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INK-JET PRINTER

BACKGROUﬁD OF THE INVENTION

Field of the Invention |

-Thisinventiéﬁfelétestoaninkjet;minterforemitting
ink droplets to record.letﬁers énd images.

Description of the Related Art

"The ink jet priﬁier is é.ﬁype of érinter for récording'
letters _ai:d images fdrméd from ink dots'arriving on a recording
medium such as papef after being emitted a§ dropleté of-ihk
from fine nozzles arrayed in the_printer head. The ink-jet
pfinter is!éharacterizéd in having a high recording Speed,
a low recording cost and further can easily perform coiﬁr
printiﬁg. 

;Printef heads in the ink-jet printer of the related art
come in two types: a so-cglled serial head shorter than the
page width of pr-'int.ing_ paper, and a sp-called line head having
almoétthesamelengthdimensionsasthepaéewidthofprinting
paper. As méthods for'émitting the_iqk.dropléts thefe are the
piezo method util—iz_ing. a pj.ezoele‘ctric element, and a thermai
methpd utilizing a thermal (or heat-emitting) element.
| The line head method mentioned above, un.lik'e the serial
head, is chéracterized in not'requiring a drive means such

as a motor, to move in the direction of the page width when
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recording, so the p'rintér chassis can be made c.ompact and costs
can be reduced.

Compared to the piezo method, the thermal method is
cha:;acterized in that increasing the number of drive elements
and placement density in:didef to emit the ink droplets is

relatively easy, so the thermal method is ideal for use with

the line head method. This invention therefore proposes an

ink-jet printer comprising a thermal type line head.
cOmpared to the pieao method, the thermal method has
tha disadvantages of low energy efficiency and large power
copéumption durfﬁgagecording._To'elfm}natewthese
disadvaﬁtages; thé*p;ﬁraiity pflﬁﬁégmallelemenfs such as
employed 1n therma_i.type se'r.:i;'al.l.-'lliaads must bé apportioned into_
a certain number df ?iocks,'and a time-division driﬁe method
for sequentially driving each thermal element in a block dn
sha:ed-tide must also be applied to.each block.

The inkmjet printer of the related art also generally

utilized digital image processing such as the so-called dither

method and ‘error diffuaion method to express'print tones.

Howefgr,thesemethodses;enﬁiallyutilizea;ﬂuralityofdots
to express tﬁe print tones so tﬂat'the.actual reso;ution of
the p.rint' is lo{'r, and the dots hava a grainy, rough appea_rance
to.the human eye that reduces the image quality. The dot.size

must therefore be made smaller and the dot placement density
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increasedinordertoimprovetheprintingreéolutionandimage
quality..

Of these problems, the dot size in both the thefmal type
line head and the éerial head can be made smalle;lby reduci#g
the size of ﬁhe thermal elements, the diameter of the nozzles
and the volume qf the chambéf to reduce the volume of the ink
particles being emitted.

Hoﬁever,.compared to serial heads, the probiem of dot
 p1acement density is difficult to eliminate in thermél type
line heads. This probléﬁ is due'to the fact that while the
serial head will have several huﬁared nozzles, the line head
f-willréduiréééveralthouééndhozzles:h1t£éc;§efofihstance
-_of an A4 sheet of paper.'The ;arge nﬁmber of nozzles not pnly
greatly.reduces thg production pace of nozzle manufacture,
'butalsocreatesproblemsbeéauseofthelargescaleincreased
in head driver circuits énd fhe related higher costs and
reliability. |

The:éﬁore a method using_the_so-called tiling method
is utilized'which employé an array of a plurality of head chips
containing a'specified.number of nozzles. T

Line heads utilizing this tiling method are comprised
for instance as shown'in:Fig. 19.

In Fig. 19, a line head 1 is comprised of a plurality

of head chips 2 (Five head chips 2 are shown in the figure.)



each iﬁéialled with a specified number of nbzzles (not shown
in drawing) are connected so as to be.arrayed in a'sﬁraight
line.

"AsalsoshowninFig. 19, the nozzles arrayedina straight_:
line and the head ch:.i.ps 2 comprising thenozzlel aré subdivided
into bloéks 3.and the nozzle of each block is driven in sequence
by time-division. Each head chip 2 is there.foré also'comprised
of a.drive'circuit 4 containing drive.eiemen;é sﬁch.as the
aforementioned thermal elements. Theée.driQe circuits 4
respectively cbrreépond to a time-divisién driven.block 3.

Here, each drive circuit 4 is comprised of a thermal
e1gment'4a and,; sWitching_eléhent 4b as shown in“Fig; 21.
When the switching e.le'ment 4d is--tux;ne"d 6n by the_ drive signé.l, .
'drivecurréntflowsinthetheimalelement4asothétthethermal
elemen# 4a emits heat and emits ink from_the correspbnding
nozzle. |

The plurality of nozzle units of each blﬁck 3 are in

this way_sequéntiallyltime-division driven ﬁy the
-correspohding driVe'circuit 4 so that ink is emitted.

However,"iﬁ-a iine head 1 configured by-tiling 2f this.
kind, the above described number of time-division drive phases
or in other &ords, the numbér of nozzles for each block is

set fegardless of the number of nozzles for each head chip

2.



The wiring of the drive circuit 4 corresponding to the
drive element for emitting ink from each nozzle is.therefore
differént and the"wiring for each:head chip 2 in theLentire
line hea_d. 1 becqmes cclu_npl.icatec'i, and t_he é:onfigur?tion of ﬁhe
drive circuits 4 for each.head_chip 2 is therefore different.

”'Onéﬂblock is qompriséd ;f 16 nozzles as shéwn in Fig.
20, and each head chip 2 hés-15 nbzzles.-When'the number of
time-division drive phéses'is 8, the first head chip 2A is
comp:ised.of a dri&e qircuit;4 for driving nézzies-fronlphasé'
No. 1 through 15 as shown in Fig. 21A. A second head chip 2B
contains a drive circuit 4 for driving the nozzle for phase .
No. 16 of the first.b;oék,-and.nozzles for phase No. 2 through
14 of the second blockf as shown in Fig. 21B.

However, the above_configuratiéﬁ requires:fabricating
mulﬁiple types of head chips 24, 2B con_taining.differen.t ;ypes
of circuiﬁs, apd creates the problem_that efficient mass
production is difficult,so that thelmanufacturing cost of the

head chip 2 énd'the line_chip 1 is high.

T

SUMMARY dF THE_INVENTION*

In view of the above problems with the related art, this .
invention has the object of providing a line head ink-jet
printer haviﬁg lowe: manufacturing cbsts.because of mére

efficient mass production due to a simple head chip

H
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configuration, and further having high resolution and image
quality along with reduced power consumption.
To attain the above objectives, according to one aspect

of the present invention, there'is _prbvided an ink-jet printer
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_emi;ting droplets of ink arriving as ink dots forming images

o e e e

. .dnd 'I:e'_"t-t;_érs i:"é_coi'dé'q, onto a 're‘é"c;a_:ding medium from a line head

- ha&ingfa ﬁlufaiit&.of nozzles arrayed'in the width direction

of the recordigg medium which is almosﬁ'perpendicular té the
feed direction of the recording medium'qpmprising head chips

having a specified number of nozzles and a drive circuit to

,ﬁdrivg each nozzle, wherein a plufélity of the head chips are

arrayed_in the'width direction thereof to fofm the line head -
Y] that.the nb;zles eaéh.head chip has and tﬁe nozzies the
neighboring head chips have are not érraYed in the feed
direction of the recordiﬁg medium.
Toalsoattaintheéboveobjectives,acéordingtoanoﬁher
aspect of the present inventibn, there is proviaed an ink-jet
printer,_Wherein_the.nozéles each head chip has are
sequentially time-series driven by sepaﬁate driving, and the-
number ofm.the nozzles each head chip has i.s an integer multiple
of the numb.er'o_f, phases for the separate driving of thenozzles.
'To also attain the above objectives,laccording to still
another aspect of the present invention, there is provided

an ink-jet printer emitting droplets of ink arriVing as ink



do;s forming images and letters recorded ontg a recording
medium from a line hgad having a plurality - of nozzles arrayed
in the width directio_n qf the recording medium which is almost
perpéndiéuiar to the feed directiongpf the recording medium
gpmprising hend ghips having a specified number of nozzles
and a drivé circu_it’ to drive each nozzle, 1n whic_h_a plurality
of the head chips are arrayed in the width direction thereof
to fbrm the linelhead so that the nozzles each head chig has
_.and-part of the nozzles the:neighboring head chips haﬁe are
arrayed in the feed direction gf'the récording medium.

To also attain the above objectivés, acdording to still
another aspect of the present inventidn, there is proVidéd
an inkljet printer, wherein said nozzles éach head chip has
are sequéntialiy.time-series driven.by separate driving, and
the number of the nozzles each head chip has is'the number
of the part of the nozzles_the neighboring head chips have
and thé number of nozzlen arrayed_in the feed direction of
nherecordingmediumaddedtotheintegermultipleofthenumber
of phases for the separate driving of the nozzles.

In the above structure, the nozzles.for each heéd’chip
are set as an integer multiple of the number of phases for
separate driving of the nozzles or set as this figure added
withthenumberofoverléppingnozzles{sothatwhenagiurality

of head chips are arrayed by tiling tdﬁnomprise a line head,
. - £
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the bléck of time-shared driven nozzles are matched in a
coordinated manﬁer with the head chips.

Thérefore, by arraying a plurality of head chips each
having a s'mail number of noézles,_a line head‘can be confi.gu'red
by so-caiiea éiling, sb that along with obtaining high image
fesolﬁtion.aﬁd High image quality by a higher dot placement
density, the power consumption can be reduced by time -div-ision
d;iving of-the hozzles. |

Further, the structure qf the drive circuit containing
_the_drive elements for driving:éach nozzle is the same for
each head chip so that a line héad can be ccﬁnpri_sed llay.arraying
a pluralit? of head chips'éach containing an idenﬁical drive
circuit, and sinée only one type of h.e.-ad chlp is beiﬂg pfoduced_,

efficient mass production can be achieved.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is.a fragmentary perspectivé.view of showing a
Cross éection of the overall-structure of the embodiment of .
the ink;jet'printer of this invention.
M-Fig: 2 is a cross sectional view of the ink-jet pfinter'
of Fig. 1. |
| Figf3isablockdiagramshowingthérecordingandcontrol.
systmnoftheelectricalcircuitsectiohintheink-jetprinter

of Fig. 1.



Fig. 4 is a block diagram showing iﬁ more detail the
line head and the head drive circuit of Fig. 3.

fig. 5 is a first.drawing shbwin§ the PNM procéssing
by the;head drive circuit of Eig: 4,

Fig. 6_is a second drawing showing thé'PNM processihg_
by the head drive circuit of Fig. 4.

Fig. 7A and 7B are respectively a flat view. and a bottom
view showing-the structure of '‘a one color portion line head
for the ink-jet printer of Fig. 1.

"Fig. 8A is a side view showing a cross section taken-
along linés A - A in the line head of Fig. 7A.

Fig. 8B is a side view éhowing a crOSS'section'ﬁaken
along lines ﬁ - B in the line head of Fig._7B;

Figf 9 is a perSpectiQe view of the line head of Fig.
7 seen from the_bottom side.

Fig. 10 is a flat view showing the detéiled structure
of the head chips of the line heaq.of Fig. 7.

Fig. 11 is a perspective view showing the detailed
structure of the nozzles in proximity on the head chip of Fig..'
7-as seen from the bottom side.

Figs. 12A to 12C are schematic'diégrams showing the
relation of thg drive circuits and the structure ofleach.head
chip in the line head of Fig. 7.

Fig. 13 is a schematic diagram showing the nozzle

¢ .
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arrangement in the line head of Fig. 12B.
Fig. 14 is a_timing chart showing the dri&e signals for

one block of nozzles in the line head of Fig. 13.

- -

for oné block of nozzles-in the line head of Eig. 12B.

Figs. 16Aland 16B are schematic drawiﬁés'showing the
structure 6f the line head of the second embodiment of the
ink-jet printer of this iﬁvention.'

| Fié. 17 is a schemafic_diagram showing.the nozzle array
in the line head of Fig. 16.

Fig. 18 is a timing chart showing the drive signals for_
. one blgck of nozzles ih the line héad'of Fig. 17.

.Fig. 19 is a schematic d.f_awing showing the interre_lation
6f the drive cifcuits_with the line head in an exampie of
time-diviéion drive 6f the line_head_structufed by tiling in
an ink-jet printer of the related art.

Fig. 20 ig a schematic.draﬁing shoWiné the noézle arraf
in the 1iqe hgad of Fig. 19.

Figs.'21A and 21B are circuit diagrams showing the drive
circuits for oné block of nozzles in the line head of Fig. -

19.

DESCRIPTION OF THE PREFERREﬁ.EMBODIMENTS

Hereafter, the preferred embodiments of the invention



-are described in detail while re'fei;ring to Fig. 1 through Fig.
18. |

The following described'embodiments are'preferred_
workingexamp}eésftheiqventionandsoére:ueferablyiimited
inrégardstotheirtechniﬁ;laspeqts,howeverunlessotherwise
stated, the scdpe of the invention is not limitea by the
folléwing description and not limi;ed.by these aépects of.£he -
invention. |

(Pripter ovérall structure)

The overall Structufe of the ink-jet printer of ;he
embodiment of this invention is shown in Fig. 1'énd Fig. 2.

In'Fig. 1 and Fig. 2, an ink-jet printer 100 is comprised
of a line head 120 having thermal elements not shown.in the
drawing, as drive elements for emittin§ ardplets of ink, and'.
haviﬁg a PNM (pillse number modulati'bn) function for-quulating_ )
the number of dots.form thé ink dropleﬁs inra_recording rénge
having a.width largely equ§1 tO'a_péper P.

. The ink-jet printer 100 is compriseci of a 1ine head 120,
- a paper feed section 130, a line feed séct;on'i40. a'paper
tray 150, and an electrical circuit section 1&0 installed in -
a cabinet 110.

The cabinet 110 is formed ih the shape of a right-angled
parallelepiped. A paper'ejec;ion slot 111 for the paper P is

- formed in one end of the cabinet 150, and a tray inlet/outlet



112 for the paper tray 150 is forméd in the other ehd of the
cabinet 150. The line head 120 contains four color éMYK (cyan,
'magenta, vellow, black) and nozz;es not shown in the drawing
are instalied above the end of thg paper ejection slot 11;
to face downward. |

The paper feed section 130 is comprised.df é paper feed.
guide 131, paper feed roller:l3-2, 133, a paper feed motor 134,
pulleys 135, 156; é;d belts 137, 138, and is installed below
thé edge of the.paper ejection slot 111; The paper feed guide
131. is formed a i.e\'rei plate shape and installed with specj-.fi'e_d
oﬁen gaps below Fhe'line’head.lzo"The paper feed rollers 132
and 133'form.a-pair of folleré in mﬁtual contaqt, and are
installed.oh both sides df the papér feed guide 131, namely
on the sidé-of the tray iniet/outlet 112 and the side'of the
pgper'ejection slot 111. The paper feed motor 134 as sho&n
iﬁ Fig;”é is insﬁalled below the paper feed guide 131, and
is linkeé”to the paper feed rollers 132, 133 by way of the
pulleys ;35, 136 and the belts 137, 137.

The line feed section 140 is comprised of the line feed
. roller 141,-iine feed motor 142 and gear 143, and is installed
on the tray inlet/outlet 112 opposite the paper feed secfion
130.Thelineféedroller141isfofmedinéroughlysemicircular
tubular éhape and installed-in'proximity to the paper feed

roller 132 on the tray inlet/outlet 112 side. The line feed



motor 142 is installed above the.line feed roller 141, and
is linked to the line feed.roller 141 by the gear ;43.

The paper tray 150 is formed in a box shape capable of
storing é plﬁraliFy of sheets of paper P for instance'of'A4.
size, aﬁd has a paper clamp 152 engaged with a spring 151.
Theéapertraylsoisimstalledfrombelowthelinefeedsectioﬁ
140 to the tray inlet/outlet 112.-The'e1ect;ica1 circuit
secfion 160 controls the driving of each section and is
installed above thé paper tray 150.

Therefore, when using this type of ink-jet printer 100,
the usef, after tgrning 6n the pbwer to the'ink-jet printer:

iobi pﬁlls out the paper tray iso from the tray inleﬁ/dutlét
| 112 and presses a specified number of sheets of paber P inside
the paper tray 150. When the Sheets of papfr P are pressed
in, the gaper clamp 152 raises up the'-end .pért_ion of the paper
P by meanslof the action of the spring 151, and presses the -
paper P against the line feed rélle_r 141. The line feed moi:or
142 then drives and rotates the line feed roller 141, and one
sheet of ﬁaper P is fed to the papér feed roller 132 from the
paper_tray”fso, m | |
| Next, the paper feed rollers 132, 133 are rotated by
the driviﬁg action of the paper feed motor 134, and the paper
P fed from the paper feed roller 132 is fed to the paper feed

guide 131. The line head 120 then operating at a specified

¢
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timing} emits droplets of ink from a nozzle to impact on the
papef P and record characters and imaéeé formed of dots from
ﬁhe ink droplets. Then, the paper P fed out from the paper
feed rolig: 133, is ejécté@ from the paper ejection_élot_lll.
This process is repeated until the récording 15 complete.

"A block diagram';howing thé elecﬁricél circuit section
160 for recording and control in ;he ink-jet printer 100 of
‘Fig. 1 of this iﬁveﬁtion is“showﬁ in Fig..3.

A correction circuit 162 stored with pre-established
‘correction data iﬁ.a ROM map methcd; a heéd drive ciréuit-lé;
for driving a line head 120, a control circuiﬁ 164 for
c;ntrolling motér dri&e,agd other control as well as alnémdry
165 constituted by a line buffer memory and a ohe .scz._-eer.x memory
.are conﬁected in a signal processing control ciréuit 161 for
softwaré processing by ﬁeans of a CPU and DSP configuration.

Signals such as record data, are input from the signal
inpﬁt séction 166 to thé-sighal,proqessorfcontrol circuit 161
arranged in a recor_d- sequence, and sent to a correctioﬁ circuiﬁ
162 for corfettion procéssjng sﬁc£ as corrééting
iriegularities in eaéh nozzle, color correction, andtT
correction. Then signals such as for fecord data after
correction are extréctea from the signal processor-control
circuit 161 according to externéi cohditions, such as the

" nozzle No:, temperature, and input signal, and sent as drive



signalé to the head drive circuit 163'aﬁd.each control circuit
164.

The head drive circuit 163 controls driving of the line

_heads'ézo_basgd.on the drive signal. The-coﬁfrol ci;cuits 164

" controls driving of ﬁhe paper feed motor 134, tﬁé.line feed
motor 142, and thé line head 120 for:cleaning etc., based on
the drive-signal. Signals sﬁéh és for iecoid data are
t_emporaril_y recorded in the memory 165 and extracted as neéde‘d .

A block dié.gram showing a detailed view of the line head
120 and the head drive.circuit of Fig. 3, is shown in Fig.
4.

- The head drive difcuit_163 is éonfigured.to'perforﬁ:
£ime-sharedarivingandPNMmodulation.Theheaddrivecirduit
163 is comprised of a tone counter 165a, a converter 163D,
a serial-parallel converter 163c and a déta loader 163d..

As éhown in Fig; S, the tone counter 163a, is a counter
for counting up the PNM (pulse numbez'mddulation) pulses. The
conve:tex 1€3b compares the count value with the record data
from the data loader 163d, and outputs an "H?,when the record
déta is higﬁe£m£han the bodgt véiﬁe.-The sériai-péfailgl
converter 163c, as shown in Fig.. 6, a.fter procesl_Sing' .J".:r.i'.-'s’erial
data the thermal element;data to simultaneously'drive'nozzles
at a certain number of time-drive divisidns during one tone,

converts the serial data into parallel data.
h



The 1'ine‘head 120 is comp.rised by filing of a plurality
of head chips :].21 each having one-time-division driven bio_c-k.
A time-division driven phase generator circuit 121la, holds
theoutput for the tlotal pum_ber of phase-_s , and formsléne s_,ub -unit
with the thefmal element 121b, the switching'element 121c,
and the gate circuit 1214. The gate circuit 121d.forms a logic
~-"AND éate" input with t-h'c'a s"i.giial-—fz__;ém the time-division driven
pha‘.s.e gener’atér'ciréuitylz-':.l,.a -a_.'.n.d the data fi'om the

serial/par'allel converter 163c, and when the phase and__ data

input to the AND gate are both “H”, the switching element 121c .

is turned on to drive the thermo element 121b and emit the
ink.
(Head structure)

A flat view and a bottom view showing the structure for

a line head 120 for one color portion in the ink-jet printer'

100 of Fig. 1 are respectively shown in -Fig. 7A and Fig. 7B.
Fig. 8a is a cross sectional view taken along the lines.A -
A, and Fig. 8B is a cross sectional view t_akén_along the lines
B - B of Fig: 7B. A fragmentary, perspec_tiire view as seen from
-.the bottom 'ISidé is shown in Fig. 9. | .

As these figﬁres .show, an ink supply hole 122a is formed

in a slit shape in the center 6£_ the line-shaped head frame

122 of the line head_120;_'A plurality of head chips 121 formed

of silicbn plate are at;tached_on the othér side of' the head

Eod



frameizz.Theheadchigs121areformedinastaggeredformation
on both sides of the ink supply hole 1225 oh'the head frame
122. As shown also in Fig. 10, a plurality of thermal elements
121a aré ar;gyed in a row on the_ink supply hole 122a_$idé
on the head'chip 121, and on the opposite side, a row of
conneétiné eIemeﬁts 121b aré arrayed in a.row paired.with'the'
thermal elements 121a. | ]

In this example, thg thefmal elements_lZlé are arrayed
at 600dpi. A switching circuit 121c for performing
time-divisiondriveoftheheédthiﬁlZl(tﬂéfmalelementlZla)
and (lbgic)'gate circuits 1214 are'respegtively ;aid ouf.
'between the connecting elements 121b a"n'd' the thermal eiements :
121a. The temperatufe of the head chip 121 fises due.tb the
(ihk)'emission operation but the top'sﬁrface and side surface
of the head-chip 121'aré immersed in ink so that the head chip
121 is diréctly cooled by the ink.

" A nozzle plafe 124 having a plurality of nozzles 124a.
are formed on thé head chip 121 by way of a .m'ember 123 forming
the floﬁ path 123b and.the Plurality of fiuid compartments l
123a ag shown in figﬁ 11. In the ﬁember'123, each fiﬁid
compa:tmeﬁt'123a houses thermal elements 121a arrayeq.;; the
head chip 12;;'and further, each.ﬁldw path_i23b extends from

the fluid compartments 123a to the edge of the head chip 121

by means of lngt-sensitive prlastic such as So-called_dry



phqtorésist.

The nozzle plate 124 is made for example by electrotyping
and receives anti-corrosive plating sﬁcﬁ as_ofigold or
palladium to preveﬁt corrosion caused by the ink and-formed

to prevent clogging of the ink supply holes 122a and also so

thenozzles 124 formone-to-onepairswith the thermal elements -

121b,Inothéfwords,thefluidcompartmenté123aareconnected
" by the flow ﬁaths 123b.formed.in the memberﬁiZB and to the
'ﬁozzles l124a forméd in the nﬁzzle'piate 124.

An ink tank 126 is_aﬁtached to the other surface of the

- head frame 122 by way of the filter 125. The fii%erm;zs is

formed to cover the_ink supbly hoies'l?éa'and fulfills the.

job bf preventing debrié and_clﬁsters qf ink material from
the ink tank 126 from pénetrating'infofthe nozzle side 124.
The ink tank 126 is formed in a doﬁble-layer by the bag 126a
and the outer cabinet 126b. |

A spring member 126c is.placed.between the bag 126a and
the outer cabinet 126b to make the bag' 12§a widen to the outer
side. ﬁ‘he ip._k is in this way subjected to a negative pressure,
- and the-iﬁ£ is.prévented'fréninatﬁrally leaking away frbmléhe
nozzle 124. This negative pressure is further-set to reduce
the capillary action of the nozzle 124a so that the.ink can
_be prevented from being ?ulled in_to-the ﬁozzle 124a.

An electrical'wiring 127 made of so-called FPC (flexible

P



printea cifcﬁit Qoard) is attached from above the head chip-
121, élong the outer side of the head frame 122 to tﬁé outer
‘circumferential surface of the ink tank }26. The électriéai
wiring 127 is for suéplying eléctfical power and électrical
signals to the head chip 121, and is éonn.ected to the connection
terminal 121 of the head éhip 121. |

In the above structure, the ink is supplied from ﬁhe
ink tank 126 to the ink supply,holes 122a, and supplied Sy'-
way of the fldw path 123b to the fluid compartment 123a. Here, '
the_nézzles 124a are formed in a circular shape, and the center
of.the ink surface i; concave due to the'negative'pressure
" of the ink at the tip of the nozzle, creating the so-calledf
meniscus effecﬁ. A drive voltége is applied to the thermal
elementslzib,andwhenairbupblesoccuronthéthermalelement
121b s.j.lrfa..ce., ink parti’.éles are emitted lf_r.om the nozzle 12_4a.

In the line head 120, each head chip 121 has a spécified
number of first phase'time-driven_nozzles l124a as_éhown in
Fig. 12A, and contains a'drive' circuit 128. (switching circuit
121c and logic circuit 1214 explained in Fig._4) for driving
these first phase'nozzles. éﬁe'first phase hozzles.124a
contained in each head chip 121_comprise one Fime;division
driven b;éck 129. |

The head chip 121 of Fig. 13-ma§ also be comprised of

a specified number of second phase or third phase nozzles 124a



shown as shown in Fig. 12B or Fig. 12C, and a drive circuit
128 for driving these nozzles.
More specifically, besides each block 129, being

comprised of the second phase or in other words 16 nozzles

on one head chip 121 as shown for example in Fig. 13, each

head chip 121 contains a drive circuit 128 for 16 noézles fbr
nozzles from phase No. 1 through 16 or in other words for two
blocks f29.

In the drive circuit 128, phase Nos. from 1 through 16

are assigned in.sequence in the drive circuit 128, the first

phase is comprised of phas-e No. 1 through 8, and a second phase
is comprised of phase No. 9 through 16. As shown.in Fig. 15,
the signal lines Al_through A8 are respectively connected to
e§chphaseofthedrivecircuit128;andeaéhphaseisconnected
to the control signal 1ihes Bl or B2. The nozzles 124a for
each ﬁhase are séquentially driven as shown in Fig. 14.
.Inthisway,tbenozzle124afor§achpﬁaseissequentially

driven and the power consumption can be reduced.

In this case, each head chip 121 can be provided with

the same, double or three times the number of nozzles pér the

numbér'of'phases as described above, and the noizles for each

block for one time-division driven phase, are driven by drive:

circuitslzswithidenticalst:uctures6nidentica1headchips

- 121 so that each head chip 121 including the drive circuit

=



has an-ideﬁtical structure.

A'line head 120 can thereﬁore.be tiling structuréd, by
;rraying a-pluralitf of head chips 121 of a single ﬁype,
cqmprised of drive'éircuits 128 having iden#icai circuit
structures, so that the head'chiﬁs 121 can be manufactﬁred
 at low cost by being mass produced in large numbers, and thé
costofthelineheadlzoandtheihk-jetpfinter]i)istherefore
reduced.

A drawing showipg the overall 'struct_ure o_f the line head
in%the second'embodiment of the ink-jet pfinter of this
infehtion'is shown i#'Figs. 16A and 16B.

The line head 120 comﬁriSed_of head.éﬁips 121 showﬁ in
Figs. 16A and 16B has nozzle regiohs that mutually overlap
on both sides of each head chip 121. This des;gn is intended
to preven£ problems that typically occur in str_uctu'res having
no nozzle overlap as.shown in Figs. 12A and 12B, where:
i.rregularities in. ink emission amou#ts betw.ec-an head chips and
errors in the impact position_are brought about by
characteristics of the no overlap nozzle structure and
positioning érrors,?ané'are causes of the so-called.bénding
noisé.

In other words, each head chip 121 in Fig. 16A, has a
numberofnozzles124aconsistingofanﬁmberequaltoano?erlap

portion added to the time-division drive first phase portion

)
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of:noziles, and contains drive circuits 128 for driving these
nozzles.

The nozzle 124a of the heﬁd'chip 121A and the nézzle
;24aofthgheadchip121Bjn1theothersidéarethusal;ernately_
used in sideways or vertical directions in the overlap region;-
In this way, the banding noise prone to occur between the two
adjacent head chips 121A and 1213,fis reduced and alle#iatéd.

The head chiﬁ 121, as shown in Fig. llsB, may be coinprised _
of a number of nozzles 124a consistiﬁg of a number equal to
an:overlap portion added to a-specified number in the
timé-division drive second phase pdrtiog and,‘dri&e Eircuits':
128 to drive these nozzles.

More specifically, besides each bloék 129 as shown for
example in-Fig. 17, being comprised of a number of ndzzles
consisting of an overlap ﬁortioh (3 pieces) of nozzles added
to a.first prhase portion (6 pieceS) of nozzles contained on
one head'chip 121 or in other word§'being comprised of nine
nozzles, eaéh head chip:.121 J;.S further comprised of nine drive
circuits (not showh in the drawing) for arivihg'éhe nine

nozzles.

Phase No..l'throﬁgh 6 are attached in sequence to each
nozzle l24a as shown ir_x Fig. 17, and in that case the overlapping
nozzles are assiQned with phase No. ffomll through 3 the same.

as the overlapped nozzles. Besides phase No. from 1 through
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_timesthephasenumberasdesé;ibédabove,andegchblécknbzzle

6 éonsfituting the first bhase, thg respective signal.lines
Al through A6 are connedted to the corresponding drive circui ts
128 for each phase,'so'ﬁhat the nozzle 124a for each phase
is sequentialiy driven based on theléignals shown in Fig. 18
from the drive signal lines Al through A6.
- Therefore, the.nozzleé 124a that make ﬁp'each.phase are
driven in seqguence, and the poﬁer consumption can be reduced
_;--*In this way, by each head chip i21 has a n;mber.of nozzles
éonéisfing of a'numbér'ofIOQerlap nozzles'aééed fqloné'br'tﬁ;.
comprising a ﬁimg-aiviéibn,one phése'porﬁion;'is driven.by
a drive circuiﬁ 128.q§ntained on the-séméﬂﬁééd chip.lzl} so

thateachheadchiplZliscomprisedbfidenticaldrivecircuits

128,

Therefore,:a line head 120 can therefore_be tiling
Structured( by arraying a pluralitf of head chip§ 121 of a
single type, comprised of drive circuité 128 having identical
circuit structures, so that ﬁhe head chips i21 can be
manufacturedatlowcostbybeingmassprpducedinlargenumbers,
and the cost oé.the line head 120 and the ink-jet.prinﬁér”io
is therefore reduced. 

In the above described embodiment; the head chips 121
are comprised of a spécified number 6f nozzles for a

time-division driven one phase, two-phase or three phase



po:tioh,suchasiSnozzlesfore#ampleforatﬁo-phaseportion;-
or may bé compriséd a specified number of nozzles of a
time-divisiondrivefirstphaseporti§norsecondphaseporﬁion;
. for example nine nozzle consisting of three overlap portion
npzzl_es added to six noizles of al first phase portion. However,
this invention is noﬁ limited tq the above examples, and each
head chip may comprise a number of nozzles consisting of an
integer multiple o.f th.e.time-division driven number of ﬁhases
.0or an intege; multiple of the timé-divisibn driven number of
phases'added td £he ovérlab porﬁioh’of nozzles, and a 1ine_
héad may 5e configured by arfaying'a piurality of head chips
qf a sihgle type comprised of identical type drive circuits.
Further, in the above embodiment, the drive circuit 128
~on each head chip 121 wésjcomprised of:thermal elements as
drive elements however this invention is not limited by this

example and may for instance contain piezoelectric elements

as drive elements.
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wHAT IS CLAiMED IS:

1. An ink'-jet printer emitting droplets of ink arriving
asinkdotsformingiﬁagesandlettersreéofdedontoarecofding
medium from a line head having'a pluraiity of nozzles arrayved
in the-'wid.th dir.ection of the reco_rding medium which is almost
perpendicular to the.feed direction of the reCofding medium
comprisiﬁg: i

head chips having a sﬁecified number.oé nozzles and a
drive dircuit to drive.each nozzle,

whéréin.d:éluraiity,of said head chips are:érfayed in_ 
said width direction thereof to form said line head so tﬁat
the no.z'zl'es.'each hééd chip has and the no_zzleé the neighboring
head chips have are npt arréyed in said feed.direCtion.of'the:
reEording medium.

2. An ink-jet printer as claimed in claim 1, wherein:

said nozzles each head chip has are sequentially

time-series driven by separate driving, and

thénumberofsaidnozzleseachheadchiphasisaninteger

multiple of the number of phases for said separate driving

of-the nozzles. LT L

3. Anink-jetprinteremittingdroplétsofinkarriving
as inkdots forming images and letters recordedontoa recording
medium from a line head having a plurality of nozzles arrayed

in the width direction of the recording medium which is almost
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perpendicular to rhe feed direction of tne rec0rding medium
comprising:

head chips having a specified number of nozzles and a
nrive circuitito drive each nozzle,

wherein a plurality of said.head chips'are arrayed in
said width direction nhereof to form seid line head so that
the nozzles each head chip-has and part of the nozzles the
neighboring head chips have are ar..raye'd in said feed direction
of the recording mediun.

4. An ink-jet printer as glaimed in claim 3, wherein:

said nozzles each nead chip has are seguentially
time-series:driven by seperate driving, and

‘the number of said nozzles each head chip has is the
number of said part of _the nozzles the neighboring head chips
have and the number of nozzles_arrayed in the feed direction
of the recording medium added to the integer multiple of the

number of phases for said separate driving of the nozzles.
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