
LIQUID EJECTION HEAD AND LIQUID EJECTION APPARATUS
BACKGROUND OF THE INVENTION 1. Field of the Invention The
present invention relates to a thermal liquid  ejection head used in an
ink-jet printer head or the like,  and also to a liquid ejection apparatus such
as an ink-jet  printer using a liquid ejection head. More specifically,  the
present invention relates to a technique to realize a  structure for
supplying liquid with minimized ejection  variations. 2. Description of the
Related Art One known liquid ejection head for use in a liquid  ejection
apparatus such as an ink-jet printer is a thermal  liquid ejection head
which operates using expansion and  contraction of a generated bubble.
In this thermal liquid ejection head, heating elements  are disposed on a
semiconductor substrate, and bubbles are  generated in liquid chambers
by heating elements, thereby  - 1  ejecting liquid droplets from nozzles
disposed on the  respective heating elements toward a recording medium.
Fig. 12 is a perspective view showing the appearance of  a liquid ejection
head 1 of the above-described type  (hereinafter, referred to simply as the
head 1). In Fig. 12,  the nozzle sheet 17 formed on the barrier layer 3 is
shown  in the form of an exploded view. 



Fig. 13 is a cross-sectional view showing the flow  channel structure of the
head 1 shown in Fig. 12. The flow  channel structure of the liquid ejection
apparatus of this  type is disclosed, for example, in Japanese Unexamined
Patent Application Publication No. 2003-136737. As shown in Figs. 12
and 13, a plurality of heating  elements 12 are disposed on a
semiconductor substrate 11. A  barrier layer 3 is formed on the
semiconductor substrate 11,  and a nozzle sheet (nozzle layer) 17 is
further formed thereon. Each part including a heating element 12 and a
part of the barrier layer 3 formed on the semiconductor  substrate 11 is
referred to as a head chip la. A part  including a head chip la and a nozzle
18 (nozzle sheet 17)  is referred to as a head 1. In the nozzle sheet 17,
nozzles (holes via which to  eject liquid droplets) 18 are formed at
locations  corresponding to the respective heating elements 12. The
barrier layer 3 is formed on the semiconductor substrate 11 2  and
between the heating element 12s and the nozzles 18s such  that a liquid
chamber 3a is formed between each heating  element 12 and a
corresponding nozzle 18. As shown in Fig. 12, the barrier layer 3 is
formed so  as to have comb-like fingers, and each heating element 12 is
disposed between two adjacent fingers such that three sides  of each
heating element 12 is surrounded by the barrier  



layer 3 when seen in horizontal cross section whereby each  liquid
chamber 3a is formed such that only one side is open.  Each opening
forms an individual flow channel 3d  communicating with a common flow
channel 23. Each heating element 12 is disposed on the  semiconductor
substrate 11, at a location close to one side  of the semiconductor
substrate 11. As shown in Fig. 13, a  dummy chip D is disposed on a
left-hand side of the semiconductor substrate 11 (head chip la) such that a
common  flow channel 23 is formed between one side face of the
semiconductor substrate 11 (head chip la) and one side face  of the
dummy chips D. Note that the member disposed on the  left-hand side of
the semiconductor substrate 11 is not  limited to the dummy chip D, but
another member may be used  as long as the common flow channel 23
can be formed. On the semiconductor substrate 11, as shown in Fig. 13,
a flow channel plate 22 is disposed on a surface opposite to  the surface
on which the heating elements 12 are disposed. - 3  In this flow channel
plate 22, as shown in Fig. 13, an ink  supply inlet 22a and an ink supply
flow channel (common flow  channel) 24 are formed such that the ink
supply flow channel  24 is substantially U shaped in cross section and
such that  the ink supply inlet 22a communicates with the ink supply  flow
channel 24. The ink supply flow channel 24 and the  common flow
channel 23 communicate with each other. 



In this structure, ink is supplied via the ink supply  inlet 22a into the ink
supply flow channel 24, then into the  common flow channel 23, and finally
into the liquid chamber  3a via the individual flow channel 3d. A bubble is
generated on the heating element 12 in the liquid chamber 3a  by heat
generated by the heating element 12, and a flight  force is generated
when the bubble is generated whereby the  liquid (ink) in the liquid
chamber 3a is partially ejected  in the form of a liquid droplet from the
nozzle 18. Note that in Figs. 12 and 13, the shapes of respective  parts
are drawn in an easily understandable manner and the  drawn shapes are
not necessarily exactly similar to the  actual shapes. For example, the
thickness of the  semiconductor substrate 11 is about 600 to 650 pm, and
the  thickness of the nozzle sheet 17 and that of the barrier  layer 3 are
about 10 to 20 pm. A first method of producing the head 1 is to bond the
head chip la produced using a semiconductor process to the  - 4  nozzle
sheet 17 produced separately. This method is called  a chip mounting
method. A second method is to produce  nozzles (on-chip nozzles) 18
integrally on a semiconductor  substrate 11. SUMMARY OF THE
INVENTION When the head 1 is produced by the first method, after  the
head chip la and the nozzle sheet 17 are separately  



produced, the head chip la is bonded to the nozzle sheet 17  with high
registration accuracy on the order of microns.  Thereafter, a heating and
pressing process is performed.  When the head 1 is produced by the first
method described  above, it is needed to control the production process
very  precisely. In particular, in a case in which a line head  with a length
equal to the width of a recording medium is  produced by arraying a
plurality of head chips la on the  nozzle sheet 17, a slight change in a
production condition  can cause a significant difference in performance
among head  chips la, which can result in degradation in image quality. A
head may be produced by producing a through-hole for  supplying ink in
the center of the head chip in the  longitudinal direction of the head chip,
and disposing  heating elements, liquid chambers, and nozzles on both
sides  of the through-hole and along the through-hole. Empirically, the
head of this type has less  - 5  characteristic variations among head chips
disposed by chip- mounting than a head produced by disposing heating
elements  12 along an edge of a semiconductor substrate 11, such as a
head 1 shown in Fig. 12 or 13. However, this structure has the following
problems. (1) Employment of this structure results in an increase  in the
width of the head chip by a factor of about 2. (2) A special semiconductor
process is needed to  



produce the through-hole at the center of the head chip. (3) The results
are an increase in cost and a reduction  in production yield. On the other
hand, when the head is produced by the  second method described
above, the problem caused by a  characteristic variation due to
chip-mounting does not occur. However, when a line head is produced
using the second  method, difficult techniques are needed to fix a large
number of head chips to a frame such that head chips are  arrayed with
high chip-to-chip registration accuracy.  Furthermore, it is difficult to
equally supply liquid to all  head chips. That is, the second method does
not allow the  line head to be produced easily with no problems. Thus,
there is a need for a technique of producing a  head without creating a
significant characteristic variation  among head chips during a production
process, and there is  also a need for a flow channel structure in which - 6
substantially no bubbles are generated. According to a first aspect of the
present invention,  there is provided a liquid ejection head comprising a
plurality of liquid ejection. elements arrayed in a flat area  on a substrate,
each liquid ejection element including: a  liquid chamber for holding a
liquid to be ejected; a heating  element disposed in the liquid chamber, for
generating a  bubble in the liquid in the liquid chamber by heating the  



liquid; and a nozzle for ejecting the liquid in the liquid  chamber when the
bubble is generated by the heating element,  wherein, of the plurality of
heating elements, heating  elements at M-th positions as measured from
an end of the  array of heating elements are disposed such that the center
of  each of these heating elements is located exactly on or close  to a first
line extending in the same direction as the  direction in which the heating
elements are arrayed, while  heating elements at N-th positions as
measured from the end of  the array of heating elements are disposed
such that the  center of each of these heating elements is located exactly
on  or close to a second line extending in the same direction as  the
direction in which the heating elements are arrayed, the  first and second
lines being parallel with each other and  being spaced from each other by
6 (real number greater than  0), Ms being odd or even numbers, Ns being
even numbers 7 if Ms are odd numbers or odd numbers if Ns are even
numbers;  each liquid chamber is formed to have a U-like shape in
horizontal cross section such that a wall thereof surrounds  three sides of
a heating element disposed in the liquid  chamber; the heating elements
are arrayed such that the  heating elements disposed on or close to the
first and second  lines are located, as a whole of heating elements, at
regular  intervals of P; the liquid chambers are disposed such that an
open side of each liquid chamber whose wall surrounds three  



sides of one of heating elements located exactly on or close  to the first
line faces in a direction opposite to a direction  in which an open side of
each liquid chamber whose wall  surrounds three sides of one of heating
elements located  exactly on or close to the second line faces; a gap Wx
(real  number greater than 0) is formed at least between each  adjacent
liquid chambers disposed at intervals of 2P on or  close to the first line or
between each adjacent liquid  chambers disposed at intervals of 2P on or
close to the second  line such that adjacent liquid chambers are spaced
from each  other by the gap Wx in the direction in which the 'liquid
chambers are arrayed; a gap Wy (real number greater than 0) is  formed
between the liquid chambers disposed on or close to the  first line and the
liquid chambers disposed on or close to the  second line such that the
liquid chambers disposed on or close  to the first - 8  line are spaced by
the gap Wy from the liquid chambers disposed  on or close to the second
line in a direction perpendicular to  the direction in which the liquid
chambers are arrayed; and  flow channels each having a width equal to
Wx are formed by the  gaps Wx, and a flow channel having a width equal
to lay is  formed by the gap Wy. According to a second aspect of the
present invention,  there is provided a liquid ejection apparatus having a
liquid  ejection head including a plurality of liquid ejection elements  



arrayed in a flat area on a substrate, each liquid ejection  element
including: a liquid chamber for holding a liquid to be  ejected;a heating
element disposed in the liquid chamber, for  generating a bubble in the
liquid in the liquid chamber by  heating the liquid; and a nozzle for ejecting
the liquid in the  liquid chamber when the bubble is generated by the
heating  element, wherein, of the plurality of heating elements, heating
elements at M-th positions as measured from an end of the array  of
heating elements are disposed such that the center of each  of these
heating elements is located exactly on or close to a  first line extending in
the same direction as the direction in  which the heating elements are
arrayed, while heating elements  at N-th positions as measured from the
end of the array of  heating elements are disposed such that the center of
each of  these heating elements is located exactly on or close to a
second line extending in the same direction as the direction in  which the
heating elements are arrayed, the first and second  lines being parallel
with each other and being spaced from each  other by b (real number
greater than 0), Ms being odd or ever, -9 numbers, He being even
numbers if Ms are odd numbers or odd  numbers if Ns are even numbers;
each liquid chamber is formed  to have a U-like shape in horizontal cross
section such that a  wall thereof surrounds three sides of a heating
element  disposed in the liquid chamber; the heating elements are
arrayed such that the heating elements disposed on or close to  



the first and second lines are located, as a whole of heating  elements, at
regular intervals of P; the liquid chambers are  disposed such that an open
side of each liquid chamber whose  wall surrounds three sides of one of
heating elements located  exactly on or close to the first line faces in a
direction  opposite to a direction in which an open side of each 'liquid
chamber whose wall surrounds three sides of one of heating  elements
located exactly on or close to the second line faces;  a gap Wx (real
number greater than 0) is formed at least  between each adjacent liquid
chambers disposed at intervals of  2P on or close to the first line or
between each adjacent  liquid chambers disposed at intervals of 2P on or
close to the  second line such that adjacent liquid chambers are spaced
from  each other by the gap Wx in the direction in which the liquid
chambers are arrayed; a gap Wy (real number greater than 0} is  formed
between the liquid chambers disposed on or close to the  first line and the
liquid chambers disposed on or close to the  second line such that the
liquid chambers disposed on or close  to the first 'line are spaced by the
gap Wy from the liquid  chambers disposed on or close to the second line
in a direction  perpendicular to the direction in which the liquid chambers
are -9a arrayed; and flow channels each having a width equal to Wx are
formed by the gaps Wx and a flow channel having a width equal  to Wy is
formed by the gap Wy.In example embodiments, in a  liquid ejection head,
the liquid ejection elements are  



arrayed in a direction along the first or second line. The  first and second
lines are spaced from each other by 6.  Heating elements at M-th
positions as measured from an end of  the array of heating elements are
disposed such that the  center of each of these heating elements is
located exactly on  or close to the first line, while heating elements at Nth
positions as measured from the end of the array of heating  elements are
disposed such that the center of each of these  heating elements is
located exactly on or close to the second  line. The liquid chambers are
disposed such that an open side  of each liquid chamber located exactly
on or close to the  first line faces in a direction opposite to a direction in
which an open side of each liquid chamber located exactly on  or close to
the second line faces. A gap Wy is formed between  the liquid chambers
disposed on or close the first line and  the liquid chambers disposed on or
close to the second line,  and a flow channel having a width equal to 9b _
Wy is formed by the gap Wy (note that this flow channel  corresponds to a
second common flow channel 23b according to  embodiments described
later). A gap Wx is formed at least  between each adjacent liquid
chambers disposed at intervals of  2P on or close to the first line or
between each adjacent  liquid chambers disposed at intervals of 2P on or
close to the  second line, and flow channels each having a width equal to
Wx  



are formed by the gaps Wx (note that these flow channels  corresponds to
first common flow channels 23a according to  embodiments described
later). Example embodiments can provide the following advantages.  That
is, one advantage is the ability to equally supply liquid  to respective
liquids. Another advantage is a small variation  in ejection characteristics
among liquid ejection elements.  For example, it is possible to achieve a
very-small variation  in terms of ejection speed among liquid ejection
elements.  Furthermore, it is possible to easily supply liquid to  respective
liquid chambers, and it is possible ro suppress the  probability of
occurrence of a failure due to a bubble to an  extremely low level. Even if
a failure due to a bubble  occurs, self-recovering from the failure can
easily occur.  BRIEF DESCRIPTION OF THE DRAWINGS Fig. 1 is a
perspective view showing the appearance of  10  a line head according to
an embodiment of the invention;  Figs. 2A and 2B are plan views of a line
of head chips;  Fig. 3 is a plan view showing a form of a head chip
according to an embodiment of the invention; Fig. 4 is a plan view
showing a head chip according to  another embodiment, which is a
modification of that shown in  Fig. 3; Fig. 5 is a plan view showing a head
chip according to  another embodiment, which is another modification of
that  



shown in Fig. 3; Figs. 6A to 6D are schematic diagrams showing various
structures for supplying liquid in a head chip; Fig. 7 is a diagram
illustrating liquid ejection  directions; Figs. 8A and 8B are graphs showing
the liquid ejection  angle as a function of a difference in bubble generation
time between two parts of a heating element, and Fig. 8C is  a graph
showing measured deviations of liquid arrival  position as a function of a
deflection current passed  through two parts of a heating element; Fig. 9 is
a circuit diagram of a specific example of  ejection direction deflecting
means according to an  embodiment of the invention; Fig. 10 is a diagram
showing a part of a semiconductor  processing mask according to an
embodiment of the invention;  - 11  Fig. 11 shows results of ejection speed
measurements  for a liquid ejection head according to an embodiment of
the  invention; Fig. 12 is a perspective view showing the appearance of  a
convention liquid ejection head; and Fig. 13 is a cross-sectional view
showing a flow  channel structure of the head shown in Fig. 12.
DESCRIPTION OF THE PREFERRED EMBODIMENTS An embodiment
of the present invention is described  



below with reference to the accompanying drawings. The liquid ejection
apparatus according to the present  invention may be embodied, for
example, as an ink-jet  printer (a thermal color line printer (hereinafter,
referred  to simply as a printer)), and the liquid ejection head may  be
embodied as a line head 10. In the present description, a part including a
liquid  chamber 13a, a heating element 12 (which is divided into two
parts, in the present embodiment, as will be described  later) disposed in
the liquid chamber 13a, and a nozzle 18  is referred to as a liquid ejection
element. The line head  10 (liquid ejection head) is formed to include an
array of  liquid ejection elements. A liquid ejection head is formed  to
include head chips 19 with nozzles 18 (nozzle sheet 17). Fig. 1 is a
perspective view showing the appearance of  - 12  a line head 10
according to the present embodiment. The  line head 10 includes four
lines of head chips 19. Each  line includes a linear array of head chips 19,
and the total  length of each line is equal to the width of a recording
medium of the A4 size. The respective four lines of head  chips 19 serve
as color heads of Y (yellow), M (magenta), C  (cyan), and K (black). The
line head 10 is produced by disposing a plurality  of head chips 19 in a
zigzag fashion on the nozzle sheet 17  (nozzle layer) and the lower
surface of each head chip 19 is  



bonded to the nozzle sheet 17 such that each heating element  12 formed
in each head chip 19 is located at a position  corresponding to a nozzle 18
formed in the nozzle sheet 17. A head frame 16 is a supporting part for
supporting the  nozzle sheet 17 and has a size corresponding to the size
of  the nozzle sheet 17. Each accommodation space 16a has a  length
corresponding to a horizontal width (21 cm) of the A4  size. Four lines of
head chips 7.9 are disposed in the  respective accommodation spaces
16a of the head frame 16  such that one line of head chips 19 is disposed
in one  accommodation space 16a. Four ink tanks in which different  color
liquids (inks) are stored are disposed in respective  accommodation
spaces 16a of the head frame 16 and bonded to  the back surface of the
head chips 19 such that liquids of - 13  different colors are supplied in the
respective  accommodation spaces 16a, that is, to the respective lines  of
head chips 19. Figs. 2A and 2B are plan views showing one line of head
chips 1.9. Note that in Figs. 2A and 2B, the head chips 1.9  and nozzles
18 are drawn in an overlapping fashion. The head chips 19 are disposed
in a zigzag form in  which adjacent head chips 19 are opposite in direction
to  each other. As shown in Figs. 2A and 2B, a common flow  channel 23
for supplying a liquid to all head chips 19 are  



formed between a group of head chips 19 located at (N-1)th  and (N+l)th
positions and a group of head chips 10 located  at Nth and (N+2)th
position. As shown in Figs. 2A and 2B, the nozzles 18 are located  at
regular intervals. Note that this applies also to area  where two head chips
adjoin each other. The line head 10 constructed in the above-described
manner is disposed at a fixed position in the inside of the  printer, and a
recording medium is moved relative to the  fixed line head 10 while
maintaining the surface (onto which  liquid droplets are fired) of the
recording medium to be  spaced from the liquid ejection surface of the line
head 10  (the surface of the nozzle sheet 17). When the recording
medium is being moved relative to the line head 10, liquid  droplets are
ejected from particular nozzles 18 of the head - 14  chips 19 so that dots
are formed on the recording medium  thereby achieving color printing of a
character or an image. The head chips 19 according to the present
embodiment  of the invention are described in further detail below. The
head chips 19 are similar to the head chips la in that a  plurality of heating
elements 12 are disposed on the  semiconductor substrate 11, but they
are different in the  manner in which the heating elements 12 are arrayed
and in  the shape of the liquid chambers 13a. Fig. 3 is a plan view
showing the shape of the head  



chip 19 according to the present embodiment. As in the structure of the
related technique, a  plurality of heating elements 12 are disposed on the
semiconductor substrate 11. Some of heating elements 12  (denoted by n,
n+2, n+4, n+6... in Fig. 3) are disposed such  that the center of each of
these heating elements 12 is  located on a (virtual) line Ll, while the other
heating  elements 12 (denoted by n+l, n+3, n+5,... in Fig. 3) are  disposed
such that the center of each of these heating  elements 12 is located on a
(virtual) line L2. The lines Ll and L2 are parallel with each other and
spaced from each other by S (a real number greater than 0).  Although not
shown in Fig. 3, the lines Ll and L2 extend in  parallel to and close to a
longitudinal outer edge (on a  lower side in Fig. 3) of the head chip 19 (the
semiconductor - 15  substrate 11). Furthermore, as shown in Figs. 2A and
2B, the common  flow channel 23 for supplying the liquid to the respective
liquid chambers 13a is formed so as to extend on the outer  side of the
above-described edge and along the edge of the  head chip
(semiconductor substrate 11). As with the common  flow channel 23
shown in Fig. 13, this common flow channel  23 according to the present
embodiment 1.s formed by a side  face, adjacent to the surface on which
the heating element  12s are formed, of the semiconductor substrate 11
and by a  



dummy chip D or the like. Thus, the lines Ll and L2 are parallel with the
common  flow channel 23 (the outer edge of the semiconductor  substrate
11) and located on either side of the common flow  channel 23. Of the
plurality of heating elements 12, heating  elements at M-th positions as
counted from one end are  disposed such that the center of each of these
heating  elements is located on the line L1 extending in the same
direction as the direction in which the heating elements 12  are arrayed
(where M takes odd or even numbers). On the  other hand, heating
elements 12 at N-th positions as counted  from the one end are disposed
such that the center of each  of these heating elements is located on the
line L2 (where N  takes even numbers when M takes odd numbers but N
takes odd - 16  numbers when M takes even numbers). That is, the
heating  elements 12 are disposed alternately on the lines L1 and L2  in a
zigzag fashion. The heating elements 12 on the line Ll are located at
intervals of 2P (2 x P, and the heating elements 12 on the  line L2 are also
located at intervals of 2P (2 x P). The  position of each heating element 12
disposed on the line L1  is shifted by P relative to the position of closest
one of  heating elements 12 disposed on the line L2 in a direction  along
the direction in which the heating elements 12 are  



arrayed. Thus, the heating elements 12 on the lines L1 and L2  are, as a
whole, located at regular intervals of P. The  interval P is determined by
the resolution (DPI) of the line  head 10. For example, the interval P is
about 42.3 pm when  the resolution is 600 DPI. On the semiconductor
substrate 11, the liquid chambers  13a are formed by portions of the
barrier layer 13 disposed  between the semiconductor substrate 11 and
the nozzle sheet  17. In the example shown in Fig. 3, the liquid chambers
13a  for the heating elements 12 located on the line L1 in Fig. 3  are
formed so as to be substantially U-shaped in horizontal  cross section
such that three sides of each heating element  12 are surrounded by inner
side walls of a corresponding  liquid chamber 13a. The liquid chambers
13a are formed in - 1.7  the barrier layer 13 by partially cutting off the
barrier  layer 13 to form cutouts having a substantially U-like shape.  The
liquid chamber 13a for the heating elements 12 located  on the line 1,1 are
formed such that open sides of these  liquid chambers 13a face the line
L2. On the other hand, the liquid chambers 13a for the  heating elements
12 located on the line L2 are formed so as  to be substantially U-shaped in
horizontal cross section  such that three sides of each heating element 12
are  surrounded by inner side walls of a corresponding liquid  



chamber 13a and such that each liquid chamber 13a is  isolated from the
other liquid chambers 13a. These liquid  chambers 13a are formed such
that open sides of these liquid  chambers 13a face the line Ll. Thus, the
open sides of the liquid chambers 13a, in  which one of the heating
elements 12 located on the line L1  is disposed, face in a direction
opposite to the direction  in which the open sides of the liquid chambers
13a, in which  one of the heating elements 12 located on the line L2 is
disposed, face. Note that there is no restriction on the length of the  sides
of each liquid chamber 13a in which one of heating  elements 12 is
located, as long as each side is longer than  the length of a corresponding
side of the heating element 12_  In the present embodiment, each liquid
chamber l3a is formed - 18  such that one of the heating elements 12 can
be placed  therein such that each inner side wall of the liquid chamber
13a is spaced by a few m from the heating element 12. A gap Wx (real
number greater than 0) is formed between  each adjacent two of the liquid
chambers 13a that are  located at intervals of 2P on the line L2 such that
each  adjacent two liquid chambers 13a are spaced in the direction  in
which the liquid chambers 13a are arrayed (that is, in  the direction in
which the line L2 extends). That is, gaps  Wx are formed on both sides of
each liquid chamber 13a such  



that liquid chambers 13a are spaced from each other in the  direction in
which the liquid chambers 13a are arrayed. Each gap Wx serves as a first
common flow channel 23a  (with a width equal to Wx for allowing liquid to
flow in a  direction perpendicular to the lines L1 and L2) that is a  part of
the common flow channel 23 and that communicates  with the common
flow channel 23 for supplying liquid (ink)  to each liquid chamber 13a.
Because the liquid chambers 13a on the line L1 are  integrally formed in
the barrier layer l3a (such that each  liquid chamber is directly surrounded
by the barrier 13), no  gap Wx is formed between adjacent liquid
chambers 13a  located on the line L1. The ends, on the side facing the
line L2, of the  respective liquid chambers 13a located on the line Ll are  -
19  spaced by a gap Wy (real number greater than 0) in a  direction
perpendicular to the direction in which the liquid  chambers 13a are
arrayed from the ends, on the side facing  the line Ll, of the respective
liquid chambers 13a located  on the line L2. As with the gaps Wx, the gap
Wy serves as a  second common flow channel 23b (with a width equal to
Wy for  allowing liquid to flow in a direction parallel with the  lines L1 and
L2) that is a part of the common flow channel  23 and that communicates
with the common flow channel 23 for  supplying liquid (ink) to each liquid
chamber 13a. 



Fig. 4 is a plan view of a head chip 1.9 according to  another embodiment,
which is a modification to the head chip  19 shown in Fig. 3. In the
example shown in Fig. 3, all  heating elements 12 are disposed such the
center of each  heating element 12 is exactly located on either line L1 or
L2. On the other hand, in the example shown in Fig. 4, some  heating
elements 12 are disposed such that the center of  each of these heating
elements 12 is deviated from the line  Ll or L2. In Fig. 4, of the heating
elements 12, heating  elements 12(n), (n+4), and (n+6) are disposed such
that the  center thereof is located exactly on the line L1. However, of the
heating elements 12, a heating element  12(n+2) is disposed such that its
center is slightly  deviated from the line Ll. The amount of deviation is, for
example, less than 5/5. Similarly, of the heating elements - 20  12 located
on the line L2, although heating elements 1.2(n+l)  and (n+5) are disposed
such that the center thereof is  located exactly on the line L2, a heating
element 12(n+3) is  disposed such that its center is slightly deviated from
the  line L2. Also in this case, the amount of deviation is set  to be, for
example, less than S/5. As in the present example, the heating elements
12 do  not necessarily need to be disposed such that the center  thereof is
located exactly on the line L1 or L2, but the  center may be deviated within
a predetermined small range.  



That is, the heating elements 12 on the line L1 may be  disposed such
that they are located alternately at positions  exactly on the line L1. and
positions slightly deviated from  the line L1, and the heating elements 1.2
on the line L2 may  be disposed such that they are located alternately at
positions exactly on the line L2 and positions slightly  deviated from the
line L2, in a zigzag fashion. Fig. 5 is a plan view of a head chip 19
according to  still another embodiment, which is a modification to the
head chip 19 shown in Fig. 3. In the example shown in Fig.  3, the liquid
chambers 13a in which one of the heating  elements 12 on the line L1 is
placed are integrally formed  in the barrier layer 13a. In contrast, in the
example shown  in Fig. 5, liquid chambers 13a in which one of heating
elements 12 on the line Ll is placed are formed such that - 21  they are
isolated from each other, as with liquid chambers  13a in which one of
heating elements 12 on the line L2 is  placed. In this structure, the open
side of each liquid chamber  13a, which is substantially U-shaped in
horizontal cross  section, faces in a direction opposite to the direction in
which an open side of another liquid chamber 13a at an  opposite position
faces. This structure allows reflection  conditions of shock waves
generated when liquid is ejected  to become more similar for all liquid
ejection elements than  



in the structure shown in Fig. 3 or 4, and also allows the  nozzle sheet 17
to have a uniform tension distribution. The flow channel structure
according to the present  embodiment has the following features. (1) In
regard to the strength, the structure has the  following features. Because
the liquid ejection elements are disposed  alternately on the lines Ll and
L2 in the zigzag fashion,  each group of liquid ejection elements located
on either  line Ll or L2 forms a head with a half resolution. Because  the
mechanical strength increases with decreasing resolution,  the array of
liquid ejection elements according to the  present embodiment makes it
possible to increase the  mechanical strength. In the liquid ejection
elements arrayed in the zigzag  - 22  fashion, the liquid chamber 13a of
each of liquid ejection  elements located on the line Ll or L2 has a
substantially U- shaped form, and thus it is possible to achieve similar
strength in all directions. Furthermore, because each  liquid chamber 13a
is disposed such that the open side  thereof faces inward, when a
pressure (surface pressure) is  applied to an edge (of the array of liquid
ejection  elements) of the head chip 19, a strong outer part bears the
applied pressure thereby protecting a weak inner part. That  is, edges of
open sides of the liquid chambers 13a are  



weakest in strength, but these weakest parts are disposed at  inner
positions facing each other such that they are  protected by the outer
parts. Thus, these inner parts are  protected from a pressure which occurs
when bonding to the  nozzle sheet 17 is performed, and also from an
outer  pressure which is applied after the bonding to the nozzle  sheet 17
is performed. Furthermore, because the positions of the liquid  chambers
13a located on the line L1 are shifted by P from  the corresponding liquid
chambers 13a located on the line L2,  walls of liquid chambers 13a are
located at positions facing,  via the gap Wy, both sides of the opening of
each liquid  chamber 13a. This prevents the structure from being easily
deformed when a pressure (surface pressure) is applied to  the structure. -
23  In the structure of the related technique, as with the  head chip la (Fig.
12), in which long individual flow  channels 3d are formed in a comb-like
shape, a large stress  occurs when a force is applied. In contrast, in the
liquid  chambers 13a according to the present embodiment, because
each liquid chamber 13a is substantially U-shaped in  horizontal cross
section, and there is a beam extending in  the direction in which liquid
chambers 13a are arrayed, a  large strength is achieved, which prevents a
large stress  from occurring even when a large external force is applied. 



In the structure of the related technique, when the  resolution is, for
example, 600 DPI, heating element 12s are  arrayed at intervals of about
42.3 pm, and the width of each  comb finger formed, in the barrier layer 3,
between each  adjacent two heating element 12s is, at most, as small as
about 15 to 17 m as shown in Fig. 12. In contrast, in the  structure
according to the present embodiment, the thickness  of the wall of each
liquid chamber 13a can be as large as  about 60 pm, which makes it
possible to achieve sufficiently  high strength. This allows the structure to
withstand a  lateral force (that is, each liquid chamber l3a can  withstand
strain due to a force in the direction in which  heating elements 12 are
arrayed). (2) In many cases, head chips of the related techniques  include
a through-hole formed in the center of a - 24  semiconductor substrate,
although not shown in Fig. 12. In  contrast, in the structure according to
the present  embodiment, a flow channel is formed between each
adjacent  zigzag lines of heating element 12s (that is, between lines  L1
and L2), but there is no flow channel (through-hole)  formed through the
semiconductor substrate 11. More  specifically, the first common flow
channels 23a and the  second common flow channels 23b are formed in
flat areas,  where there is neither barrier layer 13 nor liquid chamber  13a,
on the semiconductor substrate 11, and these flow  



channels do not have a part extending through the  semiconductor
substrate 11. Note that the common flow  channel between each adjacent
zigzag lines of heating  element 12s may be in the form of a groove
(having a  substantially U-like shape in cross section), if it does not
extend through the semiconductor substrate 11. Also note  that a common
flow channel in the form of a through-hole may  be formed if the location
thereof is not between adjacent  zigzag lines of heating element 12s. For
example, such a  common flow channel in the form of a through-hole may
be  formed outside the area in which zigzag lines of heating  element 12s
are formed. In designing of the head chip 19, having no flow  channel in
the form of a through-hole between zigzag lines  of heating element 12s
makes it possible to reduce the total - 25  size of the head chip 19. This
allows a reduction in cost  (because the cost directly depends on the area
of the head  chip 19). The head chip 19 needs a space for supplying
liquid. The reduction in the size of the head chip 19  allows it to acquire
the space for this purpose. In the case in which a through-hole is formed
in the  semiconductor substrate as with the structure of the related
technique, it is necessary to dispose driving circuit arrays  separately on
both sides of the through-hole. This results  in an increase in the circuit
size and thus an increase in  



the area of the head chip by a factor of about 2. Furthermore, it is
necessary to dispose a large connection  pad separately for each driving
circuit array. This results  in a further increase in the area. In contrast, in
the  structure according to the present embodiment, the heating  element
12s located on the line Ll and the heating element  12s located on the line
L2 are driven by a single electronic  circuit (which will be described in
detail later).  Furthermore, in designing of the liquid supply system, the
reduction in the size of the head chip 19 allows it to use a  greater area for
the liquid supply system, while reducing  the total size of the line head 10.
(3) In the present embodiment, disposing heating  elements 12 alternately
on the lines Ll and L2 in the zigzag  fashion makes it possible to have a
great space between - 26  heating elements 12. That is, for example,
regarding  heating element 12s located on the line Ll, the heating  element
12s are disposed at intervals of 2P, which are twice  the intervals needed
to achieve the same resolution in the  structure of the related technique.
This brings about an  increase in clearance regarding the physical
dimension. For  example, a head chip 19 with a resolution of 1200 DPI
can be  realized with a similar clearance to that needed to achieve  600
DPI in the structure of the related technique. (4) In regard to liquid supply
flow, the structure  



according to the present embodiment has the following  features. Figs. 6A
to 6D are schematic diagrams showing various  structures of head chips.
In these figures, squares drawn  by solid lines represent liquid chambers,
and circles drawn  by dotted lines represent nozzles. Fig. 6A shows a
liquid flow in a structure of the  related technique (such as that shown in
Fig. 12). Fig. 6B  shows a liquid flow in a structure proposed by the
present  applicant and filed as Japanese Patent Application No. 2003-
383232. Fig. 6C shows a liquid flow in a structure having a  through-hole
formed between two zigzag lines of heating  elements. Fig. 6D shows a
liquid flow in the structure  according to the present embodiment. In the
structures shown in Figs. 6A to 6C, liquid is  - 27  supplied to each liquid
chamber via an individual flow  channel. Therefore, in these structures, if
an obstacle  occurs in an individual flow channel, no liquid can be
supplied to a corresponding liquid chamber. In contrast, in the structure
shown in Fig. 6D, liquid  is supplied to each liquid chamber l3a from a
plurality of  directions via channels extending around that liquid chamber
13a. The liquid chambers l3a have a filter-like function  that maintains the
internal pressure of the liquid chambers  13a, and thus liquid supplied to
openings of liquid chambers  



l3a and liquid supplied to openings of liquid chambers 13a  at opposite
locations are all supplied after being passed  through the first common
flow channel 23a with the width  equal to Wx. As a result, liquid with
substantially the  same pressure is supplied to the openings of all liquid
chambers 1.3a located on the lines Ll and L2. (5) The flow channel
structure according to the present  embodiment can provide high
uniformity in terms of  characteristics of ejecting and refilling of liquid. The
high uniformity is important because if the uniformity is  not sufficiently
high, an ejection variation or a variation  in the amount of an ejected liquid
droplet occurs when a  liquid ejection operation is performed under a
particular  condition, or a bubble is generated owing to a difference in
operation speed (generation of a bubble results in a great - 28  reduction
in the amount of ejected liquid). To reduce variations, it is needed to form
the flow  channel structure so as to have a symmetrical shape or a  shape
of rotational symmetry. In this regard, in the  structure shown in Fig. 6B,
differences in length from the  common flow channel to respective liquid
chambers can cause  a variation in characteristics. In contrast, in the
structure according to the present embodiment, liquid can be  supplied to
all liquid chambers 13a under similar conditions,  and thus high uniformity
can be achieved in terms of  



ejection and refilling characteristics of liquid ejection  elements. (6) When
a nozzle sheet is separately prepared and the  nozzle sheet is bonded to
a semiconductor substrate on which  heating elements and liquid
chambers are formed, the small  thickness (about 10 to 30 m) of the
nozzle sheet compared  to the thickness (about 600 to 650 pm) of the
head chip  causes a tension to occur in the nozzle sheet at room
temperature. If a thermal stress or an external force is applied to  such a
structure, a change in the tension in the nozzle  sheet occurs, and, as a
result, a strain can occur. However,  in the structure according to the
present embodiment, the  nozzle 18, which is a part most sensitive to a
change in the  tension, is surrounded by the substantially U-shaped wall of
- 29  the liquid chamber 13a, and thus the tension does not cause  a large
stress to be applied to the nozzle 18. Therefore,  it is possible to achieve
high stability and high reliability over a wide temperature range. (7) If the
viscosity or the surface tension of liquid  is low, a shock wave is generated
when liquid is ejected,  and a liquid surface vibration or a liquid pressure
change  occurs when liquid is refilled. It takes a long time for a  meniscus
to come to rest after such a shock wave is  generated or a liquid surface
vibration occurs. One method  



to prevent the above problem is to increase the length of  the individual
flow channel between each liquid chamber and  the common flow channel
such that the long individual flow  channel has a large flow resistance
thereby attenuating the  shock wave generated when liquid is ejected and
the  vibration that occurs when liquid is refilled. However, if  a bubble
appears in the long individual flow channel, an  ejection failure occurs. If
the ejection operation is  continued in such a state, there is a possibility
that a  heating element is broken. To prevent the above problem, a
column (a filter) for  trapping dust or a particle is generally disposed in
front  of each individual flow channel, so that the filter has an  effect of
attenuating the vibrations or reduces interference. In contrast, in the
structure according to the present  - 30  embodiment, the isolated and
independent liquid chambers 13a  facing the common flow channel 23
serve as filters. Filters  of the related technique (such as filters 30 shown
in Fig.  10) may be additionally disposed to achieve a double  filtering
effect. The filtering characteristics of the  liquid chambers 13a can be
optimized in terms of the ability  of reducing interference and vibrations by
properly  selecting the gap Wx and the length L (Fig. 3) of each  liquid
chamber 13a. In particular, when liquid chambers 13a are formed to  



be symmetric as shown in Fig. 5, the influence of shock  waves can be
minimized by forming flow channels (with a  width equal to Wx) so as to
extend straight from openings of  liquid chambers 13a thereby absorbing
shock waves  propagating from the openings of the liquid chambers 13a.
(8) The length of a flow channel from a common flow  channel to an
individual flow channel and the flow  resistance thereof influence the
ejection pressure (ejection  speed). In the present embodiment, liquids
flow through  channels on both sides of each liquid chamber 13a and join
each other in the second common flow channel 23b located at  the center
between the liquid chambers 13a on the line Ll  and the liquid chambers
13a on the line L2. The joined flow  is divided and supplied to the
respective liquid chambers  13a via paths with substantially the same
length (same flow - 31  resistance). Therefore, even when the ejection
operation is  performed continuously, liquids can be ejected. from liquid
ejection elements at opposite locations at substantially the  same ejection
pressure (ejection speed). Thus, the flow channel structure according to
the  present embodiment has the following advantages. (1) A first
advantage is that a failure due to a bubble  can be suppressed. Even if a
failure due to a bubble occurs,  self-recovering from the failure can occur.
In the present  structure, because liquid is supplied from three directions  



to the opening of each liquid chamber 13a, a priming effect  is always
achieved. (2) A very similar droplet ejection speed is obtained  for all liquid
ejection elements (that is, all liquid  ejection elements have similar ejection
characteristics). (3) Because liquid ejection elements on the same line
(the line Ll or L2) are located at large intervals, the wall  of each liquid
chamber l3a can be formed so as to have a  sufficiently large thickness so
that a change in  characteristics due to a thermal expansion or a
mechanical  stress applied to the line head 10 Is minimized. (4) It is
possible to reduce interference between  ejection shocks generated by
different liquid ejection  elements (by large and uniform filtering effects).
(5) Because each liquid chamber l3a is surrounded by  - 32  liquid with
greater thermal conductivity than that of the  barrier layer 13, a good heat
removal characteristic can be  achieved. (6) Because the nozzle sheet 17
has a uniform tension  distribution, variations in characteristics among
nozzles 18  can be minimized. (7) Because liquid is supplied to each liquid
chamber  13a from three directions, a failure due to a particle or  dust can
be minimized. (8) For the same resolution (DPI) and the same number  



of nozzles, the head chip 19 can be formed to have a smaller  area than
the area of the structure in which a through-hole  is formed at the center of
the head chip 19. Now, ejection direction deflecting means according to
the present embodiment is described below. In the present embodiment,
as shown in Fig. 3 and other  figures, the heating element 12 located in
each liquid  chamber 13a is divided into two parts disposed side by side.
Two parts of each heating element 12 are disposed side by  side in the
same direction as the direction in which the  nozzles 18 are arrayed.
Although the locations of nozzles  18 are not shown in Fig. 3, the nozzles
18 are disposed  above the respective heating element 12s such that the
central axis of each nozzle 18 is coincident with the  central axis of a
corresponding heating element 12 as a - 33  whole of the structure of the
heating element 12 having two  parts disposed inside one liquid chamber
13a. In the case of the heating element 12 of the two-part  type formed in
the above-described manner, the length of  each part of the heating
element 12 is equal to the length  of a non-divided heating element, and
the width of each part  is one-half the width of the non-divided heating
element- Therefore, the resistance of each of the two parts of the  heating
element 12 is twice the resistance of the non- divided heating element. If
the two parts of the heating  



element 12 is connected in series to each other, the  resultant resistance
becomes 4 times greater than the  resistance of the non-divided heating
element (note that the  resistance is calculated without taking into account
the  effect of a space formed between the two parts). To boil the liquid in
the liquid chamber 13a,  particular electrical power is applied to the
heating  element 12 to heat the heating element 12. The liquid is  ejected
by boiling energy. When the resistance of the  heating element 12 is low, it
is needed to pass a large  current through the heating element 12. On the
other hand,  when the heating element 12 has a large resistance, it is
possible to boil the liquid by passing a small current  through the heating
element 12. This allows it is use a small-size transistor to supply  - 34  a
current to be passed through the heating element 12, and  thus it is
possible to reduce the total size. The  resistance of the heating element
12 can be increased by  reducing the thickness of the heating element 12.
However,  there is a lower limit on the thickness of the heating  element
12, depending on the characteristics such as the  strength (durability) of
the material used to form the  heating element 1.2. The dividing of the
heating element 12  into two parts makes it possible to increase the
resistance  of the heating element 12 without reducing the thickness of  



the heating element 12. In the structure in which a heating element 12
divided  into two parts is disposed in each liquid chamber 13a, in  general,
two parts of each heating element 12 are heated  such that temperatures
thereof reach, at the same time, to a  temperature needed to boil the liquid
(that is, the two  parts are heated such that the bubble generation time
becomes the same for the two parts). If there is a  difference in the bubble
generation time between the two  parts of the heating element 12, the
liquid ejection angle  is deviated from the vertical direction. Fig. 7 is a
diagram illustrating the liquid ejection  angle. In Fig. 7, if liquid i is ejected
in a direction  perpendicular to a liquid ejection plane (surface of a
recording medium R), the ejected liquid i travels along a - 35  straight path
indicated by an arrow represented by a dotted  line in Fig. V. On the other
hand, if the ejection angle of  the liquid i is deviated by 0 from the vertical
direction,  the ejected liquid i travels along a path Zl or Z2, and thus  the
arrival point of the liquid i is deviated by AL = H x tan0 where H is the
distance between the end of the nozzle 18 and  the surface of the
recording medium R, that is, the distance  between the liquid ejection
surface of the liquid ejection  element and the liquid arrival surface (this
also holds in  



the following discussions). In common ink-jet printers, the  distance H is in
the range of 1 to 2 mm. In the following  discussion, it is assumed that the
distance H is maintained  at a constant value equal to about 2 mm. The
distance H needs to be maintained constant because  a change in the
distance H results in a change in the  arrival position of the liquid i. When
the liquid i is  ejected in a deflected direction from the nozzle 18 toward
the surface of the recording medium H, the arrival position  of the liquid i
varies with the change in distance H,  although the change in the distance
H does not cause a  change in the arrival position when the liquid i is
ejected  in the vertical direction. Figs. 8A and 8B are graphs indicating
results of  computer simulations in terms of the liquid ejection angle  36
as a function of the difference in time needed to generate a  bubble in
liquid between two parts of the heating element 12.  Note that Fig. 8A
shows the liquid ejection angle measured  in an X direction, and Fig. 8B
shows the liquid ejection  angle measured in a Y direction, wherein the X
direction is  a direction in which the nozzles 18 are arrayed (the  direction
in which two parts of each heating element 12 are  disposed side by side),
and the Y direction is a direction  (in which the recording medium is fed)
perpendicular to the  X direction. Fig. 8C shows measured deviations of
the  



liquid arrival position. In this figure, a horizontal axis  represents a
deflection current defined as one-half the  difference between currents
flowing through the two parts of  the heating element 12. Note that the
deflection current  corresponds to the bubble generation time difference
between  the two parts of the heating element 12. In Fig. 8C, a  vertical
axis represents the measured value of the deviation  of the liquid arrival
position (while maintaining the  distance between the liquid ejection
surface and the liquid  arrival surface (the recording medium) at about 2
mm). In  this measurement, a main current of 80 mA was passed through
the heating element 12, and the deflection current described  above was
superimposed on the main current passed through  one of the two parts of
the heating element 12 thereby  deflecting the liquid ejection direction. -
37  When there is a difference in the bubble generation  time between the
two parts that are produced by dividing the  heating element 12 in the
direction in which the nozzles 18  are arrayed, the liquid ejection angle is
deviated from the  vertical direction as shown in Figs. 8A and 8C. That is,
the liquid ejection angle Ox in the direction in which the  nozzles 18 are
arrayed increases with the bubble generation  time difference (note that
the liquid ejection angle Ox  indicates the deviation from the vertical
direction and  corresponds to 0 in Fig. 7). 



In the present embodiment, the heating element 12  divided into two parts
is used, and currents are passed  through the two parts of the heating
element 12 such that  there is a difference in the current between these
two parts  thereby creating a difference in the bubble generation time
between the two parts of the heating element 12. By  controlling the
difference in the current between the two  parts of the heating element 12,
the ejection direction of  the liquid ejected from each nozzle 18 is
deflected by a  desirable amount in the direction in which the liquid
ejection elements (nozzles 18) are arrayed. When there is a difference in
resistance between the  two parts of the heating element 12 because of a
production  error or the like, a difference occurs in the bubble  generation
time between the two parts of the heating element - 38  12. As a result, a
deviation occurs in the liquid ejection  angle from the vertical direction,
which results in a  deviation of the liquid arrival position from a correct
position. The deviation of the liquid arrival position can  be adjusted by
properly controlling the currents passed  through the two respective parts
of the heating element 12  thereby adjusting the bubble generation times
such that the  bubble generation time becomes the same for the two parts
of  the heating element 12 and thus the liquid is ejected in the  vertical
direction. 



In the line head 7.0, the deviation of the liquid  ejection direction from the
vertical direction can be  adjusted on a head chip by head chip basis such
that the  respective head chips 19 as a whole eject liquid in the  vertical
direction. It is also possible to adjust the liquid ejection angle  for one or
more particular liquid ejection elements in a  head chip 19. For example,
in a particular head chip 19,  when the liquid ejection direction of a
particular liquid  ejection element is not parallel with the liquid ejection
direction of the other liquid ejection elements, it is  possible to adjust the
liquid ejection direction of this  particular liquid ejection element such that
the liquid  ejection direction becomes parallel with the liquid ejection
direction of the other liquid ejection elements. - 39  It is also possible to
deflect the liquid ejection  direction as follows. For example, let us assume
that when liquids are  ejected from a liquid ejection element N and an
adjacent  liquid ejection element N+l, the ejected liquids arrive at
positions n and n+l, respectively, when the liquid ejection  direction is not
deflected. In this case, it is possible to  deflect the ejection direction of
liquid ejected from the  liquid ejection element N such that the ejected
liquid  arrives at the arrival position n+l, instead of ejecting the  



liquid in the non-deflected direction such that the ejected  liquid arrives at
the arrival position n. Similarly, it is possible to deflect the ejection
direction of liquid ejected from the liquid ejection element  N+l such that
the ejected liquid arrives at the arrival  position n, instead of ejecting the
liquid in the non- deflected direction such that the ejected liquid arrives at
the arrival position n+l. For example, when the liquid ejection element N+1
becomes impossible to eject liquid because of blocking or  the like, it
becomes impossible to have liquid deposited at  the arrival position n+l,
and a dot failure occurs. If the  head chip 19 includes such a failed liquid
ejection element,  the head chip 19 as a whole is regarded as failed.
However, when such a failure occurs, it is possible to  - 40  obtain liquid
deposited at the arrival position n+1 by  ejecting liquid in a properly
deflected direction from the  liquid ejection element N or N+2 adjacent to
the liquid  ejection element N. A specific example of the ejection direction
deflecting  means is described below. This example of the ejection
direction deflecting means according to the present  embodiment is
formed using current mirror circuits  (hereinafter, referred to as CM
circuits). Fig. 9 is a circuit diagram showing a specific example  



of the ejection direction deflecting means according to the  present
embodiment. First, circuit elements used in this  circuit and connections
among them are described. In Fig. 9, resistors Rh-A and Rh-B are
resistors of the  two respective parts of the heating element 1.2, and these
two resistors are connected in series. A power supply Vh  supplies a
voltage to the resistors Rh-A and Rh-B. The circuit shown in Fig. 9
includes transistors Ml to  M21. Of these transistors, transistors M4, M6,
M9, M11, M14,  M16, M19, and M2l are PMOS transistors, while the other
transistors are NMOS transistors. In the circuit shown in  Fig. 9, a CM
circuit is formed, for example, by transistors  M2, M3, M4, M5, and M6,
and a total of four CM circuits are  formed in a similar manner. In this
circuit, the gate and the drain of the  - 41  transistor M6 are connected to
the gate of the transistor. M4.  The drains of the transistors M4 and M3
are connected to  each other, and the drains of the transistors M6 and M5
are  connected to each other. Transistors are connected in a  similar
manner in the other CM circuits. The drains of the transistors M4, M9,
M14, and M19 of  the respective CM circuits and the drains of the
transistors  M3, M8, M13, and M18 of the respective CM circuits are
connected in common to the node between the resistors Rh-A  and Rh-B. 



The transistors M2, M7, M12, and M17 serve as constant  current sources
of the respective CM circuits, and the  drains of respective these
transistors are connected to the  respective sources of the transistors M3,
M8, M13, and M18. The drain of the transistor M1 is connected in series
to the resistor Rh-B. When an ejection execution switch A  is at a "1"-level
(on-level), the transistor M1 turns on,  and, as a result, a current flows
through the resistors Rh-A  and Rh-B. Output terminals of the respective
AND gates Xl to X9  are connected to the respective gates of the
transistors Ml,  M3, M5, M7, and M9. Note that the AND gates Xl to X7 are
of  the two-input type, but the AND gates X8 and X9 are of the  three-input
type. At least one of the input terminals of  each of the AND gates Xl to X9
is connected to the ejection - 42  execution switch A. One of input
terminals of each of XNOR gates X10, X12,  X14, and X16 is connected to
a deflection direction  selection switch C, and the other input terminal of
each of  these XNOR gates is connected to one of deflection control
switches Jl to J3 or an ejection angle adjustment switch S. The deflection
direction selection switch C is a switch  for switching a direction in which
the liquid ejection  direction is deflected, between positive and negative
directions along the array of nozzles 18. If the deflection 



direction selection switch C is at the "1"-level (on-level),  one of input
terminals of the XNOR gate X10 is at the "1"- level. The deflection control
switches Jl to J3 are switches  for determining the amount of deflection of
the liquid  ejection direction. For example, when the input terminal J3  is at
a "1"-level (on-level), one of the input terminals of  the XNOR gate X10 is
at the "l"-level. The output terminal of each of the XNOR gates X10, X12,
X14, and X16 is connected to one input terminal of one of  the AND gates
X2, X4, X6, and X8 and also connected to one  input terminal of one of the
AND gates X3, X5, X7, and X9  via one of NOT gates Xl1, X13, X15, and
X17. One input  terminal of each of the AND gates X8 and X9 is
connected to  an ejection angle adjustment switch K. - 43  The deflection
amplitude control terminal B is a  terminal for determining the amplitude of
one deflection  step by determining the current of the transistors M2, M7,
M12, and M17 serving as constant current sources of the  respective CM
circuits. To this end, the deflection  amplitude control terminal B is
connected to the gates of  the respective transistors M2, M7, M12, and
M17. If 0 V is  applied to this terminal, the current of each constant
current source is set to be equal to 0, and thus no  deflection flows. As a
result, the amplitude of deflection  



becomes equal to 0. If the voltage applied to the  deflection amplitude
control terminal B is gradually  increased, the current of the constant
current source  gradually increases, and thus the deflection current also
gradually increases. As a result, the deflection amplitude  increases. Thus,
it is possible to properly control the  deflection amplitude by controlling the
voltage applied to  the deflection amplitude control terminal B. The source
of the transistor Ml connected to the  resistor Rh-B and the sources of the
respective transistors  M2, M7, M12, and M17 serving as the constant
current sources  of the respective CM circuits are grounded. In the circuit
diagram shown in Fig. 9, numerals "xN"  (N = 1, 2, 4, or 50) described in
parentheses close to the  respective transistors M1 to M21 indicate the
number of - 44  transistor elements that are connected in parallel. For
example, transistors with numerals "xl" (transistors M12 to  M21) are each
formed to have one standard transistor element.  On the other hand,
transistors with numerals "x2"  (transistors M7 to Mll) are each equivalent
to a parallel  connection of two standard transistor elements. Similarly,
transistors with numeral "xN" are each equivalent to a  parallel connection
of N standard transistor elements. The transistors M2, M7, M12 and M17
are respectively  x4", "x2", "x1", and "xl" in the number of standard  



transistor elements, and thus, the ratio of the drain  current among these
transistors is 4 : 2 : 1 : 1 when a  particular voltage is applied between the
gate of each of  these transistors and the ground. The operation of the
circuit is described. First, the  operation of the CM circuit composed of the
transistors M3,  M4, M5, and M6 is discussed. The ejection execution
switch A is turned on only when  liquid is ejected. For example, when the
signal levels are such that A =  "1" (that is, A is at the "1"-level (signal
levels will be  described in a similar manner also for other signals)), B =
2.5 V, C "1", and J3 = "1", the signal level of the output  of the XNOR gate
X10 becomes "1". This "1"-level output  signal and A = "1" are input to the
AND gate X2, and thus a - 45  "l"-level signal is output from the AND gate
X2. As a  result, the transistor M3 is turned on. When the output of the
XNOR gate Xl0 is at "1", the  output of the NOT gate Xll is at "0". This
"0"-level output  signal and A = "1" are input to the AND gate X3, and thus
a  0-level signal is output from the AND gate X3. As a result,  the
transistor MS is turned off. Because the drains of the transistors M4 and
M3 are  connected to each other, and the drains of the transistors  M6 and
M5 are connected to each other, when the transistor  



M3 is in the on-state and the transistor M5 is in the off- state as described
above, no current flows from the  transistor M6 to the M5 although a
current flow from the  transistor M4 to the transistor M3. Because of the
nature  of the CM circuit, when no current flows through the  transistor M6,
the transistor M4 also has no current flowing  therethrough. Because 2.5 V
is applied to the gate of the  transistor M2, a current corresponding to the
applied  voltage of 2.5 V flows only from the transistor M3 to the  transistor
M2 among the transistors M3, M4, M5, and M6. In this state, because the
gate of the transistor. M5 is  in the off-state, no current flows through the
transistor M6,  and thus no current flows through the transistor M4 that is
a mirror of the transistor M6. The same current I, flows  through both the
resistors Rh-A and Rh-B if there is no - 46  other current. However, when
the gate of M3 is in the on- state, the current determined by M2 is drawn
via M3 from the  node between the resistors Rh-A and Rh-B, and thus the
current determined by M2 is added only to the current  flowing through the
resistor Rh-A. Thus, 1a,_" > I"h_a. The operation of the circuit has been
described above  for the case in which C = "1". When C "0", that is, when
only the signal level of the deflection direction selection  switch C is
changed while maintaining the other signal  



levels (that is. the signals levels of A, B, and J3 are  maintained at "1"),
the circuit operates as follows. When C = "0" and J3 = "1", a "0"-level
signal is output  from the XNOR gate X10. This "0"-level output signal and
A  = "1" are input to the AND gate X2, and thus the output  level of the
AND gate X2 becomes "0". As a result, the  transistor M3 is turned off.
When the output signal level of the XNOR gate Xl0 is  "0", the output
signal level of the NOT gate X11 becomes "1".  This "1"-level output signal
and A = "1" are input to the  AND gate X3, and thus the transistor MS is
turned on. When the transistor M5 is in the on-state, a current  flows
through the transistor M6. In this state, by the  nature of the CM circuit, a
current also flows through the  transistor M4. - 47  Thus, currents flow
from the power supply Vh into the  resistor Rh-A, the transistor M4, and
the transistor M6.  The current flowing through the resistor Rh-A all flows
directly into the resistor Rh-B (any part of the current  flowing out of the
resistor Rh-A does not flow into the  transistor M3, because the transistor
M3 is in the off- state). All current passing through the transistor M4 flows
into the resistor Rh-B, because the transistor M3 is in the  off-state. The
current passing through the transistor M6  flows into the transistor. M5. 



When C = "7.", as described earlier, the current flowing  out of the resistor.
Rh-A partially flows into the resistor  Rh-B and the remaining current flows
into the transistor M3.  In contrast, when C = "0", the sum of the current
passing  through the resistor Rh-A and the current passing through  the
transistor M4 flows into the resistor Rh-B. As a result,  the current I,
flowing through the resistor Rh-A is smaller  than the current I,, flowing
through the resistor Rh-B, that  is, In,_A < I~-B. The ratio of these currents
is inverse for  C = "1" and C = "0". By controlling the currents such that the
current  flowing through the resistors Rh-A and Rh-B become different
from each other, it is possible to create a difference  between times at
which bubbles are generated on the  respective two parts of the heating
element 12 thereby - 48  deflecting the liquid ejection direction. Depending
on whether C = "1" or C = "0", the liquid  ejection direction is deflected by
the same amount but in  opposite direction along the array of nozzles 18.
In the above discussion, only the deflection control  switch J3 is turned on
or off. If the deflection control  switches J2 and Jl are turned on or off, it is
possible to  control the currents flowing through the resistors Rh-A and
Rh-B more precisely. More specifically, the current flowing through the  



transistors M4 and M6 can be controlled by the deflection  control switch
J3, the current flowing through the  transistors M9 and M11 by the
deflection control switch J2,  and the current flowing through the
transistors M14 and M16  by the deflection control switch J1. As described
earlier, the transistors M4 and M6, the  transistors M9 and M11, and the
transistors Ml4 and M16 have  relative current driving capacities of 4, 2,
and 1.  Therefore, it is possible to control the deflection of the  liquid
ejection direction at one of eight levels by setting  the three bits
corresponding to the respective deflection  control switches Jl to J3 to one
of values (Jl, J2, J3) = (0,  0, 0), (0, 0, 1), (0, 1, 0), (0, 1, 1), (1, 0, 0), (1, 0
1),  (1, 1, 0) and (1, 1, 1). By changing the voltage applied between the
gates of  - 49  the transistors M2, M7, M12 and M17 and the ground
thereby  changing the current flowing through these transistors, it  is
possible to change the amount of deflection per step  while maintaining
the ratio of the drain currents of  transistors at 4 : 2 : 1. Furthermore, as
described earlier, according to the  signal level of the deflection direction
selection switch C,  the deflection of the ejection direction is switched
between  two opposite directions along the direction in which the  nozzles
18 are arrayed, while maintaining the amount of  



deflection. In the line head 10, as shown in Figs. 2A and 2B, a  plurality of
head chips 19 are arrayed in a zigzag fashion  in a direction across the
width of a recording medium, such  that the orientation of the head chips
19 becomes opposite  between each two adjacent head chips 19 (the
orientation is  inverted from one head chip 19 to another). In this array  of
head chips 19, if common signals are sent to the  deflection control
switches Jl to J3 of two adjacent head  chips 19, the liquid ejection
direction is deflected in  opposite directions for the two adjacent head
chips 19. In  the present embodiment, to avoid the above problem, the
deflection direction selection switches C of the respective  head chips 19
are controlled such that the deflection  direction is properly switched. - 50
More specifically, in the line head structure in which  a plurality of head
chips 19 are arrayed in the zigzag  fashion, C is set to be "0" for head
chips 19 at even- numbered locations (N N+2, N+4,...) and C is set to be
"1"  for head chips 19 at odd-numbered locations (N+l N+3,  N4-5,...) such
that the deflection direction becomes the same  for all head chips 19 of
the line head 10. The ejection angle adjustment switches S and K are
similar to the deflection control switches Jl to J3 in that  they are used to
control deflection of the liquid ejection  



direction, but different in that they are used to adjust the  deflection. More
specifically, the ejection angle adjustment switch  K is used to specify
whether the adjustment is performed or  not. When K = "1", adjustment is
performed, but adjustment  is not performed when K = "0". The ejection
angle adjustment switch S is used to  specify which direction along the
array of nozzles 18 to  perform adjustment. For example, when K = "0" (no
adjustment is performed),  0"-level signal is applied to one of thee inputs
of the AND  gate X8 and one of three inputs of the AND gate X9, and thus
the output signal level becomes 0 for both AND gates X8 and  X9. As a
result, the transistors M18 and M20 are turned off,  and thus the
transistors M19 and M21 are also turned off. 51  Thus, no change occurs
in currents flowing through the  resistors Rh-A and Rh-B. On the other
hand, when K= "1", if S and C are set, for  example, such that S = "0" and
C = "0", the output level of  the XNOR gate X16 becomes 1. Thus, input
signals of ("I",  "1", "1") are applied to the AND gate X8, and the output
level thereof becomes "1"_ As a result, the transistor M18  is turned on.
One of inputs signals applied to the AND gate  X9 is inverted by the NOT
gate X17, and the resultant "0"- level signal is input to the AND gate X9.
Thus, the output  



level of the AND gate X9 becomes "0". As a result, the  transistor M20 is
turned off. Because the transistor M20 is  in the off-state, no current flows
through the transistor  M21. In this situation, by the nature of the CM
circuit, the  transistor. M19 also has no current flowing therethrough.
However, because the transistor M18 is in the on-state, a  current is
drawn from the node between the resistors Rh-A  and Rh-B and flows into
the transistor M18. This causes the  resistor Rh-B to have a smaller
current flowing therethrough  than the current flowing through the resistor
Rh-A. Thus,  by adjusting the liquid ejection angle, it is possible to  adjust
the arrival position of a liquid droplet by a  desirable amount in the
direction in which nozzles 18 are  arrayed. 52  Although in the
above-described example, the adjustment  is controlled by a two-bit
control signal given by the  ejection angle adjustment switches S and K,
the number of  bits (that is, the number of switches) may be increased to
perform the adjustment more precisely. The deflection current Idef that
determines the  deflection of the liquid ejection direction can be
represented as a function of the signal. levels of the  respective switches
J1 to J3 and S and K as follows. Idef = J3 x 4 x Is + J2 x 2 x Is + J1 x Is +
S x K x Is  



= (4 x J3 + 2 x J2 + JI + S x K) x Is (1)  In equation (1), Jl, J2, and J3 take
a value of +1 or  1, S takes a value of +1 or -1, and K takes a value of +1
or  0. As can be seen from equation (1), it is possible to set  the deflection
current at one of eight levels by setting J1,  J2, and J3, and the deflection
current is also set by S and  K independently of JI to J3. Because the
deflection current can be set at one of  eight levels including four positive
levels and four  negative levels, it is possible to deflect the liquid  ejection
direction in either direction along the array of  nozzles 18. For example, in
Fig. 7, it is possible to  deflect the liquid ejection direction by 0 to the left
from  the vertical direction (such that the liquid is ejected in - 53  the
direction Zl in Fig. '7), and it is also possible to  deflect the liquid ejection
direction by 0 to the right from  the vertical direction (such that the liquid is
ejected in  the direction Z2 in Fig. 7). The value of 0, that is the  amount of
deflection, can be set arbitrarily. Examples  Specific examples are
described below. Fig. 10 shows a part of a semiconductor processing
mask  according to an embodiment of the present invention. In the
example shown in Fig. 10, the semiconductor processing mask  



is designed so as to produce liquid chambers 13a with a  symmetric
shape such as those shown in Fig. 5 and so as to  produce
rectangular-column filters 30 at regular intervals  of 2P at locations
corresponding to the locations of  respective liquid chambers 13a
disposed in a lower line in  Fig. 10. In Fig. 1.0, liquid is supplied from the
upper side  (where filters 30 are disposed), and the barrier layer 13 is
located on the lower side. In the mask pattern shown in Fig.  10, locations
of the heating element 12s are additionally  shown by dotted lines. The
intervals P of heating element  12s are set to 42.3 pm to obtain a
resolution of 600 DPI. In Fig. 10, the distance (corresponding to S in Fig. 3
or 4)  in the vertical direction between two adjacent center lines  of the
array of heating element 12s is set to a value equal  - 54  to P, that is,
42.3 pm. Fig. 11 shows, in the form of graphs, measured ejection  speed
for eighteen nozzles 18 (liquid ejection elements) of  three head chips 19
(sixth chip, seventh chip, and eighth  chip) at successive locations in the
line head 10 including  sixteen head chips for each color, wherein each
head chip 19  includes 320 nozzles. The average ejection speed was 8.64
(m/s), and the  standard deviation was as small. as 0.21 (m/s). The small
standard deviation of the measured ejection speed indicates  that the line
head according to the present embodiment has  



high stability and high accuracy in liquid ejection. The bubble generation
rate was experimentally evaluated  as follows. Line heads, which are
different in structure of the  liquid chamber 13a but which are identical. in
the intervals  P of nozzles 18 and the average distance between the end
of  the head chip 19 the line of nozzles 18, were prepared. The measured
bubble generation rate for the structure  of the related technique was
about 1 to 1.5 x 10-5. On the other hand, the bubble generation rate for
the  structure according to the present embodiment was zero in  any of a
plurality of measurements (at an ambient  temperature of 25C). The
measurement shows that the line  head according to the present
embodiment also has high 55  performance in terms of the bubble
generation rate. In the  actual printing test on A4-size paper, no
degradation in  image quality due to generation of bubbles was observed.
In  both the bubble generation rate measurement and the actual  printing
test, it was shown that the bubble generation rate  was extremely low. It
should be understood by those skilled in the art  that various
modifications, combinations, sub-combinations  and alterations may occur
depending on design requirements  and other factors insofar as they are
within the scope of  the appended claims or the equivalents thereof. 



- 56  WHAT IS CLAIMED IS: 1. A liquid ejection head comprising a
plurality of  liquid ejection elements arrayed in a flat area on a  substrate,
each liquid ejection element including: a liquid chamber for holding a liquid
to be ejected;  a heating element disposed in the liquid chamber, for
generating a bubble in the liquid in the liquid chamber by  heating the
liquid; and a nozzle for ejecting the liquid in the liquid chamber  when the
bubble is generated by the heating element,  wherein, of the plurality of
heating elements, heating elements at M-th positions as measured from
an end of the  array of heating elements are disposed such that the center
of each of these heating elements is located exactly on or  close to a first
line extending in the same direction as the  direction in which the heating
elements are arrayed, while  heating elements at N-th positions as
measured from the end  of the array of heating elements are disposed
such that the  center of each of these heating elements is located exactly
on or close to a second line extending in the same direction  as the
direction in which the heating elements are arrayed,  the first and second
lines being parallel with each other  and being spaced from each other by
S (real number greater  than 0), Ms being odd or even numbers, Ns being
even numbers 57  



if Ms are odd numbers or odd numbers if Ns are even numbers;  each
liquid chamber is formed to have a U-like shape in horizontal cross section
such that a wall thereof surrounds  three sides of a heating element
disposed in the liquid  chamber; the heating elements are arrayed such
that the heating  elements disposed on or close to the first and second
lines  are located, as a whole of heating elements, at regular  intervals of
P; the liquid chambers are disposed such that an open side  of each liquid
chamber whose wall surrounds three sides of  one of heating elements
located exactly on or close to the  first line faces in a direction opposite to
a direction in  which an open side of each liquid chamber whose wall
surrounds three sides of one of heating elements located  exactly on or
close to the second line faces; a gap Wx (real number greater than 0) is
formed at  least between each adjacent liquid chambers disposed at
intervals of 2P on or close to the first line or between  each adjacent liquid
chambers disposed at intervals of 2P on  or close to the second line such
that adjacent liquid  chambers are spaced from each other by the gap Wx
in the  direction in which the liquid chambers are arrayed; a gap Wy (real
number greater than 0) is formed between  the liquid chambers disposed
on or close to the first line  58  



and the liquid chambers disposed on or close to the second  line such that
the liquid chambers disposed on_or close to  the first line are spaced by
the gap Wy from the liquid  chambers disposed on or close to the second
line in a  direction perpendicular to the direction in which the liquid
chambers are arrayed; and flow channels each having a width equal to
Wx are  formed by the gaps Wx, and a flow channel having a width  equal
to Wy is formed by the gap Wy_ 2_ A liquid ejection head according to
Claim 1,  wherein: each of the liquid chambers arrayed on or close to the
first line and the liquid chambers arrayed on or close to  the second line
are formed so as to have a structure isolated from the other liquid
chambers; and gaps Wx are formed on both sides of each liquid chamber
such that adjacent liquid chambers are spaced from each  other in the
same direction as the direction in which the  liquid chambers are arrayed.
3. A liquid ejection head according to Claims 1 or 2,  wherein positions of
the heating elements arrayed on or  close to the first line and positions of
the heating  elements arrayed on or close to the second line are shifted 59
by P in the same direction as the direction in which the  heating elements
are arrayed such that each of the heating  



elements on or close to the first line is located at a  position shifted by P
relative to the position of a closest  one of the heating elements on or
close to the second line. 4 A liquid ejection head according to any one of
Claims 1 to 3,  wherein the plurality of liquid ejection elements are arrayed
in parallel to and close to an outer longitudinal  edge of the substrate 5. A
liquid ejection head according to any one of Claims 1 to 4,  further
comprising a common flow channel for supplying liquid to the liquid
chambers of the respective liquid  ejection elements, the common flow
channel extending in the  longitudinal direction of the substrate, the
common flow  channel being formed so as to extend through the substrate
or so as to have a groove shape, wherein the first and second lines
extend on one of  sides of and in parallel with the common flow channel.
6. A liquid ejection head according to any one of Claims 1 to 5,  further
comprising ejection direction deflecting means for  deflecting the ejection
direction of liquid ejected from the  nozzles of the liquid ejection elements
in selected one of a 6.0 plurality of directions along the direction in which
the  liquid ejection elements are arrayed, wherein in each liquid chamber,
a plurality of heating  elements are disposed side by side in the same
direction as  the direction in which the liquid ejection elements are  



arrayed; and the ejection direction deflecting means passes currents
through the plurality of heating elements disposed in each  liquid chamber
such that the current passing through at  least one of the plurality of
heating elements is different  at least from the current passing through
one of the other  heating elements thereby controlling the ejection
direction  of liquid ejected from the nozzle. 7. A liquid ejection apparatus
having a liquid  ejection head including a plurality of liquid ejection
elements arrayed in a flat area on a substrate, each liquid ejection
element including: a liquid chamber for holding a liquid to be ejected;  a
heating element disposed in the liquid chamber, for  generating a bubble
in the liquid in the liquid chamber by  heating the liquid; and a nozzle for
ejecting the liquid in the liquid chamber  when the bubble is generated by
the heating element,  wherein, of the plurality of heating elements, heating
- 61  elements at M-th positions as measured from an end of the  array of
heating elements are disposed such that the center  of each of these
heating elements is located exactly on or  close to a first line extending in
the same direction as the  direction in which the heating elements are
arrayed, while  heating elements at N-th positions as measured from the
end  



of the array of heating elements are disposed such that the  center of
each of these heating elements is located exactly  on or close to a second
line extending in the same direction  as the direction in which the heating
elements are arrayed,  the first and second lines being parallel with each
other  and being spaced from each other by S (real number greater  than
0), Ms being odd or even numbers, Ns being even numbers  if Ms are odd
numbers or odd numbers if Ns are even numbers; each liquid chamber is
formed to have a U-like shape in  horizontal cross section such that a wall
thereof surrounds  three sides of a heating element disposed in the liquid
chamber; the heating elements are arrayed such that the heating
elements disposed on or close to the first and second lines  are located,
as a whole of heating elements, at regular  intervals of P; the liquid
chambers are disposed such that an open side  of each liquid chamber
whose wall surrounds three sides of  one of heating elements located
exactly on or close to the  - 62  first line faces in a direction opposite to a
direction in  which an open side of each liquid chamber whose wall
surrounds three sides of one of heating elements located  exactly on or
close to the second line faces; a gap Wx (real. number greater than 0) is
formed at  least between each adjacent liquid chambers disposed at  



intervals of 2P on or close to the first line or between  each adjacent liquid
chambers disposed at intervals of 2P on  or close to the second line such
that adjacent liquid  chambers are spaced from each other by the gap Wx
in the  direction in which the liquid chambers are arrayed; a gap Wy (real
number greater than 0) is formed between  the liquid chambers disposed
on or close to the first line  and the liquid chambers disposed on or close
to the second  line such that the liquid chambers disposed on or close to
the first line are spaced by the gap Wy from the liquid  chambers disposed
on or close to the second line in a  direction perpendicular to the direction
in which the liquid  chambers are arrayed; and flow channels each having
a width equal to Wx are  formed by the gaps Wx and a flow channel
having a width  equal to Wy is formed by the gap Wy. - 63  LIQUID
EJECTION HEAD AND LIQUID EJECTION APPARATUS  ABSTRACT
OF THE DISCLOSURE A liquid ejection head includes a plurality of liquid
ejection elements arrayed in a flat area on a substrate.  Each liquid
ejection element includes a liquid chamber, a  heating element disposed
in the liquid chamber, and a nozzle.  The heating elements are disposed
alternately on a first and  second lines spaced by S in a zigzag fashion.
Each liquid  chamber is formed to have a U-like shape in horizontal- cross



section such that a wall thereof surrounds three sides of a  heating
element disposed in each liquid chamber. A gap Wx  is formed between
each two adjacent liquid chambers located  on the second line, and a gap
Wy is formed between the  liquid chambers located on the first line and
the liquid  chambers located on the second line. The gaps Wx serve as
first common flow channels, and the gap Wy serves as a  second common
flow channel. FIG. 1 - 64  




