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Recordi ng Head, Ink Jet Recording Apparatus and Liquxp HB&LZ@E Met hod
BACKGROUND OF THE INVENTION 5 Field of the Invention @ t invention

relates to an ink jet recording head, an ink jet recording apparatus 3¢
enpl oyi ng such inkjet recording head, and & Fiquid supplyCB@siéircduidsabl e
for use therein. 10 Rel ated Background Art Anbng various recordi ng nmet hods
in printers or the like, the ink jet recording method for formng a
character or an image on a recording nmediumby discharging ink froma

di scharge port (nozzle) is 15 widely enployed in recent years because it is
a non- inpact regdeididEum hpdsedtapw Nok Sget eRetoedpall eicafd, high-dedsity
and hi gh-speed recording operation. An ink jet recording apparatus is
general ly provi ded REddraimg nkppatatesoankdnhigead, Faddnsdf dret2d dri vi ng a
carriage supporting such recordi ng head, neans for conveying the recording
medi um and control means for controlling these components. An apparatus
executing the recordln operation under such carriage notion is called
serial scan typBAC @ OferTHand VY KN appar at us executing t he

recordi ng 0&$ra%38 1P% e M8 e 1nvention

The present invention relates to an ink jet
recording head, an ink jet recording apparatus
employing such inkjet recording head, and a liquid
supply system suitable for use therein.

10 Related Background Art

Among various recording methods in printers or
the like, the ink jet recording method for forming a
character or an image on a recording medium by
discharging ink from a discharge port (nozzle) is

15 widely employed in recent years because it is a non-
impact recording method of now noise level capable of
high-density and high-speed recording operation.

An ink jet recording apparatus is generally
provided with an ink jet recording head, means for

20 driving a carriage supporting such recording head,
means for conveying the recording medium, and control
means for contrclling these components. An apparatus
executing the recording operation under such carriage
motion is called serial scan type. On the other hand,

25 an apparatus executing the recording operation by the
conveying of the recording medium only, without

moving the ink jet recording head is called line type.



conveying of the recording nediumonly, w thout noving the ink jet
recording head is called line type. - 2 1In the ink jet recordi ng apparatus
of line type, the ink jet recording head is provided with a plurality of
nozzl es arranged over the entire with of the recording nedium 5 The ink
jet recording head is provided with energy generating means for generating
di scharge energy to be given to the ink in the nozzle, in order to

di scharge therefroman ink droplet. The energy generating neans can be an
el ectromechani cal 10 converting el ement such as a piezo el enent, an

el ectrothermal converting el ement such as a heat generating resistor, an
el et romagnet i ¢ Wavehendchkanjietalr comasiig ngppd eakns of aAnel éveonddiretic
wave-thermal converting el ement for converting 15 el ectromagnetic wave such
as el ectric wavendr jledserecandimg ihaas nke hpRe€afedi BLER 6n PomdaddttyY Anong
these, a nethod for discharging ink droplet by thermal en can achi eve
recordi ng of hi & m@@@ﬁﬂﬁ(ﬁ¥r4ﬂﬂﬁﬁnﬂ¥§%et%%e?é§1§@ngﬂgpiﬁgxﬁﬁﬁhs can be
arranged 20 at a high density. Particularly an ink jet recording head
utilizing an eIé@FP&%H@ﬂ € erting elenment as the energy generating

gfggfrgﬁgcﬁg%rggf ggg@@%t?HgnigéﬁgﬁkkxéﬁgggF%??ggg;g%b%%ggﬁgaggghof easily
achi eving high_g%@§55ygenerating means for generating discharge

energy to be given to the ink in the nozzle, in order
to discharge therefrom an ink droplet. The energy
generating means can be an electromechanical

10 converting element such as a plezo element, an
electrothermal converting element such as a heat
generating resistor, an eletromagnetic wave-
mechanical converting element or an electromagnetic
wave-thermal converting element for converting

15 electromagnetic wave such as electric wave or laser
light into mechanical vibration or heat. Among these,
a method for discharging ink droplet by thermal
energy can achieve recording of high resolution
because the energy generating means can be arranged

20 at a high density. Particularly an ink jet recording
head utilizing an electrothermal converting element
as the energy generating means can be made compact
more easily than a head utilizing the
electromechanical converting element, and provides

25 advantages of easily achieving high-density

configuration and low manufacturing cost, utilizing

the IC technology and the micro fabrication



configuration and | ow manufacturing cost, utilizing the IC technol ogy and
the mcro fabrication - 3 technology show ng remarkabl e progress and
improvenent in reliability in the sem conductor area. 1In the system of ink
supply to the ink jet recording head, there are known so-called integral 5
ink tank systemin which an ink tank coﬁté?ﬁTng the ink is integrated with
the ink jet recording head, so-called separated ink tank systemin which
the ink tank is separated fromthe ink jet recording head, so-called tube
supply systemin which the ink tank 10 and the ink jet recording head are
connected by a tube, and so-called pit-in systemin which the ink tank
and the ink jettecooetpay hhadiagerpmevikddd e Jumarass yandit the ink jet
recording head is noved to the position of the ink tank whenever required
and is 15 connebﬁ‘@ﬁo’t’%?@?olfloifeg%é@l}tlilﬁg’ ik P FForEReOT| AKSRank to

the ink jet recording head. Wen the_capacit f the_ink.tank is increased
in order to reduce thé f LﬁﬁﬁﬁﬁwﬁoﬁebﬁgcﬁHéﬁﬁy %ﬁe?b@f} ihéeﬁéight

et sof | et eaot 8oL 5a TRRLS, “0pBlsl IRCAL S0 LB 8P ooy a0
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recorded i mage pikepnseploysatbe L4R® the ink jet recording head,
so-called separated ink tank system in which the ink
tank is separated from the ink jet recording head,
so-called tube supply system in which the ink tank
10 and the ink jet recording head are connected by a
tube, and so-called pit-in system in which the ink
tank and the ink jet recording head are provided
separately but the ink jet recording head is moved to
the position of the ink tank whenever required and is
15 connected thereto for executing ink supply from the
ink tank to the ink jet recording head.

When the capacity of the ink tank is increased
in order to reduce the frequency of replacement
thereof, the weight thereof increases. This means an

20 increase in the weight of the carriage in the
recording apparatus of serial scan type. In
consideration of this fact, the ink jet recording
apparatus of serial scan type requiring the ink tank
of a large capacity for example for outputting a

25 large sized recorded image often employs the tube
supply system or the pit-in system. Among these, the

tube supply system capable of continuous recording



supply systemor the pit-in system Anong these, the tube supply system
capabl e of continuous recording - 4 over a long period is often enpl oyed
since, in the pit-in system the recording operation has to be

interrupted during the ink supply operation. In the follow ng the ink
supply systemof an 5 ink jet recording'd%ﬁératus of tube supply system

W ll be explained with reference to Fig. 25. The ink supply system shown in
Fig. 25 is provided with a main tank 1204 containing ink therein, a
supply unit 1205 on which the main tank 1204 is 10 detachably nmounted, and
a recording head 1201 connected to the supply unit 1205 through a supply
tube 1206. The QUPpl § LANE P2o5ods i5r Gfitddd ahdr e whimCe aniPnkh@hanber

1205c, which is open to the air by an 15 air conmuni cating go t 12059 at
the upper portiBhtahl F¥SEERNneENEd TECOTNE WotARFH ot PR ot ot Ph8Ssuppl y t ube

1206. On th ' 205, .th e fixed hol | ow. i nk | dl
12082 and a hol | DR EF PO EPHL POGACEnG Hoddte SLI0B G1E Gt bk ouer  ents ar e 20
iti din the i i th
Upper face of the supgly iroroosndThat) SAEr BRELY SRR LIRT | hecal o
1205a is pesit]gpe e£9¥@EoEB§HgtQgFaQ%ﬂd¥3d¥'tdﬂgréﬁ%§iygsygﬁgﬁle 1205b.

25 The main tank 1204 is provi déd the bottom
will be explained with reference to Fig. 25.
The ink supply system shown in Fig. 25 is

provided with a main tank 1204 containing ink therein,
a supply unit 1205 on which the main tank 1204 1is

10 detachably mounted, and a recording head 1201
connected to the supply unit 1205 through a supply
tube 1206.

The supply unit 1205 is provided therein with

an ink chamber 1205c, which is open to the air by an

15 air communicating port 1205g at the upper portion and
is connected at the bottom portion to the supply tube
1206. On the supply unit 1205, there are fixed a
hollow ink supply needle 1205a and a hollow air
introducing needle 1205b of which lower ends are

20 positioned in the ink chamber 1205c and higher ends
protrude from the upper face of the supply unit 1205.
The lower end of the ink supply needle 1205a is
positioned lower than that of the air introducing
needle 1205b.

25 The main tank 1204 is provided at the bottom
therecf with two connector portions composed for

example of rubber stoppers for closing the interior



thereof with two connector portions conposed for exanple of rubber
stoppers for closing the interior 5 of the main tank 1204, whereby the ink
tank singly has a hernetically closed structure. The nounting of the main
tank 1204 to the supply unit 1205 is executed in such a manner that the
ink supply needle 5 1205a and the air intr&ducing needl e 1205b

respectively penetrate the connector portions and enter the interior of
the main tank 1204. Since the |lower ends of the ink supply needl e 1205a
and the air introducing needle 1205b are positioned as explained 10 in the
foregoing, the ink in the main tank 1204 is supplied to the ink chanber
1205c through tbé thke msuppltynkeddiOd 1206 tie ank tsenknsrhioddced into
the main tank 1204 through the air introducing needl e 1205b so as to
conpensat e the bréssuherdetisaddy 13 asesllFimecture he The meankingo2f wen
the ink is supplied into the_ink chanber 1205¢c untj | iggslomer end of the

air introduci ngtheedrén 2eok il Gidmbsy <& sHPRHe Rkt i AR supply from

the main tank 1204 to the ink chamber 1205c_js_ternipated. 120 Th
recor di ng head TSBEUFEIrROvIEHER W T 9 Sut 4 ank 1 201h FOPPLINTEy i nk

; q . | : . : Havi
of bl Ur al nozzl 68078 Sk Heacid gb AR e ] G SAEh 120TF connecting the
sub tank 1201b apd,bhe ik, 22 S 9 PU AL 180 r bR ohRE dndk

di schar ge
enter the interior of the main tank 1204. Since the

lower ends of the ink supply needle 1205a and the air
introducing needle 1205b are positioned as explained

10 in the foregoing, the ink in the main tank 1204 is
supplied to the ink chamber 1205c through the ink
supply needle 1205a and the air is introduced into
the main tank 1204 through the air introducing needle
1205b so as to compensate the pressure decrease

15 resulting in the main tank 1204. When the 1ink 1is
supplied into the ink chamber 1205c until the lower
end of the air introducing needle 1205a is immersed
in the ink, the ink supply from the main tank 1204 to
the ink chamber 1205c is terminated.

20 The recording head 1201 is provided with a sub
tank 1201b for containing ink of a predetermined
amount, an ink discharge portiocn 1201g having an
array of plural nozzles for ink discharge, and a flow
path 1201f connecting the sub tank 1201b and the ink

25 discharge portion 1201g. In the ink discharge
portion 1201g, a face having the nozzle apertures 1is

directed downwards, so that the ink is discharged



portion 1201g, a face having the nozzle apertures is directed downwards,
so that the ink is discharged - 6 downwards. Each nozzle in the ink

di scharge portion 1201g is provided with the aforenenti oned energy
generating neans. The sub tank 1201b is positioned higher than the ink

di scharge portion 1201g, and the 5 supply éube 1206 is connected to the sub
tank 1201b. Between the sub tank 1201b and the flow path 1201f, there is
provided a filter 1201c having a fine nesh structure in order to prevent

cl ogging of the nozzle resulting fromthe entry of fine foreign particles
10 into the ink discharge portion 1201g. The area of the filter 1201c is so
sel ected that tbhenweesisur eEkoksninzillke innk hdodsnati sxteeege apotblienance
val ue. The pressure loss in the filter 1201c increases as the nesh thereof
is fiber or thel2®lignksf powwisted trtdughha eferementienpdgkaerdut is
inversely proportional to the area thereof. Since the pressure |oss tends
to becone hi ghegengrelkd ngr 8€ams r eEHEISHG Fddd of2 Hiynt s predl tAdrer nozzl e

and small recording dots, the area of the filter 1201c_.i.s 20 se ted as
| arge as possibhégpgrs %ﬁpe§§QtﬁP ié&ﬁ%ﬁﬁﬁg?rP?ﬁElﬁ?eighig'l8 . S%hce the

nozzle L0 the 1 DkedhSERSKRe A L0 s R0 L3 poolLosLhe ekt s fect e
at a negative ppessuLg LelaldNe {1 M® 01 and the flow path 1201Ff,
there is provided a filter 120lc having a fine mesh
structure in order to prevent clogging of the nozzle
resulting from the entry of fine foreign particles
10 into the ink discharge portion 1201g.

The area .of the filter 1201c is so selected
that the pressure loss in the 1ink does not exceed a
tolerance value. The pressure loss in the filter
1201c increases as the mesh thereof is fiber or the

15 ink flow rate through the filter is higher, but is
inversely proportional to the area thereof. Since
the pressure loss tends to become higher in the
recent recording head of high-speed, multi-nozzle and
small recording dots, the area of the filter 120lc is

20 selected as large as possible to suppress the
increase in the pressure loss.

Since the nozzle in the ink discharge portion
1201g is open to the air and directed downwards, the
interior of the recording head 1201 has to be

25 maintained at a negative pressure relative to the
atmospheric pressure in order to prevent ink leakage

from the nozzle. On the other hand, an excessively



at nospheric pressure in order to prevent ink | eakage fromthe nozzle.

t he ot her
gas into
i nk. Ther

in the i nk chanmber

hand,

an excessively 7 large negative pressure causes entry

On
of

the nozzle, whereby the nozzle beconmes incapable of discharging
in order to maintain a suitable negative pressure in the
recordi ng head 1201, 5 the recording head 1201 is so positioned that the
nozzl e aperture face is higher, by a height H than the ink liquid Ievel

efore,

head 1201 at a negative pressure corresponding to the water 10 head H.

this manner the nozzl e can be nmintai ned

1205c thereby mnmmintaining the interior of the recording

In

in a state filled with ink and

form ng a neni stasgat negheigpeptressurac &aules iqTki oy sehagge Lipdm the nozzle
is executed by driving the ener?y generating neans.therebi 15 pushing
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nozzle aperture face is higher, by a height H, than
the ink liquid level in the ink chamber 1205c thereby
maintaining the interior of the recording head 1201
at a negative pressure corresponding to the water
head H. In this manner the nozzle can be maintained
in a state filled with ink and forming a meniscus at
the aperture face.

The ink discharge from the nozzle is executed
by driving the energy generating means thereby
pushing out the ink in the nozzle. After the ink

discharge, the nozzle is filled with ink by the

capillary force, from the side of the flow path 1201f.

During the recording operation, the ink discharge
from the nozzle and the ink filling into the nozzle
are repeated whereby the ink is sucked from time to
time from the ink chamber 1205c through the supply
tube 1206.

As the ink in the ink chamber 1205c is sucked
into the recording head 1201 and the ink liquid level
in the ink chamber 1205c becomes lower than the lower
end of the air introducing needle 1205b, air is

introduced into the main tank 1204 through the air



end of the air introducing needle 1205b, air is introduced into the main
tank 1204 through the air 8 introducing needle 1205b. Along with this
operation the ink in the main tank 1204 is introduced into the ink
chanmber 1205c whereby the |lower end of the air introducing needl e 1205b is
imersed again in the ink 5 in the ink chafber 1205c. Thr ough the
repetition of such operations, the ink in the main tank 1204 is supplied
to the recording head 1201 along with the ink discharge therefrom In the
sub tank 1201b of the recording head 10 1201, there are gradually

accunul ated gas entering the plastic material constituting the supply tube
1206 etc. and gastdiossisiivgd naedlee J3{lob 1 nAdroder widh dikchaegeratépass gas
accurrul ated in the sub tank 1201b, a gas di scharge tube 1211 connected to
a gas 15 di schaf§€ piep ir2the imeidp et b 1helREUBOERART 126Pb Ehowever,

D order o TR DGR B Lhe LU Ble S LEOI 000, head R0 el g, sul tabl e
L2110, weneh, | S RESIBCOY (A 30 R, U SOIOLEA. oRELRY 00 LAY,
e CLuTIPISLCAR STRS LR Sl menkat Sags (s Likon) axe o
di ssol ved in theykRkcbhereiibnd, heHdkirdietin the main tank 1204 is
supplied to the recording head 1201 along with the
ink discharge therefrom.
In the sub tank 1201b of the recording head
10 1201, there are gradually accumulated gas entering
the plastic material constituting the supply tube
1206 etc. and gas dissolved in the ink. In order to
discharge useless gas accumulated in the sub tank
1201b, a gas discharge tube 1211 connected to a gas
15 discharge pump 121lla is connected to the sub tank
1201b. However, in order to maintain the interior of
the recording head 1201 at a suitable negative
pressure, the discharge tube 1211 is provided with a
valve 1211b, which is opened only in a gas
20 discharging operation in such a manner that the
pressure inside the recording head 1201 does not
exceed the atmospheric pressure.
In order to eliminate viscosified ink clossing
the ink discharge portion 120l1g or a bubble generated
25 from gas dissolved in the ink therein, the ink jet
recording apparatus 1is usually provided with a

recovery unit 1207, which is provided with a cap



recordi ng apparatus is usually provided with a recovery unit 1207, which
is provided with a cap - 9 1207a for capping the nozzle face of the
recording head 1201 and a suction punp 1207c connected to the cap 1207a,
and which elimnates the viscosified ink or accunul ated bubble fromthe

i nk di scharge portion 5 1201g by activariﬁb'the suction punp 1207c thereby
forcedly sucking the ink in the ink discharge portion 1201g. In such
suction recovery operation, a faster ink flow speed allows to effectively
elimnate the 10 viscosified ink and the bubble so that the cross section
of the flow path 1201f is made small in order to increase the ink flow
speed therein. TAOTheforherpphagd thehaocezdss faast ivh Wiet hReCPriiBe 1201c is

made as |arge as possible as explained in the foregoing, 15 so that the
fl ow path 1201fheadnddBlsanpAl ar suEtiRe PeFdsd G i GPRECERE HBwWhEEr eam

Convent i onal | kSBubBDY 3y BBBPH CEas IO AR EADETR) CUBEy 5y EReRT Ut s
Bi i system SPRCCURRTBLER PARVAE CHS aaMatrCam e Ghebf ot Rar APt er of
System and S ner 20 & Pres Ehat BT S S e B G ST ok e Be kT
y I n the configuration of the ink
forcedly sucking the ink in the ink discharge portion
1201g.
In such suction recovery operation, a faster
ink flow speed allows to effectively eliminate the
10 viscosified ink and the bubble so that the cross
section of the flow path 1201f is made small in order
to increase the ink flow speed therein. On the other
hand, the cross section of the filter 120lc is made
as large as possible as explained in the foregoing,
15 so that the flow path 1201f is made smaller in the
cross section at the downstream side of the filter
1201c.
In the foregoing, there has been explained the
conventional ink supply system in case of a tube
20 supply system, but, also in the integral head tank
system, separated head tank system or pit-in system,
the configuration at the downstream side of the
filter of the recording head is basically same as in
the above-described tube supply system, and the
25 difference lies only in the configuration of the ink
supply path from the ink tank to the recording head.

However, the aforementioned conventional



supply path fromthe ink tank to the recording head. However, the

af orenenti oned conventional - 10 configuration may be unable to conpletely
elimnate the bubbles, thereby eventually result in deterioration of the
recording quality such as by discharge failure or ink dripping resulting
fromthe 5 bubbles. In the following theldd will be explained drawbacks of
t he conventional configuration showmn in Fig. 25, when bubbles are

accurrul ated in the ink flow path 1201f at the downstream side of the
filter 1201c. 10 A portion under the filter is reduced in the cross
section of the ink flow path and constitutes a portion where the flow
becones st agnantoeféguiyptiilen meacdrediungloperae i ormplietadyr edamdingg ehead, so
that the bubbles tend to remain. Particularly in a 15 recordi ng head

desi gned for nukthepbabRdesledhgiehy Gfﬂﬁjﬁé-i*alfﬁ\to?%ﬁi‘ﬁbtsb@ed, the filter
area has to be .increased so that the ink stagnant_portion_increases in
the ink flow, wﬁ@ﬁsﬁ;}Otrﬁélﬁunbtﬂfe§f’teerrc?qqaf<$léﬁgi%ualaﬁElérSPHQ £S5
Particularly in_,ase the filter 20 and the ink.flow path.are positioned
vertical Ly wi tndSPEBaeEE feioREhtran bl Tt £ St haRRaBRL e her
by the floaqgngbhggg% under the filter. However, a filter portion in
contact with the bubblés is i ncapable of filtering the ink, so that the 25

effective filter arearjschoevbiablyngeerneasedill be explained
drawbacks of the conventional configuration shown in
Fig. 25, when bubbles are accumulated in the ink flow
path 1201f at the downstream side of the filter 120lc.
10 A portion under the filter is reduced in the
cross section of the ink flow path and constitutes a
portion where the flow becomes stagnant even by the
reccrding operation of the recording head, so that
the bubbles tend to remain. Particularly in a
15 recording head designed for multiple nozzles and a
higher recording speed, the filter area has to be
increased so that the ink stagnant portion increases
in the ink flow, whereby the bubbles tend to remain
under the filter. Particularly in case the filter
20 and the ink flow path are positioned vertically with
respect to the direction of gravity, the bubbles
gather by the floating force under the filter.
However, a filter portion in contact with the bubbles
is incapable of filtering the ink, so that the
25 effective filter area is inevitably decreased.
Also the ink flow path, having a small cross

section, is clogged by a large bubble whereby the



Also the ink flow path, having a small cross section, is clogged by a

| ar ge bubbl e whereby the - 11 substantial flow resistance increases to

hi nder the required ink supply to the nozzle, thus eventually resulting
in ink dripping or the like. Also the bubbles in the ink discharge portion
5 utilizing an electrothermal converting élefent as the energy generating
nmeans i nclude those comng fromthe upstream side, nanely those generated
in ink passing through the filter, and those resulting fromink discharge,
nanely, after ink discharge by bubble 10 generation in the ink, those not
di ssolved again in the ink at the extinction of the bubble and gradually
accurul ated i n shestaRtislchlbublesigtadesl liyaqranges diel aydent ehet he
nozzle or may cl og the connectin portion between the nozzle and the ink
di scharge 15 por@%hr@ﬁea@byspeggm itRg the dioFigr g FUS 1¥ N bral hk

dripping. Particularly in.the vicinity of the . ink ,h .discharge portion, fine
bubbl es tend torﬁﬁ?LEXHgbéEa&Eé PR PPERGe Pt (FIE 5ﬁjﬁhe vicinity of the

heater rises to renﬁ)grsn({jb- deie S@I?]kg%é%)gilg:Bﬂgeiggbghg%hiar}t% %gortd,gﬁteorg nk

difficult, whereby t wW'to a size ca rimenta
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since the cross sectron”o w path | e generated
bubbles in the ipkr§loMeRatht2agCaBaRe dnzahigath e tdeni©goresy eperation

of the upstream side, namely those generated in ink passing
through the filter, and those resulting from ink
discharge, namely, after ink discharge by bubble
10 generation in the ink, those not dissolved again in
the ink at the extinction of the bubble and gradually
accumulated in the ink. Such bubble gradually grows
and may enter the nozzle or may clog the connecting
portion between the nozzle and the ink discharge
15 portion thereby resulting in discharge failure or ink
dripping. Particularly in the vicinity of the ink
discharge portion, fine bubbles tend to gather
because the temperature in the vicinity of the heater
rises to render re-dissolution of the bubbles into
20 the ink difficult, whereby the bubble tends to grow
to a size causing detrimental effect on the recording.
Furthermore, in the conventional configuration,
since the cross section of the ink flow path is
reduced, the generated bubbles in the ink flow path
25 can be discharged by the recovery operation of the

recording head, but the ink supply to the nozzle is

hindered if the bubble grows so fast as to interrupt



recordi ng head, but the ink supply to the nozzle is hindered if the bubble
grows so fast as to interrupt - 12 the flow path. In order to avoid such
situation, it 1is necessary to discharge the bubble by executing the
recovery operation frequency, but there results a drawback that the ink is
wasted at each recovery 5 operation. On~tHe Gther hand, if the cross
section of the ink flow path is so increased as "not to interrupt the ink
fl ow path by the bubble"” or "to elimnate a portion where the ink flow
tends to becone stagnant”, 10 the bubbl e becones easily nobvable so that,
even if the ink is strongly sucked in the suction recovery operation,
there is only stibkedilokepertik -buint redepulsll @ viodske|stuohersl §udHpled: upst r eam
in the ink flow path and cannot be di scharged suction. 15 Al so since
the filter has asfnRECHESR YsthUGIHAL Ifherlq H IRY $ESERTARE

absorbed under the filter, there is formed a neniscus by the_ink in the
sub tank, in théegsaééyiHpﬁﬁéﬁhﬁﬂ1§%e%9ﬁ9?¥thH? §@er% ¥8§H?F? fhe bubbl es

under the filter,_canno S t hrqu the filt h am si de but
are accunulatearﬁﬁggf&tﬁga%i%ﬁ%ﬁlékgggtéﬁsééét%ﬁwé%#%e?e§§?%%9the bubbl es
are accumlated cagpot,pass the ink, thereby reducing the effective area

. & . .
of the filter and increasing the ink 25 flow resistance, whereby the ink
supply amount from on the other hand, if the cross section of the

ink flow path is so increased as “not to interrupt
the ink flow path by the bubble” or “to eliminate a
portion where the ink flow tends to become stagnant”,

10 the bubble becomes easily movable so that, even if
the ink is strongly sucked in the suction recovery
operation, there is only sucked the ink but the
bubble itself merely moves upstream in the ink flow
path and cannot be discharged by suction.

15 Also since the filter has a fine mesh structure,
when the bubbles reach and are absorbed under the
filter, there is formed a meniscus by the ink in the
sub tank, in the space in the mesh of the filter. As
a result, the bubbles under the filter cannot pass

20 through the filter to the upstream side but are
accumulated under the filter.

A filter portion under which the bubbles are
accumulated cannot pass the ink, thereby reducing the
effective area of the filter and increasing the ink

25 flow resistance, whereby the ink supply amount from
the sub tank to the ink flow path and the ink supply

amount from the ink flow path to the ink discharge



the sub tank to the ink flow path and the ink supply anount fromthe ink
flow path to the ink discharge - 13 portion becone unbal anced to result in
a discharge failure. Also, if the bubble accurmulation in the ink supply
portion and the deficient ink supply fromthe sub tank to the ink supply
portion further proceed, 5 the ink in the lidk discharge portion may result
in a fatal drawback such as the ink supply to the nozzle being

i npossi ble. Also in case the small bubbl es accunul ate under the filter
grow to a | arge bubble, such | arge bubble 10 noves under the filter by the
vibration of the recording head in the printing operation or the |ike,

t her eby securi ngortthougbbamsteahinhalaaneadd etd | vesultl far aadeschargenk supply
fromthe sub tank to the ink flow path, but, in case the small bubbles 15
accunul at ed undderitlheef.i | Résodo idott has evllle aarumehat homasia §hehenéd
group of small bubbles, such small bubbles stick to the filter even under
the vibration 6UPPRY PeEdridim@bdd s rehkchenht iRk supelat ifd®™rthse |i ke

and do not easily nmove, whereby 20 the effective filter area for ipk supply
from the sub S C6THnE riOG | GUF TP HecOTELL AT FPERPET: b CRaRD

Consequent |l y. t here i.s,encoynt er.ed a,situation wher he in pply to the
nozzl e canno? bghleeélnikzé‘&l. t eso*,nqi ndlosrc ear}?% %‘\)/EEﬁSHe{“g i 5reatuﬁtjtn%iryn %he 25

recording qual ity sych asydischarge aidni e ok LBply to the nozzle

being impossible.
Also in case the small bubbles accumulate under

the filter grow to a large bubble, such large bubble

10 moves under the filter by the vibration of the
recording head in the printing operation or the like,
thereby securing, though unstably, an effective
filter area for ink supply from the sub tank to the
ink flow path, but, in case the small bubbles

15 accumulated under the filter do not assemble and
remain as a gathered group of small bubbles, such
small bubbles stick to the filter even under the
vibration of the recording head in the printing
operation or the like and do not easily move, whereby

20 the effective filter area for ink supply from the sub
tank to the ink flow path becomes difficult to secure.
Consequently there is encountered a situation where
the ink supply to the nozzie cannot be realized.

Also, in order to avoid deterioration in the

25 recording quality such as discharge failure or ink

dripping, resulting from such bubbles, it beccomes

necessary to frequently repeat the recovery operation



dripping, resulting fromsuch bubbles, it becones necessary to frequently
repeat the recovery operation - 14 for renoving the bubbles accumul ating
under the filter. Such drawback is conspicuous in a recording head having
a larger ink supply amount fromthe sub 5 tank to the ink flow path and
tending to show a | arger pressure |oss +nl#he filter, nanely a recording
head with nmultiple nozzles for recording with snmall dots. 10 SUVWWARY OF
THE | NVENTI ON The object of the present invention is to provide an ink jet
recordi ng head capable of preventing drawbacks resulting fromthe bubbl es
generated at the downstream side of the filter while 15 m nim zing the
wast e of ink, afiornkepetingcohdi hgbbappakatcusnuitatirrg ngndeichthak | et
recording head, a liquid supply systemand a liquid filling method

advant ageousl y &mpteyabl e therei n. The above-nentioned object can be
attained, 20 according to the present invention, by a liquid supply
system whi ch is provitd WrarRach gus cCuppEguUCEat ANt @ F99Hd %ol di ng

portion holding liquid at the downstreamend in the |iguid suppl
Girection, and’@fi MEEINFnat hATFGURAKeTHERAHATIPEHY TROROFER 5Bt he
liquid can Qe su i ed omithe_upstreamside of .the filter to the
downst r eam |det$ﬁ£r§8f£éﬁ +h £1Bw pa%m and?tendlng {4 886w 8

larger pressure loss in the filter, namely a

recording head with multiple nozzles for recording

with small dots.

10 SUMMARY OF THE INVENTION
The object of the present invention is to
provide an ink jet recording head capable of
preventing drawbacks resulting from the bubbles
generated at the downstream side of the filter while

15 minimizing the waste of ink, an ink jet recording
apparatus utilizing such ink jet recording head, a
liquid supply system and a liquid f£illing method
advantageously employable therein.

The above-mentioned object can be attained,

20 according to the present invention, by a liquid
supply system which is provided with a liquid supply
path to a liquid holding portion holding liquid at
the downstream end in the liquid supply direction,
and a filter in the liquid supply path and in which

25 the liquid can be supplied from the upstream side of
the filter to the downstream side thereof in the

vertical direction in the direction of gravity, the



vertical direction in the direction of gravity, the - 15 - system
conprising: a nenber for dividing a portion of the filter in contact with
t he downstream side into a gas holding area and a liquid holding area; 5
wherein the gas held in said gas holding area is in comrunication with gas
present between the downstream side of-thé filter and the liquid holding
portion in the aforenenti oned downstreamend. In the liquid supply system
of the present 10 invention, as the downstream side of the filter secures
a gas holding area for holding gas, a bubble eventually generated at the
downstream side of the filter, being smaller than the gas held in the gas
hol di ng area, isyeventaahpyiannged with such gas. 15 Thus it is rendered
possible to avoid that the small bubbles are mxed in the liquid flow path
or remain as a gagh&e&degr dy. JAlwidinte aldwmstieane§i theof itlher finter is
divided into a gas holding area and a liquid holding area to stably secure
an effective 20CPRf2ek Hﬁga,thﬁeﬁébysﬁﬁéaFiéme:%ﬂﬁﬂ)ﬂngﬁn@ﬁédlﬂﬁstream
side of the filter_can,be stabl xecquted _ wi_thout deficiency even when the
liquid of a | aryec?anBdnt '%q86ﬁsﬁﬁi§159 fh&3ownst ream end of the liquid

?upply pathﬁ 25 Atw%@%eﬂ%WQ%%rﬁ%@'%éﬁﬁ(yntggaéiéégrholggﬁg 5§eapﬁgjerably
ornmed a |liquid conneCting Structure for
in communication with gas present between the
downstream side of the filter and the liquid holding
portion in the aforementioned downstream end.
In the liquid supply system of the present

10 invention, as the downstream side of the filter
secures a gas holding area for holding gas, a bubble
eventually generated at the downstream side of the
filter, being smaller than the gas held in the gas
holding area, is eventually united with such gas.

15 Thus it is rendered possible to avoid that the small
bubbles are mixed in the liqﬁid flow path or remain
as a gathered group. Also the downstream side of the
filter is divided into a gas holding area and a
liquid holding area to stably secure an effective

20 filter area, whereby the liguid supply from the
upstream side of the filter can ke stably executed
without deficiency even when the liquid of a large
amount is consumed at the downstream end of the
liquid supply path.

25 At the downstream side of the filter, there is
preferably formed a liquid connecting structure for

holding the liquid, present in the downstream side of



hol ding the liquid, present in the dowstreamside of 16 the filter, by
the surface tension in the gas holding area thereby being connected across
the filter with the liquid at the upstreamside thereof. In this manner,
the liquid smoothly noves between the 5 upstream and downstream si des of
the filter through the liquid connectinglétructure in case of liquid
consunption at the downstreamend of the liquid supply path or in case of
a gas volune change in the gas holding area resulting for exanple froma
change 10 in the environnental tenperature. The liquid connecting structure
is preferably provided in the vertical direction and is provided wth a
groove- shaped sthgcfuieecaf, Wy che Bainfiyper wrdidrs im cClhatgets hotlldinge
downstream face of the filter. 15 In such case, the gap t between the
groove- shaped steactheechyd beliad idongredteddemsd theafihhge Fitd t <
1.0 mm whereby the liquid held by the groove-shaped structure is in
satisfactory cobhacti@gvil efte the t@streanide tHewWast ridantdtde of the

filter, the liquid 20 supply path may conposed of a cover nenber
constituting a PaPBREr F£hEe ERASoSTERF H rdlH BodRe Uiefbel "Eonsti t uti ng

anotfer 108 a0 LELILECLS, MR G0/Sh [RIRSL A A e, SESRVErshated
the groove-shapgdesy i 4G ur & e P WA JIRAL f1Ycade LPF IRGudd 2
projection witha slit, protruéﬁng
consumption at the downstream end of the liquid
supply path or in case of a gas volume change in the
gas holding area resulting for example from a change
10 in the environmental temperature.

The liquid connecting structure is preferably
provided in the vertical direction and is provided
with a groove-shaped structure of which the upper end
is in contact with the downstream face of the filter.

15 In such case, the gap t between the groove-shaped
structure and the filter is selected in a range 0 £ t
< 1.0 mm whereby the liquid held by the groove-shaped
structure is in satisfactory contact with the filter.
Also in the downstream side of the filter, the liquid

20 supply path may be composed of a cover member
constituting a lateral face thereof and a main body
member constituting another face and jointed to the
cover member, and the groove-shaped structure may be
provided at least in the cover member. In such case,

25 the groove-shaped structure in the cover member may
be formed as a projection with a slit, protruding

from a joint plane of the cover member with the main



froma joint plane of the cover nenber with the main - 17 body nenber and
adapted to hold liquid by the surface tension, whereby, even if the cover
menber and the main body nenber are jointed by an adhesive, the slit of
t he groove-shaped structure for holding liquid can 5 be prevented from
entry of the adhesive. Also the quuid‘sﬁgpry path may be so constructed
as to have a first liquid chanber at the wupstreamside of the filter and a
second liquid chanber including the aforenmentioned gas holding area 10 at
t he downstream side of the filter. In such case, it is possible to forma
val ve nechanismat the wupstreamside of the first liquid chanber or to
provi de the firbbtdyi gemédechamseadaiptiedart ailrold draini ¢ apy nghapevrdeeanhi ch
can be opened or closed, 15 whereby, in case the gas is accunulated in the
second |iquid ERaRBER, yhewedy i $veredift e romhdienger ofndt kEesecond

liquid chanber in a state where the valyve chani sm.or the ai :
communi cati ng aﬁéFPUEQdWs”@ Edd 2T & RS (ﬁ9m§%¥%st§SSG£§ &t itthe
first and second ng%i%Uid chanbers, t

e

val ve nechani snPér §PPV@6§Fﬁﬁggﬂ%ﬁé;éﬁﬁﬁfbﬁ%ﬁHgg %%@éggigoqgikgﬁ?hethe
anount & 11 o ¢ NeSuBLEr SRFER, B8 Taveh whih G S il ated I n Lhe
, gas is accunul ated in the
first and second ququSgh@H@e1§qugg gg55§9 bhen! kay geangunts therein.
constructed as to have a first liquid chamber at the
upstream side of the filter and a second liquid
chamber including the aforementioned gas holding area
10 at the downstream side of the filter. 1In such case,
it is possible to form a valve mechanism at the
upstream side of the first liquid chamber or to
provide the first liquid chamber with an air
communicating aperture which can be opened or closed,
15 whereby, in case the gas is accumulated in the second
liquid chamber, suction is executed from the side of
the second liquid chamber in a state where the valve
mechanism or the air communicating aperture is closed,
thereby reducing the pressure of the first and second
20 liquid chambers to a predetermined value, and then
the valve mechanism or the air communicating aperture
is opened to fill the first and second liquid
chambers with liquid of respectively appropriate
amounts from the upstream side, even when gas 1is
25 accumulated in the first and second liquid chambers

to reduce the liquid amounts therein.

It is also possible to provide the liquid



It is also possible to provide the liquid - 18 supply path at the
downstream side of the filter wwth two |iquid chanbers. By the gas
inflation or the vapor pressure increase in the second |iquid chanber,

the liquid ther
supply path or

chanber to the
and the liquid

filter is in cosuaetlywpalth tate tyes duotrd tigeam esi ddhef etbee f By efromtitly a

third 1liquid chanber having a liquid holding portion 15 adjacent to the

ein is pushed out to the downstream5 end of the liquid

returned to the first |iqui8d—chanber through the filter.
However, an unexpected pushing out of the liquid in the second

liquid
downstream end of the liquid supply path is undesirable,

in the 10 second liquid chanber cannot return to the first
l'i quid chanmber through the filter since, in the second |iquid chanber,

t he

gas in the gas heldiliguddegharfreery i qBivd thel dds ielathion Prqthd chamber
low in the first Iiquid chanber through_a conta tn‘ﬁortion

can snmoothly f
with the filter
in the second |
chanmber is not

VaPeR PF eSS ofi NFEEASH |t i e 9PCORPot 1BPeSs

e e o RoRsHet P IRA AT HowhBEr DTSRI e

e

‘ease

l'iquid supply path. Th cont act, ar ea of | | qui ip_t third
rr% i I?-Et E‘r@efi theLYldcasrP elyrmégn‘fe%i %gdkggﬁgtlgﬁt IEi?SQ‘r%eegardl ess of

liquid chanber

the |iquid anount

i quid chamber

10

15

20

25

unexpected pushing out of the liquid in the second
liquid chamber to the downstream end of the liquid
supply path is undesirable, and the liquid in the
second liquid chamber cannot return to the first
liquid chamber through the filter since, in the
second liquid chamber, the filter is in contact with
the gas holding area. Therefore, by forming a third
liquid chamber having a liquid holding portion
adjacent to the gas in the gas holding area, the
liquid held in the third liquid chamber can smoothly
flow in the first liquid chamber through a contact
portion with the filter even in case of gas inflation
or vapor pressure increase in the second liquid
chamber, whereby the liquid in the second liquid
chamber is not unexpectedly pushed out from the
downstream end of the liquid supply path. The
contact area of the liquid held in the third liguid
chamber with the filter can be maintained constant
regardless of the liquid amount held in the third
liquid chamber by providing the third liquid chamber

with a desired number of liquid holding members. The

28! 4 5igd e ot gh chraber ;) Py rpr owbdboert hant hird



with a desired nunber of |iquid holding nenbers. The - 19 [|iquid hol ding
on the liquid holding nenber can be achieved by utilizing the surface
tension of the Iliquid. According to the present invention there is 5 al so
provided an ink jet recording head provided with a first |iquid chanber
and a second |iquid chanber separated by 3® filter and respectively
containing liquid therein, and a |iquid discharge portion connected.
directly with the second |iquid chanber and 10 adapted to discharge the
liquid supplied fromthe second |iquid chanber, in which the Iiquid can be
supplied fromthe first liquid chanber to the second |iquid chanber

t hrough the fil tléguicomplidsingg:om thenbergid ke Vi dhagmampert cén &€ t he
filter in 15 contact with the second |iquid chanber into a _gas holding
area and a |i queg¢hiev@ichdvargd:l Wiiereithe heaghacpetansnonhefgi§enol ding
area is in conmmunication with the gas present in the second Iliquid
chanber. 20 Al séii@ihe ink jet recording head of the present invention,

The Tl ter and Che neRbBFOTBP BDyEREng ERe Wortl it Gt REq TR (of in o

the filter and the roin
TP S L R S A
l'i quid a first liquid chamber and a second liquid chamber

separated by a filter and respectively containing

liquid therein, and a liquid discharge portion

connected. directly with the second liquid chamber and

10 adapted to discharge the liquid supplied from the
second liquid chamber, in which the ligquid can be
supplied from the first liquid chamber to the second
liquid chamber through the filter, comprising:

a member for dividing a portion of the filter in

15 contact with the second liquid chamber into a gas
holding area and a liquid holding area;

wherein the gas held in the gas holding area is in
ccmmunication with the gas present in the second
liquid chamber.

20 Also in the ink jet recording head of the
present invention, since there are provided the first
and second liquid chambers separated by the filter
and the member for dividing the portion of the filter
in contact with the second liquid chamber into the

25 gas holding area and the liquid holding area in a
state capable of liquid supply from the first liquid

chamber to the second liguid chamber and the gas held



chanber to the second liquid chanber and the gas held - 20 in the gas

hol ding area is in conmunication with the gas present in the second liquid
chanber, it is rendered possible to resolve the drawbacks resulting from
t he bubbl es generated at the downstreamside of 5 the filter as in the
aforenmentioned liquid supply system of th0 present invention, thereby
enabling stable ink discharge fromthe discharge portion. It is thus
rendered possible to prevent deterioration in the recording quality such
as 10 discharge failure or so-called ink dripping, resulting fromthe
bubbl es, and al so to reduce the nunber of recovery operations for

el imnating theinbubled esmadoiddi ag exdremdes fhecbmintipi caflionm aviddnfiltrir ati on
in which the liquid held 15 in the liquid holding area is in comrunication
with the secongaslippasemthaiberhaneeedydt heanidurbsmperyhét fis st and
second liquid chanbers can reversi bly nove enables stable |iquid discharge
from the di schaf§@deg®a irss Bveke whent ¢ helyastisl dxdvPa cfse ISt 19 qui d

20 chanber repeats inflati and contraction, ccqarding to the present
i nvention, theré5ic® s YeFHr 2 hRYj BF Fé@oaa?”%%&ﬁﬁﬁ astlLfEe of

COMDYL 5110, SUPRR IS LOL SWOAR LA LhenPAaLer Lonee s 2R 1o
sucking ink in %@%eéﬂ<of the present invention, thereby enabling
stable ink discharge from the discharge portion.

It is thus rendered possible to prevent
deterioration in the recording quality such as

10 discharge failure or so-called ink dripping,
resulting from the bubbles, and also to reduce the
number of recovery operations for eliminating the
bubbles accumulated under the filter.

Also a configuration in which the liquid held

15 in the liquid holding area is in communication with
the second liquid chamber whereby the liquids in the
first and second liquid chambers can reversibly move
enables stable liquid discharge from the discharge
portion even when the gas volume in the second liquid

20 chamber repeats inflation and contraction.

According to the present invention, there is
also provided an ink jet recording apparatus
comprising:

support means for supporting the aforementioned

25 ink jet recording head of the present invention;

suction means for forcedly sucking ink in the ink

jet recording head from a liquid discharge portion



jet recording head froma liquid discharge portion - 21 - thereof; and a
val ve nmechani sm for opening or closing of a first liquid chanber of the
ink jet recording head to or fromthe exterior thereof. 5 In the ink jet
recordi ng apparatus of the present invention, being provided with the
suction nmeans and the val ve mechani sm-t8é suction neans is at first
activated in a state where the valve nechanismis closed, to reduce the
pressure in the 10 ink jet recording head to a predeterm ned val ue, and
then the valve nechanismis opened to fill the first and second |iquid
chanbers with liquid of respectively appropriate anobunts, even when gas is
accunul ated in therépfstandd second liquid chanbers 15 to reduce the liquid
amounts therein. According to the present invention there is also provided
aliquid filling metved vieomag@nism £94 RN sPpPy SYeEéRmi AW ch t he
first and second, liquid chanbers respectively holding liquid are 20
separated by a firskrliwBprie £hRe™Pegurd ithendid atet Hec 9rB8Afsile of

the second liquid %hanbgé in %he. qugid sgpply direction fromthe first
liquid chanber Cto'tRB 58Eofid*Frqdird “ChaMSér and gas is present in the gas

1oL 09 8,10 SSPLALUND LiE JAl LPicReiAD Mgk bauLe o e second |
of present invention, being provided with the suction

means and the valve mechanism, the suction means 1is
at first activated in a state where the valve
mechanism is closed, to reduce the pressure in the

10 ink jet recording head to a predetermined value, and
then the valve mechanism is opened to fill the first
and second liquid chambers with liquid of
respectively appropriate amounts, even when gas 1is
accumulated in the first and second liquid chambers

15 to reduce the liquid amounts therein.

According to the present invention there 1is

also provided a liquid filling method for use in a
liquid supply system in which the first and second
liquid chambers respectively holding liquid are

20 separated by a filter while the liquid is held at the
downstream side of the second liquid chamber in the
liquid supply direction from the first liquid chamber
to the second liquid chamber and gas is present in
the gas holding area for separating the filter and

25 the liquid in the second liquid chamber in a state

capable of liquid supply from the upstream side of

the filter to the downstream side thereof, the method



the filter to the downstream side thereof, the nethod 22 - conprising: a
step of closing the first liquid chanber from the exterior; a step of
executing suction fromthe downstream 5 side of the second |iquid chanber
in a state where the first liquid chanber is closed, thereby reducing the
pressure of the first and second |iquid-cRdnbers; and a step, after the
pressure decrease of the first 10 and second |iquid chanbers, of opening
the first 1liquid chanber to the exterior. It is thus rendered possible to
fill the first and second liquid chanbers with liquid of respectively
appropriate anounts, even when gas is 15 accunulated in the first and
second |iquid champetsintge reduce the |liquid anounts therein. BRIEF
DESCRI PTI ON OF THE DRAWNGS Fig. 1 is a perspective view showing the 20
schemati ¢ confi gur at iscrepofo farc liotki jetthecbidshgl igppdr élh@ﬁlb@éfnigi%ti ng a
first enbodi ment of the present invention; Fig. 2 is a view show ng an ink
supply path fortha esteriornm the ink jet recording apparatus shown in 25
Fig. 1, Figs. 3A 3B, 3C and 3D are views shomﬁgg t he b%pavi r of gas and
ink in the |iquid ﬁaﬁﬁqﬂ oy gxfEcuting suction om the downstream

5 side of the second liquid chamber in a state where
the first liquid chamber is closed, thereby reducing
the pressure of the first and second liquid chambers;
and

a step, after the pressure decrease of the first
10 and second liguid chambers, of opening the first
liquid chamber to the exterior.

It is thus rendered possible to fill the first
and second liquid chambers with liquid of
respectively appropriate amounts, even when gas is

15 accumulated in the first and second liquid chambers

to reduce the liquid amounts therein.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a perspective view showing the
20 schematic configuration of an ink jet recording
apparatus constituting a first embodiment of the
present invention;
Fig. 2 is a view showing an ink supply path for
a color, in the ink jet recording apparatus shown in
25 Fig. 1;
Figs. 3A, 3B, 3C and 3D are views showing the

behavior of gas and ink in the liquid path of an ink



- 23 supply unit, in case of gas introduction into a main tank in the ink
supply path showmn in Fig. 2; Fig. 4 is a view show ng a pressure forned by
a water head on the nozzle, in the ink supply path 5 shown in Fig. 2; Fig.
51is a detailed cross-sectional view show ng the internal configuration of
the recording head shown in Fig. 2; Fig. 28 i~s a perspective view, seen
fromabove, 10 of the recording head shown in Fig. 2, in a state where an
upper wall of a sub tank and a part of a filter are renbved; Fig. 7 is a
cross-sectional viewsimlar to Fig. 5, showing the ink flow fromthe sub
tank to the 15 liquid chanber; Fig. 8 is a cross-sectional viewsimlar to
Fig. 5, show ngupbéyfhbhowtef innkaaed cfagyd s antttodedt stat entoFegmadn s a
vi ew showi ng t he ink'supgly_path of an ink jet recordi ng apparatus
constituting a sesbndn 20eeabddismpptl YofPathe phegeninihvént£én; Fig. 10 is a
detail ed cross-sectional view showi ng the internal configuration of the
recording head showfi% FigiS® HeWw shopdng gePdssstutfe SRENEC sRENAf rom
above, 25 of the recordi,ng head sho in Fig.. 9,.in a state ere an
Gpper vl | of STt BRRCaNE Sifarcrdie 1t (th LiE fublugeath
5 shown in Fig. 2;
Fig. 5 is a detailed cross-sectional view
showing the internal configuration of the recording
head shown in Fig. 2;
Fig. 6 1s a perspective view, seen from above,
10 of the recording head shown in Fig. 2, in a state
where an upper wall of a sub tank and a part of a
filter are removed;
Fig. 7 is a cross-sectional view similar to Fig.
5, showing the ink flow from the sub tank to the
15 liquid chamber;
Fig. 8 is a cross-sectional view similar to Fig.
5, showing the flow of ink and gas in a closed state;
Fig. 9 is a view showing the ink supply path of
an ink jet recording apparatus constituting a second
20 embodiment of the present invention;
Fig. 10 is a detailed cross-sectional view
showing the internal configuration of the recording
head shown in Fig. 9;
Fig. 11 is a perspective view, seen from above,
25 of the recording head shown in Fig. 9, in a state

where an upper wall of a sub tank and a part of a

filter are removed;



- 24 Fig. 12 is a view showing a variation of the recording head shown in
Fig. 9; Fig 13 is a lateral view showng the relationship between a groove
structure and the 5 filter in the upper end portion of a groove structure
applicable in the present invention; Figs. 14A, 14B and 14C are | ateral
views showing the joint structure of a—fiddter applicable to the present
invention; 10 Fig. 15 is a perspective view showi ng an exanple of the
groove structure applicable to the present invention; Figs. 16 to 22 are
perspective views showi ng other exanples of the groove structure
applicable to 15 the present invention; Fig. 23 is a chart show ng the

rel ati onship betweenFag. ap2risre widwhshodiag iankseliaiaEtdrorohetlght in
various forms of the groove structure applicable to the present invention;
20 Fig. 24 is arpecsgaci head ehofn alicdved - ndhrber constituting the groove
structure of the present _invention; and Fig. 25 is a view show ng an ink

supply system in an Fa%k }ét1fedolatRgaapparst SEWhiEhtional 25 tube

supply system ?E g@hgys iﬁjiégw%éﬂR%F%§5§Rn§N§§¥&C &gg ggd the

5 filter in the upper end portion of a groove structure
applicable in the present invention;

Figs. 14A, 14B and 14C are lateral views
showing the joint structure of a filter applicable to
the present invention;

10 Fig. 15 is a perspective view showing an
example of the groove structure applicable to the
present invention;

Figs. 16 to 22 are perspective views showing
other examples of the groove structure applicable to

15 the present invention;

Fig. 23 is a chart showing the relationship
between an aperture width and an ink elevation height
in various forms of the groove structure applicable
to the present invention;

20 Fig. 24 is a perspective view of a cover member
constituting the groove structure of the present
invention; and

Fig. 25 is a view showing an ink supply system
in an ink jet recording apparatus of conventional

25 tube supply system.

DESCRIPTION OF THE PREFERRED EMBODIMENTS



Now t he present invention will be clarified in detail by enbodi ments
thereof, with reference to the acconpanying drawings. [First enbodinent] 5
Fig. 1 is a perspective view show ng schematic configuration of an ink jet
recordi ng apparatus constituting a first enbodi ment of the present
invention. The ink jet recordi ng apparatugsshown in Fig. 10 1 is a
recordi ng apparatus of serial type, capable of repeating the reciprocating
notion (main scanning) of an ink jet head 201 and the conveying (sub
scanning) of a recording sheet (recording nedium S such as an ordinary
recordi ng paper, a special paper, an OHP 15 fil msheet etc. by a

predet erni ned pitch angl cawsipeséhie inkehetiohead120be wlsatefie¢dely

di scharge ink in synchronization with these notions for deposition onto
the recordi ng sheeti$, biyhempbyimentisng herexfgr aciter , raf syahok 6o &he mage.
20 Referring to Fig. 1, the ink jet head 201 is detachably nounted on a
carriage 201 whachompanglindaldrpwsmgsorted by two guide rails and is

reci procated along the guide rails by drive nmeans such as an unrepresented
mot or. The recor di g igtsdetempligngnt konveyed by a conveying roller 203 in a

di rection crossing the_nnving di rection %f t he . carﬁ%qge 202 fortexanple a
perpendiculé} directi ba9- 2gls a perspective view showing schematic

configuration of an ink jet recording apparatus
constituting a first embodiment of the present
invention.

The ink jet recording apparatus shown in Fig.

10 1 is a recording apparatus of serial type, capable of
repeating the reciprocating motion (main scanning) of
an ink jet head 201 and the conveying (sub scanning)
of a recording sheet (recording medium) S such as an
ordinary recording paper, a special paper, an OHP

15 film sheet etc. by a predetermined pitch and causing
the ink jet head 201 to selectively discharge ink in
synchronization with these motions for deposition
cnto the recording sheet S, thereby forming a
character, a symbol or an 1image.

20 Referring to Fig. 1, the ink jet head 201 is
detachably mounted on a carriage 201 which 1is
slidably supported by two guide rails and is
reciprocated along the guide rails by drive means
such as an unrepresented motor. The recording sheet

25 S is conveyed by a conveying roller 203 in a
direction crossing the moving direction of the

carriage 202 (for example a perpendicular direction



A), so as to be opposed to an ink discharge face of the ink jet head 201
and to nmaintain a constant distance thereto. The ink jet head 201 is
provided with plural 5 nozzle arrays for discharging inks of respectively
different colors. Corresponding to the colors of the inks discharged from
the ink jet head 201, plural independent 2itnk tanks 204 are detachably
nmounted on an ink supply unit 205. The ink supply unit 205 and 10 the ink
jet head 201 are connected by plural ink supply tubes 206 respectively
corresponding to the ink colors, and, by nmounting the main tank 204 on the
i nk supply unit 205, the inks of respective colors contained in the main
tank 204 can bea)ndeperdentd el Drnmad e tan t hek ndzgtkaageayscen dfhe i nk
jet head 201. 1In a non-recording area which is within the reciprocating
range of the inkheetinkeget2deasut?0lowrsl deo tiielpasing cangsaokt t he
recording sheet S, there is provided a recovery unit 207 so as to be 20
opposed to the PARtANSEhdNGEtae of the ink jet head 201. In the

(ol o ng there wil| be cxplained, Wil obSfoLence Lol g By fS,grt | od
spparalus. 10 pBakl el oWl o g i sunply opaLhspL sk ot
purpose of - 27 qifferent colors. Corresponding to the colors of the
inks discharged from the ink jet head 201, plural
independent ink tanks 204 are detachably mounted on
an ink supply unit 205. The ink supply unit 205 and
10 the ink jet head 201 are connected by plural ink
supply tubes 206 respectively corresponding to the
ink colors, and, by mounting the main tank 204 on the
ink supply unit 205, the inks cf respective colors
contained in the main tank 204 can be independently
15 supplied to the nozzle arrays in the ink jet head 201.
In a non-recording area which is within the
reciprocating range of the ink jet head 201 but
outside the passing range of the recording sheet S,
there is provided a recovery unit 207 so as to be
20 opposed to the ink discharge face of the ink jet head
201.
In the following there will be explained, with
reference to Fig. 2, the detailed configuration of
the ink supply system of the ink jet recording
25 apparatus. Fig. 2 is a view showing the ink supply
path of the ink jet recording apparatus shown in Fig.

1, showing the path for a color for the purpose of



simplicity. At first there will be explained the recording head 201. Ink
is supplied to the recording head 201, from 5 a connector insertion port
201a to which hernetically connected is a |liquid connector provided on the
end of the ink supply tube 206. The connector insertion port 20la

comuni cates with a sub tank 201b formed i2d —the upper part of the
recordi ng head 201. In the 10 | ower side of the sub tank 201b in the
direction of gravity, there is fornmed a liquid chanber 201f for direct
ink supply to a nozzle portion having plural nozzles 201g arranged in a
paral l el manner. The sub tank 201b and the liquid chanber 201f are
separated 15 bysampilitéfty201c, but, at the boundary of the sub tank 201b
and the liquid chanber 201f there is forned a partition portion 20le
havi ng an aperture 20%d, famet therei vidl Relexpdapned dde crecudhipartition
portion 20le. %0 [.n bhe above-descri bed configuration, the ink supplied
fromthe connect®?di Aértion port 20la to the recording head 201 is

the” nozzl es 201q, THEpah Devebertt k8 EORnsErar 1385 Kegd aH porioBola fo
g. “patt ; t n 57 i“on p Ola to
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connected is a liquid connector provided on the end
of the ink supply tube 206. The connector insertion
port 20la communicates with a sub tank 201b formed in
the upper part of the recording head 201. 1In the

10 lower side of the sub tank 201b in the direction of
gravity, there is formed a liguid chamber 201f for
direct ink supply to a nozzle portion having plural
nozzles 20l1g arranged in a parallel manner. The sub
tank 201b and the liguid chamber 201f are separated

15 by a filter 201c, but, at the boundary of the sub
tank 201b and the liquid chamber 201f there is formed
a partition portion 20le having an aperture 201d, and
the filter 20l1c is provided on such partition portion
201e.

20 In the above-described configuration, the ink
supplied from the connector insertion port 20la to
the recording head 201 is supplied through the sub
tank 201b, filter 20l1c and liquid chamber 201f to the
nozzles 201g. The path between the connector

25 insertion port 20la to the nozzles 201g is maintained
in a hermetically tight condition to the atmosphere.

On the upper face of the sub tank 201b there is



formed an aperture which is covered by a done-shaped elastic nenber 201h.
The space surrounded by the elastic nenber 201h changes vol une accordi ng
to the pressure in the sub tank 201b and has a function of 5 adjusting the
pressure in the sub tank 201b as will be_explained |ater. The nozzle 201g
has a tubular structure of a cross-sectiéfalr width of about 20 pm and

di scharges ink by giving discharge energy to the ink therein, 10 and,
after the ink discharge, the interior of the nozzle is filled with ink by
the capillary force thereof. Normally the ink discharge is repeated with
a cycle tinme of 20 kHz or higher, thereby achievin fine and hi gh-speed
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di scharge energy the recording_head 201 is provided, in each nozzle
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t hereby dischargihg 1nk™from the nozzle 201g by the pressure of a bubble
formed by suchydidgpbeihéfgiate?9
The nozzle 201g has a tubular structure of a
cross-sectional width of about 20 um and discharges
ink by giving discharge energy to the ink therein,

10 and, after the ink discharge, the interior of the
nozzle is filled with ink by the capillary force
thereof. Normally the ink discharge is repeated with
a cycle time of 20 kHz or higher, thereby achieving
fine and high-speed image formation. For supplying

15 the ink in the nozzle 20l1g with the discharge energy,
the recording head 201 is provided, in each nozzle
201g, with energy generation means. In the present
embodiment, the energy generating means is composed
of a heat generating resistor (electrothermal

20 converting element) for heating the ink in the nozzle
201g, and a command from a head control unit (not
shown) for controlling the drive of the recording
head 201 selectively drives the heat generating
resistors thereby inducing film boiling of the ink in

25 the desired nozzle 201g, thereby discharging ink from
the nozzle 201g by the pressure of a bubble formed by

such film boiling.



The nozzle 201g is positioned with the ink discharging end (discharge
port) downwards, but is not provided with a valve nmechani smfor opening or
closing the discharge port, and the ink fills the 5 nozzle 201g by form ng
a nmeniscus at the discharge port. For this purpose, the interior of the
recordi ng head 201, particularly the i ntefPor of the i qui d chanmber 201f,
is maintained at a negative pressure relative to the atnospheric pressure.
10 However, if the negative pressure is excessively small, the neniscus at
the ink discharge port nmay be broken in case a foreign substance or ink
sticks to the end of the nozzle 201g, whereby ink may |eak from the
nozzl e 201g. On the Jfternhante 20lghesnpgatitients priddsdrhe i Eilexcessively
| arge, the force retracting the ink into the nozzle 2013 (or liquid
chanber 201f) Bée6hasginforgsr HashergeRayy APprYaEdso LH& ¥k at the

di scharge, thereby resulting i.n.a discharge failure. Consequently the
negati ve pressuP8¥i ﬁrPﬁédﬁg Mgl & é’ﬁ;ﬁ’ﬁe&“%ﬂn}%m rrh?ﬁt%?ﬂaan\%i fhin a

certain range somewhat |ouer than the atmospheric. pLepsyrer o Sygh negative
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ggﬁq (about -0.0200. afsr=tn2s0863pkFa) twaerigite dikg sreciddc gravity of -
recording head 201, particularly the interior of the
liquid chamber 201f, is maintained at a negative
pressure relative to the atmospheric pressure.

10 However, if the negative pressure is excessively
small, the meniscus at the ink discharge port may be
broken in case a foreign substance or ink sticks to
the ernd of the nozzle 201g, whereby ink may leak from
the nozzle 201g. On the other hand, if the negative

15 ©pressure is excessively large, the force retracting
the ink into the nozzle 20l1g (or liquid chamber 201f)
becomes stronger than the energy supplied to the ink
at the discharge, thereby resulting in a discharge
failure. Consequently the negative pressure in the

20 liquid chamber 201f is maintairned within a certain
range somewhat lower than the atmospheric pressure.
Such negative pressure, though dependent on the
number and cross section of the nozzles 201g and the
performance of the heat generating resistor, is

25 preferably within a range from -20 mmAg (about -

0.0020 atm = -0.2027 kPa) to -200 mmAq (about -0.0200

atm = -2.0265 kPa) (wherein the specific gravity of



i nk being assuned equal to that of water) according to the experinental
results of the present inventors. |In the present enbodi nent, the ink
supply system 205 and the recording head 201 are connected 5 by the ink
supply tube 206 and the position of the recording head 201 relative to the
ink supply unit 205 can be relatively fréfly selected, so that the
recordi ng head 201 is positioned higher than the ink supply unit 205 in
order to maintain the interior of 10 the recording head 201 at a negative
pressure. Such height will be explained later in nore details. The filter
201c is conposed of a netal mesh having fine holes not exceeding 10 pm and
smal l er than thakcbedsgsessordl egudtlh tof thest oz #at@Dlgacrardsngrder to

prevent |eak of a substance that may cIo%é t he nozzl e 2018,_fron1the sub
tank 201b to thECl thai @xreramsataloresutie Qff ttdie pMRSARE $U¥RNAOFSoperty
t hat, when brought into contact with | id on onﬁﬁfsurface t.hereof, each
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205 can be relatively freely selected, so that the
recording head 201 is positioned higher than the ink
supply unit 205 in order to maintain the interior of
10 the recording head 201 at a negative pressure. Such
height will be explained later in more details.

The filter 201lc is composed of a metal mesh
having fine holes not exceeding 10 um and smaller
than the cross sectional width of the nozzle 201g, in

15 order to prevent leak of a substance that may clog
the nozzle 201g, from the sub tank 201lb to the liquid
chamber 201f. The filter 20lc has such a property
that, when brought into contact with liquid on one
surface thereof, each fine hole forms a meniscus of

20 the ink by the surface tension thereof, whereby the
gas flow through the filter becomes difficult. As
the fine hole becomes smaller, the meniscus becomes
stronger and the gas flow becomes more difficult.

In such filter 20lc as employed in the present

25 embodiment, the pressure required for passing gas is

about 0.1 atm (10.1325 pKa: experimental value).

Therefore, if gas 1s present in the liquid chamber



201f, present in the downstreamside of the filter 201c in the ink noving
direction in the recording head, the gas cannot pass the filter 201c by
the floating force of the gas itself, and the gas in the 5 |liquid chanber
201f remains therein. The present enbodi ment utilizes this phenomenon in
such a manner that the liquid chanber 2081 is not conpletely filled wth
the ink but contains a gas |ayer between the ink in the ink chanber 201f
and the filter 201c, and the 10 liquid of a predeterm ned anmount is
contained in the [liquid chanber 201f in such a manner that the gas in
such gas hol ding area separates the ink in the liquid chanber 201f and the
filter 201c. The@Odds ipresesh igasthwldbwigstareami side pfesbet fiilnterre |iquid
chanber 15 201f as to inhibit bubble novement fromthe nozzle 201g to the
filter 201c. TheOdimilfurkhsedessargrink dhepemtion thethpquegorcidsber 201f
is an amount required for filling the nozzle 2019 with the ink. If gas
enters the nozziheash Zdeg gfarsorﬁacIHé’q iRRSY Ehanbbt 291£01ChENndFA e 201g
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through the f'l%%%O%QQ%d¥ﬂdklﬂlze§“%his phenomenon in such a manner
that the liquid chamber 201f is not completely filled
with the ink but contains a gas layer between the ink
in the ink chamber 201f and the filter 201c, and the
10 1ligquid of a predetermined amount is contained in the
liguid chamber 201f in such a manner that the gas in
such gas holding area separates the ink in the liquid
chamber 201f and the filter 20Xlc. The gas in such
gas holding area is so present in the liquid chamber
15 201f as to inhibit bubble movement from the nozzle
201g to the filter 20l1c.

The minimum necessary ink amount in the liquid
chamber 201f is an amount required for filling the
nozzle 20l1g with the ink. If gas enters the nozzle

20 201g from the liquid chamber 201f, the nozzle 201g
after ink discharge cannot achieve ink replenishment,
thus inducing discharge failure. Consequently the
interior of the nozzle 201g has to be always filled
with the ink.

25 The upper surface of the filter 20lc is in

contact with the ink in the sub tank 201b, and the

ink can communicate through the filter 20lc only in



an area where the ink on the upper surface of the filter 201c is in
contact with that on the |ower surface thereof, so that such communi cabl e
area constitutes the effective area of the filter 201c. 5 As al ready
explained in the description of the prior _art, the pressure loss in the
filter 201c depends on the effective are@d4 hereof. In the present

enbodi nent, the filter 201c of a large area is positioned substantially
horizontally in the 10 operating state of the recording head 201 and the
entire upper surface of the filter 201c is maintained in contact with the
ink in order to increase the communicating area with the ink present at
the | ower surface agfeat hihed ttdre ierabythexipper ngur haces50df téet i ve area

t hereof and reducing the pressure loss. The pressure adLusting chanber
201i reduces it$ili@udls ihen ARGt nehlh i YeabresstiPe ilR¥P&ases, and

azp be conposed, %g in the pre en%)%: odinect, of ag egistgcenenber 201h
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sel ected as about 0. 3yl Jrrddifre PIESEMn efpodi MBREr 2088 depends on
the effective area thereof. In the present
embodiment, the filter 201lc of a large area 1is
positioned substantially horizontally in the
10 operating state of the recording head 201 and the
entire upper surface of the filter 20lc is maintained
in contact with the ink in order to increase the
communicating area with the ink present at the lower
surface of the filter, thereby maximizing the
15 effective area thereof and reducing the pressure loss.
The pressure adjusting chamber 2011 reduces 1its
volume as the internal negative pressure increases,
and can be composed, as in the present embodiment, of
an elastic member 201h which is preferably composed
20 of a rukber material or the like. The elastic member
201h can also be replaced by a combination of a
plastic sheet and a spring. The volume of the
pressure adjusting chamber 201i, being variable
according to the ambient temperature in the operating
25 state of the recording head 201 and the volume of the

sub tank 201lb, is selected as about 0.5 ml in the

present embodiment.



In the absence of the pressure adjusting chanber 201li, the pressure in the
sub tank 201b is subjected directly to the resistance by the pressure

| oss when the ink goes through the nain tank 204, ink 5 supply unit 205 and
i nk supply tube 206. Therefore, in case of so-called high-duty ink

di scharge  operation such as ink dischargé3fromall the nozzles 201g, the
i nk anmount supplied to the recording head 201 becones deficient relative
to the discharged ink 10 anount, whereby the negative pressure increases
rapidly. If the negative pressure of the nozzle 201g exceeds the
aforenentioned limt value of -200 mmAq (about -2.0265 kPa), the discharge
becones stable and uhsuthebileséneeiafigeheopiasssie 9IMS%INT recordi ng
apparatus of serial scan type _as in the present enmhodi ment ven in the

i mage formati oRNAMPRTaZRildh dhey Prassyre i ithe & rﬁﬁ@g 2p30i fiSer r upt ed
at the inversion of the drive of the arriage 202 (Fig., 1) The pressure
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operation such as ink discharge from all the nozzles
201g, the ink amount supplied to the recording head
201 becomes deficient relative to the discharged ink

10 amount, whereby the negative pressure increases
rapidly. If the negative pressure of the nozzle 201g
exceeds the aforementioned limit value of -200 mmAg
(about -2.0265 kPa), the discharge beccmes stable and
unsuitable for image formation.

15 In the recording apparatus of serial scan type
as in the present embodiment, even in the image
formation with a high duty ratio, the ink discharge
is interrupted at the inversion of the drive of the
carriage 202 (Fig. 1). The pressure adjusting

20 chamber 201i performs a function as in a capacitor of
reducing the volume during the ink discharge to relax
the increase in the negative pressure in the sub tank
201b and restoring the volume at the inversion of the
movement of the carriage.

25 As an example, let us consider a case where the
rate of change of the negative pressure with respect

to the volume reduction in the pressure adjusting



chanmber 2011 is K = -1.01325 kPa/m , while the sub tank 201b has a vol une
Vs =2 mM and the supplied ink is deficient by AV = 0.05 m in conparison
with the discharged ink. In such case. if the pressure 5 adjusting chanber
201i is absent, based on the law of "PV = constant”, the negative pressure
in the sub tank 201i changes by AP = Vs/@¥Ys—+ AV) - 1 = -2.47 KkPa,
whereby the aforenentioned |imt value is exceeded and the di scharge
beconmes unstable. On the 10 other hand, in the presence of the pressure
adjusting chanber 201li, AP = K x AV = -0.51 whereby the increase of the
negati ve pressure can be suppressed and the discharge can be stabilized.
As expl ai ned i nchhgbker €9diind,s ®Khe prlesEldad KPs ad] usvhhdechbrbeub201i
allows to stabilize the ink discharge and to suppress the influence of the
pressure | oss i hahke20dk Sapply veduimef Mem=t he mhkand apke264ppd iekle ink
recordi ng head 201. Therefore the ink supply tube 206 noving along with
the carriage 20ig0deéamigrgobie L0F =a OsiPdl Mk i SFFRA T 1EANSWLESNTE DUt i ng

to reduce the myving | oad of .the_ carrjage 202”f18g}he following there wl
be given an exPLaREEFER%A e Fﬂksgﬁbpgﬁsﬁniﬁ 205" Qi $FE'hain 25 tank
204. The main tank 204 is.
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“PV = constant”, the negative pressure in the sub
tank 201i changes by AP = Vs/(Vs + AV) - 1 = -2.47
kPa, whereby the aforementioned limit value is
exceeded and the discharge becomes unstable. On the
10 other hand, in the presence of the pressure adjusting
chamber 201i, AP = K x AV = -0.51 whereby the
increase of the negative pressure can be suppressed
and the discharge can be stabilized.
As explained in the foregoing, the pressure
15 adjusting chamber 201i allows to stabilize the ink
discharge and to suppress the influence of the
pressure loss in the ink supply path from the ink
tank 204 to the recording head 201. Therefore the
ink supply tube 206 moving along with the carriage
20 202 can also be of a smaller diameter, thus
contributing to reduce the moving load of the
carriage 202.
In the following there will be given an
explanation on the ink supply unit 205 and the main
25 tank 204.
The main tank 204 is constructed detachably

mountable on the supply unit 205 and is provided, on



the bottom portion thereof, with an ink supply aperture tightly closed
with a rubber stopper 204b and an air introducing aperture tightly cl osed
with a rubber stopper 204c. The main tank 204 is singly an 5 air-tight
container, and the ink 209 is directly contained in the main tank 204. On
the other hand, the ink supply unit 205-i $3 provided with an ink supply
needl e 205a for deriving ink 209 fromthe main tank 204, and an air 10

i ntroduci ng needl e 205b for introducing air into the main tank 204. The

i nk supply needl e 205a and the air introducing needl e 205b are both hol | ow
needl es and are positioned, with the front ends upwards, corresponding to
the ink supply pbet bartdomecaitriclb tiheramiiciwigtipoat ohkt heppaiyn t ank 204.
When the main tank 204 is nmounted on the ink supply unit 205, the ink
suppl y needl e 20barindet fé gditrl i mlasRetivhigt hediebbop5pt pEPEECHiOEE y
penetrate the rubber stoppers 204b, 204c, thus entering éhe i nterior of
the main tank 2624 20 P AL APA P QARG WOBat 1N ELNNELPERS "itofgh a
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On the other hand, the ink supply unit 205 is
provided with an ink supply needle 205a for deriving
ink 209 from the main tank 204, and an air
10 introducing needle 205b for introducing air into the
main tank 204. The ink supply needle 205a and the
air introducing needle 205b are both hollow needles
and are positioned, with the front ends upwards,
corresponding to the ink supply port and the air
15 introducing port of the main tank 204. When the main
tank 204 is mounted on the ink supply unit 205, the
ink supply needle 205a and the air introducing needle
205b respectively penetrate the rubber stoppers 204b,
204c, thus entering the interior of the main tank 204.
20 The ink supply needle 205a is connected,
through a liquid path 205c, a shut-off valve 210 and
a liquid path 205d, to the ink supply tube 206. The
air introducing needle 205b is connected, through a
liquid path 205e, a buffer chamber 205f and an air
25 communicating aperture 205g, to the external air.
The liquid path 205c lowest in height within the ink

supply path from the ink supply needle 205a to the



i nk supply tube 206 and the liquid path 205e highest in height within the
path fromthe air introducing needle 205b to the air comrunicating
aperture 2059 are positioned sane in height. The ink supply needle 5 205a
and the air introducing needle 205b in the present enbodi nent are conposed
of thick needles of an internal dianeter 3 1.6 nm and have needl e hol es
of a dianeter of 11.5 mmin order to suppress the flow resistance of the
ink. 10 The shut-off valve 210 is provided with a rubber diaphragm 210a
which is displaced to open or close the connection between the two |iquid
pat hs 205c, 205d. On the upper surface of the diaphragm 210a, there is
mount ed a t ubul ankspuppd yhdluder 2010@mnkb Donthiqihd paehe?fSa bogpesdsi on
spring 210c which serves to press the di aphragm 210a thereby closing the
connecti on bet wéanhedghti guitd ipatthe 208 é%EmLtth%l§p%PH§°ﬁBFd@€ 210b is
provided with a flange, enggging with a lever 210d to be o era@ d by a
link 20 207e of N§SFeCo¥&IP tthR 24T GRIVEKD} GF hifd | APBFTUTRy i vati ng

the lever 210d to lift .the sprin hol der. 210b ai nst, the spring f.orce of
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an internal diameter of 1.6 mm and have needle holes
of a diameter of 11.5 mm in order to suppress the
flow resistance of the ink.

10 The shut-off valve 210 is provided with a
rubber diaphragm 210a which is displaced to open or
close the connection between the two liquid paths
205¢c, 205d. On the upper surface of the diaphragm
210a, there is mcunted a tubular spring holder 210b

15 containing therein a compressiorn spring 210c which
serves to press the diaphragm 210a thereby closing
the connection between the liquid paths 205c, 205d.
The spring holder 210b is provided with a flange,
engaging with a lever 210d to be operated by a link

20 207e of a recovery unit 207 to be explained later.
By activating the lever 210d to lift the spring
holder 210b against the spring force of the
compression spring 210c, the connection between the
liquid paths 205c, 205d is opened. The shut-off

25 wvalve 210 is opened during the ink discharge from the
recording head 201 but is closed during a stand-by

state or in a non-operated state, and is opened and



cl osed in synchronization wwth the recovery unit 207 during an ink filling
operation to be explained later. The above-described configuration of the
ink supply unit 205 is provided for each main tank 204, 5 nanely for each
ink color, except for the | ever 210d. The |lever 210d is provided commpn to
all colors and sinultaneously opens or —cBdses the shut-off valves 210 for
all the colors. In the above-described configuration, when the 10 ink is
consuned in the recording head 201, the resulting negative pressure causes
the ink to be from tinme to tine supplied fromthe main tank 204 to the
recordi ng head 201 through the ink supply unit 205 and the ink supply tube
206. At this opelatiedninaistynth rafn iza tarounti anthasredaveny vhetsdppli ed
fromthe main tank 204 is introduced into the main tank 204 fromthe air
comuni cat i ng apgertoge a2053gk Hridulging hepemitier thahberxPABANGM ke hir

i ntroduci ng needl e 205b. 20 The buffer chanmber 205f provides a space for
tenporarily hol di ng tHeeiaRoveodrhgrabedoronkaangtioftamé S0 bk he

inflation of gas in_the main tank 204, . an he | ower end of th ir
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stand-by - 38 gpo 1ever 210d is provided common to all colors and
simultaneously opens or closes the shut-off valves
210 for all the colors.
In the above-described configuration, when the
10 ink is consumed in the recording head 201, the
resulting negative pressure causes the ink to be from
time to time supplied from the main tank 204 to the
recording head 201 through the ink supply unit 205
and the ink supply tube 206. At this operation, air
15 of an amount same as that of the supplied from the
main tank 204 is introduced into the main tank 204
from the air communicating aperture 205g through the
buffer chamber 205f and the air introducing needle
205b.
20 The buffer chamber 205f provides a space for
temporarily holding the ink flowing out of the main
tank 204 by the inflation of gas in the main tank 204,
and the lower end of the air introducing needle 205b
is positioned at the bottom of the buffer chamber
25 205f. In case the gas in the main tank 204 expands
by an increase in the ambient temperature or a

decrease in the external pressure during a stand-by



state or a pause of the ink jet recording apparatus, since the shut-off
valve 210 is closed, the ink in the main tank 204 flows out to the buffer
chanber 205f through the air introducing needle 205b and the 5 liquid path
205e. On the other hand, the gas in the nain tank 204 contracts for
exanpl e by a decrease in the ambient tenpErature, the ink flowing out in
the buffer chanber 205f returns to the main tank 204. Al so in case the
recordi ng head di scharges ink while 10 the ink is present in the buffer
chanber 205f, at first the ink in the buffer chanber 205f returns to the
main tank 204 and the gas is introduced into the main tank 204 after the
ink in the buffertatlkeamiera p208fe iaf ddpt eirld. J45 Theovdingeavipagfatufo buffer
chanmber 205f is so selected as to satisfy the environnental use  condition
of the product. SE&ceetdplstutmifh yhwictl0tbsbelaged  wibki AKX t'dhperat ure
range of 5C (278K) tq 35C (308K),_and for_a majn tank _ 204 having a 20

vol ume of 100 mithe; Fi@lyo|Gamek \?cp‘fsf%%%c?‘éﬁ te 4pd EU§€§68C?’%QW 308 = 9.7
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of ink - 39 main tank 204 contracts for example by a decrease in

the ambient temperature, the ink flowing out in the

buffer chamber 205f returns to the main tank 204.

Also in case the recording head discharges ink while

10 the ink is present in the buffer chamber 205f, at
first the ink in the buffer chamber 205f returns to
the main tank 204 and the gas is introduced into the
main tank 204 after the ink in the buffer chamber
205f is depleted.

15 The volume Vb of the buffer chamber 205f is so
selected as to satisfy the environmental use
condition of the product. For example, for a product
to be used within a temperature range of 5°C (278K)
to 35°C (308K), and for a main tank 204 having a

20 volume of 100 ml, the volume Vb is selected as 100 x
(308 - 278)/308 = 9.7 ml or larger.

Now there will be explained, with reference to
Figs. 3A to 3D, the basic water head of the main tank
204 and the behavior of gas and ink in the liquid

25 path of the ink supply unit 205 at the gas

introduction into the main tank 204.

Fig. 3A shows a normal state capable of ink



supply fromthe main tank 204 to the recording head 201 (cf. Fig. 2) In
this state, the interior of the min tank 204 is naintained air-tight
except for the buffer chanber 205f and is maintained at a negative 5
pressure relative to the atnospheric pressure, and the front end 209a of
the ink remains in the liquid path 205e.3%he front end of the ink is in
contact with air and is therefore at the atnospheric pressure (= 0 mmq).
The liquid path 205¢c in which the front 10 end 209e of the ink is
positioned and the liquid path 205e communicating with the ink supply tube
205 (cf. Fig. 2) are of a sane height and nutually comrunicate only

t hrough the inksusplyhftohhehpreasor eaak Lid dd gqulha paddr@Dbe headl so t he
at nospheric pressure. 15 This pressure is determ ned only by the height

rel ationship of2@he(¢fonfignd2209almwithhe shitend thige intiequiak paf htl2@5¢ and
is influenced by the anmpunt of 1ink 209 in the main tank 204. As the ink in
the main tank Z0inpstaphsdfbdis Qélﬂhélﬂ@@mﬁkﬁﬂi%ﬂhﬁaQﬁc%m% fak §P§dually

nove toward
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path 205e. The front end of the ink is in contact
with air and is therefore at the atmospheric pressure
(= 0 mmAg). The liquid path 205¢c in which the front

10 end 209 of the ink is positioned and the liquid path
205e communicating with the ink supply tube 205 (cf.
Fig. 2) are of a same height and mutually communicate
only through the ink, so that the pressure of the
liquid path 205e is also the atmospheric pressure.

15 This pressure is determined only by the height
relaticonship of the front end 209%9a of the ink and the
liquid path 205c¢ and is influenced by the amount of
ink 209 in the main tank 204.

As the ink in the main tank 204 is consumed,

20 the front end 209a of the ink gradually move toward
the air introducing needle 205b as shown in Fig. 3B,
and, upon reaching a position directly below the air
introducing needle 205b, the air floats as a bubble
in the air introducing needle 205b as shown in Fig.

25 3C and introduced into the main tank 204. In return,
the ink in the main tank 204 enters the interior of

the air introducing needle 205b, whereby the front



end 209a of the ink returns to the original state shown in Fig. 3A Fig.
3D shows a state where ink is accunulated in the buffer chanber 205f. In
this state, the front 5 end 209a of the ink is at a position in the mddle
of the height of the buffer chanmber 205f and higher than the liquid path
205c by hl (m) so that the pressure inmtdfe-4iquid path 205c is -hl
(nmmAq). Thus, in the present enbodi nent, the negative 10 pressure Pn
applied to the lower end of the nozzle 201g (cf. Fig. 2) by the water head
is Ph=-9.8x (h2 - h3 - h4)Pa in the normal state or -9.8 x (h2 - hl -
h3 - h4)Pa in a state where the ink is accunmulated in the buffer chamnber
205f, wherei n h2n@m) s ofhe hk5 i gidtdrmoan tdethéqordgpatl 2@2¢et o t he
upper face 209b in the sub tank 201b as shown in Fig. 4, h3 (nm is the
hei ght from t heshpWnein2@lig.t 3&-he upper face 209b in the sub tank 201b
and h4 (nmm) is the height fromthe |ower end of the nozzle 201g to the
upper 20 face 209c infFi%e PPgehavwehanbépt2ovherha nalie Fpcunglabedel ect ed
as to be contained rement i oned negative pressure range of

(-0.2027 to - 2%626§nef<g§%.fteggﬁ af“%@rrer%%- t&rFitg“.lSz,S%"eei nkDQuppPtas
needl e 205a59nd t he i% i@tr dyci@g.nee | e 205b. are ponngcted tQ a circuit
205h for measur?ﬂg gﬁg &l eé?‘rel cal Pesy% FhdP ot tRR HRkE th‘rlggaedé)t cting
- 41 the height of the buffer chamber 205f and higher than
the liquid path 205c by hl (mm) so that the pressure
in the ligquid path 205c is -hl (mmAq).
Thus, in the present embodiment, the negative
10 pressure Pn applied to the lower end of the nozzle
201g (cf. Fig. 2) by the water head is Pn = -9.8 x (h2
- h3 - h4)Pa in the normal state or -9.8 x (h2 - hl -
h3 - h4)Pa in a state where the ink is accumulated in
the buffer chamber 205f, wherein h2 (mm) is the
15 height from the liquid path 205c to the upper face
209 in the sub tank 201b as shown in Fig. 4, h3 (mm)
is the height from the filter 20lc to the upper face
2090 in the sub tank 201lb and h4 (mm) is the height
from the lower end of the nozzle 201g to the upper
20 face 209c in the liquid chamber 201f. The value Pn
is so selected as to be contained within the
aforementioned negative pressure range of (-0.2027 to
-2.0265 kPa).
Again referring to Fig. 2, the ink supply
25 needle 205a and the air introducing needle 205b are
connected to a circuit 205h for measuring the

electrical resistance of the ink, thereby detecting



the presence or absence of ink in the main tank 204. The circuit 205h
detects an electrically closed state in the presence of ink in the main
tank 204 since a current flows in the circuit 205h through the ink in 5
the main tank 204, but an electrically open state in the absence of ink or
in case the main tank 204 is not nounted. 48i nce the detected current is
very weak, the insulation between the ink supply needle 205a and the air

i ntroduci ng needle 205b is inmportant. In the 10 present enbodi nent, the
path fromthe ink supply needl e 205a to the recordi ng head 201 is nade
conpl etely independent fromthe path fromthe air introducing needl e 205b
to the air comuhiecatresgncapent wbse2@%y,o fiMterlebiyn i thé smagndered Pédsi ble to
15 neasure the electrical resistance of the ink only in the nain tank 204.
In the foll owi nghehedacuilltl 208hgidedecdrd aax ket ¥ bPa bhy t Aéopeglowdmtauni t
207. The recovery unit 207 serves to suck ink and 20 gas fromthe nozzle
201g and to opetBt BhEnBrERENCE Pf datkvdm1ide i st%?%v?%ds\ﬁntcﬁ & suction

207 f i t i nk .di sch f taini t, .of th
cop 207 u1S" SEBRLER DIk o sohnge gt {saniaioin, gRer e of 11
ever 2100 of * 2B.thesnuLigl boval v6. 210, The-suctlery cap.20T3,s, qaposed

of an elastit nenber such ‘as of eas lon com
the absence of ink or in case the main tank 204 is

not mounted. Since the detected current is very weak,
the insulation between the ink supply needle 205a and
the air introducing needle 205b is important. In the
10 present embodiment, the path from the ink supply
needle 205a to the recording head 201 is made
completely independent from the path from the air
introducing needle 205b to the air communicating
aperture 205g, whereby it is rendered possible to
15 measure the electrical resistance of the ink only in
the main tank 204.
In the following there will be given an
explanation on the recovery unit 207.
The recovery unit 207 serves to suck ink and
20 gas from the nozzle 201g and to operate the shut-off
valve 210, and is provided with a suction cap 207a
for capping the ink discharge face (containing
aperture of the nozzle 201g) of the recording head
201, and a link 207e for operating the lever 210d of
25 the shut-off valve 210.
The suction cap 207a is composed of an elastic

member such as of rubber at least in a portion coming



into contact with the ink discharge face, and is rendered novabl e between
a position for tightly closing the ink discharge face and a position
retracted fromthe recording head 201. The suction 5 cap 207a i s connected
to a tube having a suction punp 207c of tube punp type in an internedi ate
position thereof, and is capable of contid@2ueus suction by activating the
suction punp 207c by a punp notor 207d. It is also possible to vary the
suction amount by 10 changing the revolution of the punp notor 207d. The
present enbodi nent enpl oys a suction punp 207c capabl e of reduci ng pressure
to -0.8 atm (81.060 kPa). A cam 207b for activating the suction cap 207a
is rotated by aigad comith@t RO tHE/dnk MilkcisymgdrbncEat and Wst h a cam
207f for operating the Iink 207e. The tim ng of the cam 207b conming into
contact with theeadetriean moamid@7 ddtweadre gpamigitmnsn afot ot tgbhbdyesponds to
the timng of the cam 207f comng into contact with the link 207e in the
positions a to 208osingn thige ipdsidlissharga Hacam 7 BepaE4PBs the suction

cap 207a fromthe ink discharge face of the _recording head 201, and the
cam 207f pressedetractiesk £ ooy dhe ra@raiag head il 210de tHeF kb9 openi ng

(e, Valve B0 cin HiePosl on b Lhe cam Qs brings 25-Lhe suctl.gn cap
the link —207e 18,¢l 9%€ (LAS YRS tydl W HPSIAd n&ai 4PE 58T %%
thereof, and is capable of continuous suction by
activating the suction pump 207c by a pump motor 207d.
It is also possible to vary the suction amount by
10 changing the revolution of the pump motor 207d. The
present embodiment employs a suction pump 207c
capable of reducing pressure to -0.8 atm (81.060 kPa).
A cam 207b for activating the suction cap 207a
is rotated by a cam control motor 207g, in
15 synchronization with a cam 207f for operating the
link 207e. The timing of the cam 207b coming into
contact with the suction cap 207a in the positions a
to c corresponds to the timing of the cam 207f coming
into contact with the link 207e in the positions a to
20 c¢. In the position a, the cam 207b separates the
suction cap 207a from the ink discharge face cf the
recording head 201, and the cam 207f presses the link
207e to elevate the lever 210d, thereby opening the
valve 210. In the position b, the cam 207g brings
25 the suction cap 207a in contact with the ink
discharge face, and the cam 207f pulls back the link

207e to close the valve. In the position ¢, the cam



207b brings the suction cap 207a in contact with the ink discharge face,
and the cam 207f presses the link 207e to open the valve. In the recording
operation, the canms 207b, 207f 5 are namintained in a state of the position
a to enable ink discharge fromthe nozzle 201g and ink supply fromthe
main tank 204 to the recording head 201~ M3 -a non-operating state

i ncluding a stand-by state and a pause, the cans 207b, 207f are maintai ned
in a 10 state of the position b to prevent drying of the nozzle 201g and
ink flowout fromthe recording head 201 (particularly in case the
apparatus itself is noved, the apparatus may be inclined to induce ink
flowout) . The2pddi biramges ahet Baiczamm 240,20/ fim Scdhteop! ayed ikthean ink
filling operation to the recording head 201 to be explained later. In the
- foregoi ng t her enkaslilsedr rgreplfaicegd ante thankcauphd Yt patésbesmchiee ldmikn t ank
204 to the recording head 201, but the configuration shown in 20 Fig. 2
eventual |y resu?@gelﬁOg@§eac@@ﬁuW@ﬂN@n in the recording head 201 over a

prol onged period. In the sub tank 201b, there are accunul ated g
per neating through th%nl%@esﬁ%%Pyd%GﬁeoEGBa§ﬁ8nthéheeﬁé§ﬁié“ﬁ@%be@%7§01h

and 9 O a0l ved I Rake e, 35 The ans. ner Sal g LU guol Lhe ke suppl»
material of h'ggngaﬁlgéﬁar%% RLARES %% nof%ﬁe 201g and ink supply
from the main tank 204 to the recording head 201. 1In
a non-operating state including a stand-by state and
a pause, the cams 207b, 207f are maintained in a
10 state of the position b to prevent drying of the
nozzle 20l1g and ink flow-out from the recording head"’
201 (particularly in case the apparatus itself is
moved, the apparatus may be inclined to induce ink
flow-out). The position ¢ of the cams 207b, 207f is
15 employed in an ink filling operation to the recording
head 201 to be explained later.

In the foregoing there has been explained the
ink supply path from the main tank 204 to the
recording head 201, but the configuration shown in

20 Fig. 2 eventually results in gas accumulation in the
recording head 201 over a prolonged period.

In the sub tank 201b, there are accumulated gas
permeating through the ink supply tube 206 and the
elastic members 201h, and gas dissolved in the ink.

25 The gas permeating through the ink supply tube 206
and the elastic member 201h can be prevented by

employing a material of high gas barrier property,



but such material is expensive. In the mass produced consuner equi pnent,

it is not easy to use expensive material in consideration of the cost. In
the present enbodi nent, the ink supply tube 206 is 5 conposed of a

pol yet hyl ene tube of |ow cost and high flexibility, and the elastic nenber
201h is conposed of butyl rubber. On the %t ther hand, in the liquid chamber
201f, there is gradually accumul ated gas, because of a 10 phenonenon t hat
t he bubbl e generated in the ink discharge fromthe nozzle 201g, nanely the
bubble generated in the ink in the nozzle 201g in the recording operation
but thereafter not re-dissolved in the ink at the contraction of the

bubbl e and 15 r éudr siued matereidl gis cexpembere201%n gre auphenbreAYsect hat
the fine bubbles present in the ink gather to forma |arger bubble by an
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flexibility, and the elastic member 201h is composed
of butyl rubber.
On the other hand, in the liquid chamber 201f,
there is gradually accumulated gas, because of a
10 phenomenon that the bubble generated in the ink
discharge from the nozzle 20l1g, namely the bubble
generated in the ink in the nozzle 20lg in the
recording operation but thereafter not re-dissolved
in the ink at the contraction of the bubble and
15 returning to the liquid chamber 201f, or a phenomenon
that the fine bubbles present in the ink gather to
form a larger bubble by an increase of the ink
temperature in the nozzle 201lg.
According to the experiment of the present
20 inventors, in the configuration of the present
embodiment, the gas accumulates by about 1 ml/month
in the sub tank 201b and aboﬁt 0.5 ml/month in the
liquid chamber 201f.
The gas accumulation in the sub tank 201b and
25 the liquid chamber 201f reduces the ink amount
therein. In the sub tank 201b, an ink deficiency

causes exposure of the filter 20l1c to the gas to



reduce the effective area thereof, thereby increasing the pressure |oss
thereof and eventually disabling ink supply to the liquid chanber 201f.
Also an ink deficiency in the liquid chanber 201f causes exposure 5 of the
upper end of the nozzle 201g to the gas, thereby rendering ink supply
thereto inpossible. In this manner, a fatd& -situation arises unless each
of the sub tank 201b and the liquid chanber 201f contains ink at |east
equal to a predeterm ned anmount. 10 Therefore, by filling each of the sub
tank 201b and the liquid chanber 201f with an appropriate amount of ink at
a predetermned interval, the ink discharging performance can be stably
mai nt ai ned over redukcend hee rifde.c tewen asddoute eapf oyimgreby haceeipslingf 15
hi gh gas barrier property. For exanple, in the present_ enbodi nent, the sub
tank 201b and t kbel Paggis¢urehdessr tieenlyad §Y¢nedr W ¥ hdifirldd80y nont h
by an anmount equal to the accunulating gas anount r month | us
fluctuation in £R& ﬁPPﬁlﬁgﬁOQGhFhéHQHéqiQWqWEF¥n%%P§he]§Uﬁ3t%ﬁk1§5lb and

the liquid cha rr 201f is executed utjlizi th ction operation by
the recovery ungg%éé??nﬁﬂrén-§g§tﬁﬁQﬁﬂ43ﬁh?$E%€u§Qf ncﬁﬁﬁﬁ52g¥@°F§re
activated in a _state where the i i sch f of .t r rding 25 head
201 is tigh??y 8?0?@8 Hypfﬁee€ﬁ%f¥§&:éad‘ a? fgﬁ%r% ypgﬁc ?%g the ink in
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this manner, a fatal situation arises unless each of
the sub tank 201b and the liquid chamber 201f
contains ink at least equal to a predetermined amount.

10 Therefore, by filling each of the sub tank 201lb
and the liquid chamber 201f with an appropriate
amount of ink at a predetermined interval, the ink
discharging performance can be stably maintained over
a long period, even without employing the material of

15 high gas barrier property. For example, in the
present embodiment, the sub tank 201b and the liquid
chamber 201f may be filled with ink every month by an
amount equal to the accumulating gas amount per month
plus fluctuation in the filling.

20 The ink filling into the sub tank 20lb and the
liquid chamber 201f is executed utilizing the suction
operation by the recovery unit 207. More
specifically, the suction pump 207c is activated in a
state where the ink discharge face of the recording

25 head 201 is tightly closed by the suction cap 207a,

thereby sucking the ink in the recording head 201

from the nozzle 201g. However, in simple ink suction



fromthe nozzle 201g, ink of an anmpunt approximately equal to the ink

sucked fromthe nozzle 201g fl ows
chanber 201f and ink of an anmount approxi mately equal
tank 201b flows fromthe main tank 204 into the sub tank

out of the sub

201b, so that the situation does not chaA§e-nuch fromthe state prior
suction. Therefore, in the present enbodinent, in order 10 to fill the sub
tank 201b and the liquid chanber 201f separated by the filter 201c

respectively w

th appropriate anounts of ink, the sub tank 201b and the

fromthe sub tank 201b into the liquid
to that 5 flow ng

to

i quid chanber 201f are reduced to a predeterm ned pressure utilizing the
shut-of f val ve 216m ther abyz1l® 26tlyi, ndntkhe fvaurmeswit tdepsakimankll01lb and

the liquid chanber 201f. In the following there will be explained the ink
filling operatiequell thetbebininkuzdel £xdm Here Inqps e ch@hbef 1288, and
the vol une setting thereof. 20 In the ink filling operation, at first the

carriage 202 (cfromi ghelpupstppked Ol dn¥ssitthicoon 1kt echdBLeECEPdiEng head

120 i s opposed

07f to a

to the suction cap_ 207a, and the cam control or 207g of
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arge face of
tank 204 intc the sub tank 201b, so that the

situation does not change much from the state prior
to suction.

Therefore, in the present embodiment, in order
to fill the sub tank 201b and the liquid chamber 201f
separated by the filter 20lc respectively with
appropriate amounts of ink, the sub tank 201lb and the
liguid chamber 201f are reduced to a predetermined
pressure utilizing the shut-off valve 210, thereby
setting the volumes of the sub tank 20lb and the
liquid chamber 201f.

In the following there will be explained the
ink filling operation of the sub tank 201b and the
liquid chamber 201f, and the volume setting thereof.

In the ink filling operation, at first the
carriage 202 (cf. Fig. 1) is moved to a position
where the reccrding head 120 is opposed to the
suction cap 207a, and the cam control motor 207g of
the recovery unit 207 is activated to rotate the cams
207b, 207f to a state where the position b for
respective contacts with the suction cap 207a and the

link 207e. Thus the ink discharge face of the



recording head 201 is closed by the suction cap 207a, and the shut-off
val ve 210 closes the ink path from the main tank 204 to the recordi ng head
201. The punp notor 207d is activated in this state 5 to execute suction
by the suction punp 207c fromthe suction_cap 207a. This suction operation
sucks ink and gas, remaining in the recofdi ng head 201, through the
nozzl e 201g, thereby reducing the pressure in the recording head 201. The
suction punp 207c is stopped 10 when the suction reaches a predeterm ned
anount, and the camcontrol notor 2079 is activated to rotate the cans
207b, 207f to a state where the position ¢ in contact with the suction cap
207a and the |inkc2@deng Thad 28 iisk cdioseidatyge freestehidnscén £Adacl osed
15 state by the suction cap 207a but the shut-off valve 210 is opened. The
suction anount 8Pdt hBesgbtitoRIpiag ve072d 0 Slasase!td’ etnhsPebhbErRY t he
interior of the recordin e 201 t ermned pressure required
Joko 24 3 281

01 to a rede
for filling thetBGbMRaRKT d *Cn&NE FEP T th MR f with ink of
appropriate anmounts, and can be det i,ned by, cal cul at.ion,ar_ b
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returning the sub tank 201b and - 48

and gas, remaining in the recording head 201, through
the nozzle 201g, thereby reducing the pressure in the
recording head 201. The suction pump 207c is stopped

10 when the suction reaches a predetermined amount, and
the cam control motor 207g is activated to rotate the
cams 207b, 207f to a state where the position c in
cortact with the suction cap 207a and the link 207e.
Thus the ink discharge face remains in the closed

15 state by the suction cap 207a but the shut-ocff valve
210 is opened. The suction amount of the suction
pump 207c is so selected as to bring the interior of
the recording head 201 to a predetermined pressure
required for filling the sub tank 20lb and the liquid

20 chamber 201f with ink of appropriate amounts, and can
be determined by calculation or by experiment.

As the internal pressure of the recording head

201 is reduced, inrk flows into the recording head 201
through the ink supply tube 206, thereby filling each

25 of the sub tank 201b and the liquid chamber 201f with
ink. The amount of ink filling corresponds to a

volume required for returning the sub tank 201lb and



the liquid chanber 201f to the atnospheric pressure, and is determ ned by

the volune and pressure thereof. The ink filling into the sub tank 201b
and the liquid chanber 201f is conpleted in about 1 second 5 after opening
t he shut-off valve 210. Upon conmpletion of the ink filling, the cam

control nmotor 207g is driven to rotate-tHh8 cans 207g, 207f to a state
where the position ais in contact wwth the suction cap 207a and the |ink
207e. In this manner 10 the suction cap 207a is separated fromthe
recording head 201, and the suction punp 207c is activated again to suck
the ink remaining in the suction cap 207a. As the shut-off valve 210 is
open in this statke,lildwdd etentialy JEatl 2HItlcan thhesbhegeci pketssuk®,f orm a
character or an imge on the recording sheet S (cf. Fig. 1). In a stand-by
state or in a pause,st ldeteramneahtirwlthotowl@0dgand aressatred thgaieo .o
rotate the cans 207b, 207f to a state where the position b is in contact
with the suction cap Pofainkdfihéihgnknz@ 2dre suthdrasty 29beiardt Beei nk

di scharge face of the recording head 201 with the suction_cap 207a and

cl osing the shutigfid, ghg@letp. dss PPt eked nlRhabsub tafRC®®th and the
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207g is driven to rotate the cams 207g, 207f to a
state where the position a is in contact with the
suction cap 207a and the link 207e. 1In this manner
10 the suction cap 207a is separated from the recording
head 201, and the suction pump 207c is activated
again to suck the ink remaining in the suction cap
207a. As the shut-off valve 210 is open in this
state, the recording head 201 can discharge ink to
15 form a character or an image on the recording sheet S
(cf. Fig. 1). In a stand-by state or in a pause, the
cam control motor 207g is activated again to rotate
the cams 207k, 207f to a state where the position b
is in contact with the suction cap 207a and the link
20 207e, thereby closing the irnk discharge face of the
recording head 201 with the suction cap 207a and
closing the shut-off valve 210.
Unless the ink in the sub tank 201b and the
liguid chamber 201f becomes deficient over a long
25 period, 1t is not necessary to frequently execute the
suction operation by the recovery unit 207, so that

the chances of wasting ink can be reduced. Also the



ink filling, if required in both of the sub tank 201b and the liquid
chanber 201f, can be achieved in a single filling operation, thereby
allowing to econom ze the ink. 5 Now, |let us consider the relationship
anong the volunme V1 of the sub tank 201b, the ink anbunt Si to be filled
therein and the pressure P1 (relative to 4Che atnospheric pressure)
therein. Based on the law "PV = constant", the sub tank 201b can be filled
with 10 the ink of an appropriate anount in the filling operation, by
setting a relation V1 = S1/IP1l. Simlarly, for the volunme V2 of the
l'iquid chanmber 201f, the ink anmount S2 to be filled therein and the
pressure P2 (relaki ¥&lttdnghe idt mesphierdd ipr ésstir e)f 18he hewki hankh@Olllbqui d
chanmber 201f can be filled with the ink of an appropriate anpunt in the
filling operatkod, thg déguiidg chamsleat iZH i carspe PEhiayed fRedfilter
201c separating the sub tank 201b and the |iquid chanber 201f has a fine
mesh 20 structuséngde fhdldag PewatHarei EhareRyY faEtPYINg 5° state having

a nmeniscus therein, as explained in the foregoing. For a pressure Pm
required for ga§COBERAESt itHR t ugh the filter 201c having such neniscus,

in case of ction fr@g%éhf%ﬂgﬁéggoég%ge%yt%% Eggg§ygﬁ§?%§;%$§n&0 nethe

pressure P21n the |i ecomes Tower an’ t he
pressure Pl in phe Sulqtank (2Q10. 3 nemt Mo gss 138 19k CRBuntS81 to
be filled therein and the pressure Pl (relative to
the atmospheric pressure) therein. Based on the law
“PV = constant”, the sub tank 201b can be filled with
10 the ink of an appropriate amount in the filling
operation, by setting a relation V1 = S1/|P1l].
Similarly, for the volume V2 of the liquid chamber
201f, the ink amount S2 to ke filled therein and the
pressure P2 (relative to the atmospheric pressure)
15 therein, the liquid chamber 201f can be filled with
the ink of an appropriate amount in the filling
operation, by setting a relation V2 = S2/|P2].
Also the filter 201c separating the sub tank
201b and the liquid chamber 201f has a fine mesh
20 structure and the gas flow therein is difficult in a
state having a meniscus therein, as explained in the
foregoing. For a pressure Pm required for gas
permeation through the filter 20lc having such
meniscus, in case of suction from the nozzle 20l1g by
25 the recovery unit 207, the pressure P2 in the liquid
chamber 201f becomes lower by Pm than the pressure

Pl in the sub tank 201b since the gas has to come



fromthe sub tank 201f through the filter 201c. Thus, by enploying this
relationship in determning the volunmes of the sub tank 201b and the

| i quid chanmber 201f, the condition of the filling operation can be 5
easily determned. In the following there will be explained specific
exanpl es of the aforenentioned filling —op€ration and the vol une setting.

It is assuned that the ink filling is executed 10 every nonth, and the gas
accurul ati ng anount per nonth is 1 nm in the sub tank 201b and 0.5 m in
the liquid chanber 201f. It is also assuned that the ink anmount required

in the sub tank 201b not to expose the filter 201c to gas is 0.5 m while
the ink amount FTomedhier echld rtarhie 201li thetagheth20fh ltetr t20 exposEnehe
nozzle 201g to gas is 0.5ml, and the fluctuation in the ink filling anmount
is 0.2 n both by emeloysnoarkkis2eEd adidnshe B iigui e eembeingothe Thus the
ink anmount to be filled in a single filling operatigﬂiis,go %he sum of
these amounts, HRAuMes1of fhe $ubhdadity 24hed 1 antt 9U3dFRRRYERe | qui d

chanber 201f. reduced pressure i he recordi ng head. 201 i | ect ed
within the abil Egﬁfm tPRe SPDEG AP S ttﬁ“%ofr?fl Y h‘%’%’?%géﬁ{’ Sﬁfsa’o%ﬁeerrent,
since the p r 25.Lim¢t of t.he suction punp 207c is -0.8 atm (81. 060
kPa), the sﬁ%?iSﬁsé%guﬁthanﬁgdZUCtion punp 207c is experinentally so

determined that the pfessyrer,1bheng Phere will be explained

specific examples of the aforementioned filling
operation and the volume setting.

It is assumed that the ink filling is executed

10 every month, and the gas accumulating amount per
month is 1 ml in the sub tank 201b and 0.5 ml in the
liquid chamber 201f. It is also assumed that the ink
amount required in the sub tank 201lb not to expose
the filter 20lc to gas is 0.5 ml while the ink amount

15 required in the liquid chamber 201f not to expose the
nozzle 201g to gas is 0.5ml, and the fluctuation in
the ink filling amount is 0.2 ml both in the sub tank
201b and the liquid chamber 201f. Thus the ink
amount to be filled in a single filling operation is

20 the sum of these amounts, and is 1.7 ml in the sub
tank 201b and 1.2 ml in the liquid chamber 201f.

The reduced pressure in the recording head 201
is selected within the ability of the recovery unit
207. 1In the present embodiment, since the power

25 limit of the suction pump 207c is -0.8 atm (81.060
kPa), the suction amount of the suction pump 207c is

experimentally so determined that the pressure in the



suction cap 207a can reach -0.5 atm (-50.6625 kPa) wth a margin, and is
controlled by the revolution of the punp notor 207d. As the pressure
required for gas perneation 5 against the nmeniscus in the nozzle 201g is
experinmentally -0.05 atm (-5.06625 kPa), there is generated a difference
bet ween the pressures of the suction cap3207a and the |iquid chanber 201f
by the resistance of the nozzle 201g, whereby the pressure 10 in the

| i qui d chanmber 201f becones higher than that in the suction cap 207a by
0.05 atm (5.06615kPa) Simlarly, as the pressure required for gas
permeation against the neniscus in the filter 201 ¢ is experinentally -0.1
atm (-10. 1325 kBacticmerapn £ 0/ garermtaath a @i J fatrenéeSbetween kiflae
pressures of the |iquid chanber 201f and the sub tank 201b by the

resi stance of tWéthilat @@rzire, amserishycaHeprledupe tha rr¥Fodus icanke01b
becones higher than that in the 1jquid chanmber 201f by 0.1 atm (10.1325
kPa). 20 Ther ef 6P€, PR &ALy 4%€ pressure in the suction capo 207a at

-0.5 atm (-50.6625 kPg), th in _.the liquid chanber 201f b
[0 a5 atm (45,5063 ARPEJCWRFFSbhGr TPRULEC (6 A dOM LIRS 0. 35

atn1(-35.463§ kgg%FH%Q . epEggﬁfﬁgfiE%Léhﬂﬁéﬁygﬁégng%?g19Smﬁth ink of 1.7

m, the vol une éreof 1S S0 se rnal pressure
beconmes -0.35 abi,ekiFRnt@38 KPR, 05 24m (-5.06625 kPa), there is

generated a difference between the pressures of the
suction cap 207a and the liquid chamber 201f by the
resistance of the nozzle 201g, whereby the pressure

10 in the liquid chamber 201f becomes higher than that
in the suction cap 207a by 0.05 atm (5.06615kPa).
Similarly, as the pressure required for gas
permeation against the meniscus in the fiiter 201 c
is experimentally -0.1 atm (-10.1325 kPa), there is

15 generated a difference between the pressures of the
liquid chamber 201f and the sub tank 201b by the
resistance of the filter 20lc, whereby the pressure
in the sub tank 201b becomes higher than that in the
liguid chamber 201f by 0.1 atm (10.1325 kPa).

20 Therefore, by setting the pressure in the suction
capo 207a at -0.5 atm (-50.6625 kPa), the pressure in
the liquid chamber 201f becomes -0.45 atm (-45.5963
kPa) while that in the sub tank 20l1b becomes -0.35
atm (-35.4638 kPa).

25 In order to fill the sub tank 201b with ink of
1.7 ml, the volume V1 thereof is so selected that the

internal pressure becomes -0.35 atm (-35.4638 kPa)



when ink of 1.7 m is sucked fromthe sub tank 201b having an internal
pressure of about 1 atm (101.325 KkPa). Thus, V1 = 1.7/0.35 = 4.85 nil.
Simlarly the volume V2 of the liquid chanber 201f can be 5 determ ned as
V2 = 1.2/0.45 = 2.67 m. After the internal pressure of the recording head
201 is reduced under the foregoing conditid@ns, the shut-off valve 210 is
opened whereby the ink flows into the recording head 201 in a reduced 10
pressure state. Mre specifically, at first the ink flows into the sub
tank 201b whereby the gas inflated to the volunme V1 under reduced pressure
is restored alnost to the atnospheric pressure. The gas volune Vla in the
sub tank 201b i wheuchnkt atfe 1i.9 gilvers ludieed/ frem ihg(gub 023%) 291 15 m
and the filling is termnated when ink in an anount of V1 - Via = 1.7 ni
is filled into hh¥isgbamadktzonal sinAdsng, of mbeet 1iathnd (RAnBe® 201f,

the ink flows fromthe sub tank 201b whereby the gas inflated to the
vol ume V2 under kP80 -r cBE&d PreSsdrd/Ps 3est Sr-é éﬁnos?%ﬂ%%@ﬁQXﬂ?ﬁ%pheric

pressure. The gas.volu V2a .in the liquid.cha 201f |in such state is
gi ven by V2a = VV%uQe(%%-C%é$§f 4¥ﬂqfﬁtﬁha@§ﬁft §{¥iF?Pnéeis t er mi nat ed
when ink in an .of V2 - a = 25 4s.4ilied into the liquid
chanber 201f§ Tﬁ%ggqbﬁ%ggt%FnQMEhe'b%%éﬁ%ﬂgiandi?%zdﬁga pressures of the
sub tank 201b and theptigui ghehanbernz153ressure of the recording

head 201 is reduced under the foregoing conditions,
the shut-off valve 210 is opened whereby the ink
flows into the recording head 201 in a reduced

10 pressure state. More specifically, at first the ink
flows into the sub tank 201b whereby the gas inflated
to the volume V1 under reduced pressure is restored
almcst to the atmospheric pressure. The gas volume
Vla in the sub tank 201b in such state is given by

15 Vla = V1l x(1 - 0.35) = 3.15 ml, and the filling is
terminated when ink in an amount of V1 - Vla = 1.7 ml
is filled into the sub tank 20lb. Similarly, in the
liquid chamber 201f, the ink flows from the sub tank
201b whereby the gas inflated to the volume V2 under

20 reduced pressure is restored almost to the
atmospheric pressure. The gas volume V2Z2a in the
liquid chamber 201f in such state is given by VZ2a =
V2 x (1 - 0.45) = 1.47 ml, and the filling is
terminated when ink in an amount of V2 - VZ2a = 1.2 ml

25 is filled into the liquid chamber 201f.

Thus, by setting the volumes and reduced

pressures of the sub tank 201b and the liquid chamber



201f in the above-described manner, it is rendered possible to fill the
sub tank 201b and the liquid chanber 201f, separated by the filter 201c,
with the ink of appropriate anounts in a single filling 5 operation, so
that the recording head can be properly operated over a |ong period even
in a situation where gas is accunul ated PRerein. Al so, as expl ained in the
foregoing, gas of the gas holding area is present between the filter 201c
10 and the upper surface of the ink in the liquid chanber 201f, but the gas
volune in such gas holding area can be arbitrarily set by the suction
pressure in the suction operation of the recovery unit 207. Thus, the gas
in the gas hol d2Agfateaths mboagealsseril®d marie ol kel ¢ heeederept is thus

rendered possible to signifiqantl¥¥hinprove the reliability a%al st the
di scharge fai | uP@ssibid@l tond ifidokhEenSWUBRTE gdhdt /Y Bt weeRUifle filter

That the of fect FUBTGFEAZOR £+ REPATFLEH GHardis (et osbLs by Ehe Hrosence
O 1 e 20580 DUBRL e AIET NG IU 6L DT gopy Sbodtent
Co et ooy D3 IER 2l (Ao e gl W 0ol pRoEe
of the filter 20dg 868RCBIET 254 0ong period even in a situation where

gas is accumulated therein.

Also, as explained in the foregoing, gas of the
gas holding area is present between the filter 201lc

10 and the upper surface of the ink in the liquid
chamber 201f, but the gas volume in such gas holding
area can be arbitrarily set by the suction pressure
in the suction operation of the recovery unit 207.
Thus, the gas in the gas holding area 1is manageable

15 in the volume thereof.

It is thus rendered possible to significantly
improve the reliability against the discharge failure
resulting from the bubble generated between the
filter and the nozzle. More specifically, against

20 the conventional drawback that the effective area of
the filter changes (decreases) by the presence of the
unmanageable bubbles under the filter, the present
embodiment provides a configuration where the lower
surface of the filter 20lc is in contact, from the

25 Dbeginning, with the gas of the gas holding area in
the managed portion (aperture 201d in Fig. 2) so that

the effective area of the filter 201c scarcely



changes. Therefore, the necessary effective area of the filter 201c can be
controlled in consideration of the above-nentioned fact in the design
stage, whereby the 5 reliability can be inproved. Al so agai nst the drawback
that the bubble clogs the flow path between the filter and the nozzle, the
cross sectional area of the liquid chanbeb4261f is selected sufficiently

| arge with respect to the 10 dianmeter of the bubble that can exist in the
liquid chanber 201f, so that the ink flow cannot be hindered by the
bubble in the liquid chanber 201f. Furthernore, against the drawback that
the bubble in the liquid chanber enters the nozzle or 15 clogs the
connection betweranthe.liquid chanber and the nozzle, the cross sectional
area of the liquid chanber 201f is selected sufficiently |arge as
expl ai ned in-the forefoengfose, t hae nheebabbleeffecsriatcedrian tdfe theuid
chanmber 201f rises by the 20 floating force thereof in the ink in the
liquid chanberf20tfrardlics cam ted apntrallediais i senhiederat 1Bl Bfnd & ea,

t her eby being prevented fromentering the nozzle 201g. Besjdes, even if
the bubble gengbPaveamertirged dad cfarist é&ﬂﬁgqssﬁgg?edwhﬁfﬁbQS gas
of the gas | ding.a eﬁp the effective area of the.filter 201c does not
change sinc th@egéé Pt h&EGal oM SFea i s manageabl e as expl ai ned -

55 - Also against the drawback that the bubble clogs
the flow path between the filter and the nozzle, the
cross sectional area of the liquid chamber 201f is
éelected sufficiently large with respect to the

10 diameter of the bubble that can exist in the liquid
chamber 201f, so that the ink flow cannot be hindered
by the bubble in the liquid chamber 201f.

Furthermore, against the drawback that the
bubble in the liquid chamber enters the nozzle or

15 clogs the connection between the liguid chamber and
the nozzle, the cross sectional area of the liquid
cﬁamber 201f is selected sufficiently large as
explained in the foregoing, so that the bubble
generated in the liquid chamber 201f rises by the

20 floating force thereof in the ink in the liquid
chamber 201f and is united with the gas in the gas
holding area, thereby being prevented from entering
the nozzle 20l1g. Besides, even if the bubble
generated in the liquid chamber 201f is united with

25 the gas of the gas holding area, the effective area
of the filter 201c does not change since the gas in

the gas holding area is manageable as explained



before. Thus, by constructing the liquid chanber 201f separated fromthe
sub tank 201b by the filter 201c in the above-described manner, it is
rendered 5 possible to significantly inprove the reliability against the
di scharge failure resulting fromthe bubble generation in the liquid
chanmber 201f or fromthe novenent of the §énerated bubble. In the follow ng
there will be explained other 10 features of the present invention. In the
configuration of the present enbodi nent, when the shut-off valve 210 is
closed, the interior of the recording head 201 is a closed systemin which
the ink is held by the nmeniscus pressure at the 15 surface of the nozzle
201g. In the fokbkewrag there is considered a situation where the shut-off
valve 210 is closed at a |ow tenperature and then the anbient tenperature
increases. In such cdBeysi roy heonsubuchnkg20he Whiovhd shappesed Qb t he
nozzl e 201g 20 across the filter 201c, there are generated gas _inflation
and a rise in thepaapsedpfessuitde ubadssak A0thLY ithke| flibfperltGre and
the decrease in the external pressure. Such gas inflatigon and the rise in
vapor pressure éantBe abs¥epegssEyitrd freddifie 1B AdfREFAG9chanber 201i .

;g?gvagihtPS%L; ggga%&%g?gr§§%%Efi%%%€ffm¥%%fgvetgﬁéségfiggiﬁg%yn022|e

against the discharge failure resulting from the
bubble generation in the liquid chamber 201f or from
the movement of the generated bubble.

In the following there will be éxplained other

10 features of the present invention.

In the configuration of the present embodiment,
when the shut-off valve 210 is closed, the interior
of the recording head 201 is a closed system in which
the ink is held by the meniscus pressure at the

15 surface of the nozzle 20lg. In the following there
is considered a situation where the shut-off wvalve
210 is closed at a low temperature and then the
ambient temperature increases. In such case, in the
sub tank 201b which is opposed to the nozzle 201g

20 across the filter 201c, there are generated gas
inflation and a rise in the vapor pressure, because
of the rise in temperature and the decrease in the
external pressure. Such gas inflation and the rise
in vapor pressure can be absorbed by the pressure

25 adjusting chamber 2011i.

However, the liquid chamber 201f, positioned at

the side of the nozzle 201lg with respect to the



filter 201c, is not connected with a space such as the pressure adjusting
chanber 201li, for absorbing the gas inflation or the rise in vapor
pressure but has a constant volunme. The liquid chanber 201f, 5 being
directly connected with the nozzle 201g, cannot contain even very snal
particle. Though it is theoretically pesséle to provide the |liquid
chanber 201f with a space simlar to the pressure adjusting chanber 201i,
the presence of a nmenber susceptible to 10 generate inpurity or particle
upon deformation, such as rubber, in the liquid chanber 201f is
inpractical in consideration of the manufacturing cost. Therefore, the gas
inflated in theflilgeird 20¢kgmier ndlfcqmsheseduiitineai sgatbesach te the 15
exterior thereof. In such situation, if the ink in the |liquid chanber 201f
is even parti al fthei pressuaet adgiudt irhe dhidnileer 20Ati, f berezbapikbiakbong t he
wal | of the liquid chanber 201f by the surface tension, the ink can pass
t hrough the fil tée 205c lafd addwresgapdre 20l sat bh t hePeubpPraARuUZe1BUtHowever ,

in case the entire surface of the filter 20lc at the side of the liquid
chanber 201f i shagxposedstanthe Yadeand The Addyif GHmRI: vt ¢ hit he i nk,

Lhe 11t er 0Lyt he TS0 Seus DU APS o0 Ak Z8 M ENbRS | Bk he,
201b unless Su%%nqgghS%@%ni%eQ®O@%%lI §g}ticle. Though it 1is
theoretically possible to provide the ligquid chamber
201f with a space similar to the pressure adjusting
chamber 201i, the presence of a member susceptible to
10 generate impurity or particle upon deformation, such
as rubber, in the liquid chamber 201f is impractical
in consideration of the manufacturing cost.

Therefore, the gas inflated in the liquid
chamber 201f pushes out the ink therein to the

15 exterior thereof. 1In such situation, if the ink in
the liquid chamber 201f is even partially in contact
with the filter 201c, for example along the wall of
the licuid chamber 201f by the surface tension, the
ink can pass through the filter 20lc and can escape

20 into the sub tank 201b.

However, in case the entire surface of the
filter 201c at the side of the liquid chamber 201f is
exposed to the gas and is not in contact with the ink,
the filter 201c holds the meniscus by the contact

25 with the ink at the side of the sub tank 201b, so
that the ink cannot escape to the sub tank 201b

unless such meniscus is broken.



On the other hand, the neniscus is also held in the nozzle 201g, and, if
the holding force for such neniscus at the nozzle 201g is smaller than
that for the neniscus at the filter 201c, the ink | eaks from 5 the nozzle
201g. Moreover, the neniscus in the nozzle 201g, if once broken, cannot be
easily restored, so that the ink in the I57/qui d chanber 201f bl ows out by
an anount corresponding to the gas inflation or increase in vapor
pressure. 10 In the present enbodinent, in order to prevent such drawback,
the partition portion 20le provided at the boundary of the sub tank 201b
and the liquid chanber 201f and supporting the filter 201c is so
structured that the iok tBesecheel Mahd, cohkagkendisidusli g el d@adeebd fhe
filter 201c at the side of the liquid chanber 201f. In this manner the
"force breaki ngthkenomedies i< of,orareltd arf ttee nozld en@O0igtcesfpudsusdual to
or larger than the "ink noving force to the filter_ _201c" thereby
preventing the Makilsealsagd fthemnare 120 by |fes 2ol lsuckhapr Geebréom |1 be
explained in the following with reference to Figs. Fi 5is a

5. and._6. .
cross-sectionalt@PeWG§H§ﬁW%gQHu§h%kﬁ%ﬁq%ﬁi%Qﬁ%ﬂrﬁﬁes%ggc%ﬁﬁésg Offe
di head h in Fi.g. 2, d Fig. 6.i ti iew, 25
from above, of FRE PBeNa g Wead SRERNSIN ES. TBHSLE stk BoGher e the
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restored, so that the ink in the liquid chamber 201f
blows out by an amount corresponding to the gas
inflation or increase in vapor pressure.

10 In the present embodiment, in order to prevent
such drawback, the partition portion 20le provided at
the boundary of the sub tank 201b and the liquid
chamber 201f and supporting the filter 20lc is so
structured that the ink is securely in contact with

15 the face of the filter 20l1c at the side of the liquid
chamber 201f. In this manner the “force breaking the
meniscus formed on the nozzle 201g” is made equal to
or larger than the “ink moving force to the filter
201c” thereby preventing the ink leakage from the

20 nozzle 201g. Such structure will be explained in the
following with reference to Figs. 5 and 6.

Fig. 5 is a cross-sectional view showing the
detailed internal structure of the recording head
shown in Fig. 2, and Fig. 6 is a perspective view,

25 seen from above, of the recording head shown in Fig.
2 in a state where the upper wall of the sub tank and

a part of the filter are eliminated. In Fig. 5, the



detail ed cross-sectional structure of the nozzle 201g is omtted. As shown
in Figs. 5 and 6, in the peripheral portion of the partition portion 201le,
there is 5 formed a lateral wall 22la extending toward the sub tank 201b,
and the filter 201c is in fact placed on the lateral wall 22la. In this
manner, the ink can also be held in an-aP8a~surrounded by the | ateral

wal | 221a. Stated differently, the partition portion 10 20le constitutes an
auxiliary liquid chanber between the sub tank 201b and the Iiquid chanber
201f. The height of the lateral wall 22l1a is so selected that the ink
held in the partition portion 20l e can always contact the | ower surface of
the filter 20lcdbyathedlbresstaece tiiensilos tEuT tture drfaviiing, néoelehdO0pgr pose
of clarity, the ink held in the area surrounded by the lateral wall 221la
contacts, in a bajomipgsedi.on, the |ower surface of the filter 201c by

surface tension. Inside the area surrounded b% the | teral VWhg 0 221a,

there are provided mﬁﬁiﬁh?W%slﬁzﬁégs22§dan8f mﬁpcﬁ Re Pt R %%ﬁn as that
of the lateral wall ,221a %%d whi_ch up er end% | so contact the | ower .
surface of the PPFF&PR268fc tlehder tifd Pn é%%ﬁ@ %e®ritBs 221c, 221d

by the capil ar¥?Fhe ongg%ter%lakéqlc%@%ilég Aﬁgﬁgﬂ%ON%EQO%HS EBEPr

surface of t thereby increasin nount the in
contact with the,lpwepigurbace thher8afer 293¢ is in fact placed on

the lateral wall 221a. In this manner, the ink can
also be held in an area surrounded by the lateral
wall 221a. Stated differently, the partition portion
10 20le constitutes an auxiliary liquid chamber between
the sub tank 201b and the liquid chamber 201f. The
height of the lateral wall 22la is so selected that
the ink held in the partition portion 20le can always
contact the lower surface of the filter 20lc by the
15 surface tension (in the drawing, for the purpose of
clarity, the ink held in the area surrounded by the
lateral wall 22la contacts, in a major portiocn, the
lower surface of the filter 20l1c by surface tension.
Inside the area surrounded by the lateral wall
20 22la, there are provided plural ribs 221c, 221d, of
which height is same as that of the lateral wall 221la
and of which upper ends also contact the lower
surface of the filter 20lc. Thus, the ink rising
along the ribs 221c, 221d by the capillary phenomenon
25 also comes into contact with the lower surface of the
filter 201lc, thereby increasing the amount of the ink

in contact with the lower surface thereof.



In the periphery of the aperture 201d, the lateral wall 221a is nade | ower
in at least a part thereof. Such |ower portion of the lateral wall 22la

is not in contact with the filter 201c, and the 5 interior of the partition
portion 20l1e and the liquid chanber 201f nutually conmmuni cate through such
portion. In this manner it is rendered po%%ible to secure the gas hol ding
area. In the above-described configuration, as the 10 ink in the liquid
chanber 201f is consuned by the ink discharge fromthe nozzle 201g, the
negative pressure in the liquid chanber 201f gradually increases. As the
i quid chanber 201f communicates with the interior of the partition
portion 201c, the nedatitte k% mpimwssty eof hehei aparsorengfddsed s ke t he
negative pressure in the |iquid chanber 201f. The negative pressure
increase in theldteuadl wahanBela20sf made deeeimdar iadr Fashe? pR2Etti on
portion 20le causes the ink to flowinto the |iquid_20 chanber ZQ%% from
the sub tank 20UBe¥®PbuglSude 199¢¥ gPoDbien Ph theslgperdti 3R lsitetet he
ink held by 22la, 221¢, 221d etc. .i e rtiti portio 20le is in
contact with theS|BRer8uffa @C%fwﬁﬁg %Rﬁlggﬁtfﬁi 1 P ¥Sce tension

ot b e ISR LR-FHERROU I oM oot ot oot oo
in contact Withclrug'rﬁbér6901f mutually communicate through such

portion. In this manner it is rendered possible to

secure the gas holding area.

In the above-described configuration, as the

10 ink in the ligquid chamber 201f is consumed by the ink
discharge from the nozzle 201g, the negative pressure
in the liquid chamber 201f gradually increases. As
the liquid chamber 201f communicates with the
interior of the partition portion 20lc, the negative

15 pressure therein also increases like the negative
pressure in the ligquid chamber 201f.

The negative pressure increase in the liquid
chamber 201f and the interior of the partition
portion 20le causes the ink to flow into the liquid

20 chamber 201f from the sub tank 201b through the
filter 20l1c. In this operation, since the ink held
by 22l1a, 221c, 221d etc. in the partition portion
20le is in contact with the lower surface of the
filter 201lc by the surface tension, the ink flow is

25 facilitated in such portion. Consequently, as
indicated by an arrow in Fig. 7, the ink in the sub

tank 201b flows from a portion, in contact with the



ink, of the lower surface of the filter 201c into the partition portion
201e through the lateral wall 22l1a and the ribs 221c, 221d, and the ink
thus flowing in overflows fromthe lateral wall 22la around the 5 aperture
201d to enter the liquid chanber 201f. Now there will be explained, with
reference to Fig. 8, the ink flowin casé0of gas inflation or an increase
in the vapor pressure in the recording head 201, induced for exanple by an
increase in the 10 anbient tenperature or a decrease in the externa
pressure while the shut-off valve 210 (cf. Fig. 2) is closed. In case of
gas inflation or an increase in the vapor pressure in the |liquid chanber

201f, the gas ofnxl1502 YpkumBweer kagFenrd RE tthessUctl e | 201 onintoptissur e
increase has to either escape to the sub tank 201b through the filter 201c
or push out thepapkit{bachudicagnt 2€lienkhroudie ther tiat@napoveibdbn220se) in
the liquid chanber 201f to the exterior, but, in 20 practice, the |atter
situation takesapatkebechasé2ilt, i281di,f fancllthe ok Hehgastfiawing RLiquid
chanber 102f to pass through the filter 201c in contact with the ink in
the sub tank 20¢beaslawseddgmekpeailnd@nsdf drall Folevarourd tR8 partition
portion 201le,-the ink held 25 by the conponents, 221a, 221c 1d etc. is in
contact with tRReFEVPEEr 298%c tRy SPhE TS q%éi%?é%%rt%gggrnk can

easily pass through tﬁg%féﬁégg %fo %Q g%ﬁ?aingé, with reference to
Fig. 8, the ink flow in case of gas inflation or an
increase in the vapor pressure in the recording head
201, induced for example by an increase in the
10 ambient temperature or a decrease in the external
pressure while the shut-off valve 210 (cf. Fig. 2) is
closed.
In case of gas inflation or an increase in the
vapor pressure in the liquid chamber 201f, the gas of
15 a volume corresponding to such inflation or pressure
increase has to either escape to the sub tank 201b
through the filter 20lc or push out the ink
(including the ink in the partition portion 20le) 1in
the liquid chamber 201f to the exterior, but, in
20 practice, the latter situation takes place because it
is difficult for the gas in the liquid chamber 102f
to pass through the filter 20lc in contact with the
ink in the sub tank 201b as already explained before.
However, in the partition portion 20le,-the ink held
25 by the components 22la, 221c, 221d etc. is in contact
with the filter 201c by the surface tension and the

ink can easily pass through the filter 20lc in such



contact portion thereof. Thus, in case of gas inflation or an increase in
the vapor pressure in the 1liquid chanber 201f, the ink in the partition
portion 20le flows into the sub tank 201b through the lateral 5 wall 22la
or the ribs 221c, 221d and the filter 201c. On the other hand, the sub
tank 201b, being provided with the presswle -adjusting chanber 201i as
explained in the foregoing, can absorb the volune increase resulting from
the ink flow through the 10 filter 201c as a result of gas inflation or an
increase in the vapor pressure in the liquid chamber 201f. In such
situation, in order that the ink in the partition portion 20le is not

depl eted, the irlont%diolgbimg omoluerdff i n Thhe pant iddsn gbrgasn 20le and

t he maxi num gas vol unme increase nVnax in the liquid chanber 201f have to
satisfy a rel at iiof1¥ft ierAVirR)an ifhereedaicin itk capobepgevenrby ift begas

volume in [liquid chanber 201f) x (estimated maxi humtenperature 20 change
ratio) in case ﬂhaug§SQhﬂmhﬁﬁ(ﬁDkﬁrtﬂh£ lﬁkrb@s@h$n9@hélVapérp9¢§§§m¥e in
the recording head 201 is induced tenperature increase. Since the

above- descrlbedz@éﬁh§$9%ﬂ|%ﬂ¥QﬁtWQM§URmﬁ%WK|%%1%0Fh¥%ﬁgboiﬁeaﬂ?6ﬁ§a@o
mai ntain the surf e filter Olc

5 o0of t id
chanber 201f5aIWéggezﬁ%€b%Fé§t%Mﬁ%?% Egggg ﬁgeﬁa?%ﬂﬁflatlon
or an increase in the,yapgr prEsgupg,yn thgzsub tank 201b, being

provided with the pressure adjusting chamber 201i as
explained in the foregoing, can absorb the volume
increase resulting from the ink flow through the
10 filter 201c as a result of gas inflation or an
increase in the vapor pressure in the liquid chamber
201f.
In such situaticn, in order that the ink in the
partition portion 20le is not depleted, the ink
15 holding volume Vf in the partition portion 20le and
the maximum gas volume increase AVmax in the liquid
chamber 201f have to satisfy a relation Vf > AVmax.
The value AVmax can be given by (the gas volume in
liquid chamber 201f) x (estimated maximum temperature
20 change ratio) in case the gas inflation or the
increase in the vapor pressure in the recording head
201 is induced by a temperature increase.
Since the above-described configuration of the
partition portion 20le allows to maintain the surface
25 of the filter 201c at the side of the liquid chamber
201f always in contact with the ink, even in case of

gas inflation or an increase in the vapor pressure in



the liquid chanber 201f, the ink of an amount corresponding to the gas
snoothly to the sub tank 201b t hrough the
filter 201c, thereby preventing the ink bl ow out phenonmenon from5 the
nozzl e 201g. Besides, as the contact of the ink wth the filter 201c in
achieved‘b?zthe capi |l ary phenonenon by the
| ateral wall 221a and the ribs 221c, 221d, there cannot be generated a

vol une i ncrease can be noved

the partition portion 201le is

bubbl e i n such

predet ermi ned atka. 1Asodi phembepr @ddrft, éMsodimemt ameamewntture
with the surface of the filter 201c at the side of the

contacting ink

contact portion. 10 Furthernore, the effective area of the
filter 201c remains substantially constant, because the contact between
the ink and the | ower surface of the filter 201c is made in a

15 for

li quid chanber 2OIFepBONEsHASt tQctdE GEIS VALVRS RO PeRaTE i 6R1 pBet MENSS01e in

which the filter 201c_is provided, and c therefore be realized il
and i nexpensi veFYORFRhBuFO26Ee Qr%@“%ggﬁ tEF g&& 265c,
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achieved by the capillary phenomenon by the lateral
wall 221a and the ribs 221c, 221d, there cannot be
generated a bubble in such contact portion.
Furthermore, the effective area of the filter 201c
remains substantially constant, because the contact
between the ink and the lower surface of the filter
201c is made in a predetermined area.

Also in the present embodiment, the structure
focr contacting ink with the surface of the filter
201c at the side of the liquid chamber 201f is
constructed utilizing the partition portion 20le in
which the filter 201c is provided, and can therefore
be realized easily and inexpensively without
requiring special members or special manufacturing
steps. The ribs 221c¢, 221d are not particularly
limited in number or position, but, it is preferred
to increase the number of the ribs and to reduce the
gaps thereof in order to hold a larger amount of ink
in the partition portion 20le and to contact a larger
amount of ink with the filter 20lc.

The position of the aperture 201d can be

i nk



arbitrarily selected in the partition portion 201e, but, in order that the
entire periphery of the aperture 201d can be utilized as a lateral wall

for generating capillary phenonenon, it is preferable to 5 formthe
aperture 201d in a position separated from the internal wall of the sub
tank 201b or the liquid chamber 201f theféby forming the partition portion
201e as a kind of corridor structure having the aperture 201d at the
center. Also in case a small 10 ink hol ding anobunt is enough in the
partition portion 201le, it is also possible to formthe partition portion
201le as a flat plate shape for supporting the filter 201c in a planar
manner and to genbiatertiig sedpicltledr yinptéreopenor tdicreq@éytiansdehe,
supporting area. 15 [Second enbodinment] Fig. 9 is a view showi ng the ink
supply path in bah,iak jpeteretbrdi (§camparistuPacosrutPhgtBesecond

enbodi nent of the present invention, while Fig. 10 is a c¢cros -s%cti onal

vi ew showi ng t hepaetairredOilft €pRale20 tdthir@Lres 6 %%%??%%owaiﬁg R&ad shown
in Fig. 9, and Fig. 11 is a perspective view, seen fromabove,  .of . the
recordi ng head Sf/B aFﬁ“ﬁi&?pé?#ﬁrX SOSOOGA Y :ﬁhel%p%ﬁ?PﬁéFPletPhe sub
tank and a rt.of th fil r i m_nat l.n. Ei iled 25
Cross-secti %’ﬁal fgprnug' ar 3p8%%'lt{lﬁ§ 28?9] eTn?,%l} |Ssltnlodr?1{ %teeégr‘#iggi ggbjﬂl‘et
recording apparafus; gt etRG1PLEI8NL 8% sub tank 201b or the liquid

chamber 201f thereby forming the partition portion
20le as a kind of corridor structure having the
aperture 201d at the center. Also in case a small

10 ink holding amount is enough in the partition portion
20le, it is also possible to form the partition
portion 20le as a flat plate shape for supporting the
filter 20lc in a planar manner and to generate the
capillary phenomenon directly in such supporting area.

15 [Second embodiment]

Fig. 9 is a view showing the ink supply path in
an ink jet reccrding apparatus constituting a second
embodiment of the present invention, while Fig. 10 is
a cross-sectional view showing the detailed internal

20 structure of the recording head shown in Fig. 9, and
Fig. 11 is a perspective view, seen from above, of
the recording head shown in Fig. 9 in a state where
the upper wall of the sub tank and a part of the
filter are eliminated. In Fig. 10, the detailed

25 cross-sectional structure of the nozzle 301lg is
omitted.

The ink jet recording apparatus of the present



enbodiment is also an ink jet recording apparatus of serial scan type as
inthe first enbodinent, and has an entire configuration simlar to that
shown in Fig. 1. Also the present enbodinent is simlar to the 5 first
enbodiment in formng a color image by discharging inks of plural colors,
but Fig. 9 shows, as in Fig. 2, the ink édpply path for a color only. In
the present enbodi nent, the configuration of the recording head 301 is
different fromthat in the 10 first enbodi ment. However, it is simlar to
the first enbodi ment in other aspects, such as that the ink supply to the
recordi ng head 301 is executed from a main tank 304 through an ink supply

unit 305 and anembHKimeRAR! ¥ st 4he o386, iand jidtatrecomtiverypparst 867015
havi ng a suction cap 307a and a suction punp 307b is provided for forcedly
sucking ink frogeaindzskean3bipe ak time thecdridisty dezadBoantt anhd hak
filling into the recording head 301 or at the elim nation of viscosified
ink etc. fromtae eetordi ngnfieguragion x0mylsxr tle dont i Hupuki 6A &£ 9% -he
mai n tank 304, ink supply unit 305, ink supply tube 306 and recovery unit
307 is sinmilar lo thb3oithenpreseat enbediment. 1STRMB G, 9 nte%e
followi ng, the description.will _omt these sqg%Hgg simlar aspects and

will be 25 ébncghfﬁét@HbBHipﬁgtré@oﬁﬁfﬂﬁjﬁbéﬁ THga?%c8¥ding head 301
[SGErOVIded w‘tQigcﬁgggi%%ngniglgfh%ﬁbg%lacﬁgﬂgfg}qguﬁnﬁfﬁt'99588%%,301a In
as in Fig. 2, the ink supply path for a color only.
In the present embodiment, the configuration of
the recording head 301 is different from that in the

10 first embodiment. However, it is similar to the
first embodiment in other aspects, such as that the
ink supply to the recording head 301 is executed from
a main tank 304 through an ink supply unit 305 and an
ink supply tube 306, and that a recovery unit 307

15 having a suction cap 307a and a suction pump 307b is
provided for forcedly sucking ink from a nozzle 30lg
of the recording head 301 at the ink filling into the
recording head 301 or at the elimination of
viscosified ink etc. from the recording head 301.

20 Also the configuration of the main tank 304, ink
supply unit 305, ink supply tube 306 and recovery
unit 307 is similar to that in the first embodiment.
Therefore, in the following, the description will
omit these same or similar aspects and will be

25 concentrated on the recording head 301.

The recording head 301 is provided with a sub

tank 301b having a connector inserting port 30la in



which the liquid connector of the ink supply tube 306 is connected and a
pressure adjusting chanber 301i, a |I|iquid chanber 301f provided
gravitationally below the sub tank 301b and serving to directly supplying
5 the nozzle 301g with ink, and a filter 301c provided between the sub
tank 301b and the liquid chanber 301f. - %X he |iquid chanber 301f, a gas
hol ding area is fornmed between the ink in the liquid chanber 301f and the
filter 301c, by the liquid chanber 301f, filter 10 301c and a liquid
chanber groove structure 301j, for securing gas so as to intercept the
bubbl e novenment fromthe nozzle 301g to the filter 301c, and also a
predet ermi ned amburh @hd Nk gus Staratbct@r tdie the einkl shppeyakubel 130F t he
liquid 15 chanber 301f, there is provided the liquid chanber groove
structure 301] fier vednaictrg tdrel ik pplye adjestiog thambekle 3945 ,t @&nk
301b to the liquid chanber 301f, nanely along the vertical direction and
ext endi ng fron1ﬂh@ubdtﬂﬁﬁwmﬁentﬁﬁﬂﬂ(ﬁﬁQﬁkﬁ%&ﬁb@?aBOl@t29n?é1ﬁ B63iofi on

al nost touching the filter 30lc. The i quj d chanber 301f has %
substantially ré@ﬁaﬁd@lé@nﬁr%ﬁ%ﬁwﬂ%%ﬂs%ﬁ%%%gsE%t bReChAY fHBRPLYing

e e o SIS L T s O
hructure 300 peEey S YRS S0} amh et il mone.

In the liquid chamber 301f, a gas holdlng area 1s
formed between the ink in the liquid chamber 301f and
the filter 301lc, by the liquid chamber 301f, filter

10 30lc and a liquid chamber groove structure 301j, for
securing gas so as to intercept the bubble movement
from the nozzle 301g to the filter 301lc, and also a
predetermined amount of ink is stored.

On the internal lateral wall of the liquid

15 chamber 301f, there is provided the liquid chamber
groove structure 301j formed along the ink supply
direction from the sub tank 30l1b to the liquid
chamber 301f, namely along the vertical direction and
extending from the bottom of the liquid chamber 301f

20 to a position almost touching the filter 30lc. The
liquid chamber 301f has a substantially rectangular
transversal cross section, and the aforementioned
groove structure 301i is provided on both
longitudinal ends in the cross section of the liquid

25 chamber 301f. The groove structure 301j, to be

explained later in more details, has such a dimension

and a shape that the ink in the liquid chamber 301f



can be held by surface tension in the groove structure 301] and can thus
be contacted with the |ower surface of the filter 301lc. Thus the ink in
the liquid chanber 30af is connected with the ink in 5 the sub tank 301b

t hrough the groove structure 301] and the filter 301c. Consequently, the
m ni mum necessary ink anmount to be accumdleated in the [iquid chanber 301f
is an anount required for filling the nozzle 301g with ink, also for
securing the gas of 10 desired anount by the gas holding area forned by the
| i quid chanber 301f, filter 301c and groove structure 301j, and for
connecting with the ink in the sub tank 301b through the groove structure

301j and the fikhkarbe3®dad AyS@uTIMER tdeh Brd¥0Vien stiieici Hoevad01j hol ds the
15 ink by the surface tension, the gas in the gas hol ding area cannot enter
t he groove strustwnet3@d 300y knedkdarg e sur faoetdensdowidh the i nk
Based on such configuration of providing the |iquid chanber 301f with the
groove structur @ogetj surZ@ceomtfadthend itltee wpheic sufhace tdie t hekfinter 301c
with the ink in the sub tank 301b, form ng the gas holding area on the

| oner surface ttheolldauie ghemben RO1ddss reannepied , WakA £Read Nddjidcent

position contacting the ink with the filter 301c utilizing the .groove
structure 301 hRE EHE §ﬁF%ﬁé%”§bﬁ§?ﬂHgQré}eiQﬂP%%%i%EEECgBﬁﬁeééﬁ@g

through the 11485 30 £13r AYI ONcbARERREAN oA tndh ERuhe Tk on
e upper - 67

necessary ink amount to be accumulated in the liquid
chamber 301f is an amount required for filling the
nozzle 301g with ink, also for securing the gas of

10 desired amount by the gas holding area formed by the
liquid chamber 301f, filter 30lc and groove structure
3013, and for connecting with the ink in the sub tank
301b through the groove structure 301j and the filter
301lc. Also since the groove structure 301j holds the

15 ink by the surface tension, the gas in the gas
holding area cannot enter the groove structure 301j
by breaking the surface tension of the ink.

Based on such configuration of providing the

ligquid chamber 301f with the groove structure 3013,

20 contacting the upper surface of the filter 30lc with
the ink in the sub tank 301b, forming the gas holding
area on the lower surface to hold the gas of the
desired amount, and in an adjacent position
contacting the ink with the filter 30lc utilizing the

25 groove structure 3013 and the surface tension, the
ink achieves connection through the filter 30lc in a

portion thereof in contact with the ink on the upper



and | ower surfaces. The area of such ink connection in the filter 301c
constitutes the effective area thereof. In the present enbodi nent, the
groove structure 301 is provided in plural units on each of 5 the

| ongi tudi nal ends of the liquid chanber 301f in the lateral cross section
t hereof, thereby increasing the effectirvé7area of the filter 301lc and
reducing the pressure loss therein. In the above-described configuration,
as the 10 ink in the liquid chanber 301f is consuned by the ink discharged
fromthe nozzle 301g, the negative pressure in the |iquid chanmber 301f
gradually increases. The ink in the liquid chanber 301f is connected with
the ink in the gub hawer3ell fise@ughThébatrbe gfocuelstimictarendbijioand t he
filter 301c, and the ink can easily nove in such connecting portion.
Theref ore, whenihheheeddtlitee BOdsswonsitithited ithe defEhahbEe 30eR
increases, the ink in the sub tank 301b flows into the |iquid chanber 301f
t hrough the 20 pbetieord -of Inhehei preseBblemRReidee 1BWRrI%ePYace is in
contact with the ink, and _through the groove structure I n se of a

| ong standing i AtEHCEUSEatdligds PrOVALSEmARR T t‘ﬁ’éigg%?}d?ﬁ&%ﬁé{ d 301
Lo jduce 2 VELLOYS AICAS a6 D e ld ol ROt IRIL Ui 3gP ot
di scharging per%g%nﬁg %rgq bf%%s section thereof, thereby increasing
the effective area of the filter 30lc and reducing
the pressure loss therein.
In the above-described configuration, as the
10 ink in the liquid chamber 301f is consumed by the ink
discharged from the nozzle 30lg, the negative
pressure in the liquid chamber 301f gradually
increases. The ink in the liquid chamber 301f is
connected with the ink in the sub tank 301b through
15 the groove structure 3013 and the filter 30lc, and
the ink can easily move in such connecting portion.
Therefore, when the negative pressure in the liquid
chamber 301f increases, the ink in the sub tank 301b
flows into the liquid chamber 301f through the
20 portion of the filter 30lc where the lower surface is
in contact with the ink, and through the groove
structure 301j.
In case of a long standing in this state, gas
is accumulated in the recording head 301 to induce
25 various drawbacks as in the first embodiment, but,
against such gas accumulation, the present embodiment

can maintain the ink discharging performance in



stabl e manner over a long period, as in the first enbodinent, by filling
the ink fromthe nmain tank 304 into the sub tank 302b and the liquid
chanber 301f. The ink filling fromthe main tank 304 into the sub 5 tank
301b and the liquid chanber 301f and the setting of the volunes thereof
are simlar to those in the first enmbodin&ht; but the ink filling
condition and the specific nunbers of the respective volunes are
different fromthose in the first enbodi nent since, 10 in the present
enbodi nent, the ink in the sub tank 301b is in contact with that in the

| i quid chanmber 301f through the groove structure 301] and the filter

301c. In the foldtahhg ndrerer wier be bapyapaedods spedinfitheex@mdtes of the

af orenmentioned ink filling operation into the sub tank 301b and the |iquid
chanber 301f ancrdfodieenol upre Setling. the inkafsomedheadaim thanli3ad
enbodi nent, that, the ink filling is_executed eyer h, .and the gas 20

accunul at i ng amﬂﬂﬁorﬁ#erﬁﬂﬁfﬁ?%kl3%?biﬁn?héhgu%iﬂgﬁgog EWQ%ﬂj%9%¢n1.in
1 the sub tank TR I hoE: 1 bR pa N S { TR Br Ca0%c 104 gRLd AP S whil e
(e € aroust o [sth) B4 u AR ERBIBES SIE IO Lhomseige
is 0.2 m both idg¥ thg sub (K 30dP.apdztbeskhgubd t06%hose in the
first embodiment, but the ink filling condition and
the specific numbers of the respective volumes are
different from those in the first embodiment since,
10 in the present embodiment, the ink in the sub tank
301b is in contact with that in the liquid chamber
301f through the groove structure 301j and the filter
301c.
In the following there will be explained
15 specific examples of the aforementioned ink filling
operation into the sub tank 301b and the liquid
chamber 301f and of the volume setting.
It is assumed, as in the first embodiment, that
the ink filling is executed every month, and the gas
20 accumulating amount per month is 1 ml in the sub tank
301b and 0.5 ml in the liquid chamber 301f. It is
also assumed that the ink amount regquired in the sub
tank 301b not to expose the filter 30lc to gas is 0.5
ml while the ink amount required in the liquid
25 chamber 301f not to expose the nozzle 301g to gas is
0.5ml, and the fluctuation in the ink filling amount

is 0.2 ml both in the sub tank 301lb and the liquid



chanmber 301f. Thus the ink amount to be filled in a single filling
operation is the sumof these anobunts, and is 1.7 m in the sub tank 301b
and 1.2 mM in the 1liquid chanber 301f. The suction punp 307c is 5 capable
of pressure reduction to 0.8 atm (81.060 kPa) The reduced pressure in the
recordi ng head 301 wunder these conditien$8i s selected, within the power
limt of the suction punp 307c, by the suction anbunt of the suction punp
307c so as to realize a pressure 10 of -0.6 atm (-60.795 kPa) in the
suction cap 307a. As the pressure required for gas perneation against the
meni scus in the nozzle 301g is experinentally -0.05 atm (-5.06625 kPa),
the pressure isBhbtheelki guiid .chanber tB81fnkeamvesithitghére tthialnl ¢dhainld in the
suction cap 307a by 0.05 atm (5.06625kPa) as in the first enbodi nent.
Simlarly, as thénglesg£uléincequered for igastiperswate bnthgaensmotngs,
meniscus in the filter 301 ¢ is experinmentally -0.1 atn1§-10.1325 kPa) ,
the pressure inanfleisuB .t/fanmid 301hsecortes 20k niQHerantah-2hat in the i quid
chanber 301f by 0.1 atm (10.1325 kPa%. Therefore, by setting the pressure
in the suction éagusg7ghaimbey. 60 (Th6. 205t iePaPunthe biesstire in the

| i quid chanmher 301f becones -0.55 at -55. 72875, k whil e t i h
Suit e 28 501 00BERL PO B San (LR EORE Tpeg 5| Aoy et (kY 4fal ne

sub tank 301b wi th inf,of rodulel! prh0guYR! YHP Kb LRRCSR: A g el et o

under these conditions is selected, within the power

limit of the suction pump 307c, by the suction amount

of the suction pump 307c so as to realize a pressure
10 of -0.6 atm (-60.795 kPa) in the suction cap 307a.

As the pressure required for gas permeation
against the meniscus in the nozzle 301lg is
experimentally ~-0.05 atm (-5.06625 kPa), the pressure
in the liquid chamber 301f becomes higher than that

15 in the suction cap 307a by 0.05 atm (5.06625kPa) as
in the first embodiment. Similarly, as the pressure
required for gas permeation against the meniscus in
the filter 301 c is experimentally -0.1 atm (-10.1325
kPa), the pressure in the sub tank 301b becomes

20 higher than that in the liquid chamber 301f by 0.1
atm (10.1325 kPa). Therefore, by setting the
pressure in the suction cap 307a at -0.6 atm (-60.795
kPa), the pressure in the liquid chamber 301f becomes
~-0.55 atm (-55.72875 kPa) while that in the sub tank

25 301b becomes -0.45 atm (-45.5%9625 kPa).

In order to fill the sub tank 301b with ink of

1.7 ml, the volume V1 thereof is so selected that the



internal pressure beconmes -0.45 atm (-45.59625 kPa) when ink of 1.7 m is
sucked fromthe sub tank 301b having an internal pressure of about 1 atm
(101.325 kPa). Thus, Vi =1.7/0.45 =3.78 m. Simlarly the 5 volune V2
of the liquid chanmber 301f can be determned as V2 = 1.2/0.55 = 2.18 nml .
After the internal pressure of the recordi’/ig- head 301 is reduced under the
foregoing conditions, the shut-off valve 310 of the ink supply unit 305 is
10 opened whereby the ink flows into the recording head 301 in a reduced
pressure state. Mre specifically, at first the ink flows into the sub
tank 301b whereby the gas inflated to the volune V1 under reduced

pressure is resintednallmpstskareh®eatomespheal.ids Hmnpr essébir896Thekgas vol une
Via in the sub tank 301b in such state is given by Via = Vi x (1 - 0.45) =
2.08 n, and twkehiihkngfi § .ffemii nast ediaMesh findkn ithansulinbank ¢P1¥l - MV a
=1.7m is filled into the sub tank 30lb. Simlarly, in the |iquid
chanber 301f, 2Davhegi AR fhé®RE NRloMNEHS Wik afaroBTLbl whehebh)Odhe2§as

inflated to the vol une_ V2 unger reduced pres urg ii restored al ngst to the
at nospheric preb8are. TheSga¥l VoludéOvia Fn3tHE Milqui A BR&REY 36§ in

S term nat &t wRERSTRK P ok thvodra o 3tz DA% $8% 1 Ted into the
l'iquid chanber 301f..;TBUS, by set i By o he wlumgs and reduced - 71
After the internal pressure of the recording
head 301 is reduced under the foregoing conditions,
the shut-off valve 310 of the ink supply unit 305 is

10 opened whereby the ink flows into the recording head
301 in a reduced pressure state. More specifically,
at first the ink flows into the sub tank 301b whereby
the gas inflated to the volume V1 under reduced
pressure is restored almost to the atmospheric

15 pressure. The gas volume Vla in the sub tank 301b in
such state is given by Vla = V1 x (1 - 0.45) = 2.08
ml, and the filling is terminated when ink in an
amount of V1 - Vla = 1.7 ml is filled into the sub
tank 301k. Similarly, in the liquid chamber 301f,

20 the ink flows from the sub tank 301lb whereby the gas
inflated to the volume V2 under reduced pressure is
restored almost to the atmospheric pressure. The gas
volume V2a in the liquid chamber 301f in such state
is given by V2a = V2 x (1 - 0.55) = 0.98 ml, and the

25 filling is terminated when ink in an amount of V2 -
V2a = 1.2 ml is filled into the liquid chamber 301f.

Thus, by setting the volumes and reduced



pressures of the sub tank 301b and the liquid chanber 301f in the

above-descri bed manner, it is rendered possible to fill the sub tank 301b
and the liquid chanber 301f, separated by the filter 301lc, with the 5 ink
of appropriate amounts in a single filling operation, so that the

recordi ng head can be properly operated dter a long period even in a
situation where gas is accunulated therein. Also, in the present

enbodi ment, the effective 10 area of the filter 301c renmains substantially
constant, because, on the |ower surface of the filter 301c, there are
substantially fixed the area holding the ink by surface tension in
cooperati on W t BreBeuregkooye thier yeiburank§0 andridietlas ehignidonhambewi t h 15
the gas of the gas holding area. Therefore, the necessary effective area of
the filter 30180&dnibhethentbolvieedeistrdides] dearatéon bf iherendevednenti oned

fact in the design stage, whereby, as in the first enbodi nent, there can
be S|gnlflcantlyoﬁglbﬁpr@@edlﬂﬂethéhﬁﬂﬁIHQkaﬁﬁﬁbmﬁn@hﬁhﬁl%éﬁﬁ#@e failure

resulting fromthe bubbl e generation in_the i 301 t he
novement of genePaiBgr BEB Pese?ﬁéa§ﬁ65$§’§¥F%d€hi%@ gﬁPFn Yhé pFé?ent
enbodi ment functions _simlarl %o t he rtition g ig%e (cf. Fig. 5)
in the first® enbddi H{n@pprwlré Fe SIS VP it S(: I'8nt

tenperature 72 operation, so that the recording head can be properly
operated over a long period even in a situation where
gas is accumulated therein.

Also, in the present embodiment, the effective

10 area of the filter 30lc remains substantially
constant, because, on the lower surface of the filter
301c, there are substantially fixed the area holding
the ink by surface tension in cooperation with the
groove structure 301j and the area in contact with

15 the gas of the gas holding area.

Therefore, the necessary effective area of the
filter 301lc can be controlled in consideration of the
above-mentioned fact in the design stage, whereby, as
in the first embodiment, there can be significantly

20 improved the reliability against the discharge
failure resulting from the bubble generation in the
liquid chamber 301f or the movement of generated
bubble.

The groove structure 301j in the present

25 embodiment functions similarly to the partition
portion 20le (cf. Fig. 5) in the first embodiment.

More specifically, in case the ambient temperature



rises while the shut-off valve 310 of the ink supply wunit 305 is closed to
mai ntain the interior of the recording head 301 in a closed systemin
which the ink is held by the nmeniscus pressure at the surface 5 of the
nozzl e 301g, the groove structure 301j] serves to regulate the pressure
increase resulting fromthe gas inflatirod2or the increase in the vapor
pressure in the liquid chanber 301f. In case of gas inflation or an
increase in the 10 vapor pressure in the liquid chanber 301f while the
recordi ng head constitutes a closed system the ink in the |liquid chanber
301f is pushed out to the exterior by the gas volune corresponding to such
inflation or ingieasewhiileheheapomntpiogsswaavAs3theof 15he nknkebdppy vt he
groove structure 301 is in contact with the filter 301c and the ink can
easily pass thupigh3f0heifi klese80teo mziguchreaacinperieonot there is
realized a condition that the "force required for breaking the peniscus
formed in the 20enozdiag3begd i39ledBal 10 red a7 YEFCR hah VﬁéChfépﬁe
required for ink novenent in the filter 301c", mhereb% the ink_in the

| i quid chamber BOXf1f| BRET R0 thEhBCLIS T IR BT Thrdtigh € hdugf 85Fe

structure 301 nd the filter, 301c. .On the other han i 1e 5 tank
301b, as in 1he°fiFBE 8965&?n§8?9’tﬁgeb§§OQWﬁI%1F%é?é#etggasngggggé in

vapor pressure g 1hg, 1548 (AR p3ALRARS UL MKk dd oFR L lpe BABT €Rbn! eRRET AL UT

gas inflation or the increase in the vapor pressure
in the liquid chamber 301f.
In case of gas inflation or an increase in the
10 vapor pressure in the liquid chamber 301f while the
recording head constitutes a closed system, the ink
in the liquid chamber 301f is pushed out to the
exterior by the gas volume corresponding to such
inflation or increase in the vapor pressure. As the
15 ink held by the groove structure 301j is in contact
with the filter 30lc and the ink can easily pass
through the filter 30lc in such contact portion,
there is realized a condition that the “force
required for breaking the meniscus formed in the
20 nozzle 301g” is equal to or larger than the “force
required for ink movement in the filter 301lc”,
whereby the ink in the liquid chamber 301f flows into
the sub tank 301b through the groove structure 301j
and the filter 30l1c. On the other hand, in the sub
25 tank 301b, as in the first embodiment, the gas
inflation or the increase in vapor pressure in the

sub tank 301b resulting from the ambient temperature



and the volune increase resulting fromthe ink flow fromthe |liquid
chanber 301f are absorbed by the pressure adjusting chanber 301li. As
explained in the foregoing, the groove 5 structure 301j of the present
enbodi ment allows to always maintain the ink in contact also with the
surface of the filter 301c at the side ef 78Bhe liquid chanber 301f.
Therefore, even in case of gas inflation or an increase in the vapor
pressure in the 10 liquid chanber 301f, the ink of an amount correspondi ng
to the gas volune increase can be noved snoothly to the sub tank 301b
through the filter 301c, thereby preventing the ink bl ow out phenonenon

from the nozzl gnd0ige Hb3Omkha ndreLR Stddicldley 30ddm i Shd Sinkt £low
particularly limted in nunber or position, but it is preferred to

i ncrease the nufibem ehe. libheigr ebaebext Al furercabierbeduog the gap
thereof in order to hold a |larger amobunt of ink and to contact a |arger
amount of ink wpthstheef BHfjestidbe chzinbEre Jlesent enbodi ment shows a
configuration where the |iquid chanber 301f is provided with the groove
structure 301] for cdht atphylinege inkthpt Aogegpany oftMehgyQR¥s surface of

the filter 301c, but such anoove structure 30%% y al so gf combi ned with
25 the structur8tERERHTIEN3PRE Aifr S MISHFHENLS ﬁé%?hﬁﬁﬁ asigws to

cross- sect i onal _yi ew.showiog the, | nternal,  struoture of Dgnr gggr ding head

surface of the filter 30lc at the side of the liquid
chamber 301f. Therefore, even in case of gas
inflation or an increase in the vapor pressure in the

10 ligquid chamber 301f, the ink of an amount
corresponding to the gas volume increase can be moved
smoothly to the sub tank 301b through the filter 30lc,
thereby preventing the ink blow-out phenomenon from
the nozzle 301g. Also the groove structure 3013 is

15 not particularly limited in number or position, but
it is preferred to increase the number of .the groove
structure and to reduce the gap thereof in order to
hold a larger amount of ink and to contact a larger
amount of ink with the filter 30lc.

20 The present embodiment shows a configuration
where the liquid chamber 301f is provided with the
groove structure 301j for contacting the ink with a
part of the lower surface of the filter 30lc, but
such groove structure 3017 may also be combined with

25 the structure shown in the first embodiment. Fig. 12
is a cross-sectional view showing the internal

structure of the recording head in such case.



In a recording head 401 shown in Fig. 12, a partition portion 401le
supporting a filter 401c is constructed in a simlar manner as in the
first enbodinment. Mre specifically, the partition portion 5 401e is
provi ded on the upper surface thereof with plural ribs 421c, and the
filter 401c is supported thereon, whereby4a-desired gas holding area is
formed. AIso a groove structure 401 is forned on the internal |atera
wal | of a liquid chanber 401f, as 10 shown in Fig. 10. Presence of such
ribs 421c on the upper face of the partition portion 40l1e achieves ink
hol ding between the ribs 421c thereby contacting ink with the | ower
surface of the filterrf0dcr@soedphgi heddi A0Lhehdbnf iimstFigbdd ment, in
addition to that by the groove structure 401j. As a result, the contact
area wWith ink pactéasea portthen dldre swdpooet jofg thefi1teer44dEcis thereby
enabling nore smoothly the ink nmovenent from the sub tank_401b to the
li qui d chanber 40bktangtedatin@ fSigvhlEate MaTed ahabbetn80it 66 the sub

tank 401b in case of gas inflation or _an increase in the vapor [essure
in the liquid chBRBEAMEDLS . Mﬁr?hépﬁ&ﬁﬁérﬁalawat t?’ﬁfe Psatr&ﬂc"tiﬁrg BPOViH8d in

the liquid chamber 401f for, contacting the ink wth a f t | ower 25
surface of the ﬂSﬂ?eﬂS4@f8%%9©9mﬂQufﬁét¥ﬁﬁ%ﬁn%Pr%%%%b%ﬁgé%nggag ructure

401j, the plural,iby 433 (H1d N AR | AN Gt eNc4DLesEpBoRe eRl | ed the
thereon, whereby a desired gas holding area is formed.
Also a groove structure 401j is formed on the
internal lateral wall of a liguid chamber 401f, as
10 shown in Fig. 10.

Presence of such ribs 421c on the upper face of
the partition portion 40le achieves ink holding
between the ribs 421c thereby contacting ink with the
lower surface of the filter 40lc as explained in the

15 first embodiment, in addition to that by the groove
structure 401j. As a result, the contact area with
ink increases on the lower surface of the filter 40lc,
thereby enabling more smoothly the ink movement from
the sub tank 401b to the liquid chamber 401f and that

20 from the liquid chamber 401f to the sub tank 40lb in
case of gas inflation or an increase in the vapor
pressure in the liquid chamber 401f. In the manner
that the structure provided in the liquid chamber
401f for contacting the ink with a part of the lower

25 surface of the filter 40lc is called the liquid
chamber groove structure 401j, the plural ribs 4Zlc

on the partition portion 40le can be called the



partition portion groove structure. [Oher enbodinents] In the foll ow ng
there will be explained the detailed structures applicable to the
foregoing 5 enbodi nents. (Positional relationship of filter and groove
structure) Fig. 13 is a lateral view showng the positional relationship
bet ween the groove structure 10 and the 7blter in the upper end portion of
the groove structure. In Fig. 13, the filter 501c is supported at the

peri phery thereof, and a gap t is present between the filter 501c and the
groove structure 501h. The groove structure 501h herein collectively neans
a 15 structure capable of holding the ink by the surface tension thereof
and contacting parwithohhgotonen gsuopfracetafucthed.ilter 501lc, and nore
specifically indicates the plural ribs on the partition portion in the
first enbodi nent, [@thtehe egboglignestiraict ure in the 20 liquid chanber or the
plural ribs on the partition portion in the second enbodi ment. The term
"groove structure" iIm tthe ffolllowiing dese¥epvibh RhasexRdadmed Yhsani ng. As

i ndicated by a hatched area in Fig. 13, the_ 25 ink is_held by the surface
tensi on bet weer@e bRl F¢9t 8FTUEBEECANAPPhE CHRIGY & SRt EFEDIRI An i ncrease

in the gap5t Qgégg ﬂnéggsfllter 501c and the groove - 76

(Positional relationship of filter and groove
structure)
Fig. 13 is a lateral view showing the
positional relationship between the groove structure
10 and the filter in the upper end portion of the groove
structure. In Fig. 13, the filter 501c is supported
at the periphery thereof, and a gap t is present
between the filter 50l1c and the groove structure 50lh.
The groove structure 501h herein collectively means a
15 structure capable of holding the ink by the surface
tension thereof and contacting it with the lower
surface of the filter 50lc, and more specifically
indicates the plural ribs on the partition portion in
the first embodiment, or the groove structure in the
20 liquid chamber or the plural ribs on the partition
portion in the second embodiment. The term “groove
structure” in the following description has the same
meaning.
As indicated by a hatched area in Fig. 13, the
25 ink is held by the surface tension between the filter
501c and the groove structure 501h. An increase in

the gap t between the filter 50lc and the groove



structure 501h reduces the surface tension, whereby the ink holding state
by the surface tension between the filter 501c and the groove structure
501h can no |onger be nuaintained and beconmes broken for exanple 5 by the
wei ght of the ink itself or by vibration. In the following there will be
shown the result of investigation by the7fpresent inventors on the
relationship of the gap t and the ink holding state between the filter
501c and the groove structure 501h. 10 In this investigation, the recording
head of the foregoi ng enbodi nents was provided with a groove structure
501h of a depth (lateral length thereof in Fig. 13) of 2 nmand an
aperture wi dth égrooverai 80bhh refu@eS mine and fiatke ofems somf agkerehyi on of
35 MV m 15 was filled according to the foregoing enbodi ments. There was
experi ment ed t heher ésknbeldingnietiadgk®ye thier (it fachozeneliahehetHeen

tenperature of the recordin% head was changed from 5C to_60C. The obt ai ned
results are shothei Al¥apre>?1lcogend tne orasive sSteaprtuiemyOiRaleBt PO State

Head Dri St at 0 i nk | eak No, i nk | eak 0.5.No ink | eak No
k| cakage 0. BORESF R ) BAKAGENBS ARY GRCRIET DOPKTR TRAkE0E"PIEm No | nk

| eakage 5 by the weight of the ink itself or by vibration.

In the following there will be shown the result
of investigation by the present inventors on the
relationship of the gap t and the ink holding state
between the filter 501c and the groove structure 501h.

10 In this investigation, the recording head of
the foregoing embodiments was provided with a groove
structure 501h of a depth (lateral length thereof in
Fig. 13) of 2 mm and an aperture width (groove width)
of 0.5 mm, and ink of a surface tension of 35 mN/m

15 was filled according to the foregoing embodiments.
There was experimented the presence of ink leakage
from the nozzle when the temperature of the recording
head was changed from 5°C to 60°C. The obtained
results are shown in Table 1.

20



sonme nozzles 1.2 Ink | eakage fromInk | eakage from all nozzles sone
nozzles In Table 1, the tenperature rise in the "head still state" neans
t he ambi ent tenperature change around the recording head from5C to 60C.
On the other hand, in the tenperature rise in the "head driven state",
the ink jet recording apparatus nounted W/th the recordi ng head was
operated at 5C and the recordi ng head was brought to 60C by tenperature
i ncrease under ink discharge. In the experinment, in the "head still state",
the ink | eakage started fromt = 1.0 mm On the other hand, in the "head
driven state", the ink |eakage did not occur at t = 1.0 nmm presunably
because, in such stat®Bgbldelink in the I|qU|d chanber IS consuned to
generate an i nkfH-ewng—Ferce—frgmthe—stub—tanktorthetrquid—chanber
through the fi|ter GaDlc, (mmher eby Hhedi Akikdl Giteges] at e He@dnvdurikeie - 78
filter 501c and the groove structjure 501h could be |maintained. Based ¢n
these results,|the ink | eakage ddes not occur, for|the gap®@%etween {he
filter 501c ang—5 the groove Structure 501h, in a (on0|t|09TU <1 <T]0

mm preferably|® <t < 0.8 nm TR £ink ekeds@9®e | o eakadml e by
fusion. Fig. [ZATS @ fateral View Of FME VST Y QL 8 1eakage

0.8 No ink leakage No ink leakage

1.0 Ink leakage from |No ink leakage

some nozzles

1.2 Ink leakage from |Ink leakage from

all nozzles some nozzles

In Table 1, the temperature rise in the “head
still state” means the ambient temperature change
around the recording head from 5°C to 60°C. On the
other hand, in the temperature rise in the “head
driven state”, the ink jet recording apparatus
mounted with the recording head was operated at 5°C
and the recording head was brought to 60°C by
temperature increase under ink discharge.

In the experiment, in the “head still state”,
the ink leakage started from t = 1.0 mm. On the
other hand, in the “head driven state”, the ink
leakage did not occur at t = 1.0 mm, presumably
because, in such state, the ink in the liquid chamber
is consumed to generate an ink flowing force from the
sub tank to the liquid chamber through the filter

501c, whereby the ink holding state between the



groove structure 501k prior to the jointing of the 10 filter 501c by
fusion. As shown in Fig. 14A, a support face 532 for the filter 501c is
provided with fusion ribs 532a. The fusion jointing of the filter 501c
can be achieved by placing the filter 501c on the fusion ribs 532 and
pressing the 501c to the 15 support face 382-with an unrepresented fusing
hone thereby fusing and crushing the ribs 532a. Fig. 14B shows a state
after fusion jointing of the filter 501c. In such fusion jointed state of
the filter 501c, thereby may be generated a gap between the 20 filter 501c
and the groove structure 501k because of the remainder of the fusion ribs
532a or the defonmati 6lich anlte thid tigerodbEl st tdwughe depehdcagldnbet he
fusing condition, shape of fusion ribs 532a and shape of the filter 501c.
Particul arly i nmeaséatihed25 di stance between the filter 501c and the groove
structure 501k is | arge, such gap changes by the surface irregularity of
the filter 50lc afterBased-onothegsi saspoétati e ARkorlderkade iPf#i ze such

gap (within the aforenmentioned range of t), it is possjble S shown in
Fig. 14C, to cab8& PREVGrod®E & $ceturte :ﬂ@qQ)%ﬁ%tfﬁﬁEeFréﬂ&Fh€f§Lpport
face 532a 5 by apout 0.1 mmtoward t filter 501c, .thereb I Rt ai ny ng
the filter 1ctgﬁdgfﬁgvﬁr&5&&”@%?ﬁ%?ﬁpgh §diﬁiéF%a§§t+%nc§n§g§tg $H$

above-ment i onedy et fod [Lor pGONtY & 1 29 ¢ i .
The filter can be jointed for example by fusion.

Fig. 14A is a lateral view of the vicinity of the
groove structure 501k prior to the jointing of the

10 filter 501c by fusion. As shown in Fig. 14A, a
support face 532 for the filter 501c is provided with
fusion ribs 532a. The fusion jointing of the filter
501lc can be achieved by placing the filter 50lc on
the fusion ribs 532 and pressing the 501c to the

15 support face 532 with an unrepresented fusing hone
thereby fusing and crushing the ribs 532a. Fig. 14B
shows a state after fusion jointing of the filter
501c. In such fusion jointed state of the filter
501c, thereby may be generated a gap between the

20 filter 501lc and the groove structure 501k because of
the remainder of the fusion ribs 532a or the
deformation in the filter 501c, though depending on
the fusing conditiocn, shape of fusion ribs 532a and
shape of the filter 50lc. Particularly in case the

25 distance between the filter 50lc and the groove
structure 501k is large, such gap changes by the

surface irregularity of the filter 50lc after the



gap between the filter 501c and the groove structure 10 501k is applicable
not only in case of the fusion jointing of the filter 501c but also in
other jointing nethods. However, in case of jointing with adhesive,
attention is necessary in using adhesive of a |ow viscosity since such
adhesive may flow into the 15 groove strud@Bure 501k to deteriorate the
function thereof. (Shape of groove structure) The ink lifting force F by
the surface tension in the groove structure is given by: 20 F= L x T x
cose wherein T is the surface tension of ink, e is the contact angle of
ink in the groove structure, and L is the circunferential length of the
ink contact aregushibnt g@i@&%\g& sthustdee. t35mihdmiiegghdud afaphe |ifted
ink is given by: W= S x hi x p x g wherein hi is the height of lifted
ink, p is densityith8® tof iafloremeant itdnedceaier abfon) pfigrasity and Si is
the cross section of the ink contact area in the groove structure. Since F
= W there can besshbdienedsa showal i drighi p4Cx o xcewsh Ehsi gxoRvex p x g
whi ch can be defornmed as hi = L/Si x (Tcos A/pg% (D) Cbnseq%entI%, for a
hei ght d of thes§rostarst P@dtkuke protrude from the Support face S32a

5 by about 0.1 mm toward the filter 50lc, thereby
maintaining the filter 50lc and the groove structure
501k always in contact.

The above-mentioned method for controlling the
gap between the filter 50lc and the groove structure
10 501k is applicable not only in case of the fusion
jointing of the filter 50lc but also in other
jointing methods. However, in case of jointing with
adhesive, attention is necessary in using adhesive of
a low viscosity since such adhesive may flow into the
15 groove structure 501k to deteriorate the function
thereof.
(Shape of groove structure)
The ink lifting force F by the surface tension
in the groove structure is given Dby:
20 F=LxT x cosb
wherein T is the surface tension of ink, © is the
contact angle of ink in the groove structure, and L
is the circumferential length of the ink contact drea
in the groove structure.
25 The weight W of the lifted ink is given by:
W=3S81ix hi x p x g

wherein hi is the height of lifted ink, p is density



the ink held by the groove structure can reach the 10 upper end thereof by
the surface tension by so selecting the groove structure as to satisfy a
condition d < hi, whereby the ink can be contacted wth the |ower surface
of the filter. Now |l et us consider a recessed groove structure 15 601k as
shown in Fig. 15, having a height d, a degtth- e and an aperture width f and
conposed of two rectangular pillars 601n positioned in contact wwth a

wal I portion 601lm Applying the equation (1) to such structure, there can
be obtained: 20 hi = (2e + f)/ef x (Tcos 0/pg) W + 2/f) x (Tcos 6/pg) (1)
On the other hand, let us consider a recessed groove structure 611k as
shown in Fig. 16f haking ashehghtactelerglepdh ef anthantapentusé wisdth f and
conposed of two 25 rectangular pillars 611n in a position separated by a

di stance j fronthewakbsposeicanoflbfi tAppliningemeaceqaaeaoan( thet o such
structure, there can be - 81 - obtained: hi = (2e) /ef x (Tcos 8/pg) 2/f x
(Tcos 8/pg) (3)gBaswd emruk&ufrér-egoi ng, hi is proportional to a 5 constant

A = L/S unless the contact angle of the ink _in the groove structure is
varied. -Figs. 17 to 22iReew varWat EBREei fath&espRié 18¥ed the groove

r re. 3 i i
structure 5 relationship L x T x cos® = Si x hi x p x g which can

be deformed as
hi = L/Si x (Tcos 6/pg) (1)
Consequently, for a height d of the groove structure,
the ink held by the groove structure can reach the
10 upper end thereof by the surface tension by so
selecting the groove structure as to satisfy a
condition d £ hi, whereby the ink can be contacted
with the lower surface of the filter.
Now let us consider a recessed groove structure
15 601k as shown in Fig. 15, having a height d, a depth
e and an aperture width f and composed of two
rectangular pillars 601ln positioned in contact with a
wall portion 601lm. Applying the equation (1) to such
structure, there can be obtained:
20 hi = (2e + f)/ef x (Tcos 8/pg)
= (1/e + 2/f) x (Tcos 8/pg) (1)
On the other hand, let us consider a recessed groove
structure 611k as shown in Fig. 16, having a height d,
a depth e and an aperture width f and composed of two
25 rectangular pillars 611ln in a position separated by a

distance j from a wall portion 61lm. Applying the

equation (1) to such structure, there can be



A groove structure 621k shown in Fig. 17 has a 10 groove shape of

wedge- shaped cross section. A groove structure 631k shown in Fig. 18 has a
groove shape of sem -oval cross section. A groove structure 641k shown in
Fig. 19 is cylindrical, of which hollow portion serves to hold the ink by
surface tension. A 15 groove structure 668k shown in Fig. 21 has a star- -
shaped cross section, and a portion where ink contact faces hutually cross
at an acute angle serves to hold the ink by the surface tension. The
groove structure 661k having the star-shaped cross section can be 20
considered as a group of wedge-shaped groove structures, and the depth e
and the aperturebwailhbdt are defined in the recessed portion. Al so Figs.
20 and 22 show groove structures 651k, 671k formed as a conponent

i ncl uding plural Hol es (@el/oW potTtensy/08) 25 circul ar or star-shaped
cross section. A structure for contacting the ink_wth the | ower surface
of the filter can alSo2hé ForlFE@sb§/PPaci ng a cofpdnent as 82 shown in

Fig. 20 or 22 imedi ately,under the filter. n the foreggi.ng there have
been expl ai ned varicuﬁ?sgaw%% %ﬁetﬁ%r%QBbvgfsbﬁu&?upéppﬁﬁ e S nape?

nunber, installi n%‘égg%%i gnﬁgdu%(irg%isn%gieogcoogtfﬁga%g%v?ﬁ%ﬁ&r Wghure can

be arbitrarily A thin'a rangeé epar e scope of the

pr esent inventi?g.t?gaﬁkgogesg?W%CEg%g|ygIdggiéglheight hi (maxi mum hei ght
of groove structure) in some of the
Figs. 17 to 22 show variations in the shape of
the groove structure.
A groove structure 621k shown in Fig. 17 has a

10 groove shape of wedge-shaped cross section. A groove
structure 631k shown in Fig. 18 has a groove shape of
semi-oval cross section. A groove structure 641k
shown in Fig. 19 is cylindrical, of which hollow
portion serves to hold the ink by surface tension. A

15 groove structure 661k shown in Fig. 21 has a star-
shaped cross section, and a portion where ink contact
faces mutually cross at an acute angle serves to hold
the ink by the surface tension. The groove structure
661k having the star-shaped cross section can be

20 ccnsidered as a group of wedge-shaped groove
structures, and the depth e and the aperture width f
are defined in the recessed portion. Also Figs. 20
and 22 show groove structures 651k, 671k formed as a
component including plural holes (hollow portions) of

25 circular or star-shaped cross section. A structure
for contacting the ink with the lower surface cf the

filter can also be formed by placing a component as



af orenenti oned variations, with a depth e =2 mm in 10 which the constant
A and the aperture wwdth f is changed from0.3 nmto 2.0 nm by every 0.2
.mm  Table 2 Shape of A (m1) Aperture width f (mr groove 0.3 0.5 0.8 1.0
1.2 1.4 1.6 1.8 2.0 structure Wdge type 5099 40 24 15 12 10 9 8 7 7

Senmi -oval 3808 29 17 11 9 8 7 7 6 6 typeBRecessed 3000 21 13 976 655 4
type Rectangular 1000 20 12 7 6 5 4 4 3 3 pillar type In the groove
structure of "rectangular pillar type", the value Ais determ ned for an
aperture width b =1.6 mfm Also in the "sem -oval type", the depth e is
defined as a half of the |onger dianeter - 83 and the aperture width f is
defined as the showhein dignefdr orFi2g. i2Bddiatehartndéowihg fhéter.
relationship between the aperture width f and the ink Ilifting 5 height hi.
Referring to Fi §n PBe ﬁﬁrﬁﬁ@lﬂge@$§ﬁ@umave;hQQQHe¥®b@lne@héth@uﬁlft|ng
height hi is 3mmfor f_ = 2.0 nmand 4 nmmfor f = 1.6 nm The value hi = 3
nm cor r esponds t8r&Sgas FH?Cﬁﬁ€§§eaﬁq?&%ﬁ“?@ﬂnﬁ?%dth$ns?ﬁﬁega§u &ing

area under the {hlE illﬁ55%051tlon and combination of such groove

5 structure can be arbitrarily changed within a range
not departing from the scope of the present invention.
Table 2 shows the ink lifting height hi
(maximum height of groove structure) in some of the
aforementioned variations, with a depth e = 2 mm, in
10 which the constant A and the aperture width f is

changed from 0.3 mm to 2.0 mm by every 0.2 mm.

Table 2
Shape of A (m™) Aperture width f (mm)
groove 0.3{0.5]0.811.0}1.2(1.4{1.6(1.8]2.0
structure

Wedge type 5099 40 24 15 12 10 9 8 7 7

Semi-oval 3808 29 117 11 9 8 7 7 6 6
type
Recessed 3000 21 13 9 7 6 6 5 5 4
type

Rectangular | 1000 20 12 7 6 5 4 4 3 3

pillar type

In the groove structure of “rectangular pillar
type”, the value A is determined for an aperture
width b = 1.6 mm. Also in the "“semi-oval type”, the

depth e is defined as a half of the longer diameter



10 consideration of the dinensional fluctuation in the conponents, there
is required hi =4 nm The constant Ain such state is A = 1250 m1l. As

i ndi cated by the equation (3), the depth of the groove structure of
"rectangul ar pillar type" does 15 not influence the ink lifting height, so
that the constant A of such structure caf3be considered as the | ower
limt of that in other groove structures influenced by the depth. Thus, if
the gas in the gas holding area is thicker, there can be enployed the 20
groove structure of "wedge" or "recessed” type with a snall aperture w dth
f. Therefore, in order to realize the present invention, the constant Ais
preferably at |andttbgquabettdui@O®imith, fnore deeimedbdy the khasteequal to
1250 m. 25 A small bubble, if trapped in a corner portion of the groove
structure, hindétamAagernk novenent in the groove structure. In order to
avoi d such bubble 84 trapping, the ink noving portion of the groove

structure and the vi i}t y¢3 het edfcharpr eherappy thgt redfatimnshiimded at the

edge. Al so the gcorner tion f the fjlter is preferaply,. cut off or
rognded in5 orB%FW?8“B£é€eﬁPGEEHEFeWﬁ iiquql%m%hl%griFgﬁ}ng(Liquid

TRl A 1 IRE DA P RS L e
In the exanple pi11ar type”, the ink lifting height hi is 3mm for f

= 2.0 mm and 4 mm for £ = 1.6 mm. The value hi = 3
mm corresponds to a gas thickness at least required
in the gas holding area under the filter. Also in

10 consideration of the dimensional fluctuation in the
components, there is required hi = 4 mm. The
constant A in such state is A = 1250 m™'. As
indicated by the equation (3), the depth of the
groove structure of “rectangular pillar type” does

15 not influence the ink lifting height, so that the
constant A of such structure can be considered as the
lower limit of that in other groove structures
influenced by the depth. Thus, if the gas in the gas
holding area is thicker, there can be employed the

20 groove structure of “wedge” or “recessed” type with a
small aperture width f. Therefore, in order to
realize the present invention, the constant A is
preferably at least equal to 1000 m™!, more preferably
at least equal to 1250 m™ .

25 A small bubble, if trapped in a corner portion
of the groove structure, hinder the ink movement in

the groove structure. In order to avoid such bubble



10 shown in Fig. 10, the cover nenber 701 constitutes a face where the
groove structure 301] is provided: Fig. 24 is a perspective view of such
cover nmenber 701. As shown in Fig. 24, the liquid chanber cover 15 701 is
provi ded, on a face thereof constituting the internal wall of the liquid
chanmber 301f (cf. Fig. 10), wth groovesB4tructures 710 having vertical
slits 711 in protruding manner and in a nunber corresponding to the nunber
of the liquid chanmbers 20 301f. Thus, in a state where the |iquid chanber
cover 701 is jointed to the main body 720 (cf. Fig. 10) constituting the
main part of the liquid chanber 301f, the groove structures 710 are
positioned in theappesgectheelykcaorengopdintg dr qui dlohagbeose301f. The 25
vertical slit 711 serves as a structure for holding the ink in the liquid
chanber 301f bysthecsuréased tbasivéainAltyo tdte ndwf bieseopoferanlyf cedch
groove - 85 structure, there is forned a lateral slit 712. On the other
hand, in case aofficerofovhdefli gtii thehgsiger HaisR BHGy PSR #hel | i qui d
chanmber cover 701 is to_be jointed also constitqéﬁgag. art .of a lateral 5
h

face of the |iqefdtBRafbeEes0if PrEESHBPHA iTH W O¥REEfdtBhanber
COVEr [0y YR LA PL Lhe Lhaut et ot b Re 1oVt o0
groove structure n%%dgi&fg%gﬁéggc%gy er
As shown in Fig. 10, a lateral face of the
liquid chamber 301f may be composed of a cover member
701 separate from other portions. In the example
10 shown in Fig. 10, the cover member 701 constitutes a
face where the groove structure 301j is provided.
Fig. 24 is a perspective view of such cover member
701.
As shown in Fig. 24, the ligquid chamber cover
15 701 is provided, on a face thereof constituting the
internal wall of the liquid chamber 301f (cf. Fig.
10), with grooves structures 710 having vertical
slits 711 in protruding manner and in a number
corresponding to the number of the liquid chambers
20 301f. Thus, in a state where the liquid chamber
cover 701 is jointed to the main body 720 (cf. Fig.
10) constituting the main part of the liquid chamber
301f, the groove structures 710 are positioned in the
respectively corresponding liquid chambers 301f. The
25 vertical slit 711 serves as a structure for holding
the ink in the liguid chamber 301f by the surface

tension. Also at the base portion of each groove



10 cover 701. The groove structure 710 of the liquid chanber cover 701 and
the slits of the |iquid chanber min body 720 constitute the liquid
chanber groove structure 301 (cf. Fig. 10). The groove structures 710 of
the liquid chanber cover may be nutually 15 different in the respectively
different liquid chanbers 301f. In the=f8Plowing there will be expl ai ned
the jointing process for the liquid chanber main body 720 and the liquid
chanber cover 701 in case of jointing 20 with adhesive, with reference to
Figs. 10 and 24. A particle such as dust present in the liquid chanber
301f may nove the nozzle 301g and cause clogging thereof. In order to
prevent such sisuamtcbure,t hbekeqdisd fohmedera netredsddys 720 ahd-tHenl i quid 25
chanber cover 701 are sufficiently rinsed with alkali, . solvent or purified
water prior to the pbhari hgnei theckisguiad fantsdr v ekiqoid Fharbsdhesi ve

is 8 applied on,a joint_face of the liquid chanber main_ bo 720 with
the liquid chaﬂﬁ%%nc%QGV ?QQ.Wh?rﬁsthﬁeégéE%¥§‘% 'cF?%ﬁFigﬁé dé€neration

of apoxy type bit By QRESRVELERpaBNE WO UGBS Y 1k AndeBrOdTd ng
Son <ot 5e5' 1496 LAUESLAT SLERBE TRY O EL et TR LRR cOer
by heating in a feaiifg;Q@VeHamber cover 701, such face of the liquid
chamber main body 720 is also provided with slits
matching the vertical slit 711 and the lateral slit
712 of the groove structure 710 of the liquid chamber
10 cover 701. The groove structure 710 of the liquid
chamber cover 701 and the slits of the liquid chamber
main body 720 constitute the liquid chamber groove
structure 301j (cf. Fig. 10). The groove structures
710 of the liguid chamber cover may be mutually
15 different in the respectively different liquid
chambers 301f.

In the following there will be explained the
jointing process for the liquid chamber main body 720
and the liguid chamber cover 701 in case of jointing

20 with adhesive, with reference to Figs. 10 and 24.

A particle such as dust present in the liquid
chamber 301f may move the nozzle 30lg and cause
clogging thereof. 1In order to prevent such situation,
the liquid chamber main body 720 and the liquid

25 chamber cover 701 are sufficiently rinsed with alkali,
solvent or purified water prior to the jointing of

the liquid chamber cover 701. Then adhesive is



10 In the present enbodi ment, the heat setting was executed for 5 hours at
105C. After the pressing of the liquid chanber cover 701, when the
tenperature is raised in the heating over, the viscosity of the adhesive
tenporarily 15 lowers and the adhesive starts to flow If the vertica

slit 711 of the liquid chanber cover 701 B8 -close to the jointing face,
the fl ow ng adhesive may enter and fill the vertical slit 711. In the
present enbodi ment, the intrusion of the adhesive into the 20 vertical
slit 711 can be prevented by formng the groove structure 710 in such a
manner that the vertical slit 711 protrudes fromthe jointing face of the
| i quid chamber @zppéied0en Fhaoérpefpmenolofthehd 1 prigsertampgenmais
confirnmed that the flowi ng adhesive 25 did not enter the vertlcal slit 711

if the base pdw%nﬂ?ﬂew%h bR&t #aaéédbfh@mlﬁﬁrorcwte@

jointing face of the |i gd chanher cover
b

01. 87 fo
lateral slit 712°QESFhAE Qe2BBA BAT fCth§%@%£§i¥%ﬂrﬁ&§%r%n ﬁgasthe
flownng adhe3|;§%%§g Bﬁllw¥é% réié£b§§fﬂehﬁtgﬁ§ %§%h1gg§gq9y nor e

effectively re fovene of esl| eNVertical slit

P A AR L B USETLEY R den SR
such enbodi nentss a8€ih§ 8RR beabbeot@diay T AildWt sealing and
adhesion strength may be employed. Then the cover
701 is pressed to the liguid chamber main body 720
and the adhesive is set by heating in a heating oven.
10 In the present embodiment, the heat setting was
executed for 5 hours at 105°C.
After the pressing of the liquid chamber cover
701, when the temperature is raised in the heating
over, the viscosity of the adhesive temporarily
15 1lowers and the adhesive starts to flow. 1If the
vertical slit 711 of the liquid chamber cover 701 is
close to the jointing face, the flowing adhesive may
enter and fill the vertical slit 711. In the present
embodiment, the intrusion of the adhesive into the
20 vertical slit 711 can be prevented by forming the
groove structure 710 in such a manner that the
vertical slit 711 protrudes from the jointing face of
the liquid chamber cover 701. The experiment of the
present inventors confirmed that the flowing adhesive
25 did not enter the vertical slit 711 if the base
portion thereof protrudes by 2 mm or greater from the

jointing face of the liquid chamber cover 701. Also



10 supply systens adapted to hold liquid in the negative pressure state
and including the liquid supply path having a filter therein. Also in the
application of such liquid supply systemto the ink jet recording
apparatus, the ink 15 supply systemto the recording head is not limted to
the tube supply system explained in the~ f8ﬂeg0|ng enbodi nents but can al so
be the pin-in system with simlar effects. It is also applicable to the
recordi ng head of head tank integral system by using 20 the sub tank as
the main ink tank. In such case, the recording head of head tank integral
type itself is constituted as the ink supply system Mre specifically,
the sub tank isbyprbeordedgwileheanlaisdlitcohiurtcdthendaperpareioo bé opened
or closed by an 25 unrepresented val ve nechanism and, at the ink filling
into the liqui dthﬁa%@iaves§§ﬁu§fﬁﬁlr9c8#@umt@@c Pt tadle$5vel 638dP&nd t he
interior of 88 the recording H ﬁd is red ced to a desired gressure by the
e

suction from t hEShdiDee, 18n6uF atREadi 1S 1$oﬂﬁﬁnW§ﬁ??EVa$ FBure is
d, wh b t Kk pl.i ed to.the |l d
S ehanber A stefhee REPROVesBrRs S BRhoe AR e e 2 HBER RS ned

the ink jetfgecgéglggrggggﬁaggg +0f,serial scan type but t he present
invention is |Ikéw se icabl'e fo'an ink jet recordi ng apparatus

In the foregoing, the present invention has
been explained by preferred embodiments thereof, but
the present invention is not limited to such
embodiments and is applicable to various liquid

10 supply systems adapted to hold liquid in the negative
pressure state and including the liquid supply path
having a filter therein. |

Also in the application of such liquid supply
system to the ink jet recording apparatus, the ink

15 supply system to the recording head is not limited to
the tube supply system explained in the foregoing
embodiments but can also be the pin-in system, with
similar effects. It is also applicable to the
recording head of head tank integral system, by using

20 the sub tank as the main ink tank. In such case, the
recording head of head tank integral type itself is
constituted as the ink supply system. More
specifically, the sub tank is provided with an air
communicating aperture to be opened or closed by an

25 unrepresented valve mechanism, and, at the ink
filling into the liquid chamber, such air

communicating aperture is closed and the interior of



10 nmounted with an ink jet recording head of line type, having the nozzle
array over the entire wwdth of the recording nedium As explained in the
foregoing, the present invention provides the configuration in which the
15 filter and the liquid are separated by gas of the gas holding area at
the downstream side of the filter, there avoi di ng the drawback, in case
the bubble is generated at the downstream side of the filter, in the
liquid supply fromthe upstreamside of the 20 filter to the downstream
side thereof, induced by such bubble. Particularly in the ink jet
recording head and in the ink jet recording apparatus, it is rendered
possi bl e to pretbat rdebadtinge hiegld dissotedweed resud tdegl fednprieesdefs ci ent
ink supply to the 25 downstream side of the filter, thereby significantly
i mprovi ng the rBVi ABRI sugtden feomikhe sz, Mdothar £Re @éwnstream
side of the side, there is provided - 89 a structure for holding the
liquid, present SFMHRECaFIRTs BPESRUSGIe DIORFRET | | PREEFB¥s2Phe gas of the

gas holding area, by the surface tensiagn for_conpectin such Li.qui.d, wi th

the 11 quid at tREPEESFIERR SIEE s O HE 119 (RISPHIOS 11601 ANEnamoM S or so
hol di ng theESIigH%Hng to contact it wwth a part of the downstream face of
the filter, Wwhereby the liquid held in the downstreamside of the filter

can escape to the upstsgamsids EBraYERnghemndodilerdts cagh A hagbation

beén explained the ink jet recording apparatus of
serial scan type, but the present invention 1is
likewise applicable to an ink jet recording apparatus

10 mounted with an ink jet recording head of line type,
having the nozzle array over the entire width of the
recording medium.

As explained in the foregoing, the present

invention provides the configuration in which the

15 filter and the liquid are separated by gas of the gas
holding area at the downstream side of the filter,
thereby avoiding the drawback, in case the bubble is
generated at the downstream side of the filter, in
the liquid supply from the upstream side of the

20 filter to the downstream side thereof, induced by
such bubble. Particularly in the ink jet recording
head and in the ink jet recording apparatus, it is
rendered possible to prevent defective ink discharge
resulting from the deficient ink supply to the

25 downstream side of the filter, thereby significantly
improving the reliability on the ink discharge. Also

at the downstream side of the side, there is provided



10 of the gas in the gas holding area, so that the unexpected liquid
flowout fromthe downstreamend of the |iquid supply path or fromthe

di scharge portion in case of the ink jet recording head. Also the |liquid
filling nethod of the present 15 inventi%g allows to fill the first and
second liquid chanbers with the |iquid off”réspectively appropriate
anpunts even in case the |iquid anounts therein decrease by the gas
accunul ation therein. 20 - 9 0 - iiiii 121212 iiii ii i1%iil CL V. 5 WHAT
IS CLAIMED IS: 1. Aliquid supply systemwhich is provided with a liquid

supply path to a liquid holding portion holding |iquid at the downstream
end in the supphyssracieeei deroholiddual Hrl B IYiderPieseRe #FqhP8 supply

path and in which the Iiquid can be supplied fromthe upstreamside of the
filter to the dBANBEFESATsSdEe Oferd& G %CW§i%é? AT Rt GRS §oFhe

o rection of | SEBthKs, LISSY eSO (10 foember oLt no @

portion of the reamsrde in

nolding area apged hiauid Bald) g anang herel myd e gapele 01 eai d gas

hol ding area is™"I'n uni cation w t'h gas present tween the _
downstream sj de.gf thecbil t 8 and sthif d i HHtbdw! #P0so PRELESAGT Rheai d

downst ream end.
liquid as to contact it with a part of the downstream
face of the filter, whereby the liquid held in the
downstream side of the filter can escape to the
upstream side through the filter in case of inflation
10 of the gas in the gas holding area, so that the
unexpected liquid flow-out from the downstream end of
the liquid supply path or from the discharge portion
in case of the ink jet recording head.
Also the liquid filling method of the present
15 invention allows to fill the first and second liquid
chambers with the liquid of respectively appropriate

amounts even in case the liquid amounts therein

decrease by the gas accumulation therein.

20



2. Aliquid supply systemaccording to claim1l1, wherein the liquid held in
said gas holding area 20 comrunicates with the liquid in said liquid

hol ding portion thereby enabling reversible novenent of the |liquid at the
upstream side of said filter and the |liquid at the downstream side of said
filter. 25 3. Aliquid supply systen1accoﬁ@|ﬁg to clai gas
present between the downstream side of said filter Fﬂ“‘w m@rﬂﬁmmu

of the liquid - 92 - | 111111 111112 11111 111111 I1 cS

portion at said downstreamend is so positioned as to inhibit novenent of
a bubble from said liquid holding portion to said filter. 5 4. Aliquid
supply system ab88fdiIRgCLAIMER mSE, further conprising: a liquid
connection structure for holding, at the downstream side of sajid filter in
said liquid supply pbthAthﬁﬁq4dnﬁ%PR#%s%%§t§@ YR&CRoWs PEOIHCRY si de of
said filter across theﬁgas of sai holdln ar ea %Ei e surfa e t ensi on

of said liquid wagkh o SHﬂﬂn&qRﬂ IH%ﬁh(fQM? P9 18¢ Pﬁé 135t r eam

wherein said |1 ButdieBnadertey o e RETHE SHEeb AT Shoble. Shepay "

wni ch the upper STERa Te e ioat i S anthel MRt o OGRS %20

at the downstregpgtgi daqt Ber @@fich the liquid can be supplied from the
upstream side of the filter to the downstream side
thereof in the vertical direction in the direction of
gravity, the system comprising:

10 a member for dividing a portion of the filter in
contact with the downstream side into a gas holding
area and a liquid holding area;

wherein the gas held in said gas holding area is
in communication with gas present between the

15 downstream side of the filter and the liquid holding

portion in said downstream end.

2. A liquid supply system according to claim 1,
wherein the liquid held in said gas holding area
20 communicates with the ligquid in said liquid holding
portion thereby enabling reversible movement of the
liquid at the upstream side of said filter and the

liquid at the downstream side of said filter.

25 3. A liquid supply system according to claim 1,
wherein the gas present between the downstream side

of said filter and the upstream side of the liquid



6. Aliquid supply systemaccording to claim5, wherein the gap t between
sai d groove-shaped structure portion and said filter is wthin a range 25
of 0 <t -<1.0Omm 7. Aliquid supply systemaccording to claimb, -

92
pjiij rrerrr rrrr 1t L wherein said groove-shaped sty ' has a
cross section of recessed shape. 8. A Iiq#ld supply SNMMNQIWMHBWO
claim5, 5 wherein said groove-shaped structure portien hastat Cross
section of wedge shape. 9. Aliquid supply system according to claimb5,
wherein said groove-shaped structure portion has an 10 arc-shaped liquid
hol di ng surface. 10. A liquid supply systemaccording to claim5, wherein
sai d gr oove- shapeddsmgu®orrtd giorat cmaingsﬂwnsf@m@n ¢pdwhBclopl ur al

hol | owi ng portions for holding 15 liquid are formed, and said menber is
provi ded at thepoéé\*ﬁl%@ﬂe@arﬁss&dé lélrhlgcéifd neverent 19t A pphbile PPy system

according to claimp5, ., wherei ai d groove-shaped, structure portion 20

satisfies a rel 86i6n1EAELY %6géﬁﬂﬁbﬁgFHHPWs§?rﬁﬁl€iF& kf&rential length of
an area in contact with the Iliquid in said groove-shaped structure portion
and S is the cross section of an area in contact with the Iliquid in said

groove-shapeg structufe pErti Qg supply system according to claim 1,
further comprising:

a liquid connection structure for holding, at
the downstream side of said filter in said liquid
supply path, the liquid present at the downstream

10 side of said filter across the gas of said gas
holding area by the surface tension of said liquid
and connecting said liquid with the liquid at the

upstream side of said filter.

15 5. A liquid supply system according to claim 4,
wherein said liquid connecting structure includes a
groove-shaped structure portion which is provided
along the vertical direction and of which the upper
end is almost in contact with the face of said filter

20 at the downstream side thereof.

6. A liquid supply system according to claim 5,
wherein the gap t between said groove-shaped
structure portion and said filter is within a range

25 of 0t £ 1.0 mm.

7. A liquid supply system according to claim 5,



25 12. A liquid supply system according to claimS§5,
portion of said groove-shaped | 1111111111112111212121212121121111 - 93 - CL

structure portion is cut off or rounded. 13. A liquid supply system

according to claim5, wherein said groovg;shaped structure portion is 5

integrally constructed with a menber cons

;at t he downstream side of said filter. 14- tg\t: ingui 3als Keﬂwwmgmmmat "

according to claim5, 10 wherein, at the downstream si
said liquid supply path includes a cover

face of said liquid supply path and a main body nmenber constjtuting

anot her face

menber, and said roove shaped _structure rtion is provided at |east on
said cover menbef: SiSSeﬂtFPE

wherein said cover
adhesi ve, and the groove-

ofheaRdN| FaaFRdISGENIEY s@e@tp@darﬁr-qw‘fﬂfe% RRrsaPD BBVeP 15
uiPd §&r§§lssfe§§/§ Sccording to claim 14,

sald naln mber and

system according to claim

10

15

20

25

cross section of wedge shape.

9. A liquid supply system according to claim 5,
wherein said grocve-shaped structure portion has an

arc-shaped liquid holding surface.

10. A liquid supply system according to claim 5,

wherein said groove-shaped structure portion has a
member in which plural hollowing portions for holding
liguid are formed, and said member is provided at the

downstream side of said filter.

11. A liquid supply system according to claim 5,
wherein said groove-shaped structure portion
satisfies a relation L/S 2 1000 wherein L is the
circumferential length of an area in contact with the
liquid in said groove-shaped structure portion and S
is the cross section of an area in contact with the

liquid in said groove-shaped structure portion.

12. A liquid supply system according to claim 5,

wherein surrounding portion of said groove-shaped

wher ei n surroundi ng

of sai'tl 5l ter,
menber constituting a | ateral

menber and said main body 20 nenber are jointed with
shaped structure portion provided on said cover

nb ded [
nenber s provided as;a praligdind. pety oy ML Qccé!tﬁ%ggp'sc%t cidizng o 1 om

t he adhered face of said cov
hol di ng the 25 J,vhgk'bgnbﬁa&aeg%%b%c%ﬁa%ﬁbﬂ ot thernead . péﬁtlé\nl hadi d supply

M



[ 11111111111111111111111111111 - 94 15, wherein said protruding portion
is provided with a groove for receiving said adhesive between the adhered
face of said cover nenber with said main body nenber and said slit. 5 17.

A liquid suppl g to any of, claims 1 to 16, wherein said
l'iquid supply ﬁmﬂgmg‘mmmn liquid ch%%rber at the upstream side of said
filter and a second | ktqutd Tthdnber including the gas 10 of said gas hol di ng
area at the downstreamside of said filter. 18. Aliquid supply system
according to claim 17, wherein said first liquid chanber includes 15

pressure adjusting neans for absorbing pressure varjiation in said first
li qui d chanber SHRCATS REGHEEWPpt S %€§t8ﬁ$a850F8PH& o claim 17, further
conprising, at the upstreamside of said 20 first liquid chanber in said
liquid supply path, a valve structure to be opened at the normal |iquid

supply state and to.Qe clo i qui d o fdl 1] j i ord
| i qui d chanber by s&?:t’i o}r)i ??g%ﬁga}sgsp&fvﬁ#rteéglmden .rdzigqgoééAglliéggli d%'suppl y

system accor di ng,d,Q. ¢ a4 g 1qro¥\4?§£§h9p§ai difbkstirkl @ard ichanber incl udes
an air - - !'111J 1111 1t11 112111 11 '1° 95 conmm
5 integrally constructed with a member constituting
said ligquid supply path at the downstream side of

said filter.

14. A liguid supply system according to claim 5,
10 wherein, at the downstream side of said filter, said
liguid supply path includes a cover member
constituting a lateral face of said liquid supply
path and a main body member constituting another face
of said liquid supply path and jointed to said cover
15 member, and said groove-shaped structure portion is

provided at least on said cover member.

15. A liquid supply system according to claim
14, wherein said cover member and said main body
20 member are jointed with adhesive, and the groove-
shaped structure portion provided on said cover
member is provided as a protruding portion with a
slit, protruding from the adhered face of said cover
member with said main body member and holding the

25 1liquid by the surface tension thereof.

16. A liquid supply system according to claim



uni cation aperture which can be opened and closed and is to be closed at
the liquid filling into said second |liquid chanber by suction fromsaid

downstream end. 5 1 Mﬂ ply system according to claim 17,
further conpri si ngl@mmmﬁ am si dﬁ of said filter in said liquid
supply path, a thi I qui & chanber for 6Iaing the liquid in such a 10
manner that the liquid is in contact with a part of the surface of said
filter at the dowmnstream side thereof. 22. A liquid supply system
according to claim 15 21, wherein said third liquid chanber includes a
structure for holding the liquid by the surface tension thereof in contact
with the surfackdof wBareinf pRigr PEPLERNE IGOWROTTEOR SiTUPLEPMEEERE. W2bh23. A

| i quid supply system according to claim .22, erein the structure for
causi ng the 1iqti 94 8PVesaPy ¢ F?&Vﬁpﬁuﬁﬁléhédﬁés%W?(Rﬁ]%ﬁﬁnthgesurface of

orovi ded that (He T FORL &R DhorBoft S8 FE METEEI SELC i 19 € i ir PAEY of

provi ded that tHe"¢F% ' cont ac he“sur
said filter at o] t [ thereof. ~ 111 !l ~~- 96 - CL MS
24. A liquid supp Qegyéﬁénggggggégﬁg to claim 21, wherein the amount of

the liquid tshat can be held

17. A liquid supply system according to any of
claims 1 to 16, wherein said liquid supply path has a
first liquid chamber at the upstream side of said
filter and a second liquid chamber including the gas
10 of said gas holding area at the downstream side of

said filter.

18. A liquid supply system according to claim
17, wherein said first liquid chamber includes
15 pressure adjusting means for absorking pressure

variation in said first liquid chamber.

19. A liquid supply system according to claim
17, further comprising, at the upstream side of said
20 first liquid chamber in said liquid supply path, a
valve structure to be opened at the normal liquid
supply state and to be closed at the liquid filling
into said second liquid chamber by suction from said
downstream end.
25
20. A liquid supply system according to claim

17, wherein said first liquid chamber includes an air



in said third liquid chanber is larger than the anmount of change in the
vol unme of the gas in said gas 5 holding area anticipated in the environnent

Chiraiiqu d chamber i 5 oo rovidea e tg.earround-an JNINSNEEMUEEIY .,
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said filter and 10 said second |iquid chafBer. 26. An ink j et recdording
head provided with a first liquid chanber and a second |iquid chanber
separated by a filter and respectively containing 15 liquid therein, and a
i quid di scharge portion connected directly with said second |iquid
chanber and adapted to discharge the |iquid supplied from said second

| i qui d chamber , C¢THWhi ehtipR pPRUtHreanhilsd S@ppibiedienedsand cipsed i quid

chanber to said 2 secong%liquid chanber through said filter, conprising:
a menmber for didAUihy BOpPOPtFOASEE Ehethrl dédduld fdnkRg WhEA 8aid second

l'iquid chanmber into as . holding area and _a |liquid hol ding area; 25
wherein the gass%%?ragi fgwl%'égr(g Eggm‘ﬂSngﬁfg Séﬂrcée’rqns%u]ﬁ% AT RERPbASRY h t he
gas present in yd second liquid chanmber. !tlk 11 111 111111L M- 97 _
27. An ink jet recording head according to claim 26, wherein the liquid

held in said |iquid holding area comunicates with the liquid in said
liquid chanber thereby enabling reversible novenent of the

21. A liquid supply system according to claim
17, further comprising, at the downstream side of
said filter in said liquid supply path, a third
liquid chamber for holding the liquid in such a
10 manner that the liquid is in contact with a part of
the surface of said filter at the downstream side

thereof.

22. A liquid supply system according to claim
15 21, wherein said third liquid chamber includes a
structure for holding the liquid by the surface
tension thereof in contact with the surface of said

filter at the downstream side thereof.

20 23. A liquid supply system according to claim
22, wherein the structure for causing the liquid of
said third liquid chamber to contact the surface of
said filter at the downstream side thereof includes
at least a rib so prcvided that the front end thereof

25 is in contact with the surface of said filter at the

downstream side thereof.



S liquidin said first liquid chanmber and the liquid in said second 1iquid
chanber. 28. An ink jet recording head according to claim26, wherein the

gas presenté"!“ﬁ 10 liquid chanber is so positioned as to
i nhibit nov ﬂuﬁj %!&fromsaid Iiggid di scharge portion to said
filter. 29. An fnk jet di ng head accorPding to 15 claim 26, further
conprising a liquid connection structure for holding the liquid present in
said second liquid chanber across the gas of said gas holding area by the
surface tension of said liquid and connecting said |liquid mﬁtE the liquid
in said 20 first I|i chanber through said filter. 30. An ink je

recordi ng head acco?é%n; fo 1 1QUA{GmSIPP hih 1 65 8 oR GCPF G d §6nﬁééﬂﬂhg

t t i ncl haped str re portl whi ch is 25 vi ded
al L‘n‘édt‘lL_E dgﬁi%fj?ﬁp%‘? rﬁf‘?Yﬁ?S B BRorPmPear Emerf:ai&l Srg}ard %mgsim‘ééffaiwqth
£ rIof1if fff ?ﬁ?ﬁlﬁgﬁgﬁg l?’ﬁhﬁg %:Rgg%%i?:héss[}afr& P o ‘?i|ter at t he
downst r eam si deend ot 0% - cidngdnshnknkehdieotr Unghea 2ccor dhng

claim 30, wherein the gap t bétween said groove- structure ortlon
and said filsterhébdighifed &AP9E10ALEd<ih €hk @M ronment of use.

25. A liquid supply system according to claim
21, wherein said third liquid chamber is so provided
as to surround an aperture connecting said filter and

10 said second liquid chamber.

26. An ink jet recording head provided with a
first liquid chamber and a second liquid chamber
separated by a filter and respectively containing

15 1liquid therein, and a liquid discharge portion
connected directly with said second liquid chamber
and adapted to discharge the liquid supplied from
said second liguid chamber, in which the liquid can
be supplied from said first liquid chamber to said

20  second liquid chamber through said filter,
comprising:

a member for dividing a portion of the filter in
contact with said second liquid chamber into a gas
holding area and a liquid holding area;

25 wherein the gas held in said gas holding area is
in communication with the gas present in said second

liguid chamber.



32. An ink jet recording head according to 10 claim 30, wherein said
groove-shaped structure portion has a cross section of recessed shape. 33.

An ink jet recofgi u ﬂﬂugﬂ &uﬂing to claim30, wherein said

gr oove- shaped s&ﬂulﬂﬂ E i¥li on has a cross section of wedge shape. 34.
An ink jet recording head"according to ~c?hi™ 30, wherein said
groove-shaped structure portion has an arc-shaped |iquid holding surface.
20 35. An ink jet recording head according to claim30, wherein said
groove-shaped structure portion has a nmenber in which plural holl ow ng
portions for holding 'Liquid are formed, and said 25 nenber is provided at
t he domnstrean1side%6%-éﬁi&del%Er¥e$E¥41mg head) gccogdgng ¢q. M&ime. An

ink jet recordi head according.to, ,claim 30, wherei.n said groove-shaped
structure por@%gn TR P féﬂ%%@oﬂeiagﬂn $660 WHEMdO holiding he

circunferential_ length of an area in contact with.5 the liquid jn said
gr oove- shaped 5??3%?ﬁ?@@%&ﬁ??%$ﬁ %&ﬁh5$?§ haufodd §8&Pi&aqﬁﬁﬁgn area in

contact with Iienddulthd bisgl chob PONE- SDAREY, BE LUGEULGRAM L0 pd7. AN
ink jet recording head according to C a|n1_b, wherein ‘sur roundi hg
portion of saidigraeyen sSPREds SEEUCT LS BOELLAB kS afHt Bk 197Gy iinded.

said second liquid chamber.

28. An ink jet recording head according to
claim 26, wherein the gas present in said second
10 liquid chamber is so positioned as to inhibit
movement of a bubble from said liquid discharge

portion to said filter.

29. An ink jet recording head according to
15 claim 26, further comprising a liquid connection
structure for holding the liquid present in said
second liquid chamber across the gas of said gas
holding area by the surface tension of said liguid
and connecting said liquid with the liquid in said

20 first liquid chamber through said filter.

30. An ink jet recording head according to
claim 29, wherein said liquid connecting structure
includes a groove-shaped structure portion which is

25 provided along the liquid supply direction from said
first liquid chamber to said second ligquid chamber

and of which the upper end is almost in contact with



38. An ink jet recording head according to claim30, wherein said
groove-shaped structure 15 portion is integrally cons ““mﬁ‘m E‘mﬂi nber
constituting said second |iquid chanber. 39. An ink je

according to claim 30, wherein said second |iquid chanfer i ncl Udes 20 a
cover nenber constituting a lateral face of said second l'i quid chanmber and
a main body nenber constituting another face of said second |iquid

chanber and jointed to said cover nenber, and said groove-shaped structure
portion is provided at |east 25 on said cover nenber. 40. An ink jet

recordi ng head according to LI Eeeererereerr reprrer el - 100 - M

cl ai m 39, wher ethe sapbfeevepineabdr fandcsard rhien dsomsesderside joi nted
wi t h adhesi ve, and the groove-shaped structure portion provided on said
cover nmenber is Eﬁ%@?@ed as a protruding portion with 5 a slit, protruding
fromthe adhered face of said cover nenber with said main body menber and
holding the liquid by the surface tension thereof. 41. An ink jet

recordi ng head accor%lng hQ &gkcg%eﬂfg%0%¥¥ﬂ§?ﬂgggn% 59&£the8 portion is

provided wth a groove for fecCeiving sal esive ween adher ed

face of Sa'@‘“%@ﬁlﬂm@@erwﬂéiélﬁahﬁenabﬁ QOQﬁtw%%%P%%fH“bfﬁﬁ6bs"t 15 42
An ink jet recording head according t claim 26, wherein sald first liquid
chanber includeshaped structure portion and said filter is within a

range of 0 £ ¢t £ 1.0 mm.

32. An ink jet recording head according to
10 claim 30, wherein said groove-shaped structure

portion has a cross section of recessed shape.

33. An ink jet recording head according to
claim 30, wherein said groove-shaped structure

15 portion has a cross section of wedge shape.

34. An ink jet recording head according to
claim 30, wherein said groove-shaped structure
portion has an arc-shaped liquid holding surface.

20

35. An ink jet recording head according to
claim 30, wherein said groove-shaped structure
portion has a member in which plural hollowing
portions for holding liquid are formed, and said

25 member is provided at the downstream side of said

filter.



pressure adjusting neans for absorbing pressure variation in said first
| iquid chanmber. 20 43. An ink jet recording head according to claim 26,

further conprisin ng portion to which the liquid supply neans
to said fi rsm‘ @l@!‘\aﬂ m is det achabI%/ connected. 25 44. An ink jet
recordi ng he ngsto* claim 26, Futt her conprising, between said
first liquid chanber and said second |liquid chanber, a Wf1li~1l 111 i -
101 - CL third liquid chanber for holding the quuid in such a manner
that the liquid is in contact with a part of the surface of said filter at
the side of said second |iquid chanber. 5 45. An ink jet recordi ng head
according to cIa|n1§§ whBr &Nk §8Fdr?ﬁpﬁ§HWQmMQf4ﬂﬁﬁﬁﬁﬁ i®gl tees a
structure for | di n éhe liquid b he surfac nsion thereof in contact
W th the surfad adfmgs d WA i1 ¢ B O AGTORer SRAPEE BECOKHH S head

according to clal n the_ s ctur i ng the quid of
said third |iqfi% T %@ %%ﬁt%cfeiﬂgl gd% acg%§§ éﬁ%f%%qt% ¥ ncl udes
at least arib I h nd..t her.eof:. with
t he surface oféﬁgc#%fﬁqéggk%ﬁf%eis? 559 ggign Egggn r#?ﬁﬁ?ﬁﬁgﬂ ﬁ%{h
5 the liquid in said groove-shaped structure portion
and S is the cross section of an area in contact with

the liquid in said groove-shaped structure portion.

37. An ink jet recording head according to
10 claim 30, wherein surrounding portion of said groove-

shaped structure portion is cut off or rounded.

38. An ink jet recording head according to
claim 30, wherein said groove-shaped structure
15 portion is integrally constructed with a member

constituting said second liquid chamber.

39. An ink jet recording head according to
claim 30, wherein said second liquid chamber includes
20 a cover member constituting a lateral face of said
second liquid chamber and a main body member
constituting another face of said second liguid
chamber and jointed to said cover member, and said
groove-shaped structure portion is provided at least

25 cn said cover member.

40. An ink jet recording head according to



20 47. An ink jet recording head according to claimd44, wherein the anount
of the liquid that can be held in said third Iiquid chanber is larger than

t he amount of change in the volune of the gas in said H g r
anticipated in the environment of 25 use, 48. An ink je mmmmﬂ@[ﬂggt
according to IILEEEEEEEErrrrrrrrrrrriiritPO--102  clai m44,c wher ei

third liquid chanber is so provided as to surround an aperture connecti ng
said filter and said second liquid chanmber. 5 49. An ink jet recording
apparatus conprising: support means for supporting an ink jet recording
head according to any of clains 26 to 48; suction neans for forcedly
sucking ink inda@id i3 yrareideoraihgcheas PEBRFENENC §did dadhar ge
portion 10 thereof; and a val ve pnechani sm for, openi ng or, ¢l.osing of the
first liquid chafdematranidrs nkoiete e‘dbﬁ?]i ﬁ&hﬁéé&eftﬁnc?rqﬁ*}—eomthe

exterior thereof. 15 5Q. An ink et recording_apparatus, accarding to claim
49, further coﬂﬁQQ¥qﬁ§%%ﬂ?Qré¥% %%T§euﬂ?5£6%n F8H%§%§1%k f%hcpcontaining
ink is detachably nount L ch. Vv 0,.$ ; K d watd ink
tank to said iﬁ%xfg$q&%@%?%?ﬁ%“@%g%éggatﬁ?o%gﬁ”gegﬁﬁgf&ﬂzg{ein said val ve
mechani smig prowdded ifk dpidng from the adhered face of said

cover member with said main body member and holding

the liquid by the surface tension thereof.

41. An ink jet recording head according to
10 claim 40, wherein said protruding portion is provided
with a groove for receiving said adhesive between the
adhered face of said cover member with said main body

member and said slit.

15 42. BAn ink jet recording head according to
claim 26, wherein said first liquid chamber includes
pressure adjusting means for absorbing pressure

variation in said first liquid chamber.

20 43. An ink jet recording head according to
claim 26, further comprising a connecting portion to
which the liquid supply means to said first liquid

chamber is detachably connected.

25 44. An ink jet recording head according to
claim 26, further comprising, between said first

liquid chamber and said second liquid chamber, a



supply path fromsaid ink tank to said ink jet recording head. 25 51. An
ink jet recording head according to <claim49, wherein said first liquid
chanber includes an air conmunicating aperture, and said valve 11111111

Frrirr 1111 lﬁt“u“103 mechani sm controls to open or close said
air comuni “ \ 52. Aliquid%iring nethod for use in a 5
i quid suppl'y: sg¢stem#n Swhi*‘ch first and second liquid chanbers

respectively holding liquid are separated by a filter while liquid is held
at the downstream side of said second liquid chanber in the liquid supply

direction fromsaid first liquid chanber to said 10 second |iquid chanber,
a menber is préViided Figruid ¢ pgt @ar chaldéngpshe éd aflck Her BBt ? eam
side of said filter into a gas, holding area and a liquid holding area in

. | q
a state capabl &394 dlial stippl I ¥v¥ih 18hénupsptesth ¥idd &f rid 95 1ter to
the downstream 15 side thereof in the vertical direction of gravit and
the gas hel d 1 1 e S GRS T i1 S hr bal FEF 1 AE - EBRmEA Eatton At PR Fas
pr esent betmeeﬁ:th%d(¥%gﬁ%é amside of said filter and the upstream side
of the liquid ol I'mg area at’ said downstream end, 20 the nethod
conprising:ga step of closing the first liquid chanber from the exterior;

45. An ink jet recording head according to
claim 44, wherein said third ligquid chamber includes
a structure for holding the liquid by the surface
tension thereof in contact with the surface of said

10 filter.

46. An ink jet recording head according to
claim 45, wherein the structure for causing the
liquid of said third liquid chamber to contact the

15 surface of said filter includes at least a rib so
provided that the front end thereof is in contact
with the surface of said filter at the side of said

second liguid chamber.

20 47, An ink jet recording head according to
claim 44, wherein the amount of the ligquid that can
be held in said third liquid chambér is larger than
the amount of change in the volume of the gas in said
gas holding area anticipated in the environment of

25 use.

48. An ink jet recording head according to



a step of executing suction fromthe downstream side of said second |iquid

chanber in a aid first liquid chanber is closed, thereby
reduci ng the E@ﬁggw ‘{q first and second liquid chanbers; and
1111111111111 ¥11%11« - 104 - CL a step, after the pressure

reduction of said first and second Iiauﬂﬁzcﬁanbers, of opening said first
| iquid chanber to the exterior.

claim 44, wherein said third liquid chamber is so
provided as to surround an aperture connecting said

filter and said second liquid chamber.

5 49. An ink jet recording apparatus comprising:
support means for supporting an ink jet recording
head according to any of claims 26 to 48;
suction means for forcedly sucking ink in said 1ink
jet recording head from the liquid discharge portion
10 thereof; and
a valve mechanism for opening or closing of the
first liquid chamber of said ink jet recording head

fto or from the exterior thereof.

15 50. An ink jet recording apparatus according
to claim 49, further comprising:
an ink supply unit on which an ink tank containing
ink is detachably mounted and which serves to supply
the ink in said ink tank to said ink jet recording
20 head through a tube;
wherein said valve mechanism is provided in an ink
supply path from said ink tank to said ink jet

recording head.

25 51. An ink jet recording head according to
claim 49, wherein said first ligquid chamber includes

an air communicating aperture, and said valve
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mechanism controls to open or close said air

communicating aperture.

52. A liquid filling method for use in a
liguid supply system in which first and second liquid
chambers respectively holding liguid are separated by
a filter while liquid is held at the downstream side
of said second liquid chamber in the liqguid supply
direction from said first liquid chamber to said
second liquid chamber, a member is provided for
separating a contact portion of the downstream side
of said filter into a gas holding area and a ligquid
holding area in a state capable of liquid supply from
the upstream side of said filter to the downstream
side thereof in the vertical directicn of gravity,
and the gas held in said gas holding area is in
communication with the gas present between the
downstream side of said filter and the upstream side
of the ligquid holding area at said downstream end,
the method comprising:

a step of closing the first liquid chamber from
the exterior;

a step of executing suction from the downstream
side of said second liquid chamber in a state where
said first liquid chamber is closed, thereby reducing
the pressure of said first and second liquid

chambers; and



A

a step, after the pressure reduction of said first
and second liquid chambers, of opening said first

liquid chamber to the exterior.



