
4 September 2006  - 1 _ LIQUID EJECTION APPARATUS  BACKGROUND OF THE
INVENTION 1. Field of the Invention The present invention relates to a
technique that in a  liquid ejection apparatus having a plurality of chips
arranged in a specific direction, each chip having a  plurality of liquid
ejection units juxtaposed in the  specific direction, the displacement of a
liquid ejection  direction between the chips is reduced. 2. Description of
the Related Art Inkjet printers have been known as an example of a  liquid
ejection apparatus having a plurality of chips  juxtaposed in a specific
direction. As ink ejecting systems  of the inkjet printer, there are a
thermal system for  ejecting ink using thermal energy and a piezoelectric
system  for ejecting ink using a piezoelectric element. Also, from a
viewpoint of an ink color, there are a  single color type using one
printer-head chip and a color  type using a plurality of printer-head chips
while ink with  different color is ejected from each chip. Furthermore,
from a viewpoint of a head structure,  there are a serial system using one
printer-head chip for  each color, which is moved in the width direction of
printing paper for printing images thereon, and a line 4 September 2006  



2  system having a number of printer-head chips juxtaposed in  the width
direction of printing paper for each color so as  to form a line head for a
width of the printing paper. Fig. 12 is a plan view of a line head 10. In
Fig. 12,  four printer-head chips 1 ("N - 1", "N", "N + 1", and "N +  2")
are shown; however, further more numerous printer-head  chips 1 are
arranged in practice. Each printer-head chip 1 has a plurality of nozzles
la  formed therein, each having an ejection hole for ejecting  ink. The
nozzles la are juxtaposed in a specific direction,  which agrees with the
width direction of printing paper.  Furthermore, a plurality of the
printer-head chips 1 are  arranged in the above-mentioned specific
direction.  Adjacent printer-head chips 1 are arranged so that the
respective nozzles la face each other while pitches of the  nozzles la
between adjacent printer-head chips 1 are in  consecutive order (see a
portion A in detail). Moreover, an example of a structure of the above-
mentioned thermal system printer-head chip has been known,  which has an
ink liquid chamber and a heating resistor  arranged in the ink liquid
chamber so as to pressurize  (heat) ink ejecting within the ink liquid
chamber. The  nozzle is formed on the upper surface of the ink liquid
chamber and constituted such that the ink pressurized within  the ink
liquid chamber is ejected from the ejection hole of 4 September 2006  



3  the nozzle. In addition to the example having a single heating  resistor
within the ink liquid chamber, another one having a  plurality of heating
resistors divided within one ink liquid  chamber has been known. Fig. 13 is
a plan view of an example having two-divided  heating resistors within one
ink liquid chamber. The region  of the ink liquid chamber 2 is
substantially circular, and a  flow path 2a communicated with an ink liquid
chamber 2 is  formed in the lower part of the drawing. Furthermore, two
heating resistors 3 are arranged within the ink liquid  chamber 2 in the
lining-up direction of nozzles (in the  right and left viewing the
drawing). As such an example, in a divided type in which the  heating
resistor 3 is halved longitudinally, since the width  is halved while the
length is the same, the resistance of  the heating resistor 3 is doubled.
If the two-divided  heating resistors 3 are connected in series, the
resistance  quadruples. The reason of such a structure is as follows. In
order to film-boil ink (a phenomenon of an entire  surface boiling
membranously) in the ink liquid chamber 2;  it is necessary to heat the
heating resistor 3 by supplying  a predetermined amount of electric power
to the heating  resistor 3. By means of energy during the film boiling, the
4 September 2006  



4  ink is ejected. If the resistance is small, it is necessary  to increase
the electric current to be passed, so that by  increasing the resistance of
the heating resistor 3, the  film boiling can be performed with the small
current. Thereby, a transistor for passing electric current can  be reduced
in size, enabling a space to be reduced. In  addition, the reduction in
thickness of the heating resistor  3 increases the resistance; however, in
view of the material  and the strength (durability) selected as for the
heating  resistor 3, there is a predetermined limit in the reduction  of
thickness. Therefore, the resistance has been increased  by dividing the
heating resistor 3. However, there have been the following problems in the
conventional technique described above. (First Problem) First, during the
ejecting ink from the printer-head  chip, it is ideal that the ink be
ejected perpendicularly to  the ejection surface of the printer-head chip;
however,  there are cases where the ejecting angle of ink is not
perpendicular depending on various factors. For example, in the thermal
printer-head chip, during  the bonding a nozzle sheet having nozzles formed
thereon, on  the upper surface of the ink liquid chamber having the
heating resistors 3., the displacement in the bonding  position between the
ink liquid chamber/the heating 4 September 2006  



5  resistors 3 and the nozzles arises a problem. If the nozzle  sheet is
bonded so that the center of the nozzle is located  at the center of the
ink liquid chamber/the heating resistors 3, ink is ejected perpendicularly
to the ink  ejection surface (the nozzle sheet surface); however, if the
center positions of the ink liquid chamber/the heating  resistors 3 and the
nozzles are displaced, the ink is not  ejected perpendicularly to the
ejection surface. Also, the displacement due to the difference in the
thermal expansion coefficient between the ink liquid  chamber/the heating
resistors and the nozzle sheet may be  produced. When ink is ejected
perpendicularly to the ejection  surface, an ink drop is landed at a
precise position. If  the ejecting ink is displaced by an angle of 0 from
perpendicularity, the displacement, of the landing position  of the ink
drop AL is expressed by: AL = G x tan 0, wherein the distance between the
ejection surface and  the printing paper surface (the landing surface of
the ink  drop) is G (generally 1 to 2 mm for the inkjet system). When such
displacement in the ink ejection angle is  generated, the image quality is
not noticed so much in the  serial system, whereas in the line system, it
becomes a  problem. This will be described as follows. 4 September 2006  



6  Fig. 14 includes a sectional view and a plan view  showing an
image-printing state using a head 1A having one  printer-head chip in the
serial system. In the sectional  view of Fig. 14, if printing paper P is
considered as being  fixed, the head 1A moves so as to print images on the
printing paper P in the conveying direction of the printing  paper P in the
drawing while reciprocating in the width  directions of the printing paper
P. The sectional view of  Fig. 14 shows passing positions of the head 1A
for the N-th  and the (N + 1)-th time. Also, as shown by an arrow in the
sectional view, Fig.  14 shows an example of the ink ejected at a slant in
the  left in the drawing, i.e., in the conveying direction of the  printing
paper P. At this time, the ink landing position is  displaced in the left
in the drawing; however, even if the  ink is ejected at a slant at the N-th
moving of the head 1,  for example, the ink is ejected at the same angle
also at  the (N + 1)-th moving. Therefore, the connection portion  between
the landing position of the head 1A in the movement  for the N-th time and
the landing position of the head 1A in  the movement for the (N + 1)-th
time is not noticeable. That is, the reason is that the image printing is
performed  by the same head 1A having the same ejection characteristics
both at the N-th and the (N + 1)-th moving. Also, in the case where ink is
ejected at a slant in 4 September 2006  



7 _ the moving direction of the head 1A, although the ink is  landed out of
alignment with the reference position at both  ends in the width direction
of the printing paper P, the ink  landing position at the ends in the width
direction of the  printing paper P is not changed between passing positions
of  the head 1A for the N-th and the .(N + 1)-th time. Therefore,  also in
this case, the displacement of the ink landing  position is not noticeable.
In the case where a plurality of color printer-head  chips are provided,
ink ejection characteristics may be  different for each printer-head chip,
and color misalignment  is produced in this case. However, since the
resolution of  the color misalignment in human eyes is not so large, the
misalignment of a single color is scarcely recognizable even  in the case
of documents where the color misalignment is  mostly recognizable. For
color images such as a photograph, a technique may  be frequently used, in
which ink is landed in plural times  with different nozzles in one
printer-head chip for the same  color so as to defuse the displacement
within the printer- head chip, so that the color misalignment is scarcely
recognizable.  Fig. 15 includes a sectional view and a plan view  showing
an image-printing state in the line head 10 shown in  Fig. 12 (line head
having a ,plurality of printer-head chips 4 September 2006  



8  1 arranged in the lining-up direction of the nozzles la).  Referring to
Fig. 15, if printing paper P is considered as  being fixed, the line head
10 does not move in the width  direction of the printing paper P but moves
from the upper  to the lower direction in the plan view so as to print
images. In the sectional view of Fig. 15, three N-th, (N + 1)- th, and (N +
2)-th printer-head chips 1 of the line head 10  are shown. The sectional
view shows examples that in the N-th  printer-head chip 1, ink is ejected
at a slant in the left  of the drawing as shown by an arrow; in the (N +
1)-th  printer-head chip 1, ink is ejected at.a slant in the right  of the
drawing as shown by an arrow; and in the (N + 2)-th  printer-head chip 1,.
ink is ejected vertically without  slanting as shown by an arrow.
Accordingly, in the N-th printer-head chip 1, ink is  landed away from the
reference position in the left; and in  the (N + l)-th printer-head chip 1,
ink is landed away from  the reference position in the right. Therefore,
between  both the printer-head chips 1, ink is landed in the  direction
moving away from each other. As a result, between  the N-th printer-head
chip 1 and the (N.+ 1)-th printer-head  chip 1, a region is formed where
ink is not ejected. The  line head 10 does not move in the width direction
of the 4 September 2006  



9  printing paper P but only moves in an arrow direction in the  plan view.
Thereby, between the N-th printer-head chip 1  and the (N + 1)-th
printer-head chip 1, a white stripe B is  produced, reducing printed image
quality. Also, in the same way as mentioned above, since in the  (N + 1)-th
printer-head chip 1, ink is landed at a slant  away from the reference
position in the right, between the  (N + 1)-th printer-head chip 1 and the
(N + 2)-th printer- head chip 1, a region is formed where landing positions
of  the ink are overlapped with each other. Thereby, there has  been a
problem in that images are discontinuous or stripes C  are produced so as
to reduce printing image quality. Other than the case where the ink landing
position of  each printer-head chip 1 is displaced in the lining up
direction of the nozzles as described above, it may be  displaced in the
moving direction of the printing paper P in some cases. Fig. 16, in the
same manner as in Fig. 15,  includes a sectional view and a plan view
showing a printing  state in the line head 10. Fig. 16 shows an example in
that the ink landing  positions of the N-th printer-head chip 1 and the (N
+ 2)-th  printer-head chip 1 are not displaced in the moving  direction of
the printing paper P while the ink landing  position of the (N + 1)-th
printer-head chip 1 is displaced  in the moving direction of the printing
paper P upward on 4 September 2006  



10  the plan view. In such a manner, in the case where the ink landing
position is displaced in the moving direction of the  printing paper P
between the printer-head chips 1, the  displacement appears stepwise as
shown on the plan view.  However, this landing position displacement
appears as a  step only at a printing start position or completion
position, and it is not so conspicuous as the above- mentioned displacement
in the lining-up direction of nozzles.  Therefore, this displacement
scarcely affects the image  printing quality. In addition, in the case
where the ink landing position  is displaced as described above, the
conspicuousness of the  stripe depends on the kind of images to be printed.
For  example, in documents, since white spaces are great, even  when a
stripe is produced, it is inconspicuous. Whereas  when photographic images
are printed with full color on the  substantially entire region of the
printing paper P, even a  small white stripe may be conspicuous. In the
above-description, the ink landing displacements  in the lining-up
direction of nozzles and in the moving  direction of the printing paper P
are illustrated; in  practice, pitch errors between the juxtaposed
printer-head  chips and displacements in the rotational direction may also
be produced. 4 September 2006  



- 11  (Second Problem) In a printer-head chip 1 with each ink liquid
chamber  having one heating resistor, ink priming (film boiling) by  the
heating resistor is performed only at one time. However,  as shown in Fig.
13, in the case where each ink liquid  chamber 2 has the heating resistor 3
divided into two, a  difference is produced in the time until arriving at
the  temperature at which each heating resistor 3 film-boils ink  (time
until bubbles are produced), so that there may be a  problem that the two
heating resistors 3 may not film-boil  the ink simultaneously. In such a
manner, if there is a difference in the time  until arriving at the
temperature at which two heating  resistors 3 film-boil ink, the ink
ejection angle deviates  from the vertical direction, so that there is a
problem of  reduction in printing image quality due to the displacement  in
the ink landing position, as described above.. Fig. 17 includes graphs
showing a relationship between  a time difference until ink bubbles are
produced by each  heating resistor and the ink ejection angle, when divided
heating resistors shown in Fig. 13 are provided. The values  in these
graphs are obtained by. computer simulation. In  these graphs, the
X-direction (remark: not referred to the  abscissa of the graph) is a
lining-up direction of nozzles  (the juxtaposing direction of the heating
resistors), while ...... ... .  



4 September 2006 12  the Y-direction (remark: not referred to the ordinate
of the  graph) is a direction perpendicular to the X-direction (the
conveying direction of the printing paper). In addition, the difference in
time until bubbles are  produced is plotted in the abscissa as data in
these graphs;  in examples shown in Fig. 17, a time difference of 0.04 psec
is equivalent to a resistance difference of 3%, and a time  difference of
about 0.08 psec is equivalent to a resistance  difference of about 6%. As
is understood from these graphs, the displacement of  the ink ejection
angle in the X-direction increases as the  difference in time until bubbles
are produced increases,  while the displacement of the ink ejection angle
in the Y- direction is scarcely affected by the difference in time  until
bubbles are produced. Figs. 18 and 19 are graphs showing actual
measurements  obtained from an actually manufactured printer-head chip
with each ink liquid chamber having the heating resistor  divided into two,
as shown in Fig. 13. This printer-head  chip has 336 nozzles, and the
displacements of the ink  landing position were measured for each nozzle in
the X- direction (the lining-up direction of the nozzles and the
juxtaposing direction of the heating resistors) and the Y- direction (the
direction perpendicular to the X-direction).  Fig. 19 shows displacements
by plotting the displacement of 



4 September 2006  - 13  the ink landing position in the X-direction in the
abscissa  and the displacement of the ink landing position in the Y-
direction in the ordinate. As is understood from these graphs, in the
printer- head chip having the heating resistor divided into two, the  ink
landing position is displaced in the X-direction rather  than in the
Y-direction. In FIG. 13, the range of the ink ejecting displacement  for
each nozzle is expressed by a phantom line. If the ink  landing position is
displaced in the X-direction, the ink  landing displacement range forms an
ellipse longitudinally  extended in the lining-up direction of the nozzles.
If a  plurality of such printer-head chips are arranged to form a  line
head, white stripes or stripes may be liable to be  produced, as described
above. SUMMARY OF THE INVENTION In accordance with a first aspect of the
present  invention, there is provided a liquid ejection apparatus -
comprising a plurality of chips arranged in a first direction,  each chip
comprising a plurality of liquid ejection units  disposed in the first
direction, and each liquid ejection unit  comprising a plurality of energy
generating means, wherein each of the plurality of chips has a
configuration such that the displacement between ejection  directions of
liquid ejected from the respective liquid  



ejection units is minimized in the first direction by  arranging said
energy generating means within each liquid  ejection unit such that a
separation between adjacent energy  generating means is not perpendicular
to the first direction. 4 September 2006  - 14  According to the above
aspect, since the displacement  between ejection directions of liquid
ejected from the  respective liquid ejection units is minimized in the
specific direction, that is in the direction of the  juxtaposed liquid
ejection units, the displacement of the  liquid landing position between
liquid ejection units and  between chips can be reduced as small as
possible. In accordance with a second aspect of the present  invention,
there is provided a liquid ejection apparatus  comprising a plurality of
chips arranged in a first  direction, each chip comprising a plurality of
liquid ejection  units disposed in the first direction, and each liquid
ejection  unit comprising at least two energy generating unit,  wherein
each of the plurality of chips has a configuration  such that the
displacement between ejection directions of liquid  ejected from the
respective liquid ejection units is minimized  in the first direction while
being maximized in a direction  perpendicular to the first direction by
arranging said energy  generating means within each liquid ejection unit
such that a  separation between adjacent energy generating unit is not
perpendicular to the first direction. 



According to the second aspect, since the displacement  between ejection
directions of liquid ejected from the  respective liquid ejection units is
minimized in the  specific direction, that is in the direction of the
juxtaposed liquid ejection units, in the same way as the  first aspect of
the invention, the displacement of the  liquid landing position between
liquid ejection units and  between chips can be reduced as small as
possible. Moreover, since the displacement of the liquid landing  position
between chips in a direction being different from 4 September 2006  15  the
specific direction and including a direction  perpendicular to the specific
direction is corrected by the  ejection timing controlling means, the
ejection timing of  liquid from the liquid ejection units of each chip is
established for each chip. 4 September 2006  16  Accordingly, the
displacement of the liquid landing  position not only in the specific
direction but also in a  direction being different from the specific
direction and  including a direction perpendicular to the specific
direction can be reduced. BRIEF DESCRIPTION OF THE DRAWINGS Fig. 1 is an
exploded perspective view of a printer- head chip constituting a
printer-head chip incorporated in a  



liquid ejection apparatus according to the present  invention; Fig. 2 is a
plan view of the printer-head chip shown by  removing a nozzle sheet
therefrom so as to show the  arrangement of heating resistors in more
detail; Fig. 3 is a drawing for illustrating changes in ink  landing
positions when an embodiment according to the  present invention is
incorporated in a line head; Fig. 4 is a block diagram of a configuration
of  ejection timing control means; Fig. 5 is a drawing for illustrating a
method for  reducing the displacement of ink landing positions in the
transferring direction of printing paper, using the ejection  timing
control means; Fig. 6 is ,a plan view of a second embodiment according  to
the present invention, showing shapes of an ink liquid 4 September 2006  17
chamber and a heating resistor; Fig. 7 is a plan view of a third embodiment
according  to the present invention, showing shapes of an ink liquid
chamber and a heating resistor; Fig. 8 is a plan view of a fourth
embodiment according  to the present invention, showing shapes of an ink
liquid  chamber and a heating resistor; Fig. 9 is a plan view of a fifth
embodiment according  to the present invention; 



Fig. 10 is a sectional view (side view) of Fig. 9  viewed in an arrow A
direction, showing the fifth embodiment  according to the present
invention; Fig. 11 is a sectional view (front view) of Fig. 9  viewed in an
arrow A direction, showing the fifth embodiment  according to the present
invention; Fig. 12 is a plan view of a line head; Fig. 13 is a plan view of
an example having two-divided  heating resistors within one ink liquid
chamber; Fig. 14 includes a sectional view and a plan view,  showing an
image-printing state using a head having one  printer-head chip in a serial
system; Fig. 15 includes a sectional view and a plan view,  showing an
image-printing state in the line head; Fig. 16 includes a sectional view
and a plan view,  showing an image-printing state in the line head; 4
September 2006  18  Fig. 17 includes graphs showing a relationship between
a time difference until ink bubbles are produced by each  heating resistor
and an ink ejection angle, when divided  heating resistors are provided;
Fig. 18 includes graphs showing actual measurements  obtained from an
actually manufactured printer-head chip  .with each ink liquid chamber
having a heating resistor  divided into two; and Fig. 19 is a graph showing
actual measurements obtained  



from the actually manufactured printer-head chip with each  ink liquid
chamber having the heating resistor divided into  two. DESCRIPTION OF THE
PREFERRED EMBODIMENTS Embodiments according to the present invention will
be  described below with reference to the drawings. (First Embodiment)
.Fig. 1 is an exploded perspective view of a printer- head chip 11
constituting a printer head incorporated in a  liquid ejection apparatus
according to the present invention.  Fig. 1 shows a nozzle sheet 17 to be
bonded on a barrier  layer 16, in which the nozzle sheet 17 is shown in an
exploded state. The printer-head chip 11 is of the thermal system
mentioned above. A substrate member 14 of the printer-head 4 September 2006
19  chip 11 includes a. silicon semi-conductor substrate 15 and  heating
resistors (equivalent to energy generating means  according to the present
invention) 13 deposited on one  surface of the semi-conductor substrate 15.
The heating  resistor 13 is electrically connected to an external circuit
via a conductor (not shown) formed on the semi-conductor  substrate 15. The
barrier layer 16, made of a photosensitive  cyclized-rubber resist or an
exposure-curing dry film resist,  for example, is deposited on the entire
surface of the semi- 



conductor substrate 15, on which the heating resistors 13 are formed, and
then unnecessary parts are removed by a  photolithography process.
Furthermore, the nozzle sheet 17, having a plurality of  nozzles 18 formed
thereon, is made by nickel electro-casting  and bonded on the barrier layer
16 so that positions of the  nozzles 18 agree with positions of the heating
resistors 13,  i.e., the nozzle 18 opposes the heating. resistor 13. An ink
liquid chamber (equivalent to a liquid chamber  according to the present
invention) 12 is constituted of the  substrate member 14, the barrier layer
16, and the nozzle  sheet 17 so as to surround the heating resistor 13.
That is,  in the drawing, the substrate member 14 constitutes a bottom
wall of the ink liquid chamber 12; the barrier layer 161  constitutes a
sidewall of the ink liquid chamber 12; and the 4 September 2006  20  nozzle
sheet 17 constitutes a ceiling wall of the ink liquid  chamber 12. Thereby,
the ink liquid chamber 12 has an open  surface in front of the right of
Fig. 1, and the opening is  communicated with an ink flow path (not shown).
In addition, for one ink liquid chamber, two heating  resistors 13 are
juxtaposed, and this will be described  later. Each of the printer-head
chips 11 described above  comprises a plurality of the heating resistors
13, generally  in 100 units, and the ink liquid chambers 12 having the- 



respective heating resistors 13. By a command from a  printer control unit,
each of the heating resistors 13 is  uniquely selected, and ink within the
ink liquid chamber 12  corresponding to the selected heating resistor 13
can be  ejected from the nozzle 18 opposing the ink liquid chamber  12. .
That is, in the printer-head chip 11, the ink liquid  chamber 12 is filled
with ink from an ink tank (not shown)  attached to the printer-head chip
11. By providing a pulse  electric current through the heating resistor 13
for a short  time, for 1 to 3 microseconds; for example, the heating
resistor 13 is rapidly heated. As a result, a vapor-phase  ink. bubble is
generated in an ink portion placed in contact  with the heating resistor 13
so as to displace some volume  of ink by expansion of the ink bubble.
Thereby, part of ink 4 September 2006  21  placed in contact with the
nozzle 18 and having the same  volume as that of the displaced ink is
ejected from the  nozzle 18 as an ink drop so as to land on printing paper.
Fig. 2 is a plan view of the printer-head chip 11 shown  by removing the
nozzle sheet 17 therefrom so as to show the  arrangement of the heating
resistors 13 in more detail. As shown in Fig. 2, each ink liquid chamber 12
is  provided with the heating resistor 13 divided into two. The
two-divided heating resistors 13 shown as the conventional  example (Fig.
13) were juxtaposed in the lining-up direction  



of the nozzles. Whereas according to the embodiment, the  heating resistors
13 are juxtaposed in a direction  perpendicular to the lining-up direction
of the nozzles 18. In the conventional example, it has been described that
the ink landing positions are displaced in the lining-up  direction of the
nozzles because of the heating timing of  the heating resistors 3. However,
when the divided heating  resistors 13 are juxtaposed in the direction
according to  the embodiment, the ink landing positions are difficult to
be displaced in the lining-up direction of the nozzles 18,  while being
displaced in a direction perpendicular to the  lining-up direction of the
nozzles 18. In Fig. 2, the range  of the landing displacements of ink
ejected from each ink  liquid chamber is expressed by a phantom line; in
which,  different from Fig. 13, the ink landing displacement range 4
September 2006  22  forms an ellipse having a longitudinal direction
perpendicular to the lining-up direction of the nozzles 18.  By arranging a
plurality of the printer-head chips 11 according to the embodiment in the
lining-up direction of  the nozzles 18, the line head can be formed in the
same way  as shown in Fig. 12. When the plurality of the printer-head chips
11 are  juxtaposed as mentioned above, the ink ejecting direction is
different between adjacent printer-head chips 11, as  described as the
problem in the conventional technique, so  



that white stripes or stripes may be produced between the  printer-head
chips 11. Whereas if the heating resistors 13 are arranged  according to
the embodiment, in the lining-up direction of  the nozzles 18 (juxtaposing
direction of the printer-head  chips 11), the displacement of ink landing
positions is  minimized while in the direction perpendicular to the
lining-up direction of the nozzles 18, the displacement of  ink landing
positions is maximized. Therefore, stripes due to the landing position
displacement between adjacent printer-head chips 11 can be  reduced. Fig. 3
includes drawings for illustrating changes in  ink landing positions when
the present embodiment is  incorporated in the line head. In Fig. 3, the
left drawing 4 September 2006  23  A shows the ink landing positions of a
conventional system  (prior to the incorporation of the embodiment); and
the  central drawing B shows the ink landing positions in the  structure
described above. In the conventional system, the ink landing positions  are
displaced in the lining-up direction of the nozzles (the  right and the
left direction in the drawing). In the  drawing A, an example is shown in
that the second and the  sixth ink landing positions are displaced in the
right while  the third ink landing positions are displaced in the left. 



Whereas in the structure according to the embodiment,  the ink landing
positions are scarcely displaced in the  lining-up direction of the
nozzles. However, since the ink  landing positions are set to displace in
the direction  perpendicular to the lining-up direction of the nozzles 18
(transferring direction of printing paper), as shown in the  drawing B, the
ink landing positions are displaced in the  direction perpendicular to the
lining-up direction of the  nozzles 18. In the drawing B, an example is
shown in that  the second and the sixth ink landing positions are displaced
upward while the fourth and the fifth ink landing positions  are displaced
downward. Since such displacement of ink landing positions in the
direction perpendicular to the lining-up direction of the  nozzles 18 does
not produce longitudinal stripes, it is not 4 September 2006  24  noticed
so much as that in the lining-up direction of the  nozzles 1.8; however, a
surge or edge indentations which may  be produced depending on the degree
of the displacement, may  be produced. Therefore, according to the
embodiment, the  displacement of landing positions is further controlled
and  reduced, as shown finally in the right drawing C, so that  there is
provided ejection timing control means for aligning  ink-landing positions
also in the direction perpendicular to  the lining-up direction of the
nozzles 18. Fig. 4 is a block diagram of the configuration of  



ejection timing control means 100. Fig. 5 is a flow diagram  for
illustrating a method for reducing the displacement of  .ink landing
positions in the transferring direction of  .printing paper, using the
ejection timing control means 100. Referring to Fig. 4, the ejection timing
control means  100 is electrically connected to printer head control means
for generally controlling the printer head driving, which  particularly
controls ink ejection timing in the printer  head control. In more
particular, in order to correct the  displacement of ink landing positions
in the transferring  direction of printing paper when ink is ejected on the
printing paper, the ejection timing control means 100  establishes the ink
ejection timing from the nozzles 18 of  each printer-head chip 11 so as to
be different for each of  the printer-head chip 11. 4 September 2006  - 25
The ejection timing control means 100 is provided with  test-pattern data
storing means 101, test executing means  102, and correction data storing
means 103, as follows. The test-pattern data storing means 101 stores test
pattern data for ejecting ink from at least one nozzle 18 of  the
printer-head chip 11 selected from the printer-head  chips 11, and is
provided in a predetermined memory- According to the embodiment, the test
pattern is a pattern  for printing a straight line extending in the
lining-up  direction of the nozzles 18. 



The test pattern may print a straight line by selecting  the entire
printer-head chips 11; alternatively, it may  print the straight line by
selecting a printer-head chip 11  having a predetermined ordinal number
from the printer-head  chips 11. The test executing means 102 reads test
pattern data  stored in the test-pattern data storing means 101, and then
ejects ink according to the test pattern data, while  repeating the ink
ejection plural times according to the  same test-pattern data. The reason
for repeating the ink ejection plural times  according to the same
test-pattern data is that test  accuracies are improved by statistically
processing test  results obtained from plural times testing in order to
eliminate accidental constituents. That is, if test pattern 4 September
2006  - 26  printing is performed only one time, accidental displacement
due to dirt, dust, or bubbles may affects the results.  According to the
embodiment, the test executing means 102, as shown in Step S1 of Fig. 5,
prints a straight line  with each printer-head chip 11. If part of the
printer-head  chip 11 causes the displacement of the ink landing position,
as shown in the right of Step Sl, a precise straight line  cannot be
obtained at the position. Next, the images printed by the test executing
means  102 are read by an image scanner for example (Step S2).  



Then, the resultant data is processed by a computer prepared  in advance so
as to calculate the tendentious displacement  amount of the landing
position (Step S3). From the data  read by the image scanner, it can be
detected which printer- head chip 11 having an ordinal number prints the
line by the  calculation of the distance from the left end, for example.
Furthermore, the average position of the lines printed by  the respective
printer-head chips 11 in the conveying  direction of printing paper is
calculated, and by putting  the average position in contrast with the line
position  printed by each printer-head chip 11, it can be calculated  .that
which printer-head chip 11 has the displacement  deviation of the landing
position from the average position. When the displacement deviation of the
landing position  from the average position of each printer-head chip 11 is
4 September 2006  27  calculated, the correction data corresponding to the
displacement deviation of the landing position is calculated  (Step S4).
The correction data is for showing the necessary  time deviation of the ink
ejection timing of each printer- head chip 11. That is, according to the
embodiment; the  timing of sending a printing command is differentiated
corresponding to each printer-head chip 11. Then, the correction data is
stored in the correction  data storing means 103 (Step S5). The correction
data  storing means 103 is arranged in a predetermined memory in  



the same way as in the test-pattern data storing means 101. Thereby, the
ejection timing control means 100 is  enabled to control the ink ejection
timing from each  printer-head chip 11 according to the correction data
stored  in the correction data storing means 103. In order to confirm the
corrected result, the test  executing means 102 performs the test pattern
printing again  according to the correction data (Step S6). If the
correction data is correctly reflected, a straight line can  be printed
with high-accuracies, and as shown in the right  of Step S6, the linearity,
which is partly turbulent prior  to the correction, is modified. (Second
Embodiment) Fig. 6 is a plan view of a second embodiment according  to the
present invention, showing shapes of an ink liquid 4 September 2006  28
chamber 12A and a heating resistor 13A. The planar region of the ink liquid
chamber 12  according to the first embodiment is substantially square;
whereas the ink liquid chamber 12A according to the second  embodiment has
a circular planar region. In such a manner,  the ink liquid chamber may be
rectangular or circular. In  the region of the ink liquid chamber 12A, the
heating resistor 13A is arranged. The heating resistor 13A is formed to
have a  longitudinal direction in the line-up direction of nozzles.  



An outline of a general square heating-resistor is shown by  a phantom line
as a reference. In such a manner, according to the second embodiment,  the
heating resistor 13A is formed to have a longitudinal  direction in the
line-up direction of nozzles. As described  above, in the bonding to the
nozzle sheet, the displacement  between the nozzle and the heating resistor
becomes a  problem; whereas according to the second embodiment, even  when
the position of the nozzle is displaced to some extent  in the longitudinal
direction of the heating resistor 13A,  changes in ink ejection angle can
be reduced because the  heating resistor 13A is securely arranged under the
nozzle. According to the embodiment, since the length of the  heating
resistor 13A in the direction perpendicular to the  lining-up direction of
nozzles is smaller than that of a 4 September 2006  29  conventional square
heating-resistor shown by the phantom  line, changes in ink ejection angle
relative to the  positional displacement of the nozzle become larger in
this  direction. Thereby, the configuration can be established to  minimize
displacement of ink landing positions in the  lining-up direction of
nozzles and to allow the displacement to be generated in a direction
perpendicular to the lining- up direction of nozzles. (Third Embodiment) 



Fig. 7 is a plan view of a third embodiment according  to the present
invention, showing shapes of the ink liquid  chamber 12A and a heating
resistor 13B: According to the third embodiment, the ink liquid  chamber
12A has a circular region in. the same way as in the  second embodiment.
The heating resistor 13B is divided into  two in a direction perpendicular
to the lining-up direction  of nozzles in the same way as in the first
embodiment. In the heating resistor 13 according to the first  embodiment,
the region, in which two-divided resistors 13  are placed end to end, is
substantially square-shaped;  whereas according to the third embodiment,
the region, in  which two-divided resistors 13B are placed end to end, is
rectangular-shaped and having a longitudinal direction in the line-up
direction of nozzles as in the second embodiment. - -- ----- --- --  4
September 2006  30  In such a structure, it also can be established to
minimize displacement of ink landing positions in the  lining-up direction
of nozzles and to allow the displacement to be generated in a direction
perpendicular to the lining- up direction of nozzles. (Fourth Embodiment)
Fig. 8 is a plan view of a fourth embodiment according  to the present
invention, showing shapes of the ink liquid  chamber 12A and a heating
resistor 13C. 



According to the fourth embodiment, the ink liquid  chamber 12A has a
circular region in the same way. as in the  second and the third
embodiment. Furthermore, the heating  resistor 13C is divided into three in
a direction perpendicular to the lining-up direction of nozzles. When  the
resistor is divided, it is not limited to be divided  into two, and it may
be divided into three, as the heating  resistor 13C. If divided into three,
it is not necessary to  equalize lengths in the longitudinal direction, as
in this  embodiment. According to the embodiment, the central  resistor 13C
is longer in the longitudinal direction than  the other upper and lower
resistors sous to agree with the  region of the ink liquid chamber 12A.
(Fifth Embodiment) Figs. 9 to 11 are drawings showing a fifth embodiment
of the present invention: Fig. 9 is a plan view; Fig. 10 is 4 September
2006  31  a sectional view (side view) of Fig. 9 viewed in an arrow A
direction; and Fig. 11 is a sectional view (front view) of  Fig. 9 viewed
in an arrow B direction. According to the fifth embodiment, the nozzle
sheet 17  has nozzles 18A different from the nozzles 18 according to  the
first embodiment. An upper opening of the nozzle 18A is  circular-shaped as
in the first embodiment; whereas a lower  opening (nearer to the heating
resistor 13B) is elliptical- shaped and having a longitudinal direction in
the line-up  



direction of nozzles. The ink liquid chamber 12B is communicated with the
nozzle 18A and has an elliptical cross-section identical to  the shape of
the lower opening of the nozzle 18A. The  heating resistor 13B is divided
into two in a direction  perpendicular to the lining-up direction of
nozzles in the  same way as in the third embodiment shown in Fig. 7, while
the region, in which two-divided resistors 13B are placed  end to end, is
rectangular-shaped and having a longitudinal  direction in the line-up
direction of nozzles. In such a structure, it may also be established to
minimize displacement in ink landing positions in the  lining-up direction
of nozzles and to allow the displacement  to be generated in a direction
perpendicular to the lining- up direction of nozzles, in, the same way as
in the  embodiments described above. 4 September 2006  32  In addition, as
shapes of the nozzle other than these  according to the embodiment, while
the upper opening of the  nozzle is circular-shaped, the lower opening may
be rectangular-shaped and having a longitudinal direction in  the line-up
direction of nozzles, for example. The region  of the ink liquid chamber
may be rectangular-shaped. The embodiments according to the present
invention have  been described as above; however, the present invention is
not limited to these embodiments so that various  



modifications may be made as follows, for example. (1) The embodiments
exemplify the heating resistor  divided in the line-up direction of
nozzles, the ink liquid  chamber with a region having a longitudinal
direction in the  line-up direction of nozzles, and the heating resistor
formed to have a longitudinal direction in the line-up  direction of
nozzles; alternatively, any modification may be  made as long as it
combines one or more of the above  structures therewith. (2) The thermal
printer-head chip 11 has been described  according to the embodiments;
alternatively, an  electrostatic ejection system and a piezoelectric system
may  be incorporated. The electrostatic ejection system includes a
diaphragm  and two electrodes formed underneath the diaphragm with an  air
space therebetween, as energy generating means. The 4 September 2006  33
diaphragm is downward deflected by applying a voltage to  between both the
electrodes, and then the voltage is reduced  to 0 V so as to release an
electrostatic force. At this  time, ink is ejected using an elastic force
produced by the  diaphragm returning back. The piezoelectric system is a
deposited layer of a  piezoelectric element with electrodes formed on both
surfaces of the element and a diaphragm, as energy  generating means. If a
voltage is applied to the electrodes  



formed on both surfaces of the piezoelectric element, a  bending moment is
produced on the diaphragm by a  piezoelectric effect, so that the diaphragm
is deflected.  Using this deflection, ink is ejected. (3) According to the
embodiments, the line head having  the printer-head chips 11 lined up in a
line is exemplified;  alternatively, the present invention may also be
incorporated in the line head having color printer-head  chips lined up in
plural lines (printer-head chips 11 are  arranged lengthwise and crosswise
in blocks as a whole). (4) According to the embodiments, in the direction
perpendicular to the lining-up direction of the nozzles, the  displacement
of ink landing positions is maximized; however,.  it is not necessarily to
be stringently in the direction  perpendicular to the lining-up direction
of the nozzles. For example, even if the displacement of ink landing 4
September 2006  34  positions is maximized in a direction deviated by an
angle  of about 10 from the direction perpendicular to the lining- up
direction of the nozzles, the same advantages of the  present invention can
be obtained. (5) According to the embodiments, the printer is  exemplified;
however, the present invention is not limited  to the printer and various
liquid ejection apparatuses may  be applied thereto. According to the
present invention the displacement of  



the liquid landing position in a specific direction, such as  the
displacement of the liquid landing position between  liquid ejection units
and between chips, can be reduced as  small as possible. Thereby, white
stripes and stripes are  prevented from being produced so as to improve
accuracies in  the liquid landing position. Since the displacement of the
liquid landing position  in a direction being different from the specific
direction  and including a direction perpendicular to the specific
direction can be corrected, the displacement of the liquid  landing
position not only in the specific direction but also  in a direction being
different from the specific direction  and including a direction
perpendicular to the specific  direction can be reduced. Thereby,
accuracies in the liquid  landing position can be furthermore improved. 4
September 2006  35  CLAIMS:  1. A liquid ejection apparatus comprising a
plurality of  chips arranged in a first direction, each chip comprising a
plurality of liquid ejection units disposed in the first direction,  and
each liquid ejection unit comprising a plurality of energy  generating
means, wherein each of the plurality of chips has a configuration  such
that the displacement between ejection directions of liquid  ejected from
the respective liquid ejection units is minimized in  the first direction
by arranging said energy generating means  



within each liquid ejection unit such that a separation between  adjacent
energy generating means is not perpendicular to the first  direction. 2. A
liquid ejection apparatus comprising a plurality  of chips arranged in a
first direction, each chip comprising a  plurality of liquid ejection units
disposed in the first  direction, and each liquid ejection unit comprising
at least two  energy generating unit, wherein each of the plurality of
chips has a configuration  such that the displacement between ejection
directions of liquid  ejected from the respective liquid ejection units is
minimized in  the first direction while being maximized in a direction
perpendicular to the first direction by arranging said energy  generating
means within each liquid ejection unit such that a  separation between
adjacent energy generating unit is not  perpendicular to the first
direction. LIQUID EJECTION APPARATUS   ABSTRACT OF THE DISCLOSURE  In a
liquid ejection apparatus including a plurality of  chips arranged in a
specific direction, each chip including  a plurality of liquid ejection
units juxtaposed in the  specific direction, the displacement of liquid
landing  position in the specific direction is reduced. A printer  head
chip includes a heating resistor, which is divided into  two and arranged
within one ink liquid chamber. The two- 



divided heating resistors within the one ink liquid chamber  are juxtaposed
in a direction perpendicular to the lining-up  direction of nozzles.  FIG.
1 


