per se. Also, in
ejection and recovery operation, the titled inner surfaces may serve to
smoothly supply the ink from the opening portion the common liquid
chamber of to the ejection opening (nozzle side).

By this, recovery performance can be improved to achieve the effects
of reduction of the residual bubbles and of suppression of growth of the
bubbles in the liquid chamber.

Furthermore, according to another aspect of the invention, the rear
end portion of the upper plate on the opposite side to the ink ejection
opening side, corresponding to the rear end portion of the substrate on the

opposite side to the ink ejection opening side,
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[err] TRe upper and lower linits of the angles B and Q4 are deternined so
that both pressure fluctuation and fluid resistance in the ink passage
could be within appropriate values. It is preferred that an ending point (a
base point of the angle @) of the inner surface 26A at the opening portion
25 of the commn liquid chanber 23 be farther fromthe inlet of the ink
supply cylinder 24 than a bendi ng poi nt base point of the angle 4) of
the inner surface 26Bl1 at the opening Lon of the conmmon |iquid chanber
23, thus inproving

is recessed for avoiding interference with the connecting portion of the
substrate. Therefore, it becomes 'unnecessary to extend the substrate
rearwardly for avoiding interference between the connecting portion of the
substrate and the rear end portion of the upper plate. Thus, the substrate
and the upper plate cin be fitted in the area substantially approximate to
the necessary area for the common liquid chamber and the liquid chamber
frame. Accoi'dingly, when a plurality of substrates with the electrothermal
transducers are simultaneously formed of a single silicon wafer by way of
a film forming apparatus and so forth, the number of the substrates to be

formed can be increased to lower the production cost.
BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be understood more fully from the
detailed description given herebelow and from the accompanying drawings
of the preferred embodiments of the invention, which, however, should not
be taken to be limitative to the present invention, but are for explanation
and understanding only. | ' |

In the drawings:

Fig; 1 is a perspective view of a first preferred embodiment of an

ink-jet head according to the present invention;
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f | owabi I ity (renovability) of the bubbles. This is because the 21

bendi ng point of the inner surface 26B 1 is nore apt to effect on the flow
of the bubble than the bending point of the inner surface 26A. Figs. 8

t hrough 10 are a schematic front view, a schematic rear view, and a
schematic bottom view, respectively, show ng a grooved upper

13

Fig. 2 is a sectional view taken along line B - B of Fig. 1,
illustrating the first embodiment of the ink¥jet head according to the
invention;

Fig. 3 is a sectional view taken along line C - C of Fig. 1,
illustrating a second embodiment of the ink-jet head according to the
invention;

Fig. 4 is a perspective view of an ink_-je_t printing apparatus in which
the ink-jet head according to the present invention is mounted;

Fig. 5 is a perspective view showin'g the construction of a
conventional ink-jet head; |

Fig. 6 is a sectional view taken anng line A - A of Fig. 5, showing
the construction of the conventional ink-jet head;

Fig. 7 is a schematic cross sectional viéw of a third embodiment of
an ink-jet head according to the present invention;

Fig. 8 is a schematic front view showing a grooved upper plate of
a fourth embodiment of an ink-jet head according to the present invention,
as viewed in a direction of ejection openings;

Fig. 9 is a schematic rear view showing the grooved upper plate of
the fourth embodiment of the ink-jet head according to the present
invention, as viewed in the direction of the ejection openings; and

Fig 10 is a schematic bottom view showing the grdoved upper plate
of the fourth embodiment of the ink-jet head according to the present

invention, as viewed from the side of a substrate.
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plate of an ink-jet head in a fourth enbodi ment according to the present

i nvention. An ink passage reaching the ejection openings is divided into
four channels, each internal structure of which is alnbst the sane as that
in third enbodinment. In this enbodinent, inks of different colors are
supplied to the channels, respectively. Nanmely, black ink is supplied from
an ink supply cylinder 24Bk to ejection _openings 21Bk through a common ink
chanber 23Bk. In the sane manner, cyan d is supplied froman ink supply
cylinder 24C to ejection openings 21C through a comon ink

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Preferred embodiments of an ink-jet head and an ink-jet printing
apparatus according to the present invention will be discussed hereinafter
in detail with reference to the accompanying drawings. |

Fig. 1 is a perspective view generally showing a part of an ink-jet
head, to which the present invention is applied. |

In Fig. 1, reference numeral 10 denotes a substrate formed of
ceramic or so forth. As is well known, a plurality of electrothermal
transducers 11 (see Fig. 2) as ejection energy generating elements, formed
by film forming technology, are arranged on the substrate 10. While not
illustrated, driver circuits for driving the electrothermal transducers 11 are
simultaneously formed on thé substrate 10. Furthermore, pads 12 for
connecting the driver circuits are provided at the rear portion of the

“substrate 10. Reference numeral 20 denotes an upper plate to be fitted
with the substrate 10, which upper plate will be discussed later. Reference

. numeral 30 denotes a wiring substrate to be connected to the driver circuits
of the substrate 10. Pads 32 corresponding to the pads 12 of the substrate
10 are provided on the wiring substrate 30.

The substrate 10 and the wiring substrate 30 are arranged in
side-by-side relationship on a support
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chanber *23C; magenta ink froman ink supply cylinder 24Mto ejection

openi ngs 21M through a conmon ink chamber 23M and yel low i nk, from an ink
supply cylinder 24Y to ejection openings 21Y through a common i nk chanber
23Y. A plurality of nozzle portions, not shown, are provided in a part
denoted by reference nuneral 51 in Fig. 10. In the case where the comon

I nk chanber is relatively small as in this enbodi nent, the ink supplied
fromthe ink supply cylinder flows into_kbm onyon i nk chanber as it is.
Consequently, the present invention can ' be | favorably applied to the ink-

plate 40 made of a metal material having high heat conductivity, such as
aluminum, for heat radiation. Both the pads 12 and 32 are connected to
each other by means of bonding wires 42.

Next, the first embodiment of the present invention will be discussed
also with reference to Fig. 2.

In the upper plate 20, a plurality of ink ejection openings 21 are
formed. The ink ejection openings 21 are downwardly oriented in
perpendicular direction to the surface of a printing medium and arranged
in parallel relationship to each other in the form of an array. Also, the
upper plate 20 is formed with a plurality of grooves which define nozzle
portions 22 serving as ink passages communicated with the ink ejection
openings 21 as fitted with the substrate 10. Reference numeral 23 denotes
a recessed portion formed in a liquid chamber frame 26 for defining a
common liquid chamber communicated with the plurality of nozzle portions
22. With the recessed portion or common liquid chamber 23 is
communicated an ink passage 27 inside an ink supply cylinder 24 formed
integrally with the liquid chamber frame 26 via an opening portion 25

. (here, the opening portion referred to throughout the description means a
boundary portion between the ihk passage 27 inside the ink supply cylinder

24 and the common liquid chamber 23).
An inner surface 26A extending from an ink ejection opening 21 side

of the common liquid chamber
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22 Yjet Nead in this enbodi ment because diffusion of the ink is relatively
small. 1t is much preferable formthe viewpoints of ink supplying

per f ormance and bubbl e renovi ng performance that not only the inner surface
26A but also inner tilted surfaces 52 of the common ink chanber extending
fromthe opening portion of the comon ink chanber to the nozzle portion,

16

23, namely, a communicating portion with the nozzle portion 22 to the
opening portion 25, is tilted in a direction opposite to the ink ejecting
direction. Also, an inner surface 26B extending from the side opposite to
the ink ejeétion opening side to the opening portion 25, is also tilted in the
same tilting direction as that of the inner surface 26A. It should be noted
that the tilting angle of the inner surface 26A is greater than that of the
inner surface 26B. This is for increasing the capacity of the common
liquid chamber 23 while obtaining desired effects.

On the other hand, a rear end surface 26C of the liquid chamber
frame 26 corresponding to the rear end portion of the substrate 10 where
the pads 12 are arranged, is formed with a recessed surface having a
gradient approximately equal to that of the inner surface 26B, to define a -
recessed portion 28 (see Fig. 1). The recessed portion 28 serves to avoid
interference with the connecting portion where the pads 12 and the bonding
wires 42 are arranged. _ |

According to the shown embodiment, since the inner surfaces 26A
and 26B of the common liquid chamber 23 are formed to have a surface
configuration ascendingly tilted toward the opening portion 25,
substantially no horizontally extending flat portion to the opening portion
25 is present on the upper portion of the common liquid chamber 23.
Thus, even if bubbles are generated in the common liquid chamber 23, the

inner surfaces 26A and 26B having a tilting gradient, may

This is the replacement sheet

pate: 3 O MAY 1%



whi*ch af’e positioned at opposite sides of the common |iquid chanber wth
respect to the direction of typically designated by reference nuneral 52,
be tilted the array of ejection openings, as illustrated in Fig. 10.

I ncidentally, reference nuneral 53 in Fig. 10 denotes a plate-Ilike
projecting nmenber for formng a separate chanber 53 wthin the comon ink
chanber so as to act as a buffering portion for aggregatively retaining the
bubbl es. One end of the projecting nmenbek7 extends in a direction

perpendi cular to the plane of Fig. 10 and the other end is connected to the
substrate 10 to be connected the grooved upper plate shown in Fig. 10.

make the bubbles, which can remain otherwise, escape through the opening
portion 25. Furthermore, since the remaining period of the bubbles can be
shortened by the inner surfaces 26A and 26B having a tilting gradient,
growth of the bubbles per se can be prevented. On the other hand, since
the tilted inner surfaces 26A and 26B smoothly guide the ink toward the
ink ejection openings 21 (nozzle portions 22) in ejection and recovery
operation, ink supply can be performed smoothly without causing
disturbance of the ink flow. By this, the recovery performance can be
improved so that an amount of the growth of the bubbles remaining in the
liquid chamber and the bubbles the growth can be reduced even in the case
of non-usage for a long period.

Furthermore, according to the shown embodiment, the rear end
surface of the upper plate 20 in the direction opposite to the ink ejection
opening side is formed as the recessed surface 26C, interference with the
connecting portion including the bonding wires 42 and so forth can be
avoided. Therefore, the area to be occupied by the driver circuits for the
electrothermal transducers 11 can be reduced to permit down-sizing of the
substrate 10. |

Fig. 3 is a sectional view taken along the line C - C of Fig. 1,
illustrating a second embodiment according to the present invention (since

the external appearance of the ink-jet head of this embodiment is
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The chaffber 53a defined by the projecting nmenber 53 has the sane depth as
that of the position of the opening portion of the ink supply cylinder 24
Bk shown in Fig. 10. In order to nake comruni cation the chanber 53a with

the common ink chanber, a relatively shallow slit 536 is provided between
the projecting nenber 53 and the ink chanber frane. As apparent fromthe

above description, the present invention is favorably applied to the

i nk-j et 18

the same as that of the first embodiment, reference is made to Fig. 1).

A difference between the second embodiment and the first
embodiment is that the inner surface of the common liquid chamber 23 on
the side opposite to the ink ejection opening side is formed into two tilted
surfaces 26B1 and 26B2.. Namely, while the inner surface 26B1 has
substantially the same tilting angle as that of the inner surface 26B of the
former embodiment, the inner surface 26B2 is formed at a smaller tilting
angle (closer to the right angle with respect to the substrate 10). Since
other. construction is similar to the first embodiment, the same function
portions are represented by the same reference numerals for avoiding
redundant discussion.

Fig. 7 is a schematic cross sectional view of a third embodiment of
an ink-jet head according to the present invention. |

A principal difference of this embodiment from the second
embodiment is that an inner surface 26B2 is reduced in size and slightly
tileted in a direction opposite to that in the second embodiment.

It is preferable that the cross-sectional shape of an ink passage
extending from the opening portion 25 of the. common liquid chamber 23
to the inlet of the nozzle portion 22 be gradually enlarged from the opening
portion of the common liquid chamber 23 toward the inlet of the nozzle
portion 22 (between B and C). Namely, the relationship between an angle
Q1 formed
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23'head’where the ink is ejected through the ejection openings

approxi mately downward in the vertical direction. Next, one exanple of

i nk-j et recording apparatus |IJRA provided with the ink-jet head, according
to the present invention, is illustrated in Fig. 4. An ink-jet head |IJH has
an ink supply cylinder 24 detachably set in an ink supply opening of an ink
tank and is installed on a carriage HC with directing the ink ejection
openi ngs 21 downward, as an integral inEgiet

between the top surface of the substrate 10 (hereinafter, referred to as a
heater surface) and the inner surface 26A and an angle Q2 formed between
the heater surface and the inner surface 26B1 is preferably established by
the following inequality:

Ql < Q2
The desirable angular ranges of the angles Q1 and Q2 are given,
respectively, as follows:

30° < Q1 < 75°

40° < Q2 < 80°
and more preferably, as follows:

45° < Ql < 60°

60° < Q2 < 75°
The upper limits of the angles Q1 and Q2 are determined so that pressure
fluctuation in the ink passage, in particular, pressure fluctuation of ink in
the vicinity of the inlet of the nozzle portion 22 could be within suitable
values. The lower limits of the angles Q1 and Q2 are determined mainly

5o that fluid resistance in the ink passage could be within appropriate
values so as to make the ink or bubbles flow easily.

Meanwhile, it is preferable that a center line (A) in the cross section
of the ink passage éxtending from the inlet of an ink supply cylinder 24 to
the inlet of the nozzle portion 22 through the opening portion 25 of the
common liquid chamber 23 be bent toward the inlet of the nozzle portion-
22 around the 6pening pbrtion of the common liquid chamber 23.

Moreover, it
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cartridge 1JC. Here, the carriage HC is slidingly guided by a guide rod
5003 and reciprocative shifted in the directions of arrows a and b via a
not or 5013, gears 5012, 5011, 5009 and a | ead screw 5004 formed with a feed
t hread 5005. Accordingly, the ink-jet head IJH installed in the carriage HC
I's reciprocated with opposing to a sheet of paper P on a platen 5000. Rns
5007 and 5008 are photo-couplers for detgeting a honme position by noving a
| ever 5006 in and out. Rn 5022 is a capéﬁig menber contacting with an

ej ection surface of the ink-jet head |IJH which perfornms suction recovery of
the ink-jet head IJH via an opening portion 5023

is preferable that the cross-sectional shape of the ink passage extending
from the inlet of the ink supply cylinder 24 to the opening portion of the
common liquid chamber 23 be gradually tapered from the inlet of the ink
supply cylinder 24 (having an inner diameter D) toward the opening
portion of the common liquid chamber 23. The relationship between a
bending angle Q3 of the inner surface 26A and a bending angle Q4 of the
inner surface 26B1 is preferably established by the following inequality:

Q3 < Q4
The desirable angular ranges of the angles Q3 and Q4 are given,
respectively, as follows:

120° < Q3 < 180°

130° < Q4 < 180°
and more preferably, as follows:

135° < Q3 < 150° < Q4 < 170°
The upper and lower limits of the angles Q3 and Q4 are determined so that
both pressure fluctuation and fluid resistance in the ink passage could be
within appropriate values.

It is preferred that an ending point (a base point of the angle Q3) of
the inner surface 26A at the opening portion 25 of the common liquid
chamber 23 be farther from the inlet of the ink supply cylinder 24 than a
bending point (a base point of the angle Q4) of the inner surface 26B1 at
the opening portion of the common liquid chamber 23, thus improving

flowability (removability) of the bubbles. This is because the

sheel
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théreof! On the other hand, rn 5017 is a cleaning bl ade. These cappi ng,
cleaning and suction recovery are performed in desired operation with
taking timngs at correspondi ng positions. The present invention achieves
distinct effects on ink supplying performance and bubbl e renovi ng
performance when applied to a recording head or a recordi ng appar at us

_21
bending point of the inner surface 26B1 is more apt to effect on the flow
of the bubble than the bending point of the inner surface 26A.

Figs. 8 through 10 are a schematic front view, a schematic rear
view, and a schematic bottom view, respectively, showing a grooved upper
plate of an ink-jet head in a fourth embodiment according to the present
invention. |

An ink passage reaching the ejection openings is divided into four
channels, each internal structure of which is almost the same as that in
third embodiment. In this em_bodiment, inks of different colors are
supplied to the channels, respectively. Namely, black ink is supplied from
an ink supply cylinder 24Bk to ejection openings 21Bk through a common
ink chamber 23Bk. In the same manner, cyan ink is supplied from an ink
supply cylinder 24C to 'eje_ction openings 21C through a common ink
chamber 23C; magenta ink from an ink supply cylinder 24M to ejection
openings 21M through a common ink chamber 23M; and yellow ink, from
an ink supply cylinder 24Y to ejection openings 21Y through a common
ink chamber 23Y. A plurality of nozzle portions, not shown, are provided
in a part denoted by reference numeral 51 in Fig. 10.

In the case where the common ink chamber is relatively small as in
this embodiment, the ink supplied from the ink supply cylinder flows into
common ink chamber as it is. Consequently, the present invention can be

favorably applied to the ink-
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whi‘ch hds neans for generating thernmal energy such as el ectrothernal
transducers or laser light, and which causes changes in ink including
generation of bubbles by the thermal energy so as to eject ink. Such a
system can achi eve a high density and high resolution recording. A typical
structure and operational principle thereof is disclosed in U S. patent
Nos. 4,723,129 and 4,740,796, and it is preferable to use this basic
principle to inplenent such a system A ugh this system can be applied:
either to on-demand type or continuous type ink jet recording systens, it
Is particularly suitable for the on-demand type apparatus. This

jet head in this embodiment because diffusion of the ink is relatively smail.
It is much preferable form the viewpoints of ink supplying performance
and bubble removing performancie that not only the inner surface 26A but
also inner tilted surfaces 52 of the common ink chamber extending from
the opening portion of the common ink chamber to the nozzle portion,
which are positioned at opposite sides of the common liquid chamber with
respect to the direction of typically designated by reference numeral 52, be
tilted the array of ejection openings, as illustrated in Fig. 10.

Incidentally, reference numeral 53 in Fig. 10 denotes a plate-like
projecting member for forming a separate chamber 53 within the common
ink chamber so as to act as a buffering portion for aggregatively retaining
the bubbles. One end of the projecting member extends in a direction
perpendicular to the plane of Fig. 10 and the other end is connected to the
substrate 10 to be connécted the grooved upper plate shown in Fig. 10.
The chamber 53a defined by the projecting member 53 has the same depth
as that of the position of the opening portion of the ink supply cylinder 24
Bk shown in Fig. 10. In order to make communication the chamber 53a
with the common ink chamber, a relatively shallow slit 536 is provided
between the projecting member 53 and the ink chamber frame.

As apparent from the above description, the present invention is

favorably applied to the ink-jet
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i s_becailse the on-demand type apparatus has el ectrothermal transducers,
each di sposed on a sheet or liquid passage that retains liquid (ink), and
operates as follows: first, one or nore drive signals are applied to the
el ectrothermal transducers to cause thermal energy corresponding to
recording i nformati on; second, the thermal energy induces a sudden
tenperature rise that exceeds nucleate boiling so as to cause filmboiling
on heating portions of the recording hea@3 and third, bubbles are grown in
the liquid (ink) corresponding to the drive signals. By using the growh
and col | apse of the bubbles, the ink is expelled fromat |east one of the
I nk
head where the ink is ejected through the ejection openings approximately
downward in the vertical direction.
Next, one example of ink-jet recording apparatus JRA provided with '
the ink-jet head, according to the present invention, is illustrated in Fig. 4.
An ink-jet head IJH has an ink supply cylinder 24 detachably set in
an ink supply opening of an ink tank and is installed on a carriage HC with
directing the ink ejection openings 21 downward, as an integral ink-jet
cartridge IJC. Here, the carriage HC is slidingly guided by a guide rod
5003 and reciprocative shifted in the directions of arrows a and b via a
motor 5013, gears 5012, 5011, 5009 and a lead screw 5004 formed with
a feed thread 5005. Accordingly, the ink-jet head IJH installed in the
carriage HC is reciprocated with opposing to a sheet of paper P on a platen
5000. Rns 5007 and 5008 are photo-couplers for detecting a home position
by moving a lever 5006 in and out. Rn 5022 is a capping member
contacting with an ejection surface of the ink-jet head IJH which performs
suction recovery of the ink-jet head IJH via an opening portion 5023
thereof. On the other hand, rn 5017 is a cleaning blade.
These capping, cleaning and suction recovery are performed in
desired operation with taking timings at corresponding positions.
The present invention achieves distinct effects on ink supplying

performance and bubble removing
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ej'ectidn orifices of the head to formone or nore ink droplets. The drive
signal in the form of 25 a pulse is nmuch preferable because the growth
and col | apse of the bubbles can be achieved instantaneously and suitably so
that the liquid (ink) excellent in responsiveness can be expelled. As a
drive signal in the form _

24

performance when applied to a recording head or a recording apparatus
which has means for generating thermal. energy such as electrothermal
transducers or laser light, and which causes changes in ink including
generation of bubbles by the thermal energy so as to eject ink. Such a
system can achieve a high density and high resolution recording.

A typical& structure and operational principle thereof is disclosed in
U.S. patent Nos. 4,723,129 and 4,740,796, and it is preferable to use this
basic principle to implement such a system. Although this system can be
applied either to on-demand type or continuous type ink jet recording
systems, it is particularly suitable for the on-demand type apparatus. This
is because the on-demand type apparatus has electrothermal transducers,
each disposed on a sheet or liquid passage that retains liquid (ink), and
operates as follows: first, one or more drive signals are applied to the
electrothermal transducers to cause thermal energy corresponding to
recording information;. second, the thermal energy induces a sudden'
temperature rise that exceeds nucleate boiling so as to cause film boiling
on heating portions of the recording head; and third, bubbles are grown in
the liquid (ink) corrésponding to the drive signals. By using the growth |
and collapse of the bubbles, the ink is expelled from at least one of the ink
ejection orifices of the head to form one or more ink droplets. The drive

signal in the form of
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of 'a pul’se, those described in U S. patent Nos. 4,463,359 and 4, 345,262 are
preferable. In addition, it is preferable that the rate of tenperature rise
of " the heating portions described in U S. patent No. 4,313,124 be adopted
to achieve better recording. U S. patent Nos. 4,558, 333 and 4, 459, 600

di sclose the followi ng structure of a recording head, which is incorporated
to the present invention: .this structure_includes heating portions

di sposed on bent portions in addition t 023 conbi nation of the ej ection
orifices, the liquid passages and the el ectrothermal transducers discl osed
I n the above patents. '

a pulse is much preferable because the growth and collapse of the bubbles
can be achieved instantaneously and suitably so that the liquid (ink)
excellent in responsiveness can be expelled. - As a drive signal in the form
of a pulse, those described in U.S. patent Nos. 4,463,359 and 4,345,262
are preferable. In addition, it is preferable that the rate of temperature rise
of the heating portions described in U.S. patent No. 4,313,124 be adopted
to achieve befter recording. '

U.S. patent Nos. 4,558,333 and 4,459,600 disclose the following
structure of a recording head, which is incorporated to the present
invention: this structure includes heating portions disposed on bent
portions in addition to a combination of the ejection orifices, the liquid
passages and the electrothermal transducers .disclosed in the above patents.
Moreover, the present invention can be applied to structures disclosed in
Japanese Patent Application Laid-open Nos. 123670/1984 and 138461/1984
in order to achieve similar effects. The former discloses a structure in
which a slit common to all the electrothermal transducers is used as
ejection orifices of the electrothermal transducers, and the latter discloses
a structure in which openings for absorbing pressure waves caused by
thermal energy are formed corresponding to the ejection orifices. Thus,
irrespective of the type of the recording head, the preéent invention can

achieve recording positively and effectively.
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Mor'eover’, the present invention can be applied to structures disclosed in
Japanese Patent Application Laid-open Nos. 123670/ 1984 and 138461/ 1984 in
order to achieve simlar effects. The forner discloses a structure in which
a slit coommpn-to all the electrothermal transducers is used as ejection
orifices of the electrothermal transducers, and the |latter discloses a
structure i'n which openings for absorbing pressure waves caused by ther mal
energy are forned corresponding to the @ction orifices. Thus,
irrespective of the type of the recording head, the present invention can
achi eve recording positively and effectively.

The present invention can be also applied to a so-called full-line type
recording head whose length eq_uals the maximum width across a recording
medium. Such a recording head may consist of a plurality of recording
heads combined together, or one integrally arranged recording head.

In addition, the present invention can be applied to various serial
type recording heads: a recording head fixed to the main assembly of a

~ recording appératus; a conveniently replaceable chip type recording head
which, when loaded on the main assembly of a recording apparatus, is
electrically connected to the main assembly, and is supplied with ink the
main assembly from; and a cértridge type recording head integrally
including an ink tank.

It is further preferable to add a recovery system, or a preliminary
auxiliary system for a recording head as a constituent of the recording
apparatus because they serve to make the effect of the present invention
more reliable. As examples of the recovery system, are a capping means
and a cleaning means for the recording head, and a pressure or suction
means for the recording head. As examples of the preliminary auxiliary
system, are a preliminary heating means utilizing electrothermal
transducers or a combination of other heater elements and the
electrothermal transducers, and a means for carrying out preliminary

ejection of ink independently of the ejection for

This is the replacement sheet

3 0 MAY 1996

Date:



26 ‘The present invention can be also applied to a so-called full-line type
recordi ng- head whose | ength equals the nmaxi mum w dth across a. recording
medi um Such a recording head may consist of a plurality of recordi ng heads
conbi ned together, or one integrally arranged recording head. In addition,
the present invention can be applied to various serial :

27

recording. These systems are effective for reliable recording.

The number and type of recording heads to be mounted on a
recording apparatus can be also changed. For example, only one recording
head corresponding to a single color ink, or a plurality of recording heads
corresponding to a plurality of inks different in color or concentration can
be used. In other words, the present invention can be effectively applied
to an apparatus having at least one of the monochromatic, multi-color and
full-color modes. Here, the monochromatic mode performs recording by
using only one major color such as black. The multi-color mode carries
out recording by using different color inks, and the full-color mode
performs recording by color mixing.

Furthermore, the ink jet recording apparatus of the present invention
can Be employed not only as an image output terminal of an information
processing device such as a computer, but also as an output device of a
copying machine including a reader, and as an output device of a facsimile
apparatus having a transmission and receiving function. |

The present invention has been described in detail with respect to
various embodiments, and it will now be apparent from the foregding to
those skilled in the art that changes and modifications may be made without
departing from the invention in its broader aspects, and it is the intention,

therefore, in the appended
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type récording .heads: a recording head fixed to the main assenbly of a
recordi ng apparatus; a conveniently replaceable chip type recordi ng head
whi ch, when | oaded on the main assenbly of a recording apparatus, is
electrically connected to the main assenbly, and is supplied with ink the
mai n assenbly from and a cartridge type recording head integrally
including an ink tank. It is further preferable to add a recovery system
or a prelininary auxiliary systemfor a28ecording head as a constituent of
t he recordi ng apparatus because they serve to nake the effect of the
present invention

claims to cover all such changes and modifications as fall within the true

spirit of the invention.
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nor'e refiable. As exanples of the recovery system are a capping nmeans and
a cleaning means for the recording head, and a pressure or suction means
for the recording head. As exanpl es of t he prelimnary auxitiary system
are a prelimnary heating nmeans utilizing electrother ra
combi nation of other heater elenents and the el ectrotlmnlﬁﬂmmmmuumr
and a neans for carrying out prelimnary ejection of imk.¢t ndependentdy of
the ejection for 29

WHAT IS CLAIMED IS:

1.  An ink-jet head comprising:

‘a substrate arranged a plurality of ejection energy generating
elements thereon and provided with wirings for driving said elements and
connecting portions for electrically connecting said wirings at the rear end
portion thereof;

an upper plate member to be fitted with said substrate and having a
plurality of ink ejection openings, nozzle portions to be ink passages
communicated with said ink ejection openings, a recessed portion to be at
least one common liquid chamber communicated with said nozzle portions,
and é supply cylinder communicated with said recessed portion via an
opening portion; and | | |

~wherein an inner Surface of said common liquid chamber extending
from an ink ejection opening side to said opening portion is titled in a
direction opposite to an ink ejecting direction, and an inner periphery of
said common liquid chamber extending from the side opposite to the ink
ejection opening side to said opening portion is tilted in the same direction

as said former tilted inner surface.
2. An ink-jet head as claimed in claim 1, wherein the tilting angle of
the inner surface extending from the ink .ejection opening side to the

opening portion in the direction opposite to the ink ejecting direction
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27 T ecor'ding. These systens are effective for reliable recording. The
number and type of recording heads to be nounted on a recording-apparatus

can be al so changed. For exanple, only one recordi-rg-head corr nding to
a single color ink, or a plurality of recording \“ﬂ gto a
plurality of inks different in color or concentrgmmq . I n other
words, the present invention can be effe bi vely a led %o "an “appar at us

havi ng at | east one of the nonochromatic2¥multi-col or ‘and

is greater than the tilting angle of the inner surface extending from the side

opposite to the ink ejection opening side to said opening portion.

3.  An ink-jet head as claimed in claim 1, wherein the inner surface
extending from the side opposite to the ink ejection opening side to said
opening portion is formed of two tilting surfaces of two different titling

angles.

4. | An ink-jet head as claimed in claim 1, wherein said ink ejection
energy generating elements are electrothermal transducers generating

thermal energy acting on ink.

‘5. An ink-jet head comprising:

a substrate arranged a plurality of ejection energy generating
elements thereon and provided with wirings for driving said elements and
connecting portions for electrically connecting said wirings at the rear end
portion thereof; |

an upper plate member to be fitted with said substrate and having a
plurality of ink ejection openings, nozzle portions to be ink passages
communicated with said ink ejection openings, a recessed portion to be at
least one common liquid chamber communicated with said nozzle portions,

~and a sﬁpply cylinder communicated with said recessed portion via an
- opening portion; and
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full-col'or nodes. Here, the nonochromatic node perfornms recording by using
only-one major color such as black. The nulti-col or nbde carries out
recording by using different color inks, and the full-col or node perforns
recording by color mxing. Furthermore, the ink jet recordi ng apparatus of

the present invention can be enployed not only as amm“mﬂ muﬂmuuﬂam nal
of an information processing device sucB as a conpu
out put device of a -copying nachine inc g a reader*, &nd-as" an’ output

device of a facsimle apparatus having a transm ssion and receiVing
functi-on.

wherein a rear end surface of said upper plate member in a direction
opposite to an ink ejecting direction corresponding to a rear end of said
substrate in the direction opposite to the ink ejecting direction, is recessed
into a configuration avoiding interference with said connecting portion of

said substrate.

6.  An ink-jet head as claimed in claim 5, wherein a bonding wire is
connected to said connecting portion provided at the rear end of said

substrate.

7.  An ink-jet head as claimed in claim 5, wherein said ink ejection
energy generating elements are electrothermal transducers generating

thermal energy acting on ink.

8. An ink-jet head comprising:

a substrate arranged a plurality of ejection energy generating
elements thereon and provided with wirings for driving said elenlents and
connecting portions for electrically connecting said wirings at the rear end
portion thereof; |

an upper plate member to be fitted with said substrate and having a
plurality of ink ejection openings, nozzle portions to be ink passages
communicated with said ink ejection openings, a recessed portion to be at
least one common liquid chamber communicated with said nozzle portions,
and a

%\_
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The’ pregent invention has been described in detail with respect to various
enbodi ments, and it will now be apparent fromthe foregoing to- those

skilled in the art that changes and nodifications m
departing fromthe invention in its broader aspects, y, m’ im! ”"I
intention, therefore, in the appended 28

32

supply cylinder communicated with said recessed portion via an opening
portion;

wherein an inner surface of said common liquid chamber extending
from an ink ejection opening side to said opening portion is titled in a
direction opposite to an ink ejecting direction, and an inner periphery of
said common liquid chamber extending from the side opposite to the ink
ejection opening side to said opening portion is tilted in the same direction
as said former tilted inner surface;
and

wherein a rear end surface of said upper plate member in a direction
opposite to an ink ejecting direction corresponding to a rear end of said
substrate in the direction opposite to the ink ejecting direction, is recessed
into a configuration avoiding interference with said connecting portion of

said subs_trate.

9.  An ink-jet head as claimed in claim 8, wherein the tilting angle of
the inner surface extending from the ink ejection opening side to the
opening .portion' in the direction opposite to the ink ejecting direction is
greatef{_than the tilting angle of the inner surface extending from the side

opposite to the ink ejection opening side to said opening portion.

10. _' An ink-jet head as claimed in claim 8, wherein the inner surface

‘extending from the side opposite to the
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claims t'o cover all such changes and nodifications as fall vmthu:u: he true

splrlt of the invention. 29 WHAT | S CLAIMED | S:-.-1. et_head
conprising: a substrate arranged a plurality of ej e““““‘m\\m ‘\eratl ng
33

ink ejection opening side to said opening portion is formed of two tilting

surfaces of two different titling angles.

11. An mk-Jet head as clalmed in claim 8, wherein said ink ejection
energy generating elements are electrothermal transducers generating

thermal energy acting on ink.

12. An ink-jet printing apparatus comprising, mounting means for

mounting said ink-jet head as defined in any one of claims 1 to 11.
13. An ink-jet printing apparatus as claimed in claim 12, wherein said

mounting means mounts said ink-jet head with said ink ejection openings

oriented downwardly.
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el ements thereon and. provided with wirings for driving said el ements and
connecting portions for electrically connecting said wirings at the rear
end portion thereof; an upper plate nenber to be fitted with said substrate
and having a plurality of ink ejection openings, nozzle portions to be ink
passages conmuni cated with said ink ejection openings, a recessed portion
to be at | east one common |iquid chanberégonnunicated with said nozzle
portions, and a supply cylinder comruni with said recessed portion via
an openi ng portion; and

ABSTRACT

INK-JET HEAD AND INK-JET PRINTING APPARATUS
INCORPORATING THE SAME

An ink-jet head reduces bubbles retained in a liquid chamber (23)
and restricts growth of the bubbies, for facilitating recovery operation.
Also, the ink-jet head makes a substrate (10), oh which the electrothermal
transducers are arranged, compact. The ink-jet head is formed by fitting
the substrate (10) to an upper plate (20) formed with ink ejection openings
(21), nozzle portions (22) communicated with the ink ejection openings
(21) and the common liquid chamber (23), and an ink supply cylinder (24).

" The inner surface (26A) of the common liquid chamber (23) extending
from an ink ejection opening side to an opening portion (25) and the inner
surface (26B) extending from the side opposite to the ink ejection opening
side to the opening portion (25) are tilted in the same direction, to dispense
with a horizontally extending portion on the upper portion of the liquid
chamber (23). A recessed portion (28) is formed at the outside of the

periphefal wall corresponding to the inner surface (26B).

Fig. 2
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wherein an inner surface of said comon |liquid chanber extending from an

I nk ejection opening side to said opening portion is titled in a direction
‘opposite to an ink ejecting direction, and an inner periphery of said
comon |iquid chamber extending fromthe side opposite to the ink ejection
opening side to said opening portion is tilted in the sane direction as
said forner tilted inner surface. 2. An ink-jet head as clained in claim
1, wherein the tilting angle of the1iﬂhé} surface extending fromthe ink

ej ection opening side to the opening portion in the direction opposite to
the ink ejecting direction
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30-is greater than the tilting angle of the inner surface extending from
the side opposite to the ink ejection opening side to said opening portion.
3. An ink-jet head as clained in claim1l, wherein the inner surface .
extending fromthe side opposite to the ink ejection opening side to said
opening portion is fornmed of two tilting surfaces of two different titling
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angl ess 4. An ink-jet head as clained in claim1l, wherein said ink

ej ection energy generating elenents are el ectrothermal transducers
generating thermal energy acting on ink. 5. An ink-jet head conprising: a-
substrate arranged a plurality of ejection energy generating el enments

t hereon and provided with wirings for driving said el enents and connecting

portions for electrically connecting said wirings at the rear end portion
t her eof ; 3/10
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an-upper plate nenber to be fitted wth said substrate and having a
plurality of ink ejection openings, nozzle portions to be ink passages ,
~comuni cated with said ink ejection openings, a recessed portion to be at !
| east one conmon |iquid chanber comuni cated with said nozzle portions, and
a supply cylinder communi cated with said recessed portion via an opening
portion; and

4 /10
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whereirn a rear end surface of said upper plate nmenber in a direction
opposite to an ink ejecting direction corresponding to a rear end of said
substrate in the direction opposite to the ink ejecting direction, is
recessed into a configuration avoiding interference with said connecting
portion of said substrate. 6. An ink-jet head as clainmed in claimb5,
wherein a bonding wire is connected tqQ said connecting portion provided at
the rear end of said substrate. 7. 5 H3ink-jet head as clainmed in claimb,
wherein said ink ejection :

FIG.S
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enef gy Jenerating el enents are el ectrothernmal transducers generating
thermal energy acting on ink. 8. An ink-jet head conprising: a substrate
arranged a plurality of ejection energy generating elenents thereon and
provided with wirings for driving said el enents and connecting portions for
el ectrically connecting said wirings at the rear end portion thereof; an
upper plate nenber to be fitted with said substrate and having a pl urallty
of ink ejection openings, nozzle po6f/dBs to be ink passages
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communi cated with said ink ejection openings, a recessed portion to be at
| east one conmon |iquid chanber comrunicated with said nozzle portions, and
a - 32 supply cylinder communicated with said recessed portion via an
openi ng portion; : _
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whetr ei n®an i nner surface of said conmmon |iquid chanber extending from an

I nk ejection opening side to said opening portion is titled in a direction
opposite to an ink ejecting direction, and an inner periphery of said
comon |iquid chamber extending fromthe side opposite to the ink ejection
opening side to said opening portion is tilted in the sane direction as
said forner tilted inner surface; an rein a rear end surface of said
upper plate nenber in a direction op 'tte to an ink ejecting direction
corresponding to a rear end of said
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substrafe inthe direction opposite to the ink ejecting direction, is
recessed into a configuration avoiding interference with said connecting
portion of said substrate. 9. An ink-jet head as clainmed in claim8,
wherein the tilting angle of the inner surface extending fromthe ink

ej ection opening side to the opening portion in the direction opposite to
the ink ejecting direction is greate?‘?gef the tilting angle of the inner
surface extending fromthe side oppoS3i o the ink ejection opening side
to said opening portion. 10. An ink-jet head as clained in claim@8, wherein
t he i nner surface
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extending“fromthe side opposite to the 33 ink ejection opening side to
said opening portion is fornmed of two tilting surfaces of two different
titling angles. 11. An ink-jet head as clainmed in claim8, wherein said

ink ejection energy generating elenents are el ectrothermal transducers
generating
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t hermat? energy acting on ink. 12. An i nk- jet printing apparatus conprising,
. Mounting nmeans ‘for nmounting.said ink-jet head as defined in any one of
“clainms 1 to 11. 13. An ink- jet printi ng apparatus as clained:in claimi2,
:wherein said nounting means nounts said ink-jet head with said ink ej ectlon
~openi ngs oriented downwardly. -29. _
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WHAT IS CLATMED IS: _
1. An ink jet head comprising:

2 substrate having a plurality of ejection enercy
generating elements arranged thereon and provided with wirings
for driving said elements and connecting portions for
electrically connec¢ting said wirings at | a rear end pcrtion

v thareof:;

| an upper plate member fitted to said substrate znd having
a plurality of ink ejection cpenings, a plurality of nozzle
portions which are part of ink passages communicated with said
ink ejection openings, a recessed portion which is at least
cne common liquid chamber communicated with said nozzle
portions, and an opening portion communicated with szid
recessed portion; and

wherein an inner surface of said common liquid chamber
extending from an ink ejection opening side Lo said cpening
portion is tilted in a direction opposite to an ink ejecting
direction, and an inner periphery of said common liquid
chamber extending from the side opposite to the ink ejection
opening side to said opening portion is tilted in the same
direction as said former tilted innex surface, and
wherein a tilting angle of the inner surface of said

-common liquid chamber extending from the ink ejectior. opening
side to the opening portion is greater than a tilting angle of
the inner surface of said common liquid chamber exterding £rom
the ink ejection opening side to said opening portior.

t
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2. An ink-jet head as claimed in claim 1, wherein said
common liquid chamber has a pair of opposing inner side
surfaces, said opposing inner side surfaces being tilted so as

to converge towards sald opening portion.

3. An ink-jet head as claimed in claim 1, wherein the inner
surface extending from the side opposite to the ink ejection
opaning side to said opening portion is formed of twe tilting

surfaces of two different tilting angles.

4. An ink-jet head as claimed in claim 1, wherein said ink
ejection energy generating elements are elactrothermsl

transducers generating thermal energy acting on ink.

5. An ink-jet head comprising:

a substrate arranged with a plurality of ejecticn energy
generating elements thereon and provided with wirings for
driving said elements and connecting portions for electrically
connecting said wirings at a rear end portion thereot;

an upper plate member fitted to said substrate znd having
a plurality of ink ejection openings, nozzle portions to be
ink passages communicated with said ink ejection operings, a
recessed portion to be at least one common liguid chzmber
communicated with said nozzle portions, and an openirg portion
communicated with said recessed portion; and

wherein a rear end surface of said upper plate membexr in
a direction opposite to an ink ejecting direction
corresponding to a -rear end of said substrate in' the direction

opposite to the ink ejecting direction, is recessed into a ,
This is the replacement sh.l
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configuration avoiding interference with said connecting

portion of said substrate.

6. An ink-jet head as claimed in claim 5, wherein & bonding
wire is commected to said connécting portion provided at the

rear end portion of said substrate.

7. An ink-jet head as claimed in claim 5, wherein said ink
ejection energy generating elements are electrothermel

transducers generating thermal energy acting on ink.

8. An ink-jet head comprising:

a substrate arranged a plurality of ejection energy
generating elements thereon and provided with wirings for
driving said elements and connecting portions for electrically
connecting said wirings at a rear end portion thereof;

an upper plate member fitted Lo said substrate znd having
a plurality of ink ejection openings, nozzle portions to be
ink passages communicated with said ink ejection operings, a
recessed portion to be at least one common ligquid chember
communicated with said nozzle portions, and an openirg portion
commnicated with said recessed portion;

wherein an inner surface of said common liquid chamber
extending from an ink ejection opening side to said ¢pening
portion is tiited in a direction opposite to an ink ejecting
direction, and an inner periphery of said common liquid
chamber extending from the side opposite to the ink ejection
opening side to said opening portion is tilted in the same

direction as said former tilted inner surface;
This is the replacement shest
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wherein a rear end surface of said upper plate member in
a direction opposite to an ink ejecting direction
corresponding to a rear end of said substrate in the direction
opposite to the ink ejecting directiom, is recessed into a
configuration avoiding interference with said comnnecting

portion of said substrate.

9. | An ink-jet head as claimed in claim 8,

wherein a tilting angle of the inner surface of said
common liquid chamber extending from the ink ejection opening
side to the opening portion is greater than a tilting angle of
the inner surface of said common liquid chanber extending from -

the ink ejection opening side to sald opening portion.

10. An ink-jet head as claimed in claim 8, wherein the inner
surface extending from the sida opposita to the ink ejection
opening side to said opening portion is formed of two tilting

surfaces of two different tilting angles.

11. An ink-jet head as claimed in claim 8, wherein said ink
ejaction energy generating elements are electrothermsl

transducers generating thermzal energy acting om ink.

12. An ink-jet printing apparatus conprising: mounting means

for mounting an ink-jet head as defined in any one of claims 1

to 11. ‘ ' |
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13. 2an ink-jet printing apparatus as claimed in claim 12,

wherein said mounting means mounts said ink-jet head with said

ink ejection openings oriented downwardly.

This is the replacement shest

Date: 28 APR 1998



