
DESCRIPTION  LIQUID EJECTING HEAD, PROCESS FOR
PRODUCTION OF LIQUID  EJECTING HEAD, AND LIQUID
EJECTING DEVICE Technical Field The present invention
relates to a liquid  ejecting head for ejection of
liquid by means of heat  energy, which is employed for
liquid ejecting apparatus  such as inkjet printers,
and also to a liquid ejecting  apparatus provided with
the liquid ejecting head. Background Art Among
conventional liquid ejecting apparatus such  as inkjet
printers is that of thermal type which is  designed to
eject liquid by means of a pressure of  bubbles
evolved by rapid heating of liquid with a heating
element. The heating element may assume different
forms.  It may be a single entity or an assemblage of
two or more  parts placed in one liquid chamber. (See
Patent Document  1 (Japanese Patent Laid-open No. Hei
8-118641).) Conventional heating elements may take on
rectangular shapes as shown in Figs. 13A to 13C which
are  plan views. The one shown in Fig. 13A consists of
a 1 single component 1 which assumes a nearly square
plane.  



The one shown in Fig. 13B consists of two components
1A  and 1B divided in a nearly square region. The one
shown  in Fig. 13C consists of three components 1C,
1D, and 1E  divided in a nearly square region. The
heating element shown in Fig. 13A has  electrodes 2
attached to both ends thereof so that it is  supplied
with current through them. (The electrodes are
indicated by 1(r) and 2) in the figure.) The heating
element shown in Fig. 13B has  electrodes 2A and 2B
attached thereto as follows. The  electrodes 2A (7D
and 30) are attached to one end of each  of the
components 1A and 1B, and the electrode 2B ((c)2) is
attached to the other ends of the components 1A and 1B
so  that it connects them together. Moreover, the
heating element shown in Fig. 13C  has electrodes 2C,
2D, and 2E attached thereto as follows.  The
electrodes 2C (1Q and (r)) are attached to one end of
each of the components 1C and 1E. The electrode 2D
(02) is attached to the ends of the components 1C and
1D so  that it connects them together. The electrode
2E (5)) is  attached to the ends of the components 1D
and 1E so that  it connects them together. Figs. 13B
and 13C indicate that the heating  2 



element consisting of two or three components (lA to
1D)  is constructed such that the components are
connected  together in series. In the heating element
shown in Fig.  13B, for example, current applied
across the two  electrodes 2A flows through the
electrode 2B, thereby  heating both of the components
1A and 1B simultaneously. Unfortunately, the
conventional heating element  (shown in Fig. 13A)
consisting of a single component  suffers the problem
with a low resistance, as illustrated  below. In the
case of three heating elements  individually formed in
a square of the same area as shown  in Figs. 13A to
13C, the first one (Fig. 13A), which  consists of a
single component, has a resistance smaller  than
one-forth that of the second one (Fig. 13B), which
consists of two components, and smaller than one-ninth
that of the third one (Fig. 13C), which consists of
three  components. This implies that the heating
element  consisting of a single component needs
low-voltage  current more in proportion to is low
resistance, and  hence it is vulnerable to power loss
and voltage drop.  Therefore, the heating element of
this type is not  suitable for an apparatus in which
many nozzles are  juxtaposed. It is to be noted that
the heating elements shown  



3 in Figs. 13A to 13C do not evolve heat from their
entire  surface upon voltage application. The area
that  effectively contributes to liquid ejection is
limited as  indicated by dotted lines. The result is
that the  heating element consisting of two divided
components, as  shown in Fig. 13B, has an area (a slit
between 1A and 1B)  where there exists no heating
elements. This implies  that the central part of the
heating element remains at a  low temperature. On the
other hand, heating elements juxtaposed on  a
substrate suffer the disadvantage of involving
difficulties with fabricating process to make uniform
their heating characteristics. In other words, they
vary  in performance. In addition, the more the
heating  element is divided into components, the more
exist the  regions generating no heat. To compensate
this, it is  necessary to raise the temperature per
unit area of the  heating element. This, in turn,
rapidly deteriorates the  heating element. The
foregoing suggests that a square one-piece  heating
element has an advantage over a multi-piece  heating
element except that it needs a specific power  source.
In practice, it is known to eject liquid rather  



uniformly. 4 The present applicant had previously
proposed a  method for controlling the direction of
ejection by means  of a plurality of heating elements
placed in one liquid  chamber. (See Japanese Patent
Application Nos. 2002- 112947 and 2002-161928.) This
method, however, does not  achieve its objective
easily with one-piece heating  elements formed in a
shape resembling a square.  Disclosure of the
Invention Example embodiments may solve the foregoing
problem by employing a plurality of heating elements
(of  one-piece type) which are so formed on a single
substrate  as to control the direction of ejection.
The object of  the present invention to solve the
problem is achieved by  what is defined in the
following. In accordance with a first aspect of the
present  invention, there is provided a liquid
ejecting head having  heat-energy evolving elements
that evolve heat energy to  eject liquid, wherein said
heat-energy evolving elements  are constructed of an
integral substrate, assume a zigzag  pattern (in plan
view), having conductors connected thereto  at the
turnaround part of the zigzag pattern, and each of
the elements has thereon a nozzle through which liquid
is  



ejected. 5 In accordance with a second aspect of the
present  invention, there is provided a liquid
ejecting head having  heat-energy evolving elements
that evolve heat energy to  eject liquid, wherein said
heat-energy evolving elements  are constructed of an
integral substrate, assume a zigzag  pattern (in plan
view), and have conductors connected  thereto at the
turnaround part of the zigzag pattern such  that the
main part evolving heat energy to eject liquid is
divided into at least two parts by the turnaround part
of  the zigzag pattern, and each of the elements has
thereon a  nozzle through which liquid is ejected. In
accordance with a third aspect of the present
invention, there is provided a liquid ejecting head
having  heat-energy evolving elements that evolve heat
energy to  eject liquid, wherein said heat-energy
evolving elements  are constructed of an integral
substrate and comprise  approximately U-shaped parts
(in plan view), having  conductors connected thereto
at the turnaround part of the  approximately U-shaped
pattern, each of the elements has  thereon a nozzle
through which liquid is ejected. In accordance with a
fourth aspect of the present  invention, there is
provided a liquid ejecting head having  



heat-energy evolving elements that evolve heat energy
to  eject liquid, wherein said heat-energy evolving
elements  are constructed of an integral substrate and
comprises 5a approximately U-shaped parts (in plan
view), and have  conductors connected thereto at the
turnaround part of the  approximately U-shaped parts,
such that the main part  evolving heat energy to eject
liquid is divided into at  least two parts by the
turnaround part of the approximately  U-shaped parts,
and each of the elements has thereon a  nozzle through
which liquid is ejected. In accordance with a fifth
aspect of the present  invention, there is provided a
liquid ejecting head having  heat-energy evolving
elements that evolve heat energy to  eject liquid,
wherein said heat-energy evolving elements  are
constructed of an integral substrate, comprises at
least main parts divided by at least one slit formed
in  part of the substrate, having conductors connected
thereto  at the part of the two where main parts are
joined  together, and each of the elements has thereon
a nozzle  through which liquid is ejected. In
accordance with a sixth aspect of the present
invention, there is provided a liquid ejecting head
having  heat-energy evolving elements that evolve heat
energy to  



eject liquid, wherein said heat-energy evolving
elements  are constructed of an integral substrate,
comprise the main  part of evolving heat energy to
eject liquid, said main  part being divided into at
least two parts by at least one  slit formed in part
of the substrate, having conductors 5b connected
thereto at the part where the two main parts are
joined together, and each of the elements has thereon
a  nozzle through which liquid is ejected. In
accordance with a seventh aspect of the present
invention, there is provided a liquid ejecting head
having  heat-energy evolving elements that evolve heat
energy to  eject liquid, wherein said heat-energy
evolving elements  are constructed of an integral
substrate, assume a zigzag  pattern (in plan view),
having conductors connected thereto  in the region
outside the inner turnaround line at the  turnaround
part of the zigzag pattern, each of the elements  has
thereon a nozzle through which liquid is ejected. In
accordance with an eighth aspect of the present
invention, there is provided a liquid ejecting head
having  heat-energy evolving elements that evolve heat
energy to  eject liquid, wherein said heat-energy
evolving elements  are constructed of an integral
substrate, assume a zigzag  pattern (in plan view),
and have conductors connected  



thereto in the region outside the inner turnaround
line at  the turnaround part of the zigzag pattern, so
that the main  part evolving heat energy to eject
liquid is divided into  at least two parts by the
turnaround part of the zigzag  pattern, and each of
the elements has thereon a nozzle  through which
liquid is ejected. 5c In accordance with a ninth
aspect of the present  invention, there is provided a
liquid ejecting head having  heat-energy evolving
elements that evolve heat energy to  eject liquid,
wherein said heat-energy evolving elements  are
constructed of an integral substrate, comprises an
approximately U-shaped part (in plan view), having
conductors connected thereto in the region outside the
inner turnaround line at the turnaround part of the
approximately U-shape part, each of the elements has
thereon a nozzle through which liquid is ejected. In
accordance with a tenth aspect of the present
invention, there is provided a liquid ejecting head
having  heat-energy evolving elements that evolve heat
energy to  eject liquid, wherein said heat-energy
evolving elements  are constructed of an integral
substrate, comprises an  approximately U-shaped part
(in plan view), and have  conductors connected thereto
in the region outside the  



inner turnaround line at the turnaround part of the
approximately U-shaped part, so that the main part
evolving  heat energy to eject liquid is divided into
at least two  parts by the turnaround part of the
approximately U-shaped  part, each of the elements has
thereon a nozzle through  which liquid is ejected. In
accordance with an eleventh aspect of the  present
invention, there is provided a liquid ejecting head
5d having heat-energy evolving elements that evolve
heat  energy to eject liquid, wherein said heat-energy
evolving  elements are constructed of an integral
substrate,  comprises the heat energy evolving part
divided into at  least two main parts by at least one
slit formed in part of  said substrate, having
conductors connected thereto in the  region outside
the slit at the part where said two main  parts are
joined together, each of the elements has thereon  a
nozzle through which liquid is ejected. In accordance
with a twelfth aspect of the present  invention, there
is provided a liquid ejecting head having  heat-energy
evolving elements that evolve heat energy to  eject
liquid, wherein said heat-energy evolving elements
are constructed of an integral substrate, comprises
the  heat energy evolving part divided into at least
two main  



parts to eject heat energy to eject liquid by at least
one  slit formed in part of said substrate, having
conductors  connected thereto in the region outside
the slit at the  part where said two main parts are
joined together, each of  the elements has thereon a
nozzle through which liquid is  ejected. In accordance
with a thirteenth aspect of the  present invention,
there is provided a liquid ejecting  apparatus having
heat-energy evolving elements that evolve  heat energy
to eject liquid, wherein said heat-energy 5e evolving
elements are constructed of an integral substrate,
assume a zigzag pattern (in plan view), and have
conductors  connected thereto at the turnaround part
of the zigzag  pattern such that the main part
evolving heat energy to  eject liquid is divided into
at least two parts by the  turnaround part of the
zigzag pattern, each of the elements  has thereon a
nozzle through which liquid is ejected, said  liquid
ejecting apparatus further having a primary control
means which causes said heat energy evolving elements
to  evolve heat energy, thereby ejecting liquid on
said that  heat energy ejecting element through said
nozzle, secondary  control means which, upon control
of current flowing  through at least the two divided
main parts to evolve heat  



energy from the conductor connected to the turnaround
part  of the zigzag pattern, causes at least said two
major parts  to evolve heat energy differing in heat
energy  characteristics and to change the distribution
of heat  energy imparted to the liquid on said heat
energy evolving  element, thereby controlling the
direction of ejection of  the liquid ejected from said
nozzle. In accordance with a fourteenth aspect of the
present invention, there is provided a liquid ejecting
apparatus having heat-energy evolving elements that
evolve  heat energy to eject liquid, wherein said
heat-energy  evolving elements are constructed of an
integral substrate, 5f comprise an approximately
U-shaped part (in plan view), and  have conductors
connected thereto at the turnaround part of  the
approximately U-shaped part such that the main part
evolving heat energy to eject liquid is divided into
at  least two parts by the turnaround part of the
approximately  U-shaped part, each of the elements has
thereon a nozzle  through which liquid is ejected,
said liquid ejecting  apparatus further having a
primary control means which  causes said heat energy
evolving elements to evolve heat  energy, thereby
ejecting liquid on said heat energy  ejecting element
through said nozzle, secondary control  



means which, upon control of current flowing through
at  least the two divided main parts to evolve heat
energy from  the conductor connected to the turnaround
part of the  approximately U-shaped pattern, causes at
least said two  major parts to evolve heat energy
differing in heat energy  characteristics and to
change the distribution of heat  energy imparted to
the liquid on said heat energy evolving  element,
thereby controlling the direction of ejection of  the
liquid ejected from said nozzle. In accordance with a
fifteenth aspect of the  present invention, there is
provided a liquid ejecting  apparatus having
heat-energy evolving elements that evolve  heat energy
to eject liquid, wherein said heat-energy  evolving
elements are constructed of an integral substrate 5g
and divided into at least two main parts to evolve
heat  energy to eject liquid by at least one slit
formed in at  least part of the substrate, having
conductors connected  thereto at the part where the
two main parts are joined  together, each of the
elements has thereon a nozzle through  which liquid is
ejected, said liquid ejecting apparatus  further
having a primary control means which causes said  heat
energy evolving elements to evolve heat energy,
thereby ejecting liquid on said heat energy ejecting  



element through said nozzle, secondary control means
which,  upon control of current flowing through at
least the two  divided main parts to evolve heat
energy from the conductor  connected to the part where
the two main parts are joined  together, causes at
least said two major parts to evolve  heat energy
differing in heat energy characteristics and to
change the distribution of heat energy imparted to the
liquid on said heat energy evolving element, thereby
controlling the direction of ejection of the liquid
ejected  from said nozzle. In accordance with a
sixteenth aspect of the  present invention, there is
provided a process for  production of a liquid
ejecting head having heat-energy  evolving elements
that evolve heat energy to eject liquid  from a
nozzle, said process comprising forming said energy
ejecting elements in a zigzag pattern (in plan view)
on an 5h integral substrate, and connecting a
conductor to the  turnaround part of the zigzag
pattern, thereby dividing the  main part to evolve
heat energy for liquid ejection into  two parts on
said single heat energy evolving element. A first
embodiment is concerned with a liquid  ejecting head
having heat-energy evolving elements that  evolve heat
energy to eject liquid, wherein the heat-energy  



evolving elements are constructed of an integral
substrate, assume a zigzag pattern (in plan view), and
have conductors connected thereto at the turnaround
part of  the zigzag pattern, and each of the elements
has thereon a  nozzle through which liquid is ejected.
5i The heat energy evolving elements are divided into
a plurality of segments by the conductor which is
formed  at the turnaround part of the zigzag pattern.
In other  words, those parts of the substrate which
are adjacent to  each other, with the turnaround part
between, substantially  function as the heat evolving
parts which evolve heat  energy to eject liquid.
Because of this structure, the  heating elements
function as if the heat evolving parts  are connected
in series through the conductor. Another embodiment is
concerned with a liquid  ejecting apparatus having
heat-energy evolving elements  that evolve heat energy
to eject liquid, wherein the heat- energy evolving
elements are constructed of an integral  substrate,
assume a zigzag pattern (in plan view), and have
conductors connected thereto at the turnaround part of
the  zigzag pattern such that the major part evolving
heat  energy to eject liquid is divided into at least
two parts  by the turnaround part of the zigzag
pattern, and each of  



the elements has thereon a nozzle through which liquid
is  ejected, the liquid ejecting apparatus further
having a  primary control means which causes the heat
energy  evolving elements to evolve heat energy,
thereby ejecting  liquid 6 on the heat energy ejecting
element through the nozzle,  and a secondary control
means which causes at least the  two major parts to
evolve heat energy differing in heat  energy
characteristics and to change the distribution of
heat energy imparted to the liquid on the heat energy
evolving element, thereby controlling the direction of
ejection of the liquid ejected from the nozzle. The
heat energy evolving elements are divided  into at
least two main parts to evolve heat energy to  eject
liquid by the conductor which is formed at the
turnaround part of the zigzag pattern. In other words,
those parts adjacent to each other, with the
turnaround  part between, substantially function as
the heat evolving  parts which evolve heat energy to
eject liquid. Because  of this structure, the heating
elements function as if  the main parts are connected
in series through the  conductor. The primary control
means controls ejection of  



liquid, and the secondary control means causes the
heat  energy evolved by the main parts to vary in heat
energy  characteristics. In this way it is possible to
change  the distribution of heat energy on the heat
evolving  elements and to control the direction of
ejection of  liquid ejected from the nozzle. Another
embodiment 7 invention is concerned with a process for
producing a  liquid ejecting head for ejection of
liquid from a nozzle  by means of heat energy evolved
by a heat energy evolving  element, wherein the
heat-energy evolving elements are  constructed of an
integral substrate, assume a zigzag  pattern (in plan
view), and have conductors connected  thereto at the
turnaround part of the zigzag pattern such  that the
heat-evolving element is divided into at least  two
parts which evolve heat energy for liquid ejection.
7a Brief Description of the Drawings Fig. 1 is a
sectional view showing the layer  structure of the
head. Figs. 2A to 2G are sectional views showing the
layer structure in each step of fabricating the head.
Fig. 3 is a plan view of the heating element.  



Figs. 4A and 4B are resistor networks representing the
heating elements. Fig. 4A shows the  entire structure,
and Fig. 4B shows an equivalent circuit  for analysis.
Figs. 5A and 5B are diagrams showing the  distribution
of calorific value. These diagrams were  obtained from
a sample in which the spacing D1 is 2.5 pm. Figs. 6A
and 6B are diagrams showing the  distribution of
calorific value. These diagrams were  obtained from a
sample in which the spacing D1 is 1.5 pm. Fig. 7 is a
graph showing the relation between  the applied
electric power (W) and the rate of ink  ejection
(m/s), with the spacing Dl and D2 (shown in Figs.  6A
and 6B) varied. Fig. 8 is a set of optical
microphotographs  showing the heat evolution by
heating elements, with the  spacing Dl varied from 0.8
pm to 3.0 pm. 8 Fig. 9 is a graph showing the relation
between  the applied electric power (W) and the rate
of ink  ejection (m/s), with the spacing Dl varied
from 0.8 to  2.6 m. Fig. 10 is a graph showing the
relation between  the spacing D1 and the electric
power to start ejection.  



Fig. 11 is a schematic diagram showing the primary and
secondary control means. Fig. 12 is a plan view
showing another embodiment  of the heating element.
Figs. 13A to 13C are plan views showing the  heating
elements of related art, which are of one-piece,
two-piece, and three-piece structure, respectively.
Best Mode for carrying out the Invention A description
will be given below of one  embodiment of the present
invention with reference to the  accompanying
drawings. The configuration and the fabrication method
of  the liquid ejecting head (hereinafter, abbreviated
as  "head") will be described first. The head 21 has a
sectional layer structure shown in Fig. 1, and it is
fabricated by several steps which are sequentially
shown  in Figs. 2A to 2G. 9 Fabrication starts with
the first step of forming  silicon nitride film
(Si3N4) on a p-type silicon substrate  26 (wafer). The
silicon substrate 26 undergoes lithography and
reactive etching steps so that the  silicon nitride
film is removed by thermal oxidation  except for that
in the region where transistors are  



formed. Thus, the silicon nitride film remains only in
the region where transistors are formed on the silicon
substrate 26. In the next step, silicon oxide film is
formed in  the region where the silicon nitride film
has been  removed by thermal oxidation. This silicon
oxide film  functions as the element isolating region
27 to isolates  transistors from one another. In the
transistor-forming  region is formed the gate in layer
structure composed of  tungsten silicide, polysilicon,
and thermal oxidation.  The silicon substrate 26
undergoes ion implantation and  oxidation so that the
source-drain region is formed. In  this way the MOS
type transistors 28 and 29 are formed. Here, the
transistor 28 is a driver transistor to  drive the
heating element 22 (or heat-energy evolving  element),
and the transistor 29 is a transistor  constituting
the integrated circuit that controls the  transistor
28. Incidentally, the transistor 28 in this 10
embodiment has a low-concentration diffusion layer
between the gate and the drain which relieves the
electrolysis due to electrons accelerated in this
region, so that necessary breakdown voltage is
secured. The transistors 28 and 29, which have been
formed  



on the silicon substrate 26 as mentioned above, are
covered sequentially with PSG film and BPSG film 30,
which constitute the first interlayer insulating film.
The PSG film is a silicon oxide film containing
silicon  added by CVD process. The BPSG film is a
silicon oxide  film containing boron and phosphorus.
Reactive etching with C4F8/CO/02/Ar gases, which
follows photolithography, is performed to make the
contact hole 31 on the silicon semiconductor diffusion
layer (source-drain). Layers of titanium, titanium
nitride barrier  metal, titanium, and silicon- or
copper-containing  aluminum are formed sequentially.
The top layer is  covered with an anti-reflection
coating of titanium  nitride. These laminate layers
serve for wiring pattern. The wiring pattern layer is
selectively removed by  photolithography and dry
etching, so that the first  wiring pattern 32 is
formed. With the first wiring  pattern 32 connected to
the transistor 29 constituting 11 the driving circuit,
the logic integrated circuit is  formed. CVD process
with TEOS (tetraethoxysilane  Si(OC2H5)4) is performed
to form the interlayer insulating  



film 33 of silicon oxide. The interlayer insulating
film  33 is planarized by coating (with a coat-type
silicon  oxide including SOG) and ensuing etchback.
This step is  repeated twice. In this way the
interlayer insulating  film 33 is formed between the
first wiring pattern 32 and  the second wiring
pattern. In the step shown in Fig. 2B, a tantalum film
is  formed by sputtering on the interlayer insulating
film 33.  An unnecessary part of the tantalum film is
removed by  photolithography and dry etching with
BC13/C12 gas. In  this way the heat evolving element
22 is formed. In the step shown in Fig. 2C, a silicon
nitride  film is formed by CVD process. It serves as
the  protective film 23 for the heat evolving element
22. In  the next step shown in Fig. 2D, specific parts
of the  silicon nitride film are removed by
photolithography and  dry etching with CHF3/CF4/Ar
gas, so that the region for  connection to the wiring
pattern (electrode) of the heat  evolving element 22
is exposed. The via hole 34 is made  in the interlayer
insulating film 33. 12 In the step shown in Fig. 2E,
sputtering is  performed to form a layer of aluminum
containing titanium,  silicon, or copper. This layer
is covered with a 



titanium nitride film, which serves as the anti-
reflection film. In this way the wiring pattern 35 is
formed in the head 21. In the step shown in Fig. 2F,
the wiring pattern  35, which has been formed by
photolithography and dry  etching, is selectively
removed, so that the second  wiring pattern (for the
electrode 36) is formed. The  wiring patterns for
power source and grounding are formed  by using the
electrode 36 as a mask, and the wiring  pattern to
connect the transistor 28 to the heat evolving
element 22 is formed. Incidentally, the protective
layer  23 of silicon nitride, which remains on the
upper layer  of the heat evolving element 22, protects
the heat  evolving element 22 in the etching step to
form the  electrode 36. In the step shown in Fig. 2G,
the protective  layer 24 of silicon nitride (which
functions as the ink  protecting layer) is formed by
CVD process. The  substrate undergoes heat treatment
in a furnace with an  atmosphere of nitrogen or
hydrogen-containing nitrogen.  This heat treatment is
intended to ensure stable 13 operations of the
transistors 28 and 29 and to secure  good connection
with the first wiring pattern 32 and the  



second wiring pattern 36 (as the electrode 36),
thereby  reducing contact resistance. Subsequent steps
are carried out to form several  parts as shown in
Fig. 1. On the heat evolving element  22 is formed the
anti-cavitation layer 25 from tantalum  by sputtering.
Then, the dry film 41 and orifice plate  42 are
sequentially formed. The dry film 41 is an organic
resin film attached to the desired position by
pressing; it is cured after removal of those parts
corresponding to the ink chamber 45 and the ink duct
(not  shown). The orifice plate 42 is a flat sheet
having the  nozzle 44 (a tiny ink ejection hole) made
above the heat  evolving element 22. It is bonded to
the dry film 41.  The resulting head includes the
nozzle 44, the ink  chamber 45, and the ink duct that
leads ink to the ink  chamber 45. Thus the heat
evolving element 22 of the head 21  has the layer
structure including the anti-cavitation  layer 25 of
tantalum, the protective layers 23 and 24 of  silicon
nitride, the heat evolving element 22 of tantalum,
and the silicon oxide films (the interlayer insulating
film 33, the BPSG film 30, and the element isolating
14 region 27), which are arranged downward from the
ink  



chamber 45 on the silicon substrate 26. In the head
fabricated as mentioned above, each  ink chamber 45
has one heat evolving element 22 and one  nozzle 44
above the heat evolving element 22. A detailed
description will be given below of the  heat evolving
element 22 which is shown in Fig. 3 (plan  view).
Incidentally, the cross section taken along the  line
X-X is shown in Fig. 1. As shown in Fig. 3, the heat
evolving element 22  includes a single undivided
substrate 1, and it assumes a  zigzag pattern in plan
view. The zigzag pattern may look  like a character g,
U, N, or W, which may be upright,  inverted, or
inclined. The zigzag pattern shown in Fig.  3 is an
inverted u-shape having the slit 22c extending  upward
from the center of the lower side. In Fig. 3, there
are shown three electrodes  (conductors) 36, two of
which are at the lower prongs of  the inverted u-shape
and one of which is at the  turnaround part of the
zigzag pattern (or the upper part  the spacing Dl away
above the top end of the slit 22c in  Fig. 3). These
electrodes 36 are formed on the heat  evolving element
22. The substrate of the heat evolving element 22 is
15 



an integral one; however, the electrodes 36 arranged
as  mentioned above make it resemble the segmented
heat  evolving elements lA and lB shown in Fig. 13B.
The two  parts surrounded by a chain double-dashed
line in Fig. 3  are the parts 22a and 22b that evolve
heat energy to  eject ink. (These parts will be
referred to as "main  heat evolving parts"
hereinafter.) The main heat  evolving parts 22a and
22b are connected to each other  through the electrode
36 formed at the turnaround part of  the zigzag
pattern. In addition, it is desirable that the main
heat  evolving parts 22a and 22b should be juxtaposed
as shown  in Fig. 3. This arrangement of the main heat
evolving  parts 22a and 22b is similar to that of the
two-piece  heat evolving elements 1A and 1B shown in
Fig. 13B. In addition, as shown in Fig. 3, the
electrode 36  at the turnaround part of the zigzag
pattern is in the  region outside the top end (L) of
the slit 22c between  the prongs of the U-shaped
pattern of the heat evolving  element 22. In other
words, there is the spacing Dl  (which is greater than
0 mm) between the L and the edge  36a of the electrode
36. The following explains the reason why the spacing
(Dl) should be greater than 0 mm. 



16 The related-art process for producing the head 21
includes coating the heat evolving element 22 with
aluminum and then removing aluminum covering the heat
evolving element 22 by dissolution with a chemical
agent.  The disadvantage of this process is that pure
aluminum is  weak and liable to break. To ensure
sufficient strength,  pure aluminum is replaced by
aluminum alloy with silicon  or copper, thereby
preventing the breakage. Such aluminum alloy, however,
leaves silicon or  copper as dust on the heat evolving
element 22 when it is  dissolved by a chemical agent.
As an alternative method, dry etching is employed  to
remove aluminum, because dry etching causes silicon or
copper to combine with aluminum chloride and blow away
resulting residues. Dry etching, however, requires the
heat evolving  element 22 to be protected by the
protective layer 23 of  silicon nitride because it
slightly attacks the heat  evolving element 22 of
tantalum. Dry etching also  attacks that part of the
underlying silicon oxide film  (such as the interlayer
insulating film 33) which is not  covered by the heat
evolving element 22 when the via hole  34 is made. The
attacked part results in an unnecessary  



step which cannot be filled with the protective layer
23. 17 This brings about poor insulation. The
foregoing trouble is avoided by forming the  electrode
36 of aluminum in that region of the heat  evolving
element 22 which is outside the top end (L) of  the
slit dividing the prongs of the L[-shaped pattern. The
spacing (Dl) exceeding 0 mm produces the  following
effect. Current applied to the heat evolving  element
22 flows from the main heat evolving part 22a to  the
main heat evolving part 22b through the electrode 36
and the spacing Dl. As the spacing Dl becomes larger,
current concentrates more at this part, thereby
changing  the state of heat evolution in the region of
the heat  evolving element 22. Therefore, with the
spacing Dl  optimized, it will be possible to optimize
the  distribution of heat evolution in the region of
the heat  evolving element 22. The advantage of the
heat evolving element 22  which is not divided but
includes the main heat evolving  parts 22a and 22b
continuous through the spacing Dl is  that there
occurs less variation in flush at the time of  current
application and there exist less satellites. An
optimal value of the spacing Dl may be  



established as follows. Figs. 4A and 4B show
resistance networks  18 representing the heat evolving
element 22. Fig. 4A shows  the entire structure and
Fig. 4B shows an equivalent  circuit for analysis. The
one shown in Fig. 4A consists  of unit resistors of
tetragonal lattice, with the entire  region assuming a
square and the central part  (corresponding to the
slit 22c) removed. The heat evolving element 22
according to this  embodiment has the following
dimensions. Spacing Dl is  2.5 pm. Spacing D2 is 21
pm. Spacing D3 is 2 pm. The  overall width of the heat
evolving element 22 is 20 pm.  Incidentally, D2 is the
distance between the electrode 36  (at the turnaround
part) and electrodes 36 at the  opposite, with the
main heat evolving parts 22a and 22b  interposed
between them). In other words, D2 is  substantially
the length (in vertical direction) of the  main heat
evolving parts 22a and 22b in Fig. 3. D3 is  the width
of the slit 22c. It is assumed that a voltage of 2V is
applied  across the electrodes A and B of the resistor
network.  The electric potential is balanced and hence
is zero at  the central part of the spacing Dl. This
may be 



represented by an equivalent circuit shown in Fig. 4B.
This equivalent circuit denotes that the voltage (V)
is  applied to the electrode A or B on the assumption
that  19 all the zero points connected together are at
the ground  potential. This analysis gave the current
distribution which  permits the calculations of
electric power generated by  individual resistors. The
thus calculated distribution  of power consumption or
heat evolution (in terms of  ratio) is shown in Figs.
5A and 5B and Figs. 6A and 6B.  The result in Figs. 5A
and 5B was obtained from a sample  in which the
spacing D1 is 2.5 pm, and the result in Figs.  6A and
6B was obtained from a sample in which the spacing  Dl
is 1.5 pm. Incidentally, these figures show the
distribution of heat evolution on the heat evolving
element 22 but do not show the distribution of actual
temperatures. The relation between the applied
electric power  (W) and the rate of ink ejection (m/s)
varies depending  .on dimensions of the spacing Dl and
D2 (in Fig. 3) as  shown in Fig. 7. The dimensions of
the spacing Dl and D2  used in the experiment are as
follows. (1) Dl = 0.8 pm, D2 = 22.5 pm  



(2) Dl = 2.0 pm, D2 = 22.5 pm  (3) Dl = 4.0 pm, D2 =
22.5 pm  (4) Dl = 6.0 pm, D2 = 22.5 pm  (5) Dl = 2.0
pm, D2 = 23.0 pm 20 (6) Dl = 4.0 pm, D2 = 24.0 pm In
the six experiments mentioned above, the spacing D3
was kept constant at 0.8 pm. The results of
experiments show that the sample  with the spacing Dl
of 2.0 pm is better than that with  the spacing D2 of
0.8 pm in the rate of ink ejection by  about 15 to
20%. It is also noted that the rate of ink  ejection
is much lower in the case of samples having the
spacing Dl of 4.0 m or larger. Further experiments
were carried out to find the  optimal length of the
spacing Dl. To this end, the  relation between the
electric power applied to the heat  evolving element
22 and the rate of ink ejection was  investigated and
the heat-evolving spots on the heat  evolving element
22 was observed, with the length of the  spacing Dl
varied. Fig. 8 is a set of optical microphotographs
showing the heat evolution of the heating elements 22
(when the heating elements 22 are baked), with the  



spacing Dl varied from 0.8 m to 3.0 pm and the spacing
D2 kept constant at 20 pm. It is noted from Fig. 8
that the shape of heat  evolving spot remains almost
the same for the spacing Dl  of 0.8 to 1.2 pm but
begins to expand upward as the 21 spacing Dl exceeds
1.6 m. With the spacing Dl of 2.2 pm  and larger, the
heat evolving spot assumes an inverted U- shape
because current flowing through the spacing Dl
predominates. As the result, the substantial area of
heat evolving spots (or the area of the main heat
evolving parts 22a and 22b) decreases. With the
spacing  Dl of 2.6 m and lager, the concentrated
current is  observed in the spacing Dl. Fig. 9 shows
the relation between the applied  electric power (W)
and the rate of ink ejection (m/s)  that was observed
in samples, with the spacing Dl varied  from 0.8 to
2.6 pm. It is noted from Fig. 9 that the samples do
not  greatly vary in ejection characteristics so long
as the  spacing Dl is in the range of 0.8 to 1.4 m.
However,  the samples with the spacing Dl in the range
of 1.6 to  2.0 pm get the high rate of ejection soon
with a smaller  amount of electric power. This is
attributable to the  



heating spot that expand toward the spacing Dl. By
contrast, the samples with the spacing Dl of 2.2 m and
above are as slow as those with the spacing Dl in the
range of 0.8 to 1.4 m to get the same rate of
ejection.  With the spacing Dl increasing to 2.4 and
2.6 pm, the  rate of ejection decreases for the same
amount of 22 electric power. The reason for this is
that the current  passing through the spacing Dl
predominates, as apparent  from the heating spots
shown in Fig. 8, with the result  that the substantial
area of heating spot decreases and  the amount of heat
energy transmitted to ink decreases. Fig. 10 is a
graph showing the relation between  the spacing Dl and
the electric power to start ejection.  It is noted
from Fig. 10 that a large amount electric  power is
required to start ejection as the spacing Dl  exceed
2.0 m, and the electric power to start ejection
becomes minimal when the spacing Dl is about 1.8 m. It
is concluded from the foregoing that the  spacing Dl
of the heat evolving element 22 should be in  the
range of 1.6 to 2.0 m if the spacing D2 is 20 m.  In
other words, the spacing Dl should be 0.08 to 0.1
times the spacing D2. In this embodiment, ink ejection
is controlled in  



the following manner. The head 21 has the primary
control means and the  secondary control means for ink
ejection control. The primary control means causes the
heat  evolving element 22 to evolve heat energy,
thereby  ejecting ink above the heat evolving element
22 from the  nozzle 44. 23 The secondary control means
causes the two main  heat evolving means 22a and 22b
to evolve heat energy in  different manner, thereby
varying the distribution of  heat energy imparted to
ink above the heat evolving  element 22 and
controlling the direction of ink ejection  from the
nozzle 44. In the related-art technology, ink ejection
is  controlled only by the primary control means (that
performs ON and OFF), whereas in the present invention
the primary control means is supplemented with the
secondary control means that controls the direction of
ink ejection. Fig. 11 is a schematic diagram showing
the  primary and secondary control means. The example
shown  here employs 2-bit control signals so as to set
the  current flowing through the main heat evolving
parts 22a  



and 22b at four levels. This means that the direction
of  ink ejection is varied in four steps. According to
this embodiment shown in Fig. 11,  the resistance of
the main heat evolving part 22a is  smaller than that
of the main heat evolving part 22b. In  addition, the
heat evolving parts 22 are constructed such  that
current flows out of the electrode 36 which is  formed
at the middle (the turnaround point) between the 24
main heat evolving parts 22a and 22b. In addition, the
three resistors Rd are intended to deflect the
direction  of ink ejection. The transistors Q1, Q2,
and Q3 function  as switches for the main heat
evolving parts 22a and 22b. Symbol "C" represents a
component to enter a  binary control signal (with
current representing "1  Symbols L1 and L2 represent
AND gates to enter binary  values. Symbols Bl and B2
represent components to enter  binary signals "0 or "1
into the AND gates (L1 and L2).  Incidentally, the AND
gates L1 and L2 are supplied with  power from the
power source VH. When signals representing C = 1 and
(Bl, B2) = (0,  0) are entered, the transistor Ql
becomes active but the  transistors Q2 and Q3 remain
idle (and hence no current  flows through the three
resistors Rd). At this time,  



current in equal amounts flows through the main heat
evolving parts 22a and 22b. In this situation, the
main  heat evolving part 22a evolves a less amount of
heat than  the main heat evolving part 22b because the
former has a  smaller resistance than the latter. With
this setting,  the direction of ink ejection is
deflected leftward, so  that ink drops head toward the
left end. When signals representing C = 1 and (Bl, B2)
= (1,  0) are entered, current flows through the two
resistors 25 Rd connected in series to the transistor
Q3 but no  current flows through the resistor Rd
connected to the  transistor Q2. As the result, the
amount of current  flowing through the main heat
evolving part 22b is  smaller than that in the
foregoing case (with (Bl, B2) _  (0, 0)). However, in
this case, too, the main heat  evolving part 22a
evolves a less amount of heat than the  main heat
evolving part 22b. With this setting, the  direction
of ink ejection is deflected leftward, but ink  drops
head slightly rightward than in the foregoing case.
With input signals representing C = 1 and (Bl,  B2) =
(0, 1), current flows through the one resistor Rd
connected in series to the transistor Q2 but no
current  flows through the two resistors Rd connected
to the  



transistor Q3. As the result, the amount of current
flowing through the main heat evolving part 22b is
much  smaller than that in the foregoing case (with
(Bl, B2) _  (1, 0)). However, in this case, the main
heat evolving  parts 22a and 22b evolve the same
amount of heat. With  this setting, the direction of
ink ejection is not  deflected at all. With an input,
C = 1 and (Bl, B2) current flows through the three
resistors Rd connected to  the transistors Q2 and Q3.
As the result, the amount of  26 current flowing
though the main heat evolving part 22b  becomes
smaller than that in the case of an input (B1,  B2) =
(0, 1). In this case, the main heat evolving part  22a
evolves a larger amount of heat than the main heat
evolving part 22b. In this state, the direction of ink
ejection is deflected rightward. The values of
resistance of the main heat  evolving parts 22a and
22b and the resistors Rd are  properly adjusted so
that the direction of ink ejection  is changed
according as the input (B1, B2) takes  different
values, (0, 0), (1, 0), (0, 1), and (1, 1), as
mentioned above. In this way it is possible to make
ink drops to  



hit the printing paper at four different places (total
of  four; one through the projectile perpendicular to
the  printing paper, two at the left side, and one at
the  right side). Any one position can be chosen
according to  the two input values of Bl and B2. The
effect of the foregoing is that in the case  where ink
drops do not head the desired position due to
fabrication defects in the head 21, the direction of
ink  ejection can be corrected by the secondary
control means  so that ink drops head the desired
positions. In addition, properly deflecting the
direction of ink  27 ejection from the nozzles 44
improves the printing  quality. Although one
embodiment of the present invention  has been
mentioned above, the present invention is not  limited
to it but can be variously modified. For example, the
heat evolving element 22 may  have three or more main
heat evolving parts (not limited  to two) which are
arranged in a zigzag pattern in plan  view. In such a
case, the electrodes may be formed by  leaving a
spacing (corresponding to the spacing D1) in  the
turnaround parts. Such a modified embodiment of the
heat evolving element 22 is shown in Fig. 12, in which



three main heat evolving parts 22a to 22c are formed
on  one substrate. Industrial Applicability According
to the present invention, the heat  evolving element
on a single substrate can be divided  into a plurality
of heat evolving parts. This structure  is equivalent
to forming heat evolving parts connected in  series by
conductors. The heat evolving parts are made  to
evolve heat in individually controlled amounts by
specifying the position of the conductor on the heat
evolving element. 28 Moreover, the primary control
means is  supplemented with the secondary control
means so that  heat energy is evolved in different
manners and hence the  direction of ink ejection from
the nozzle is controlled. 29 CLAIMS  1. A liquid
ejecting head having heat-energy evolving elements
that evolve heat energy to eject liquid,  wherein said
heat-energy evolving elements are  constructed of an
integral substrate, assume a zigzag  pattern (in plan
view), having conductors connected thereto at the  



turnaround part of the zigzag pattern, and each of the
elements has thereon a nozzle through  which liquid is
ejected. 2. A liquid ejecting head having heat-energy
evolving elements that evolve heat energy to eject
liquid,  wherein said heat-energy evolving elements
are constructed of an integral substrate, assume a
zigzag  pattern (in plan view), and have conductors
connected  thereto at the turnaround part of the
zigzag pattern such  that the main part evolving heat
energy to eject liquid  is divided into at least two
parts by the turnaround part  of the zigzag pattern,
and each of the elements has thereon a nozzle through
which liquid is ejected. 3. A liquid ejecting head
having heat-energy  evolving elements that evolve heat
energy to eject liquid,  wherein said heat-energy
evolving elements are 30 constructed of an integral
substrate and comprise  approximately U-shaped parts
(in plan view), having conductors connected thereto at
the  turnaround part of the approximately U-shaped
pattern,  each of the elements has thereon a nozzle
through  which liquid is ejected. 



4. A liquid ejecting head having heat-energy  evolving
elements that evolve heat energy to eject liquid,
wherein said heat-energy evolving elements are
constructed of an integral substrate and comprises
approximately U-shaped parts (in plan view), and have
conductors connected thereto at the turnaround part of
the approximately U-shaped parts, such that the main
part  evolving heat energy to eject liquid is divided
into at  least two parts by the turnaround part of the
approximately U-shaped parts, and each of the elements
has thereon a nozzle through  which liquid is ejected.
5. A liquid ejecting head having heat-energy  evolving
elements that evolve heat energy to eject liquid,
wherein said heat-energy evolving elements are
constructed of an integral substrate, comprises at
least  main parts divided by at least one slit formed
in part of  the substrate, 31 having conductors
connected thereto at the part  of the two where main
parts are joined together, and each of the elements
has thereon a nozzle through  which liquid is ejected.
6. A liquid ejecting head having heat-energy  



evolving elements that evolve heat energy to eject
liquid,  wherein said heat-energy evolving elements
are constructed of an integral substrate, comprise the
main  part of evolving heat energy to eject liquid,
said main  part being divided into at least two parts
by at least  one slit formed in part of the substrate,
having conductors connected thereto at the part  where
the two main parts are joined together, and each of
the elements has thereon a nozzle through  which
liquid is ejected. 7. A liquid ejecting head having
heat-energy  evolving elements that evolve heat energy
to eject liquid,  wherein said heat-energy evolving
elements are constructed of an integral substrate,
assume a zigzag  pattern (in plan view), having
conductors connected thereto in the region  outside
the inner turnaround line at the turnaround part  of
the zigzag pattern, each of the elements has thereon a
nozzle through  32 which liquid is ejected. 8. A
liquid ejecting head having heat-energy  evolving
elements that evolve heat energy to eject liquid,
wherein said heat-energy evolving elements are 



constructed of an integral substrate, assume a zigzag
pattern (in plan view), and have conductors connected
thereto in the region outside the inner turnaround
line  at the turnaround part of the zigzag pattern, so
that the  main part evolving heat energy to eject
liquid is divided  into at least two parts by the
turnaround part of the  zigzag pattern, and each of
the elements has thereon a nozzle through  which
liquid is ejected. 9. The liquid ejecting head as
defined in claim  8, wherein the heat energy evolving
element has  other conductors connected thereto on the
opposite side  beyond the main part from the
conductors, the distance from the turnaround line of
the  zigzag pattern to the edge of the conductor is
0.08 to  0.10 times the distance between said
conductor and said  other conductors. 10. A liquid
ejecting head having heat-energy  evolving elements
that evolve heat energy to eject liquid,  33 wherein
said heat-energy evolving elements are  constructed of
an integral substrate, comprises an  approximately
U-shaped part (in plan view), 



having conductors connected thereto in the region
outside the inner turnaround line at the turnaround
part  of the approximately U-shape part, each of the
elements has thereon a nozzle through  which liquid is
ejected. 11. A liquid ejecting head having heat-energy
evolving elements that evolve heat energy to eject
liquid,  wherein said heat-energy evolving elements
are constructed of an integral substrate, comprises an
approximately U-shaped part (in plan view), and have
conductors connected thereto in the region outside the
inner turnaround line at the turnaround part of the
approximately U-shape part, so that the main part
evolving heat energy to eject liquid is divided into
at  least two parts by the turnaround part of the
approximately U-shaped part, each of the elements has
thereon a nozzle through  which liquid is ejected. 12.
The liquid ejecting head as defined in claim  11,
wherein the heat energy evolving element has  34 other
conductors connected thereto on the opposite side
beyond the main part from the conductors, 



the distance from the turnaround line of the
approximately U-shaped parts to the edge of the
conductor  is 0.08 to 0.10 times the distance between
said conductor  and said other conductors. 13. A
liquid ejecting head having heat-energy  evolving
elements that evolve heat energy to eject liquid,
wherein said heat-energy evolving elements are
constructed of an integral substrate, comprises the
heat  energy evolving part divided into at least two
main parts  by at least one slit formed in part of
said substrate, having conductors connected thereto in
the region  outside the slit at the part where said
two main parts  are joined together, each of the
elements has thereon a nozzle through  which liquid is
ejected. 14. A liquid ejecting head having heat-energy
evolving elements that evolve heat energy to eject
liquid,  wherein said heat-energy evolving elements
are constructed of an integral substrate, comprises
the heat  energy evolving part divided into at least
two main parts  to eject heat energy to eject liquid
by at least one slit  formed in part of said
substrate, 35 having conductors connected thereto in
the region  



outside the slit at the part where said two main parts
are joined together, each of the elements has thereon
a nozzle through  which liquid is ejected. 15. The
liquid ejecting head as defined in claim  13 or 14,
wherein the heat energy evolving element has  other
conductors connected thereto on the opposite side
beyond the main part from the conductors, the distance
from the end of slit to the edge of  the conductor is
0.08 to 0.10 times the distance between  said
conductor and said other conductors. 16. A liquid
ejecting apparatus  having heat-energy evolving
elements that evolve heat  energy to eject liquid,
wherein said heat-energy evolving elements are
constructed of an integral substrate, assume a zigzag
pattern (in plan view), and have conductors connected
thereto at the turnaround part of the zigzag pattern
such  that the main part evolving heat energy to eject
liquid  is divided into at least two parts by the
turnaround part  of the zigzag pattern, each of the
elements has thereon a nozzle through  36 



which liquid is ejected, said liquid ejecting
apparatus further having a  primary control means
which causes said heat energy  evolving elements to
evolve heat energy, thereby ejecting  liquid on said
heat energy ejecting element through said  nozzle,
secondary control means which, upon control of
current flowing through at least the two divided main
parts to evolve heat energy from the conductor
connected  to the turnaround part of the zigzag
pattern, causes at  least said two major parts to
evolve heat energy  differing in heat energy
characteristics and to change  the distribution of
heat energy imparted to the liquid on  said heat
energy evolving element, thereby controlling  the
direction of ejection of the liquid ejected from said
nozzle. 17. A liquid ejecting apparatus  having
heat-energy evolving elements that evolve heat  energy
to eject liquid, wherein said heat-energy evolving
elements are  constructed of an integral substrate,
comprise an  approximately U-shaped part (in plan
view), and have  conductors connected thereto at the
turnaround part of  the approximately U-shaped part
such that the main part  



evolving heat energy to eject liquid is divided into
at 37 least two parts by the turnaround part of the
approximately U-shaped part, 37a each of the elements
has thereon a nozzle through  which liquid is ejected,
said liquid ejecting apparatus further having a
primary control means which causes said heat energy
evolving elements to evolve heat energy, thereby
ejecting  liquid on said heat energy ejecting element
through said  nozzle, secondary control means which,
upon control of  current flowing through at least the
two divided main  parts to evolve heat energy from the
conductor connected  to the turnaround part of the
approximately U-shaped  pattern, causes at least said
two major parts to evolve  heat energy differing in
heat energy characteristics and  to change the
distribution of heat energy imparted to the  liquid on
said heat energy evolving element, thereby
controlling the direction of ejection of the liquid
ejected from said nozzle. 18. A liquid ejecting
apparatus  having heat-energy evolving elements that
evolve heat  



energy to eject liquid, wherein said heat-energy
evolving elements are  constructed of an integral
substrate and divided into at  least two main parts to
evolve heat energy to eject  liquid by at least one
slit formed in at least part of  the substrate, 38
having conductors connected thereto at the part  where
the two main parts are joined together, 38a each of
the elements has thereon a nozzle through  which
liquid is ejected, said liquid ejecting apparatus
further having a primary control means which causes
said  heat energy evolving elements to evolve heat
energy,  thereby ejecting liquid on said heat energy
ejecting  element through said nozzle, secondary
control means which, upon control of  current flowing
through at least the two divided main  parts to evolve
heat energy from the conductor connected  to the part
where the two main parts are joined together,  causes
at least said two major parts to evolve heat  energy
differing in heat energy characteristics and to
change the distribution of heat energy imparted to the
liquid on said heat energy evolving element, thereby  



controlling the direction of ejection of the liquid
ejected from said nozzle. 19. A process for production
of a liquid  ejecting head having heat-energy evolving
elements that  evolve heat energy to eject liquid from
a nozzle, said process comprising forming said energy
ejecting elements in a zigzag pattern (in plan view)
on  an integral substrate, and connecting a conductor
to the turnaround part of  the zigzag pattern, thereby
dividing the main part to  evolve heat energy for
liquid ejection into two parts on 39 said single heat
energy evolving element.  39a ABSTRACT  A liquid
ejecting head having a plurality of heat evolving
elements formed on an integral substrate without
being divided into more than one part, so that it is
capable of controlling the direction of liquid
ejection.  The liquid ejecting head has heat-energy
evolving  elements (22) that evolve heat energy to
eject liquid.  The heat-energy evolving elements (22)
are constructed of  an integral substrate, assume a
zigzag pattern (in plan  view), and have conductors or
electrodes (36) connected  



thereto at the turnaround part of the zigzag pattern,
so  that they are divided into main parts (22a, 22b)
to  evolve heat energy to eject liquid. Each of the
heat- evolving elements has thereon a nozzle through
which  liquid is ejected.  






