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INK-JET TYPE RECORDING DEVICE

. The present invention relates to an ink jet type recording

device.

An ink jet recording head of an on-demand type includes
a plurality of nozzle openings and a plurality of pressure
generation chambers respectively in commuhication with the

nozzle openings, and is arranged such that, responsive to a

‘printing signal, it expands or contracts -the pressure

generation chambers to generate ink droplets. .

When the ink droplets attach to a recording niedium,
they can run on it accordlng to the quality thereof or they can
be in touch with other membersto get rubbed. -For th.lS reason,
the :Lnk droplets are prepared such that the solvent will

evaporate to solldlfy the ink as soon as pOSSlble. Die to

thlS P when a prJ.ntJ.ng operation is interrupted or in the case

of a ;n,_ez._z‘.le opening through which the ink droplets are not
frequently discharged, the solvent will evaporate to thereby
cause the nozzle opening to be clogged with the ink.

To solve such a problem, when the printing operation is

to be stopped for relatively mahy hours, ‘it is necessary to
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Description The present invention-+elates to an ink jet type recording
device. " . An ink jet recording head of an on-demand type includes a
pluratity of nozzle ope€nlngs and a plurality of pressure generation
chanbers respectively in conmu- nication with tHEHISGHEEE HASEeBBENg$. and is
arranged such _ REPLACED

—t,

.x_nount a cap onto the nozzle opening to thereby preverit the ink
solvent from evaporating. However, even during the printing
operation, all of the n.ozzle openings do not generate the ink
droplets équally and, according to the positions where the

5 nozzle openingé are arranged, there can exist some nozzle
openings where the frequencf of ink jet is very low.

To solve such.a problem, there has been proposed a method in
which, 'when a printing operation has been performed
continuoﬁsly for a given time, a recording head is stepped

10 aside into a non-printing area and then ink droplets are
T forcibly jettéd out from all of the nozzle openings. However,
this method requires ' interruption of the printing operation,
which results in a lowered printing speed.
To solve this problem, there was also proposed a
15 clogging preventive technique in which a print signal is
applied through a current limit resistance to a piezoelectric
vibrator diqused in a pressure generation chamber in
communication with a nozzle opening' through which no ink
droplet will be generated during the printing operation,
20 thereby vibrating slightly a meniscus in the neighborhood of
the nozzle opening (see Unexaminéd Japanese Patent Publication
No. Sho. 55-123476? Unexamine& Japanese Patent Publication No.
Sho. 57-61576, USP 4350989). -
- According to the clogging preventive technique, because -

25 there is eliminated the need to interrupt the printing -
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that. responsive to a printing signal, +t expands or con- tracts the

pressure generation chanbers to generate ink droplets. When the ink
dr opl éts attach to a recordi ng nedi um they can run on it accordl ng to the
quality thereof or they can be in touch w SEEETRAYSEENJ get rubbed.

For this reason, the ink droplets are pre-| paregkgpusbed hat tjhe sol vent will
evaporate.to soI idity the

operation, the clogging of the nozzle opening can be prevented
without lowering the 'printing speed. However, to change the
amplitude for the slight vibration, a supply voltage, a
resistance value and the like must be adjusted, so that a
circuit configuration becomes complicated. |

It is therefore the object of the present invention to

overcome the drawbacks of the known recording devices. This
object is solved by the ink Jjet type recording device of
independent claims 1 and 8. Further advantageous features

aspects and. details of the ink jet type recording device of
the present invention are evident from the dependent claims,
the description and the | drawings. The claims are to be
understood as a first non-limiting approa'ch to define the
~invention in general terms.

Especially, the present invention relates to an ink-jet
printer of an on-demand type and, more particularly, to a
technique to preveht a recording head from being clogged.

According to an aspect, the invention provides a new ink
jet printer which makes use of the function of an existing
drive circuit to be able to generate a vibration signal for
prevention of clogging.

According to the invention, there is provided an ink jet
printer which comprises an- ink-jet recording head including a
pressure generation chamber including a nozzle plate having a
nozzle opening and a vibratory plate deformable due to the
expansion or contraction of a piezoelectric vibrator, drive
signal generation means for generating a trapezoidal drive
signal in synchronization with a timing signal applied
externally, switching means for outputting the drive signal.to
the piezoelectric vibrator responsive to a printing signal
applied externally, and control signal generation means for
generating a pulse signal to turn on the switching means to
théreby output part of the drive signal in synchronization with
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ink as soon as possible. Due to this, when a printing operation is
interrupted or in the case of a nozzle open- ing through which the ink

dropl éts are not frequently dis- charged, vaporate to

t hereby cause the nozzle opening to be cI E@&Sﬂﬁﬂiﬁ&&%ﬂm« To sol ve
such a problem when the printing opera- tlion jBEFIAGED st opped for
relatively many hours, it is nec- essary to nmount a cap onto the nozzle

openi ng tq a timing signal to the piezoelectric v1brator for which a non-
print condition is selected. |

Responsive to the pulse signal, part of the drive

signal is applied to a piezoelectric vibrator belonging to a

5 nozzle opening which does not jet out ink droplets, thereby

causing a meniscus in the nozzle opening to vibrate. As a

result of this, ink existing_in the pressure generation chamber

and ink existing in the neighborhood of the nozzle opening are

mixed together to thereby be able to supplement the ink in the

10 neighborhood of the noézle opening with solvent, which prevents
T film formation due to the evaporation of the solvent.

Fﬁrther, the piezoelectriC'vibratdr'generates heat even

in thé'non—printing conditioh, which prevents absorption of

humidity from the peripheral environment.

15
Fig. 1 is a general view of an embodiment of an ink-jet
type reéording device according to the invention;
Fig..2 is a section view of an embodiment of an ink-jet
recording head employed in the invention;
20 ' Fig. 3 is an exploded perspective view of the structure

of the recording head shown in Fig. 2.

Fig. 4 is a block diagram of an embodiment of a drive
circuit included in an ink-jet recording head used in the

invention;
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t hereby prevent the ink sol vent "from-evaporating. How ever. even during
the printing operation, all of the. nozzle openings do not generate the ink
dropl éts equal ly and. agcording to the positions where the nozzle openings
are arranged, there can exist sone nozzl e |opars SHEETVWAS BEEMNd frequency of
ink jet is very |ow. To solve such a probl emePLAEEDE has |been proposed a

met hod i n.which, when a printing operati on has been

Fig.'S is a circuit diagram of an embodiment of a drive
signal generation circuiﬁ employed in the invéntion;

Fig. 6 is a circuit diagram of another embodiment. of a drive
signal coﬁtrol circuit employed in the invention;

5 Fig. 7 is a wave form éhart of the operation of the
above drive circuit; |

Figs. 8 (é) to (e) are respectively explanatory views
of the states of a meniscus given by the above drive circuit in
‘a printing state; |

10 Figs. 9 (a) to (e) are respectively explanatory views
- of the states of a meniscus given bj the abo%e drive circuit in
a non-printing state;
Fig. 10 is a graphical representation of a relation
between the ﬁagnitude of a wvibration signal and a leavable
1s time;

Fig. 11 is a graphical representation of a relation
between a vibration signal applicatipn time and the amount of
consumption of ink until jet-out recovery by means of flushing;

Fig. 12 is a graphical representation of a relation

20 between a vibration signal application time and the continuing
time of a cleaning operation required for recovery;

Fig. 13 is a section view of an embodiment of an ink-
jet recording head of another type to which the drive system of

the invention can be applied;
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perfbirréd,"conti nuously for a given tine,—a recording head is stepped aside
into-a non-printing area and then ink droplets are forcibly jetted out from

al | of'the nozzl e.openings. However, this nethedrequires—ipntenrruption of

which results in a | HBP AETHAS BERN dpeed.
the printing operation, ich results (1\/@ e BN 9p

Fig. 14 is a g;:aphical'represéntation of a voltage to
be applied to a piezoelectric._vibrator while it is in the non-
- printing state and a time neceséary for generation of clogging
of' a nozzle opening, with the temperature of the peripheral

5 environment as a parameter;

Fig. 15 is a block diagram of an embodiment of the
invention in which a vibration signal to be applied for
prevention of clogging is adjusted by use of the temperature of

the environment;
0 Fig. 16 is a graphical representation of an example of
- data to be stored in memory means used in .the: above embodiment;
Fig. 17 is -a block diagram of another embodiment of a
drive circuit according to the invention;
Fig. 18 is a block diagram of an embodiment of a
15 control signal generation circuit included in the drive

circuit of Fig. 17;

Fig. 19 is a wave form chart of the operation of the

drive circuit of Fig. 17;

'Fig._zo is a circuit diagram of another embodiment of

20 the drive signal generation circuit;
Fig. 21 is a wave form chart of the operation of the

drive signal generation circuit of Fig. 20;

Fig. 22 is a circuit diagram of another embodiment of

the drive signal generation circuit;
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To solve thi's problem there was al so ptr oposed a
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Fig. 23 is a wave form chart of the operation of the
drive circuit of Fig. 22;

Fig. 24 is a block diagram of another embodiment of the
drive circuit of the J.nventJ.on,

Fig. 25 is a block diagram of an embodiment of a
control signal generation circuit included in the drive
circuit of Fic_j. 24;

Fig. 26 is a wave form chart of the operation of the

drive circuit of Fig. 24;

Fig. 27 is a block diagram of another embodiment of a
drive circuit according to the invention; ﬁid

Fig. 28 is é wave form chart of the operation of the

circuit device of Fig. 27;

Now, description will now be given hereinbelow of the
details of an ink-jet printer according to the invention by way
of the illustrated embodiments thereof.

In Fig. 1, there is shown an embodiment of an ink-jet
recording device suitable for application of a drive method
according to the invention. In'Fig. 1, reference character 1
designatés a line recording head of an ink-jet type, which is
disposed in a drive mechanism 2 in such.a manner that it can be
moved to a printing position P1l, a dischargé recovery position

P2, and a capping position P3. 3 stands for an ink image hold
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cl oggi ng preventive technique in which a print signal is applied through a
‘current linmt resistance to a piezoelec- tric vibrator disposed in a -
pressure generation chanber in comunication-wi.th.a nazzle _apening through
which no ink droplet will be gener ated duri rgTHISSHEETHASBERNer - at i on,
thereby vibrating slightly a meniscus in thg nei gREPI#BRbod of] t he nozzle
openi ng (see Unexani-ned Japanese Patent Publication No. Sho. 55-123476,

drum which is disposedhqpposed to the line recording head 1.

And, the ink image_hold drum 3 covers an ink hold layer 5

formed of a suitable material such as silicone rubber or the

| like which prevents ink from running on the surface of a drum

S 4 drivable at a constant rotation speed by a.drive mechanism

(not shown) and also which is excellent in transferring ink to

recording paper. Of course, it is applicable to employ a

belt instead of a grum as the ink image hold means. At a

position opposed to the ink image hold drum 3, there is

10 arranged a pressure roller 7 which is used to press the

recording paper sent out from a cassette ‘6 against the ink

image hold drum 3. The pressure roller 7 is supported by an

eceentric shaft 8 in such a manner that, while an ink image is

being formed, it steps aside upﬁardly and, while the ink image

15 is being transferred, it moves down to come in touch with a
backup roller 10 which transmits the pressure of a spring 9.

Also, in the periphery of the ink image hold drum 3,

there are disposed a drum cleaner 11 which is used to remove

the ;esidual_ink, a heater 12 used to facilitate drying of the

20 ink image, a separation mechanism 13 for separating - the

recording paper from the drum surface, and the like.

Reference characfer 15 designates a cleaning member

which, when the recerding head 1 steps aside to the posiﬁion

P2, is driven to clean the nozzle opening surface by means of

25 a wiper 16 to thereby - allow the discharge recovery operation to be
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Unexam ned Japanese Pat ent Publ i cati on No. Sho. 57- 61576. USP 4350989) .
Accerding.to the cloggirmg preventive_techni que, because there is elimnated

the need to interrupt the printing ¢pHISSHBET HRE G ging of the nozzle
openi ng can be prevented w thout |o rlnguyhﬁcgbln speed. However, to
" change the anplitude for the slight Vibra—trom—e pIy vol t age, a

reS|stance vglueequ hﬁ%,lﬁgestands for a sealing mechanism which, when
the recording head 1 steps a$ide to the position P3, is driven
to come into resilient contact with the front surface of the
recording head 1 by use of a sealing'member 18 formed of rubber
5 or the like, thereby sealing the nozzle opening.

In Figs. 2 and 3, there is shown an embodiment of the
above-mentioned recording head 1. 1In these figures, reference:
character 30 designates a nozzle plate which includes therein
about 2,000 nozzle opening§ 31, 31, --- respectively arranged

10 or shifted linearly or vertically in a zigzag manner, so that
the openings can cover the area.of the width of ﬁhe recording
‘paper having a maximum size. Alternativelj, there can be used
a recording head in which a plurality of nozzles, for example,
400 nozzles are arranged at a pitch of a plurality of dots, for

15 example, at intervals of 5 dots in the line direction, and the
recording head is moved by 1 dot each time the ink image hold
drum is rotated'in such a manner that images corresponding to

1 page can be formed by rotating the ink image hold drum, for

example, 5 times.

20 Reference numeral 33 stands for a spacer that includes
therein through bores 35, 35, 35, --- defining pressure
generation chambers 34, 34, 34, --- which are arranged at

regular intervals in the horizontal direction when the spacer

is set in the printer. 37 designates a vibratory plate forming

25 member which includes a thin portion 38 in a portion thereof
I —
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must . be adjusted, so that a circuit configuration becones conpli cat ed.

It i-s theriefore the objeett of the present invention to overcone the

dr awtacks of the known recording d vhﬁggHEgﬁkgsqﬁmgc is solved by the ink
jet type record- ing device of |nd§pen eRépLACRDTS 1 Pnd 8. Further

advant ageous features aspects and jet type recording

devi ce of. the resent i.nvention a i i
spd to the pressurgeéageratzon chamber 34 and, in the

portions ‘thereof respectively opposed to ink supply paths 46,
47 to be described later, elongated rectangular through bores
39, 40 such that they hold the thin portion 38 between them.

5 Reference numeral 42 stand for an ink supply flow path
forming member which includes; in the area thereof opposed to
the thin portions 38, 38, 38, 38 --- of the vibratory plate
forming membér 37, a vibrator unit through bore 43 through
which the piezoelectric vibrators 48, 48, 48, --- of a vibrator

10 unit 50 extends and, in the portion thereof opposed to the ink
supply paths 46, 47, elongated grooves 44, 45.

'Reference  numeral 48 respecéively designate
piezoelectric vibrators each of which is formed of an electrode
and a piezoelectric vibratory material in a sandwich manner so

15 = as .to be able to generate vibrations in a longitudinal
vibration mode with a drive voltage as low as possible. The
same number of piezoelectrié vibrators 48, 48, 48 --- as that
of the nozzle openings 31, 31, 31, --- are fixed onto a base
49, thefeby serving as a vibrator unit. The leading ends of

20 the piezoelectric vibrators 48, 48, 48, --- are inserted
ﬂubwjlthe\nbraxmunlt through bores 43 formed in the ink supply
path forming member 42 with no contact therew1th and the
leading ends are fixed to the thin portions 38, 38, 38, --- of
the vibratory plate forming member 37. 1In Fig. 3, reference

25 character 51 stands for a positioning projection which is
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-dent fromthe dependent clains. the description and the draw ngs. The
clains are.to be understdod as a first non-liniting approach to define the
i nvent'ion in general terns. Es peghiesh¥eT HA B%Eﬁsunt invention relates
to an ink- jet printer of an on-defm é (RiPEARES, particularly, to a
techni que to prevent a recording héad—frombetng—ct ged. _

"provided on the base 49 and also which is projected out from

‘the vibration unit through bore 43 of the ink supply path
forming member 42 to secure the positioning accuracy of the

respective components in cooperation with positioning holes 52,

5 53 and 54.
| A recoxrding head using the above-mentioned transfer
method, in order to vaporize quickly ink.éolvents included in
dots formed in the ink image hold drum 3 as well as to improve

image transferability to the recording paper, uses ink which

10 has, for example, the following compositions:
pigment B 3 wt%
: | resin ' . 12 wt$
triethanol-amine : 5 wt$
pélyethylene glycol' 5 wt%
15 _ isopropyl glycol . A wt%
surface active agent 2 wt$
water ' 69 wt%

Referring again to Fig. 1, the ink is sent out from ink supply means
20 through a tube 71 to the recordiﬁg head 1 and, at the same time, while
20 it is collected by a tube 73 into the ink supply means 20, the
ink is supplied to the pressure genération chamber smoothly.
Now, in Fig. 4, there is shown an embodiment of a
drive circuit which is used in the above-mentioned ink-jet
recording device. In Fig. 4, reference character 80 stands for

25 a control signal generation circuit which includes an input
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Accordi ng to an aspect. the invention provides a new ink jet printer which
makes use,of the functi-on of an existing drive circuit to be able to
gepertat.e a vi brat.i on signal for preVeants SHEET HAS BEEN 0. According to
the invention there is prOV|ded anf i nk REPLACEDt er i ch conprises an

I nk-j et recording head

‘terminal 81 for receiving a timing signal from an external
device, an input terminal 82 for receiving an instruction
signal to instruct printing or non-printing, and an output
terminal 83 for supplying a drive sighal to  switching
S transistors 85, 85, 85, --~ which will be described later. 84
stands for a drive signal generation circuit which is arranged
to generate. a trapezoidal drive signal to operate the
piezoelectric vibrator 48 in accordance with a timing signal
from an external device.
10 Reference numeral 85 designates a switching
transistor which, in the present embodiﬁentg is composed of an
enhanceﬁent type MOS transistor which turns off when the gate
voltage thereof is zero. With an instruction signal from the
control signal generation circuit 80 input to the gate thereof,
15 the switching transistor 85 applies a drive signal generated by
the drive signal generation circuit 85 to the piezoelectric
vibrator 48 to thereby cause the piezoelectric vibrators 48,
48, 48, --- to be shifted to such a degree that ink droplets
can be generated, or in the ndn-printing state uses the drive
20 signal to cause the vibrators to produce slight vibrations to
such a degree that ink droplets will.not be generated.
Now, in Fig. 5, there is shown an embodimént of the
above-mentioned control signal generation circuit 80. In Fig.
5, referencendharacter 90 designates a one-shot multivibrator

25 which converts a timing signal input from the terminal 81 into
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‘a pulse signal of a given width, 91 stands for an AND circuit

which outputs the logical products of a signal from the one-
shot multivibrator 90 and an instruction 'signal from the
terminal 82, 92 points out an inverter which inverts an

instruction signal, and 93 represents an AND circuit which

.outputs the logical product of signals from the one-shot

multivibrator 90 and inverter 92.

And, 94 designates another one-shot multivibrator
which outputs a signal of a given width responsive to a signal

from the AND circuit 93. Signals of the AND circuit 91 and one-

shot multivibrator 94 are output through an ‘OR circuit 95 from

the terminal 83 as a contfol signal. In the control signal
generation circuit 80, theré are brepared the thus arranged
circuits, the number of wﬁich is, equal to that of the nozzle
openings.

Referring now:to Fig. 6, there is shown an embodiment
of the above-mentioned drive signal generation circuit 84. 1In
Fig. 6, reference character 100 designates a one-shot
multivibrator which converts a timing signal from an external
device into a pulse signal of a given width and also which

outputs a positive signal or a negative signal in

"synchronization with the timing signal. To one terminal of the

one-shot multivibrator is connected the base of an NPN type
transistor 101 to which is connected a PNP type transistor 102,

whereby at a time when the timing signal is input a capacitor
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nOzzIe'pLate having -a nozzl e opening and a vibratory plate def or nabl e due
to the expansi on or cont-raction of a plezoelectrlc vi brator, drive signal

generation means.for generating a T ve—3i gnal in synchroniza-
TS SRR AL Ay

tion with a tlnlng ‘signal applied ¢ ng nmeans for
~outputting the drive signal to the! ator responsive to a
pr.inting. S|gnal applied exter- nally, and control signal generation neans
for gener3f3 is charged with a constant current Ir until it reaches a -

voltage (VH - VBE102) obtained by subtracting a voltage between
the base andlemitter of the transistor 108 from supply voltage
VH.

5 ‘ To the other terminal of the one-shot multivibrator
100 is connected an NPN type transistor 108, whereby, at a time
when the timing signal is switched, the ttansistor 102 turmns

" off and the trahsistor 108 in turn turns on to discharge the

capacitor 103 with a constant current if until electric charges
charged in the capacitor 103 reach a voltage VBELO8 between the base and

" emIUzE'of1jm=trmxnsux:108
- Reference numerals 104,105 designate further transistors of the drive

signal generation circuit 84.
In other words, when the base-emitter voltage of the transistor

102 is expressed as VBE102 and the resistance value

of a resistance 106 is expressed as Rr, then the charging

15 current Ir can be expressed as follows:
Ir = VBE102/Rxr

Also, when the capacity of the capacitor 103 is expressed as
cO, then the rise time Tr of the charging voltage can be

expressed as follows:
20 | Tr = CO x (VH - VBE102)/Ir

One the other hand, when the base-emitter voltage of
the transistor 108 is expressed as VBE108 and the resistance

value of the resistance 107 is expressed as Rf, then the
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ing a pulse signal to turn on the switching means to thereby'outpUt part of
the «drive.signal in synchronization with a timng signal to the

pi ezoel-ectric vibrator for which a =PI oh is sel ected.
Responsive to the pul se signal, par %%¥§Fl %ﬁg§§§b§$g nal is applied to a
"pi ezoel ectric vibrator belonging to ' i ch does not jet out

ink droplets, therehy causing a neniscus in the nozzle opening to
dxscharglng current If of the drive signal can be expressed as

follows:

If = VBE108/Rr
Also; the fall time Tf can be expressed as follows:
5 _ Tf = CO x (VH - VBE108)/If

(The transistor’s base—eﬁitter'voltage is normally of the order
of 0.7 volts and is so small that it can be neglected when
compared with ‘the supply voltage of 30 volts and, for this
reason, in the following description, the bqse-emitter voltage
10 will be expressed as 0 volts.)
As a result of this, the terminai voltage of the
capacitor 103 provides a trapezoidal waveform which includes an
area rising at a given gradient, a saturation area keeping a
given value, and an area falling at a given gradient.
15 The terminal voltage is current amplified by
transistors 109, 110 and is theﬁ output as a drive signal from
a terminal 86 to the respective piézoelectric vib:atois 48, 48,
48, -~-.
- Next, description will' be 'given below of ﬁhe
20 - operation to be performed when the piezoelectric vibrators are

driven by use of the above-mentioned drive signal generation

circuit.
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‘vibrate. As a result of this, ink existing in the pressdre generation ¢

chanter and i nk existing-n the neighbor- hood of the nozzle opening are

m xed ‘t oget her to. thereby be able to supplreperttt T he nei ghbor -
hood of the nozzle opening with solvent, vh by %E Eg’i%gé;m%brlﬁ &‘u formation due
to the evaporation of the sol vent. Fur ctric vibrator -

gener at es..heat even in the non-printing condltlon whi ch prevents
f a timing signal is input from the control signal

generation circuit, then the drive signal generation circuit
turns on and off the transistors 102, 108 to output a drive
signal of a trapezoidal voltage waveform. On-the other hand,
5 the transistor 85 connected with the piezoelectric vibrator 48
for printing is charged in accordance with the drive signal,
because the transistor 85 is turned on by,the control signal
generation circﬁit 80.

The control signal generation circuit 80, on receipt
10 of a printing signal from an external device, outputs a-signal
to the switching transistor 85 connected to the piezoelectric
vibratdrs 48, 48, 48, --;, which are in turn respectively
connected to the nozzles to be printed, thereby turning on the
transistor 85. As a result of this, the drive signal having
15 the trapezoidal waveform generated by the drive signal
generation circuit 84 is allowed to flow into the piezoelectric
vibrator 48 and charge thg piezoelectric vibrator 48 with a
given current. This contracts the piezoelectric vibrators 48,
48, 48, ---, which should discharge ink droplets for printing,

20 and the pressure generation chamber. is expanded.
And, if a given period of.time has passed, then the

transistor 108 turns on and the capacitor 103 is dischérged, as

described above. Responsive -to this, the piezoelectric
vibrators 48, 48, 48, --- also discharge their charges and thus
25 they expand and in turn the pressure generation chamber is
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“absorption of hunidrty from the periphéral envi ronnent Fi g. l'is a

general view of an enbogdi_nent of an ink- ] et typé recordi ng device
accortling to the jnvention; Fi gr i ew of an enbodi nent
of” an i nk- jet recording head enﬁﬁgigaﬁigcﬁ e 1 nvention; Fig. 3is
-an expl oded perspective view of thelsttue ttreof the recording head -

shown in Fig. 2. - : _
contracted. As a result of this, as shown in Figs. 8 (a) to

(e), the ink within the pressure generation chamber is
compressed and is jetted out from the nozzle opening in the
form of ink droplets K. |
5. On the other hand, although the prihting sign#l-is
not applied to the sﬁitching transistors 85, 85, 85, ---
respeétively connected to piezoelectric vibrators which are in
turn connected to the nozzles that do pot have to form dots,
there is output a pulse signal P (Fig. 7) having a

10 predetermined time duration from the one-shot multivibrator 94.
As a result of this, the switching transistors 85, 85, 85, ---
are aliowed to turn on only for the time when they coincide
with the pulse signal P, so thaﬁ charging is started also on
the piezoelectric vibrators 48, 48, 48, --- that do not have to

15 perform a printing operation. If a given period of time passes
and thus the pulse signal P from the one-shot multivibrator 94
falls down, then the switching transistor 85 turns off on the
way while the drive signal is still rising, the charging is
ended at a voltage Vd down to that time. '

20 Although the voltage of the drive signal will be
applied as it is to the switching transistors_SS, 85, 85, —-—-
at and after the turn-off of the transistors, as mentidned
above, because the piezoelectric- vibrators 48, 48, 48, --- are
charged to the voltage (Vc-vd), at the most, only a difference

25 Vc-Vd between the charge voltage' Vd of the piezoelectric
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drive circuit included

F|g 4 is*a bl ock di agram of an enbodi ment of a _ ( _
in an Ink-j-et recording head used in the i nventi on: _Fig. 5is a
circuit di agram of. an enbodi ment of _a drive signal generation circuit
enpl oyed in the i nventi on; THIS SHEET HAS BEEN
' | REPLACED

vibrators 85, 85, 85, --- and the highest voltage Vc of the

drive signal is applied. For this reason, when compared with
the voltage (Vc) applied when maintaining an off condition
during the non-printing time as in the conventional device, it
S is possible to use transistors respectively having a lower
voltage-withstand rating as the switching transistors 85, 85,

85, ---.
In this manner, while being charged with the voltage
vd, at a time when the transistor 108 (Fig. 6) is turned on
10  similarly to the piezoelectric vibrator which is to form dots,
- if the electric charges of the piezoeleciric vibrator are
discharged, then the piezoelectric vibrator is extended by an
amount proportionate to the charge voltage Vc-Vd. Of course,
the degree od this extension is smaller than that of the
15 _piezoeleetric vibrator selected for printing, which causes
vibratory members forming the pressure generation chamber to

vibrate slightly.

As a result of this, the piezoelectric vibrator is

expanded in accordance with a voltage VS which is smaller than

20 a voltage given in printing. This means that the piezoelectric
vibrator cannot produce sufficient- expansion to jet out ink
droplets from the nozzle opening but can simply give siight
vibration to the ink in the pressure generation chember. This
vibration is propagated through the ink in the pressure

25 generation chamber and reaches the nozzle opening. A meniscus
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M provided adjacently.to the nozzle opening is vibrated in
parallel to the direction of jetting of the ink by a pressuie
wave propagated (see Fiés. 9(a’) to (e')), which checks the
generation of an ink film in the neighborhood of the nozzle
opening 31 in the non-printing condition. |

After then, the piezoelectric v1brator 85 belonglng
to the nozzle opening that must form dots in accordance with
the timing signal is charged and discharged with a wvoltage
sufficient to generate ink droplets, on the other hand the
piezoelectric vibrator 85 belonging to thé nozzle opening that
need not form dots is charged and discharged with a voltage vd
of an intensity not enough to jet out ink'droplets to thereby
vibrate_ the ink in the nozzle opening. That is, these
operations are executed simultaneously.

Also, the electric power that is applied to the
piezoelectric vibrator 48 in the non-printing time is in part
consumed due to the inductor loss and ohmic resistance loss df
the piezoelectric vibrator 48, wﬁich causes the piezoelectric
vibrator 48 to generate heat. This prevents the piezoelectric
vibrator 48 from being cooled due to the long rest and thus
pfevents the piezoeleétric vibrator 48 from absorbing humidity
due to a drop in temperature. The applicaﬁion of the slight
drive signal in the non-printing-time is very effective inluse
for an ink~jet recording head which must use a piezoelectric

vibrator easy to produce a so called migration phenomenon, in
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Fig. &6 is-a circuit diagram of another enbodi ment of -a drive signal control
circuit enmployed in the inven- tion; Fig. 7 is a wave formchart of the
operation of the above drive circu trmsFS}ﬂﬁaT WA BEENC (e) are respectively
expl anatory views of the states of a NMEREPCAGEIYI ven [by the above drive
circuit in a printing state; —

which silver is educed in the presence of water as in a

vibrator -const'ructed by putting a piezoelectric material and an

electrode material consisting mainly of AgPd on each other in

a sandwich manner, in én environment in which humidity is high
5 due to the vapor of the ink solvent.

Now, the transfer type ink-jet recording device used
in the present embodiment includes cleaning means which v}ipes
the nozzle openiﬂg by use of a wiper or the like in order to
solve the above-mentioned clogging of the nozzle dpening, and

10 -flushing means which discharges ink droplets forcibly every
- given time regardless of p:inting data.

Although deéending on the compositions of the ink,
the temperature and humidity of the peripheral environment and
the like, if the above-mentioned ink is used and the non-

15 printing state continues for 1 or 2 seconds, then there is
generated in the nozzle opening such as ink filﬁ\ that makes
impossible the next printing unless a flushing operation is
carried out. Also, if the non-pfinting state continues for 30
seconds, then the clogging of the nozzle opening cannot be

20 removed only by the flﬁéhing operation but there is required a
cleaning operation to remove ﬁhe clogged condition of the
nozzle opening. |

In our test, the.voltage of the drive signal was
lowered down to such a level that can vibrate slightly the

25 meniscus in the nozzle opening in the non-printing state, as
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Flgs 9 (a) to (e) are respectively expl-anatory views of the states of a
meni Scus gi.ven by the above drive circuit in a non-printing state: Fig. 10
is a graphical representation of a _relation hpfmnoi;jhe magni t ude of a

vi bration signal and a | eavabl e ti herri$SHEETLHAS BEENg) aphi cal representation
of a relation between a vibration $i gnal REBBACERat | time and the

described above, and the lowered voltage was applied to the
piezoelectric vibrators and the non-printing state continued.
In this test, as shown in Fig. 10, up to 600 seconds or so,
even if the ink droplets were not jetted out, the printing
5 quality could be kept constant. Also, even if the
piezoelectric vibrators were left in the non-driven dondition
for a time of the order of 600 to 850 seconds, a flushing
operatibn enabled a normal printing.
Also, even in a case where there was produced such
10 clogging.thatrequires a flushing operation, as shown in Fig. 11,
T .the number of ink discharge pulses to befapplied so as to
eliminate the clogging of the nozzle opening completely, that
is, the amount of consumption of ink was reduced in inverse
proportion to the vibration continuing time of the meniscus.
15 Further, eQeniﬁ.a case where there was produced such
clogging that required a cleaning operation, after a second
signal was applied to the piezoelectric vibrators for a given
period of time and thereby the meniscus'was vibrated, and if the
cleaning operation was carried out, then the clogging could be
20 removed in a short time in inverse prdportion to the meniscus
vibration continuing time when.compared with a case in which
only the cleaning operation was carried out, as shown in Fig.

12. | )

From the above tests, it is found that it is very
25 useful to apply to the piezoelectric vibrators a drive
Sheet Has Been Replaced
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amount of consunption of ink unti | jet-out recovery by neans of flushing;

Fig.” 12
si gnal

is a graphical representatpor—of—a-relation between a vibration

applicatiaqon time and the coph{THRUSHEET HA® BEENS| cl eani ng operation

required for recovery: Fig. 13 is sectBEBRAGERW of [an enbodi ment of an

i nk-j et

10

15

20

25

recordi ng head of another type to which the
‘Signal oflguch a low level as to vibrate the meniscus in the
non-printing state. _

Also, in a recording head arranged such that the
vibratory platé is puéhed by tpe above-mentioned'piezoelectric
vibrators to thereby generate ink droplets, since the pressure
-geneiation chamber corresponding tg the printing area is under
a great stress produced by the expansion and contraction of the
piezoelectric vibrators, the pressure generation chamber is
flexed locally to thereby cause the dot forﬁing position to be
shifted. However, as described above, even in the non-printing
stéte, if a slight drive signal is applied to the piezoelectric
vibrators, then there is produced a certain degree of stress in
the pressure generation chamber in the nbn-printing area as
well, which can relieve the distortion of the whole recording
head to thereby contribute to the improvement of the printing
guality.

In the above-mentioned embodimené,

the invention has been described by way of a recordin§ head of a

type to which ink is supplied from both sides of the nozzle

* opening. However, the present invention is not limited to such recording head

type and, alternatively, other types of recording head are
possible. For example, the invention can also be enforced by

an embodiment as shown in Figs 13.. In this embodiment, a
pressure generation chambexr 117 is formed by a nozzle plate

114, a spacer member 115 and a vibratory plate 116, ink is
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drive system of the invention can be appl i ed: F|g 14 is a graphical
representatlon of a voltage to be applied to a piezoelectric vibrator whi | e
it istin the non-printing state and a tine necessary for genera- tion of
cl'oggi ng of a nozzle opening, w {ITHISISHEENHAPBEENUf e of the peri pheral
“environnment as a paraneter; Fig.}15 i REPLACBRK di agram of an enbodi nent of

t he

“supplied by an ink supply pipe 118 from one side of the
pressure generation chamber 117 and the vibratory plate 116 is
‘pushed by a piezoelectric vibrator 119 to thereby generate ink
droplets. Obviously, the embodiment in Fig. 13 can also
S provide a similar effect to the above-mentioned embodiment.
Now; since the vapor pressure of the ink solvent is
subject to a change in temperature, the ink that forms a
meniscus in the neighborhood of the nozzle opening 113, as shown in
Fig@ 14, can form a film in a shorter time as the temperature
10 rises.
- ~ Fig. 15 shows an embodiment of a drive circuit which
is configured so as to cope with the above-mentioned problem.
In Fig. 15, reference numeral 120 designates a pulse width
control circuitiWhich, responsive to a signal from temperature
15 detect means 121 to detect the open;air temperature in the

neighborhood of the nozzle opening, reads out data from memory: - ..

means 124 which stores therein a relation between an ink fifaﬁ
forming capability variable according to the open-air
temperature and a vibration amplitude best suited for
20 obstructing the film formation, and sets the pulse width of the
one-shot multivibrator 94 via a CPU 123 on the basis of the read-out data.
In Fig. 15, 122 stands for analog/digital conversion means.
Accordin§ to this embediment,:for example, as shown
in Fig. 16, if there is stored in the memory means 124 a

25 relation between a film forming capability, which is caused by
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jinvenfion in which a vibration signal to be'applied'fof preVention of
clogglng is adjusted by use of the tenperature of the environment: Fig. 16
is a graphical representation of ap.exanple of data to be stored in nenory

méans used in the above enbodi ment| THIS SHEET HAS BEEN
) _ REPLACED

.an environmental temperature corresponding to the structure of
individual recording heads and the composition of ink, and the
vibration amplitude of a meniscus necessary to obstruct the
formation of the film, then data V1, V2 and V3 respectively
S representing the levels of vibration signals can be read out:
correspondingly to the external environment temperature T1l, T2

and T3 that are detected by the temperature detect means 121.

As a result of this, according to the voltage to be applied

during the non-printing period, the pulse width of the one-shot

10 multivibrator 94 can be automatically adjusted in such a manner

- that it becomes short when the temperature is low while it
becomes long when the temperature is high, to thereby vibfate

the meniscus in the non—printihg state to such a degree as to

be able to obstruct the film formation without useless

15 discharge of ink.

Now, Fig. 17 is a block diagram of another embodiment
of a drive circuit employed in the recoxrding head of | ‘the
invention. In Fig. 17, reference numeral 130 designates a
control signal generation circuit which will be described later

20 in detail. The control signal generation circuit 130 has
terminals 131 and 132 to which éfe input a printing signal and
a timing signal given from extérnal devices, respectively.
Also, it further has terminals 133, 134 and 135 from which are

output a shift clock signal, a printing signal and a latch

25 signal, respectively.
- This Sheet Has Been R laced
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Figin?xhs a block di agram of another enbodi ment of

THIS SHEET HAS BEE!j
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138, 138, 138 --- respectively designate flipflop
circuit which form a iatch circuit and also 139, 139, 139, —
respectively stand for flipflop circuits which form a shift

clock circuit. Printing signals output from the flipflop

5 circuits 139 are latched in the flipflop circuits 138 and are
then output to the switching transistors 85, 85, 85, ---,
respectively.

In'Fig. 18, there is shown an embodiment of the
above-mentioned drive control signal generation circuit 130.
10 In Fig. 18, reference numeral 140 stands for an address counter
which can-be'operated responsive to a cldck Signal from an
oscillator 141 operable in accordance with a timing signal
input to the terminal 132 to store in a memory 142 a printing
signal given by an external device and input from the terminal

15 131. |
143 designates a one-shot multivibrator which, when
the count of the address counter 140 advances by the number of
the plezoelectrlc vibrators 48, 48, 48, --- connected,.outputs'
a latch signal of a set pulse width to the terminal 135 in
20 accordance with a carry signal output from the address counter
140.. The latch signal is output to the terminal 133 and at the
same time the frequency of the latch signal is divided-by a
flipflop circuit 144 to provide-a switching signal. As shown
in Fig. 19 (IV), a printing signal stored in the memory 142 and

25 a signal gated by the switching signal for seléctihg all of the
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a drlve circuit according to the invention; Fig. 18 is a bl ock di agram

of an enbodi ment of a control signal generation circuit included in
the ° drive circuit of Fig. 17; Fig,. 19 is a wave-formchart of the
operation of the drive cir duirfiiso$HEBTGHASL BEEN Fig. 20 is a circuit

di agram of anot her enbodi nent of REREACED ve sijgnal generation circuit;

-éiezoelectric vibrators 48, 48, 48, --- connected thereto are
output alternately to the terminal 134 every cycle of the latch
signal. The printing signal output to the terminal 134 is then
ouﬁput to the flipflop circuit 139 forming the shift register

S in Fig. 17 in accordance with the shift clock siénal of ‘the
terminal 133, and is then latched by the flipflop circuit 138
connected to the flipflop circuit 139 in accordance with the
rising edge of the latéﬁ signal.

The piezoelectric vibrator to form dots, in a block

10 (which will be hereinafter referred to as a printing block A)
t_- in which printing data A is held in the flipflop circuit 138 in
Fig. 19 (IV), is given a trapezoidal drive signal in accoxdance

with a signal from the flipflop circuit 138 until the voltage
reaches a saturation voltage, similarly to the previously

15 described embodiment, so that the piezoelectric vibrator is
- expanded and contracted sufficiently to generate ink droplets.

On the other hand, the piezoelectric vibraﬁors 48,

48, 48, --- to maintain the non-printing state are respectively
given a trapezoidal voltage whose highest wvoltage _is small,

20 because in a block (which will be hereinafter referred to as a
printing block B) in which printing date B is held by the
flipflop circuit 138 in Fig. 19 (IV) the switching transistor

85 turns off from_on while the voltage of the drive signal is
rising. As a result of this, in time with the discharge of the

25 ' piezoelectric vibrator to from dots, the piezoelectric
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Fig. 21-is a wave formchart of the operation of the drive signal
-generatipn circuit of Fig. 20; Fig. 22 is a circuit diagram of another
enboedi ment .of the drive signal generatiogn.circuit; ' Fig. 23 is a
wave formchart of the operation PiHi/@HEET HASIBEEM kircuit of Fig. 22;

Fig. 24 is a block diagram of anofher exgrodCBRBNt of the drive circuit
of the invention; .

vibrators 48, 48, 48, --- set in the non-printing state also

discharge with the voltage Vc-Vd and thus they are expanded and

contracted to such a degree not to form ink droplets, which

.slightly vibrates the meniscus in the neighborhood of the

S nozzle opening to thereby prevent ink film from being formed
during the non-printing period.

Now, in Fig, 20, there is shown another embodiment of
the drive signal generation circuit. In Fig. 20, 150 stands-
for a one-shot multivibrator which outputs a pulse signal

10 having a preset pulse width in synchronization with a timing
-signal input to a terminal 81, and to whose inverted terminal
is conneéted a PNP type transistor 151. And, a capacitor 152,
which is connected in series to the transistor 151, is charged
with the voltage -VH of a power supply terminal in its initial
15 state. Therefore, if the transistor 151 is turned on; then a
transistor 154 allows a constant current Ir to flow into the
capacitor 152 so that the capacitor 152 is charged. And, the
discharge is ended at a time when the terminal voltage of the
capacitor 152 is turned to 0 volt by a diode 153 which is
20 connected in parallel to the cépacitor 152.

On the other hand, when.the one-shdt mgltivibrator
150 is inverted, then a transistor 156 is turned on, whereby
the capécitor 152 discharges until the terminal voltage thereof
feaches the power supply. terminal voltage -VH while the

25 discharge current thereof is being limited to a constant level
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Fig...25'i$ a block diagramof an enbodi nent of a - control signal

generation.circuit included in the drive circuit of Fig. 24; Fig.

26 isa wave formchart~of the operation of the drive circuit of Fig.
- 24 _ Fig. 27 is a block diagra qhuammﬂﬁbHA%ﬁ§8M|nent of a drive

circuit according to the invention;|{and REPLAECER. 28 s a wave formchart

of .the operation of 1he
by a transistor 158. These charging and discharging currents

are respectively amplified by an NPN type transistor 159 and a
PNP type transistor 160 and are then output from a terminal 86
to the piezoelectric vibrators 85, 85, 85; ———
5 ?ig; 21 shows a wave form chart obtained when the
recording head is drlven by the above-mentioned drive signal
generat;on_c;rcult. In this chart, the piezoelectric vibrators
48, 48, 48, --- foming dot_s during a period shown by a
-printing block A in III in Fig. 21, are respectively given a
10 drive signal which has an inverted polarity with respect to the_
T signal employed in the previously described -embodiment. Also,
in a non-printing period, during a period shown by a printing
block B in III in Fig. 21, a voltage so small as not to produce

ink droplets is applied to the piezoelectric vibrator to

15 thereby vibrate slightly the meniscus in the neighborhood of
the nozzle opening, 'so as to prevent the ink in the
neighborhood of the nozzle opening from forming a film. And,

a voltage Vc-vd, which is smaller than a charge voltagé vd for
vibration applied to the piezoelectric vibrators 48, 48, 48, --

20 -, is allowed to act on the switching transistors 85, 85 and 85
that are setlin the non-printing conditions. This means that

a switching transistor having a sﬁall rated Wifhstand voltage

can be used as the switching transistor 85. | |
In Fig. 22 there is shown a modified version of the

25 drive signal generétion ci:cuit'shown in Fig. 20. In the
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circuit device of Fig. 27; Now description will now be given
herei nbel aw of the details of an ink-jet printer according to the invention
by.-way of the illustrated enbodi ments thereof. In Fig. 1, there is
shown an enbodi ment of an ink- jet redorEissyEde\HASEBERN §abl e for
-application of a drive nethod accordlrg t 0 RBRLAGEDention. In Fig. 1,
reference._. .

modification, a circuit 170, which corresponds to the flipflop

circuit shown in Fig. 21, is composed of three one-shot
multivibrator 171, 172, and 173 and an AND circuit 174. 1In
this modification, if a_timing signal is input to a terminal
5 81, then there is output a pulse of a pulse width set in the
oneféhot multivibrator 17i. In accordance with the rising of
the inverted signal of the one-shot multivibrator 171, the
output and logical product (II in Fig. 23) of the one-shot
multivibrator 171 are output to the AND circuit 174.
10 _In the portion of the pulse from the one-shot
T mﬁltivibrator 171, a PNP transistor 151 turns on to charge a
capacitor 152, which is in the initialized condition charged
with a voltage -VH, with the constant current Ir that is
determined by a transistor 154. When the capacitor 152 is
15 charged up to 0 wvolt in this manner, then the charging
operation is stopped by a diode 153.

Next, when an inverted signal is output from the one-
shot multivibrator 171, then'the transistor 151 turns off.
Then,_wheh the inverted output of the one-shot multivibrator

20 172 becomes “0", then a transistor 156 turns on and thus the
capacitor 152 is allowed té discharge. That is, the capacitor
152 continues to discharge with a constant current If while it
is limited in current by a transistor 158, until it reaches the -

power supply terminal voltage -VH.
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character 1 designates a line recording head of an ink- jet type. which is
"di sposed in a drive mechanism2 in such a manner that it can be noved to a
pri;nttng posi- tion Pl,-a discharge recopery position P2, and a cap- ping
position P3. 3 stands for an ink image h ITHISjsmgw\gA§§EE§]dl sposed opposed

to the line recording head 1. REPLACED

Also, in the'portion of the signal of the one-shot
multivibrator 171 that is set by the one-shof multivibrator
173, the transistor 151 is again turned on to charge the
capacitor 152 with a ; constant current If similarly to the

5 above-mentioned case.'
Now, Fig. 24 showé another embodiment of an ink-jet

recording device according to the invention. 1In Fig. 24, 180,

180, 180, --- respectively designate OR circuits which are
connected between flipflop circuits 181, 181, 181, --- forming
10 a shift register and switching means 85, 85, 85, ---. To the

first terminals of the respective OR circuit’s 180,' 180, 180, --
- there are input all-on signals to turn on the switching
transistors 85, 85, 85, --- from a control signal generation
circuit 183 which will bé described later, while to the second
15 terminals thereof there are input signals from the flipflop
circuits 181, 181, 181, ---. And, 182, 182, 182, ---
respectively stand for flipflop circuits formingl a shift
register to which are input a shift clock from the control
signal generation circuit 183 and a printing signal. The
20 flipflop circuits 182, 182, 182, --- move the printing signal
to a given stage in synchrbﬁization with the clock signal to
thereby allow th flipflop circuits 181, 181, 181, --- to latch

the printing signal. -
In Fig. 25, there is -shown an embodiment of the

25 above-mentioned control signal generation circuit. This
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embodiment includes two memories 190 and 191 which are arranged
to operate to store and read out alternately, that is, while
one of them is storing a printing signal from a host device,
the other is outputting a printing signal. In Fig. 25, 192
designates an address counter which can be operated in
acqordance with a clock signal from an oscillator 193 operable
by a timing signal input to the terminal 81 to allow the
selected one of the memories 190, 191 to store therein a
pfinting signal given by an external deﬁice and input from the
terminal 81. 195 stands for a one-shot vibrator which outputs
to a terminal 136 a latch signal of a pul'se width set by a
carry signal output from an address counter 140 when the count
thereof corresponding to the number of the piezoelectric
vibrators connected is eﬁded.

The latch signal is frequency divided by a flipflop
circuit 196 to provide a switch signal, by which the printing
signals respectively stored in the memories 190 and 191 are
output alternately to the terminal 135. The printing signal
output to the terminal 135 is input to the flipflop circuit 182
forming a shift register shown in Fig. 24 in accordance with
the shift clock of the termihal 133. And, the printing signal
shifted to a given flipflop 182 is hgld by the flipflop circuit
181 connected to the given flipflop circuit 182, in accordance

with the rising edge of the latch signal.
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5-fqrmed*of a suitable material such as si licone rubber or the Iike mhich
prevents ink fromrunning on the sur- face of a drum4 drivable at a

constrant

excel -

pressure roller 7

10

15

20

25

rotation speed-by a drive nechanjsm . (not wn) and al so which is

lent in transferring ink to}rBusrSHERY HASREEN (X course, it is
‘applicable to enploy a belt instead of aRERLAGERs thelink i mage hol d neans.
At ..a position opposed to the ink inmage hold drum 3. there is arranged a

197 designaf.és a one-shot multivibrator which is
started in accordance with the rising of the létch signal from
the one-shot multivibrator 195 and generates a pulse signal to
charge the piezoelectric vibrator up to a voltage enough to
vibrate the meniscus. The signal is input to the OR circuit in
a drive circuit shown in Fig. 24 and is then applied to the
switching transistors 85, 85, 85, ---~ respectively connected to
the piezoelectric vibrators 48, 48, 48, --- that are set in the
non-printing conditionsf | |
According to the present embodiment, it is not only

possibie to reduce the voltage withstand property required by
the switching transistors 85, 85, 85, --—, but  also, with
respect to the embodiments respectively shown in Figs. 17 and
24, it 1is possible  to enhance the transfer speed of the
printing signél té be transferred from the control signal
generation circuit 183 to the flipflop circuit 181.

| Referring now to Fig. 27, there is shown a still
further embodiment of an~ink-je£ recording device according to
the invention. In Fig. 27, reference numeral 200 stands for a
first driw;;e signal generation circuit which has a similai' _
structure to that shown in Fig. 20, and 201 designates a second
drive signal generation'qircuit_which has a similar structuie
to that shown in Fig. 6 and is- arranged to output a signal
having a different phase from that of the first drive signal

generation circuit 200. . 203, 203, 203, --- respectiﬁely stand
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‘which.is Used to press the recording paper sent out froma cassette 6
agarnst the ink image hold drum 3. The pressure roller 7 is supported by an
eccentric shaft 8_in suclr a manner that ki mage i s being
formed, it steps asi de upwar dl y and; § 555 dge i s being
transferred It noves down to cone i kup roller 10 which
transnits_lhe pressure of a spring

for isolators each of which is capable of outputting an-analog

signal, such as a photo-coupler or the like. The isolators 203
are connected between the control signal generation circuit 183
and the switching transistors-BS 85, 85, --~ and are arranged
s to output to the swltchlng transistors 85, 85, 85, --~- signals
corresponding to the wave forms of the second drive signal
generation circuit 201 in accordance with the instruction
signals input form the control signal generation circuit 183.
In the present embodiment, the instruction signals
10 from the control signal generation circuit 183 are respectively
input to the isoclators 203, 203, 203, --< , the potentials
thereof are changed in accordance with the signals input
therein from the second drive signal generation circuit 201,
and are then output to the gates of the switching transistors
15 85, respectively. And, the signals from the second drive
signal generation circuit 201 are also input to the source
terminals of the switching transistors 85. Thus, the same
signals as the printing signals are applied between the gates

and sources of fhe switching transistors 95, 85, 85, ---.
20 In the printing state,. a voltage obtained by
subtracting the first drive signal form the second drive signal
is applied_to the piezoelectric vibrators 48, 48;.48, -—— and,

in the non-printing state, since-the switching transistors 85,

85, 85, ~-- are turned off at the time when the first drive

25 signal is generated, only the second drive signal is applied.
S
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"Al'so,.in"the periphery of the ink image hold drum 3. there are disposed a
drum cl eaper 11 which is used to renove the residual ink, a heater 12 used
to facilitate drying of-the ink inmage, a separati.on nechanism 13 for
separating the recording paper f[Ggé baeEr uas $8ERace, and the |ike.

‘Ref erence character 15 designate$ a clgspniaGBDnenbel which, when the
recordi ng..head 1 steps aside

As a result of this, in the non-printing state as well, a

slight voltage is applied to the piezoelectric vibrators 48,
48,.48, --- to thereby be able to vibrate the meniscus in the
neighborhood of the nozzle opening.

5 In the present embodiment as well, similarly to the
previously described embodiments, it is possible to reduce the
voltage withstand level.

In the above-mentioned embodiments, description has

_béen given of a case in which the N-channel enhancement MOS

10 transistor is used as the switching transistor. . However, the

. invention is not limited to this, but a similar action can be

provided even if other types of solid switching elements are
used.

As has been described heretofore, according to the

15 invention, there is provided an ink-jet type recording device

which comprises an ink-jet recording head iﬁcluding a pressure

generation chamber formed by a nozzle plate having therein a

nozzle opening and by a vibratory plate deformable due to the

expansion and contraction of a piezoelectric wvibrator, drive

20 signal generation'means_for geherating a trapezoidal drive

signal in synchronization with a timing signal applied from an

external device, switching means for outputting a drive signal

to the piezoelectric vibrator in accordance with a printing

éignal applied from an external device, and control signal

25 generation means for generating a pulse signal to turn on the
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to the position P2, is driven to clean the nozzle opening surface by nmeans
of a wiper. 16 to thereby allow the dis- charge recovery operation to be
perfofned. And, 17 stands for a sealing nmechanismwhich, when the recording
head 1 steps aside to the position [P3uisi SHRBTI HABEEN done into resilient
.contact with the front sur- face of| t he RepaCEINg hedd 1 by use of a

seal ing nenber 18 farned of rubber Oor Thée T1ke, thereby sealing the noz-

switching means to theiehy output part of the drive signal to
the piezoelectric vibrator in synchronization with the timing
~signal. According to this structure, paft of the drive signal
is applied also to a piezoelectric vibrator belonging to such
5 a nozzle opening as does not jet out ink droplets, and such
piezoelecfric vibrator is thus expanded and contracted to such
a degree that does not generate ink droplets, thereby'vibrating
a meniscus in the nozzle opening. This can prevent formation
of an ink film due to evaporation of ink solvent to thereby

10 prevent the clogging of a nozzle opening as much as possible, and can further
prevent absorption of humidity from the peripheral environments
because the piezoelectric vibrator generates heat.even in the
non-printing state, and can minimize a difference between
stresses in a pressure generation chambef in a printing state
15 and a pressure generation chamber in a non-printing state to

thereby improve the quality of the printed image.

Also, dué to the féct that a voltage used to vibrate
‘the meniscus in the neighborhood of the nozzle opening is
controlled by adjusting a time when the 'drive signal is
.20 applied, when compared with a case.in which such voltage is
dampened by use of a resistance, the loss of energy can be
minimized and it is possible to use a drive signal generation
circuit whose output is small.- Further, since part of the
drive signal to be applied to the switching means connected to

25 the piezoelectric vibrator in the non-printing state is used to
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'zt e openi ng. In Figs. 2 and 3 there is shown an enbodi ment of t he
above-nentioned recording head 1. In these figures, reference character 30
designates a nozzl.e plate which includes therein about 2,000 nozzle

openings 31. 31 -- - respectively arranged or shifted linearly or
vertically in THIS SHEET HAS BEEN
- - - REPLACED

charge the piezoelectric vibrator, it is possible to reduce
the level of a voltage to be applied to the switching means,
which in turn makes it possible to use switching means which
has a low rated voltage withstand property. _

.In general, disclosed is an ink-jet type recording device
comprising a drive signal generation circuit for generating a
trapezoidal drive signal in synchronization with a timing
signal applied from an external device, switching transistors
respectively for outputting a drive signal to piezoelectric
vibrators in accordance with a printing signal applied from an
external device, and control signal generation means for
generating a pulse signal to turn on the switching transistors

- so that- part of the drive signal being output to the
piezoelectric vibrators respectively set in non-printing
condition in synchronization with a timing signal. Part of
the drive signal is applied to the piezoelectric vibrators
belonging to the nozzle openings that do not jet out ink
droplets in accordance with the pulse signal, so that menisci
in the nozzle openings can be vibrated slightly, respectively.
As a result of this, ink existing in a pressure generation
chamber and ink existing in the neighborhood of the nozzle
opening are mixed together and thus solvent is supplemented to
the ink existing in the neighborhood of the nozzle opening,
-thereby preventing formation of an ink film due to evaporation
of the solvent. Also, even in the non-printing period the
piezoelectric vibrators respectively 'generate heat to thereby
prevent absorption. of humidity from the peripheral environment.
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-7- a zi gzag.- manner, so that the openings can cover the

*
-

. o [ THIS SHEET HAS BEEN
REPLACED

~ This Sheet Has Been Replaced

1. An ink-jet type recording device comprisings

an ink-jet recording head (1) including a pressure chamber
(34) defined between a nozzle plate (30) having a nozzle
opening (31) formed therein and a vibratory plate
deformable in accordance with an expansion and a

contraction of a piezoelectric vibrator (48);

drive signal generation means (84) for generating a drive

signal in synchronization with a timing signal;

switching means (85) for outputting said drive signal to
said piezoelectric vibrator (48) responsive'to a printing

| signal; and,

control signal generation means (80) for generating a pulse
signal to turn on said switching means (85) so that part of
said drive signal can be output in synchronization with
said timing signal to said piezoelectric wvibrator (48) for
which a non-printing state is selected.

2. An ink—jet tybe rebording device as claimed in claim 1,

wherein said drive signal generation means (84) includes:
a circuit for charging and'discharging a capacitor t152),

wherein said capacitor (152) has a trapezoidal waveform
including an area rising at a given gradient, an area for
keeping a given voltage and an area dropping at a given -

gradient.

T
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area .of the width of the recording papér havi ng a maxi - 'r"rum Si ze.

NternWe used a recording head in which a plurality of
nozzles for J,,qg 1408 nozzles are arrange itch of a plurality of
dots, fdm nt erval s of | THIOSBEEMHASBEENNE direction, and the
recordl ng %ﬁ\\mm by 1 dot ephch tiRRPLAGEDI nk ijmage hold drumis
rot.ated- | that i mages corresponding to 1 page can be forned
by rotat - _ .

3. An ink-jet type recording device as claimed in claim 1 or
2, wherein said pulse signal has a pulse width which
provides such a degree of drive voltage that prevents ink
droplets from being expelled from said nozzle opening (31)
but causes a meniscus (M) in the vicinity of said nozzle
opening (31) to vibrate.

4. An ink-jet type recording device as claimed in one of the
preceding claims wherein said pulse signal has a pulse
width which can be adjusted in accordance with a signal
generated from a pulse width control circuit (120) for
detecting the temperature of a periphery of said recording

i} head.

5. An ink-jet type recording device as claimed in claim 4,
wherein said pulse width control circuit (120) includes:

temperature detecting means (121) for detectihg said

periphery of said recording head; and

‘memory means (124) for storing a relation between an ink
film forming capability variable in accordance with an open

- air +temperature and. a vibration amplitude suited for
obstructing a formation of said ink £ilm;

wherein said pulse width control circuit (120) sets said
pulse width on the basis of an output of said temperature
detecting means (121) and said relation stored in said

memory means.

6. An ink-jet type recording head as claimed in one of the
preceding claims wherein said switching means (85) is an N
channel enhancement MOS transistor.
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in'g .he ink image hold drum for exanple, 5 tines. Ref-erence nuneral 33
stands for a spacer that includes therein through bores - ; -
defini ng pressure generation chanbers 34. 34, 34, -- thfﬁg re.arranged at

regular intervals in the horizontal direction when the spagge: Repgcadhe
printer. 37 designates a vibrat qrymRlsaERT HN! mber wﬁi “ |
thin portion 38 in a portion thgreof ﬁﬂé&§%§%%§§$§ press

7. An ink-jet type recording head as.claimed in one of the
preceding claims, wherein said piezoelectric vibrator (48)
is formed by laminating a piezoelectric material and an
electrode material on each other.

8. An ink-jet type recording device comprising:

an ink-jet recording head (1) including a pressure
generation chamber (34) defined between a nozzle plate (30)
having a nozzle opening (31) formed therein and a vibratory
plate deformable in accordance with an expansion and a
contraction of a piezoelectric vibrator (48);

an ink image hold means (3) for receiving ink droplets from

said recording head (1);

a pressure roller (7) for pressing recording paper against
- said ink image hold means (3);

drive signal generation means (84) for generating a drive
signal in synchronization with a timing signal;

switching means (85) for outputting said drive signal to
said piezoelectric vibrator (48) responsive to a printing

signal and,

control signal generation means (80) for génerating a pulse
signal to turn on said switching means (85) so that part of
said drive signal can be'output in synchronization with a
timing signal to said piezoelectric vibrator (48) for which

a non-printing state is selected.

* c L M s *
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'genepatlon chanber 34 and, in the portlons t her eof respéctiVer opposed to
i nk supply paths 46, 47 to be describedlater, elongated rectangul ar '
t hr ouigh bores 39,. 40 such that they hold the thin portion 38 between them

Ref erence nuneral 42 stand for ar*Egg BF o pat h form ng member whi ch
“fincludes, in the area thereof OpRo igi I@% tTrn portions 38, 38, 38,.38
-.of . - .

ABSTRACT

Disclosed is an ink-jet type recording device comprising a
drive signal = generation circuit (84) for generating
trapezoidal drive signal in synchronization with a timing
signal applied from an external device, switching transistors
(85) respectively for outputting a drive signal to
piezoelectric vibrators (48) in accordance with a printing
signal applied form an external device, and control signal
generation means (80) for generating a pulse signal to turn on
the switching transistors (85) so that part of the drive
signal being output to the piezoelectric vibrators (48)
respectively set in non-printing condition in synchrohization.
with a timing signal. Part of the drive signal is applied to
the piezoelectric vibrators (48) belonging to the nozzle
openings that do not jet out ink droplets in accordance with
the pulse signal, so that menisci in the nozzle openings can
be vibrated slightly, respectively. As a result of this, ink
existing in a pressure generation chamber and ink existing in
the neighborhood of the nozzle opening are mixed together and
thus solvent is supplemented to the ink existing in the
neighborhood of the nozzle opening, thereby preventing
formation of an ink film due to evaporation of the solvent.
Also, even in the non-printing period the piezoelectric
vibrators respectively generate heat to thereby prevent
absorption of humidity from the peripheral environment.
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_ . . 2
*br at or | ate form ng nenber 37, a vibrator unit through bore 4
Eﬂfoxlﬁ 3h|c% ?he pi ezoel ect+ic V|bra- tors 48, 48, s#8ko- epsb éOKPEhi&gPﬁs
uni.t 50 extends and, in the portion thereof opposedyb@ EbeappkicdpR Mlp
46, 47, el ongat ed grooves 44, 45. Ref er ence nUﬁ§ﬁ3|fﬂ§eFEQQ§§?LF§ y
designate pi e- zoelectric V|brators each of which is formed of an elec-

trode and-a piezoelectric vibratory naperial in a

. /
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sandw ch manner so as to be able to generate vibra- tions in a’longitudinal
vibration*node with a drive volt- age as | ow as possible. The sanme nunber

of . plezoelectrlc vibrators 48, 48, 48 --- as that of the nozzle opggni
31, 31, 31. --- are fixed onto a base 49, thereby serV|ng as a vi /?(n
unit The Ieadlng ends of

Fiq. 2
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-8-"the piezoelectric vibratofs 48, 48, 48, --- are inserted 3/ |
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through the vibratorunit thfolgh bores 4p-fesrfed-in th
t1HIS AHBET HAS IBeaNi
the REPBAGERry pl

~formng nmenber 42 with no_contact therew

e_ink supply path
hg ends are f¢&

Mefmmngm

to.the thin por- tions 38, 38, 38, --- 0

reference character 51 stands for a posi ti oni ng

ber 37. In Fig. 3,
proj ecticon which is provided on the base 49 and al so which is projected out
fromthe vibration ynit through bore 43 of the |nk supply path form ng

menber FJ_4 drive $3§ +
Vs jd.e;aToo gireet:
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42 te-secure the posi tioni ng accuracy of the respective conponents in

cooperation with positioning holes 52, 53 and 54.

usi ng the above- nentloﬁ.'e “tgans- fer mg%ﬂggﬁx-msmn

i nk sol vents included I nqdots forned ijn eRrEfiademRge

as to inprove image transferability t o—the—TeTUTUINg P
has- for exanple, the follow ng :

aper.

A recording heas
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‘wat ef- f 69 Wt % Referring again to Fig. 1. the ink'i—%
sent out fromink supply-neans 20 through a tube 71 to the recording h a21

and, at the same tine, while it is [COLICGHRT A BEEN
' REPLACED
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t ube %3 |nto the ink su p—l-msrmg@%ggm tnk is supplled to the pressure /

gener ation®chanber snmootihly. gpepLA¥®m in Fig, eaeuﬁ Tohowm ¥Boo Secoad s
enbodi mant of a drive citvecort—wrTtiTrTs US i n the abo nti omed i_nk-
eaum e Tn 2 Secoock‘
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generation circuit which

emvircnment 'Em‘préﬂ?xre.iSDC

ref erence character

80 sténdsfor a 9/

THIS SHEET HAS BEEN
- REPLACED

\veltege 5V _
non-vipralion Sjnal

‘ pressare o.m_\kj/wz

j et «wrecordi-ng device. in Fig™ 4.
commtrol signal
F:&.IZ
1m -
. Vibratien
Ll 80 -
Q
o 4
N
~w 80 -

CL‘(M :‘c7 7%;/;;1 .
&
1

opply vibration<: am/ in Qsecond &
befere t’ean-r'-

F

in SSECOY'G’

arrly " bm‘r ™ SJMI bej;fe_ c‘&n:nv_

in [03secw

. J‘Pf)[/ v [”dre" s " b&fo’e. c,ﬂe- -

TLrVYIe}

100

Ty 98 i
1000 {0000
i{sec) .
‘.
Leaving Timg

Thls Sheet Has Been Repl

HIIIIH Wi~



i ncl ddes an input terminal 81 for receiving a tining sig- nal froman

external device. an. inpuyt_termnal 82 for receiving an-instruction si gna‘ O
to. nstruct printiing or non- printing, and an output terminal 83 for

supplying a drive si gnalF‘t g\n tching transistors 85. 85, 85. --- which 2.([,
w || be described |ater. * St andsp+ BT H&s peERal genera- tion circuit
whi-ch is arranged to-generate a tr aﬂ‘ﬁ}%%%“égbve sipnal to operate the ,

pi ezoel ectric vibrator 48 in : - .
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a_c-oordance W|th a timng signal froman external device. - Refer
nunmeral 85 designates a switching tran- sistor which, in the prese %
enbddi.orent i s conposed of an enhance eSS transi stor which t L"
of f when the gate YPJ \ an instruc- tion signal

- fromthe control S|gr%1 : M-8 tput to the Patethereof .
the switchi ngydesapsi stor 85 apk a drive signal generate@ e the drive
si gnal gen- -—e- :m_.u_/( (40%)

) ,Il”e-
- —*
P A {
&
H ¥ 3 LR ] T
- 4 5 8 .10
Vibefzon sgjml Ofpi/mj uc{fade cv)
‘ l:‘ﬁ. IS . : |
- 91 o1 gnstier drive Sl'an'i
~ ' '
s - -
(%———-O. M, V N
_/
8.1 .
) g4
986
_ Q5.
82 o2 /\]
E D"/ R 0. M, V|-
120
A > CPU
VA Y SNV S
A 121 4122 123 /124 i
/ b
/ \aral—o ik ( memory means
IV e X s 4 ..
/Tcrr\ ralare. V{__j . _ /
oct means (ovweS-cnipaans

Sheet Has Been Replaced

||II\|\\ ] \ll\



erati®en circuit 85 to the pieZoel ectric vibrator 48 to t her eby cause the
pi ezoel ectric vibrators 48, 48 48, to be shifted to such a degree that ink

dropl ets can be generated, or in the non-printing state uses the dri ?
signal to cause the Vibrators to produce-sH-ght—vi-brati+-0ry to such a dEYr ge
fhat ink droplets will not be generated.} THIS SYEET HAS BEEN |5 there is céu({_
an -enbodi ment of t he-above- nent oned contleal sRERACE naratli on circuit 80.
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'Fig...5. teference character 99 designates a one-shot multivibrator |ch
converts a timng signal input fromthe termnal 81 into a pul se SI

a given width, 91 stands-for an AND ci rcui t which outputs the |ogi caI Q
ucts of a S|gnal fromthe one-shot mult T HEST BAS BREN g0 i nstruction
signal fromthe termnal 82. 92 points jout apebiW&id er Wlich inverts an

I nstruction signal, and PB. eﬁf’esents ar—ANB-e+-etHt—mhite€h -out put s t he
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And 94 deS|gnates another one-shot nul tivibrator
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-10s, whi ch - out puts a S|gnaT of agive wdth responsive to a mgr%
the AND.«circuit 93j=Si | s of the ANDTHIS SHEET BA9BEEMA one- shot
mul tivibrator 94 a 39 ut t hrough . REPLACED
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an ‘OR circuit 95 fromthe terwinal 83 as a control signal. In the control

si-gnal generatlon circuit 80, there are pre- pared the thus arranged ’b

citcui'ts. the nunherf (re-_-—vm ds equal to that of the nozzle openings. 2
h

Referri ng now to Fig. s showmn an enb pf t he L/»
above-nentioned drive si %al generatio -mlgsHEETaAS BEENFE g. 6 reference
character .100 desi gnates a one-shot muliti vi bRERLACERhi ch ¢tonverts a tinmng .

si gnal
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. h . N .
froman externa
outputs a p03|t|ve
thg timng signal.
connected t he base of

an NPN type tranS|stor
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age ~()/H: VBE102) obtai ned by- subtracti ng a vol tage between the base and

transistor 108, whereb® at a time whdo theREPIAGER signdl is switched.

emtter of the transgstor 8 fromsu vc.tmm M, To the ot h?
ternihal of the one-ga tivibrator —{% SHEET HAScBERM |an NPN type gL/_

transis- tor 102 turns off and the transistor 108 in turn turns on to

di scharge.t he capracr-t-or--ieﬁ--vm--t--h--a--eeﬁs-t AR - GLbk ok @43 eeetfoesy

o1
Pl
ol

81

~N
el

%_' ] 174 n_'7°

VH

‘MA’_% | tsjs :F( _Kkizz

< 152
Sy
P
3

"This Sheet Has Been Replaced




‘u_n;ii électric charges charged in the capacitor, ach a voI E108
‘betwieen the base and emitter of the ﬁﬁ?sssﬁEmTHAQSEEN Referen
104,105 designate further transistor tREPLACEDE si gnal gener atl

circuit 84. R:@t =P words, wheni-ttebaseremiTTer vol t age of the
transistor 102 is e&Xpressed as VBE102  and. the resistance val ue of a
resi stance 106 is expressed as , >
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t-hen thé charging current I'r_can be. expressed as fol- | ows:
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Al s0, ‘when the capacity of the capacitor 103 is expressed as CO t

' risetine Tr of the charging
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Tr = COx (VH -

vol t age can be expressed as foll ows:

VBE102) Cne t he ot her hand, when the base-emtter veltage of

transi d? ihﬁ expressed ag YBE10O8 and the resistance vé?ue of the e///
resi-stance 7 ekpressed a 'FH, tlhen thk dischaqging cuﬁg nt If of th EZ?L
drive signal can ’/f
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" bg expressed as foll ows:

- 1f = vERIOB R %53 he fall
. tire Tf, can be expressed as fol | ows: . _ T =
-VBE108)/ i f
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' (THe-transistors base-emitter voltage is normally of the order of 0.7 vol

and [s+so small. that it can be neglected when conpared with the supgl

vol tage of 30 volts and' for this,

base- _emtter Vﬂl‘_;
this, the term

vvaveformvx/m ch |nﬁ3udes an area rising at a given gradient.

ar ea

av

ge

wvd

be expr etﬂlécSP@@TG‘lAﬁoBfﬁFé\‘ ;

of the |capacREPEAFEDIO3 pr

> ~
= ;

7:L‘/// a9 Sj’ﬂ/

\

I

Ve -V

Sowrce ~rain (/o/]:a)o_ oj Jm;tc/;y 75—0»-‘?': Z}

>

A < ™~
NG .e_-. g

3 Ve %

g A

3 X -3

-~ < >

‘3 ’ s ~

= = >

i

PR
A

A°
—~—

>
o

Ve—-Vi

/

| owi ng descri ptTory,

As a result d¢f

ovi des a trapezoi dal

a saturation

a'/'or ferm mq/

vibr
%(/Z/e

eZo e/ec,'/r,' d

p

S

¥



L

keeping a given value, and an area falling at a given gra- dient The
\flern1nal voktage is current anplified by transis- tors 109, 110 and is then

' output as a drive signal froma termnal 86 to th(Rﬁgﬁg@Emﬁ%ﬁ. =zgel ectric
- b bf t he

i

vi brators 48. 48, 48. - Next, description w
opera- tion to be perfornmed when the piedoelectri¢ yibrators
_THIS SHEET HAS BEEN 27 SEP 1996
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INK-JET TYPE RECORDING DEVICE .
. “This Sheet Has Been Replaced

The present invention relates to an ink jet type recording

device.

An ink jet recording head of an on-demand.type.includes
a plurality of nozzle openings and a. plurality of pressure
generation chambers respecﬁifely in communication with the
nozzle openings, and is arranged such that, responsive to a
printing signal, it expands or contracts the préssure
generation chambers to generate ink'droplets. |
When the ink droplets attach to a recording medium,
they can run on it according to the quality thereof or they can
be in touch with other membersto get rubbed. TFor this reason,
the ink dropléﬁs are prepared such that the solvent will
evaporate to solidify the ihk as soon as possible. Due to
this, when a printing operation is interrupted or in the casé
of a nozzle opening through which the ink droplets are not
frequently discharged, the éolfent_will evaporate to thereby
cause the nozzle opening to be clogged with the ink.
To solve such a problem, when the printing operation is

to be stopped for relatively many hours, it is necessary to



are driven by use of the above-nentioned drive signal generation circuit.
I§ a timng signal is input fromthe control signal gen- eration circuit,
then the drive signal generation circuit turns on~and.off the transjstors

102, 108 to output a REPLACENE%HTSHEET

THIS SHEET HAS BEEN |
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 mount a cap onto the nozzle opening to thereby prevent the ink

solvent from evaporating. Howéver, even during the printing
operation, all of the nozzle openings do not generate the ink.
droplets equally and, according to the positions where the
nozzle openings are arranged, there can exist some nozzle
openings where the'frequency of ink jet is very low.

To solve such a problem, there has been proposed amethod in
which, when a printing operation has been performed
continuously for a given time, a recording head is stepped
aside into a non-printing area and then ink droplets are
forcibly jetted out from all of the nozzle openings. However,
this method requires interrﬁption of the printing operation,
which results in a lowered printing speed.

To solve this problem, there was also proposed a
clogging preventive technique in which a print signal is
applied through a current limit.resistance to a piezoelectric
vibrator disposed in a pressure generation chamber in
communication with a nozzle _opening. through which no ink
droplet will be generated during the printing operation,
thereby vibrating slightly ‘a meniscus in the neighborhood of
the nozzle opening (see Unexamined Japanese Patent Publiéation
No. Sho. 55-123476, Unexamined Japanese Patent Publication No.
Sho. 57-61576, USP 4350989).

According to tﬁe cldgging preventive technique, because

there is eliminated the need to interrupt the printing

" This Sheet Has Been Replaced ' -




- 12 - drive stghral—ef—atrapezotdal voltage waveform On the other hand,

the transistor §§ counechesthidathe piezoe-
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operation, the clogg_ing of the nozzle opening can be prevented
without lowering the printing speed. However, to change the
- amplitude for the slight vibration, a supply voltage, a
resistance value and the like must be adjusted, so that a
circuit configuration becomes complicated. '

It is therefore the object of the present invention to

overcome the drawbacks of the known recording devices. This
object is solved by the ink jet type recording device of
independent claims 1 and §. Further advantagec_ms features

aspects and details of the ink jet type recording device of
the present invention are evident from the dependent claims,
the description and the drawings. The claims are to be
understood as a first non'-limiting épproa‘ch to define the
invention in general terms. '

Especially, the present invention relates to an ink-jet

printer of an on-demand type and, more particularly, to a
technique to prevent a recording head from being clogged.
_ According to an aspect, the invention provides a new ink
jet printer which makes use of the function of an existing
drive circuit to be able to generate a vibration signal for
prevention of clogging. _

According to the invention, there is provided an ink jet
printer which comprises an ink-jet recording head including a
Pressure generation chamber including a nozzle plate having a
nozzle opening and a vibratory plate deformable due to the
expansion or contraction of a piezoelectric vibrator, drive
signal generation means for generating a trapezbidal drive
signal in synchronization with a timing signal applied .
externally, switching means for outputting the drive signal to
the piezoelectric vibrator responsive to a printing signal
applied externally, and control signal generation means. for.
generating a pulse signal to turn on the switching means to
thereby output part of the drive signal in synchronization with



<

lectric vibrator 48 for printing is charged in accordance with the drive

because the transistor 85 is turned on by the control signal

si gnal,

eneration circuit 80. The control signal gengration 31 on
9ece|pt of a printing signal froman exterpal devi|REP Aﬁiﬁﬂﬂtf idnal to
the switching transistor 85 connected to.the piezdel[ectric vibratqrg 48,
48, 48, --, which Arm@is SHEET AAK@3RRC] i vel y connectied t 9 A §eprogg ! 4s |t o be
printed, REPLACED

a timing signal to the piezoelectric vibrator for which a non-
print condition is selected.
Responsive to the pﬁlse signal, part of the drive

signal is applied to a piezoelectric vibrator belonging to a

'nozzle.opening which does not jet out ink droplets, thereby

causing a meniscus in the nozzle opening to vibrate. Aas a
result of this, ink existing in the pressure generation chamber
and ink existing .in the neighborhéod of the nozzle opening are
mixed together to thereby be able to supplement the ink in the
neighborhood of the nozzle opening with solvent, which prevents
film formation due to the evaporation of the solvent.
Further, the pieéoélectriC'vib;ator generates heat even
in the non-printing condition, which prevents absorption of

humidity from the peripheral environment.

Fig. 1l is a general view of én embodiment of an ink-jet
type reéording device according to the inventiqn;

Fig. 2 is a section view of an embodiment of an ink-jet
recording head employed in the invention;

Fig. 3 is an exploded perspective view of the structure
of the recording head shown in Fig. 2.

Fig. 4 is a block diagram of an embodiment of a drive
circuit included in an ink-jet recording head used in the

invention;
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thereby turning on the transistor 85. As a result of this,
having the trapezoi dal

“wavef orm gener -

circuit 84 is allowed to flow into the piezoel ec
t he piezoelectric vibrator 48 with a given curre

pi ezoel ectric vj

brators 48 48
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Fig. 5 is a circuit diagram of an embodiment of a drive
signal genefation circuit employed in thé invention;

Fig. 6 is a circuit diagram of ancther embodiment of a drive
signal control circuit employed in the invention;

Fig. 7 is a wave form chart of the operation of the
above drive circuit; | |

Figs. 8 (a) to (e) are respecﬁively éxpianatory views
of the states of a meniscus given by the above drive circuit in
a printing state;

Figs. 9 (a) to (e) are respectively explanatory views
of the states of a meniscus given by the above drive circuit in
a non-printing state;

Fig. 10 is a graphical.représentation of a rélation
between the magnitude of a vibration signal and'a leavable
time; | o

Fig. 11 is a graphical repreéentation of a relatioﬁ
between a vibration signal application time and the amoﬁnt of
consumption of ink until jet-out iecovery by means of flushing;

Fig. 12 is a graphical_representation of a relation
between a vibration signal application time and the continuing
time of a cleaning operation required for recovery}

Fig. 13 is a section view of an embodiment of an ink-
jet recording head of another type to which the drive system of

the invention can be applied;
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And, if a given period of time has passed, then the transistor 108 turns on
~and the capacitor 103 is dis- charged, as described above. Responsive to
this, the piezoelectric vibrators 48, 48, 48, -- _also diqrharap their

charges and thus they expand and in turn the preéﬂﬁﬁt S% chanber
is contracted. As a result of this, as shBwn in —8—ar—t+o6—e)]. the ink

within the pr .s.s.l.l.r_e_g-ene-ﬁa%-'r-e-n—-q;hanber. IS conprep edzangbs'qbgt-

THIS SHEET HAS BEEN
REPLACED

Fig. 14 is a graphical representation of a voltage to
be applied to a piezoelecﬁric vibrator while it is in the non-
printing state and a time necessary for generation of clogging
of a nozzle opening, with the temperature of the peripheral
environment as a parameter; _

Fig. 15 is a block diagram of an embodiment of the
invention in which a vibration signal to be applied for
prevention of clogging is adjusted by use of the temperature of
the environment; | .

Fig. 16 is a gﬁaphical representation of an example of
data to be stored in memory means used in the'above'eﬁbodiment;

Fig. 17 is a block diagram of another embodiment of a
drive circuit according to the invention;

Fi'g. 18 is a block diagram of an embodiment of a
control'signal generation circuit included in the drive
circuit of Fig. 17;. |

Fig. 19 is a wave form chart of the operation of.the

drive circuit of Fig. 17;

Fig. 20 is a circuit diagram of another embodiment of
the drive signal generation circuit;

Fig. 21 is a'wave form chart of the operation of the

drive signal generation circuit of Fig. 20; | |

Fig. 22 is a circuit diagram of another embodiment of

the drive signal generation circuit;

_/ '
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ted out fromthe nozzle opening in the formof ink drop- lets K On the

of her hand, although the printing signal is not apphp Ehi ng
.transistors 85, 85, 85, --- respectively connecte F&CE@EWQE“
vibrators which are in turn connected to the nozzfes that do not haje to

formdots, there signal P (Fig.|7] 1Z20-SEM99%
predet erm ned ti fel HASBEEGHASIREEN he one- shot -
REPLACED

Fig. 23 is a wave form chart of the operation of the

.<

Y
»

drive circuit of Fig. 22;

Fig. 24 is a block diagram of another embodiment of the
drive circuit of the invention;

Fig. 25 is a block diagram of an embodiment of a
control signal generation circuit included in the drive
-circuit of Fig. 24;

Fig. 26 is a wave form chart of the operation of the

drive circuit of Fig. 24; -

Fig. 27 is a block diagram of another embodiment of a
drive circuit according to the invention; and

Fig. 28 is a wave form chart of the operation of the

circuit device of Fig. 27;

Now, description will now be given hereinbelow of the
details of an ink-jet printer according to the invention by way
of the illustrated embodiments thereof.

In Fig. l,.there is shown an embodiment of an ink-jet
recording device suitable for application of a dfive_method
according to the invention. 1In Fig. 1, reference character 1
designates a line recording head of an ink-jet type, which is
disposed in a drive mechanism 2 in such a manner that it can be
moved to a printing position Pl, a discharge recovery position

P2, and a capping position P3. 3 stands for an ink image hold

This Sheet Has Been Replaced
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mul tivibrator 94. As a result of this, the switching transis- tors 85, 85,

85, --are allowed to turn on only for the time V L&mg i ? with the
pul se signal P. so that charging is started al sqg™gn =LeCldric
vi brators 48, 48, 48, --- that do not have to pqrflorma l;aﬁ% n
' THIS SHEET HAS BEEN 8 275
REPLACED

drum which is disposed opposed to the line recording head 1.
And, the ink image hold .drum 3 covers an ink hold layer 5
formed of a suitable material such as silicone rubber or the
like which prevents ink from running on the surface of a drum
4 drivable at a constant rotation speed by a drive mechanism
(not shown) and also which is excellent in tran#fe:ring ink to
recording paper. Of course, it is applicable to employ a
belt instead of a grum 2as the ink image hold means. At a
position opposed to the ink image hold drum 3, there is
arranged a pressure roller 7 which is used to press the
re¢ording paper sent out from a cassette 6 against the ink
image hold drum 3. The pressure roller 7 is supported by an
'eccentric shaft 8 in such a manner that, while aﬁ ink image is
being formed, it steps aside upwardly and, while the ink image
is being transferred, it moves down to come in touch with a
backup roller 10.which transmits the pressure of a spring 9.
Also, in the periphery of the ink image hold drum 3,
there are disposed a drum cleaner 11 which is used to remove
the residual ink, a heater 12 used to facilitate drying of the
ink .image, a separation mechanism 13 for separating the
recording paper from the drum surface, and the like.
Reference character 15 designates a cleaning member
which, when the recording head 1 steps aside to the position
P2, is driven to clean the nozzle opening surface by means of

a wiper 16 to thereby allow the discharge recovery operation to be

I —
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operation. If a given period of tine passes and thus the pulse'
P fromthe one-shot nmultivibrator 94 falls

REPLACEMENT SHEET

THIS SHEET HAS BEEN |
HEET HAS & 27 SEP 1996

performed. And, 17 stands for a sealing mechanism which, when
the recording head 1 steps aside to the position P3, is driven
to come into resilient contact with the front surface of the
recording head 1 by use of a sealing member 18 formed of rubber
or the like, thereby sealing the nozzle opening.

| In Figs. 2 and 3, there is shown an embodiment of the
above-mentioned recording head 1. In these figures, reference
character 30 designates a nozzle plate which. includes therein
about 2,000 nozzle openings 31, 31, --- respectively arranged
or shifted_lineafly or vertically in a zigzag manner, so that
the'openings can cover the area of the width of the recording
paper having a maximum size. Alternatively, there can be used
a recording head in which a plurality of nozzles, for example,
400 nozzles are arranged at a éitch of a plurality of dots, for
example, at intervals of 5 dots in the line direction, and the
recording head is moved by 1 dot each time the ink image hold
drum is rotated in such a manner that images dorresponding to

1 page can be formed by rotating the ink image hold drum, for

.example, 5 times.

Reference numeral 33 stands for a spacer that includes
therein through borés 35, 35, 35, --- defining pressure
generation chambers 34, 34, 34, --- which are arranged at
regular intervals in the horizontal direction when the spacer
is set in the:printer. 37 designates a vibratory plate forming

member which includes a thin portion 38 in a portion thereof

This Sheet Has Been Replaced
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down. then the switching transistor 85 turns off on the way while the

drive signal is still rising, the charging is ended.at._a

to that tine. Al t hough the vol tage of the d'R?ﬁ,ﬁEMNTV@ﬁEEp

applied as it is to the switching transistors 85 B
the turn-off of the transistors, as mentloned apoy
pi ezoel ectric vibrators 48, 48, 48, - - are chafged
(Ve-Vvd),

52 E8ERRAs T

at t he THIS SHEENHAS BEEN
REPLACED

opposed té the pressure generation chamber 34 and, in the
portions thereof respectively opposed to ink supply paths 46,
47 to be described later, elongated rectangular through bores
39, 40 such that they hold the thin portion 38 between them.

Reference numeral 42 stand for an ink supply flow path
forming member which includes, in fhe area thereof opposed to
the thin portions 38, 38, 38, 38 --- of the vibratory plate
forming member 37, a vibrator unit through bore 43 through
which the piezoelectric vibrators 48, 48, 48, --- of a vibrator
unit 50 extends and, in the portion thereof opposed to the ink
supply paths 46, 47, elongated grooves 44, 45.

Reference numeral 48 respectively designate
piezoelectric vibrators each of which is formed of an electrode
and a piezoelectric vibratory material in a sandwich manner so
as to Be able to generate vibrations in a longitudinal
vibration mode with a drive voltage as low as possible. The
same number of piezoelectric vibrators 48, 48, 48 --- as that
of the nozzle openings 31, 31, 31, --~ are fixed onto a base
49, thereby serving as a vibrator unit. The leading ends of
the piezoelectric wvibrators 48, 48, 48, --- are inserted
through the vibratorunit through bores 43 formed in the ink supply
path forming member 42 with no contact therewith, and the
leading ends are fixed te the thin portions 38, 38, 38, --- of
the vibratory plate forming member 37. 1In Fig. 3, reference

character 51 stands for a positioning projection which is

This Sheet Has Been Replaced
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di fference Vc-Vd between the charge voltage VvVd of the piezoelectric _

vi brators 85, 85, 85, -- and the highest VOltagemmrqp rff!gnal S
applied. For this reason, when conpared with the WIE i ed when
mai nt-ai ning an of f condi ti on during the non-print nF time as inijthe

conventional d¢vid s—possibl e to uséltran- | sj spat SEP99&Ct]i el y
havi ng a | ower 3%ﬂ¥%g§?ﬁﬁﬁﬁ§ﬁﬁﬂd rating as the smigching transi g§tdqrs 85,
85, 85, :

D

provided on the base 49 and also which is projected out from
. the vibration unit through bore 43 of the ink supply path
forming member 42 to secure the positioning accuracy of the
respective components in cooperation with positioning' holes 52,
53 and 54. |

A recording head using the above-mentioned transfer
method, in order to vaporiie quickly ink solvents included in
dots formed in the ink image hold drum 3 as well as to improve
image transferability to the recording paper, uses ink which

has, for example, the following compositions:

pigment - 3 wtd
resin 12 wt%
triethanol-amine 5 wt$
polyethylene glycol 5 wt%
isopropyl glycol _ 4— wt%
surface active agent | 2 wt$

water 69 wtd
Referring again to Fig. 1, the ink is sent out from ink supply means
20 through a tube 71 to the recording head 1 and, at the same time, while
it is collected by a tube 73 into the ink supply means 20, the
ink is supplied to the pressure generation chamber smoothly.
Now, in. Fig. 4, there is shown an embodiment of a
drive circuit which is used in the above-mentioned ink-jet
recording device. In Fig. 4, reference character 80 stands for

a control signal generation circuit which includes an input

This Sheet Has Been Replaced
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In this manner,
transi stor ] | ]
vibrator which is to formdots, if the electric chaf - _

pi ezoel ectric vibrator are discharged, then the pie ‘ﬁéﬁﬁmm :ESﬁEEEr S
extended by an anpunt proportionate to thadcharge vjp
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108 (Fig. 6) is turned on simlarly to the_piezoelectric

Iler than that df |t hé pSERABECt|rifc

terminal 81 for receiving a timing signal from an external
device, an input terminal 82 for receiving an instruction
signal to instruct printing or non-printing,_and an output
terminal 83 for. supplying a drive signal to switching
transistors 85, 85, 85, --~ whieh will be described later. 84
stands for a drive sighal generation circuit which is arranged
to generate a trapezoidal drive signal to operate the
piezoeiectric vibrator 48 in accordance with a timing signal
from an external device. |

Reference numeral 85 designates a switching
transistor which, in the present embodiment, is composed of an
enhancement type MOS transistor which turns eff when the gate
voltage thereof is zero. With an instruction eignal from the
control signal generation circuit 80 input to the gate theﬁeof,
the switching transistor 85 applies a drive signel generated by
the drive signal generation circuit 85 to the piezoelectric
vibrator 48 to thereby cause the piezoelectric vibrators 48,
48, 48, --- to be shifted to such a degree that ink droplets
can be generated, or in the non-printing state uses the drive
signal to cause the vibrators to produce slight vibrations te
such a degree that ink droplets will not be generated.

Now, in Fig. 5, there is shown an embodiment of the
above-mentioned control signai genefation circuit 80. In Fig.
5, reference character 90 desigﬁates a one-shot multivibrator

which converts a timing signal input from the terminal 81 into

whi l e being charged with the voltage Vd, at a tine when the

t age Vc-Vvd. O} dourse,
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for printing, which causes vibratory nenbers form ng the pressure
generation chanber to vibrate slightly. As a result of this, the

i ezoel ectric vibrator is expanded in accordance ﬁﬁmiqﬁﬂgagwhich S
smal ler than a voltage given in printing. This nja el ectric
J

vi brator cannot produce sufficient expand3on to jjet] out ink droplfetjs from
the nozzle open- ing but can sinply give slight r a2i7oBER 4996e |i fk in the

THIS SHEET HAS BEEN
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a pulse signal of a given width, 91 stands for an AND circuit
which outputs the logical products of a signal from the one-
shbt multivibrator 90 and an instruction signal from the
terminal 82, 92 points out an inverter which inverﬁé an
instruction signal, and 93 represents an AND circuit which
outputs the logical product of signals from the one-shot
multivibrator 90 and inverter 92.

| And, 94 designatés another one-shot multivibrator
~which outputs a signal of a given width responsive to a signal
from the AND circuit 93. Signals of the AND circuit 91 and one-
shot multivibrator 94 are output through an OR citcﬁit 95 from
the terminal 83 as a control signal. In thé control.signal
generation circuit 80, there are prepared the thus arranged
circuits, the number of which is equal to that of the nozzle
openings.

Reférring now to.Fig. 6, there is shown an embodiment

'of.the above-mentioned drive signal generation circuit 84. 1In
Fig. 6, reference character 100 designatés a omne-shot
multivibrator which converts a timing.signal from an external
device into a pulse signal of a given width and.also which
outputs a positive signal or a negative signal in
synchronization with the timing signal. To one terminal of the
one-shot multivibrator is connected the base of an NPN type
transistox 101 to which is connected a PNP type transistor 102,

whereby at a time when the timing signal is input a capacitor

L
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pressure-generation chanber. This vibration is propa- gated through the ink
I n the pressure generation cham ber and reaches the nozzle opening. A
meni scus M provi ded adjacently to the nozzle opening is vibrated in

arallel to the direction of jetting of the ink b T
P : J \REPLACEMENT SHEET
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103 is cbarged with a constant current Ir until it reaches a
voltage (VH - VBE102) obtained by subtracting a voltage between
the base and emitter qf the transistor 108 from'supply voltage
VH.

To the other terminai of the one-shot multivibrator
100 is connected an NPN type transistor 108, whereby, at a time
when the timing signal is switched, the transistor 102 turns
off and the transistor 108 in turn turns on to discharge the

capacitor 103 with a constant current if until electric charges

charged in the capacitor 103 reach a voltage VBELO8 between the base and

emitter of the transistor 108.
Reference numerals 104,105 designate further transistors.of the drlve
signal generation circuit 84.

Incﬂhervxmds,whalthetxmereﬁxter\xﬂtaﬁaoftme'mﬁumimxm
102 is expressed as VBE102 and the resistance value

of a resistance 106 is expressed as Rr, then the charging

current Ir can be expressed as follows:
Ir = VBE102/Rr

Also, when the capacity of the capacitor 103 is expressed as
CO, then the rise time Tr of the charging voltage can be

expressed as follows:
Tr = CO x (VH - VBE102)/Ir

One the othexr hand, when the base-emitter voltage of
the transistor 108 is expressed as VBE1l(08 and the resistance

value of the resistance 107 is expressed as Rf, then the
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-14 - wave propagated (see Figs. 9(a) to (e )). which checks the generation

of an ink filmin the neighborhood of the -
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discharging current If of the drive signal can be expressed as

follows:
If = VBE108/Rr
Also, the fall time Tf can.be expréssed as fo}lowé:
Tf = CO x (VH - VBE108)/If

(The transistor'é base-emitter'voitage is normallf'of the order
of 0.7 volts and is so small that it can be neglected when
compared with the supply voltage of 30 volts and, for this
reason, in the following description, the.base-emitter voltage
will be expressed as 0 volts.)

As a result of this, the terminal voltage of the
capacitor 103 provides a trapézoidal wavefo:nlwhich.includes an
area rising at a given gradient, a saturation area keeping a
given value, and an area falling at a given gradient.

The terminal voltage is current amplified by
transistors 109, 110 and is then output as a drive Signal from
é terminal 86 to the respective piezoelectric vibrators 48, 48,
48, ---. |

Next, description will be given below of the
operation to be performed'when the piezoelectric vibrators are
driven by use of the above-mentioned drive signal generation

circuit.
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nozzl e opening 31 in the non-printing condition. =
pi ezoel ectric vibrator 85 belonging to the nozzlfgéhkﬁﬁﬁmﬁﬁﬂﬂhﬁﬁﬁﬁy form

dots in accordance with the timng signal is cha

vol tage suffici entrHiPsGGHERAS SeEn | dropl ets, on { the
pi ezoel ectric vi prat orreppa8gh ONQi ag to th# noz- at| need not
formdots is cha ' ged with a vol | at gnsity not

enough to

If a ﬁiming signal is input from thé control signal
generation circuit, then ;he drive signal generation circuit
turns on and off the transistors 102, 108 to output a drive
signal of a trapezoidal voltage waveform. On the other hand,
the transistor 85 connected with the piezoelectric vibrator 48
for printing is charged in accordance with the drive signal,
because the transistor 85 is turned on by the control signal
generation circuit 80.

The control signal generation circuit 80, on receipt
of a printing signal from an external device,'outputs a'signal

. to the switching transistor 85 connected to the piezoelectric
vibrators 48, 48, 48, ---, which are in turn respectively
connected to the nozzles t6 be printed, thereby turning on the
tfansistor 85. As a result of this, the drive signal having
the trapezoidal waveform generated by the drive signal
generation circuit 84 is allowed to flow into the piezoelectric
vibrator 48 and charge the_piezoelectric vibrator 48 with a
given current. This contracts the piezoelectric vibrators 48,
48, 48, ———, which should discharge ink droplets for printing,
and the pressure generation chamber is expanded.

And, if a given period of time has passed, then the
transistor 108 turns on and the capacitér 103 is discharged, as
descfibed above. Responsive to this, the piezoelectric
vibrators 48, 48, 48, --- also discharge their charges and thus

they expand and in turn the pressure generation chamber is
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jet out ink droplets to thereby vibrate the ink in the noz- zle opening.

That is, these operations are executed sinultaneousLy. . Al so, the ]
el ectric power that is applied to the piezo- el ectg&.Viftaror—48~im the
i g?% AEND BRG] ohmi ¢

non-printing time is in part con- sumed due to thej*¥dy
or 48, ch causes thg

resi stance | oss

f _the piezoelectric vibraf

pi ezoel ectric v B‘HISLSHEM&{ASJngN rate heat. This pfepve@ABSEP 1996
REPLAC_Eﬂ

contracted. As a result of this, as shown in Figé. 8 (a) to
(e), the ink within the pressure generation chamber is
compressed and is jetted out from the nozzle opening in the
form of ink droplets K.
| On the other hand, aithough the printing signal is
not applied to the switching transistors 85, 85, 85, -—-
respectively connected to piezoelectric vibrators which are in
turn connected to the nozzles that do not have to form dots,
there is output a pulse signal P (Fig. 7) having a
predetemined time duration from the one-shot multivibrator 94.
As a result of this, the switching transistors 85, 85, 85, ——--
are allowed to turn on only for the time when they coincide
with the pulse signal P, so that charging is started also on
the piezoelectric vibrators 48, 48, 48, —-- that do not have to
perform a printing operation. If a given period of time passes
and thus the pulse signal P from the one-shot multivibrator 94
falls down, then .the switching transistor 85 turns off on the
way while the drive signal is still rising, the charging is
ended ét a voltage Vd down to that fime.
| Although the voltage of the drive signal will be
applied as it is to the switching transistors 85, B85, 85, ——-
at and after the turn—qff of the transiétdrs, as mentioned
above, because the piezoeléctric—vibrators 48, 48, 48, —--Ia:e
charged to the voltage (Vc-Vd), at the most, ?nly a difference

Vc-Vd between the charge voltage Vd of the piezoelectric
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the piezoelectric vibrator 48 from being cool ed due to the | ong rest . and

t hus prevents the piezoelectric vibrator 48 from absorbing humdity due to

a drop in tenpera- ture. The application of the Srﬁﬁ%ﬁﬁﬁ%ﬂ ﬁgs‘ é@] in Lhed
e C ng hea

non- printing-tinme is very effective in use for af
whi ch nust use a piezoelectric vibrator gasy to pfofluce a so callfd

m grati on phenofeRef—A—which—si.l ver is educed i | h@ POEP9O6 of Mater as
in a vibrator THIS SHEET HAS BEEN .
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vibrators 85, 85, 85, --- and the highest wvoltage Vc of the
drive signal is applied.' For this reason, when compared with
the voltage (Vc) applied when maintaining an off condition
during the non-printing time as in the cohventional device, it
is possible to use transistors respectively having a lower
voltage-withstand rating as the switching transistors 85, 85,
85, ---.

In this manner, while being charged with the voltage
vd, at a time when the transistor 108 (Fig. 6) is turned on
similarly to the piezoelectrié vibrator which is to form dots,
if the electric charges qf the piezoelectric vibrator are
discharged, then the piezoelectric vibrator is extended by an
amount proportionate to the charge voltage Vc-Vd. Of course,
the degree od this extension is smaller than that of the
piezoelectric vibrator selected for printing, which causes
vibratory members formihg the pressure generation chamber to

vibrate slightly.

As a result of this, the piezoelectric vibrator is
expanded in accordance with a voltage VS which is smaller than
a voltage given in printing. This means that the piezoelectric
vibrator cannot produce sufficient expansion to jet out ink
droplets from the nozzle opening but can simply givé slight
vibration to the ink in the pressure generation chamber. This
vibration is propagated through the ink in the pressure

generation chamber and reaches the nozzle opening. A meniscus

| ‘This Sheet Has Been Replaced

AMHRTT




constructed by putting a piezoelectric material and an el ectrode materi al
consisting mainly of AgPd on each other in a sandwich manner, in_an
environment in which humdity is high due to the 'gg?gae Sq QT)Ivent
n
i

Th
%

%t
D

Now. the transfer type ink-jet recording device u Mt
enbodi ment i ncl udes cl eani ng neans which w9pes th ozzl eé)é)eni g| by use of
I n

a W per or the_ |iKﬁ{I§@Hgé,P'ﬁrAS[étE§Q ve the above- ngnfgi ) of
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. M provided adjacently to the nozzle opening is vibrated in
parallel to the direction of jetting of the ink by a pressure
wave propagated (see Figs. 9(a’) to (e’)), which checks the
generation of an ink film in the neighborhood of the nozzle
oéening 31 in the non-printing condition.

After then, the piezoelectric vibrator 85 belonging
to the nozzle opening that must form dots in accordance with
the timing signal is charged and discharged with a voltage
sufficient to generate ink droplets, on the other hand the
piezoelectric vibrator 85 belonging to the nozzle opening that
need not form dots is charged and discharged with a voltage Vd
of an intensity not enough to jet out ink droplets to thereby
vibrate the ink in the nozzle opening. That 1is, these
operations are executed simultaneously.

Also, the electric power that is applied to the
piezoelectric vibrator 48 in the non-printing time is in part
.consumed due to the inductor loss and ohmic resistance loss of
the piezoelectric vibrator 48, which causes the piezoelectﬁic
vibrator 48 to generate heat. Tﬁis prevents the piezoelectric
vibrator 48 from being cooled due to the long rest and thus
prevents the piezoelectric vibrator 48 from absorbing humidity
due to a drop in temperature. The application of the slight
drive signal in the non-printing time is very effective in use
for an ink-jet recording head whicﬁ'must use a piezoelectric

vibrator easy to produce a so called migration phenomenon, in
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t he nozzl'e opening, and flushing neans which dis- charges ink droplets

forcibly every given time regardless of printing data. Al t hough
dependi ng on the conpositions of the ink, the tenperature and hum dity of
th i ph I [ - ' '
© peripheral environ- 20 REPLACEMENT SHEET
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which silver is educed in the presence of water as in a
vibrator conétructed by putting a piezoelectric material and an
electrode material consisting mainly of AgPd on each other in
a sandwich manner, in an environment in which humidity is high
due to the vapor of the ink solvent.

Now, the transfer type ink-jet recording device used
in the present embodiment includes cleaning means which wipes
the nozzle opening by use of a wiper or the like in order to
solve the above-mentioned clogging of the'nozzle opening, and
flushing means which discharges ink droplets forcibly every
given time régardless of printing data.
| Although depending on the compositions of the ink,
the temperature and humidity of the peripheral environment and
the like, if the above-mentioned ink is used and the non-
printing state continues for 1 or 2 seconds, then there is
-generated in the nozzle opening such as ink film that makes
‘impossible the next printing unless a flushing operation is
carried out. Also, if the non-printing state continues for 30
seconds, then the clogging of the nozzle opening cannot be
removed only by the flushin§ operation but there is reéﬁired a
cleaning operation to remove the clogged condition of the
nozzle opening.

In our tést, the voltage of the.drive signal was
lowered down to such a level that can vibrate slightly the

meniscus in the nozzle opening in the non-printing state, as
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- 15 - ment and the like, if the above-nentioned ink is used and the

non-printing state continues for 1 or 2 seconds,
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described above, and the lowered voltage was applied to the
piezoelectric vibrators and the non-printing state continued.
In this test, as shown in Fig. 10, up to 600 seconds or so,
even if the ink droplets were not jetted out, the printing
quality could be kept constant. Also, even if the
piezoelectric vibrators were left in the non-driven condition
fof a2 time of the order-of 600 to 850 seconds, a flushing
operatién enabled a normal printing.
Also, even in a case where there was produced such
clogging thatrequires a flushing operation, as shown in Fig. 11,
the number of ink dischargé pulses to be applied so as to
eliminate the clogging of the nozzle opening completely, that
is, the amount of consumption of ink was reduced in inverse
proportion to the vibration continuing time of the meniscus.
Further, even in a case where there was prodﬁced such
clogging that required a cleaning operation, after a second
signal was applied to the piezoelectric vibrators for a given
period of time and thereby the meniscus was vibrated, and if the
cleaning operation was carried out, then the clogging could be
removed in a short time in inverse proportion to the meniscus
vibration continuing time when compared with a case in which
only the cleaning operation was carried out, as shown in Fig.
12. |
From the above tests, it is found that it is very

useful to apply to the piezoelectric vibrators a drive
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then there is generated in the nozzl e openi ng'such as ink filmthat makes
i mpossi bl e the next printing unless a flushing operation is carried out.
Al 'so, if the non-printing state continues for 30 seconds t hen t he clogglng

of the nozzl e opening cannot be renoved only by the fly T t
there is required a cleaning operation to repove the cl LKCE Ehﬁ{SHEEiq
the nozzl e openi In our test, the vo?%age of tHeldrive signal

| ow- THIS SHEET HAS BEEN 27 SEP 1996
REPLACED

éignal of such a low level as to vibrate the meniscus in the
non-printing state.

Also, in a recordihg head arranged such that the
vibratory plate is pushed by the above-mentioned piezoelectric
vibrators to thereby generate ink droplets, since the pressure
generation chamber corresponding ta the printing area is under
a great stress produced by the expansion and contraction of the
piezoelectric vibrators, the pressure generation chamber is
flexed locally to thereby cause the dot forming position to.be.
shifted. Howevex, as described above, even in the non-printing
state, if a slight drive signal is applied to the piezoelectric
vibrators, then there is produced a certain degree of stress in
the pressure generation chamber in the non-printing area as
well, which can relieve the distortion of the whole recording
head to thereby contribute to the improvement of the printing
guality.

In the above-mentioned embodiment,
the invention has been described by way of a recording head of a

type to which ink is supplied from both sides of the nozzle

opening. However, the present invention is not limited to such recording head
type and, alternatively, other types of recording head are
possible. For example, the invention can also be enforced by
an embodiment as shown in Fig. 13. In this embodiment, a
pressure generation chamber 117 is formed by a nozzle plate

114, a spacer member 115 and a vibratory plate 116, ink is
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ered down to suchra |level that can vibrate slightly the neniscus in the

nozzl e opening in tﬂgsﬁaﬂﬂaamlemneﬂgcecttate as described above, and the
!I pi ezoel ectric vibrators and the

| ower ed vol tage was mm 'IIM!
non-print- ing staten this test, as s e gD to
600 seconds or dropl®s were n J[EA tSHEE’E
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supplied by én ink supply pipe 118 from one side of the
pressure generation chamber 117 and the vibratory plate 116 is.
pushed by a piezoelectric vibrator 119 to thereby generate ink
droplets. Obviocusly, the embodiment in Fig. 13 can also
provide a similar effect to the ébove-mentioned embodiment.

Now, since the vapor pressure of the ink solvent is
subject to a change in temperature, the ink that forms a
meniscus in the neighborhood of the nozzle opening 113, as shown in
Fig. 14, can form a film in a shorter time as the temperature '
fises. |

- Fig. 15 shows an embodiment of a drive circuit which
is configured so as to cope with the above-mentioned problem;
In Fig. 15, reference numeral 120 designates a pﬁlse width
control circuit which, responsive to a signal from temperature
detect means 121 to detect the open-air temperature in the
neighborhood of the nozzle opening, reads out data from memory
means 124 which stores therein a relation between an ink £ilm
forming capability variable according to the open-air
temperature and a vibration amplitude best suited for
obstructing the film formation, and sets the pulse width of the
one-shot multivibrator 94 via a CPU 123 on the basis of the read-out data.
In Fig. 15, 122 stands for analog/digital conversion means.

According to this embodiment, for example, as shown
in Fig. 16, if there is stored in the memory means 124 a

relation between a film forming capability, which is caused by



non-driven condition for a tinme of the order of 600 to 850 seconds, a
fl ushi ng operation enabled a normal print- ing. Al so, even in a case

where there was produced such cl ogging thatrequir T A QrR@iiat i on.
as shown in Fig. 11. the nunber of ink discharge Piﬁgiﬁﬂﬁgg‘a Hiled so as

to elimnate the clogging of the nozzle op¥ning cpnpletely, that liq, the
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an environmental temperatﬁre corresponding to the structure of
individual recording heads and.the composition of ink, and the
-vibration amplitude of a meniscus necessary to obstruct the
formation 6f the film, then data V1, V2 and V3 respeétively
representing the levels of.vibration signals can be read out
correspondingly to the external environment temperature T1, T2
and T3 that are detected by the.températuré detect means 121.
As a result of this, according to the voltage to be applied
during the non-printing peribd, the pulse width of the one—éhot
multivibrator 94 can be automatically adjusted in such a manner
that it.becomes short when the temperature is low while it
becomes long when the temperature is high, to thereby vibiate.
the meniscus in the non-printing state to such a degree as to
be able to obstruct the film formation without useless
discharge of ink;
Now, Fig. 17 is a block diagram of another embodiment
of a drive circuit employed in the recording head of the
- invention. In Fig. 17, reference numeral 130 designates a
control signal generation circuit which will be described latexr
in detail. The control signal generation circuit 130 has
terminals 131 and 132 to which are input a printing signal and
a timing signal given from external devices, respectively.
Also, it further has terminals 133, 134 and 135 from which are

output a shift clock signai, a printing signal and a latch

signal, respectively.
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of ink was reduced in inverse proportion to the vibration continuing time
of the neniscus. Further, even in a case wher HeT = eed such
cl oggi ng that required a cl eani ng operati on. afteﬁREPEAEEW-igﬂS ,1 S
applied to the piezoelectric vibrators r a giver] geriod of tinejand

t hereby the neni scus was vibrated, and: t he cl egdnijng2 FSERUIIP

carried out. thg ' - uld be renoved i 4 short tine
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138, 138, 138 --- respectively designate flipflop

" circuit which form a latch circuit and also 139, 139, 139, ---
respectively stand for flipflop circuits which form a shift
clock circuit. Printing signals output from the flipflop_
circuits 139 are latched in the flipflop circuits 138 and.are
then output to the switching transistors 85, 85, 85, --—,
respectively.

In Fig. 18, there is shown an embodiment of the
above-mentioned drive control signal generation circuit 130.
In Fig. 18, reference numeral 140 stands for an address counter
which can be operated responsive to a clock signal from an
oscillator 141 operable in accordance with a timing signal
input to the terminal 132 to store in a memory 142 a pfinting
signal given by an external device and input from the terminal
131.

143 designates a one-shot multivibrator which, when
the count of thé address counter 140 advances by the number of
the piezoelectric vibrators 48, 48, 48, —--- connected, outputs
a latch signal of a set'pulse width to the terminal 135 in
accordance with a carry signal.output from the address counter
140. The latch signal is output to the terminal 133 and at the
same time the frequency of the latch signal is divided by a
flipflop circuit 144 to provide a switching signal. As shown
in Fig. 19 (IV), a printing signai stored in the meﬁory 142 and.

a signal gated by the switching signal for selecting all of the
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i nver se proportlon to the meniscus vibration contan|ng ti me when conpared

with a case in which only the cl eani ng operation 7 shown
in Fig. 12. From the above tests, it is found t@f’ﬁ!\ E l\gﬁﬁw ‘ie»ful to
apply to the piezoelectric vibrators a drjve signalf 4f such a | ow leel as
to vibrate the NMEpERCHEETHAS BERO!- 27 SEP 1996
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piezoelectric vibrators 48, 48; 48, --- connected thereto are

output alternately to the terminal 134 every cycle of the latch
signal. The printing signal eptput to the terminal 134 is then
output to the flipflop circuit 139 forming the shift register
in Fig. 17 in accordance with the shift clock signal of the.
terminal 133; and is then latched by the flipflop circuit 138
connected to the flipflop circuit 139 in accordance with the
- rising edge of the latch signal.
The piezoelectric vibrator to form dots, in a block
(which will be hereinafter referred to as a printing block A)
in which printing data A is held in the flipflop circuit 138 in
Fig. 19 (IV), is given a trapezoidal drive signal in accordance
‘with a signal from the flipflop circuit 138 until the voltage
reaches a saturation voltage, similarly to the previously
described emﬁodiment, so that the piezoelectric vibrator is
expanded and contracted sufficiently to generate ink droplets.
Oon the other hand, the piezoelectric vibrators 48,
48, 48, ~-- to maintain the non—printing state are respectively
given a trapezoidal voltage whose highest voltage is small,
because in a block (which will.be hereinafter referred to as a
printing block B) in which printing date B is held by the
flipflop circuit 138 in fig; 19 (IV) the switching transistor
85 turns off from on while the voltage of the drive signal is
rising. As a result of this,'ih time Qith the discharge of the

piezoelectric vibrator to .from dots, the piezoelectric
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vibrators 48, 48, 48, --- set in the non-printing state also

- discharge with the voltage Vc-Vd and thus they are expanded and

contracted to such a degree not to form ink droplets, which
slightly vibrates the meniscus in the neighborhood of the
nozzle opening to thereby prevent ink film from being formed
during the non-printing period.

Now, in Fig, 20, there is shown another embodiment of
the drive signal generation circuit. In Fig. 20, 150 stands
for a one-shot multivibrator which outputs a pulse signal
having a preset pulse width in synchronization witﬂ a timing
signal input to a terminal 81, and to whose inverted terminal
is connected a PNP type transistor 151.' And, a capacitor 152,
which is connected in series to the transistor 151, is charged
with the voltage -VH of a power supply terminal in its initial
state. Therefore, if the transistor 151 is ﬁurned on, then a
transistor 154 allows a cbnstant current Ir to flow into the
capacitor 152 so that the cépacitor 152 is charged. And, the
discharge is ended at a time when the terminal voltage of the
capacitor 152 is turned to 0 volt by a diode 153 which is
connected in'parallel fo the capacitor 152. |

On the other hand, when the one-shot multivibrator
150 is inverted, then a transistor 156 is turned on, whereby
the capacitor 152 discharges until the terminal voltage thereof
Yeaches the power supply terminal voltage -VH while the

discharge current thereof is being limited to a constant level
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Al so, in a recording head arranged such that the vibratory plate is pushed
by ThhSMQﬁwa&mﬁhMm@med pi ezo- electric vibrators to thereby generate ink
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by a transisto: 158.' These charging and diseharging currents
are respectively ampliiied by an NPN type transistor 159 and a
PNP type transistor 160 and are then output from a terminal 86
to the piezoelectric wvibrators 85, 85, 85, ---.

Fig. 21 shows a wave form chart obtained when the
recording head is driven by the above-mentioned drive signal
generation circuit. In this chart, the piezoelectric vibrators
48, 48, 48, --- forming dots during a period shown by a
pfinting block A in III in Fig. 21, are respectively given a
drive signal ﬁhich has an inverted polarity with respect to the
signal employed in the previously described embodiment. Also,
in a non-printing period, during a period shown by a prinﬁing
block B in III in fig. 21; a voltage so small as not to produce
ink droplets is applied to the piezoelectric wvibrator to
thereby vibrate slightly the meniscus in the neighborhood of
the nozzle opening, so as to prevent the ink ih the
neighborhood of the nozzle opening from forming a film. And,
a voltage Vc-Vd, which is smaller than a charge wvoltage Vd for
vibration applied to the piezoelectric vibrators 48, 48, 48, —-
~, is allowed to act on the switching transistors 85,.85 and 85
that are set in the non-priﬁting conditions. This means that
a switching transistor having a small rated withstand voltage
can be used as the switching transistor 85. |

In Fig. 22 there is shown a.modified version of the

drive signal generatipn'circuit shown in Fig. 20. In the
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drive signa
produced a certain degree of stress in the pressure

the non- printing area as well, which can relieve t
whol e recording head to thereby contribut@to the it
printing quality. In the above-nenti oned enbodi

as described above, even in the non-printing state,
Is applied to the piezoelec- tric vibrators,
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modification, a circuit 170, which corresponds to the flipflop

circuit shown in Fig. 21, is composed of three one-shot

multivibrator 171, 172, and 173 and an AND circuit 174. 1In

this modification, if a timing signal is input to a terminal

81, then there is output a pulse of a pulsé width set in the

one-shot multivibrator 171. In accordance with the rising of

the inverted signal of the one-shot multivibrator 171, the

output and logical product (II in Fig.

multivibrator 171 are output to the AND circuit 174.

23) of the omne-shot

In the portion of the pulse from the one-shot

multivibrator 171, a PNP transistor 151 turns on to charge a

capacitor 152, which is in the initialized condition charged

with a voltage -VH, with the constant current -Ir that is

determined by a transistor 154. When the capacitor 152 is

charged up to 0 wvolt in this manner,

operation is stopped by a diode 153.

then the charging

Next, when an inverted signal is output from the one-

shot multivibrator 171, then the transistor 151 turns off.

Then, when the inverted output of the one-shot multivibrator

172 becomes “0", then a transistor 156 turns on and thus the

capacitor 152 is allowed to discharge.

That is, the capacitor

152 continues to discharge with a constant current If while it

is limited in current by a transistor 158, until it reaches the

power supply terminal voltage -VH.
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| Also, in the portion of the signal of the one-shot
multivibrator 171 that is set by the one-shot multivibrator
173, the transistor 151 is again turned on to charge the
capacitor 152 with @ constant current If similarly to the
above-meﬁtioned case.

Now, Fig. 24 shows another embodimeht of an ink-jet
recording device according to the invention.. In Fig. 24, 180,
180, 180, --- respectively designate OR circuits which are
connected between flipflop circuits 181, 181, '181, --- forming
a shift register and switching means 85, 85, 85, ---. To the
first terminals of the respective OR circuits 180, 180, 180, —-.
- there are input all-on signals to turn on the switching
transistors 85, 85, 85, --- from a control signal generation
c.:ircuit 183 which will be described later, while to the second
terminals thereof there are input signals from the flipflop
circuits 181, 181, 181, ---.  And, 182, 182, 182, ---
respectiveiy stand for flipfiop circuits forming a shift
register to which are input a shift clock from the control
signal generation circuit 183 and a printing signal. The
flipflop circuits 182, 182, 182, --- move the printing signal
to a given stage in synchronization with the clock signal to
thereby allow th flipflop circuits. 181, 181, 181, --- to latch
the printing signal.

In Fig. 25, .there is shown an embodiment of the
above-mentioned control signal generation circuit. | This

-_
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spacer menber 115 and a vibratory plate 116, ink is supplied by an ink
supply pipe 118 fromone side of the pressure generation chanber 117 and
the vibratory plate 116 is pushed by a piezoel ect fl:covihr-atef~1+0-—H0
t hereby generate ink droplets. Cbviously, the enb

| il AhiMENE SHEET |13 can
also provide a sinmlar effect to the aboygg-menti oped enbodi ment”. Now,
since the vapor pressure of the ink solvent is 27 SEP 1996
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embodiment includes two memories 190 and 191 which are arranged
to operate to store and read out alternately, that is, while
one of them is storing a printing signal from a host device,
the other is outputting a printing signal. In Fig. 25, 192
designates an address counter which can be operated in
accordance with a clock signal from an oscillator 193 operable
by a timing signal input to the terminal.8i to allow the
selected one of the memories 190, 191 to store therein a
printing signal given by an external device and input from the
terminal 81. 195 stands for a one-shot vibrator which outputs
to a terminal 136 a latch signal of a pulse width set by a
carry signal output frém an address counter 140 when the count
thereof corresponding to the number of the piezoelectric
vibrators connected is ended. |

The latch signal is frequency divided by a flipflop
circuit 196 to provide a switch signal, by which the printing
signals respectively stored in the memories 190 and 191 are
6utput alternately to the terminal 135. The printing signal
output to the terminal 135 is input to the flipflop circuit 182
forming a shift register shown in Fig. 24 in accordance with
the shift clock of the terminal 133. And, the printing signal
shifted to a given flipflop 182 is held by the flipflop circuit

181 connected to the given flipflop circuit 182, in accordance

with the rising edge of the latch signal. I —————
‘ cet Has Been Replaced
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subj ect .to a change in tenperature, the ink that forns a neniscus in the
nei ghbor hood of the nozzle opening 113, as shown in_Eig..14.. can--f6+m a

filmin a
enbodi nent
above- nen-

-

shorter tine as the tenperature rises. %EELQQEW§%ﬁh§HEE§

of a drive circuit which is configured ¢ to—cope W t he
- 27 SEP 1996
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197.designates a one-shot multivibrator_which is
started in accordance with the iising of the latch.signal from
the one-shot multivibrator 195 and generates a.pulse signal to
charge the piezbelectric vibrator up to a voltage enough to
vibrate the meniscus. The signal is input to the OR circuit in
a drive circuit shown in Pig.-24.and'is then applied to the
switching transistors 85, 85,.85, ---.respectively connected to
the piezoelectric vibrators 48, 48, 48, --- that are set in the
non-printing conditions. |

‘According to the present embodiment, it is not only
possible to reduce the voltage withstand property required by
the switching transistors 85, 85,_85, -—--, but also, with
respect to the embodiments respectively shown in Figs. 17 and
24, it is possible to enhance -the transfer speed of the
printing signal to be transferred from the control signal
generation circuit 183 to the flipflop circuit 181. |

Referring now to Fig. 27, there ié shown a still
further embodiment of an ink-jet recording device according to
the invention. In Fig. 27, reference numeral 200 stands for a
first drive signal generation circuit which has a similar
strocture to that shown in Fig. 20, and 201 designates a second
drive signal generation circuit which has a similar structure
to that Shown in Fig. 6 and is arfanged to output a signal
having a different phase from that of thé first drive signal

generation circuit 200. 203, 203, 203, --- respectively stand

-This Sheet Has Been Replaced




: 17 - tioned problén1 In Fig. 15, reference nuneral 120 des-
REPLACEMENT SHEET
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for isolators each of which is capable'bf outputﬁing an analog
signal, such as a photo-coupler or the like. The isolators 203
are connected between the control signal generation circuiﬁ 183
and the switching transistors 85, 85, 85, —--- ahd are arranged

to output to the switching transistors 85, 85, 85, --- signals |
corresponding to the wave forms of the second drive signal
generation circuit 201 in accordance with the instruction
signals input form the control signal generatibn dircuit 183.

In the present embodiment, the instruction signals
from the control signal generation circuit 183.are respectively
input to the isolators 203, 203, 203,.—-- , the potentials
thereof are changed in accordance with the signals input
therein from the second drive signal generation circﬁit 201,
and are then output to the gates of the switching transistors
85, respectively. And, the signals from the second drive
signal generation circuit 201 are also input to the source
terminals of the switching.transistors 85. Thus, the same
signals as the printing signals are applied betweén_the gates
and sources of the switching transistors'BS, 85, 85, ---.

In the printing -state, a voltage obtained!-by
subtracting the fixrst drive signal form the second drive sighal
is applied to the piezoelectric vibrators 48, 48, 48, --- and,
in the non-printing state, since the switching transistors 85,
85, 85, --- are turned off at the time when the first drivé

signal is generated, only the second drive signal is applied.

- This Sheet Has Been Replaced.
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ignates a pulse width control circuit which responsive to a signal from
tenperature detect neans 121 to detect the open-air tenperature in the

nei ghbor hood of the nozzle opening. reads out data fr : A4
which stores therein a relation between an ink film f
vari abl e according to the open-air tenpera%hre and a

best suited for ObSIﬂﬂgéﬁgbﬁﬁx%htéﬂrlornatiOn, and s
"REPLACED

|orat|on'anpllt
t 89 SEP 99960 dt |

As a result of this, in the.non-printing state as well, a
slight voltage is applied to the piezoelectric Vibrators 48,
48, 48, --- to thereby be able to vibrate the meniscus in the
neighborhood of the nozzle opening.

In the bresent embodiment as well, similarly to the
previously described embodiments, it is possible to reduce the
voltage withstand level.

In the above-menﬁioned embodiments, description has
been given of a case in.which the N-channel enhancement MOS
transistor is used as the éwitching'transistor. However, the
invention is not limited to this, but a similar action can be
‘provided even if other types of solid switching elements are
used.

As has been described heretofore, according to the

~invention, there is provided an ink-jet type recording device
which comprises an ink-jet recording head including a pressure
generation chamber formed by a nozzle plate having therein a
nozzle opening and by a-vibraﬁory plate deformable due to the
expansion and contraction of a piezoelectric wvibrator, drive
signal generation means for generating a trapezoidal drive
signal in synchronization with a timing signal applied.from an
~external device, switching méans for outputting a drive signal
to the piezoelectric vibrator in accordance with-a printing
signal applied from an external device, and control signal

generation means for generating a pulse signai to turn on the

. This Sheet Has Been Rep laced -




of the one-shot multivibrator 94 via a CPU 123 on theﬁ ba5|s of the
read-out data. In Fig. 15, 122 stands for anal og/di ¢ &ﬁs g{;»—- ans
According to this enbodinment, for exanple, as shown St er

n filmformng

is stored in the nmenory_neans 124 a.rel ati on bet wee :
capabi lity, which is | causedEET/HAS BEEN r onftent al t enpef alWf SEPO!W@S orld-
ing to the structure pf i n(REPLAGED recof di ng heads

D

switching means to thereby output part of the drive signal to
the piezoelectric vibrator in synchronization with the timing
signal. According to this structure, part of the drive signal
is applied also to a piezoelectric vibrator belonging to such
a nozzle opening as does not jet. out ink droplets, and such
plezoelectric vibrator is thus expanded and contracted to such
a degree. that does not generate ink droplets, thereby vibrating
a meniscus in the nozzle opening. This can prevent formation
of an ink film due to evaporation of ink solvent to ﬁhereby
prevent the clogging of a nozzle opening as much as possible, and can furt:her
prevent absorption of humidity from the peripheral environments
.because the piezoelectric vibrator generates heat even in the
non-printing state, and can minimize a di.fferenlce between
stresses in a pressure generation_ chamber in a printing state
and a pressure generation chamber in a non-printing state to.
thereby improve the quality of the printed image. |
Also, dﬁe to the fact that a voltage used to vibrate
the meniscus in the neighborhood of the nozzle openirig is
controlled by adjusting a time when the drive signal is
applied, when compared with a case in which such voltage is’
dampened byluse of a resistance, the loss of energy can be
minimized and it is possible to use a drive signal generation
Ccircuit whose out—put' is small. Further, since .part of the
drive signal to be applied to the switching means connected to

the piezoelectric vibrator in the non-printing state is used to

is Sheet Has:Been Replaced
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t he conposition of ink, and the vibration anplitude of a neniscus
necessary to obstruct the formation of the film then data V1, V2 and V3
respectively representing the levels of vibration signals can be read- out
corre- spondingly to the external environment tenperature T1l, T2 and T3
that are detected by the tenperature detect -neans 1 As_a result of

this, according to the voltage to be appl¥®ed during REHA@EMWT'SHEH‘

period. the pul se

27 SEP 1996
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charge the'piezbelectric vibrator, it is possible to reduce
the level of a voltage to be applied to the switching means,
which in turn makes it possible to use switching means which
has a low rated voltage withstand property.

'In general, disclosed is an ink-jet type recording device
comprising a drive signal generation circuit for generating a
trapezoidal drive signal in synchronization with a timing
signal applied from an external device, switching transistors
respectively for outputting a drive signal to piezoelectric
vibrators in accordance with a printing-signal applied from an
external device, and control signal generation means for
generating a pulse signal to turn on the switching transistors
so that part of the drive signal being output to the
piezoelectric vibrators respéctiVely set in non-printing
condition in synchronization with a timing signal. Part of
the drive signal is applied to the piezoelectric vibrators
belonging to the nozzle openings that do not jet out ink
droplets in accordance with the pulse signal, so that menisci
in the nozzle openings can be vibrated slightly, respectively.
As a result of this, ink existing in a pressure generation
chamber and ink existing in the neighborhood of the nozzle
opening are mixed together and thus solvent is supplemented to
the ink existing in the neighborhood of the nozzle opening,
thereby preventing formation of an ‘ink film due to evaporation
of the solvent. Also, even in thé non-printing period the
piezoelectric vibrators respectively generate heat to thereby
prevent absorption of humidity from the peripheral environment.

This Sheet Has Been Replaced .




wi dth of the one-shot nmultivibrator 94 can be automati- cally adjusted in
such a manner. ThisSheet Has Ben®eplacedhort  when the tenperature is low while it

- becones | ong V\nmmmlmultat ure is high, to thereby vibrate the
meni scus in the state to such a degree .
obstruct the fi thout usel ess dischaf r @M&N”l{)gﬁ“% Fig.

17 is a bl ock diagram of another enbodi - -ag SEP 1996
_ ' . 27
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CLAIMS
1. An ink-jet type recording device comprising:

an ink-jet recording head (1) including a pressure chamber
(34) defined between a nozzle plate (30) having a nozzle
opening (31) formed therein and a vibratory plate
deformable in accordance with an expansion and a
contraction of a piezoelectric vibrator (48):;

drive signal generation means (84) for generating a drive
signal in synchronization with a timing signal;

switching means (85) for outputting said drive signal to
said piezoelectric vibrator (48) responsive to a printing
signal; and,

control signal generation means.(80) for generating a pulse
signél to turn on said switching means (85) so that part of
said drive signal can be output in synchronization with
said timing signal to said piezoelectric wvibrator (48) for
which a non-printing state is selected. '

2. An ink-jet type recording device as claimed in claim 1,
- wherein said drive signal generation means (84) includes:

a circuit for charging and discharging a capacitor (152),

wherein said capacitor (152) has a trapezoidal waveform
including an area rising at a given gradient, an area for
keéping a given voltage and an area dropping at a given
gradient.

* C L M S * \
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Fig. 17,

‘ment of a drlve'rﬁss}ﬁwﬂaswviv in the recording head of the |nvent|on

- referen
circuit which WI
gener at ion circui't

printing signal and a tining si gnT gi ven3Prom ext grnalo 7 SEP 1996
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An ink-jet type recording device as claimed in claim 1 or

2, wherein said pulse signal has a pulse width which
provides such a degree of drive voltage that prevents ink
droplets from being expelled from said nozzle opening (31)
but causes a meniscus (M) in the vicinity of said nozzle
opening (31) to vibrate.

An ink-jet type recording device as claimed in one of the

preceding claims wherein said pulse signal has a pulse
width which can be adjusted in accordance with a sighal
generated from a pulse width control circuit (120) for
detecting the temperature of a periphery of said recording
head.

An' ink-jet type recording device as claimed in claim 4,
wherein said pulse width control circuit (120) includes:

temperature detecting means (121) for detecting said.

periphery of said recording head; and

memory means (1l24) for storing a relation between an ink
film forming capability variable in accordance with an open
air temperature and a vibration amplitude suited for

obstructing a formation of said ink film;

wherein said pulse width control circuit (120) sets said
pulse width on the basis of an output of said temperature
detecting means (121) and said relation stored in said
memory means.

An ink-jet type recording head as claimed in one of the
preceding claims wherein said switching means ( 85) is an N
channel enhancement MOS transistor.

* [ L M S *
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devices, respectively. Also it further has termnals 133

7.
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An ink-~jet type recording head as claimed in one of the
preceding claims, wherein said piezoelectric vibrator (48)

- is formed by laminating a piezoelectric material and an

electrode material on each other.
An ink-jet type recording device comprising:

an ink-jet recording' head (1) including a pressure
generation chamber (34) defined between a nozzle plate (30)
having a nozzle opening (31) formed therein and a vibratory
plate deformable in accordance with an expansion and a
contraction of a piezoelectric vibrator (48);

an ink image hold means (3) for receiving ink droplets from
said recording head (1);

a pressure roller (7) for pressing recording paper against
said ink image hold means (3); '

drive signal generation means (84) for generating a drive
signal in synchronization with a timing signal;

switching means (85) for outputting said drive signal to
said piezoelectric vibrator (48) respon51ve to a prlntlng
signal and,

control signal generation means (80) for generating a pulse
signal to turn on said switching means (85) so that part of
said drive signal can be output in synchronization with a
timing signal to said piezoelectric vibrator (48) for which
a non-printing state is selected.

I



134 and 135 from which are output a shift clock si gnal
respect I vel y

and a latch signal.
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respectively. In Fig. 18, there is shown _an _enbodi ment of the
above-nentioned drive control si@nglis@emer MASEERN [ Cui t p_1_@0. In_Fig. 18,

rref erence nuneral 140 stands for jan adgemageEpount ef whi ¢ w
TZ1 ope gf nSHEEP

responsive to a clock signal fromramosctTtator
ance with a timng signal input to the teryinal 132 to gtore in a nenory
142 a printing signal given by an | 27 SEP 1996

FIG. 3
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external device and input fromthe termnal 131. 143 deéignates a

one-shot rmultivi brator which,

advances by the nunber of t he anSGBESEﬁﬁﬁé’ bt at or s
connected, outputs a |atch signal OREBLACED pulse mﬁdt’gg?bﬁeg

t he address counter 140

ERT SHEFrT

I n accordance with a carry sighfal out- p fromthe afdfess n
e EasEH @ﬁé

The latch signal is output to the termnal 133 and atj|th

fre-
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quency of the latch signal is divided by a flipflop circuit 144 to provide
a switching signal. As shown in EFig 19 (1V). a pri nthjg;:g{r«mgﬂqfs i- I n
the menory 142 and al| gugsHEEFaHAS BEFNtlhe swit chi ng sijgiateit: HE al |
of tThe piezoelectric vibr®BFLACBB, 48.148. --- connedted thereto are|output
al t Bfdskea Hys Beon RéphacddeT M Nal 134 every cyclae of the |3t ¢h ZVHER 1996he

pri ni“ﬂuﬂmmi”“lput to the termnal 134 is then oytput to the flipflop
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forming the shift register in Fig. 17 in accordance with the shift clock
signal of the term ‘Er£i1$§ﬂEEﬁngi@FhfIsn | atched by the flipflop circuit 138
P- TIdHb &

connected to the fl 1B9 in accordance with the rising edge
of the latch signal!
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THE NUMBER OF INK

The piezoelectric vibrator to formdots, in a block

[aS SHEET HAS BEENJ REPLACEMENT SHEET
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(which will be hereinafter referred to as a printing block A) in which

printing data Ais held
dgiven a trapezoidal dri

flipflop circuit 138 un N-ACFRge repches a sat 'AEFMHW%ET

simlarly to the previ ously descri bed enboql ment, soft re—p+e

1" t-he—+pflop. circuit 138 in Fig. 19 (1V), is
*E? HEET HAS BEEDr lance with. a.signal fromthe -

zoel ectric vibrator is expanded and contracted suffr - cr §n} kgptﬁggenerat e

i nk dropl ets.
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‘O the ot her hand, the piezoelectric vibrators 48, 48, 48, -- to maintain

the non-printing state are respec- tively given a trapezoidal voliage whose .

hi ghest voltage is small, because in a block (which g / i f

referred to as a printing block 8) in which printing [A@MBNEn%F?

flipflop circuit 138 in Fig. 19 (IV) the_sswitchi ng t a SIStOI‘ %é ns of f

fromon while the volt-_age.of Tha\drive signal isr 9 t{ of
N

t he

this, in THIS SHEET HAS BEE
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time with the discharge of the piezoelectric vibrator to fromdots, the
pi ezoel ectric vibrators 48, 48, 48, -- set in the non-printing state also
di scharge with the voltage Vc-Vvd and thus they are expanded and contracted

to such a degree not to formink droplets, which slighf Ve
meni scus in the nei ghborhood of the nozzle opening to REIAQE ﬂTeéHE?ET‘I{k
filmfrombeing formed during the non-prir?[ing peri od.
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Now, in Fig. 20, there is shown another enbodi- nent of the drive signal
generation circuit In Fig. 20. 150 stands for a one-shot nultivibrator

whi ch out puts a pul se signal having a preset pulse width in synchroniza-
tion with a timng .signal input to a termnal 81, and fao.whase. inverted

termnal is connected a PNP type tran- sistor 151. And LAGE SHERT
which is connected in series to the trank®stor 151, ig q e
vol t age ' _ ~
g 27 SEP 1996
THIS SHEET HAS BEEN
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VH of a power supply termnal inits initial state. There- fore, if the
transistor 151 is turned on, then a transistor 154 allows a constant
current Ir to flowinto the capacitor 152 so that the capacitor 152 is
charged. And, the dis- charge is ended at a tinme when the term nal voltage
of the capacitor 152 is turned to O volt b1y a di ode 153

REPLACEMENT SHEET|
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On the other hand. when the one-shot nultivibrator 150 is inverted, then a
transistor 156 is turned on whereby the capacitor 152 discharges unti-I the
term nal voltage thereof reaches the power supply term nal volt- age -VH
whil e the discharge current thereof is being lim ited to a constant |evel
by a transistor 158. These charging and di scharging CUr I eNL.S Gy

respectively anplified by an NPN type tramsi stor 159 WKMMT

oo BEE-N
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transistor 160 and are then-autput froma terminal 86 to t 'ml tﬂ_'lﬁ'
vibrators 85, 85, 85, --| THIS SHEET HAS gEpaWs a wave form cHar, SBavi ey
the recording head is driven DBEALAE€EBbove-frenti oned drive si-gngl gfﬁerati n
circuit. In this chart, the piezoelectrit—Vibrators 48, 4§, [48¢ A dv%h n
dots during a period shown by a printing block Ain Il i Hig. 21, are
respec- tively given a drive signal which Was an inverted polarity
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with respect to the signal enployed in the previously described embodi ment.
Also in a non-printing period. during a period shown by a printing block B
inlll in Fig. 21, a vol tage so small as not to produce ink droplei-s—

applied to the piezoelectric vibrator to thereby vibr WL%QMN’[} S}ﬁ,’l‘
as—to—prevent it h

meni scus in the neighborhood of the nozzle opening, s

i nk in the nei ghborho of the nozzle opethng fromfo nj n I And,| a
vol t age THIS SHEET HAS BEEN %'flSEP 1996
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Vc vd. which is smaller than a charge voltage Vd for vibration applled to

t he piezoelectric vibrators 48, 48, 48. ---. is all n § 1)
Switching transistors 85. 85 and 85 that are set |nm MV | H’rEj;
condi tions —Fhis—means that a switching transistor paying SESIS 19I9 riatled
W t hstand 1 RHIES AQBESWM|t chi ng tranal 5t &7 In Fig.
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drive signal generation circuit shown in Fig. 20. In the nodification, a
circuit 170, which corresponds to the flip- flop circuit shown in Fig. 21.
i's conposed of three one- shot multivibrator 171, 172, and I73 and—anmAND

circuit 174. In this nDdlflcatlon if a timng signal T
terminal 81. then tfhere—-s—output a pul se,9f a pul se Jhﬂﬂﬁ“ﬂﬂﬂENn‘éhEET
THIS SHEET HAS BEEN
REPLACED _ :’ 2 —rs-EP—1996
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- 21 - set in the one-shot nultivibrator 171.

I n accordance with
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the rising of the i nvert ed signal of the one-

or 171. the

TS

ot
out put and | ogi cal peoduct—(llin FEig 23) of fkivibrator
171 are output to tHeTHRESHEET HAStBEEN/ 4, n t he Eortion dgf it he pul se
fromthe one-shot mjltiv-REBAGES 171] a PNP [ rhn@2%86P 888 tjurjns on to

charge a capacitor 152, which is in thasinitipl|zed condition charged with
a voltage -VH, with the constant current Ir ' _ -
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that is determ ned by a transistor 154. When the capac- itor 152 is charged
up to 0 volt in this manner, then the charging operation is stopped by a
diode 153. Next. when an inverted signal is outpw—fremthe—one—shot
mul tivibrator 171, then the transistor 151 turns of f|REPBACEMENTD SHEET
I nverted out put of the one-shot mul- tivibrator 172 |bgCoOmMES "0 . Thgn|a
transistor 156 turns on and thus the capagitor 152 ijs altquag;t.lg%di char ge.

THIS SHEBET HAS BEEN

REPLACED
i !
[ ] $
[]
!
: 5,’\ o ] !
py . H
31 © O
n m/_@
© ©° o _
grl | ﬁj_l
b m m m
— o
W 1T 8| &| 8
®©
. a4
N = = =
< < <
SNEIE
] allla]l2
\l [ [ Y
- _
S | m = = =
NN <S5 4 s < o
\ Za MR Nl L)
O << a4
b tw] 20 wo
35 Vo xS
e — § == —
5= o= o<
[a d xor =20
—aj —td owl
o= 22 te
iy (L] 7, [
7
1T 7 1

- This Sheet Has Been Replaced

(AR




That is, the capacitor 152 continues to di scharge with a constant current

If-while it islimted in current by.a tran- sistog-is8—grttdi—t -eaches
t'he power supply termninal voltage -VH Al so, i RE%GEMEM‘nQ EET{ he
signal of the one-shot nultivibrator 171 that is s¢t [by Thé one-snpt

mul tivibrator 173. the transistor 151 is again turnpe o;f:-,-tsgpzmge t he
t he

capacitor 152 vm't{ . _ gnt | f2&imlarly]|t
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above- nenti oned case. Now, Fig. 24 shows anot her enbodi nent of an ink-
j et recording device according to the invention. In Fig. 24,180, 180, 180,
-~ respectively designate OR circuits which are connected between flipflop

circuits 181, 181, 181, -- formng a shift register and sw tching neans 85,
85, 85. -. To the first termnals of the respective ORcir- cuits 180. 180,
180. --there are input all-on signals to Toper . P ——
37 REFLACEMENT SHERT
THIS SHEET HAS BEEN 27 SEP 1996
' REPLACED
ABSTRACT

INK-JET TYPE RECORDING DEVICE

Disclosed is an ink-jet type recording device comprising a
drive signal generation circuit (84) for generating
trapézoidal_ drive signal in synchronization with a timing
signal applied from an external device, switching transistors
(85) respectively for outputting a drive signal to
piezoelectric vibrators (48) in accordance with a printing
signal applied form an external device, and control signal
generation means (80) for generating a pulse signal to turn on
the switching transistors (85) so that part of the drive
signal being output to the piezoelectric vibrators (48)
respectively set in non—printing.condition in synchronization
with a timing signal. Part of the drive signal is applied to
the piezoelectric vibrators (48) belonging to the nozzle
openings that do not jet out ink droplets in accordance with
the pulse signal, so that menisci in the nozzle openings can
be vibrated slightly, respectively. '

FIGURE 4

. . This Sheet Has Been Replaced




tdrn-on the switching tran5|stors 85, 85, 85 -- froma control sumal
Aeneration circuit 183 which will.be described later, wh EMMEB@WY

| ‘termnals thereof there aré ‘input signals fromthefllpf cHettts—18+%
181. 181. ---. And, 182. 182, 182. --respectively stand-1o “)?-’fé 0?998
circuits form'ng ashift regi.ster to Wnicp are input B

INK-JET TYPE RECORDING DEVICE
- Description

- The present mventxon relates to an ink jet type -
recording device.

An ink jet recording head of an cn-demand type
includes a plurality of nozzle openings and a piurality of

‘pressure generation chambers respectively in commu-
nication with the nozzle openings, and is arranged such
that, responsive to a printing signal, it expands or con--
tracts the pressure generatxon chambers to generate
ink droplets. .

When the ink droplets attach to a recording
medium, they can run on it according to the quality
thereof or they can be in touch with other membersto -
get rubbed. For this reason, the ink droplets are pre-
pared such that the solvent will evaporate to solidify the
ink as soon as possible. Due to this, when a printing
operation is interrupted or in the case of a nozzle cpen-
ing through which the ink droplets are not frequently dis-
charged, the soivent will evaporate to thereby cause the
nozzie opening to be clogged with the ink.

To solve such a problem, when the printing cpera-
tion is to be stopped for relatively many hours, it is nec-
essary to mount a cap onto the nozzle opening to
thereby prevent the ink solvent from evaporating. How-
ever, even during the printing operation, all of the nozzle
openings do not generate the ink droplets equally and,
according to the positions where the nozzle openings
are arranged, there can exist some nozzle openings
where the frequency of ink jet is very low.

To solve such a problem, there has been proposed
a methad in which, when a printing operation has been
performed continuously for a given time, a recording
head is stepped aside into a non-printing area and then
ink droplets are forcibly jetted out from all of the nozzle
openings. However, this method requires interruption of
the printing operation, which results in 3 lowered print-

ing speed.
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To solve this problem, there was also proposed a
clogging preventive technique in which a print signal is
applied through a current limit resistance to a piezoelec-
tric vibrator disposed in a pressure generation chamber
in communication with a nozzle opening through which
no ink droplet will be generated during the printing oper-

- ation, thereby vibrating slightly a meniscus in the neigh-

borhood of the nozzle opening (see Unexamined
Japanese Patent Publication No. Sho. 55-123476,
Unexamined Japanese Patent Publication No. Sho. 57-
61576, USP 4350989). '

According to the clogging preventwe techmque
because there is eliminated the need to interrupt the
printing operation, the clogging of the nozzle opening

‘can be prevented without lowering the printing speed.

However, to change the amplitude for the slight vibra-
tion, a supply voltage, a resistance value and the like
must be adjusted, so that a circuit configuration

| becomes complicated.

It is therefore the object of the present invention to

overcome the drawbacks of the known recording
devices. This object is solved by the ink jet type record-

ing device of independent claims 1 and 8. Further
advantageous features aspects and details of the ink jet

type recording device of the present inventicn are evi-

dent from the dependent claims, the description and the

- drawings. The claims are to be understood as a first

non-limiting approach to define the invention in general
terms. : -
Especially, the present invention relates to an ink-
jet printer of an on-demand type and, more particularly,
to a technique to prevent a recording head from being
clogged.

According to an aspect, the invention provides a
new ink jet printer which makes use of the function of an
existing drive circuit to be able fo generate a vibration
signal for prevention of clogging.

. According to the invention, there is provxded an ink
jet printer which comprises an ink-jet recording head



a shift clock fromthe control si gnal generati A&%NH%H@SHEEE

gsignal. The flipflop circuits 182, 182. 182. - € the print

a given stage in syn- chronization wth the cl o%k FOFEE 1998 t he|
th flip- flop circuits 181. 181. 181, --- to lat¢h the printin
In Fig. 25 [ [

there is shown an enbodi nent of th
signal generation circuit. This enbodi-m@nt i ncljudes two nenories

191 whi ch

a printing
npg signal to
eby al | ow
51 gnal .
tont r ol

including a pressure generation chamber including a
nozzle plate having a nozzle opening and a vibratory
plate deformable due to the expansion or contraction of
a piezoelectric vibrator, drive signal generation means
for generating a trapezoidal drive signal in synchroniza-
tion with a timing signal applied externally, switching
means for outputting the drive signal to the piezoelectric
vibrator responsive to a printing signal applied exter-
nally, and control signal generation means for generat-
ing a puise signal to turn on the switching means to
thereby output part of the driva signal in synchronization
with a timing signal to the piezoelectric vibrator for
which a non-print condition is selected.

Responsive to the puise signal, part of the drive sig-
nal is applied to a piezoelectric vibrator belonging to a .

nozzle opening which does not jet out ink droplets,
thereby causing a meniscus in the nozzie opening to

- vibrate. As a result of this, ink existing in the pressure

generation chamber and ink existing in the neighbor-
hood of the nozzie opening are mixed together to
thereby be able to supplement the ink in the neighbor-
hood of the nozzle opening with solvent, which prevents
fim formation due to the evaporation of the solvent.

Further, the piezoelectric vibrator generates heat -

even in the non-printing condition, which prevents
absorption of humidity fror_n the peripheral environment.

Fig. 1 is a general view of an embediment of an ink-

jet type recording device according to the invention;
Fig. 2 is a section view of an embodiment of an ink-
jet recording head empioyed in the invention;

Fig. 3 is an exploded perspective view of the stric-
ture of the recording head shown in Fig. 2.

Fig. 4 is a block diagram of an embodiment of a -

drive circuit included in an ink-jet recording head
- used in the invention;
Fig. S is a circuit diagram of an embodiment of a

drive signal generation circuit employed in the

invention;

190 and



are arranged to operate to store and r ead OLREHLAQEMEMS ETihat is, while
tone of themis storing a printing sig- nal fir ' the other is .
outputting a printing S|gnal In Fig. 25, 1C2 n address counter
whi ch can be operated in accordance with a clcck S|gnal n oscill ator
193 operable by a timng 5|gnal I nput_ t0 | t hg t alfl ow t he

sel ected one of the mem ories 190, 19T to qtore therein a printing signal
gi ven by '

Fig. 6 is a circuit diagram of another embodiment of
a drive signal control circuit employed in the inven-
tion;
Fig. 7 is a wave form chart of the aperation of the
above drive circuit, -
Figs. 8 (a) to (e) are respec‘zvely explanatory views
of the states of a meniscus given by the above drive
circuit in 3 printing state;
Figs. 9 (a) to (e) are respectively explanatory views
of the states of a meniscus given by the above drive
~ circuit in a non-printing state;
Fig. 10 is a graphical representation of a relation
between the magnitude cf a vibration signal and a
leavable time;
Fig. 11 is a graphical representaticn of a relation
between a vibration signal application time and the
amount of consumption of ink untﬂ jet-out recovery
by means of flushing;
Fig. 12 is a graphical representation of a relatxon
between a vibration signal appiication time and the
continuing time ofa deanmg operatxon required for
recovery;
Fig. 13 is a section view of an embodiment of an
ink-jet recording head of another type to which the
drive system of the invention can be applied:
Fig. 14 is a graphical representation of a voitage to
be applied to a piezoelectric vibrator while it is in the
non-printing state and a time necessary for genera-
tion of clogging of a nozzle opening, with the tem-
perature of the peripheral environment as a
parameter;
Fig. 15 is a block diagram of an embod:ment of the
invention in which a vibration signal to be applied
for prevention of clogging is adjusted by use of the
temperature of the environment;
Fig. 16 is a graphical representation of an example
of data to be stored in memory means used in the
above embodiment;



an external device and input fromthe terni ncLREBIJ,ACEEEI\Eﬁ SHEET or a

bne-shot vibrator which outputs to a terni - nfalf~13% a -atrcn nal of a

pul se width set by a carry sig- nal output fro a§dR C u ter 140 when
the count thereof corresponding to the nunber| qf tRe p1 ezoel ¢cqric

vi brators connected i s ended. “The Iqstch qi ' di vi ded by

afllpflop circuit 196 to provide a sw tch sijgnal, by which th¢ print-

Fig. 17 is a block dxagram of another embodiment of
a drive circuit according to the invention;
Fig. 18 is a block diagram of an embodiment of a
control signal generation circuit included in the
drive circuit of Fig. 17;
Fig. 19 is a wave form chart of the operation of the
drive circuit of Fig. 17;
Fig. 20 is a circuit diagram of another embodiment
of the drive signal generation circuit;
Fig. 21 is a wave form chart of the operation of the
drive signal generation circuit of Fig. 20; )
Fig. 22 is a circuit diagram of another embodiment.
of the drive signal generation circuit;
Fig. 23 is a wave form chart of the operation of the
drive circuit of Fig. 22;
Fig. 24 is a biock diagram of another embodiment of
the drive circuit of the invention;
Fig. 25 is a block diagram of an embodiment of a
control signal generation circuit included in the
drive circuit of Fig. 24,
Fig. 26 is a wave form chart of the operation of the
drive circuit of Fig. 24;

~Fig. 27 is a block diagram of another embodiment of
a drive circuit according to the invention; and
Fig. 28 is a wave form chart of the operation of the
circuit device of Fig. 27;

(@]

. Now. description will now be given hereinbelow of
- the details of an ink-jet printer according to the invention
by way of the illustrated embediments thereof,

In Fig. 1, there is shcwn an embodiment of an ink-
jet recording device suitable for application of a drive
method according to the invention. In Fig. 1, reference
character 1 designates a line recording head of an ink-
jet type, which is disposed in a drive mechanism 2 in

. such a manner that it can be moved to a printing posi-
“tion P1, a discharge recovery pesition P2, and a cap-
ping position P3. 3 stands for an ink image hold drum
which is disposed opposed to the line recording head 1.



T SEEET] ¢ o0 pu

ing signals respectively stored in the neno !
talternately to the termnal 135. The print- i S|%nal outp to the
termnal 135 is input to the flip- flop cirg¢uit al shift

regi ster shown in Fig. 24 in accordance with {he shift cloc< pf t he
“terminal 133.. And, ‘the printing signal hlt gd-tTo a given Tlipflop 182 is

hel d by the fllpflop circuit 181 connected .n_Lhe_gLuen_LLLpL op CIrCUIt
182, in accordance Vird) thednkiifiage RERFAAIM 3 covers an ink hold layer

S formed of a suitable material such as silicone rubber
or the like which prevents ink from running on the sur-
face of a drum 4 drivable at a constant rotation speed by
a drive mechanism (not shown) and also which is excel-
lent in transferring ink to recording paper. Of course, itis |
applicable to employ a belt instead of a drum as the ink
image hold means. At a position opposed to the ink
image hold drum 3, there is arranged a pressure roller 7
which is used to press the recording paper sent out from
a cassette 6 against the ink image hoild drum 3. The
pressure roller 7 is supported by an eccentric shaft 8 in
such a manner that, while an ink image is being formed,
it steps aside upwardly and, while the ink image is being
transferred, it moves down to come in touch with a
backup roller 10 which transmits the pressure of a
spring 9.

Also, in the penphery of the ink image hold drum 3,
there are disposed a drum cleaner 11 which is used to
remove the residual ink, a heater 12 used to facilitate
drying of the ink image, a separation mechanism 13 for
separating the recording paper from the drum surface,

- and the like. |

Reference character 15 designates a cleaning
member which, when the recording head 1 steps aside
to the position P2, is driven to clean the nozzle opening
surface by means of a wiper 16 to thereby allow the dis-
charge recovery operation to be performed. And, 17
stands for a sealing mechanism which, when the
recording head 1 steps aside to the position P3, is
driven to come into resilient contact with the front sur-
face of the recording head 1 by use of a sealing member

18 formed of rubber or the like, thereby sealing the noz-
- Zle opening.

In Figs. 2 and 3, there is shown an embodiment of

 the above-mentioned recording head 1. In these figures,

reference character 30 designates a nozzle plate which

lincludes therein about 2,000 nozzle openings 31, 3t, -

- respectively arranged or shifted linearly or vertically in




the latch si gnal . 197 designates a one-s LAQEMEN'B }T which is
sstarted in accordance with the rising of the ljatch signal frijopthe one-shot
~mul tivibrator 195 and generates a pul se ‘signfal{td :REBJB98 hg- (i ezoel ectric
vibrator up to a voltage enough to vibrate thel meni scus. Thg dignal is
input to the ORcircuit in a drive cir_c'u.gt_s 0 ' Flrg. 24

‘a zigzag manner, so that the openings can cover the
area of the width of the recording paper having a maxi-
mum size. Alternatively, there can be used a recording
head in which a plurality of nozzles, for example, 400
nozzies are arranged at a pitch of a plurality of dots, for
example, at intervals of S dots in tha line direction, and
the reccrding head is moved by 1 dot each time the ink
image hold drum is rotated in such a manner that
images carrespending to 1 page can e formed by rotat-
ing the ink image hold drum, for examgle, S times.
~ Reference numeral 33 stands for a spacer that
includes therein through beres 385, 35, 35, --- defining
pressure generation chambers 34, 34, 34, --- which are
arranged at regular intervals in the horizontal direction
when the spacer is set in the printer. 37 designates a
vibratory plate forming member which includes a thin
portion 38 in a portion theraof cpposed to the pressure
generation chamber 34 and, in the portions thereof
respectively cpposed o ink supply paths 46, 47 to be
‘described later, elongated rectangular through bores
39, 40 such that they hold the thin portion 38 between
them. ,
' Reference numeral 42 stand for an ink supply flow
path forming member which includes, in the area
thereof opposed to the thin portions 38, 38, 38, 38 —- of
the vibratory plate forming member 37, a vibrator unit
through bore 43 through which the piezoelectric vibra-
tors 48, 48, 48, --- of a vibrator unit S0 extends and, in
the portion thereof opposed to the ink supply paths 46,
47, elongated grooves 44, 4S.

Reference numeral 48 respectively designate pie-
Zoelectric vibrators each of which is formed of an elec-
trode and a piezoelectric vibratory material in a
sandwich manner so as to be able to generate vibra-
tions in a longitudinal vibration mode with a drive voit-
age as low as possible. The same number of
piezoelectric vibrators 48, 48, 48 --- as that of the nozzle
openings 31, 31, 31, - are fixed onto a base 49,

- thereby serving as a vibrator unit. The leading ends of



hg .

REPLACEMENT SHEET|
10 FEB 1998

- 8 -
the piezoelectric vibrators 48, 48, 48, --- are inserted
through the vibratorunit through bores 43 formed in the
ink supply path forming member 42 with no contact
therewith, and the leading ends are fixed to the thin por-
tions 38, 38, 38, --- of the vibratory plate forming mem-
ber 37. In Fig. 3, reference character 51 stands for a
positicning projection which is provided on the base 49
and also which is projected out from the vibration unit
through bore 43 of the ink supply path forming member
42 to secure the positioning accuracy of the respective
components in cooperation with positioning holes 52,
53 and 54. ' '

A recording head using the above-mentioned trans-
fer method, in order to vaporize quicidy ink solvents
included in dots formed in the ink image hold drum 3 as
well as to improve image transferability to the recording
paper, uses ink which has, for example, the tollowing
compositions: ' '

pigment ' 3 wt%
resin ' 12 wt%
triethanol-amine Swth -

polyethylene glycol . S wtte
isopropyl glycol 4 wit%s
surface active agent 2 wt%
water , 69 wit%

Referring again to Fig. 1, the ink is sent out from ink
supply means 20 through a tube 71 to the recording
head 1 and, at the same time, while it is collected by a
tube 73 into the ink supply means 20, the ink is supplied
to the pressure generation chamber smoothly.

Now, in Fig. 4, there is shown an embodiment of a

 drive circuit which is used in the above-mentioned ink-
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and is then applied'to the switching transistor

donnected to the piezoelectric vibra- tors 48,

the non-printing condi- tions. Accor.ding to
is not only possible to reduce the voltage with
the swtching transistors 85 85 85, -4, _but

- enbodi ments respectively
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jet recording device. In Fig. 4, reference character 80
stands for a control signal generaticn circuit which
“includes an input terminal 81 for receiving a timing sig-
nal from an external device, an input terminal 82 for
receiving an instruction signal to instruct printing or non-
printing, and an cutput terminal 83 for supplying a drive

signal to switching transistors 85, 85, 85, --- which will - -

be described later. 84 stands for a drive signal genera-
tion circuit which is arranged to generate a trapezoidal
drive signal to operate the piezoelectric vibrator 43 in
accordancea with a timing signal from an external device.
Reference numeral 85 designates a switching tran-

* sistor which, in the present embodiment, is composed
of an enhancement type MQOS transistor which turns off
when the gate voitage thereof is zero. With an instruc-
tion signal from the control signal generation circuit 80
input to the gate thereof, the switching transistor 85
- applies a drive signal generated by the drive signal gen-
eration circuit 85 to the piezoelectric vibrator 48 to
thereby cause the piezoelectric vibrators 48, 48, 48, ---
to be shifted to such a degree that ink drcplets can be
‘generated, or in the non-printing state uses the drive
signal to cause the vibrators to produce slight vibrations
to such a degree that ink droplets will not be generated.
Now, in Fig. S, there is shown an embodiment of the
above-mentioned control signal generation circuit 80. In
Fig. 5. reference character 90 designates a one-shot
multivibrator which converts a timing signal input from
the terminai 81 into a pulse signal of a given width, 91
stands for an AND circuit which outputs the logical prod-
ucts of a signal from the one-shot multivibrator 90 and
an instruction signal from the terminal 82, 92 points out
an inverter which inverts an instruction signal, and S3
represents an AND circuit which outputs the logical
product of signals from the one-shot multivibrator 90

and inverter 92.

And, 94 designates another one-shot multivibrator

spectively
re set in
iment. it
uired by
to the



shown i n Figs. 17 and 24, it i s possible to
‘the printing signal to be transferred fromth

o

A : f.speed of
@me -ﬂﬂ dener ati on

circuit 183 to the flip- flop circuit 181. Ref erring ﬁowtO'Fig. 27,
there is shown a still fur- ther enbodi ment of pn 1iKEBeYIBeclor|di ng device
accord- ing to the invention. In Fig._ referpnce nuneral - 200 stands for

a first drive signal generation circuit which

which outputs a signal cf a giverrwictT T&sponsive 0 a -

- signal from the AND circuit 3. Signals of the AND cir-
cuit 91 and one-shot multivibrator 94 are output through
an OR circuit 95 from the terminal 83 as a control signal.
In the control signal generation circuit 80, there ara pre-
pared the thus arranged circuits, the number of which is
equal to that of the nczzle cpenings.

Referring now to Fig. 8, there is shown an embedi-
ment of the above-menticned drive signal generation
- circuit 84. In Fig. 8, reference character 100 designates
a one-shot multivibrater which converts a timing signal
from an external device into a puise signal of a given
width and also which outputs a pasitive signal or a neg-
ative signal in synchronization with the timing signal. To
one terminal of the one-shot multivibrator is connected
the base of an NPN type transistor 101 to which is con-
‘nected a PNP type transistor 102, whereby at a time
when the timing signal is input a capacitor 103 is
charged with a constant current Ir until it reaches a voit-
age (VH - VBE102) cbtained by subtracting a voltage
between the base and emitter of the transistor 108 from
supply voltage VH.

To the other terminal of the one-shot muitivibrator
100 is connected an NPN type transistor 108, whereby,
at a time when the timing signal is switched, the transis-
tor 102 turns off and the transistor 108 in turn turns on
to discharge the capacitor 103 with a constant current if
until electric charges charged in the capacitor 103 reach
a voltage VBE 108 between the base and emitter of the
transistor 108. '

Reference numerals 104,105 designate further
transistors of the drive signal generation circuit 84.

In other words, when the base-emitter voltage of
the transistor 102 is expressed as VBE102 and the
resistance value of a resistance 106 is expressed as Rr,

~ then the charging current Ir can be expressed as fol-
lows:

Ir = VBE102/Rr



has a sinilar structure to that shown in Fig. ates a

; second drive signal generation circuit which h icfure to
that shown in Fig. 6 and is- arranged to outpu 8nal having kb different
phase fromthat of the first drive signal genefa |o‘h FEEMIB 2po] 203, 203,
203, --- respectively stand for isolatpys eachjoff which is capgble of

out putting an anal og signal such as a photo-cqupler or the |ike} The

i sol ators 203 are con-
Also, when the capacity of the capacitor 103 Is

expressed as CO, then the rise time Tr of the charging
voltage can be expressed as follows: '

=
o=

Tr = CO x (VH - VBE102)/ir

One the other hand, when the base-emitter voltage
of the transistor 108 is expressed as VBE108 and the
resistance value of the resistance 107 is expressed as
Rf, then the discharging current If of the drive signal can
be expressed as follows:

if = VBE108/Rr
Also, the fall time Ti can be expressed as follows:
Tt = CO x (VH - VBE108)/if

(The transistor's base-emitter voitage is normally of the
order-of 0.7 voits and is so small that it can be neglected

when compared with the supply voitage of 30 voits and,
for this reason, in the following description, the base-
emitter voitage will be expressed as 0 voits.)

' As aresult of this, the terminal voitage of the capac-
itor 103 provides a trapezoidal waveform which includes
an area rising at a given gradient. a saturation area
keeping a given value, and an area falling at a given gra-

- dient.

The terminal voltage is current amplified by transis-

tors 109, 110 and is then output as a drive signal from a
- terminal 86 to the respective paezcelectnc vibrators 48,
48, 48, —.

Next, description will be given below of the opera-
tion o be performed when the piezoelectric vibrators
are driven by use of the above-mentioned drive signal

- generation circuit.

| Iif a timing signal is input from the control signal gen-
eration circuit, then the drive signal generation circuit
‘turns on and off the transistors 102, 108 to output a



nect ed between the control signal geﬁeration ci’ RE'
transistors 85, 85, 85, --- and are arranged to}joutput to the s
transistors 85, 85, 85, -- signals correspondinp }o thEEB1988f of
generation circuit 201 in agcprd- ance with} the
I nstruction signals input formthe contr##lsign I
In the present enbodiment, the instructith Signhls

second drive signal

Swi t chi ng
chi ng
of the

generatron crrcuit 183.

drive signal of a trapezoidal voitage waveform. On the 7
other hand, the transistor 85 connected with the piezoe-

lectric vibrator 48 for printing is charged in accordance

with the drive signal, because the transistor 8S is turned

on by the control signal generation circuit 80.
_ The control signal generation circuit 80. on receipt
of a printing signal from an external device, outputs a
signal to the switching transistor 85 connected to the
piezoelectric vibrators 48, 48, 48, -, which are in turn
respectively connected to the nozzles to be printed,
thereby turning on the transistor 85. As a result of this,
- the drive signal having the trapezoidal waveform gener-
ated by the drive signal generation circuit 84 is allowed

to flow into the piezoelectric vibrator 48 and charge the .
piezoelectric vibrator 48 with a given current. This con--

tracts the piezoelectric vibrators 48, 48, 48, ---, which
should discharge ink droplets for printing, and the pres-
sure generation chamber is expanded.

And, if a given period of time has passed, then the
transistor 108 turns on and the capacitor 103 is dis-
charged, as described above. Responsive to this, the
piezoelectric vibrators 48, 48, 48, --- also discharge
" their charges and thus they expand and in turn the pres-

“sure generation chamber is contracted. As a result of
this, as shown in Figs. 8 (a) to (e), the ink within the
pressure generation chamber is compressed and'is jet-

ted out from the nozzte opening in the form of ink drop-

lets K. _ :

On the other hand, aithough the printing signal is
not applied to the switching transistors 85, 85, 85, ---
respectively connected to piezoelectric vibrators which
are in turn connected to the nozzies that do not have to
form dots, there is output a pulse signal P (Fig. 7) hav-
ing a predetermined time duration from the one-shot
‘muitivibrator 94. As a result of this, the switching transis-
tors 85, 85, 85, ---are allowed to turn on only for the time
when they coincide with the pulse signal P, so that
charging is started also on the piezoelectric vibrators

48, 48, 48, - that do not have to perform a printing
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fromthe control signal generation circuit 18
the isolators 203, 203, 203, --- . the potenti
accordance with the signals input therein frof

gener- ation circuit 201, and are then out put

transi stors 85, respectively. And,: the fignald firom t he secon
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Iri ve signal .

- generation circuit 201 are

operation. If a given period of time passes and thus the
pulse signal P from the cne-shot muiltivibratcr 94 falls
dcwn, then the switching transistor 85 turns off on the
way while the drive signal is still rising, the charging is
ended at a voitage Vd cown !o that time.

Although the voitage cf the drive signal will be
applied as it is to the switching transistors 885, 85, 85, -
-at and after the turn-cif of the transistors, as menticned
above, because the piezoelectric vibrators 48, 48, 48, -
- are charged to the vcitage (V¢-Vd), at the most, only a
difference Vc-Vd between the charge voitage Vd of the
piezoelectric vibrators 85, 85, 85, --- and the highest
voitage Vc of the drive signal is applied. For this reason,
when compared with the voltage (Vc) applied when
maintaining an off condition during the non-printing time
as in the conventional device, it is possible to use fran-
sistors respectively having a lower voltage-withstand

. rating as the switching transistors 85, 85, 85, ---.

In this manner, while being charged with the voitage
Vd, at a time when the transistor 108 (Fig. 6) is turned
on similarly to the piezoelectric vibrator which is to form
dots, if the electric charges of the piezoelectric vibrator
are discharged, then the piezoelectric vibrator is
extended by an amount proportionate to the charge
voltage Ve-Vd. Of course, the degree od this extension
is smaller than that of the piezoelectric vibrator selected
for printing, which causes vibratory members forming
the pressure generation chamber to vibrate slightly.

As a result of this, the piezoelectric vibrator is
expanded in accordance with a voitage VS which is
smaller than a voltage given in printing. This means that
the piezoelectric vibrator cannot produce sufficient
expansion to jet out ink droplets from the nozzle open-

ing but can simply give slight vibration to the ink in the

pressure generation chamber. This vibration is propa-

“gated through the ink in the pressure generation cham-
‘ber and reaches the nozzle opening. A meniscus M

provided adjacently to the nozzle opening is vibrated in
parallel to the direction of jetting of the ink by a pressure
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‘wave propagated (see Figs. 9(a") o [€))). which checks
the generation of an ink film in the neighborhood of the
nozzie opening 31 in the non-printing condition.
After then, the piezoelectric vibrator 85 belonging to
the nozzle opening that must form dots in accordance
with the timing signal is charged and discharged with a
voltage sufficient to generate ink droplets, on the other
hand the piezoelectric vibrator 85 belonging to the noz-
zle opening that need not form dots is charged and dis-
charged with a voltage Vd of an intensity not enough to
jet out ink droplets to thereby vibrate the ink in the noz-
Zie opening. That is, these operations are ‘executed
simultaneously. -
Alsg, the electric power that is apphed to the piezo-

- electric vibrator 48 in the non-printing time is in part con-

sumed due to the inductor loss and ohmic resistance
loss of the piezoelectric vibrator 48, which causes the
piezoelectric vibrator 48 tc generate heat. This prevents
the piezoelectric vibrator 48 from being cooled due to

_the long rest and thus prevents the piezoelectric vibrator

48 frcm absorbing ‘humidity cdue to a drop in tempera-
ture. The application of the slight drive signal in the non-
printing-time is very effective in use for an ink-jet record-
ing head which must use a piezoelectric vibrator easy to
produce a so calted migration gchenomencn, in which
silver is educed in the presence of water as in a vibrator
constructed by putting a piezoelectric material and an.
electrcde material consisting mainly of AgPd on each
other in a sandwich manner, in an environment in which
humidity is high due to the vapor of the ink solvent.

Now, the transfer type ink-jet recording device used
in the present embodiment includes cleaning means
which wipes the nozzle opening by use of a wiper or the.
like in order to soive the above-mentioned clogging of
the nozzle opening, and flushing means which dis-
charges ink droplets forcibly every given time regardless
of printing data.

Although depending on the compoasitions of the ink,

- the temperature and humidity of the peripheral environ-



also input to the source terninals of the"smnREBLA@ENEEH;Sﬂﬂﬁﬁors 85. Thus,
the sane signals as the printing sig- nals arle fappried bei weén|t he gates

and sources of the switching transistors 85, |85, ?%lFE 1998 In the printing
state, a voltage obtained by subtract- ing the |f rive sijgnal formthe

second drive signal is -applied to the %ezoel ﬂff'n wi-Baters |48, 48, 48,
-- and, in the non- prlntlng state, sincé&>the {switching transistlors

ment and the like, if the above-mentioned ink is used

and the non-printing state continues for 1 or 2 seconds,
“then there is generated in the nozzle opening such as
-ink film that makes impossible the next printing unless a

flushing operation is carried out. Also, if the non-printing

state continues for 30 seconds, then the clogging of the

nozzle opening cannot be removed only by the flushing

operation but there is required a cleaning operation to
- remove the clogged condition of the nozzle cpening.

In our test, the voltage of the drive signal was low-
ered down to such a level that can vibrate sfightly the
meniscus in the nozzle opening in the non-printing
state, as described above, and the lowered voitage was
applied to the piezoelectric vibrators and the non-print-
ing state continued. In this test, as shown in Fig. 10, up
to 600 seconds or so, even if the ink droplets were not
jetted out, the printing quality could be kept constant.
Also, even if the piezoelectric vibrators were left in the
non-driven condition for a time of the order of 600 to 850

seconds, a flushing operation enabled a normal print-

ing.

Also, even in a case where there was produced
such clogging thatrequires a flushing operation, as
shown in Fig. 11, the number of ink discharge pulses to
be applied so as to eliminate the clogging of the nozzle
opening completely, that is, the amount of consumption
of ink was reduced in inverse proportion to the vibration
continuing time of the meniscus.

- Further, even in a case where there was produced
such clogging that required a cleaning operation, aftera
second signal was applied to the piezoelectric vibrators
for a given period of time and thereby the meniscus was
vibrated, and if the cleaning operation was carried out,
then the clogging could be removed in a short time in
inverse proportion to the meniscus vibration continuing
time when compared with a case in which only the
cleaning operation was carried out, as shown in Fig. 12.

From the above tests, it is found that it is very useful
to apply to the piezoelectric vibrators a drive signal of
such a low level as to vibrate the meniscus in the non-



85, 85, 85, --- are turned off at the tine when rthe first drive signal is
sgenerated, only the second drive signal is appli '
the non-printing state as well, a slight voltage

pi ezoel ectric vibra- tors 48, 48. 48, -- to ther
meni scus in the nei ghborhood of the ngzike openi
enbodi nent as well, simlarly to the pr V|ously
is-possible to

printing state.

Also, in a reccrding head arranged such that the
vibratary plate is pushed by the above-menticned piezo-
electric vibratars to thereby generate ink droplets, since

~ the pressure generation chamber corresponding to the
printing area is under a great stress producecd by the
expansion and contracticn of the piezoelectric vidrators,
the pressura generaticn champer is flexed locally to
thereby cause the dot ferming cosition to be shifted.
However, as descrited abcve, even in the non-printing:
state, if a slight drive signal is apclied to the piezoelec-
tric vibrators, then there is precduced a certain degree of
stress in the pressure generation chamber in the non-
‘printing area as well, which can relieve the distortion of
the whole recording head to thereby contribute to the
improvement of the printing quality. :

In the above-menticned embodiment, the mventxon
has been described by way of a recording head of a
type to which ink is supplied from both sides of the noz-
zle opening. However, the present invention is not lim-
ited to such recording head type and, alternatively, other
types of recording head are possible. For example, the

- invention can also be enforced by an embodiment as
shown in Fig. 13. In this embodiment, a pressura gener-
ation chamber 117 is formed by a nozzle plate 114, a

- spacer member 115 and a vibratory plate 116, ink is
supplied by an ink supply pipe 118 from one side of the
pressure generation chamber 117 and the vibratory
plate 116 is pushed by a piezoelectric vibrator 119 to

- thereby generate ink droplets. Qbviously, the embodi-
ment in Fig. 13 can also provide a similar effect to the
above-mentioned embodiment.

Now, since the vapor pressure of the ink solvent is
subject to a change in temperature, the ink that forms a
meniscus in the neighborhood of the nozzle opening
113, as shown in Fig. 14, can form a film in a shorter
time as the temperature rises. _

Fig. 15 shows an embocdiment of a drive circuit
which is configured so as to cope with the above-men-
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reduce the voltage wi thstand | evel. In fhEa = roneldd - :
enbodi nents, description has been given of ‘a casq[jp th@? tjhg N-channel
enhancenent MOS transistor is used as the sw :hing-F ansrstjor]. However,
the invention is not limted to this, but a i ' ar] be provi ded
even if other types of solid swtching g{; Bt s ar e, used. As. has been

descri bed heretoforg, according to_the )
: tioned problem. In Fig. 15, reference numeral 120 des-

ignates a pulse width contral circuit which, responsive to
a signal from temperature detect means 121 to detect
the open-air temperature in the neighborhood of the
nozzle opening, reads out data from memory means
124 which stores therein a relation between an ink film
forming capability variable according to the open-air
temperature and a vibration amplitude best suited for
obstructing the film formation, and sets the pulse width
of the one-shot muitivibrator 94 via a CPU 123 on the
basis of the read-out data. In Fig. 15, 122 stands for
analog/digital conversion means.

According to this embodiment, for example, as
shown in Fig. 16, if there is stored in the memory means
124 a relation between a film forming capability, which is
caused by an environmental temperature correspond-
ing to the structure of individual recording heads and

- the composition of ink, and the vibration amplitude of a
meniscus necessary to obstruct the formation of the

film, then data V1, V2 and V3 respectively representing
the levels of vibraticn signals can be read out corre-

spondingly to the external environment temperature T1,
T2 and T3 that are detected by the temperature detect
means 121. As a result of this, according to the voitage
to be applied during the non-printing period, the pulse
wicth of the one-shot multivibrator S4 can be automati-
cally adjusted in such a manner that it beccmes short
when the temperature is low while it becomes long
when the temperature is high, to thereby vibrate the
meniscus in the non-printing state to such a degree as
to be able to obstruct the film formation without useless
discharge of ink.
Now, Fig. 17 is a block diagram of another embaodi-
ment of a drive circuit employed in the recording head of
~ the invention. In Fig. 17, reference numeral 130 desig- -
nates a control signal generation circuit which will be
described later in detail. The control signal generation
circuit 130 has terminals 131 and 132 to which are input
aprinting signal and a timing signal given from external

—




i nvention, there is provi ded an ink-jet type rgggLACEMFdESIEEEIf ich
. conprises an ink-jet recording head including|a{pressure genefati on chanber
. forned by a nozzle plate having therein a nozzl 4§ opOrfER) 1998 By|a vibratory
pl ate deformabl e due to the expansion and contjrgction of a pi¢zgelectric
vi brator, drive signal gen- eration neags_for jge ' pezoi dal
drive signal in synchronization with a finmng ‘si gnal applied frem an

devices, respectively. Also, it further has terminals 133,
134 and 135 from which are output a shift clock signal,
a printing signal and a latch signal, respectively. _

138, 138, 138 --- respectively designate flipflop cir-
cuit which form a latch circuit and also 139, 139, 139, --
-respectively stand for flipflop circuits which form a shift
clock circuit. Printing signals output from the flipflop cir-
cuits 139 are latched in the flipflop circuits 138 and are

then output to the switching transistors 85, 85, 85, ---,
respectively. : '

In Fig. 18, there is shown an embodiment of the
above-mentioned drive control signal generation circuit
130. In Fig. 18, reference numeral 140 stands for an
address counter which can be operated responsive to a
clock signal from an oscillator 141 operable in accord-
ance with a timing signal input to the terminal 132 to
store in a2 memory 142 a printing signal given by an
external device and input from the terminal 131.

143 designates a one-shot muitivibrator which,
when the count of the address counter 140 advances by
the number of the piezoelectric vibrators 48, 48, 48, ---
connected, outputs a latch signal of a set pulse width to
the terminal 135 in accordance with a carry signal out-
put from the address counter 140. The latch signal is
output to the terminal 133 and at the same time the fre-
quency of the latch signal is divided by a flipflop circuit
144 to provide a switching signal. As shown in Fig. 19
(V). a printing signal stored in the memory 142 and a
signal gated by the switching signal for selecting all of
the piezoelectric vibrators 48, 48, 48, --- connected
thereto are output alternately to the terminal 134 every |
cycle of the latch signal. The printing signal output to the
terminal 134 is then output to the flipflop circuit 139
forming the shift register in Fig. 17 in accordance with
the shift clock signal of the terminal 133, and is then
latched by the flipflop circuit 138 connected to the flip-

. flop circuit 139 in accordance with the rising edge of the
latch signal.




extérnal device, sw tching neans for out putfi ng aRFaPrLAQEMENIaSHEETthe

pi ezoel ectric vibrator in accordance with a prinfipg signal appl]igd from an
external device, and con- trol signal generation| neadQ fFEB 1998erfatfi ng a

pul se sig--nal to turn on the switching neans tojthereby output |pgrt of the -
drive signal to the piezoelectric vibraggr in syhchrontzatiomrwit H t he
timng signal. According to this ' : -

The piezoelectric vibrator to form dots, in a block
(which will be hereinafter referred to as a printing block
A) in which printing data A is held in the flipflop circuit
138 in Fig. 19 (IV), is given a trapezoidal drive signal in
accordance with a signal frcm the flipflcp circuit 138
until the voitage reaches a saturaticn voltage, similarly
to the previously described emtcdiment, so that the pie-
zoelectric vibrator is expancded and contracted suffi-
ciently to generate ink drcplets, |

On the other hand, the piezoelectric vibrators 48,
48, 48, -- to maintain the non-grinting state are respec-
tively given a trapezoidal voltage whose highest voitage
is small, because in a blcck (which will be hereinafter
referred to as a printing biock B) in which printing date B
is held by the flipflop circuit 138 in Fig. 19 (IV) the
switching transistor 85 turns off from cn while the volit-

. age of the drive signal is rising. As a result of this, in
time with the discharge of the piezoelectric vibrator to
from dots, the piezoelectric vibrators 48, 48, 48, --- sat
in the non-printing state also discharge with the voltage
Ve-Vd and thus they are expanded and contracted to
such a degree not to form ink droplets, which slightly
vibrates the meniscus in the neighborhood of the nozzle
opening to thereby prevent ink film from being formed
during the non-printing period.

Now, in Fig, 20, there is shown ancther embodi-
ment of the drive signal generation circuit. In Fig. 20,
150 stands for a one-shot muitivibrator which outputs a
pulse signal having a preset pulse width in synchroniza-
tion with a timing signal input to a terminal 81, and to
whose inverted terminal is connected a PNP type tran-
sistor 151. And, a capacitor 152, which is connected in
series to the transistor 151, is charged with the voitage
-VH of a power supply terminal in its initial state. There-
fore, if the transistor 151 is turned on, then a transistor
154 allows a constant current Ir to flow into the capacitor
152 so that the capacitor 152 is charged. And, the dis-
charge is ended at a time when the terminal voltage of
the capacitor 152 is turned to O volt by a diode 153
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which is connected in parallel to the capacitor 152.

On the other hand, when the one-shot multivibrator
150 is inverted, then a transistor 156 is turned on,
whereby the capacitor 152 discharges unti-l the terminal
voltage thereof reaches the power supply terminal voit-
age -VH while the discharge current thereof is being lim-
ited to a constant level by a transistor 158. These .
charging and discharging currents are respectively
amplified by an NPN type transistor 159 and a PNP type
transistor 160 and are then output from a terminal 86 to-
the piezoelectric vibrators 85, 85, 85, ---.

- Fig. 21 shows a wave form chart obtained when the -
recording head is driven by the above-mentioned drive
signal generation circuit. in this chart, the piezoelectric
vibrators 48, 48, 48, --- forming dots during a period
shown by a printing block A in Il in Fig. 21, are respec-
tiveiy given a drive signal which has an inverted polarity
with respect to the signal employed in the previously
described embodiment. Alse, in a non-printing period,
during a period shown by & printing block B in il in Fig.
21, a voltage so small as not to produce ink droplets is

applied to the piezoelectric vibrator to thereby vibrate
slightly the meniscus in the neighborhood of the nozzle

opening, so as to prevent the ink in the neighborhood of
the nozzle opening from forming a film. And, a voltage
Ve-Vd, which is smaller than a charge voltage Vd for
vibration applied to the giezoelectric vibrators 48, 48,
48, ---, is allowed to act on the switching transistors 85,
8S and 85 that are set in the ncn-printing conditions.
This means that a switching transistor having a small
rated withstand voltage can be used as the switching
transistor 85. _

In Fig. 22 there is shown a modified version of the
drive signal generation circuit shown in Fig. 20. In the
modification, a circuit 170, which corresponds to the fiip-
flop circuit shown in Fig. 21, is composed of three one-
shot multivibrator 171, 172, and 173 and an AND circuit
174. In this modification, if a timing signal is input to a
terminal 81, then there is output a pulse of a puise width



structure, part of the drive signal is applieée
vi brator bel onging to such a nozzl e opening &
dropl ets, and such piezoelectric vibrator is

to such a degree that does not generate. ink df

nmeni scus in the nozzle opening. This cap;prev

S does et dut] i nk

thusqékgghdggéa d jcontracted
lets._ there '
pnt formati on of-_n ink film

due to. evaporation of ink solvent to thereby

nozzl e

setin the ane-shot multivibrator 171. In accordance with
the rising of the inverted signal of the one-shot muiltivi-
brator 171, the output and logical preduct (Il in Fig. 23)
of the one-shot muitivibrator 171 are output to the AND
circuit 174, . '

In the portion of the pulse from the one-shot muitiv-
ibrator 171, a PNP transistor 151 turns on to charge a
capacitor 152, which is in the initialized condition
charged with a voltage -VH, with the constant current Ir
that is determined by a transistor 154. When the capac-
itor 152 is charged up to 0 volt in this manner, then the
charging operation is stopped by a diocde 153.

Next, when an inverted signal is output from the
one-shot multivibrator 171, then the transistor 151 turns
off. Then, when the inverted output of the one-shot muil-
tivibrator 172 becomes 0", then a transistor 156 turns
on and thus the capacitor 152 is ailowed to discharge.
That is, the capacitor 152 continues to discharge with a -
constant current If while it is limited in current by a tran-
sistor 158, until it reaches the power supply terminal

voltage -VH.

Also, in the portion of the signal of the one-shot
multivibrator 171 that is set by the one-shot muitivibrator
173, the transistor 151 is again turned on to charge the
capacitor 152 with a constant current If similarly to the
above-mentioned case. _

Now, Fig. 24 shows another embediment of an ink-
jet recording device according to the invention. In Fig.
24, 180, 180, 180, --- respectively designate OR circuits
which are connected between flipflop circuits 181, 181,
181, --- forming a shift register and switching means 85,

- 88, 85, ---. To the first terminals of the respective OR cir-

cuits 180, 180, 180, ---there are input ail-on signals to
turn on the switching transistors 85, 85, 85, - froma
control signal generation circuit 183 which will be
described later, while to the second terminals thereof
there are input signals from the flipflop circuits 181, 181,
181, --. And, 182, 182, 182, —--respectively stand for
flipflop circuits forming a shift register to which are input




opéni ng as much as possible, and can further L&C@M%Wﬂ

+fromthe peripheral environ- nents because tHhe lpi ezoel ectricjvi
generates heat even in the non-printing statd. [and OcEEB P98 mi|ze

difference between stresses in a pressure generfati on chanber (i n
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state and a pressure generation chanbe 2i n a {non-primtIngsTat ¢
I nprove the quality of the printed inmage. :

a shift clock from the control signal generation circuit
183 and a printing signal. The flipflop circuits 182, 182,
182, --- move the printing signal to a given stage in syn-
chronizaticn with the clock signal to thereby allow th flip-
flop circuits 181, 181, 181, --- to latch the grinting signal.
In Fig. 25, there is shown an embociment of the

- above-mentioned control signal generaticn circuit. This
emtodiment includes two memories 150 anc 191 which
are arranged to cperate o stcre and read cut aiter-
nately, that is, while cne of them is storing a grinting sig-

nal from a host device, the other is cutputting a printing

signal. In Fig. 25, 152 designates an address counter
which can be operated in accordance with a clock signal
from an oscillator 193 operable by a timing signal input
to the terminal 81 to allow the selected one of the mem-
ories 190, 191 to store therein a printing signal given by
an external device and input from the terminal 81. 195
stands for a one-shot vibrator which outputs to a termi-
nal 136 a latch signal of a pulse width set by a carry sig-
nal output from an address counter 140 when the count
thereof corresponding to the number of the puezoelectnc
vibrators connected is ended. '

The latch signal is frequency divided by a flipflop

- circuit 196 to provide a switch signal, by which the print-
ing signals respectively stored in the memories 190 and
191 are output aiternately to the terminal 135. The print-
ing signal output to the terminal 135 is input to the flip-
flop circuit 182 forming a shift register shown in Fig. 24

- in accordance with the shift clock of the terminal 133.

-And, the printing signal shifted to a given flipflop 182 is

held by the flipflop circuit 181 connected to the given
flipflop circuit 182, in accordance with the rising edge of
the latch signal.

197 designates a one-shot mumvxbrator which is
started in accordance with the rising of the latch signal -
from the one-shot muitivibrator 195 and generates a
pulse signal to charge the piezoelectric vibrator up to a
voitage enocugh to vibrate the meniscus. The signal is
input to the OR circuit in a drive circuit shown in Fig. 24

of humdity
br at or

a

a printing
to t hereby
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Al so, due to the fact that a voltage used to }H: gus in the
hei ghbor hood of the nozzle opening is control]ed by adhustlng g time when
the drive signal is applied, when conpared wifh a TdhEEBi 998hilcH such vol t -
age is danpened by use of a resistance, the |ops of energy can be
mnimzed and it is possible to use a_ di%ve s| gnal generation dircuit whose
output is small. Further, since part of “The dtive signal to be lapplied to

t he switch- and is then applied to the switching transistors 85, 83,
85, --- respectively connected to the piezoelectric vibra-
tors 48, 48, 48, --- that are set in the non-printing condi-

- tions.

According to the present embodiment. it is not only
possible to reduce the voitage withstand property
required by the switching transistors 85, 85, 85, ---, but
also, with respect to the embodiments respectively
shown in Figs. 17 and 24, it is possible to enhance the
transfer speed of the printing signal to be transferred
from the control signal generation circuit 183 to the flip-
flop circuit 181.

Referring now to Fig. 27, there is shown a still fur-
ther embodiment of an ink-jet recording device accord-
ing fo the invention. In Fig. 27, reference numeral 200
stands for a first drive signal generation circuit which

- has a similar structure to that shown in Fig. 20, and 201
designates a second drive signal generation circuit
which has a similar structure tc that shown in Fig. 6 and
is- arranged to output a signal having a different phase -

- from that of the first drive signal generation circuit 200.
203, 203, 203, --- respectively stand for isolators each of
which is capable of outputting an analog signal, such as .

. @ photo-coupler or the like. The isolators 203 are con-
nected between the control signal generation circuit 183
and the switching transistors 8S, 85, 85, --- and are
arranged to cutput to the switching transistors 85, 85,
85, --- signals carrespending to the wave forms of the
second drive signal generation circuit 201 in accord-
ance with the instruction signals input form the control _

- signal generation circuit 183.

_ In the present embediment, the instruction signals
from the control signal generation circuit 183 are
respectively input to the isolators 203, 203, 203, --- ., the
potentials thereof are changed in accordance with the
signals input therein from the second drive signai gener-
ation circuit 201, and are then output to the gates of the
switching transistors 85, respectively. And, the signals
from the second drive signal generation circuit 201 are




I ng means connected to the pi ezoel ectric vibrla

s used to charge the piezoelectric vibrator,| it Hﬁéﬁﬁiﬁ!a t
[ i i ¢

of a voltage to be applied to the sw tqghiln
makes it possible to use switching nmeans whigh has a_low rate¢d|vol tage
wi t hstand property. ~In general, disgloseg
devi ce conpr|5|ng

i's an ink-jet ty

a drive signal generdtion 64

also input to the source terminals of the switching tran-

sistors 85. Thus, the same signals as the printing sig-
nals are applied between the gates and sources of the
switching transistors 85, 85, 85, -, |

In the printing state, a voitage cbtained by subtract-

ing the first drive signal form the second drive signal is .

-applied to the piezoelectric vibrators 48, 48, 48, - and,

IREPLACEMENT SHEET

pfinting state
reduce the

hlin turn

e recording

in the non-printing state, since-the switching transistors

85, 85, 85, --- are turned off at the time when the first
. drive signal is generated, only the second drive signal is
-applied. As a result of this, in the non-printing state as
well, a slight voitage is applied to the piezoelectric vibra-
tors 48, 48, 48, --- to thereby be able to vibrate the
meniscus in the neighborhood of the nozzle opening.

In the present embodiment as well, similarly to the
previously described embodiments, it is possibie to
~ reduce the voltage withstand level.

In the above-mentioned embodiments, descnptxon
has been given of a case in which the N-channel
-enhancement MOS transistor is used as the switching
transistor. However, the invention is not limited to this,
but a similar action can be provided even if other types
of solid switching elements are used.

- As has been described heretofore, according to the
invention, there is provided an ink-jet type recording
~ device which comprises an ink-jet recording head
including a pressure generation chamber formed by a

' nozzle plate having therein a nozzie opening and by a

vibratory plate deformable due to the expansion and
contraction of a piezoelectric vibrator, drive signal gen-
eration means for generating a trapezoidal drive signal
in synchronization with a timing signal applied from an
external device, switching means for outputting a drive
signal to the piezoelectric vibrator in accordance with a
printing signal applied from an external device, and con-
trol signal generation means for generating a pulse sig-
nal to turn on the switching means to thereby output
part of the drive signal to the piezoelectric vibrator in
synchronization with the timing signal. According to this



generating a trapezoidal drive signal in synchréﬁﬁi&ﬁ&@ﬂﬂ&réﬁﬁgﬁl|ning

signal applied froman external device, switchijng transistors rie

{I)

pectively

for outputting a drive signal to piezoelectric |vilrdtOFEBi99gcdoridance with

a printing signal

generati on neans for generating a pulqejggt

applied froman external devige, and con- trdg

si gnal

structure, part of the drive signal is applied also to a pie- )

zoelectric vibrator belonging to such a nozzle gpening
as does not jet out ink droplets, and such piezoelectric
vibrator is thus expanded and contracted to such a

degree that does not generate ink cdreplets, thereby

vibrating ‘a meniscus in the nczzle cpening. This can
prevent formation of an ink film due to evaporaticn of ink

- solvent to thereby prevent the clogging of a nozzle

opening as much as pcssible, and can {urther prevent
abscrption of humidity frcm the pericheral envirgn-
ments because the piezcelectric vibrator generates
heat aven in the non-printing state, and can minimize a
difference between siresses in a pressure generation

chamber in a printing state and a pressure generation

chamber in a non-printing state to thereby improve the

quality of the printed image.

Also, due to the fact that a voitage used to vibrate
the meniscus in the neighborhood of the nozzie cpening
is controlled by adjusting a time when the drive signal is
applied, when compared with a case in which such volt-
age is dampened by use of a resistance, the loss of
energy can be minimized and it is possible to use a drive
signal generation circuit whose output is small. Further,
since part of the drive signal to be applied to the switch-
ing means connected to the piezoelectric vibrator in the
non-printing state is used to charge the piezoelectric
vibrator, it is possible to reduce the level of a voitage to
be applied to the switching means, which in turn makes

it possible to use switching means which hasalowrated

voltage withstand property.

In general, disclosed is an ink-jet type recordmg
device comprising a drive signal generation circuit for
generating a trapezoidal drive signal in synchronization
with a timing signal applied from an external device,
switching transistors respectively for outputting a-drive

- signal to piezoelectric vibrators in accordance with a

printing signal applied from an external device, and con-
trol signal generation means for generating a pulse sig-
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nal to turn on the switching transistors so that part of the

_drive signal being output to the piezoelectric vibrators

respectively set in non-printing condition in synchroni-
zation with a timing signal. Part of the drive signal is
applied to the piezoelectric vibrators belonging to the
nozzle openings that do not jet out ink droplets in
accordance with the pulse signal, so that menisci in the
nozzle openings can be vibrated slightly, respectively.
As a result of this, ink existing in a pressure generation
chamber and ink existing in the neighborhood of the
nozzle opening are mixed together and thus solvent is
supplemented to the ink existing in the neighborhood of

- the nozzle opening, thereby preventing formation of an

ink film due to evaporation of the solvent. Also, even in
the non-printing period the piezoelectric vibrators.

. respectively generate heat to thereby prevent absorp-

tion of humidity from the peripheral environment.



nal to turn on the switching transistors so that part_of the drjve

i gnal

*bei ng output to the piezoelectric vibrators respeq PpA@ENE%ﬂ}S{EEE

non-printing condition in synchroni- zation with g t—Re—S+ghas
the drive signal is applied to the piezoelectric Vilbr i@#ﬁ%ﬁ@%gng

nozzl e openings that do not jet out |ng droplets ijntja h
pul se signal, so that nenisci in the n ere openi ngd._can be vibrate
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1. Anink-jet type recording device comprising:

an ink-jet recording head (1) including a pres- -
sure .chamber (34) defined between a nozzie
plate (30) having a nozzle opening (31) formed
therein and a vibratory plate deformable in
acccrdance with an expansion and a contrac-
tion of a piezoelectric vibrator (48);

drive signal generation means (84} for generat-
ing a drive signal in synchronization wuth a tim-
ing signal; :

switching means (8S) for cutputt:rg said drive -
signal to said piezoelectric vibrator (48)
responsive to a printing signal; and,

control signal generation means (80) for gener-
ating a pulse signal to turn cn said switching
means (85) so that part of said drive signal can
be output in synchronization with said timing
signal to said piezoelectric vibrator (48) for
which a non-printing state is selected.

2. Anink-jet type recbrding device as claimed in claim
1, wherein said drive signal generatxon means (84)
includes:

a circuit for charging and discharging a capaci-
tor (152),

wherein said capacitor (152) has a trapezoidal
waveform including an area rising at a given
gradient, an area for keeping a given voitage
and an area dropping at a given gradient.

3. An mk-;et type recording devuce as claimed in claim
1 or 2, wherein said pulse signal has a pulse width
which provides such a degree of drive voitage that
prevents ink droplets from being expelled from said

____—'————’—f_‘__'-__’-.

T



REFLACEMENT §
g ?re m xed tgge¢t her and
in

pI"FeEB\é%ﬁ'lb rhood of the

n_ink filmdu

As a result of this, i.nk existing in a pressurg
éxi sting in the nei ghborhood of the nozzle operi
t hus solvent is supplenented to the ink existing
nozzl e opening, thereby preventing formation of
evaporation of the solvent. Also, even Lg ther
pi ezoel ectric vibrators respectively generate

absor p- nozzle opening (31) but causes a meniscus (M) in
the vicinity of said nozzle opening (31) to vibrate.

0

'y

4. An ink-jet type recording device as claimed in one
of the preceding claims wherein said pulse signal
has a pulse width which can be adjusted in accord-
ance with a signal generated from a pulse width.
control circuit (120) for detecting the temperature of
a periphery of said recording head. ‘

5. Anink-jet type recording device as claimed in claim
4, wherein said pulse width control circuit (120)
includes:

temperature detecting means (121) for detect-
ing said periphery of said recording head; and
memory means (124) for storing a relation
between an ink film forming capability variable
in accordance with an open air temperature
and a vibration amplitude suited for cbstructing
a formation of said ink film;

wherein said pulse width control circuit (120)
sets said pulse width on the basis of an output
of said temperature detecting means (121) and
said relation stored in said memory means.

6. An ink-jet type recording device as claimed in one
of the preceding claims wherein said switching
means (85) is an N channel enhancement MOS
transistor. -

7. An ink-jet type recording device as claimed in one

| of the preceding claims, wherein said piezoelectric

vibrator (48) is formed by laminating a piezoelectric
material and an electrode material on each other.

[
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8. Anink-jet type recording device comgrising:

an ink-jet recording head (1) including a pres-
sure generation chamber (34) defined between
a nozzle piate (30) having a nozzle opening
(31) formed therein and a vibratory plate
deformable in accordance with an expansion
and a contraction of a piezoelectric vibrator
(48); |
an ink image hold means (3) for receiving ink
droplets from said recording head (1);
a pressure roller (7) for pressing recording
paper against said ink image hold means (3);
drive signai generation means (84) for generat-
ing a drive signal in synchronization with a tim-
ing signal; _ .
switching means (85) for outputting said drive
signal to said piezoelectric vibrator (48)
responsive to a printing signal and,
control signal generation means (80) for gener-
ating a pulse signal to turn on said switching
means (85) so that part of said drive signal can
be output in synchronization with a timing sig-
nal to said piezoelectric vibrator (48) for which
a non-printing state is selected.

* ¢ L M s x
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plate (30) having a nozzle openi ng . (31) f or med "~ therein and a

vibratory plate deformable in accordance w th an expansi on and a
contrac- - tion of a piezoelectric vibrator (48): AS
signal generation nmeans (84) for generat- i ng clREPLAGEMbNTaSHEET
synchroni zation with a tim - ing signal; ..l $w tchrng mea

(85) for outputting said drive -5 - 10 FEB 1998
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siénal to said piezoelectric vibrator .(48) responsive to a pri.nting

.signal; and. control signal generation means (80) for gener-
ating a pulse signal to turn on said i t chi [ t hat
Dart Jof said drive signal can o be gultggt_ . o REPLACHMENT SHEY 2
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waveformincluding an area rising at a given gradient, an area for
keepi ng a given voltage and an area droppi ncbﬁtgmawg;&y,guﬁg_ra;d.l.fnt

3. An ink-jet type recording device as clainmed in cligkm 5 gﬁgﬁg‘l n
said pul se signal has a pulse width- whi ch provi qes: eli
drive vol tage that prevents ink droplets from bsirg ?)(()pﬁliéql 92{ rgmisaid

-5 -

THIS SHEET HAS BEEN

REPLACED
\
Q =~
NS QL
: Q s\-
\ . Ser
Ty s
\
%) =~
) RS
= S
T~
- T
o 'y =N
3 | S %
- IS |
£ w
g‘ e : Q’ E
w @
) S
S S
o O\
~—
-~
{Q 3
Q _0\
L%. S
is Sheet Has Been Replaced

Hll\l\\ L



LEAVING TIME (sec)

THE NUMBER OF INK
DISCHARGE PULSES

'REPLACEMENT SHEET
}

10 FEB 1998

FlG. 70

—e— 3 LINE (OCCURRENCE OF PRINTING DEFECTIVE)

—o— b LINE(QCCURRENCE OF NECESSITY OF
CLEANING OPERATION)

10000 —a— LEAVING TIME IN 2 SECONDS
—&— |EAVING TIME IN 600 SECONDS

CLEANING AREA ¢ ysHING AREA
1000 | o
7 B
+

100

DISCHARGE RECOVERY OPERATION
UNNECESSARY AREA

10

1' LIS T T

0 2 Z 8 8 0

VIBRATION SIGNAL APPLYING VOLTAGE (V)
[VBRATON SGNAL | .. - . NECESSITY OF CLEANING
VOLTAGE 5V ,»*" OPERATION AFTER

2000 1 | EMVIRONMENT

TEMPARATURE 25°C 30 SECONDS

NON-VIBRATION SIGNAL

APPLY VIBRATION SIGNAL IN
2 SECONDS BEFORE FLUSHING

_APPLY VIBRATION SIGNAL IN
S SECONDS BEFORE FLUSHING

NAPPLY VIBRATION SIGNAL IN
10 SECONDS BEFORE FLUSHING

0 S5 10 15 20 25 30
LEAVING TIME (sec) '

1000 -




- 28 - nozzl e opening (31) but causes a nmeni scus (M in | t he

vicinity of said nozzle opening (31) to vibrate.

Anink-jet typ

in said

recording device as clainmed in one of the precEuEnIo: (il i

pul se si gnal has a pul se wi dth which can be ad uig]%}\g’“f@asﬁcr

ance with a signal generated froma pulse width '10F.EB. 1998
- 7 -

100 -

JIEMVIRONMENT TEMPARATURE 25°C]
PRESSURE 0.02kg/cm?

4

60-

w‘.

CLEANING T_IME (sec)

20

10 100 )
LEAVING TIME {sec)

FIG. 13

lilBRATlON SIGNAL VOLTAGE 5V / NON-VIBRATION SIGNAL -
80-

1000 10000

17 1% 13
| 115
% | / 'Je
16
7 %
% <
/)
Z T
é '
118 —~— 1111 R

APPLY VIBRATION SIGNAL IN
2 SECONCS BEFORE CLEANING

- APPLY VIBRATION SIGNAL IN
~5 SECONDS BEFORE CLEANING

APPLY VIBRATION SIGNAL IN
10 SECONDS BEFORE CLEANING



control circuit (120)“for'detecting the-tenperatuke of  a peri phery of
said recording.head. 5. An ink-jet type recording de\_/i ce as clained in

| ai 4. wher ei id pul i dt h trol ci rdfles:
Cemperature detecting means (121) for detect- |REPLACEMENT SHEEFF®®
| e 10 FEB 1998
0000y B —e— a LINE(25°C)
1 | ~-@-- ' LINE (40°C)
1000 - .
—_ ~—— —e
g
g 100 e .
== ; el
2 1] ol
= 104 el
I
=
1
1 T ¥ T y T 'l T Y T v .
0 2 4L 6 8 10
VIBRATION SIGNAL APPLYING VOLTAGE (V)
’J91 9 |
g——LoMY =
8
] S
. %
93 4 5
82 o | o2 P
S {5‘: | ‘j—— oMV |
o | 120
...................... I Sy A
ANALOG/DIGITA
TEMPERATURE | | EVaRATIN - MEMORY

.
| |DETECT MEANS " idane —_CPU_[~{MEANS | |
s |



ing said periphery of said recording head: ~and

.for storing a relation

vari abl e

i n accor dafcegiSHEERAAS
vi bration anplitude suited flor_ob8EPkfdHhg

menory neans.(124)_
f|In1forn1ng capability

ailr te

EALACMENTSHEET ", o

film : wherein said pulse wi.dth control circ |t (120) . dets
said pul se width on the basis of an out&ut

VIBRATION SIGNAL LEVEL

V3 |-
V2 |-
)

FIG. 16

R N L.
Y L

e e e e —————— e

10 FEB 1998

™ T2 713

FIG. 18

- ENVIRONMENT TEMPARATURE

This Sheet Has Been Replaced

0SCILLATOR [
1 e
B D"‘ ADORESS 133
COUNTER ONE-SHOT
132 Uuo  LMULTIVIBRATOR
| Q 135
12 143 _
MEMORY [~ = -
% )
—1>—1
| 134
T -
[ ca




of sal d tenperature detecting neans (121) and
I*'n said nenory neans. 6. An ink-jet type recordi

one of the preceding cl ai n§ YISISHEATIRASOBERN |
N channel enhancement MOS tir ansi REPIACED
- 10 -

FIG. 17

8k

BRIVE SGRAL W
GENERATION
CRCUIT

said relation stored
ng device as clained in
ching - —aeans. (85) s an

|REPLACEMENT SHEET
10 FEB 1998 |

, 48 L8 L8
- D% 0
S .
85

D
g
138 |85
§ _
1 1T 138
[ [ [T
B9
- f_ in 139
35
~ 1311'33
132 ~ 30
CONTRO 1
L" S'?:%ﬁf&'{m
RGN
131 |

Sheet Has Been Replaced

Hll\l\\ il I \Il\
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an ink i magé hol d neans (3) for receiving ink dr opl ets from said
Fecordi ng head (1); ~ a pressure roller (7) for pressing recording

paper ﬁgﬁl—ﬁ%t——&&%l—i—méq—nmge_ hol Qﬁsﬁﬁi{As BE_ENd ive s t _ :
TeAns (Aonlo o S80S Shie 119, f T erEhEERl 10 pynchr 3?’5;9_ e@g‘ﬁ@ﬁ $ﬂi

- TN

'SWi t chi _
Il C1s . | | 10FES 198

| 3
T
=
>
r
F
y
e .
— a4
BY S
IN
= _ —=Z §
- 2 8 = < o =
<t - =z - = =3 i
=z < G = G == &0
S uw % = zZ & I= =
o O w v [} & !
D e = L) o v Qo =
g 5 5 = r = W= ==
S E E = S £ g3 OF
= 3 3 = T E Bu N
— O O Q- S a asS _EE_-



signal to said piezoelectric V|brator-(48) responsive to a printing
&i gnal and, control signal generatlon nmeans (80) for gener- ating a

ul se signal to turn on sai ns (8H.s0.that.. part-efqsaid
grlve S|gnal can be outﬂu?mS RE E %ﬁﬁ%ﬁglon(manpEAf[mﬁﬁ§[§HEET
nal to said piezoelectric vilbrater v, f-or—whi ch &—Om=prI TN qtate
is sel ected. - 15 - 10 FEB 1998
84
Yok |
ORIVE SIGNAL | |
GENERATION ~
CIRCUIT 48 L8 48
o ' Jad Vo ad
. S [ ] -
| ss\ si es\
| 0 0 0

181 1?1 181

CONTROL 183
] SIGNAL
GENERATION

CIRCUIT

1
(?31 B

’I‘lus Sheet Has Been Rep laced

A III||| 1] I




- THIS SHEET HAS BEEN

REPLACED REPLACEMENT SHEET
| 10 FEB 1998
- 16 - '
o 197
ONE-SHOT
193 "MULTIVIBRATOR[
OSCILLATOR o
1 h 4 - 13"
131 ADDRESS .- Q
CDUNTER | - |
: _
- l__ 190 | SQ _ 7’>
MEMORY 195 - B
135 _________________________ |
Lo LT )
_‘k 5 135
e I S
—»{ MEMORY
191
D Q
—0 @
"-19¢

as Been Replaced

llIIllll \lIIl\ Il \II l||\



L

et 2t r,

LACEMENT SHEET

" This Sheet Has Been Replaced

PA-IAN

10 FEB 1998

uu<._.._o> TUVNIWY3L
4O1VY8IA JI¥133130Z31d

3

REP

3

081 ONV 40 5&8
l 181 44 40 1ndLnO

u B U L6l AWO 40 1nd1N0
I | N TvNoIs MUV
| (GIVIVOONUNRE | (VIVIVO ONILNtd TYNDIS ONLLNINd

. | ._<zm=m ONIAINO

1 [ _ | | TVNOIS- ONIWIL

9¢ DI

|

B =2 > 5 =



SHEET

10 FEB 1998

A

REPLACEMENT

THIS SHEET HAS BEEN
REPLACED

- 18 -

€0¢
=
HO1VI0Si}e
€0z, l
c0z do1v0sI
| e
-4 \ L
%8 ] S S8
CId .3 .3
T~ uﬁ
8% 8% 84y

1INJY1) NOILLYY3NID

102

1INJAI) NOILYY3INID

TVYNOIS 1041INOJf«—
\l\ .
3:]1

JAINO ONDJ3IS[* T
~

8

S

LINJYL) NOLLYYIN3Y|, |
TVNIIS 3ARO 1SYH

\l\
00z

- This-Sheet Has Been Replaced -



BTl

10 FEB 1998

REPLACEMENT §

EEN

REPLACED

THIS SHEET HAS B

PA

30VLI0A TYNIWAL "
YOLVHGIA JMLIFTHOZd ¥

HOLSISNVYL ONIHILIMS 40
SOV 10N NS inas A

PA

AQ -

TVYNOIS NOILINYLSNI N

WNDIS 3ARID ONOJZS T

TVNDIS 3AIMO LSHId T

™ IVNDIS ONIWIL T

T



REPLACEMENT SHEET

[REPLACEMENT SHEET

-;- 07 MAR 1998

ABSTRACT

INK-JET TYPE RECORDING DEVICE

Disclosed is an ink-jet type recording device comprising a
drive signal generation circuit (84) for generating
trapezoidal drive signal in 's'yn_chronization with a timing
signal applied frodm an external device, switching transistors
(85) —respectively for outputting a drive  signal to
piezoelectric wvibrators (48) in accordance with a printing
signal applied form an external device ., and control signal
generation means (80) for generating a pulse signal to turn on
the switching transistors (85) so that part of the drive
signal being output to the piezoelectric vibrators (48)
respectively set in non-printing condition in synchronization
with a timing signal. Part of the drive signal is applied to
the piezoelectric vibrators (48) belonging to the nozzle
openings that do not jet out ‘ink droplets in accordance with
the pulse signal, so that menisci in the nozzle openings can:
be vibrated slightly, respectively.
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