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INK JET RECORDING HEAD 

The invention relates to an ink jet recording head. 

It has been previously proposed to improve dot density for 

better print quality by an arrangement in which four rows of 

nozzle openings extend in the carr~.age moving direction, i.e. , 

in the main scanning direction. Such a nozzle arrangement is 

- usually implemented by two sets of a recording head that has 

two rows, the nozzle openings in each row being staggered by a 

single dot in the sheet forward direction. 

However, the second and third nozzle opening rows that are 

adjacent to each other in the middle are separated from each 

other by a housing forming member, and this not only increases 

the distance between the rows, but also requires an ink supply 

means. In addition, the operation of aligning the two heads 

is cumbersome as well. 

It has been furthermore proposed to overcome the above 

problems by means of an integrated ink jet recording head in 

which four or more nozzle opening rows are arranged on a 

common nozzle plate and each nozzle opening has a pressure 

producing chamber thereof. 

As shown in Figure 10, such an integrated ink jet recording 

head is characterized as stagger5nq the nozzle opening of each 

of the nozzle opening rows A, B, C, D by a single dot in the 

physically arranged order. 

In this recording head, after driving the nozzle opening rows 

A, B, C, D in the physically arranged order, the nozzle 

opening rows are driven again cyclically in such physically 
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arranged order. Thus, the carriage moves by a distance Ll + 
L2 + L3, which is the distance between the outermost rows, 

until the fourth nozzle opening ;ow D printing ~ dot adjacent 

to .. the.: dot .... printed.- by. ... the .. firs:t_. nozzle .. opening .A is driven. 

As a result, any inclination of the ink jet recording head 

caused at the time of mounting the head or a change in the 

head mounting angle caused by play aggravates fluctuations in 

~the distance between the dots printed 'by other nozzle opening 

rows, thereby inviting impairment in print quality. 

It is the object of the . present invention to overcome the 

above mentioned drawbacks. 

This object is solved by an ink jet recording head according 

to independent claim 1. Further advantageous features, 

aspects ~nd details of the present invention are evid~nt from 

the dependent claim, the description and the drawing. The 

claims are to be understood as a first non-limiting approach 

to define the invention in general te.rms. 

The ink jet recording head according to the present invention 

has at least four rows of nozzle openings in a main scanning 

direction with each row having a plurality of nozzle openings 

in a sheet forward direction. From such ink jet recording 

head, ink droplets are jetted out by pressure produced by 

pressure producing sources using piezoelectric elements, 

heating elements or the like. 

The invention furthermore provides an ink jet recording head 

capable of reducing relative displacement of dot among a 

plurality of nozzle opening rows to a smallest possible level. 
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The invention refers 

to an ink jet recording head that includes four or more rows 

of nozzle openings in a main scanning direction. Each row 

has a plurality of nozzles so as to extend straightly in a 

sheet forward direction at a pitch corre~ponding to the 

number of rows of nozzle openings. In such an ink jet 

recording head, the rows of nozzle openings in an auxiliary 

scanning direction are staggered at a certa~n pitch so that 

~ an order of arrangement of the rows of nozzle openings is 

different from the physically arranged order. 

The nozzle opening rows are staggered in the 

auxiliary scanning direction by a predetermined pitch so that 

the order of their arrangement is different from the 

physically arranged .order. As a result, the maximum distance 

between adjacent nozzle opening rows to print vertically 

adjacent dots becomes smaller by a distance between the 

adjacent nozzle opening rows than at least the physical 

maximum distance, thus contributing to reducing relative 

displacement in the vertical direction by a distance 

equivalent to the distance between the adjacent nozzle 

opening rows compared with a head in which nozzle opening 

rows are sequentially staggered in the auxiliary scanning 

di.Lection in the physically arranged ordel:. 
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Figure 1 is a diagram showing an ink jet recording 

head, which is an embodiment of the invention, in the form of a 

nozzle opening arrangement; 

Figure 2 is an exploded perspective view showing the 

ink jet recording head shown in Figure l; 

Figure 3 is a diagram showing the ink jet recording 

head shown in Figure 1 with a nozzle plate thereof removed; 

Figure 4 is a diagram showing a sectional structure 

._ of the ink jet reco~ding head shown in Figure l; 

: . 

Figure 5 is an exploded perspective view showing ink 

flow paths in an ink jet recording head, which is another 

embodiment of the invention; 

Figure 6 is a diagram showing the ink jet recording 

head shown in Figure 5 with a nozzle plate thereof removed; 

Figures 7{a) and 7{b) are diagrams illustrative of 

inter-dot relative errors caused by the ink je~ recording 

head of the invention and those of a conventional ink jet 

recording head; 

Figure 8 is a diagram showing an ~nk jet recording 

head, which is still another embodiment of the invention, in 

the form of a.nozzle opening arrangement; 

Figure 9 is a diagram showing an ink jet recording 

head, which is still another· embodiment of the ·invention, in 

the form of anozzle opening arrangement; and 
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Figure 10 is a front view showing a nozzle opening 

arrangement of the conventional ink jet recording head having 

four rows of nozzle openings. 

Embodiments of the invention will be described in 

detail with reference to the accompanying drawings. 

Figure l shows an embodiment of the invention. In 

Figure 1, reference numeral 7 designates a nozzle plate 

having four rows of nozzle openings A, B, C, o. The pitch 

between nozzle openings l, 1 •••, 2, 2 •••, 3, 3 ···, or 4, 4 

•••i each being arranged linearly on each of the rows B, D, 

C, A, is four times a pitch between vertically adjacent dots, 

i.e., Ad x 4. The first nozzle opening row A that is located 

outermost and the second nozzle opening row B that is 

adjacent thereto, as well as the third nozzle opening row C 

and the fourth nozzle opening row D that.is adjacent thereto 

are arranged at smallest possible distances Ll and L2, 

whereas the second and third nozzle opening rows B,C are arranged at 

such a distance L3 as to allow a vibrating element unit 

(later described) to be accommodated. As shown in Figure 1, 

·each row of nozzle openings is selected so that the second 

row B, the fourth row D, the third row C, and the first row A 

stagger one another in a sheet forward direction at a · 

distance equal to a· single dot (4d) in the written order. 
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Figure 2 shows a structure of the ink jet recording 

head having the above-mentioned nozzle opening arrangement. 

In Figure 2, reference numeral 5 desi~ates a spacer 

interposed between the nozzle plate 7 and a vibrating plate 6 

(described·· later} -so -as to form an ink flow path. As shown 

in Figure 3, not only rows of throughholes 10, 10, 10 ···, 

11, 11, 11 •••, 12, 12, 12 •••, 13, 13, 13 ••• that will 

serve as' pressure producing chambers at a pitch corresponding 

to the pitch at which the nozzle openings 1, 1, 1 •••, 2, 2, 

2 •••, 3, 3, 3 •••, 4, 4, 4 ••• of the respective rows of 

nozzle openings B, D, C, A are arranged, but also a 

throughhole 14 that will serve as an ink flow path for 

supplying ink to the pressure producing chambers from a tank 

is provided. The throughholes 10, 10, 10 •••, 11, 11, 11 

•••, 12, 12, 12 •••, 13, 13, 13 ••• that will serve as 

pressure producing chambers are formed so as to confront the 

nozzle openings 4, 4, 4 ···, 1, 1, 1 ···, 3, 3, 3 •••, 2, 2, 

2 ••• of the respective rows of nozzle openings A, B, C, D at 

an end thereof. And the throughholes 10, 10, 10 ••• and the 

throughholes 13, 13, 13 ··•, both located outermost of the 

nozzle plate 7, include communicating recessed portions lOa, 

lOa, lOa ···, lla, lla, lla ···, 12a, 12a, 12a ···, 13a, 13a, 

13a ···, each conununicating-recessed portion being formed in 

a size slightly smaller than the throughhole. 

In Figure 2, reference numeral 14 designates the 

throughhole that will serve as an ink supply path for 
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receiving ink from the tank through a supply inlet 30. It is 

so designed that the throughhole 14 communicates with 

throughholes 15, 16, 17 which will serve as reserve tanks, 

the throughholes 15, 16, 17 communicating with the 
. 

throughholes 10, 10, 10 •••, 11, .. 11, .11 ••.• , .12, 12, 12 •••, 

13, 13, 13 •••, and the communicating recessed portions lOa, 

lOa, lOa •••, lla, lla, lla •••, 12a, 12a, 12a ···, 13a, 13a, 

13a •••. As a result, the pressure producing chambers for 

' the nozzle opening rows A, D that are located outermost of 

the nozzle plate 7 receive ink from the independent reserve 

' 

! 

< 

' 

tanks, whereas the nozzle opening rows B, C located in the 

middle receive ink from the common reserve tank, which is the 

throughhole 16. 

Reference numeral 6 designates the above-mentioned 

vibrating plate, which is made of an elastic material for 

partitioning the pressure producing chambers, the ink supply 

path, the reserve tanks formed on the spacer 5 from vibrating element 

units 20, 21, 22, 23. The vibrating plate 6 comes in contact 

with ends of piezoelectric vibrating elements 25, 25, 25 ···, 

26, 26, 26 • • ·, 27, 27, 27 • • ·, 28, 28, 28 • • • to .transmit 

vibration produced by the vibrating elements 25, 26, 27, 28 

·to the pressure producing chambers. At a position 

confronting t-he ink supply path is the ink supply inlet 30 so that 

an end of an ink supply pipe 36 communicates with the 

throughhole 14 that will form the ink supply path. 

- 7 -



t 
1 
~-. 
'." 

' 

Reference numerals 20·, 21, 22, 23 designate the 

above-mentioned vibrating element units. Ends of the 

vibrating elements 25, 26, 27, 28 are mounted on fixed plate 

31, 32, 33, 34 so that the vibrating element units confront 

the pressure chambers of the r~~pective rows of' nozzle 

openings. To mount the units 20, 21 as well as 22, 23 

mounted on the first and second rows of nozzle opeI1ing rows A, B 

as well as the third and fourth rows of nozzle opening rows c, 

the fixed plates 31, 32, 33, 34 are mounted on a frame 35 so 

that the respective vibrating elements confront each other. 

Figure 4 shows a sectional structure of the above-

mentioned ink jet recording head. A predetermined gap G is 

provided between the vibrating plate 6 and the nozzle plate 7 

by the spacer 5. Reserve tanks 40, 41, •••, pressure 

producing chambers 44, 45, •••, communicating flow paths 47, 

48 ••• are formed of the throughholes 15, 16, 17 and the 

recessed portions lOa, lOa, lOa •••, lla, lla, lla ···, 12a, 

12a, 12a ···, 13a, 13a, 13a ••• of the spacer S. The ends of 

the vibrating elements 25, 26 of the vibrating units 20, 21 

abut against the vibrating plate 6 in such a manner as to 

confront the pressure producing chambers 44, 45, 

respectively. These vibrating elements 25, 25, ···, 26, 26, 

••• are designed so that a d~ive signal can be applied 

the=eto by cables 52, 53 th~ough electrically conductive 

patterns 50, 51. Reference numerals 54, SS designate 

reinforcing members for supporting the vibrating pla~e 6. 
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Figures 5 and 6 show an ink supplypath of an 

ink jet recording hea~which is 

another embodiment of the invention. In Figures 5 and 6, 

reference numeral 70 designates a spacer. In this embodiment 

throughholes 11, 71, 71 •••, 72, 72, 72 ••• as well as 

l throughholes 73, 73, • • •, 74, 74, 74 • • •, .which will become 
I 
i 
\ pressure producing chambers, fanned on the first nozzle 

opening row A and the second nozzle opening row B as well as 

the thira nozzle opening row C and the fourth nozzle opening 

row D, are arranged so that the ink supply ports of the 

throughholes 71, 71, 71 ••• or of the throughholes 73, 73, 

••• confront those of the throughholes 72, 72, 72 ••• or of 

the throughholes 74, 74, •••. In addition, communicating 

recessed portions 71a, 71a, 71a •••, 72a, 72a, 72a •••, 73a, 

73a, 73a ···, 74a, 74a, 74a ••• connected to throughholes 75, 

76 that will serve as reserve tanks are fo:cmed on the side 

that will become the ink supply path. 

According to this embodiment, an ink supply path 

portion can be shared in common by two nozzle opening 

rows, thereby achieving a simple flow path design. 

In this embodiment, when the first nozzle opening row 

A has reached a predetermined position, a drive signal is 

1, l ••• to form the dots on a not shown recording sheet. 
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When the recording head has moved· by a distance equal to Ll + 

1 dot by the carriage, a drive signal is applied to the 

vibrating elements 26, 26, 26 ••• corr~sponding to dots to be 

printed by the second nozzle opening row B. As a result, the 

·dots ·are ·formed in·· a·-row·one·dot··-staggered· in the main 

scanning direction from the previously printed dots. 

Further, when the carriage has moved by a distance 

distance equal to L2 + 1 dot, dots are formed by driving the 

fourth nozzle opening row D. 

Upon end of printing a single line while moving the 

ink jet recording head in the main scanning direction, the 

recording sheet is forwarded by a single line before printing 

a next line. For the second line, printing is started when 

the first nozzle opening row has reached a predetermined 

position. The same processes as in the printing of the first 

line are sequentially followed to print desired dots. 

By the way, the dots printed by the respective nozzle 

opening rows are produced by causing the carriage to move by 

a distance (L3 + L2) or (Ll + L3), which is a distance Ll or 

L2 shorter than the distance {Ll + L2 + L3) between the 

.·outermost nozzle opening rows. In other words, the carriage 

·.moving distance is snorter compared with the conventional 

carriage moving distance {Ll + L2 + L3). 
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As a result, even if the ink jet recording head would 

be mounted while inclined by an angle e, a gap error between 

two vertically arranged dots becomes smaller by AH compared 

with the conventional art as shown in Figure 7(a) or 7(b), 

thus allowing print quality to be improved. Since the 

distance between the nozzle opening row including the nozzle 

openings that printed the lowermost ·of a last line and the 

nozzle,opening row including the nozzle openings that will 

print the upperrnost of the next line is shorter by Ll or L2 

compared with the conventional example, vertical displacement 

·of the lowermost and uppermost dots between the lines becomes 

short even if the recording head is mounted while inclined by 

an angle A, thereby achieving improvement in the print 

quality, particularly, graphic data. 

Further, to print dots by taking one dot out in the 

auxiliary scanning direction such as e.g., in draft printing 

dots are printed by using the nozzle opening row A and the 

nozzle opening row D, or by using the nozzle opening row B 

and the nozzle opening row C, a space almost as large as a 

single dot is produced between two vertically adjacent dots, 

thus making vertical displacement of the dots generally 

conspi~uous. However, since the distance between the nozzle 

opening rows is shorter by Ll or L2 compared with the 

conventional example as described above, the error in the 

distance between the vertically adjacent dots can be made 
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shorter for the same reason, thus allowing high quality draft 

printing to be achieved. 

Figu~es 8 and 9 show other embodiments in the form of 

nozzle opening row arrangement. Figure 8 shows-an embodiment 

in. which .:the_ second . .row ... B, .:the ... third .. row .C, ... the .fourth row D, 

and the first row A are staggered by a single dot in the 

auxiliary scanning direction in the order written, whereas 

Figure 9 shows an embodiment in which the first row A, the 

third row C, the fourth row D, and the second row B are 

staggered by a single dot in the auxiliary scanning direction 

in the order written. 

'!be sane as above applies to these embodiments. More 

specifically, the distance of a nozzle opening row to be 

driven in the main scanning direction is shorter by Ll or L2 

than the distance (Ll + L2 + L3) between the outermost nozzl~ 

opening rows, so that relative displacement between dots in 

the auxiliary scanning direction caused by the inclination of 

the ink jet recording head can be reduced. 

While the example in which the pitch in the auxiliary 

scanning direction is set to a single dot to simplify the 

description in the above embodiments, it goes without s.aying 

that the same advantage can be obtained by setting the pitch 

to a multiple of an integer-or a reciprocal of such multiple. 

Further, the same advantage can be obtained by applying a 

.recording head having five or more nozzle opening rows . 

. ·4~---------~ 
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...:·. In the above-described embodiments, the example of a 

head using the vibrating elements as a pressure generating 

source was described. However, the nozzle arrangement of this 

invention is also applicable to a head in which heating 

elements are disposed in each of pressure generating chambers 

fo:aned in an 'ink flow passage. 

As described above the ink jet 

recording head, which includes at least four rows of nozzle 

openings straightly in the main scanning direction with each 

nozzle opening row having a plurality of nozzle openings in 

the sheet forward direction arranged at a pitch corresponding 

to the number of nozzle opening rows, is characterized as 

staggering the positions of the nozzle opening rows in the 

auxiliary scanning direction by a single dot so that the 

order of their arrangement is different from the physically 

arranged order. As a result, the maximum distance between 

the nozzle opening rows to print vertically adjacent dots 

becomes smaller by a distance between the adjacent nozzle 

opening rows than the physical maximum distance. This makes 

the relative displacement in the vertical direction 

attributable to any inclination of the ink jet recording head 

smaller than the arrangement in which nozzle opening rows are 

sequentially staggered in the auxiliary scanning direction in 

the physically arranged order. As a result, print quality 

can be improved. The invention is particularly beneficial 

when applied to a printing pattern in which a long distance 

between vertically arranged dots is conspicuous, such as in 

draft printing in which a single dot is thinned out. 
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CLAIMS 

1. An ink jet recording head, comprising: 

a nozzle plate (7) into which a plurality of nozzle 

openings (1,2,3,4) are fonned; 

means for supplying, an ink; 

a plurality of pressure producing chambers ( 44 ., 45) each 
connnunicating with said plurality of nozzle openings 

(1,2,3,4) correspondingly for supplying a pressure to said 
ink supplied from said . ink supply means to jet said ink 

from said nozzle openings (1,2,3,4); 

wherein said plurality of nozzle openings {l,2,3,4) 
comprise at least four rows (A,B,C,D) of nozzle openings 
arranged in a main scanning direction, each row having a 
plurality of nozzle openings so as to extend straightly in 
a sheet forward direction at a pitch corresponding to the 
number of nozzle opening rows, and the rows of nozzle 
openings in an auxiliary scanning direction are staggered 
at a certain pitch so that an order of arrangement of the 
rows of nozzle openings is different from the physically 
arranged order. 

An ink jet recording head .as claimed in claim 1, further 
comprising a conurion reserve tank with which said pressure 

producing chambers (44, 45) for two adjacent rows of nozzle 
openings conununicate. 
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