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D1K JBT azcmmIBG mu.D . 

The invention relates to an ink j at recording 
head having a plurality of· nozzle openings disposed in 
a aheet forwarding direction, with aach nozzle opaninq 
:j ettinq an ink drop lat due to prassure provided by 

a pressure producinq chamber. More particularly, the 
invention ia directed to·a nozzle opening arrangement 
on the ink jet recordinq head. 

Ink jet recording heads are widely used 
throughout the printing industry. Such ink jet 
recording heads exhibit high recording density, are 
capable of printinq dots of various sizes, and are 
relatively quiet durin·g operation. 

Two basic ~ypes ~f ink j at recording heads exist. 
A bubble jet type racordinq head uses thermal energy 

prov~~~~~ .bY .:a .. ·heatai--~.o effect printing •. on the other 
hand, in a·- piezoe1.ectric vibration el.ement driven 

recording head., th• displacement ct pie:i;oelectric 
vibration elements causes ink to be emitted to effect 
printing. 

Two general types of piezoelectric vibration 
element driven reeordinq head~ exist. rn the tirst 
type, vertical vibration of the piezoelectric 
vibration elements causes ink to be emitted. In the 
second type, flexural vi~ation of the piezoelectric 
vibration elements causes ink to be emitted. 

In the first typ~ of piezoelectric vibration 
element driven recording heads, the area in which a 
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piezoelectric : · vibration element abuts aqainst the 
vibra~ion plate can be reduced. Hence, the interval 
between the nozzle opening arrays can easily be made 
small. However, the process for assembling such a 
recording head is complicated because each 
piezoelectric vibration element is extremely small. 

The second type of piezoelectric vibration 
element driven. recording heads employs a lmninated 
structure, such as described in Japanese Unexamined 
Patent Publication No. 4-366643. That is, a common 
ink supply section, and pressure producing chambers or 
ink flow paths, are first formed in each of a 
plurality of thin plate members. These thin plate 
members ara then sequentially laminated on the back ot 
a nozzle plate. Accordingly, the assembly proca&a is 
simple. 

However, in this arrangelllent, each flow path 
extending from the pressure producing chamber to the 
nozz·1e openings i• :formed by making communicating 
holes in each thin plate l'llemher, and arranging these 
communicating holes proximate to one another. Hence, 
it is dit~icult to discharge the tiny air bubbles in 
the ink ~rom the corners of the flow paths formed in 
each thi..n plate. me:niJ:>·er. . -..... 

· In.ad~4tion, in this arrangement, the size of the 
piezoelectric vibration plate mounted on the pressure 
prod~cing chamber is larger than that of the 
piezoelectric vibration plate used as the 
piezoelectric vibration e1ement in the tirst type at 
piezoelectric vibration element driven recording head. 
Hence, the distanc~ between the nozz~e opening arrays 
is increased. 

J::t t~e distance between the nozzle opening arrays· 
is increased, error between dots printed on a 
recording sheet in the auxiliary scanning direction 
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tends to indrease if three or more nozzle opening· 
arrays are formed in an attempt to improve printinq 
qua1ity. In this case, however, printing quality ia 
actua1ly,reduced. 

'l'hat is, a recording head havi~~ a plurality of 
nozzle opening arrays is designed so that each nozzle 
openinq array enables a dot to be printed at a 
predetermined position' in the auxiliary scanning 
direction. As a raau1t, this type of recordinq h~ad 
has the uppermost nozzle openinq and the l.owermost 
nozzle opening arranged at opposite ends in the main 
scanning direction. This causes an error of G x sin9 
l:>etween lines in the auxi1iary scanning direction 
before and after sheet ~orwardinq, assuming that the 

distance between the nozzle opening array at one end 
and the nozzle opening array at the other end in the 
Jrtain scanning direction is G, and the anqla of 
inclination between the direction in which the nozzle 
opening arrays ot the recording head extend and the 

aheet torwardinq direction is 8. This error, G x 
sinB, causes white lines and blacJc . lines to be 
inter.mingled during printing, thereby impairing 
paintinq qua1ity. 

. An ·inJC·j~t-recsidinq head de~igned to eliminate 
this probl.;~~~is described in European Laid-open Patent 
Publication No. 554907 herewith ineorporated by reference. In this ink jet 

recording head, four nozzle opening arrays, each having a 

plura1ity of nozzle openings linearly pitched in the 
sheet forwarding direCtion at an interval 

. corresponding to the number of· nozz.la openinq arrays, 
have the~r positiona in the main scanning direction 
staqqered by a predetermined interval so as to be 
di:tf erent .from the physically arranged sequence 
thereo~. This arrangement, which reduces the distance 
in the awci1iary scanning direction between the 
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uppermost nozzl.e opening and the lowermost· nozzle 
opening o~ tha recording head, can prevent printing of 
white lines and black lines due to displacement in the 

anqle 8 between the nozzle opening array and the sheet 

forwarding direction. 
However, this advantaqa is realized only when the 

number of nozzle opening arrays is four. Hance, such 

a design is applicable to a limited number of 
recordinq hea~~-

In view of the above problems associated with 

conventional -ink jet recording heads, an improved ink jet 

recording head according to the independent claims 1, 3 and 6 

is provided. Further advantageous features, details and 
' 

aspects of the invention are evident from the dependent 

claims, the description and the drawings. The claims are 

intended to be understood as a first non-limiting approach of 

defining the invention in general terms. An aspect of the 
present invention is to provide· a laminated type ink 
jat recording head which minimizes stac;,rnation of air 

bubbles in its ink ~low paths. 
To achieve this aspect ., the· present invention 

provides an ink jet reoordinq head that is formed by 
la~inatinq _..a· P..!Ul:ali tY·· of thin plate members having a 
plurality" o~.~-ink ~low pa.ths partially formed therein • 
. Each ink flow path extends contin~oualy so as to reach 
a nozzle opening from an ink supply section via a 
pressure producing chamber. In such ink jet recordinq 
head, communicating holesi formed in the respective 
thin plate members to enable the pressure producing 
chamber to communicate with the nozzle opening are 
linearly arranged. As a result of this eonstruetion, 
the ink fram t:be pressure ...producinq chn.mber can !"low 
without staqnating in the col'amunicatinq holes in the 
thin plate members, so that the air bubbles in the ink 
can be discharged from tlle nozzle openinc,rs 
e:ft'ectively. 

A second aspect of the invention is to provide iin 

ink jet recording heaci whieh can ·be employed in a 
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recording head having a plurality of nozzle opening arrays~ 

preferably three or nore, and which can minimize inter-line distance 

error to ensure high-qua~ity printing. 
To achi~ve the above aspects , the invention 

provides an ink jet recording head having a plurality 
of nozzle openings arrays, arranged in an auxiliary 
.scanning direction, which is suJ:>stantia11Y. 
peX'J')e~dicular to the main scanning direction. The 
nozzle opening arrays are divided into groups, preferably .three groups, 

and spaced at predetermined intervals in the main 

scanning direction. 
Xn such ink jet recordinq head, nozzle openings 

or the groups arranged on both sides of a group 
arranged in the middle o~ the recording head 
supplem.ant spaces between th~sa nozzle openings of the 
middle array. FUrthermore~ a nozzle opening o~ the 
group arranged in the middle is positioned uppermost 
or lowermost on the face of the print head, so that 
lines printed by the nozzle openings of the groups 
arranqed on ~oth aides interpose the 1ines printed by 

the nozzle openinqs ot the middle group. As a ra11ult, 
the maximum distance between nozzle openinqs printing 
adjacent lines.in the main scanning direction can be 
equa~ -~~ _:·_!\;.llsta.nti8;I~y equal to half "the maximum 
distance between· the nozzle openinq arrays at both 

sides of the print head. Theretore, inter-line 
positional error is reduced~ 

These and other objects ·and advantages of the 
invention will become more apparent.and more readily 
appreciate4 trom the following detailed description 01! 
the presently preterred exemplary embOdimente of the 
invention taken in conjunction with the accompanying 
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drawings, of which: 
Fig. 1 illustrates an embodiment of the nozzle 

opo.ning arrays of an ink jet recording head of the 
present invention; 

Fig. 2 is an exploded perspective view showing 
the detailed assembly of the ink jet recording head of 
Fiq. 1; 

Fiq. 3A is a sectional view showing the iiik jet 
recording head of Fig. 1; . 

Fig. 38 is a sectipnal view shoving another 
·embodiment ot the invention with the position of a 
nozzle opening shifted; 

Fiqs. 4A to 4D re•pectively show embodiments of 
the prasant invention wh•r•in the poaition of a nozzle 
openinq with respect to the corraspondinq pressure 
producing chamber is shifted by adjusting both the 
position of the nozzle opening and the positions of 
introducinq holes connectinq the nozzle openinq to the 
pressure producing chamber in the embodiment of the 
ink jet recording head shown in Fig. 1; 

Fig. SA illustrates a pattern printed by a 
recording head havinq no•zle opening arrays according 
to the present invention; 

Fig. · -SB,.... illusfratea a pattern printed by a 
recorciing·h~d havinqnozzie opening arrays according 
to a conventional arrangement; 

Fiq. 6 illustrates another embodilnen~ of the 
nozzle opening arrays of an ink jet recording head of 
the present invention; 

Fig. 7 illustrates a further embodiment of the 
nozzle opening arrays or an ink jet recordinq head or 
the present invention; 

Fig. -8 illustrates a further embodiment of the 
nozzle openinq arrays of an "ink jet recordinq head of 
the p~esent invention; 
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Fiq. 9 illustrates an exemplary arrangement of 
introducing holes for implementinq the pitch at which 
the nozzle openings are positioned as shown in the 
embodiment at Fiq. 8; and 

Fiq. 10 illustrates a further embodiment of the 
nozzle openinq arrays of an ink jet recordinq head ot 
the present invention. 

Fig. 1 shows an exemplary embodiment of a nozzle 
opening arrangement of an ink jet racordinq head of 
the present invention. Nozzle plate 130 includes six 
arrays of nozzle openings A, B, c, O, E, F. 'l'he 
nozzle openings 1, 7, 13, 19 and 25 of the first array 
A are positioned closest to the center line of the 
nozzle plate 130. Nozzle openinqs 2, a, 14, 20 and 26 

of the second array B are positioned close to one 
lateral end of the nozzle plate 130, tor example, at 
the left end, and the nozzle openinqs 3, g; 15, 21 and 
27 o:f the third array c are positioned between the 
first array A and the second array B. 

Nozzle openings 4, 10, 16, 22 and 28 of the 
fourth array ..P are positioned on a sid"e "of. the rirst 
nozzie. ~p·a""~.ing array i opposite to the side at which 
the third array is positioned. The nozzle openings s, 
11, 17, ~3 and 29 o~ the fifth array E are positioned 
closest to the lateral end opposite to the latera1 end 
at which the second array B is positioned, for 
example, the right end. Finally, the nozzle openings 
6, 12 / 18, 24 and 3 O of the sixth array E are 
positioned closest to the fifth nozzle opening array 
E. 

These nozzle opening arrays are divided into 
three groups. ~he first nozzle opening array A and 
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the tourth nozzle openinq array D constitute a first 
group 201. The second and third nozzle openinq arrays 
Band c constitute a second group 202. ·The fifth and 
sixth nozzle opening arrays E and F constitute a third 
group 203. The nozzle openinqs of the respective 
groups ~01, 202 and 203 communicate with the ink jet 
recordinq head unit, as shown in Pigs. 2, 3A and 38, 
so that the nozzle openings are supplied with ink to 
be jetted. 

The nozzle openings 1, 4, 7, 10, 13, 16, 19, 22, 
2~ and 28 o~ the first group 201 are arranged at a 
pi toh of three dots apart in an auxiliary scanning 
direction, that is, in the vertical direction as 
viewed in Fig. 1. Tha pairs of nozzle openings 2 and 
3, 8 and 9, 14 and 15, 20 and 21, and 26 and 27 of the 
second group 202 are arranged at a pitch of one dot 
apart, and are positioned in the vertical direction 
between or substantially between nozzle openings l and 

I 

4, 7 and 10, 13 and 16, 19 and 22, and 25 and 28, 
respectively. This pitch is repeated, for example, at 
a cycle. of five pairs of dots. 

The pairs o~ nozzle openings sand 6, ii and 12,· 
17 and_ 18, 23 and 24, and 39 •nd 30 of the third group 
203 are ar~anqed at o..pitch of one dot apart, and are 
positio~ed··-. ·i11· ~the. lo ;.ertical direction between or 
substantially between nozzle openings 4 and 7, 10 and 
13, 16 and 19, and 22 and 25, and in the vertical 
dire~tion below or substAntially below nozzle opening 
28, respectively. 'l'his pitch is repeated, for 
example, at a cycle ot five pairs of dots. 

Fig.· 2 is an exploded pc!x-spective view showing 
the assembly or an embodiment of the ink jet recording 
head ot the pres~t invention, · as shown in Fig. 1. 
Figs •. 3A and'3B are sectional views, each showinq a 
structure in the Vicinity or a pressure producinq 

- 8 -



5 

10 

15 

20 

25 

30 

35 

THIS SHEET HAS BEEN 
REPLACED 

chamber that is connected to a ainqle common ink 
chamber. 

As showinq in Fiq. 2~ the ink jet recording head 
comprises piezoelectric vibration element drive 
sections 100, which are formed by mountin~ 

piezoelectric vibration plates 104, made of PZT or the 
like, onto a surface of a vibration plate 102 made of 
a zirconia (Zr02) thin plate member or the like whose 
thicJtness is about 10 µ,m. The piezoelectric 
vibrations plates 104 are mounted so as to oppose 
pressure producing chambers 103, which will be 
described below. 

~ spacer 105, which is made at a ceramic thin 
plate member, such as· a 150 ~m-thick zirconia thin 

plate member or the like, has through holes 106 
therein. These through holes 106 constitute the 
pressure producing chambers 103, which are thus forined 
at a predetermined" pitch. The shape or each through 
hole 106 coincides w~th that of the pressure producing 
chamber 1"03 • 

A board 108 is disposed adjacent the spacer 105 
to close the correspondinq ends of the pressure 

produoinq chambers 103. J:ntroducinq. hole~ 109 and 111 
are formect.in board __ ;i.oa. Introducing holes 109 ha,ve 
a· larger -di·aiiieter th~ that of nozzlG openinqa 131, 

which are formed in nozzla plate 130, and enable the 
nozzle openinqs 131 to communicate with correspondinq 
pressure producing chambers 103. rntroducinq ho1es 

111, on the other .hand, . enable their corresponding 
pressure producing chambers 103 to communicate with 
com=on ink chamber 110. 

These three ~embers 100, 105, 108 are integrated 
into a sinqle structure, and are mounted on a unit 
fixing plate 112 by adhesive or the like. The unit 
~ixinq plate 112 also acts as a flow path ragulatinq 
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The unit f:ixing · plate 112 includes flow path 
regulating holes 113, which are positioned between the 
introducing_ bolas 111 and the common ink chamber 110 
when the unit fixing plate 112 is mounted between the 
board 108 and the thermal deposition film 115, 
describe~ ))alow, as shown in Fig. JB. Also, the unit 
fixing plate 112 includes introducing holes 114 which 
are positioned to oppose the through holes 109 when 
the unit fixing plate 112 is mounted to the board 108. 
Each flow path regulating hole 113 bas a flow 
resistance substantially equal to that of the nozzle 
opening 131, and each introducing hole 114 enables the 
nozzle opening 131 to communicate with the pressure 
producing chamber 103. 

The thermal deposition film 115 bonds a common 
ink chamber :forming plate ;le, described below, to the 
unit fixing plate 112. The thermal deposition film 
i15 includes windows 116 and introducing holes 117. 
Each window 116 coincides with the common ink chamber 
110, and each introducing hole 117 enables the nozzle 
opening 131 to communicate with the pressure producing 
chamber 103. 

'l'he c_c~on ink chamber forming plate 118 includes 
windows ·=. i·2.0 .: ~and introducing holes 121. The ink .. -- . 
chamber for-Jning plate 118 is, tor example, a 150 µm-
thiek stainless steel plate member or the like, which 
is corrosion resistant and whose thickness ia adequate 
to rorm the common ink chambers 110. Each window 120 . 
is substantially v-shaped and thus corresponds tc the 
shape of: the common ink chamber 110. Each introducing 
hole 121 has a diame~er larger than that or the nozzle 
openinqs 13 l, and enables their corresponding pressure 
producing chambers 103 to-eommunicate with the nozzle 
openings 131. 
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As described above, the nozzle openinqs 131. are 

formed in the noz~le plate 130. The nozzle plate 130 
is fixed to the common ink chamber f orminq plate 118 
by a thermal deposition film 133 or the like, so that 
the nozzle openinqs 131 communicate with their 

respective pressure producing chambers 103 through 
introducing holes 109, 114, 117 and 1211 and through 

hole 134 formed in the thermal deposition film 133. 

The diameter or these introducing holes 109, 114 and 
121 is determined so that the opening at least on the 

aide of the nozzle opening 131 is small. 
Accordingly, the laminated structure allows the 

centers of the introducing holes 109, 114, 117 and 121 
to be aliqned, to allow the nozzle opening 131. to 
communicate with the pressµre producinq chamber 103 as 
shown in Fig. 3A. Hence, even if the nozzle openinq 
131 is shifted :by a distance AL,· as shown in Fig. 3B, 
the ink ia not likely to stagnate. Accordingly, air 
bubbles contained in the i~k can be discharged swiftly 
from the nozzle opening. 

That is, it the nozzle openinqs 131 are shifted 
in a direction toward C?ne ·end o~ tha pressure 
producing chamber 103 as shown in Fig. 4A, the nozzle 
opening .1_3_; can be ___ a1igned near the . end of the 
pressll):'e.: .producing · i:h~mber 103 • If the rampeeti ve 

introducing·-"-holes 109, 114, 121, ro~ example·, are 

sequentially shifted in any direction with respect to 
the.pressure producing chamber 103, as ahown in Figs. 

4B, .4C, then the pitch ~etween· the adjacent nozzle 

openings 131 can be adjusted arbitrarily. 
Alternatively, as shown in Fig. 40, the pressure 

producing chambers 103 may be arranqed to communicate 
with nozzle openings 131 which are positioned 
asymmetriaa1ly on.the nozzle plate 130. 

·xn the embodiment of the recordin9 head of the 
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present invention, when a drive siqnal is applied to 
the piezoelectric vibration plates 103, the vibration 
plate 102 is flexed, thereby causinq the pressure 
producinq chambers 103 to contract. As a resul.t, the 
ink within tha pressure producinq chambers 103 is· 

jetted to the nozzle openinqs 131 via the introducing 

holes 109, 114, 117 and 121, and is jattad therefrom 

in the form of an ink droplet. 
When the drive siqnal is removed ·after the ink 

droplets have been jetted, the piezoelectric vibration 
plate 104 returns to its original position, thereby 
causing the pressure producing chamber 103 to expand 
to its original size. As a result, a~ amount of ink 
corra11pondinq to the amount o:t'ink jetted out of the 

nozzle openings 131 flows into the pressure producing 
chamber 103 from the common ink chamber 110 via the 
:flow path requlating holes 113 and the introducing 
holes 11l.. 'l'his cycle is r•poated until the amount o~ 
ink droplets naceaaary for printing have bean jetted. 

Operation of this · embodiment of the recording 
head having the nozzle opening arrangement of the 
embodiment shown in Fig. 1 will now be described with 

reterence to Fiq. SA. 
Fiq. __ 5_,. is an e~~mplary diagram illustrating the 

correspondenc~· 6etwe~n the position of lines printed 
in a print 1ina (e.q, a sinqle character line) in the 
horizontal direction and the nozzle openings that 
print such lines of the print 1ine. This riqure also 
illustrates the positio~ ot some of the nozzle 
openinqa that print the uppermost lines in an adjacent 

print line. The number in each circle corresponds to 
the number assigned· to a nozzle opening in Piq. 1. 

Lines in a print line are printed at an interval 
or three dots by the nozzre openings 1, 4, 7, 10, 13, 
16, 19, 22, 25 and 28 or the nozzle opening arrays A 
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by the nozzle openings 2, J, a, 9, 14, 15, 20, 21, 26 
and 27 of the nozzle opening arrays B and c of the 
second group 202, so as to supplement lines between 
the odd-num):)ered nozzle openings and the even-numbered 
nozzle openings of the tirst group 201, i.e., between 
nozzle openinqs 1 and 4, 7 and 10, ~3 and 16, 19 and 
22, and 25 and 28. 

Two lines are similarly printed by the nozzle 
openings 5, s, 11, 12, 17, 18, 23, 24, 29 and 30 ot 
the nozzle opening arrays E and F of the third qroup 
203, so as to supplement the linas between the avan­
numbered nozzle openings and the odd-numbered nozzle 
openings or the first group 201, ·which· are not 
supplemented by the seqond qroup 202, i.e., between 
nozzle openings 4 and 7 7 10 and 13, 16 and 19, 22 and 
25, and vertically below 28. 

with the nozzle openings ot the second and third 
qroups 2 02 and 2 03, respacti vely, bein9 arranged on 
both sides of the nozzle plate 130 to print lines 
which interpose 'the lines printed by the nozzle 
openings of the first group 201, arranged in the 
middle of the nozzle plate, the-maximum distance in 
the main ~c;~nning d~ection between any two nozzle 
openi~g~·;.that· -print viJrj;ically adjacent 1ines is equal 
to half or·· ·substantially ha.lf the distance between 
c;roups 202 and 203 arranqed on both sides of t.he 
nozzle plate 130. For this reason, an error that 
occurs when the vertical. directi~n of ·the nozzle 
openings in the recording head is not parallel with 
the sheet forward direction, but is slightly at an 
angle with respect to the carriage, is aubstantially 
halved. That is, assuming that the distance in ~e · 
main scanning direction oatween the nozzle opening . . 
arrays 2 02 and 2 03 is G, and that the angle or 
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inc1ination of the head is 8, an error G x ainB is 
substantially halved. 

In addition, since the nozzle openinqs are 
arranqed so that the uppermost 1ine in a print line ia 
printed by a nozzle opanfnq of the rirst qroup 201, 

that is, nozzle openinq 1 in this embodiment, and the 
lowo.rmost ~ine in a print line is printed by a nozzle 
openinq o:t either group 202 or 203 (i.e., nozzle 

opening 30 in this embodiment), the distance in the 

main scanning direction between the nozzle openinqs 
that prints the lowermost· line of the print line 
(i.e., nozz1e 30), and the upper most line of the next 
print line (i.e., nozzle 1), is also equal to half or 
substantially half' the distance between qroups 2 02 and 
203. This, in turn, halves or substantia1ly halves 
the error that may occur between the print lines that 
ara printed before and after sheet rorwardinq, and 
thus prevents a white line or a black line from being 
produced, as often is the case in conventional 
printers. 

That is, in a conventional print head having a 
nozzle opening arrangement as shown in Fig. SB, 

adjacent lines printed by the nozzle openings arranged 

on oppos~t.e-:sides of ,.tjle print head (a.q., the nozzle ·· 
. - . - ,....;-. - . -

openinqs·'6 -and 7 or the nozzle cpeninq arrays A' and 
F') result in a larqe print error Whan the direction 
of the nozzle openinq arrays A' through F • is not 
para11el to the sheet t:oriardinq di~ection. This 
error occurs because.the distance between these nozzle 
openings in the main •canning direction is equal to 
the distance between the nozzle opening arrays A' and 
F' • 

Xn ad~it±on, bacause_this larqe distance in the 
main scanning direction exists between nozzle openinqs 
1 and 30, when the direction or the nozzle opening 
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arrays is not parallel to the sheet torwarding 
direction, a larqe error will occur between a print 
l.ine and a subsequ'7nt print line printed arter the 
sheet is rorwardad. 

Fig. 6 shows another embodiment of the nozzle 
opaninq arrangement according to the present 
invention. In a :manner similar to- the embodiment 
shown i~ Fig. 1, nozzle openinq array groups 204, 205 
and 206 are formed in a nozzle plate 130. The nozzle 
openings 1, s, 9, 13, 17, 21 and 25 of the single 
array A of the first qroup 204 are arranged at a pitch 
of four dots apart in the sheet forwarding direction. 

The second qroup 205 has two nozzle opening 
arrays B and c, each having nozzle openings spaced at 
a pitch of two dots from each other. The third group 
206 has a single nozz.le opening array o, wherein the 
nozzle openinqs are spaced at a pitch of four dots 
from each other. 

The nozzle op~ninqs of the first and third groups 
204 and 206 are arranged on opposite sides of the 

nozzle plate 130, and ara positioned so as to 
alternately supplement the nozzle openings of the 
second group 205 arranged in the middle o~ the nozzle . . 
plate 13Q. __ - ~hat is, ~.t:l. this embodiment, lines printed 

• • • • ,..<¢· - .. -

by the -ndif ZlG Openings • l. 1 5 / 9 t 13 / 17, 21 and 2 5 Of 

-~e tirst group 204 and lines printed by the nozzle 
opan!nqs 3, 7, 11, 15, 19, 23 and 27 of the tliird 
qroup 206 are printed so as to interpose lines printed 
by the nozzle openinqs·2, 4 •• •• 26, 28 of the second 
qroup 205. 

'rhererore, the maximum distance between any two 
nozzle openinqs that print vertically adjacent lines 

· is eCJ1:1al ~o or substan-t:_ially equal to halt the 
distance between the nozzle opaninq arrays A and o. 
rn addition, s~nce a nozzle opening o:f one of the 
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groups 204 and 206 (i.e., nozzle openinq 1 of group 

204) is positioned· to print the uppermost line of a 
print line, and the nozzle opening 28 of group 205 ia 

positioned ta print th• lowermost line in th• print 
line, tha diatanca between tha nozzle openings that 
print varticallY_adjacent print lines be~ore and after 
sheet farwardinq is equal or substantially equal to 

half the maximum distance between nozzle opening 
a~ays 204 and 206. As in the embodiment of Fiq. 1, 

this reduces errors that may occur (e.q., white line 
or black line) between adjacent print lines when the 
direction of the nozzle opening arrays is not parallel 
ta the sheet feed direction. 

It is apparent that similar advantageous e~tects 
can be obtained by reveraing the arrangement of the 

two nozzle opening arrays B and c of the second group 
205, as shown in Pig. 7. 

As shown in Fig. s, a group 211 having the nozzle 

openings 2, 4, 6 •• •• 24, 26, 28 arranged at a pitch 
o~ two dots apart rrom each other may be interposed 
between groups 210 and 212, which alternately 
supplement this group 211 during printing'. Group 210 
consists of a nozzle opening array A havinq the nozzle 
apeninqs i.,,.. !5 • • • • ... 21, 2!5; arranged at a pitch Of 

• • ·:. ... • .. ...-C-· - .. .:.. -· 

four dats· · from each other. Group 212, an the other 

hand, consists of a nozzle opening array c having the 
nozzle openings 3, 7 •• •• 23, 27, arranged at a pitch 
of four dots from each other. 

When ~a nozzle openings are linearly arranqed at 
an eXtremaly high ·density as in nozzle opening array 
B o~ the group 211, two arrays ot pressure producing 
chambers 103 and 10~• are usad, as shown in Fig. 9 • .. 
These chambers 103 and 103 1 are arranged so that their 
adjacent ends are as close as possible to the 
positions at which their respective nozzle openinq is 
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disposed (i.e., as close as possible to line L-L). 

Also, introducing holes 109, 114, 121, providinq 
communication between the pressure producing chambers 
103 and the nozzle openings 131, and introducing holes 
109 • , . 114 ' , 121' , proyiding communication between 
pressure producing chambers 103 1 and nozzle openings 
131', are shifted toward the line L-L. 

Also in this embodiment, as ~n the aforementioned 
embodiment, the lines printed by the nozzle openinqs 
2, 4, 6 •••• 24, 26, 28 ot the nozzle opening array 
B .are alternately supplemented by the lines printed by 
the nozzle openings 1, 5, 9 • •. • • 21, 25 of the nozzle 
opening array A and by the nozzle openings 3, 7, 11 •• 
•• 23, 27 of the nozzle opening array c, arranged at 
opposite sides of the nozzle plate 130. Furthermore, 
the nozzle opening 1 of group 210 is positioned 
uppermost, and nozzle opening- 28 of group 212 is 

positioned lowermost, thereby reducinq errors that can 
occur between print lines as discussed in the previous 
embodiments. . 

FUrtharmore, each ink flow path is formed so as 
to smoo~hly connect the introducinq holes 109, 114, 
121 and the introducinq holes 109', 114', 121' that 
are formed .. in the respscti ve thin plate members, so as . . . ·: .. ·· ·· .. ~· - ... ~-· 
to.be- tapered toward the nozzle opQninq. Therefore, 
the ink.is.not likely to staqnate, and· air bubbles 
contai~ed in the ink is effectively discharged. 

While in the emboclimeni;s. shown in Fiqs. 6·, 7, and 
a, a nozzle opening of the nozzle openinq arrays of 
groups 205 and 211, positioned in the middle ot the 
nozzle plate 130, is positioned at the lowermost end 
of the recording head, it ia apparent that. similar 
e~f~cts can be provided by ~lternately positionin~ a 
nozzle openinq or qroups 205 and 211 at the uppermost 
':Ind of the reccrdinq head. For example, in the 
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embodiment shown in Fiq. 6, the nozzle opaninq array 
A of qroup 204 can be ahitted down by four dots. ~at 

is, nozzle opaninq·1 can be sat to the position ot the 

nozzle openinq s, ·and printinq can be pertorined done 
in the order ot the currently assigned n~zzle opening 
numbers, i.e., 2, 3, 4, S, •• •• 27, 28. 

Further, with respect to the embodiments shown in 
Fiqs. 7 and e, it is apparent that printinq can be 

done atartinq with the nozzle opening 2 of the nozzle 
opening array B by ei th.er om! ttinq the uppermost 
nozzle opening 1 of th• nozzle opening array A of the 
group 204 er 210 shown in Fig. 7 and s, respectively, 
or by not using nozzle opening 1. 

If the number of nozzle openings in the nozzle 
openinq array other than that of the group in the 
middle is decreased as described above, then the 

number of nozzle openings of the nozzle openinq array 
A of qroup 204 in Fiq. 7, or of qroup 210 ~n Fig. 8, 
is decreased to 6, thus leavinq nozzle opening arr~y 
A short one nozzle opening compared with qroup 206 in 
Fiq. 7 or group 212 in Fig. s. This, in turn, allows 
the nozzle openings of group 205 or 210 in the middle 
of the nozzle plate" to be · positioned uppermost and 
lowermos1:;. __ · -~ As a raJJult, the nozzle opening that 

. . . . ,..~. - . -
prints-the ··:;~~st line of a print line and the nczz1ca 
openinq that prints the first line o~ a next print 
line belong to the same qroup, 'Which in turn allows 
printinq quality to be improved. Fie;. 10 shows an 

embodiment ot an ink jet recording head accordinq to 
the. present invention havinq this type of nozzle 
openinq ar~anqmnent. This embodiment is suitable for 
a recording head capable Of extremely hiqh-densi ty 
printing with a particularly great number of nozzle . -
openinqs, e.q., 64 nozzle openings, formed on a single 
nozz1e plate. 

18 
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. The nozzle openings of the recordinq head (from 
the uppermost nozzle opening 1 to the lowermost nozzle 
openinq 64) are arranqed at the same pitch as those in 
the embodiment of Fiq. 1 in nozzle opening arrays A 
and D of qroup 214 arran?ed in the middle ot the 
nozzle plate. As a result of this arrangement, one of 
the groups at the ~ides of the nozzle plate has two 
leas nozzle openinqs. For example, nozzle openings 6~ 
and 66 in group 215 arranged on the right side, as 
shown in Fig. 10, are removed. 

According to this embodiment, the lowermost line 
of a print line (e.g., a single row of characters) ia 
printed by nozzle opening 64 in the middle and the 
uppermost line of a next row is printed by the nozzle 
opening 1 .of group. 214 also in the middle. Therefore, 
not only can inter-line error, as described above, be 
minimized, but also high quality printinq can be 
implemented in a solid imaqe, such as a graphic imaqe, 
when printing is done by using a part of the upper 
side of the recording head when, tor example, the last 
1-ine o~ such solid imaqe is to be printed, because the 
nozzle opening 64 that prints the lowermost line of 
the penultimate row and the no~zle openinq 1 ·that 
prints t.J?.~· uppermos.t;:cline ot the last row belong to 

• • ,.;-c-· -

group· 2"14 ·rn ··the middla cf the noz'zle pl,ate. 
While a sinqle qroup consists or one 'or two 

nozzle opening arrays i~ the aforemention~d 

embo~iments, it is apparent that similar effects can 
be obtained by putting three or more nozzle.openinq 
arrays in a sinqle group. Further, while a recording 
head utilizing flexural vibration is described in the 
above emJ,odiments, it is apparent that similar effects 
and advairt:ages Clln be _oatained by employing a 
piez?electric vibration element of the vertical ·mode, 
i~ which the distanc~.between nozzle opening arrays 
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can be made re1atively small. 
While the invention has. been particularly shown 

and described with reference to preferred embodiments 
thereof, ·it will be understood by those ski1led in the 

art that various changes in form and details may be 

made therein without departinq from the spirit and 

scope of the invention • 

..... . : ,....;-. -
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CLAIMS: 

1. An ink jet recording head comprising a plurality of thin 
plate members ( 108, 112, 118) each having a plurality of 

5 holes (109,114,121) therein, said thin plate members 
(108,112,118) being laminated together so that said holes 
(109,114,121) formed in adjacent said thin plate members 
( 108, 112, 118) are aligned with each other and cooperate 
to form a plurality of ink flow paths each continuously 

10 extending from a respective nozzle opening ( 131) to a 
respective pressure producing chamber ( 103) which 
communicates with an ink supply section (110). 

2. An ink jet recording head according to claim 1, wherein 
15 the areas of the holes ( 109, 114, 121) of the thin plate 

members (108,112,118) arranged in succession towards said 
nozzle openings ( 131) become sequentially smaller such 
that the areas of the holes (109,114,121) of the thin 
plate member ( 108, ~12, 118) closest to the nozzle 

20 openings ( 131) are smallest and the areas of the holes 

(109,11~!-12-1) of -t::~?. thin plate members (108,112,118) . . ,.-..:-- -
further ·away from the·nozzle openings (131) are largest. 

- 3. An ink jet recording head especially according to claim 1 
25 or 2, comprising a plurality of thin plate members 

(108,112,118), each hAving a plurality of holes 

30 

35 

(109,114,121) therein, said thin plate members 
( 108, 112, 118) being laminated together so that said 
holes ( 109, 114, 121) formed in adjacent said thin plate 
members (.108, 112, 118) az:e shifted with respect to each 
other and c·ooperate to form a plurality of ink flow paths 
continuously extending from a respective nozzle opening 
( 131) to a respective pressure producing chamber ( 103) 

which communicates with an ink supply section (110). 

This Sheet Has Been Replaced 
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4. An ink jet recording head as claimed in claim 3, wherein 

said thin plate members ( 108, 112, 118) 

succession, said holes (109,114,121) 

thin plate members { 108, 112, 118) 

are arranged in 

of said adjacent 

being sequentially 

shifted outward with respect to each other in a manner 

towards said nozzle openings ( 131) such that the holes 

(109,114,121) of said thin plate member (108,112,118) 
I 

closest to the nozzle opening { 131) is at a maximum 

shifted distance with respect to the holes (109,114,121) 

of the thin plate member (108,112,118} furthest from the 

nozzle opening (131). 

5. An ink jet recording head as claimed in one of the 

preceding claims, wherein said ink flow paths, nozzle 

openings (131) and pressure producing chambers (103) are 

grouped . into ink flow path units, said ink flow path 

units being arranged so that the nozzle openings of one 

of said ink flow path units are positioned between ·the 

nozzle openings of another one said ink flow path units. 

6. An ink jet..recordin~ head especially according to one of 
- ·:. - - ¢• - • ;. .... 

the preced1rig c~aims,·comprising: 

a board (130) having a plurality of nozzle openings (131) 

therein arranged in nozzle opening arrays (A,B,C,D,E,F} 

25 formed in an auxiliary scanning direction, the nozzle 

opening arrays (A,B,C,D,"E,F) being divided into groups, 

preferably three groups (201,202,203;204,205,206;210,.211, 

212;213,214,215) a.t a predetermined interval in a main 

scanning direction, said nozzle openings (131) of groups 

30 ( 202, 203; 204, 206; 210, 212 ;.;213, 2i5) arranged at both sides 

of a group (201;205;211;214) arranged in the middle in 

the main scanning direction of the ink jet recording head 

being positioned vertically between adjacent nozzle 

openings (131) of the middle group (201;205;211;214}; and 

35 a nozzle opening (131) of the middle groups 

( 201, 205, 2 lf, 214) is positioned uppermost. and/or 
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lowermost in the auxiliary scanning direction, so that 

lines printed by the nozzle openings ( 131) of the groups 

(202,203;204,206;210,212;213,215) arranged at both sides· 

interpose lines printed by the nozzle openings of the 

5 middle group (201;205;211;214). 

7 . An ink jet recording head according to claim 6, wherein 

each group (201,202,203;204,205,206;210,211,212;213,214, 

215) has two nozzle opening arrays (A,B,C,D,E,F), the 

10 nozzle openings (131) of the middle group 

(201;205;211;214) being pitched at an interval of three 

dots in the auxiliary scanning direction, .pairs of nozzle 

openings (131) of the groups (202,203;204,206;210,212; 

213,215) arranged on both sides are pitched at an 

15 interval of one dot, and said pairs are arranged at an 

interval of five dots so as to be positioned vertically 

between said nozzle openings ( 131) of the middle group 

(201;205;211;214). 

20 8. An ink jet recordii:ig head according to claim 6, wherein 

25 

the n?zzle open~_gs ( 131) of the middle group 
• - • • . .. <' - .. - . 

(201·;2·05;Zll';214) are· pitched at an interval of two dots, 

each of the groups (202,203;204,206;210,212;213,215) 

arranged on 

having its 

four dots 

openings of 

both sides has a single nozzle opening array 

nozzle openings pitched at an interval of 

so as to be" vertically between the nozzle 

the middle group (201;205;211;214). 

9. An ink jet recording head according ·to claim 8, wherein 

30 the middle group (201;20~;211;214) has two nozzle opening 

arrays. 

35 

10. An ink jet recording head according to claim 8, wherein 

the middle group ( 201; 205; 211; 214) has a single nozzle 

opening array. 
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