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iAPPARATUS FOR TI ME DI VI SFON MULTI PLEXED PROCESSI NG ©F- + « =
PLUE‘\’AL QAM S| GNALS This invention relates to apparatus for
time 5 mul ti pl exed processing of frequency multipl qxgdhmgg%ﬁ °f‘1

be

anpl i tude nodul ated (QAM signal s.
described in the environnment of an advanced defi rﬁ",mmma"lFﬂ
recei ver (ADTV) of the type for

PRINTER HAVING LINE-TYPE INK JET RECORDING HEAD

The invention relates to a printer having
a line-type ink jet recording head.

5 - Ink jetaprinters are extremely quiet compared to wire
dot type printers and are less expensive to operate than
thermal printers. However, ink jet printers, which jet ink
droplets directly onto a recording medium, do not always
produce high quality images because ink blots which occur on

10 certain kinds of recording paper impair print quality. A
thickener can be added to the ink in order to control blotting
to some extent. The use of thickener, however, causes bubbles
to stagnate 1in pressure producing chambers, insoluble
substances to be deposited in pressure chambers and nozzles,

15 nozzle openings to be clogged, etc., thus further deteriorating
the performance of the printer.

On the other hand, to prevent the blots caused by
directly jetting the ink onto the recording medium, a printer
has been proposed in U.S. Patent No. 4,538,156 which first

20 tfansfers ink droplets onto a blot-free intermediate medium and
thence to the recording paper a predetermined time after first
receiving the jetted ink droplets on the blot-free inﬁermediate

medium.
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1 0 processing HDTV signals proposed by the Advanced Tel evi sion

Research Consortium (ATRC), however it is to be understood that

practice of the invention is not limted to such systens,. but is
applicable to other systens having harnonically rel ated anpl i tude
nodul ated carriers. 1 5 FIGURE 1 illustrates a television
signal in the ADTV systemformat. This signal is constrained to have a
6 Mz bandwi dfhsighcarframafer vechniB8C ist empdoged ,UnktRedimECcan

tel evision signal however, the ADTV signal consists of two )
be made from the intermediate medium onto the recording paper

after a solvent contained in the ink has been volatilized to
some extent, thus allowing high quality prints to be obtained
5 independently of the quality and type of recording paper.

However, the use of such a transfer ﬁechnique extends

the printing time because of the time required for printing on

the intermediate medium. In addition, if the time difference

between the printing of a first dot and the last dot on the

10 intermediate medium becomes too long, the transfer performance

becomes inconsistent due to large variations in the degree to

which the solvent is dried. To overcome this problem, a line-

‘type recording head having a plurality of nozzles arranged in

the recording paper width direction to allow a line of data to

15 be printed within a smallest possible time has been proposed.

However, ink used in the transfer type recording head

must have an excellent film forming property and adhesiveness

to maintain transferability relative to the recording paper

after drying compared with ink used in a line type recording

20 head which effects printing directly on the recording paper.

Thus, bubbles are more likely to stagnate in pressure producing

chambers, nozzle openings and other portions of the head.

Stagnated bubbles <can cause clogging and undesirable
performance.

25 To eliminate nozzle clogging, a recording head has been

proposed in Japanese Patent Unexamined Publication No.

oy
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quadrature anplitude nodul ated carriers, one of which is located 20 in the

I ower

one quarter of . the 6 Mz channel space and the other which is

| ocated in the upper three quarters of the 6 M4z channel space. The

upper

carrier has a bandwidth which is four tines as wi de as the

bandwi dth of the | ower carrier. The upper carrier frequency is exactly
four times the lower carrier frequency 25 (related to a predeternm ned
ref er ence)234 T2 4 188 &1 GURE whisxanptammon  igdt h fd@M | @RENEr e2FBJUREFRRIEE

QAM

FIGURE 2 illustrates a portign of a tggical ADTV
interposed between the pressure producing ch rs, an ink

supply inlet and an ink discharge outlet are disposed at one
end of the ink flow paths, and a pressure difference 1is

produced between the flow path points to circulate the ink in

the pressure producing chambers.

Such ink circulation can prevent nozzle clogging to
some extent, but if the length of the recording head i; of the
same order as the recording paper width, clogging of the nozzle
opening remote from the ink supply inlet and the ink discharge

outlet cannot be eliminated sufficiently.

It is therefore the object of the present invention to provide
a printer which does not show the drawbacks of the abovementioned
prior art printers. This object is solved by the printer
according to independent claim 1. Further advantageous features,
aspects and details are evident from the dependent claims, the
description, the preferred embodiments and the drawings. The
claims are to be understood as a first non-limiting approach to

define the invention in general terms.

The invention generally relates to a device for supplying
ink to a line-type ink jet recording head having a plurality of

nozzle openings arranged in a printing line direction.

According to an aspect of the invention a printer is
provided using a 1line-type ink jet recording head capable of
reliably preventing clogging and eliminating bubbles, even in a
long ink jet recording head such as a line-type head.
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recei ver apparatus including the tuner IF and QAM denodul ati on

ci'ncuitry. ‘A detailed description of this apparatus will not be 30 herein
provi ded but may be found in WDX02/14343 (US Patent Application 650329
filed 4 Feb. 1991).7roWiahikset aHee amaivesl dspenter , the iheeptiahl éls applied
processing circuitry (elenents 118, 120, 122, 124, 126, 128, and

el enents 118 42dride8r #85ngla7liardty2e) ik jptocessirddnghéieago having @am
signals respectively. Each of these parallel processing paths 35 consist
of relativelineghentl whighexhaandrerFwerer Progusidia eChambergy trired e

present invention is directed toward reducing ) .
dividing nozzle openings extending in a recording paper width

direction with vertical side walls, and an upper ink flow path

and a lower ink flow path which communicate with each other

through the pressure producing chambers and extend in a

horizontal direction. Each flow path has an inlet for
replenishing ink, an outlet for discharging the ink on both
ends thereof, and a plurality of pressure producing elements
for applying varied pressures to the pressure producing
chambers for jetting ink droplets. A sealing member is
provided for sealing the nozzle openings by abutting on the
nezzle openings when the recording head has been evacuated to
a predetermined position. An ink tank is connected to the
inlets and the outlets through pipes, and an ink stream
producing device is arranged in the pipes for broducing streams
causing the ink at least to enter from the ink tank to the
lower ink flow path and then to the upper ink flow path and the
ink tank via the pressure producing chambers.

If a stream flowing from the lower ink flow path into
the upper ink flow path and into the ink tank via the pressure
producing chambers is produced by the ink stream producing
device with the nozzle openings being sealed by the sealing
member at the time of loading the ink, then any bubbles which
form adjacent to the pressure producing chambers. are dgcomposed
into tiny bubbles by a horizontally flowing component of the
stream, and the tiny bubbles are forced out into the upper flow
path by the ink stream flowing upward in the pressu}e producing

chambers to be driven out of the recording head.

, . —
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such parallel hardware, in order to nmake such a system affordabl e

t he typircal consuner. More particularly the invention is directed
toward utilizing processing apparatus in tinme division

Figure 1 is a sectional view showing a transfer type
ink jet printer of a preferred embodiment of the invention;
Figure 2 is a secticnal view showing an exemplary ink
5 jet recording head applied to the printer shown in Figure 1;
Figure 3 is an exploded perspective'fiéw of the ink jet
recording head shown in Figure 2;
Figure 4 is a front view of the recording head showing
the structure of pressure producing chambers and ink flow paths
10 with a nozzle plate thereof removed;
Figure 5 is a diagram showing an exemplary flow path
configuration of the preferred embodiment; |
Figure 6 is a sectional view showing an exemplary ink
tank;
15 Figure 7(I) and 7(II) are diagrams for describing ink
streams when ink is loaded;
Figure 8 is a diagram showing another flow path
configuration of the second preferred embodiment; and
Figure 9 is a diagram for describing ink streams when

20 ink is loaded in the configuration shown in Figure 8.

Embodiments of the invention will now be described in
detail with reference to the accompanying drawings.
25 Figure 1 shows a transfer type ink jet recording

apparatus constructed according to a preferred embodiment of .
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-2 - mul tiplexed fashion to elimnate at |east a portion of the

par.al | eF processing circuitry utilized to process frequency division
mul ti pl exed signals such as the two QAM signals illustrated in FI GURE
1. 5 -

the invention. The head 1 is carried on a drive mechanism 2 so
that the head can move to a print position Pl, a jetting ready
position P2, and a capping position P3. Ink image holding drum
3 is arranged so as to confront the line recording head 1. The
5 ink image holding drum 3 prevents the ink from seeping onto the
surface of a drum 4 that is driven by a drive mechanism (not
illustrated) at a predetermined rotational speed. The ink
image holding.drum 3 is formed by coating an ink image holding
layer 5 around the outer surface of the drum 4. The layer 5 is
10 formed of a material, such as silicone rubber, which is free
from blots and which is excellent in transferring ink to
recording paper. A pressure roller 7 causes the recording
paper fed by means of a roller 25 ocut of a cassette 6 to came into pressurized
contact with the ink image holding drum 3. The pressure roller 7 which
15 is supported about an eccéntric shaft 8, is evacuated to an
upper position at the time an ink image is formed, and is
lowered during a transfer operation while abutting a backup
roller 10 that is biased by a spring 9.
Also, a drum cleaner 11 for removing the remaining ink,
20 a heater 12 for promoting the drying of the ink image, and a
separating mechanism 13 for separating the recording paper from
the drum surface are disposed around holding drum 3.
A capping member 15, which seals the nozzle openings
with a cap 16, is being driven when the recording head 1 has
25 been evacuated to a position P2, and a sealing mechanism 17

seals the nozzle openings with a sealing member 18 made of,
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In accordance with the principles of the invention apparatus is

- pr.ovi ded. for processing first and second QAM si gnal s conveyed in a

si ngl e channel conprising a source of the first and second QAM
signals. There is also provided a source of reference 1 0 signal having a
substantially constant frequency. Means are responsive to the first
and second QAM signals and the reference signal, for deriving
respecti e, ¢ n; phasBe2ndwheadtaburecpidiag headcanharse iteerofevamatiadsttand
second QAM signals. Means are provided for tinme division nmultiplexing

t he i n- phasel eosmpopent s
The supply unit 20, which is connected to the recording
head 1 through a plurality of soft tubes 71, 73, supplies ink
5 to the recording head 1 form an ink tank and recovers the ink
and impurities from the recording head 1.
- Figures 2, 3, and 4 illustrate the recording head 1.
A nozzle plate 30 has a plurality, e.g., 2000, nozzle openings
31, 31, 31, -+ arranged linearly or vertically staggered, so
10 that recording on recording paper having a large width can be
accomplished. A recording head having a plurality of nozzles,
e.g., 400 nozzles, arranged at a pitch of five dots in the line
direction can be used so that an ink image corresponding to a
single page can be formed by, é.g., five revolutions of the ink
15 image holding drum 3 while moving the recording head by a
distance corresponding to a single dot every revolution of the
ink image holding drum.
A spacer 33 has through-holes 35, 35, 35, -+« for
forming pressure broducing-chambers 34, 34, 34, se- thaﬁ are
20 juxtaposed at equal intervals in the horizontal direction so as
to partition the adjacent nozzle openings when set on the
printer.
A vibrating plate forming member 37 has a portion
thereof confronting the pressure producing chamber 34, which is
25 formed into a thin portion 38. 1In portions of the vibrating

plate forming member which confront the ink flow paths 46, 47
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15 of the first and second QAM signals, and for tine division

multipl éxi ng the quadrature-phase conponents of the first and second
QAM si gnal s. And, conpl ex phase correction circuitry is responsive to
the time division nmultiplexed signals. 2 0 BRI EF
DESCRI PTI ON OF THE DRAW NGS FIGURELl is a graphica
representation of the spectrum of an ADTV signal.

FI GURE 2 I gcgk 5(¥£%¥%¥nare f88&éé°9n92uéﬂ ﬁbIes 39, 4 , which are

thin, long, and rectangular in shape and are arranged on
respective sides of the thin portions 38.
An ink supply flow path forming member 42 has a

5 vibrating element unit through-hole 43 formed therein through

which piezoelectric vibrating elements 48 48, 48, +++ Of a
vibrating element unit 50 pass. Long grooves 44, 45 are formed
in the ink supply path forming member 42 in portions thereof
which oppose the ink flow paths 46 and 47, respectively.

10 The piezoelectric vibrating elements 48 are formed by
sandwiching electrodes and a piezoelectric vibrating material
so that vibrations are produced by a smallest possible drive
voltage in a vertical vibrating mode. The number of
piezoelectric vibrating elements corresponds to the number of

15 nozzle openings 31, 31, 31, .+.. The piezoelectric vibrating
elements are fixed on a substrate 49 to form the vibrating
element unif 50. An end of each of the piezoelectric vibrating
elements 48, 48, 48, -;- is inserted into a respective
vibrating element unit .through-hole 43 of the ink supply flow

20 path forming member 42 so as not to come in contact therewith
and fixed on each of the thin portions 38, 38, 38, -+ of the
vibrating plate formihg member 37. A positioning projection 51
is formed on the substrate 49. The projection 51 passes
through the vibrating element unit through-hole 43 of the ink

25 supply flow path forming member 42 so as to ensure accuracy in

positioning the respective members with respect to positioning
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receiver including the tuner and QAM denodul ation circuitry. 25

FI-GURE'3 is a block diagramof circuitry for processing pl ural QAM
signals in a tinme division nultiplexed enbodying the pr esent

i nventi on. FIGURE 4 is a block diagramof an FIR filter
for the time division multiplexed filtering of two signals. 3 0
FIGURE 5 is a schenmatic diagram of one stage of the filter of FIGURE
4. holes 52, SSF,I Rgrgs:alrx%e% E)hmcﬂg \(erJ_):?' a{t?'{rr]xé)fp{aetsé)e gzlrt}/ienézlmoe%er}g

37, the spacer 33, and the nozzle plate 30.
An ink flow path connecting member 60 connects through-
holes 61, 62, 63, 64 to tubes 71, 72, 73, 74 connecting an ink
5 supply unit (described below). The through-holes 61, 62, 63,
64 are arranged on both ends of the 1ong'§§55§éé"22, 45 of the
ink supply flow path forming member 42 (see Figs. 2 and 4).
The upper ink flow path 46 and the lower ink flow path
47 providé communication between the pressure producing
10 chambers 34, 34, 34, --. extending in the recording paper width
direction. Since the recording head 1 is long (e.g., 250 mm)
compared with a conventional recording head, the cross-
sectional area of each of the ink flow paths 46, 47 is large
(e.g., 2 mm x 2 mm) so that the ink can flow therethrough
15 smoothly. At least on both ends of the ink flow paths 46, 47
are located the through-holes 61, 62, 63, 64 that communicate
with the ink tank.
Figure 5 is a diagram showing the flow path
configuration of the ink supply unit to which the preferred
20 embodiment is applied. One connecting end 66 of the upper flow
path 46 is connected to a pump?PPl through the tube 71, whereas
one connecting end 68 of the lower ink flow path 47 is
connected to a pump PP2 through the tube 73. The other
connecting end 67 of the upper ink flow path 46 is connected to
25 an electromagnetic valve V2 through the tube 74. The inlets of

these pumps PP1,PP2 and the other ends of the electromagnetic

This Sheet Has Been Replaced — — e
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signals for operation of the circuitry of FIGURE 5. FI GURE
J'l.s a'block diagramof the |, Q DEMJUX AND 3 5 MJX el enent 20 of FI GURE 3.

FIGURE 8 is a bl ock diagram of an adaptive tine di vi sion mul ti pl exed
phase correction circuit which nmay be i npl emented in the el enent 24
of FI GURE 3.

10

15

20

25

valves V1, V2 are connected to the common ink tank 80. Check
valves 78 and 79 are connected in parallel with the pumpsPPl,
PP2, respectively, for providing the ink flow paths during
printing. -

The operation of the preferred embodiment will be
described with reference to Figure 7.

- Initial loading is required if the ink is not fully
loaded into the recording head 1, such as when the tank 80 is
loaded because the ink in the tank has depleted, or when the
recording head 1 is replaced.

The first operation is to evacuate the recording head
1 to the predetermined position P3 (Figure 1) and to seal the
nozzle openings 31, 31, 31, -« by causing the sealing member
18 to abut against the front surface of the recording head 1.
When the first and second pumpsPPl,PP2 are operated by opening
the first and second valves V1, V2, the ink supplied by the
pumpsPP1,PP2 from the ink tank 80 flows into the through-holes
61, 63, which are arranged on one end of the recording head 1,
flows through the «respective ink flow paths 46, 47
substantially in a parallel manner, and returns to the ink tank
80 via the tubes 72, 74 from the through-holes 62, 64, which
are arranged on the other end thereof.

In this process, the ink entering the through-hole 61
flows mainly to the ink flow path 46 that communicates
therewith, whereas the ink entering the through-hole 63 flows

mainly to the ink flow path 47 that communicates therewith. If

- 10 -
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there is a difference in pressure between the ink flow paths
46, 47 during this process, part of the ink flow is branched
while passing through the pressure producing chambers 34, 34,
34, e+« that connect the ink—flow path 46 to the ink flow path
47. Because the main streams Fl, F2 (Figure 7 (I)) =run
parallel through the respective ink flow path 46, 47, a large
valume of air present in the ink flow paths .46, 47 and the
pressure producing chambers 34, 34, 34, -~c-- is discharged
efficiently to the ink tank 80. The air discharged to the ink
tank 80 is released into the atmosphere through an outlet of
the tank.

As shown, in Figure 6, the tubes 71, 73 connected to
the pumps PP1l, PP2 are connected to inlet pipes 81, 82,
respectively, the lower ends of which are positioned below the
ink level 84. The inlet pipes 81, 82 have a filtern83. Ends
of discharge pipes 85, 86 connected to the tubes 72, 74 are
arranged so as to extend along the side walls of the ink tank
80.

As a result of this construction, a relatively easily
foamable ink containing a surface-active agent can flow into
the ink surface 84 along the wall surfaces of the tank 80,

thereby allowing the ink to be recovered to the tank 80 without

foaming. An example of such ink includes the following
components.
Pigment 3 wtd
Emulsion 12 wt%
- - 11 -
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Refer to FIGURE 3 which illustrates a portion of a nore cost effective

ADTV receiver. In FIGURE 3, a broadcast signal havi ng the spectra

characteristics of the signal illustrated in FIGURE 1 is applied to

the tuner/IF circuitry 10. The local 5 woscillator inthe IF stage is

selected to down convert the the center of the standard priority (SP)

channel to the SP channel's synbol rate. The I F frequency is chosen to

be 43.5 MHz, which pl acesith®anolanGeid er of the baseband SB ehannel at

3.84 MHz. The down converted ADTV signal is applied to an

anal og-to-digital convepb@kethylene glycol 5 wt$%
Isopropyl glycol 5 wt%
Surface-active~agent 2 wt$

5 Water 69 wt%

When a predetermined amount of ink has been circulated
within the recording head 1, the pumpPPl connected to the upper
ink flow path 46 is stopped and the electromagnetic valve V2
connected to the lower ink flow path 47 is closed. As a

10 result, the ink having entered to the lower ink flow path 47
from the pumpPP2 is now returned to the ink tank 80 via the
through-hole 62 while producing branches F3 in the ink flow
(Figure 7 (II)) which extend to the upper ink flow path 46 via
the pressure producing chambers 34, 34, 34, +++ due to the

15 pressure differences in ink flow paths 46 and 47.

The above described horizontal and vertical flows in
the ink flow paths 46, 47 contribute to decomposing bubbles of
relatively large size which stagnate near the pressure
producing chamber at the time of initial -loading. Such

20 decomposition takes place as the bubbles are greatly reduced in
size by edges of the pressure producing chambers 34, 34, 34,
s+ in the course of moving in the horizontal stream. These
tiny bubbles move smoothly to the upper ink flow path 46
encouraged by the stream directed toward the upper ink flow

25 path 46 as well as by their own buoyancy. Then, the bubbles

are discharged to the ink tank 80 from the through-hole 62

- 12 -
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10

<hannel* s synbol rate or 15.36 MHz. The sanpling clock applied
ADC (and the other system cl ocks) are generated in the
14. Elenent 14 may include a VCXO incorporated in
for phase | ocking the systemclocks and the 1 5

the QAM carriers.

(ADC) 12. The ADC 12 is clocked at a rate of four tinmes the SP

ADC 12 are applied to a low pass filter 16, having a pass band
at t enuat ewhhde rldlmgdebanue(sﬁyeﬁpﬁﬂQﬁuwhaﬂlnxam@Vpassthh@Ugartbaeuppéﬁ%

to the

cl ock el enent
a phase | ocked | oop
sanpling clock to one of
The 15.36 MHz sanpl es generated by the

to

QAM

10

15

20

25

ink flow path 46.

When the operation of the pumpsPPl,PP2 is stopped and

a print signal is applied to the recording head 1 with the

electroﬁagnetic valves V1, V2 opened after the loading of the

ink has been completed, a pressure produCLng chamber 34 is

centracted by the corresponding piezoelectric vibrating element
48, causing the ink present in the pressure producing chamber
34 to be jetted out in the form of an ink droplet onto the ink
image holding drum 3. As the pressure producing chamber 34
recovers its original condition by expansion after the ink
jetting operation has been completed, the ink flows into the
pressure producing chamber 34 from the two ink flow paths 46,
47 disposed on respective sides of the pressure producing
chamber 34 so that the pressure producing chamber 34 is ready
for printing a next dot.

As an ink image for a predeterminéd amount of data has
been formed in this way, moisture that is contained in the ink
is volatilized in the air, forming an adhesive film on the
surface of the ink image. At this point, a sheet of recording
paperx is taken out of a sheet feed cassette 6, causing the
sheet to abut against the ink image holding drum 3 and moving
the record paper so as to be in pressure contact therewith by
applying pressure to the back surface of the record paper using
the pressure roller 7. The ink image is thus transferred onto

the recording paper due to its own adhesiveness (see Fig. 1).

- 13 -
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carrier. The lowpass filtered high priority (HP) sanples are 20 applied to

the cifcuit elenment 20, and to the subtrahend i nput port of a

subtracter 18. The 15.36 Mz ADTV sanples fromthe ADC 12 are applied
to the mnuend input port of the subtracter 18. The differences passed
by the subtracter represent the SP portion of the ADTV signal, that is

the conbination of the |owass 25 f!lter 16 and the subtracter 18 provides
pectum oceup! ed By Eingnends’ Finar Scaipatin - nbIas SESE opbhent
provi ded ggmmunicate with the ink tank 80 through the check valves 78,
79, and connecting ends 67, 69 communicate with the ink tank 80
through the electromagnetic_valves Vvl, V2, so that ink flow

5 paths from the tank 80 to the ink flow paths 46, 47 are

defined. As a result, the ink is suppliéd smoothly from both
sides of the recording head 1 by the siphoning action of
pressure producing chambers 34 so that the amount of ink
consumed by the jetting of ink droplets can be replenished.
10 If the nozzle openings 31, 31, 31, --- are clogged due
to printing over a long period of time, the pumpsPP1l,PP2 can be
driven while closing the electromagnetic valves V1, V2. Then,
the ink is supplied from the tank 80 to the flow paths 46, 47.

Since the other ends of through-holes 62, 64 are closed, the

(=
wn

delivery pressure of the pumpsPPl,PP2 acts on all the nozzle
openings 31, 31, 31, e-+ to drive ink film énd debris, which is
the source of the clogging, from the nozzle openings 31, 31,
31, +»+. After the clogging of the nozzle openings 31, 31, 31
se+ is removed in this manner, the roller of a cleaning member
20 is abutted on the nozzle openings 3%, 31, 31, e+: to wipe off
the ink film and debris from the nozzle openings 31, 31, 31,

+++, as well as overflowing ink (see Fig. 1).
When the viscosity of the ink present adjacent to the
nozzle openings 31, 31, 31, --- is increased by volatilization
25 of a solvent contained in the ink, the recording head 1 is

evacuated to capping position P2 from the ink image holding

- 14 -
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the subtracter 18 is also applied to the circuit el enent 20.

«El ement 20 denodul ates the respective HP and SP 3 0 QAM signals into.
their respective in-phase (1) and quadrat ure- phase (Q conponents. It
also time division multiplexes the in- phase conponents of the SP an

HP signals, and tine division mul ti pl exes the quadrature-phase

conponents of the SP and HP signals. The synbol rate of the SP signal

I s exact ldrdnouBd tindesthdie racbrdiynpcieadt @ cfortdre HR sigriact | witbdithieon

t he ADTV signal was sanpled at four tinmes the SP synbol rate (16 tines

the HP sydpgding member 15, which is movable. When air at a gauge
pressure of about 0.2 kg is supplied into the cap 16 under this
condition, the pressure acts-on the nozzle openings 31, 31, 31,

5 . »++, causing the ink and film present in the cap to be bounced
back to the pressure producing chambers 34, 34, 34, -+«. When
a_predetermined time has elapsed, the supply. of. the air is
stopped and the capping member 15 is thereafter removed, then
new ink in the pressure producing chambers 34, 34, 34, «c--»

10 moves to the nozzle openings 31, 31, 31, --- by surface tension
to thereby form a meniscus so that the nozzle openings are
ready to jet ink droplets.

If bubbles enter during the ink recovering process, the
bubbles can be discharged from the ink flow paths 46, 47 and

15 the pressure producing chambers 34, 34, 34, e+« by the above-
described operation. Although the debris and the ink films
having entered due to the ink jet recovering operation flow
into the ink tank 80 together with the ink, they are removed by
a filter 83 when the ink is supplied to the recording head 1.

20 Thus, the flow of the debris and the like does not adversely
affect printing.

While ink replenishment at the time of printing is
ensured by the check valves 78, 79 connected in parallel with
the pumpsPPl, PP2 in this embodiment, it is apparent that

25 similar effects <can be obtained by connecting the

electromagnetic valves in parallel with the pumps®Pl,PP2 and
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rate) and the sanpling instants are phase | ocked to the SP carrier.
Therefore, alternate sanples of the SP signal correspond to in-

10

20

25

controlling the device so that the electromagnetic valves will

be opened at the time of printing.

Figure 8 shows a second embodiment of the invention.
The through-holes 62, 64 are respectively arranged at
connecting ends of the ink flow paths 46, 47 of the recording
head 1 and are connected to a pump?PP3 for supplying the ink
from an ink tank 91 through a common buffer tank 90. The other
connecting ends 61, 63 of the ink flow paths 46, 47 are
connected to electromagnetic wvalves V3, V4 through flow
resistors Rl1, R2 (described below) to communicate with the ink
tank S1.

The flow resistors Rl, R2 are set to values such that
a flow rate large enough to discharge bubbles in the flow paths
46, 47 can be ensured, and such that the total resistance of
the upper ink flow path 46 can be made smaller than the total
resistance of the lower ink flow path 47. An electromagnetic
valve V5 is connected to a bypass pipe 92 that is connected to
the inlet and outlet of the pumpPP3. The bypass pipe serves to
provide ink supply paths at the time of printing;

In this embodiment, when the pumpPP3 is driven with the
nozzle openings 31, 31, 31, -+ sealed, the electromagnetic
valves V3, V4 opened, and the electromagnetic val&e V5 closed,
the ink is supplied from the ink tank 91 to the flow paths 46,
47 through the buffer tank 90.

Since the total resistance of the upper ink flow path

46 is smaller than that of the lower ink flow path 47, the ink

| - 16 -
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phase and quadr at ur e- phase signal conponents. The SP signal

My be 'separated to its in-phase and quadrat ure-phase conponent s
nerely by parsing alternate sanples into an | signal path and a Q

si gnal

10

15
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25

pat h. The in-phase and quadr at ur e- phase

flow entering the lower ink flow path 47 is bifufcated. That
is, one stream flows toward the connecting end 63 on the other
side, whereas the other stream flows toward the connecting end
61 on the other side of the upper flow path 46 while flowing
into the upper flow path 46 via the pressure producing chambers
34, 34, 34 --- (Figure 9). The ink discharged from the
connecting ends 61, 63 returns to the ink tank 91 via the flow
resistors R1l, R2 and the electromagnetic valves V3, V4.

These two streams, the one running parallel to the ink
flow paths 46, 47 and the other directed upward through the
pressure procducing chambers 34, 34, 34, --+, allow any bubbles
which are in the ink flow paths 46, 47 and the pressure
producing chambers 34, 34, 34, -+« to be discharged to the ink
tank 91 with the bubbles being first decomposed and then forced
out into the upper ink flow path 46.

To start printing after the ink has been filled in the
recording head 1, the pump PP3 is stopped and the
electromagnetic valves V3, V4 and V5 are opened, so that the
ink flow paths 46, 47 of the recording head 1 communicate with
the ink tank 91 through the through-holes 61, 62, 63, 64 on
both ends of the recording head 1, thereby allowing the
consumed ink to be replenished smoothly.

When the nozzle openings 31, 31, 31, <+ have been
clogged due to printing over a long period of time, the pumpPP3
is driven by evacuating the recording head 1 to a predetermined

position and closing the electromagnetic valves V3, V4 and V5.

. - 17 -
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5 conponents of the HP signal may be separated by selecting every

fourth sanple fromthe HP sanple stream and then parsing

ones of these sanples into an | signal path and a Q signal pat h.

For

every | (or Q sanple in the separated HP signal, 1 0O there are four

alternate

(or Q sanples in the separated SP signal. The SP | or Q sanples occur
at a 7.68 Mz rate and the HP | or Q sanples occur at a 1.92 MHz rate.
El emrent 20 tine dlé si on rmltlgluexes lEQg Jco(tg)lecgggonent sanmpl es_ at

the rati o™8f2fbArY

10

20

¥e 'is app ssure producing

* sAfHS| BESP
chambers 34, 34, 34, -+-, thus allowing the clogging of the
nozzle openings 31, 31, 31, ¢+ to be eliminated.

While the flow resistors Rl, R2 are connected to the
outer side of the recording head 1 in this embodiment, they may
be arranged within the recording head ifsélf“5y~5r6viding a
narrowed portion in the connecting ends 61, 63 of the upper and
lower flow paths 46, 47 of the recording head 1.

While a transfer-type ink jet printer has been
described in the above embodiment, it is apparent that the
invention provides similar advantages when applied to printers
wherein printing is done directly on recording paper. While
piezoelectric vibrating elements produce ink droplets in the
above embodiment, it is apparent that the invention can provide
similar advantages when applied to a line head using heating
elements or other appropriate devices.

As described above, the invention allows bubbles in the
pressure producing chambers to be decomposed so as to be
reliably driven out from within the recording head by their own

buoyancy, as well as by ink streams which flow upward in the

pressure producing chambers.

S - 18 -
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one HP sanpl e, 7"&“”%&65 the nultiplexed I (Q sanples to a 1 5 Nyquist

or-" synbol shapi ng ”ﬂ,u"' FIGURE 7 illustrates exenplary
circuitry for the ' ,In FI GURE 7, the bandpass filtered SP

signal fromthe subtracter 18 is applied to a one-to-two multiplexer
30, and the | owpass filtered HP signal is applied to the one-to-two
mul tiplexer 20 31. Both the SP and HP signals occur at the 15.36 MHz rate.
The control inputs C, of the respective nultiplexers 30 and 31 are

cl ocked at 7.68 MHz conditioning the nmultiplexers to couple
CLAIMS

1. A printer having a line-type ink jet recording head,

comprising:

a line head (1) having pressure producing chambers (34)
defined therein by vertical side walls, one nozzle opening
(31) formed therein in correspondence with each of said
pressure producing chambers (34), an upper ink flow path
(46) and a lower ink flow path (47) defined therein on
upper and lower sides of said pressure producing chambers
(34), respectively, said upper and lower ink flow paths
(46,47) communicating with each other through the pressure
producing chambers (34) and extending in a horizontal
direction, each flow path (46,47) having an inlet for
replenishing ink and an outlet for discharging the ink on
respective ends thereof, and a plurality of pressure
producing elements coupled to said pressure producing
chambers (34) for applying varied pressures to the pressure
producing chambers (34) for jetting ink droplets;

a sealing member (18) for sealing the nozzle openings (31)
by abutting on the nozzle openings (31) when the recording

head (1) has been evacuated to a predetermined position;

an ink tank (80;91) connected to said inlets and said
outlets by pipes (81, 82, 85,86); and

ink stream producing means (PPl, PP2, PP3), arranged in
said pipes, for producing streams of ink flow wherein the.
ink flows from said ink tank (80;91) to at least said lower
ink flow path (47) and then to said upper ink flow path
through the pressure producing chambers (34) Dbefore
returning to said tank (80;91).

Tl



alternate input sanples to the | and Q output ports of the - respective

qul ti plrexers, thus separating the | and Q conponents. iﬂﬂ' ver,
that even though the nultiplexers 30 and 31 separ mf" ﬁ%"l

conponents of the HP and SP signals, tige I and Q si"gn&l st ar,

denodul ated as alternate sanpl es which correspond to 180 degree
phases. Denodul ation is perforned by mul tiplying successive | sanples
and successive Q sanples by 1, - 30 1, 1, -1, 1, -1, 1, etc. This
multiplication is perforned by the excl usive OR gates XOR 35 and 36

whi ch have fi nstirtwutaporctleaimed in claim 1, wherein said ink stream
producing means (PPl, PP2, PP3) comprises flow switching
means for producing a first stream of ink flow and a second
stream of ink flow which respectively flow through said
upper ink flow path (46) and said lower ink flow path (47)
in a horizontal direction, and a third stream of ink flow
which flows from said lower ink flow path (47) to said
upper ink flow path (47) through said pressure producing
chambers (34).

3. A printer as claimed in claim 1 or 2, wherein said ink
stream producing means (PPl, PP2, PP3) further comprises
fluid moving means connected to said inlets on ends of said
upper ink flow path (46) and said lower ink flow path (47)
and valve means (V1,V2) connected to said outlets on the
other ends of said upper ink flow path (46) and said lower
ink flow path (47).

4. A printer as claimed in one of the preceding claims,
further comprising bypass means (92), for allowing the
upper ink flow path (46) and the lower ink flow path (47)
to communicate with the ink tank (91) at the time of

printing, connected to the fluid sending means.

5. A printer using an ink jet type line recording head
according to one of the preceding claims, wherein said ink
stream producing means comprises fluid moving means
connected to said inlets on ends of said upper ink flow
path (46) and said lower ink flow path (47) and flow
resistor means (R1, R2) for creating a first £fluid
resistance in an ink flow path forming member (42)
communicating with said outlet of said lower ink flow path
(47), said first fluid resistance (R1) being greater than
second fluid resistance (R2) of an ink flow path forming
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coupled to receive the I and Q sanpl es and second i nput

Y Sl SR S ST

necessarily be perforned at this ppint in the system V%ether it is or
not affects the form of t he succeeding filter functions. If

denodul ation is perforned at this point, the followi ng Nyquist filters
wi || have | owpass transfer

member communicating with said outlet of said upper ink
flow path (46).

A printer as claimed in ciaim 5, further comprising bypass
means (92), for allowing said upper ink flow path (46) and
said lower ink flow path (47) to communicate with said ink
tank (91) during a printing operation, connected to said

fluid moving means.

A printer as claimed in one of claims 3 to 6, wherein said
valve means (V1, V2) is connected to said outlets of said
upper ink flow path (46) and said lower ink flow path (47)
to apply ink delivery pressure to said nozzle. openings (31)

when said valve means (V1, V2) is closed.

A printer as claimed in one of the preceding claims,
wherein a filter member (83) is connected to pipes
supplying the ink from said ink tank (80;91) to said line

recording head (1).

A printer as claimed in one of the preceding claims,
wherein front ends of said pipes for returning the ink from
said line recording head (1) to said ink tank (80;31) are
arranged so as to come in contact with wall surfaces of
said ink tank (80;91).
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ABSTRACT

Described is a printer using a line-type ink jet recording
head. The line-type head (1) has pressure producing chambers
(34) formed by dividing nozzle openings (31) extending in a
recording paper width direction with vertical side walls and
upper and lower ink flow paths (46,47) which communicate with
each other through the pressure producing chambers (34) and
extend in a horizontal direction. Each ink flow path (46,47)
has an inlet for replenishing ink and an outlet for
discharging the ink. A plurality of pressure producing
elements (48) are provided for applying varied pressures to
the pressure producing chambers (34) for jetting ink
droplets. A sealing member selectively seals the nozzle
openings (31) by abutting on the nozzle openings (31) when
the recording head (1) has been evacuated to a predetermined
position. An ink tank is connected to the inlets and the
outlets through pipes, and an ink stream producing device is
arranged in the pipes, for producing streams causing the ink
to flow from the ink tank to the lower ink flow path (47) and
then to the upper ink flow path (46) through the pressure
producing chambers (34).
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the 5 respective nultiplexers are at a 7.68 MHz rate. The SP | sanpfe

are coupled to a serial-input-parallel output shift register 32, whi ch
shifts sanples at the 7.68 MHz rate. Successive output ports of the
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“of a.five-inbut paral |l el -i nput-serial -output shift register 34. The 1 HP

| .sanptes are applied to a conpensating-delay stage 33 which - I f
sanples at the 7.68 MHz rate. Qutput sanples fromthe stage 3

applied to the fifth input port of the register 34. The | oad i put of
the register 34 is pulsed at a rate of 15.36/8 M1z to | oad a set of
four successive SP and one HP | conponent sanples. 1 5 The register 34 is
then cl ocked at 9.62 MHz to provide a seri al stream of tinme division
mul ti pl exed SP and HP i n- phase conponent sanples. The quadrat ur e- phase

sanples are
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separated and nultiplexed in a simlar manner with sim|lar circuitr

Yy
{ hot:- shown). 20 : The denodul ated~and nul ti pl exed I and
sanpl e fromel enent 20, are applie ozsquare root Nyquist fil 5’77_
2. T:?h sighpl illustrated in Fi B 1S thanshitted with exces
bandw thl,91i.ch andwi dth is tailor bg Nyqy st-filters at the '
transmttee InOrder to mnimze gl gnal nonse-at the receiver, the 25

received signal is filtered wi th Nyquist fil-fers having transfer
functi ons substantighly match€éd to 3 hepyguist filt i.ncor por at ed
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" at the transmitter. These filters are of the finite i mpul se respons
- (FIR)*type and typi ﬁ,l y have §,0 or nore taps and associ at ed g
|

circuits. Such filt
.filters to operate

har dwar e i ntensive. 30 Arranging the
sion mul ti pl exed . (TDM fashion to

process the tinme divi st rruI tiplexed I and Q sanples significantly
reduces the required hardware '"FIGURE 4 illustrates in
bl ock forman exgnple of a porti énBof one of the |_and @R lters 22.

The filter is arringed as33‘r 53 4n Berut) wei ghtii?ﬂ Fﬁ{«“‘flﬁ frer. Assune that
the time nultiplexed | (
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sanples fromthe elenent 20 are applied to the bus designated

- These sanpl es are applied to each of the weighting

wher ei n t hey arelfr‘ght ed by, respective coefficients
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-6 - Cn+i . The ﬁeighted sanpl es fromthe respective meightir@b \\\\\\\\\\
circuits are coupled to respective adders, which adders are ?%
s Jare

" =i nt er connect ed by delay stages Dierr] (Derr]). The delay sta
cl ocked at the sanple rate to successively process the applied
sanpl es, and
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‘5 _'prbvi de a filtered signal at the output at the right enhd of the fllter

*Rgcat |I* that the sanples occur in the sequence SP, SP, SP, SP, HP,

SP, SP, SP, HP, etc. When an SP sanple is applied to the. input, ;5
sarrpl

del ay stages D[err]F enabl?or cl ocked, and when an HP
P I

applied to the inpu er del ay stages are enabl ed or cl ocked.
In this manner the Pﬁ-sa es are filtered independently of the
HP (SP) sanples. Each tYpe a particul ar sanple type SP (HP) is
applied to the |§ogt only those delay " stages storing 16Re type
sanpl es SP (HP) i nt erconnect ed ) |

up@a@@a@@@g@@@a@@@'/
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bet ween adder circuits formng a filter operative on only that 1 5 type
'sanple. That is, when SP (HP) sanples are applied to th “ACED 1 1ERe
Derr] (Derr]) delay stages are effectively renoved fr ﬁﬁ?h%CENﬂﬁﬂtsﬂb?ﬂit
(the information contained therein however is retained). The genef al
tining of the two types of delay stages is shown in t Red FE96anfl ¢
| abel | ed Dsp CLOCK and Dhp CLOCK for the sanple 20 seqiiefice indi cated
above. The systemis illustrated with]|sources of

wei ghti ng coefficients Cn+i having two coeffici ents—Cati.and C n+j
whi ch

PRINTER HAVING LINE-TYPE INK JET RECORDING HEAD

The invention relates to a printer having

a line-type ink jet recording head.

Ink jet printers are extremely quiet compared to wire
dot type printers and are less expensive to operate than
thermal printers. However, ink jet printers, which jet ink
droplets directly onto a recording medium, do not always
produce high quality images because ink blots wﬁich occur on
certain kinds of recording paper impair print quality. A
thickener can be added to the ink in order to control blotting
to some extent. The use of thickener, however, causes bubbles
to stagnate in pressufe producing chambers, insoluble
substances to be deposited in pressure chambers and nozzles,
nozzle openings to be clogged, etc., thus further deteriorating
the performance of the printer.

On the other hand, to prevent the blots caused by
directly jetting the ink onto the recording medium, a printer
has been proposed in -U.S. Patent No. 4,538,156 which first
transfers ink droplets onto a blot-free intermediate medium and
thence to the recording paper a predetermined time after first
_receiving the jetted ink droplets on the blot-free intermediate

medium. e e e
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applies to the general case for a tine division nmultiplexed_filter. ;
In this instance the coefficients are switchable for the di :
types of sanples, if desired. That is, the filter nmay be alBEE%@gE@%ﬁH‘SHEET
provide different transfer functions for the different sigmals q¥

usi ng alternate coefficients for the dif3erent signals. This| 40 t$kP 1996
HP and SP signals, are to be processed with different filtel
functions, for tdlas Blee Refplce Of coOefficients Cn+i (Cn+il) will be 30
applied to the jts Wh+i when the HP (SP) sakaes——-—-—a&e———
applied to the fi I,ﬂ%tChi ng of the coefficients is

If such a transfer technique is employed, recording can
be made from the intermediate medium onto the recording paper
after a solvent contained in the ink has been volatilized to
some extent, thus allowing high quality prints to be obtained
independently of the quality and type of recording paper.

However, the use of such a transfer technique extends
the printing time because of the time required for printing on
the intermediate medium. In addition, if the time differencé
between the printing of a first dot and the last dot on the
intermediate medium becomes too long, the transfer performance
becomes inconsistent due to large variations in the degree to
which the solvent is dried. To overcome this problem, a line-~
‘type recording head having a plurality of nozzles arranged in
the recording paper width direction to allow a line of data to
be printed within a smallest possible time has been proposed.

However, ink used in the transfer type recording head
must have an excellent film forming property and adhesiveness
to maintain transferability relative to the recording paper
after drying compared with ink used in a line type recording
head which effects printing directly on the recording paper.
Thus, bubbles are more likely to stagnate in pressure producing
chambers, nozzle openings and other portions of the head.
Stagnated Dbubbles can <cause clogging and undesirable

};Qgrformance. |
o To eliminate nozzle clogging, a recording head has been

proposed in Japanese Patent Unexamined Publication No.
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:effect ed by the coefficient control signal (e.g., signal

6) . FIGURE 5 illustrates in nore detaim j1y/1 HEET
-circuitry 3 5 which may be inplenented for the delay stdges Dl err] an
Derr]. The circuitry shown is arranged to acco datfbostp 1006 by 4
of the signal sanples. In practigce a nunber of gq‘c)h crrcults, egual
to the nunber of bits in the applied sanples, wl| e—arranget—irt

LD £ | e |
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are arranged

123672/1984 in which common ink flow paths
interposed between the pressure producing chambers, an ink
supply inlet and an ink discharge outlet are disposed at one
end of the ink flow paths, and a pressure difference is

produced between the flow path points to circulate the ink in

the pressure producing chambers.

Such ink circulation can prevent nozzle clogging to
some extent, but if the length of the recording head i-s ocf the
same order as the recording paper width, clogging of the nozzle
opening remote from the ink supply inlet and the ink discharge

outlet cannot be eliminated sufficiently.

It is therefore the object of the present invention to provide
a2 printer which does not show the drawbacks of the abovementioned
prior art printers. This object 1is solved by the printer
according to independent claim 1. Further advantageous features,
aspects and details are evident from the dependent claims, the
description, the preferred embodiments and the drawings. The
claims are to be understood as a first non-limiting approach to

define the invention in general terms.

: The invention generally relates to a device for supplying
ink to a line-type ink jet recording head having a plurality of
nozzle openings arranged in a printing line direction.

According to an aspect of the invention a printer is
provided using a line-type ink jet recording head capable of
reliably preventing clogging and eliminating bubbles, even in a
long ink jet recording head such as a line-type head.




7 -

_parallel. dock and/or control signal
operate the FIGQURE 5 circuitry are illustrated in FIGJRH 6. In
: - 26 SEP 1996

wave RERLACEMENT, SHEET

4
To achieve the above aspect, the invention 1S apprlied

to a printer using a line-type ink jet recording head having a
line head which has pressure producing chambers formed by
dividing nozzle openings extending in a recording paper width
direction with vertical side'walls, and an upper ink flow path
and a lower ink flow path which communicate with each other

through the pressure producing chambers and extend in a

horizontal direction. Each flow path has an inlet for
replenishing ink, an outlet for discharging the ink on both
ends thereof, and a plurality of pressure producing elements
for applying varied pressures to the pressure producing
chambers for jetting ink droplets. A sealing member is
provided for sealing the nozzle openings by abutting on the
nezzle openings when the recording head has been evacuated to
a predetermined position. An ink tank is connected to the
inlets and the outlets through pipes, and an ink stream
producing device is arranged in the pipes for éroducing streams
causing the ink at least to enter from the ink tank to the
lower ink flow path and then to the upper ink flow path and the

ink tank via the pressure producing chambers.

If a stream flowing from the lower ink flow path into

- the upper ink flow path and into the ink tank via the pressure

producing chambers is produced by the ink stream producing
device with the nozzle openings being sealed by the sealing
member at the time of loading the ink, then any bubbles which
form adjacent to the pressure producing chambers are decomposed
into tiny bubbles by a horizontally flowing component of the
stream, and the tiny bubbles are forced out into the upper flow
path by the ink stream flowing upward in the pressure producing

chambers to be driven out of the recording head.
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Fl GURE 6 the row of boxes designated SP, HP etc represent WI(EMENT SH E’[‘

intervals and the respective sanple type applied to the
filter during respective sanple intervals.

transistors T1, T2, T3, T7, and invg;ters I NV1 and |

circuitry of one bit of the Dierr] el ay stage, and

T4, T5, T6, T8, and inverters TNV3 and I Nv4 formthg rcu' ry of one
Liao t ot hao
o inverter |INV1

ci
bit of the Derr] dela t 1laced Clock signal CSPl is app
transistors T1 and ep “the SP signal sanples t
fromthe precedlng “ | “"

Figure 1 is a sectional view showing a transfer type

ink jet printer of a preferred embodiment of the invention;

Figure 2 is a sectional view showing an exemplary ink

jet recording head applied to the printer shown in Figure 1;

Figure 3 is an exploded perspective view of the ink jet

recording head shown in Figure 2;

Figure 4 is a front view of the recording head showing

the structure of pressure producing chambers and ink flow paths

with a nozzle plate thereof removed;

Figure 5 is a diagram showing an exemplary flow path

configuration of the preferred embodiment;

Figure 6 is a sectional view showing an exemplary ink

tank;

Figure 7(I) and 7(II) are diagrams for describing ink

streams when ink is loaded;

Figure 8 1is a diagram showing another flow path

configuration of the second preferred embodiment; and

Figure 9 is a diagram for describing ink streams when

ink is loaded in the configuration shown in Figure 8.

Embodiments of the invention will now be described in

detail with reference to the accompanying drawings.

Figure 1 shows a transfer type ink jet recording

apparatus constructed according to a preferred embodiment of
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and to couple SP signal sanples frominverter INV2 to the 'Rﬁﬁﬁ§a§ﬂﬁﬁﬁ HEEY

adder. The sanple coupled to the inverter INV1 is store the stray
capacitance Cs associated with the gate 1 5 electrodes of the i%@rg@“gg(,
INV1. The sanple is retained on this gate capacitance ep the
transistor Tl is turned off. Antiphase 6 clock CSP2 is appli -6
transistor T2 to condition T2 to couple the out put of the inverter
INV1 to the input of the inverter |NV2. This occurs i mredrately arter

transistor T1 turns off. The sanple 20 value applied to the inverter |NV2
Is stored on the stray

the invention. The head 1 is carried on a drive mechanism 2 so
that the head can move to a print position Pl, a jetting ready
position P2, and a capping position P3. Ink image holding drum
3 is arranged so as to confront the line recording head 1. The
ink image holding drum 3 prevents the ink from seeping onto the
surface of a drum 4 that is driven by a drive mechanism (not
illustrated) at a predetermined rotational speed. The ink
image holdingldrum 3 is formed by coating an ink image holding
layer 5 around the outer surface of the drum 4. The layer 5 is
formed of a material, such as silicone rubber, which is free
from blots and which is excellent in transferring ink to
recording paper. A pressure roller 7 causes the recording
paper fed by means of a roller 25 out of a cassette 6 to came into pressurized
contact with the ink image holding drum 3. The pressure roller 7 which
is supported about an eccentric shaft 8, is evacuated to an
upper position at the time an ink image is formed, and is
lowered during a transfer operation while abutting a backup
roller 10 that is biased by a spring 9.

Also, a drum cleaner 11 for removing the remaining ink,
a heater 12 for promoting the drying of the ink image, and a
separating mechanism 13 for separating the recording paper from
the drum surface are disposed around holding drum 3.

A capping member 15, which seals the nozzle openings
with a cap 16, is being driven when the recording head 1 has
been evacuated to a position P2, and a sealing mechanism 17

seals the nozzle openings with a sealing member 18 made of,
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provi des sanple n-1 to the output adder during the portionjoff 26 SERSé
period n that transistor T3 is conditioned to conduct by 23 jclock CSP1.
Si nul t aneously sanple n fromthe input adder is appli¢d to the

i nverter

at about the m dpoint of sanple period n with

INV1 via transistor Tl. Transistors T1 and T3 are turned off

the gate capacitance of INVl1 and sanple n-1 being output by I NvV2.
During the second half of the sanple

e.g., rubber, when the recording head 1 has been evacuated to
position P3.

The supply unit 20, which is connected to the recording
head 1 through a plurality of soft tubes 71, 73, supplies ink
to the recording head 1 form an ink tank and recovers the ink
and impurities from the recording head 1.

Figures 2, 3, and 4 illustrate the recording head 1.
A nozzle plate 30 has a plurality, e.g., 2000, nozzle openings
31, 31, 31, -++ arranged linearly or vertically staggered, so
that recording on recording paper having a large width can be
accomplished. A recording head having a plurality of nozzles,
e.g., 400 nozzles, arranged at a pitch of five dots in the line
directibn can be used so that an ink image corresponding to a
single page can be formed by, e.g., five revolutions of the ink
image holding drum 3 while moving the recording head by a
distance corresponding to a single dot every revolution of the
ink image holding drum.

A spacer 33 has through-holes 35, 35, 35, --- for

forming pressure producing.chambers 34, 34, 34, +-- that are

juxtaposed at equal intervals in the .horizontal direction so as

to partition the adjacent nozzle openings when set on the
printer.

A vibrating plate forming member 37 has a portion
thereof confronting the pressure producing chamber 34, which is
formed into a thin portion 38. In portions of the vibrating
plate forming member which confront the ink flow paths 46, 47

e
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of INV1 to the gate el ectrodes of INV2, at which ti OUT the nput

to INV1 and the output of INV2 exhibit the sane poterjtilal, g SEP 1996
(corresponding to the state of sanple ng. Since the da %otenrl

occurs at the input of INV1 and the output of INV2, tfh may
be interconnected to retain the potential thereon indefinitely.

However, in between successive sanple periods it is not—mecessary to
make such connection to retain the sanple information, as the gate

capaci tances are sufficiently large to hold the values at the

(described later) are formed through-holes 39, 40, which are
thin, long, and rectangular in shape and are arranged on
respective sides of the thin portions 38.

An ink supply flow path forming member 42 has a
vibrating element unit through-hole 43 formed therein through
which'piezoelectric_vibrating elements 48, 48, 48, +++ of a
vibrating element unit 50 pass. Long grooves 44, 45 are formed
in the ink supply path forming member 42 in portions thereof
which oppose the ink flow paths 46 and 47, respectively.

The piezoelectric vibrating elements 48 are formed by
sandwiching electrodes and a piezoelectric vibrating material
so that vibrations are produced by a smallest possible drive
voltage in a vertical vibrating mode. The number of
piezoelectric vibrating elements corresponds to the number of
nozzle openings 31, 31, 31, -... The piezoelectric vibrating
elements are fixed on a substrate 49 to form the vibrating
element unit 50. An end of each of the piezoelectric vibrating
elements 48, 48, 48, +.. is inserted into a respective
vibrating element unit through-hole 43 of the ink supply flow
path forming member 42 so as not to come in contact therewith
and fixed on each of the thin portions 38, 38, 38, »-s of the
vibrating plate forming member 37. A.positioning projection 51
is formed on the substrate 49. The projection 51 passes
through the vibrating element unit through-hole 43 of the ink
supply flow path forming member 42 so as to ensure accuracy in

positioning the respective members with respect to positioning
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holes 52, 53, 54 arranged on the vibrating plate forming member

37, the spacer 33, and the nozzle plate 30.

An ink flow path connecting member 60 connects through-
holes 61, 62, 63, 64 to tubes 71, 72, 73, 74 connecting an ink
supply unit (described below). The through-holes 61, 62, 63,
64 are arranged on both ends of the long grooves 44, 45 of the
ink supply flow path forming member 42 (see Figs. 2 and 4).

The upper ink flow path 46 and the lower ink flow path
47 provide communication between the pressure producing

chambers 34, 34, 34, -+ extending in the recording paper width

‘direction. Since the recording head 1 is long (e.g., 250 mm)

compared with &a conventional recording head, the cross-
sectional area of each of the ink flow paths 46, 47 is large
(e.g., 2 mm x 2 ﬁm) so that the ink can flow therethrough
smoothly. At least on both ends of the ink flow paths 46, 47
are located the through-holes 61, 62, 63, 64 that communicate
with the ink tank.

Figure 5 is a diagram showing the flow path
configuration of the ink supply unit to which the preferred
embodiment is applied. One connecting end 66 of the upper flow
path 46 is connected to a pumpPPl through the tube 71, whereas
one connecting end 68 of the lower ink flow path 47 1is
connected to a pump PP2 through the tube 73. The other
connecting end 67 of the upper ink flow path 46 is connected ﬁo
an electromagnetic valve V2 through the tube 74. The inlets of

these pumps PP1l,PP2 and the other ends of the electromagnetic
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valves V1, V2 are connected to the common ink tank 80. Check

valves 78 and 79 are connected in parallel with the pumpsPP1,
PP2, respectively, for providing the ink flow paths during
printing.

The operation of the preferred embodiment will be
described with reference to Figure 7.

Initial loading is required if the ink is not fully
loaded into the recording head 1, such as when the tank 80 is
loaded because the ink in the tank has depleted, or when the
recording head 1 is replaced.

The first operation is to evacuate the recording head
1 to the predetermined poéition P3 (Figure 1) and to seal the
nozzle openings 31, 31, 31, --- by causing the sealing member
18 to abut against the front surface of the recording head 1.
When the first and second pumpsPPl,PP2 are operated by opening
the first and second valves V1, V2, the ink supplied by the
pumpsPP1,PP2 from the ink tank 80 flows into the through-holes
61, 63, which are arranged on one end of the recording head 1,
flows through the respective ink flow paths 46, 47
substantially in a parallel manner, and returns to the ink tank
80 via the tubes 72, 74 from the through-holes 62, 64, which
are arranged on the other end thereof.

In this process, the ink entering the through-hole 61
flows mainly to the ink flow path 46 that communicates
therewith, whereas the ink entering the through-hole 63 flows

mainly to the ink flow path 47 that communicates therewith. If




el ements t her ebet ween operate in a simlar fashion exgﬁ :
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controlled by the clocks CHP1, CHP2 and CB, and as c
FIGURE 6 are arranged to operate when the opposite circuitry isliqdled.
Referring again to FIGURE 3, the output of the Nyquis 26 1S|E|Pt‘§9624 ils
applied to an el enent. 24 which may inclade an 1 5 equpljzer and/or a
deghoster. These functlons may be perfornmed on the Trme division

mul ti pl exed si gnal sT ed22 In an enbodi nent _of thjis tlype,
t he equalizer and de |

there is a difference in pressure between the ink flow paths

46, 47 during this process, part of the ink flow is branched
while passing through the pressure producing chambers 34, 34,
34, --« that connect the ink flow path 46 to the ink flow path
47. Because the main streams Fl, F2 (Figure 7 (I)) run
parallel through the respective ink flow path 46, 47, a large
valume of air present in the ink flow paths 46, 47 and the
pressure producing chambers 34, 34, 34, <.+ 1is discharged
efficiently to the ink tank 80. The air discharged to the ink
tank 80 is released into the atmosphere through an outlet of
the tank.

As shown, in Figure 6, the tubes 71, 73 connected to
the pumps PP1l, PP2 are connected to inlet pipes 81, 82,
respectively, the lower ends of which are positioned below the
ink level 84. The inlet pipes 81, 82 have a filter 83. Ends
of discharge pipes 85, 86 connected to the tubes 72, 74 are
arranged so as to extend along the side walls of the ink tank
80.

As a result of this construction, a relatively easily
foamable ink containing a surface-active agent can flow into
the ink surface 84 along the wall surfaces of the tank 80,

thereby allowing the ink to be recovered to the tank 80 without

foaming. An example of such ink includes the following
components.
Pigment 3 wt$
Emulsion 12 wt%
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Triethanolamine 5 wt$
Polyethylene glycol 5 wth
Isopropyl glycol 5 wt$
Surface-active agent 2 wts
Water 69 wt%

When a predetermined amount of ink has been circulated
within the recording head 1, the pumpPPl connected to the upper
ink flow path 46 is stopped and the electromagnetic valve V2
connected to the lower ink flow path 47 is closed. As a
result, the ink having entered to the lower ink flow path 47
from the pumpPP2 is now returned to the ink tank 80 via the
through-hole 62 while producing branches F3 in the ink flow
(Figure 7 (II)) which extend to the upper ink flow path 46 via
the pressure producing chambers 34, 34, 34, -+« due to the
pressure differences in ink flow paths 46 and 47.

The above described horizontal and vertical flows in
the ink flow paths 46, 47 contribute to decomposing bubbles of
relatively large size which stagnate near the pressure
producing chamber at the time of initial loading. Such
decomposition takes place as the bubbles are greatly reduced in
size by edges of the pressure producing chambers 34, 34, 34,
»++ in the course of moving in the horizontal stream. These
tiny bubbles move smoothly to the upper ink flow path 46
encouraged by the stream directed toward the uppér ink flow
path 46 as well as by their own buoyancy. Then, the bubbles

are discharged to the ink tank 80 from the through-hole 62
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phase errors in the sanpling clock applied to the ADC gt
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rotated to a desired angu

while riding on the streams of the ink moving through the upper
ink flow path 46.

When the operation of the pumpsPP1l,PP2 is stopped and
a print signal is applied to the recording head 1 with the
electromagnetic valves V1, V2 opened after the loading of the
ink has been completed, a pressure producing chamber 34 is
centracted by the corresponding piezoelectric vibrating element
48, causing the ink present in the pressure producing chamber
34 to be jetted out in the form of an ink droplet onto the ink
image holding drum 3. As the pressure producing chamber 34
recovers its original condition by expansion after the ink
jetting operation has been completed, the ink flows into the
pressure producing chamber 34 from the two ink flow paths 46,
47 disposed on respective sides of the pressure producing
chamber 34 so that the pressure producing chamber 34 is ready
for printing a next dot.

As an ink image for a predetermined amount of data has
been formed in this way, moisture that is contained in tﬁe ink
is volatilized in the air, forming an adhesive film on the
surface of the ink image. At this point, a sheet of recording
paper is taken out of a sheet feed cassette 6, causing the
sheet to abut against the ink image holding drum 3 and moving
the record paper so as to be in pressure contact therewith by
applying. pressure to the back surface of the record paper using
the pressure roller 7. The ink image is thus transferred onto

the recording paper due to its own adhesiveness (see Fig. 1).
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Connecting ends 66, 68 of the ink flow paths 46, 47

communicate with the ink tank 80 through the check valves 78,
79, and connecting ends 67, 6% communicate with the ink tank 80
through the electromagnetic_valves V1, V2, so that ink flow
paths from the tank 80 to the ink flow paths 46, 47 are
defined. As a result, the ink is supplied smoothly £from both
sides of the recording head 1 by the siphoning action of
?ressure producing chambers 34 so that the amount of ink
consumed by the jetting of ink droplets can be replenished.

If the nozzle openings 31, 31, 31, --- are clogged due
to printing over a long period of time, the pumpsPP1l,PP2 can be
driven while closing the electromagnetic valves V1, V2. Then,
the ink is supplied from the tank 80 to the flow paths 46, 47.
Since the other ends of through-holes 62, 64 are closed, the
delivery pressure of the pumpsPP1l,PP2 acts on all the nozzle
openings 31, 31, 31, --+ to drive ink film and debris, which is
the source of the clogging, from the nozzle openings 31, 31,
31, ---. After the clogging of the nozzle openings 31, 31, 31
ee+ is removed in this manner, the roller of a cleaning member
is abutted on the nozzle openings 3%, 31, 31, --- to wipe off
the ink film and debris from the nozzle openings 31, 31, 31,
»e+, as well as overflowing ink (see Fig. 1).

When the viscosity of the ink present adjacent to the
nozzle‘openings 31, 31, 31, +-- is increased by volatilization
of a solvent contained in the ink, the recording head 1 is

evacuated to capping position P2 from the ink image holding
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drum 3 and the recording head 1 comes in contact with the

capping meﬁber 15, which is movable. When air at a gauge
pressure of about 0.2 kg is supplied into the cap 16 under this
condition, the pressure acts-on the nozzle openings 31, 31, 31,
.+, causing the ink and film present in the cap to be bounced
back to the pressure producing chambers 34, 34, 34, ---. When
a_predetermined time has elapsed, the supply of the air is
stopped and the capping member 15 is thereafter removed, then
new ink in the pressure producing chambers 34, 34, 34, oe-.
moves to the nozzle openings 31, 31, 31, <-- by surface tension
to thereby form a meniscus so that the nozzle openings are
ready to jet ink droplets.

If bubbles enter during the ink recovering process, the
bubbles can be discharged from the ink flow paths 46, 47 and
the pressure producing chambers 34, 34, 34, .. by the above-
described operation. Although the debris and the ink films
having entered due to the ink jet recovering operation flow
into the ink tank 80 together with the ink, they are removed by
a filter 83 when the ink is supplied to the recording head 1.
Thus, the flow of the debris and the like does not adversely
affect printing.

While ink replenishment at the time of printing is
ensured by the check valves 78, 79 connected in parallel with
the pumpsPPl, PP2 in this embodiment, it is apparent that
similar effects can be obtained by connecting the

electromagnetic valves in parallel with the pumpsPPl,PP2 and
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this correction is in general well known, and is illustrat
8. The tinme nultiplexed | and Q sanples are applied to

i nput ports of a conmplex rmultiplier 50. Correction cogf fli cients (CCS,
SIN) froma coefficient generator. 51 are ﬁpplied 1 0 to aisdgcope SEP 968

multiplier 50 are

I nput ports of the multiplier 50. Conplex products genjerjated by the
CElaHys peen gdcer 52 and an anal yzier=58—Cutput

signals fromthe slj Hm SO applied to the anal yzer which
responsive to the signals occurring

generates a phase

before and after application to

controlling the device so that the electromagnetic valves will
be opened at the time of printing.

Figure 8 shows a second embodiment of the invention.
The through-holes 62, 64 are respectively arranged at
connecting ends of the ink flow paths 46, 47 of the recording
head 1 and are connected to a pumpPP3 for supplying the ink
from an ink tank 91 through a common buffer tank 90. The other
connecting ends 61, 63 of the ink flow paths 46, 47 are
connected to electromagnetic wvalves V3, V4 through flow
resistors R1l, R2 (described below) to communicate with the ink
tank 91.

The flow resistors Rl, R2 are set to values such that
a flow rate large enough to discharge bubbles in the flow paths
46, 47 can be ensured, and such that the total resistance of
the upper ink flow path 46 can be made smaller than the total
resistance of the lower ink flow path 47. An electromagnetic
valve V5 is connected to a bypass pipe 92 that is connected to
the inlet and outlet of the pumpPP3. The bypass pipe serves to
provide ink supply paths at the time of printing.

In this embodiment, when the pumpPP3 is driven with the
nozzle openings 31, 31, 3i, -»+ sealed, the electromagnetic
valves V3, V4 opened, and the electromagnetic valve V5 closed,
the ink is supplied from the ink tank 91 to the flow paths 46,
47 through the buffer tank 90.

Since the total resistance of the upper ink flow path

46 is smaller than that of the lower ink flow path 47, the ink
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flow entering the lower ink flow path 47 is bifurcated. That
is, one stream flows toward the connecting end 63 on the other
side, whereas the otﬁer stream flows toward the connecting end
61 on the other side of the upper flow path 46 while flowing
into the upper flow path 46 via the pressure producing chambers
34, 34, 34 ... (Figure 9). The ink discharged from the
connecting ends 61, 63 returns to the ink tank 91 via the flow
resistors R1l, R2 and the electromagnetic valves V3, V4.

These two streams, the one running parallel to the ink
flow paths 46, 47 and the other directed upward through the
pressure producing chambers 34, 34, 34, . »-+, allow any bubbles
which are in the ink flow paths 46, 47 and the pressure
producing chambers 34, 34, 34, --+ to be discharged to the ink
tank 91 with the bubbles being first decomposed and then forced
out into the upper ink flow path 46.

To start printing after the ink has been filled in the
recording head 1, the pump PP3 is stopped and the
electromagnetic valves V3, V4 and V5 are opened, so that the
ink flow paths 46, 47 of the recording head 1 communicate with
the ink tank 91 through the through-holes 61, 62, 63, 64 on
both ends of the recording head 1, thereby allowing the
consumed ink to be replenished smoothly.

When the nozzle openings 31, 31, 31, --- have been
clogged due to printing over a long period of time, the pumpPFP3
is driven by evacuating the recording head 1 to a predetermined

position and closing the electromagnetic valves V3, V4 and V5.
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time multiplexed signals. One nethod of generating thel appropriate
coefficients is to disable the analyzer 3 0 53 on the ocfu

sanpl es and performthe phase anal ysis on only the SP sanpl es

is indicated in FI GURE 8 by the application of the clock signal CB

(FIGURE 6) to the enable (E)

As a result, ink pressure is applied to the pressure producing
chambers 34, 34, 34, +++, thus allowing the clogging of the
nozzle openings 31, 31, 31, --+ to be eliminated.

While the flow resistors Rl, R2 are connected to the
outer side of the recording head 1 in this embodiment, they may
be arranged within the recording head itself by providing a
narrowed portion in the connecting ends 61, 63 of the upper and
lower flow paths 46, 47 of the recording head 1.

while a transfer-type ink jet printer has been
described in the above embodiment, it is apparent that the
invention provides similar advantages when applied to printers
wherein printing is done directly on recording paper. While
piezoelectric vibrating elements produce ink droplets in the
above embodiment, it is apparent that the invention can provide
similar advantages when applied to a line head using heating

elements or other appropriate devices.

As described above, the invention allows bubbles in the
pressure producing chambers to be decomposed so as to be
reliably driven out from within the recording head by their own
buoyancy, as well as by ink streams which flow upward in the

pressure producing chambers.
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CLAIMS

1. A printer having a line-type ink jet recording head,

comprising:

a line head (1) having pressure producing chambers (34)
defined therein by vertical side walls, one nozzle opening
(31) formed therein in correspondence with each of said
pressure producing chambers (34), an upper ink flow path
(46) and a lower ink flow path (47) defined therein on
upper and lower sides of said pressure producing chambers
(34), respectively, said upper and lower ink flow paths
(46,47) communicating with each other through the pressure
producing chambers (34) and extending in a horizontal
direction, each flow path (46,47) having an inlet for
replenishing ink and an outlet for discharging the ink on
respective ends thereof, and a plurality of pressure
producing elements coupled to said pressure producing
chambers (34) for applying varied pressures to the pressure
producing chambers (34) for jetting ink droplets;

a sealing member (18) for sealing the nozzle openings (31)
by abutting on the nozzle openings (31) when the recording
head (1) has been evacuated to a predetermined position;

an ink tank (80;91) connected to said inlets and said
outlets by pipes (81, 82, 85,86); and

ink stream producing means (PPl, PP2, PP3), arranged in
said pipes, for producing streams of ink flow wherein the.
ink flows from said ink tank (80;91) to at least said lower
ink flow path (47) and then to said upper ink flow path
through the pressure producing chambers (34) before
returning to said tank (80;91).
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2. A printer as claimed in claim 1, wherein said ink stream
producing means (PPl, PP2, PP3) comprises flow switching
means for producing a first stream of ink flow and a second
stream of ink flow which respectively flow through said
upper ink flow path (46) and said lower ink flow path (47)
in a horizontal direction, and a third stream of ink flow
which flows from said lower ink flow path (47) to said
upper ink flow path (47) through said pressure producing
chambers (34).

3. A printer as claimed in claim 1 or 2, wherein said ink
stream producing means (PPl, PP2, PP3) further comprises
fluid moving means connected to said inlets on ends of said
upper ink flow path (46) and said lower ink flow path (47)
and valve means (V1,V2) connected to said outlets on the
other ends of said upper ink flow path (46) and said lower

ink flow path (47).

4. A printer as claimed in one of the preceding claims,
further comprising bypass means (92), for allowing the
upper ink flow path (46) and the lower ink flow path (47)
to communicate with the ink tank (9%91) at the time of
printing, connected to the fluid sending means.

5. A printer using an ink jet type 1line recording head
according to one of the preceding claims, wherein said ink
stream producing means comprises fluid moving means
connected to said inlets on ends of said upper ink flow
path (46) and said lower ink flow path (47) and flow
resistor means (Rl1, R2) for creating a first £fluid
resistance in an ink flow path forming member (42)
communicating with said outlet of said lower ink flow path
(47), said first fluid resistance (Rl) being greater than
second fluid resistance. (R2) of an ink flow path forming
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i ncorporated into the system the

member communicating with said outlet
flow path (46).

of said upper ink

6. A printer as claimed in claim 5, further comprising bypass

means (92), for allowing said upper ink

flow path (46) and

said lower ink flow path (47) to communicate with said ink

tank (91) during a printing operation,

fluid moving means.

7. A printer as claimed in one of claims 3

connected to said

to 6, wherein said

valve means (V1, V2) is connected to said outlets of said

upper ink flow path (46) and said lower ink flow path (47)

to apply ink delivery pressure to said nozzle openings (31)

when said valve means (V1, V2) is closed.

A printer as claimed in one of the preceding claims,
wherein a filter member (83) is connected to pipes
supplying the ink from said ink tank (80;91) to said line
recording head (1).

A printer as claimed in one of the preceding claims,
wherein front ends of said pipes for returning the ink from
said line recording head (1) to said ink tank (80;91) are
arranged so as to come in contact with wall surfaces of

said ink tank (80;91).
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PRINTER HAVING LINE-TYPE INK JET RECORDING HEAD
Described is a printer using a line-type ink jet recording
head. The line-type head (1) has pressure produéing chambers
(34) formed by dividing nozzle openings (31) extending in a
recording paper width direction with vertical side walls and
upper and lower ink flow paths (46,47) which communicate with

each other through the pressure producing chambers (34) and

extend in a horizontal direction. Each ink flow path (46,47)

has an inlet £for «replenishing ink and

an outlet for

discharging the ink.. A plurality of pressure producing

elements (48) are provided for applying varied pressures to

the pressure producing chambers (34)
droplets. A sealing member selectively

for jetting ink

seals the nozzle

openings (31) by abutting on the nozzle openings (31) when

the recording head (1) has been evacuated to a predetermined

position. An ink tank is connected to the inlets and the

outlets through pipes, and an ink stream producing device is

arranged in the pipes, for producing streams causing the ink
to flow from the ink tank to the lower ink flow path (47) and
then to the upper ink flow path (46) through the pressure

producing chambers (34).
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desi gned to accommodate the ‘dynanic range of the input si
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(eos([err])

conpl ex nultiplier. STREShL orrection coefficients (cps [err])
sin([err])) cont a| QPlapqdf or mation, multiplyingqotdheis 1002
coefficients by a not affect t he phps correctlon
perfornmed by the |er 50 but will effpct—a—garh—eontol
function on

could be 1/ A
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"A" (A a normalizin _value) whi ch are coupled to resp PLA
switch. The out put $ mesm h&gcoupled to the multfpfrer
ports of the multipl During the occurrenge
one of the multiplex onents to the cofplex multiplier{5
the switch, responsive to t k signal e.g., , -apptTes The val pe
"A" to the nultipliers 60 and 61 and 1 % during occurrgnces of sa
the other nultipl exed signal conponent, the switchapprites the "1"
value to the nmultipliers 60 and 61. In this manner the anplitudes of
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signal conponents are normalized relative to each ot heff-
_\Were respective QAM signal conponents are 20 normali ZeEE'i’lrf‘qEMaENT SHEET

mul ti pl exed signal, as in the FIGURE 8 arrangenent}, ierror signal s jmgy
be generated directly from both conponents of the m{rt’é @ el i8S gnall,
that is the selective generation of separate error] signals may h

obvi at ed.
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12 Wat is claimed :- 1. Apparatus for processing cl udi ng

first and second QAM signals conveyed in a si ngl e channel,
conpri si ng:
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means for receiving/deteding said transnmitted signal 5

said first and second QAM si gnal s;
and second QAM si g- nal s,

I ncl udi ng

nmeans responsive to the first
for deriving resgective i n- phase and
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phase conponents of the first and second QAM
~conpl ex phase correction apparatus responsive to
di vision multiplexed signals for correct-

errors incurred during
reception/ detection.

S

ing f{
signal transm ssion or
2. The apparatus set forth

said 20 phase correction apparatus conpri ses: alconpl ex ~5gl
mul tiplier having first and second nultipli-
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cahd signal input ports respectively coupled to receive the tine

~division nmultiplexed quadrature- phase conpon nig F. m T
division multi- 25 pl exed i n-phase conponents. havj ng _T1rst.an
ond nultiplier input ports and having first and econd Ouﬁéﬁf
ports for providing phase/frequency corrected }ipre3d vi
mul ti pl exed i n-phase and quady at ur e- phase conppnent.s.
respectively. 30 processi ng apparatus coupled to saif first and second
1-
61 f 46 62
/ & |
l
X { A 90
L \ / /
63 6L
L

ml] [re

FIG. 9

61 “6 62

% AEARE a{a(a{a o\alalo a,\ama

) \ \
63 ””__mwéé_ Y/ BA 64

Tl




outpui ports for generating phase error signéls representative of

di fferences between the carrier phase of - QAM si gnal s—bef-ote
conveyance and after reception: 35 : means, res &Eﬂ:&@'tﬁbﬂlgzﬁﬁﬂ
phase error signals, for generating first and secﬁ F-conptex
phase correc- tion signals for correcting phase errprsy fj,ﬁ\?i«,@%
tinme di vi sion mul tipl exed i m=phase and quadr at ur g- phaS& ¥
signal s; and PRINTER HAVING LINE-TYPE INK JET

RECORDING HEAD

BACKGROUND OF THE INVENTION

The invention relates to a device for supplying ink to a
line-type ink jet recording head having a plurality of nozzle
openings arranged in a printing line direction. '

Ink jet printers are extremely quiet compared to wire dot
type printers and are less expensive to operate than thermal
printers. However, ink jet printers, which jet ink droplets
directly onto a recording medium, do not always produce
high quality images because ink blots which occur on certain
kinds of recording paper impair print quality. A thickener -
can be added to the ink in order to control blotting to some

. extent. The use of thickener, however, canses bubbles to
stagnate in pressure producing chambers, insoluble sub-
stances to be deposited in pressure chambers and nozzles,
nozzle openings to be clogged, etc., thus further deteriorat-
ing the performance of the printer.

On the other hand, to prevent the blots caused by directly
jetting the ink onto the recording medium, 2 printer has been
proposed in U.S. Pat. No. 4,538,156 which first transfers ink
droplets onto a blot-free intermediate medium and thence to
the recording paper a predetermined time after first receiving
the jetted ink droplets on the blot-free intermediate medium.

If such a transfer technique is employed, recording can be
made from the intermediate medium onto the recording
paper after a solvent contained in the ink has been volatilized
to some extent, thus allowing high quality prints to be
obtained independently of the quality and type of recording
paper.

However, the use of such a transfer technique extends the
printing time because of the time required forpnnnngonthe
intermediate medium. In addition, if the time difference
between the printing of a first dot and the last dot on the
intermediate medium becomes too long, the transfer perfor-
mance becomes inconsistent due to large variations in the
degree to which the solvent is dried. To overcome this
problem, a line-type recording head having a plurality of
nozzles arranged in the recording paper width direction to
allow a line of data to be printed within a smallest possible
time has been proposed.

However, ink used in the transfer type recording head
must have an excellent film forming property and adhesive-
ness to maintain transferability relative to the recording
paper after drying compared with ink used in a line type
recording head which effects printing directly on the record-
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ing paper. Thus, bubbles are more likely to stagnate in
pressure producing chambers, nozzle openings and other
portions of the head. Stagnated bubbles can cause clogging
and undesirable performance.

To eliminate nozzle clogging, a recording head has been
proposed in Japanese Patent Unexamined Publication No.
123672/1984 in which common ink flow paths are arranged
interposed between the pressure producing chambers, an ink
supply inlet and an ink discharge outlet arc disposed at one
end of the ink flow paths, and a pressure difference is
produced between the flow path points to circulate the ink in
the pressure producing chambers.

Such ink circulation can prevent nozzle clogging to some
extent, but if the Iength of the recording head is of the same
order as the recording paper width, clogging of the nozzle
opening remote from the ink supply inlet and the ink
discharge outlet cannot be eliminated sufficiently.

SUMMARY OF THE INVENTION

The invention has been made in view of the above
problems. Accordingly, an object of the invention is to
provide a printer using a line-type ink jet recording head
capable of reliably preventing clogging and eliminating
bubbles, even in a long ink jet recording head such as a
line-type head.

To achieve the above object, the invention is applied to a
printer using a line-type ink jet recording head having a line
head which has pressure producing chambers formed by
dividing nozzle openings extending in a recording paper
width direction with vertical side walls, and an upper ink
flow path and a lower ink flow path which communicate
with each other through the pressure producing chambers
and extend in a horizontal direction. Each flow path has an
inlet for replenishing ink, an outlet for discharging the ink on
both ends thereof, and a plurality of pressure producing
elements for applying varied pressures to the pressure pro-
ducing chambers for jetting ink droplets. A sealing member
is provided for sealing the nozzle openings by abutting oa
the nozzle openings when the recording head has been
evacuated to a predetermined position. An ink tank is
connected to the inlets and the outlets through pipes, and an
ink stream producing device is arranged in the pipes for
producing streams causing the ink at least to eater from the
ink tank to the lower ink flow path and then to the upper ink
fiow path and the ink tank via the pressure producing
chambers.

If a stream flowing from the lower ink flow path into the
upper ink flow path and into the ink tank via the pressare
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producing chambers is produced by the ink stream produc-
ing device with the nozzle openings being sealed by the
sealing member at the time of loading the ink, then any
bubbles which form adjacent to the pressure producing
chambers are decomposed into tiny bubbles by a horizon-
tally flowing component of the stream, and the tiny bubbles
are forced out into the upper flow path by the ink stream
flowing upward in the pressure producing chambers to be
driven out of the recording head.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a sectional view showing a transfer type ink jet
printer of a preferred embodiment of the invention;

FIG. 2 is a sectional view showing an exemplary ink jet
recording head applied to the printer shown in FIG. 1;.

FIG. 3 is an exploded perspective view of the ink jet
recording head shown in FIG. 2;

FIG. 4 is a front view of the recording head showing the
structure of pressure producing chambers and ink flow naths
with 2 nozzle plate thereof removed;

FIG. § is a diagram showing an exemplary flow path
configuration of the preferred embodiment;

FIG. 6 is a sectional view showing an exemplary ink tank;.

FIGS. 7(A) and 7(B) are diagrams for describing ink
streams when ink is loaded;

FIG. 8 is a diagram showing another flow path conﬁgu-
ration of the second preferred embodiment; and

FIG. 9 is a diagram for describing ink streams when ink
is loaded in the configuration shown in FIG. 8.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Embodiments of the invention will now be described in

detail with reference to the accompanying drawings.
FIG. 1 shows a transfer type ink jet recording apparatus

constructed according to a preferred embodiment of the
invention. The head 1 is carried on a drive mechanism 2 %0
that the head can mave to a print position P1, a jetting ready
position P2, and 2 capping position P3. [nk image holding
drum 3 is arranged so as to confront the line recording head
1. The ink image holding drum 3 prevents the ink from
seeping onto the surface of a drum 4 that is driven by a drive
mechanism (not illustrated) at a predetermined rotational
speed. The ink image holding drum 3 is formed by coating
an ink image holding layer 5 around the outer surface of the
drum 4. The layer S is formed of a material, such as silicone
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rubber, which is free from blots and which is excellent in
transferring ink to recording paper. A pressure roller 7 causes
the recording paper fed out of a cassette 6 to come into
pressurized contact with the ink image holding drum 3. The
pressure roller 7 which is supported about an eccentric shaft
8, is evacuated to an upper position at the time an ink image
is formed, and is lowered during a transfer operation while
abutting a backup roller 10 that is biased by a spring 9.

Also, a drum cleaner 11 for removing the remaining ink,
a beater 12 for promoting the drying of the ink image, and
a scparating mechanism 13 for separating the recording
paper from the drum surface are disposed around holding
drum 3.

A capping member 15, which seals the nozzle openings
with a cap 16, is being driven when the recording head 1 has
beea evacuated to a position P2, and a sealing mechanism 17
seals the nozzle openings with 2 sealing member 18 made of,
e.g., rubber, when the recording head 1 has been evacuated
to position P3. '

The supply unit 20, which is connected to the recording
head 1 through a plurality of soft tubes 71, 73, supplies ink
to the recording head 1 from an ink tank and recovers the ink

~ and impurities from the recording head 1.

FIGS. 2, 3, and 4 illustrate the recording head 1. A nozzle
plate 30 has a plurality, e.g., 2000, nozzle openings 31, 31,
31, . . . arranged linearly or vertically staggered, so that
recording on recording paper having a large width can be
accomplished. A recording head baving a plurality of
nozzlcs, c.g., 400 nozzles, arranged at a pitch of five dots in
the line direction can be used so that an ink image corre-
sponding to a single page can be formed by, e.g., five
revolutions of the ink image holding drum 3 while moving
the recording head by a distance corresponding to a single
dot every revolution of the ink image holding drum.

A spacer 33 has through-holes 38, 35, 35, . . . for forming
pressure producing chambers 34, 34, 34,.. . . that are
juxtaposed at equal intervals in the horizontal direction so as
to partition the adjacent nozzle openings when set on the
printer.

A vibrating plate forming-member 37 has a portion
thereof confronting the pressure producing chamber 34,
which is formed into a thin portion 38. In portions of the
vibrating plate forming member which confront the ink flow
paths 46, 47 (described later) are formed through-holes 39,
40, which are thin, long, and rectangular in shape and are
arranged on respective sides of the thin portions 38.

An ink supply flow path forming member 42 has a
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vibrating element unit through-hole 43 formed therein
through which piezoelectric vibrating elements 48, 48, 48, .
. . of a vibrating clement unit 50 pass. Long grooves 44, 45
are formed in the ink supply path forming member 42 in
portions thereof which oppose the ink flow paths 46 and 47,
respectively.

The piezoelectric vibrating elements 48 are formed by
sandwiching electrodes and a piezoelectric vibrating mate-
rial so that vibrations arc produced by a smallest possible
drive voltage in a vertical vibrating mode. The number of
piezoelectric vibrating elements carresponds to the number
of nozzle openings 31,31, 31, . . . The piezoelectric vibrating
elements are fixed on a substrate 49 to form the vibrating
element unit 50. Art end of each of the piezoelectric vibrat-
ing elements 48, 48, 48, . . . is inserted into a respective
vibrating element unit through-hole 43 of the ink supply

flow path forming member 42 so as not to come in contact

therewith and fixed on cach of the thin portions 38, 38, 38,
... of the vibrating plate forming member 37. A positioning
‘projection 51 is formed on the substrate 49. The projection
S1 passes through the vibrating element unit through-hole 43
of the ink supply flow path forming member 42 so as to
ensure accuracy in positioning the respective members with
respect to positioning holes 52, 53, 54 amranged on the
vibrating plate forming member 37, the spacer 33, and the
nozzle plate 30.

An ink flow path connecting member 60 connects
through-holes 61, 62, 63, 64 to tubes 71, 72, 73, 74 con-
necting an ink supply unit (described below). The through-
holes 61, 62, 63, 64 are arranged on both ends of the long
grooves 44, 45 of the ink supply flow path forming member
24 (sce FIGS. 2 and 4). o

The upper ink flow path 46 and the lower ink flow path 47
provide communication between the pressure producing
chambers 34, 34, 34, . . . extending in the recording paper
width direction. Since the recording head 1 is long (e.g., 250
mm) compared with a conventional recording head, the
cross-sectional area of each of the ink flow paths 46, 47 is
large (e.g., 2 mmx2 mm) so that the ink can flow there-
through smoothly. At least on both ends of the ink flow paths
46, 47 are located the through-holes 61, 62, 63, 64 that
communicate with the ink tank,

FIG. § is a diagram showing the flow path configuration
of the ink supply unit to which the preferred embodiment is
applicd. One connecting end 66 of the upper flow path 46 is
connected to a pump P1 through the tube 71. whereas one
connecting end 68 of the lower ink flow path 47 is connected
to a pump P2 through the tube 73. The other connecting end

d
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67 of the tapper ink flow path 46 is comnected to an
electromagnetic value V1 through the tube 72. The inlets of
these pumps P1, P2 and the other ends of the electromag-
Detic valves V1, V2 are connected to the common ink tank
80. Check valves 78 and 79 are connected in parallel with
the pumps P1, P2, respectively, so as to by-pass the pumps
P1, P2 for providing the ink flow paths during printing.

~_ The operation of the preferred embodiment will be
described with reference to FIGS. 7A and 7B.

Initial loading is required if the ink is not fully loaded into
the recording head 1, such as when the tank 80 is loaded
because the ink in the tank has depleted, or when the
recording head 1 is replaced.

The first operation is to evacuate the recording head 1 to
the predetermined position P3 (FIG. 1) and to seal the nozzie
openings 31, 31, 31, . . . by causing the sealing member 10
to abut against the front surface of the recording head 1.
When the first and second pumps P1, P2 are operated by
opening the first and second valves V1, V2, the ink supplied
by the pumps P1, P2 from the ink tank 80 flows into the
through-holes 61, 63, which are arranged on one end of the
recording head 1, flows through the respective ink flow paths
46, 47 substantially in a parallel manner, and returns to the
ink tank 80 via the tubes 72, 74 from the through-holes 62,
64, which are arranged on the other end thereof.

In this process, the ink entering the through-hole 61 flows
mainly to the ink flow path 46 that communicates therewith,
whereas the ink entering the through-hole 63 flows mainly
to the ink flow path 47 that communicates therewith. If there
is a difference in pressure between the ink flow paths 46, 47
during this process, part of the ink flow is branched while
passing through the pressure producing chambers 34, 34, 34,
. . . that connect the ink flow path 46 to the ink flow path 47.
Because the main streams F1, F2 (FIG. 7A) run parallel
through the respective ink flow path 46, 47, a large volume
of air present in the ink flow paths 46, 47 and the pressure
producing chambers 34, 34, 34, . . . is discharged cfficiently
to the ink tank 80. The air discharged to the ink tank 80 is
released into the atmosphere through an outlet of the tank.

As shown, in FIG. 6, the tubes 71, 73 connected to the
pumps P1, P2 are connected to inlet pipes 81, 82, respec-
tively, the lower ends of which are positioned below the ink
level 84. The inlet pipes 81, 82 have a filter 83. Ends of
dischiarge pipes 85, 86 connected to the tubes 72, 74 are
;gangcd $0 as to extend along the side walls of the ink tank

As a result of this construction, a relatively easily foam-
able ink containing a surface-active agent can flow into the
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ink surface 84 along the wall surfaces of the tank 80, thereby
allowing the ink to be recovered to the tank 80 without
foaming. An example of such ink includes the following

components.
Pigment It d
Emulsion Rw%
Triethanolamine Swmi%h
Polyethylene glycol Swmt %
Isopropyl glycol S5wmid
Surface-active agent 2wt %
Water Owt%

When a predetermined amount of ink has been circulated
within the recording head 1, the pump P1 connected to the
upper ink flow path 46 is stopped and the electromagnetic
valve V2 connected to the lower ink flow path 47 is closed.
As aresult, the ink having entered to the lower ink flow path
47 from the pump P2 is now returned to the ink tank 80 viz
the through-hole 62 while producing branches F3 in the ink
flow (FIG. 7B) which extend to the upper ink flow path 46
via the pressure producing chambers 34, 34, 34, . . . due to
the pressure differeaces in ink flow paths 46 and 47.

The ahove described horizontal and vertical flows in the
ink flow paths 46, 47 contribute to decomposing bubbles of
relatively large size which stagnate near the pressure pro-
ducing chamber at the time of initial loading. Such decom-
position takes place as the bubbles are greatly reduced in
size by edges of the pressure producing chambers 34, 34, 34,
. .. in the course of moving in the horizontal stream. These
tiny bubbles move smoothly to the upper ink flow path 46
encouraged by the stream directed toward the upper ink flow
path 46 as well as by their own buoyancy. Then, the bubbles
are discharged to the ink tank 80 from the through-hole 62

while riding on the streams of the ink moving through the

upper ink flow path 46.
When the operation of the pumps P1, P2 is stopped and
8 print signal is applied to the recording head 1 with the
clectromagnetic valves V1, V2 opened after the loading of
the ink has been completed, a pressure producing chamber
34 is contracted by the corresponding piezoelectric vibrating
clement 48, causing the ink present in the pressure produc-
_ing chamber 34 to be jetted out in the form of an 1nk droplet
onto the ink image holding drum 3. As the pressure produc-
ing chamber 34 recovers its original condition by expansion
after the ink jetting operation has been completed, the ink
flows into the pressure producing chamber 34 from the two
ink flow paths 46, 47 disposed on respective sides of the
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pressure producing chamber 34 so that the pressure produc-
ing chamber 34 is ready for printing a next dot.

As an ink image for a predetermined amount of data has
been formed in this way, moisture that is contained in the ink
is volatilized in the air, forming an adhesive film on the
surface of the ink image. At this point, a sheet of recording
paper is taken out of a sheet feed cassette 6, causing the sheet
to abut against the ink image holding drum 3 and moving the
record paper so as to be in pressure contact therewith by
applying pressure to the back surface of the record paper
using the pressure roller 7. The ink image is thus transferred
onto the recording paper due to its own adhesiveness (see
FIG. 1).

Connecting ends 66, 68 of the ink flow paths 46, 47
communicate with the ink tank 80 through the check valves
78, 79, and connecting eads 67, 69 communicate with the
ink tank 80 through the electromagnetic valves V1, V2, so
that ink flow paths from the tank 80 to the ink flow paths 46,
47 are defined. As a result, the ink is supplied smaothly from
both sides of the recording head 1 by the siphoning action of
pressure producing chambers 34 so that the amount of ink
consumed by the jetting of ink droplets can be replenished.

If the nozzle openings 31, 31, 31, . . . are clogged doe to
printing over a long period of time, the pumps P1, P2 can be
driven while closing the electromagnetic valves V1, V2.
Then, the ink is supplied from the tank 80 to the flow paths
46, 47. Since the other ends of through-holes 62, 64 are
closed, the delivery pressure of the pumps P1, P2 acts on all
the nozzle openings 31, 31, 31, . . . to drive ink film and
debris, which is the source of the clogging, from the nozzle
openings 31, 31, 31, . . . After the clogging of the nozzle
openings 31, 31, 31 . . . is removed in this manner, the roller
of a cleaning member is abutted on the nozzle openings 31,
31,31, . .. to wipe off the ink film and debris from the nozzle
openings 31, 31, 31, ..., as well as overflowing ink (sce
FIG. 1).

When the viscosity of the ink present adjacent to the
nozzle openings 31, 31,31, . .. is increased by volatilization
of a solvent contained in the ink, the recording head 1 is
evacuated to capping position P2 from the ink image holding -
drum 3 and the recording head 1 comes in contact with the
capping member 15, which is movable. When air at a gauge
pressure of about 0.2 kg is supplied into the cap 16 under this
condition, the pressure acts on the nozzie openings 31, 31,
31, ..., causing the ink and film present in the cap to be
bounced batk to the pressure producing chambers 34, 34,
34, ... When a predetermined time has elapsed, the supply
of the air is stopped and the capping member 15 is thereafter
removed, then new ink in the pressure producing chambers
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34, 34, M, . . . moves to the nozzle openings 31, 31, 31, ..
. by surface tension to thereby form a meniscus so that the
nozzle openings are ready to jet ink droplets.

If bubbles enter during the ink recovering process, the
bubbles can be discharged from the ink flow paths 46, 47 and
the pressure producing chambers 34, 34, 34, . . . by the
above-described operation. Although the debris and the ink
films having entered due to the ink jet recovering operation
flow into the ink tank 80 together with the ink, they are
removed by a filter 83 when the ink is supplied to the
recording head 1. Thus, the flow of the debris and the like
does not adversely affect printing.

While ink replenishment at the time of printing is ensured
by the check valves 78, 79 connected in parailel with the
pumps P1, P2 in this embodiment, it is apparent that similar
effects can be obtained by connecting the electromagnetic
valves in parallel with the pumps P1, P2 and controlling the
device so that the electromagnetic valves will be opened at
the time of printing.

FIG. 8 shows a second embodiment of the invention. The
through-holes 62, 64 are respectively arranged at connecting
ends of the ink flow paths 46, 47 of the recording head 1 and
are connected to a pump P3 for supplying the ink from an ink
tank 91 through a common buffer tank 80. The other
connecting ends 61, 63 of the ink flow paths 46, 47 are
connected to electromagnetic valves V3, V4 through flow
resistors R1, R2 (described below) to communicate with the
ink tank 91.

The flow resistors R1, R2 are set to values such that a flow

" rate large enough to discharge bubbles in the flow paths 46,
47 can be ensured, and such that the total resistance of the
upper ink flow path 46 can be made smaller than the total
resistance of the lower ink flow path 47. An clectromagnetic
valve V3§ is connected to a bypass pipe 92 that is connected
to the inlet and outlet of the pump P3. The bypass pipe
serves to provide ink supply paths at the time of printing.

~ In this embodiment, when the pump P3 is driven with the
nozzle openings 31, 31, 31, ... . sealed, the electromagnetic
valves V3, V4 opened, and the -electromagnetic valve V5
closed, the ink is supplied from the ink tank 91 to the flow
paths 46, 47 through the buffer tank 90.
. Since the total resistance of the upper ink flow path 46 is -
smaller than that of the lower ink flow path 47, the ink flow
eatering the lower ink flow path 47 is bifurcated. That is, one
stream flows toward the connecting end 63 on the other side, -
whereas the other stream flows toward the connecting end ;
61 on the other side of the upper flow path 46 while flowing
into the upper flow path 46 via the pressure producing
chambers 34, 34, 34 . . . (FIG. 9). The ink discharged from
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the connecting ends 61, 63 returns to the ink tank 91 via the
{l’?‘w resistors R1, R2 and the electromagnetic valves V3,

These two streams, the one running parallel to the ink
flow paths 46, 47 and the other directed upward through the
pressure producing chambers 34, 34, 34, . . ., allow any
bubbles which are in the ink flow paths 46, 47 and the
pressure producing chambers 34, 34, 34, . . . to be discharged
to the ink tank 91 with the bubbles being first decomposed
and then forced out into the upper ink flow path 46.

To start printing after the ink has been filled in the
recarding head 1, the pump P3 is stopped and the electro-
magnetic valves V3, V4 and VS arc opened, so that the ink
flow paths 46, 47 of the recording head 1 communicate with
the ink tank 91 through the through-holes 61, 62, 63, 64 oo
both ends of the recording head 1, thereby allowing tbe
consumed ink to be replenished smoothly.

When the nozzie openings 31, 31, 31, . . . have been
clogged due to printing over 2 long period of time, the pump
P3 is driver by evacuating the recording head 1 to a
predetermined position and closing the electromagnetic
valves V3, V4 and V5. As a result, ink pressure is applied
the pressure producing chambers 34, 34, 34, . . ., thus
allowing the clogging of the nozzle openings 31, 31, 31, ..
. to be eliminated. :

While the flow resistors R1, R2 are connected to the outer
side of the recording head 1 in this embodiment, they may
be arranged within the recording head itseif by providing a
narrowed portion in the connecting ends 61, 63 of the upper
and lower flow paths 46, 47 of the recording head 1.

‘While a transfer-type ink jet printer has been described in
the above embodiment, it is apparent that the invention
provides similar advantages when applied to printers
wherein printing is done directly on recording paper. While
piezoelectric vibrating elements produce ink droplets in the
above embodiment, it is apparent that the invention can

- provide similar advantages when applied to a line head using
heating elements or other appropriate devices.

As described above, the invention allows bubbles in the
pressure producing chambers to be decomposed $o0 as to be
reliably driven out from within the recording head by their
own buoyancy, as well as by ink streams which flow upward
in the pressure producing chambers. '
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What is claimed is: -

1. A printer having 2 line-type ink jet recording head,

comprising:

a line head extending substantially horizontally in a
recording paper width direction and having pressure
praducing chambers defined therein by substantially
vertical side walls, at least one nozzle opening formed
in each of said pressure producing chambers, an upper
ink flow path and a lower ink fow path defined in said
linc head above and below said pressure producing
chambers, respectively, said upper and said lower ink
flow path being in flitid communication with each other
through the pressure producing chambers and extend-
ing substantially horizontally, each said ink flow path
having an inlet for replenishing ink and an outlet for

* discharging the ink on respective ends thereof, and a
plurality of pressure producing clements coupled to
said pressure producing chambers for applying varied
pressures to the pressure producing chambers for jet-
ting ink droplets;

a sealing member for sealing the nozzle openings by
abutting on the nozzle openings when the recording
head bas been evacuated to a predetermined position;

an mk tank connected to said inlets and said outlets by
pipes; and

ink stream producing means, associated with said pipes,
for producing streams of ink flow, wherein the ink
flows from said ink tank to at least said lower ink flow
path and then to said upper ink flow path through the
pressure producing chambers before returning to said -
tank.

2. A printer as claimed in claim 1, wherein said ink stream
~producing means comprises means. for producing a first
- stream of ink flow and a second stream of ink flow which

respectively flow throegh said upper ink flow path and said
lower ink flow path in a horizontal direction, and a third
stream of ink flow which flows from said lower ink flow path
to said upper ink flow path through said pressure producing
chambers.:

3. A printer as claimed in claim 2, wherein said ink stream
producing means further comprises pumping means for
pumping a fluid, said pumping means being conmected
between said ink tank and said inlets on the ends of said
upper ink flow path and said lower ink flow path, and vaive
means for regulating flow of a fluid, said valve means being
connected between said ink tank and said outlets on the other.
eads of said upper ink flow path and said lower ink flow
path.

4. A ornter as claimed in claim 3, further comprising
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ass means, for allowing the upper ink flow path and the
lower ink path to communicate with the ink tank at the time
. of printing, connected to the pumping means. _
" 5. A printer ysing an ink jet type line recording head
uummhngtotﬂaun 1, whnnnn:mmiuﬂcsuuun1nudmmng
. means comprises pumping means for pumping a fluid, said
pumping means being connected between said ink tank and
said inlets on ends of said upper ink flow path and said lower
ink flow path, and flow resistor means for creating a frst
fluid resistance in an ink fiow path forming member com-
municating with said outlet of said lower ink flow path, said
first Huid resistance being greater than a second fluid resis-
tance of an ink flow path forming member communicating
with said outlet of said upper ink flow path.
" 6. A printer as claimed in claim §, further comprising
bypass means, for allowing said upper ink flow path and said
lower ink flow path to communicate with said ink tank
during a printing operation, comnected to s2id pumping
means.

7. A printer as claimed in claim 3, wherein said valve
means is comnected w0 said outlets of said upper ink flow
path and said lower ink flow path to apply ink delivery
pressure to said nozzle openings when said valve means is
closed.

8. A printer as claimed in claim 3, wherein said valve
means is connected to said outlets of said upper ink flow
path and said lower ink flow path to apply ink delivery -
pressure (o the nozzle openings when said valve meaans is
closed.

9. A printer as claimed in claim 4, wherein said valve
means is connected to said outlets of said upper ink flow
path and said lower ink flow path to apply ink delivery
pressure to the nozzle openings when said valve means is
closed. -

10. A printer as claimed in claim S, wherein said valve
means is connected to said outlets of said upper ink flow

.path and said lower ink flow path to apply ink delivery
pressure to the nozzle openings when said valve means is
closed.

11. A printer as claimed in claim 6, wherein said valve
means is connected to said outlets of said upper ink flow
path and said lower ink flow path to apply ink delivery
pnssnntnthennzdeopanngsvﬂmnsmnivdwe:nmumxs
closed.

12. A printer as claimed in claim 1, wherein a filter
member is connected to the pipes supplying the ink from
said ink tank to said line recording head.

13. A printer as claimed in claim 2, wherein a filter
member is connected to the pipes supplying the ink from
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said ink tank to said line recording head.

4. Apnmctasclalmedmclmm?: wherein a flter
member is connectéd to the pipes supplying the ink from
said ink tagk to said line recording head.

15. A printer as claimed in claim 4, wherein a filter
member i3 connected to the pipes supplying the ink from
said ink tank to said line recording head.

16. A printer as claimed in claim 5, wherein a filter

. member is connected to the pipes supplying the ink from
-said ink tank to said line recording head.

17. A prdinter as claimed in claim 6, wherein a filter
member is connected to the pipes supplying the ink from
said ink tank to said line recording head.

18. A printer as claimed in claim 7, wherein a filter
member is conpected to the pipes supplying the ink from
said ink tank to said line recording head.

19. A printer as claimed in claim 1, wherein ends of said
pipes for returning the ink from said line recording head to
said ink tank are arranged so as to come in contact with wall
surfaces of said ink tank.

20. A printer as claimed in claim 2, wherein ends of said
pipes for remrning the ink from said line recording head to
said ink tank are arranged so as to come in contact with wall
surfaces of said ink tapk.

21. A printer as claimed in claim 3, wherein ends of said

- pipes for returning the ink from said line recording head to

said ink tank are arranged so as to come in contact with wall
surfaces of said ink tank.

22. A printer as claimed in ciaim 4, wherein ends of said
pipes for returning the ink from said line recording head to
said ink tank are arranged so as to come in contact with wall
surfaces of said ink tank.

23. A printer as claimed in claim S, wherein ends of said

" pipes for returping the ink from seid line recording head to

said ink tank are arranged so as to come in contact with wall
surfaces of said ink tank.

24. A printer as claimed in claim 6, wherein ends of said
pipes for returning the ink from said line recording head to

said ink tank are arranged so as to come in contact with wall .

surfaces of said ink tank.

25. A printer as claimed in claim 7, wherein ends of said
pipes for returning the ink from said line recording head to
said ink tank are arranged so as to come in contact with wall
surfaces of said ink tank.

26. A printer as claimed in claim 8, wherein ends of said

" pipes for returning the ink from said line recording bead to

said ink tank are arranged so as to come in contact with wall
surfaces of said ink tank.
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ABSTRACT

PRINTER HAVING LINE-TYPE INK JET RECORDING HEAD

A printer using a line-type ink jet recording head. The
line-type head has pressure producing chambers formed by
dividing nozzle openings extending in a recording paper
width direction with vertical side walls and upper and lower
ink flow paths which communicate with each other through
the pressure producing chambers and extend in a horizontal
direction. Each ink flow path has an inlet for replenishing
ink and an outlet for discharging the ink. A plurality of
pressure producing elemeats are provided for applying var-
ied pressures to the pressure producing chambers for jetting
ink droplets A scaling member selectively seals the nozzie
openings by abutting on the nozzle openings when the
recording head has been evacuated to a predetermined
position. An ink tank is connected to the inlets and the
outlets through pipes, and an ink stream producing device is
arranged in the pipes, for producing streams causing the ink
to flow from the ink tank to the lower ink flow path and then
to the upper ink flow path through the pressure producing
chambers.

FIGURE 5
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