
- 1 - DESCRIPTION LIQUID DISCHARGING HEAD, LIQUID DISCHARGING APPARATUS,
AND  DRIVING METHOD FOR LIQUID DISCHARGING HEAD 5 Background of Invention
Technical Field The present invention relates to a liquid discharging  head
which discharges liquid in a liquid chamber from a  nozzle using energy
such as thermal energy, a liquid 10 discharging apparatus having the liquid
discharging head,  and a driving method for the liquid discharging head.
Background Art Recently, in the fields of hard copy, printing, and so  15
on, the need for color output has increased. In response to  this need,
apparatuses have been proposed such as image  producing apparatuses and
liquid discharging apparatuses  using color image production methods such
as a thermal dye  sublimation method; a thermal wax transfer method; an ink
20 jet method; an electro-photographic method; and a thermal  silver-salt
development method. A liquid discharging apparatus using the ink-jet method
discharges a drop of recording liquid (ink) from a nozzle of  a printer
head, which is a liquid discharging head, onto a 25 recording medium to
form a dot. The apparatus has a simple - 2  



structure and can produce a high quality image. In this  ink-jet method, an
energy generating element applies energy  to the ink in a liquid chamber,
thereby causing an ink drop  to be discharged from the nozzle. The ink-jet
methods are  5 classified according to the kind of energy generating
element into an electrostatic attraction type; a continuous- vibration
generating type (piezo type); and a thermal type.  In the thermal type, a
heater element is used as the energy generating element. Local heating
(application of  10 energy) of the ink in the liquid chamber by the heater
element generates bubbles in the ink in the liquid chamber.  The pressure
generated in the bubbles causes the ink to be  discharged from the nozzle
onto the recording medium. An  apparatus using the thermal-type ink-jet
method has a simple 15 structure and can print a color image. A liquid
discharging head used in a liquid discharging  apparatus using the
thermal-type ink-jet method is  manufactured by providing a semiconductor
substrate with  drive circuits, which are logic ICs, driving heater 20
elements; heater elements; ink chambers; and nozzles, in  this order, as
disclosed in Japanese Unexamined Patent  Application Publication No.
7-68759. Since the heater  elements are integrated with the drive circuits,
the heater  elements can be arranged at a high density. Therefore, 25
high-resolution prints can be obtained. 



- 3  In most of such liquid discharging heads, a head chip  having the
following structure is used. That is to say,  each nozzle is provided with
a heater element; the heater  elements are aligned in a row on the
substrate; on one side 5 of the row, the drive circuits are provided; and
on the  other side thereof, an ink flow path is provided. By using  such a
head chip, the liquid discharging head can be  miniaturized. Concerning
such a liquid discharging head, as disclosed  10 in Japanese Unexamined
Patent Application Publication No. 8- 48034, a method for controlling the
discharging direction of  the liquid drop is proposed. In the method, the
discharging  direction of the liquid drop is controlled by separately
driving a plurality of energy-generating elements provided  15 for each
liquid chamber. FIG. 1 shows the liquid discharging head viewed from  the
side where the nozzles are provided. In FIG. 1, a  nozzle 1 is provided for
each ink chamber 2. For each ink  chamber 2, two heater elements 3A and 3B
are provided side 20 by side in, the direction in which the ink chambers 2
are  aligned. As shown in FIG. 2, one end of each of the heater  elements
3A and 3B is connected to a common wiring pattern 4.  The heater elements
3A and 3B are connected to a power supply 5 via the common wiring pattern
4. The other ends of  



25 each of the heater elements 3A and 3B are respectively - 4  connected to
transistors 7A and 7B via wiring patterns 6A  and 6B, respectively. The
heater elements 3A and 3B are  grounded via the transistors 7A and 7B,
respectively. The  transistors 7A and 7B are separately switched on at a 5
predetermined timing according to the timing-control of a  control circuit
9 to drive the heater elements 3A and 3B,  respectively. The currents IA
and IB flowing through the  heater elements 3A and 3B, respectively, are
controlled  based on the determination of gate-voltage in the on-state 10
by the control circuit 9. The heater elements 3A and 3B  have about the
same shapes and about the same resistance  values. The heater elements 3A
and 3B are arranged about  symmetrically with respect to the center line of
the nozzle  1. The liquid chamber 2 is about symmetrical with respect 15 to
the middle line between the heater elements 3A and 3B.  When either heater
element 3A or 3B is driven, an ink  drop is discharged at an angle.
Concerning the above-described structure, in the case  where each nozzle 1
is provided with two heater elements 3A  20 and 3B, where the heater
elements 3A and 3B are aligned in a row, where the drive circuits are
provided on one side of  the row, and where an ink flow path is provided on
the other  side thereof, however, the wiring pattern 4 or the wiring  



patterns 6A and 6B connected to the heater elements 3A and 25 3B need to be
bent. In this case, as shown in FIG. 1, a - 5  drive circuit composed of
the transistors 7A and 7B and the  control circuit 9 are provided on the
side of the wiring  patterns 6A and 6B connecting the heater elements 3A
and 3B  to the transistors 7A and 7B, respectively. The common 5 wiring
pattern 4 is bent and led to the side of the wiring  patterns 6A and 6B
through the gap between the adjacent  heater-element pairs. In this way,
the drive circuit and  the wiring patterns 4, 6A, and 6B can be laid out
efficiently. 10 The current IA or IB flowing through the individual  wiring
pattern 6A or 6B, respectively, flows through the  common wiring pattern 4.
When the transistors 7A and 7B are  both driven to drive both of the heater
elements 3A and 3B,  the current IA+IB flows through the common wiring
pattern 4. 15 Therefore, in the conventional structure, the width of this
common wiring pattern 4 needs to be greater than or equal to  the sum of
the width of the individual wiring pattern 6A and  the width of the
individual wiring pattern 6B. This causes  problems in that the nozzles
cannot be arranged at a high 20 density. Incidentally, in the conventional
structure, if  the width of the common wiring pattern 4 is less than the
sum of the width of the individual wiring pattern 6A and the  



width of the individual wiring pattern 6B, wire breakage  occurs due to
electromigration. 25 6  Disclosure of Invention Embodiments of the present
invention provide  a liquid discharging head, a liquid discharging
apparatus, and a driving method for the liquid  discharging head capable of
laying out drive circuits and so  on efficiently so as to arrange nozzles
in a high density,  in the case where a plurality of energy generating
elements  are driven to control the direction in which the drop is
discharged. According to a first aspect of the invention, there  is
provided a liquid discharging head comprising: at least one liquid chamber
holding liquid; a nozzle provided for each liquid chamber; at least one
pair  of energy generating elements provided for each liquid  chamber, and
applying energy to the liquid held in the  liquid chamber to discharge the
liquid from the nozzle; a  main control circuit connecting a series circuit
of the at  least one pair of energy generating elements to a power  supply,
and driving the at least one pair of energy  generating elements according
to the timing for discharging  the liquid; a sub-control circuit connected
to a connection  



midpoint between the at least one pair of energy generating  elements, and
varying the balance of energy generation  between the at least -one pair of
energy generating elements;  a first wiring pattern connecting the
connection midpoint to 7  the sub-control circuit; and second wiring
patterns  connecting the at least one pair of energy generating  elements
to the main control circuit, wherein the first  wiring pattern has a width
narrower than the width of the  second wiring pattern. According to
embodiments of the present invention, when the at least  one pair of energy
generating elements are driven, the driving by the sub-control circuit may
need a small current  compared with the driving by the main control circuit
which may  need a large current. Therefore, the first wiring pattern can be
formed in a narrow width compared with the second  wiring patterns. In the
case where a plurality of energy  generating elements may be driven to
control the direction in  which the drop may be discharged, drive circuits
and so on can  be laid out efficiently so as to arrange the nozzles in a
high density. According to a second aspect of the invention, there is
provided a liquid discharging apparatus having a liquid  discharging head,
the liquid discharging head comprising: at least one liquid chamber holding
liquid;  



a nozzle provided for each liquid chamber; at least one pair of energy
generating elements  provided for each liquid chamber, and applying energy
"to the 7a- liquid held in the liquid chamber to discharge the liquid  from
the nozzle; a main control circuit connecting a series circuit of  III the
at least one pair of energy generating elements to a  power supply, and
driving the at least one pair of energy  generating elements according to
the timing for discharging  the liquid; a sub-control circuit connected to
a connection  midpoint between the at least one pair of energy generating
elements, and varying the balance of energy generation  between the at
least one pair of energy generating elements; a first wiring pattern
connecting the connection  midpoint to the sub-control circuit; and second
wiring patterns connecting the at least one pair  of energy generating
elements to the main control circuit,  wherein the first wiring pattern has
a width narrower  than the width of the second wiring pattern. According to
a third aspect, of the present  invention, there is provided a driving
method for a  liquid discharging head comprising: a liquid chamber holding
liquid; a nozzle provided for the liquid chamber; at  



least one pair of energy generating elements provided for  the liquid
chamber, and applying energy to the liquid held  in the liquid chamber to
discharge the liquid from the  nozzle; a main control circuit connecting a
series circuit  of the at least one pair of energy generating elements to a
power supply; a sub-control circuit connected to a 8  connection midpoint
between the at least one pair of energy  generating elements; a first
wiring pattern connecting the  connection midpoint to the sub-control
circuit; and second  wiring patterns connecting the at least one pair of
energy  generating elements to the main control circuit, the driving
method including the steps of: driving the series circuit of  the at least
one pair of energy generating elements according to the timing for
discharging the liquid by the  main control circuit; and varying the
balance of energy  generation between the at least one pair of energy
generating elements by the sub-control circuit. The first  wiring pattern
has a width narrower than the width of the  second wiring pattern because
the current necessary for the  sub-control circuit is smaller than the
current necessary  for the main control circuit. In the case where a
plurality of energy generating  elements may driven to control the
direction in which the drop is discharged, drive circuits and so on can be
laid out  



efficiently so as to arrange the nozzles in a high density.  Brief
Description of the Drawings FIG. 1 is a plan view showing a layout when a
plurality  of heater elements are arranged. FIG. 2 is a connection diagram
in the case where the  heater elements according to the structure in FIG. 1
are 9  driven separately. FIG. 3 is a plan view showing part of a printer
head  according to an embodiment of the present invention. FIG. 4 is an
exploded perspective view showing a head  5 chip of the printer head in
FIG. 3. FIG. 5 is a plan view showing the structure of the  printer head.
FIGS. 6(A) and 6(B) are a plan view and a sectional  view, respectively,
showing an ink chamber. 10 FIG. 7 is a schematic diagram explaining the
drive  control in the printer head of FIG. 3. FIGS. 8(A), 8(B), and 8(C)
are sectional views taken  along lines A-A, B-B, and C-C, respectively, in
FIG. 7(A).  FIG. 9 is a connection diagram showing a main control  15
circuit and a sub-control circuit. FIG. 10 is a plan view showing a
specific layout of the  head chip in FIG. 5. Best Mode for Carrying Out the
Invention 



20 The embodiments of the present invention will now be  described with
reference to the drawings. (1) Structure of Embodiment FIG. 3 is a plan
view showing a printer head used in a  printer according to this
embodiment. This printer head 11  25 is a line head. An ink flow path 12
connected to an ink 10  tank is formed of a predetermined member so as to
extend  across the width of paper as an object of printing. On  either side
of the ink flow path 12, head chips 13 are  staggered. Each head chip 13
has a row of ink discharging  5 mechanisms. The head chip 13 is formed in a
rectangular-solid shape.  Along its longitudinal face, nozzles 14 are
formed at a  fixed nozzle pitch. The ink supplied from the ink flow path
12 is discharged from the nozzles 14. In such a staggered 10 arrangement,
the head chips 13 are arranged so that the  nozzles 14 are arranged at a
fixed nozzle pitch in the  alignment direction of the nozzles 14, even
between the head  chips 13 adjacent to each other. The printer head 11 can
print a desired image by driving the head chips 13 arranged 15 across the
width of the paper. If the nozzles 14 are arranged at a high density, the
nozzle pitch is narrower. Therefore, due to an error in  fitting of the
head chips 13, variation in the nozzle pitch  



becomes large at the joint between the head chips 13 20 adjacent to each
other. In this embodiment, controlling the  direction in which the ink drop
is discharged from the head  chip 13 makes it possible to compensate for
the variation in  the nozzle pitch between the head chips 13 adjacent to
each  other. 25 As shown in FIG. 4, the head chip 13 is manufactured by -
11  providing a semiconductor substrate 16 with a separating  wall 18 so as
to form ink chambers 17, and thereafter  providing a nozzle plate 20. On
the semiconductor substrate  16, drive circuits driving heater elements 15A
and 15B are 5 provided. In the nozzle plate 20, the nozzles 14 are formed.
In the head chip 13, as shown in FIG. 5, the heater elements  15A and 15B
are aligned along the longitudinal face facing  the ink flow path 12. In
the region along this face, a  heater element section is thus formed. In
addition, from 10 this heater element section to the opposite face, a drive
circuit section and a connecting terminal section are  provided in this
order. In the drive circuit section, drive  circuits driving the heater
elements 15A and 15B are  arranged. In the connecting terminal section,
connecting 15 terminals connecting the driver circuits to a power supply
and so on are arranged. The ink in the ink flow path 12 is led to the ink  



chambers 17 from the face adjacent to the heater elements  15A and 15.B.
The drive circuits are provided across the row 20 of the heater elements
15A and 15B from the ink flow path 12.  Thus, in the head chip 13, the
heater elements 15A and 15B,  the drive circuits, and so on are laid out
efficiently. The  head chips 13 are manufactured efficiently by providing
or  forming the drive circuits, the heater elements, and the ink 25
chambers for a plurality of chips on a semiconductor wafer, 12  thereafter
cutting the semiconductor wafer into a plurality  of chips, and then
attaching a nozzle plate 20 to each chip.  As shown in FIG. 6(A), a plan
view, and FIG. 6(B), a sectional view, each liquid chamber 17 is provided
with a  5 pair of heater elements 15A and 15B. The pair of heater  elements
15A and 15B have about the same shapes and about  the same resistance
values, and are arranged side by side in  the direction in which the liquid
chambers 17 are aligned.  FIG. 6(A) is a plan view with the nozzle plate 20
removed. 10 The printer head 11 can control the direction in which the  ink
drop is discharged by controlling the driving of the  heater elements 15A
and 15B, which are energy generating  elements applying energy to the ink
in the ink chamber 17. FIG. 7 is a connection diagram explaining the
principle  15 of controlling the driving of the heater elements 15A and
15B. In the head chip 13, on the side of the ink flow path  



12, the heater elements 15A and 15B are connected by a  wiring pattern 22,
and thereby a series circuit of the  heater elements 15A and 15B is formed.
In addition, on the 20 opposite side of the heater elements 15A and 15B
from the  ink flow path 12, the heater elements i5A and 15B are  connected
to wiring patterns 22A and 22B, respectively. The  wiring patterns 22A and
22B are connected to the main  control circuit 27. The main control circuit
27 is a drive 25 circuit driving the series circuit of the heater elements
- 131 15A and 15B in the timing for discharging the ink drop. The  main
control circuit 27 connects the series circuit of the  heater elements 15A
and 15B to the power supply 25 via a  switching circuit 24. 5 Moreover, in
the head chip 13, the connection midpoint  between the heater elements 15A
and 15B connected by the  wiring pattern 22 is connected to the sub-control
circuit 31.  According to the direction in which the ink drop is
discharged, the sub-control circuit 31 varies the currents 10 applied by
the main control circuit 27 to the heater  elements 15A and 15B. That is to
say, according to the  direction in which the ink drop is discharged, the
sub- control circuit 31 switches contacts of a selector 28 which  is
connected to the wiring pattern 22, thereby varying the 15 balance between
the energies generated by the heater  



elements 15A and 15B. Such a balance control can be  performed by switching
between inflow and outflow of the  current into and out of the connection
midpoint between the  heater elements 15A and 15B, and by varying the value
of 20 inflow or outflow of current. This can also be performed by  varying
the electric potential of the connection midpoint.  In FIG. 7, such a
mechanism to vary the electric potential  or the current is composed of the
selector 28, a power  supply 29, and resistors 30A to 30D. That is to say,
when 25 the resistor 30A or 30B connected to the power supply 29 is 14
selected, the selector 28 allows the current to flow into  the connection
midpoint between the heater elements 15A and  15B. The current is
determined by the resistance values of  the heater elements 15A and 15B,
the resistance value of the 5 resistor 30A or 30B, and the voltage of the
power supply 29.  When the contact to which nothing is connected is
selected,  the selector 28 stops varying the balance between the  energies
generated by the heater elements 15A and 15B. When  the grounded resistor
30C or 30D is selected, the selector 10 28 allows the current to flow out
of the connection midpoint  between the heater elements 15A and 15B. The
current is  determined by the resistance values of the heater elements  15A
and 15B and the resistance value of the resistor 30C or  30D. 



15 Compared with the driving by the main control circuit  27, which needs a
large current, the driving by the sub- ,.. control circuit 31 only needs a
small current. Therefore, a  wiring pattern 22C connecting the heater
elements 15A and  15B to the sub-control circuit 31 can be narrow compared
20 with the wiring pattern 22A or 22B provided for the heater  elements 15A
or 15B, respectively. In the case of the structure described above with
reference to FIG. 1, when the resistance values of the  heater elements 3A
and 3B are 50 [S2] each, and when the 25 heater elements 3A and 3B are
driven by an electric power of - 15  0.5 [W] each, a current of 0.2 [A]
flows through the common  wiring pattern 4. In this case, when the common
wiring  pattern 4 has a thickness of 600 [nm], and when the wiring  pattern
4 has a width of 15 [dun] for a current of 0.1 [A] 5 for sake of safety,
the wiring pattern 4 needs a width of 30  [m]. In addition, the wiring
patterns 6A and 6B each need  a width of 15 [m]. Therefore, the nozzle
pitch is 60 [m]  even when no gap is provided between the wiring patterns.
In fact, since a gap is provided, the nozzle pitch is much  10 wider. The
nozzle pitch cannot be less than or equal to 65  [F] On the other hand,
according to the structure shown in  



FIG. 7, when the heater elements 15A and 15B are each driven  by an
electric power of 0.5 [W], no current flows through 15 the wiring pattern
22C connected to the sub-control circuit  31. In addition, when the heating
values of the heater  elements 15A and 15B are different, the direction in
which  the ink drop is discharged can be sufficiently angled by  causing
the drive currents of the heater elements 15A and 20 15B to differ by about
ten percent. Therefore, the width of  the wiring pattern 22C needs to be
only a tenth part of that  of the wiring pattern 22A or 22B. For example,
when the  heater elements 15A and 15B are driven by electric powers of  0.5
[W] and 0.4 [W], respectively, the current flowing 25 through the wiring
patterns 22A and 22B and the current 16  flowing through the wiring pattern
22C are 0.1 [A] and 0.089  [A], respectively. FIGS. 8(A), 8(B), and 8(C)
are sectional views taken  along lines A-A, B-B, and C-C, respectively, of
FIG. 7. In  5 the head chip 13, the width of the wiring pattern 22C is
about a tenth part of that of the wiring pattern 22A or 22B.  In addition,
the wiring pattern 22C is disposed in the same  layer as the wiring
patterns 22A and 22B, and in the gap  between the shown heater element 15B
and the heater element 10 15A (not shown) provided for the adjacent ink
chamber 17.  Thus, sufficient space is obtained in the head chip 13, so  



that the nozzle pitch of the head chip 13 is 42.3 [m]. In  FIG. 7, the
reference numerals 41, 42, and 43 denote interlayer insulating films of
silicon nitride, and the 15 reference numeral 44 denotes a
cavitation-resistant layer of  a tantalum film. In this embodiment, the
head chip 13 is made by forming  a tantalum film with.a thickness of 80
[nm] by sputtering,  and thereafter forming the heater elements 15A and 15B
with 20 predetermined shapes by lithography and etching. The heater
elements 15A and 15B have a resistance value of 105 [52] each.  In this
embodiment, the heater elements 15A and 15B are  driven by an electric
power of 0.8 [W] to discharge the ink  drop. The sub-control circuit 31
causes a current of up to 25 0.01 [A] to flow through the wiring pattern
22C, thereby - 17  causing the heater elements 15A and 15B to differ in
their  operation. Under this condition, in the case where the heater
elements 15A and 15B are not caused to differ in their 5 operation, a
current of 0.087 [A] flows through each of the  heater elements 15A and
15B. Therefore, the width of each  of the wiring patterns 22A and 22B is
set to 15 [pm]. The  width of the wiring pattern 22C is set to 1.7 [m] (15
[pm]  x 0.087 [A] / 0.01 [A]). 10 FIG. 9 is a connection diagram showing
specific  



structures of the main control circuit 27 and the sub- control circuit 31.
The main control circuit 27 will be  described. One end of the series
circuit of the heater  elements 15A and 15B is connected to the power
supply 50, 15 and the other end is grounded via a constant current circuit
51 which is a MOSFET. The operation of the constant current  circuit 51 is
controlled by a predetermined control signal  SCI via an AND circuit 52
which is an inverter circuit. The  signal level of the control signal SC1
is raised by an 20 image-data processing circuit (not shown) in timings
when  ink drops are discharged according to paper feed from the  nozzle 14
to which the main control circuit 27 is allotted.  In these timings, the
series circuit of the heater elements  15A and 15B is driven by the power
supply 50. 25 The sub-control circuit 31 is composed of power supply - 18
circuits 55A, 55B, 55C, and 55D which cause a predetermined  value of
current to flow into or out of the connection  midpoint between the heater
elements 15A and 15B. The  proportion of values of the current caused to
flow into or 5 out of the connection midpoint by the power supply circuits
55A, 55B, 55C, and 55D is set to 4:2:1:1 based on a setting  of a constant
current circuit included in each power supply  circuit. According to
control signals SA, SB, SC, and SD,  the power supply circuits 55A, 55B,
55C, and 55D, 



10 respectively, cause the heater elements 15A and 15B to  differ in their
operation based on the above values of  current. Other than the above, the
power supply circuits  55A, 55B, 55C, and 55D have the same structure.
Therefore,  the power supply circuits 55A alone will be described in  15
detail. In this embodiment, the proportion of current values of  the power
supply circuits 55A, 55B, 55C, and 55D is set to  4:2:2:1. Between the
power supply circuits 55A, 55B, and  55C, the current value varies
gradually in the manner of a 20 factorial of two. Therefore, this
embodiment as a whole has  a simple structure, and the heater elements 15A
and 15B are  caused to differ in their operation efficiently. In this
embodiment, the control signals SA, SB, SC, and  SD are determined so that
the ink drops discharged from the  25 nozzles 14 are in a predetermined
pitch. This compensates 19  for the variation in the position of the ink
dot due to  manufacturing variations such as an error in fitting of the
head chips 13. Therefore, the quality of printing results  is much higher
than that of the conventional printer head. 5 A direction switching signal
SC3 switches between the  current inflow and the current outflow into and
out of the  connection midpoint between the heater elements 15A and 15B.
In the power supply circuit 55A, the direction switching  



signal SC3 is input into an exclusive NOR circuit 57. 10 According to the
direction switching signal SC3, the  exclusive NOR circuit 57 switches the
polarity of the  control signal SA. In the power supply circuit 55A, a
signal output from this exclusive NOR circuit 57 is input  directly into an
AND circuit 59. The signal is also input 15 .into another AND circuit 61
via an inverter circuit 60,  which reverses the polarity of the signal. The
AND circuits  59 and 61 gate the output signal of the exclusive NOR
circuit 57 and the output signal of the inverter circuit 60,  respectively,
according to the control signal SC1, and 20 output them to the MOSFETs 62
and 63, respectively. While  the heater elements 15A and 15B are driven
according to the  control signal SC1, the MOSFETs 62 and 63 are on/off-
controlled complementarily according to the direction  switching signal SC3
and the control signal SA. 25 In the power supply circuit 55A, the constant
current - 20  circuit 58, which is a MOSFET, is on/off-controlled
according to the control signal SC2 to cause the heater  elements 15A and
15B to differ in their operation or not to  cause. In the power supply
circuits 55A to 55C, the 5 proportion of values of current for causing the
heater  elements 15A and 15B to differ in their operation is set to
4:2:1:1 based on a setting of this constant current circuit  



58. The sources of the MOSFETs 62 and 63 are connected to  10 this constant
current circuit 58. The drain of the MOSFET  62 is connected to the
connection midpoint between the  heater elements 15A and 15B. The drain of
the MOSFET 63 is  connected to a current mirror circuit consisting of
MOSFETs  64 and 65 provided on the power supply side. The MOSFET 65 15 of
this current mirror circuit causes a constant current to  flow into the
connection midpoint between the heater  elements 15A and 15B. This constant
current has the same  current value as that of the constant current circuit
58.  While the heater elements 15A and 15B are driven according 20 to the
control signal SCl, the MOSFETs 62 and 63 are on/off- controlled
complementarily according to the direction  switching signal SC3 and the
control signal SA. The  constant current circuit 58, which is the standard
of  operation, operates according to the control signal SC2. In 25 order to
cause the heater elements i5A and 15B to differ in 21  their operation,
when the current flows out of the  connection midpoint, the MOSFET 62 is
switched on to allow  the constant current circuit 58 to absorb the
current. On  the other hand, when the current flows into the connection 5
midpoint, the MOSFET 63 is switched on to allow the constant  current
circuit 58 to discharge the current. In this way,  



the direction in which the ink drop is discharged from the  nozzle 14 is
controlled by the heater elements 15A and 15B. FIG. 10 is a plan view
showing a specific layout of the  10 head chip having such a main control
circuit 27 and a sub- control circuit 31. In the head chip 13, drive
circuit  units are arranged side by side in the longitudinal  direction
corresponding to the arrangement of the nozzles 14  (FIG. 10(A)). Each unit
drives the heater elements 15A and 15 15B for each liquid chamber 17. In
each unit, the wiring  pattern 22, the wiring pattern 22C, the heater
elements 15A  and 15B, and the wiring pattern 22A and 22B are arranged in
this order from the side of the ink flow path. The wiring  pattern 22
connects the heater elements 15A and 15B in 20 series. The wiring pattern
22C connects this wiring pattern  22 to the sub-control circuit 31. The
wiring patterns 22A  and 22B connect the heater elements 15A and 15B,
respectively, to the main control circuit 27. In the  adjacent region AR1,
the MOSFET 51 of the main control 25 circuit 27, and the MOSFETs 62 to 65
of the sub-control 22  circuit 31 are disposed. In the next region AR2, the
other  components of the sub-control circuit 31 are disposed. In  the
further next region AR3, the other components of the  main control circuit,
and a control circuit controlling 5 operation of the main control circuit
and the sub-control  



circuit are disposed. In this way, the drive circuits for  the heater
elements 15A and 15B are disposed in the regions  AR1 to AR3. (2) Operation
of Embodiment 10 In this printer having the above structure, based on
image data, text data, and so on to print, ink drops are  discharged from
the printer head 11. The paper as an object  of printing is conveyed by a
paper feed mechanism. The ink  drops adhere to the paper being conveyed. In
this way, an 15 image, a text, and so on are printed according to the
operation of the printer head 11 (FIG. 7). In the printer head 11 of the
conventional printer, a  plurality of head chips 13 are staggered. Each
head chip 13  has ink discharging mechanisms. There is variation in the 20
nozzle pitch due to variation in the arrangement of the head  chips 13. In
addition, there is variation in the  characteristics of the head chip 13.
Therefore, the  position of the ink drop discharged from the nozzle 14 and
adhering to the paper varies on a minute scale. This causes 25
deterioration in the quality of print, and in an extreme 23  case, vertical
lines. However, in the printer according to the present  invention, the
position where the ink drop adheres to the  paper is corrected by tuning
the direction in which the ink 



5 drop is discharged from the nozzle 14. In this way,  deterioration in the
quality of print is prevented  efficiently. The ink drop is discharged by a
so-called  thermal type method by driving a plurality of heater  elements
15A and 15B provided for each ink chamber 17. The 10 plurality of heater
elements are caused to differ in their  operation. In this way, the
direction in which the ink drop  is discharged from the nozzle 14 is tuned
(FIGS. 4 and 7). In the printer of the present invention, the main  control
circuit 27 connects the series circuit of the heater  15 elements 15A and
15B to the power supply 25 in a predetermined timing to drive and operate
the heater  elements 15A and 15B. At this time, the sub-control circuit  31
causes an inflow or an outflow of current into or out of  the connection
midpoint between the heater elements 15A and 20 15B to cause the heater
elements 15A and 15B to differ in  their operation. The current value of
the inflow or the  outflow is set to a tenth part at a maximum of the
current  concerning the main control circuit 27. The width of the wiring
pattern 22C can be set to about  25 a tenth part of the width of the wiring
pattern 22A or 22B. 24  The wiring pattern 22C connects the sub-control
circuit 31  and the connection midpoint between the heater elements 15A
and 15B. The wiring patterns 22A and 22B connect the main  



control circuit 27 to the series circuit of the heater 5 elements 15A and
15B. In the printer of the present  invention, even when the wiring pattern
22C is bent toward  the wiring patterns 22A and 22B and when the wiring
pattern  22C is disposed in the same layer as the wiring patterns 22A  and
22B, the nozzle pitch can be very small compared with 10 the structure
described above with reference to FIG. 1, and  therefore a desired image
can be printed at a high  resolution. In addition, the heater elements and
the drive circuits  can be laid out efficiently by arranging the nozzles at
a  15 small pitch, arranging the heater elements 15A and 15B side by side
in the direction of the row of the nozzles 14,  supplying ink from one side
of the row of the nozzles, and  disposing the main control circuits and the
sub-control  circuits on the other side of the row of the nozzles. 20 (3)
Other Embodiments Although the heater elements are made of.a thin film of
tantalum in the above embodiment, the present invention is  not limited to
this. The heater elements may be made of  various resistor materials such
as tungsten, nichrome, 25 nickel, polysilicon, and titanium nitride. 25
Although the heater elements are driven or caused to  differ in their
operation by current drive in the above  



embodiment, the present invention is not limited to this.  The heater
elements may be driven or caused to differ in  5 their operation by voltage
drive. Although two heater elements are provided for an ink  chamber in the
above embodiment, the present invention is  not limited to this. Three or
more heater elements may be  provided. In this case, the plurality of
heater elements 10 are arranged side by side and connected in series. Each
connection midpoint between the heater elements is connected  to the
sub-control circuit. The heater elements are caused  to differ in their
operation in the direction in which the  heater elements are arranged side
by side. 15 Although the heater elements are arranged side by side  in the
above embodiment, the present invention is not  limited to this. The heater
elements may be arranged in a  radial pattern so that the ink drop is
discharged in various  directions. In this case, the number of heater
elements is 20 set to an even number. Each pair of heater elements
disposed opposite each other is connected in series. Each  connection
midpoint between the pair of heater elements is  connected to the
sub-control circuit. Alternatively, all of  the heater elements are
connected in the center. The 25 plurality of heater elements are driven by
a phase feed 26  method typified b a so-called by ed connection. The
connection 



center is connected to the sub-control circuit.  Alternatively, these may
be combined. Although the heater elements and the drive circuits are  5
integrated on the semiconductor substrate in the above  embodiment, the
present invention is not limited to this.  The heater elements and the
drive circuits may be separated. Although controlling the direction in
which the ink  drop is discharged is used for compensating for the 10
variation in the position where the ink drop adheres on the  paper in the
above embodiment, the present invention is not  limited to this. The
controlling of the direction in which  the ink drop is discharged may be
used for increasing the  quality of print, and for simplifying the
structure, for 15 example, in the case where a plurality of dots are formed
by  a single nozzle in order to increase resolution. Although the present
invention is applied to a thermal  type line printer whose energy
generating elements are  heater elements in the above embodiment, the
present 20 invention is not limited to this. The present invention may  be
applied to printers or printer heads having other types  of energy
generating elements such as a piezo type and an  electrostatic type.
Although the present invention is applied to a printer  25 head discharging
ink drops in the above embodiment, the - 27  



present invention is not limited to this. The present  invention may be
applied to printer heads that discharge  drops of various dyes, or drops of
liquid for forming a  protective layer, instead of ink drops. In addition,
the 5 present invention may be applied to micro dispensers,  measuring
apparatuses, and testing apparatuses that.  discharge drops of a reagent.
Moreover, the present  invention may be applied to pattern producing
apparatuses  that discharge drops of an agent protecting a member from  10
etching. Industrial Applicability As described above, when the direction in
which the  liquid drop is discharged is controlled by controlling 15
operation of a plurality of heater elements which are energy  generating
elements provided for each liquid chamber, a main  control circuit drives
the heater elements, and a sub- control circuit varies the balance between
the heater  elements. Since the current concerning the sub-control 20
circuit is small, the wiring pattern concerning the sub- control circuit
can be formed in a narrow width. Therefore,  when the direction in which
the liquid drop is discharged is  controlled by controlling operation of
the plurality of  energy generating elements, drive circuits and so on can
be 25 laid out efficiently to arrange nozzles in a high density. - 28  



That is to say, drive circuits and so on can be laid  out efficiently to
arrange nozzles in a high density by  forming the wiring pattern concerning
the sub-control  circuit in a narrow width; arranging the heater elements 5
side by side in a row in the direction in which the nozzles  are aligned;
providing the main control circuit and the sub- control circuit on one side
of the row; providing an ink  flow path on the other side thereof; and
leading the wiring  pattern concerning the sub-control circuit from the
side of 10 the flow path to the sub-control circuit via the gap between
adjacent groups of the heater elements. 29 - CLAIMS  1. A liquid
discharging head comprising: at least one liquid chamber holding liquid;  5
a nozzle provided for each liquid chamber; at least one pair of energy
generating elements  provided for each liquid chamber, and applying energy
to the  liquid held in the liquid chamber to discharge the liquid  from the
nozzle; 10 a main control circuit connecting a series circuit of  the at
least one pair of energy generating elements to a  power supply, and
driving the at least one pair of energy  generating elements according to
the timing for discharging  



the liquid; 15 a sub-control circuit connected to a connection  midpoint
between the at least one pair of energy generating  elements, and varying
the balance of energy generation  between the at least one pair of energy
generating elements; a first wiring pattern connecting the connection  20
midpoint to the sub-control circuit; and second wiring patterns connecting
the at least one pair  of energy generating elements to the main control
circuit,  wherein the first wiring pattern has a width narrower  than the
width of the second wiring pattern. 25 30  2. The liquid discharging head
according to Claim 1,  wherein the energy generating element is a heater
element.  3. The liquid discharging head according to Claim 1, 5 wherein
the at least one liquid chamber are arranged in  a row; the at least one
pair of energy generating elements are  arranged in a row along the row of
the liquid chambers; the at least one pair of energy generating elements,
10 the main control circuit, and the sub-control circuit are  provided on a
semiconductor substrate; the main control circuit and the sub-control
circuit  are disposed on one side of the row of the energy generating  



elements, and a flow path supplying the liquid chambers with  15 the liquid
is disposed on the other side thereof; the first wiring pattern is led from
the side of the  flow path to the sub-control circuit via the gap between
adjacent groups of the energy generating elements. 20 4. A liquid
discharging apparatus having a liquid  discharging head, the liquid
discharging head comprising:  at least one liquid chamber holding liquid; a
nozzle provided for each liquid chamber; at least one pair of energy
generating elements 25 provided for each liquid chamber, and applying
energy to the 31  liquid held in the liquid chamber to discharge the liquid
from the nozzle; a main control circuit connecting a series circuit of  the
at least one pair of energy generating elements to a  5 power supply, and
driving the at least one pair of energy generating elements according to
the timing for discharging  the liquid; a sub-control circuit connected to
a connection  midpoint between the at least one pair of energy generating
10 elements, and varying the balance of energy generation between the at
least one pair of energy generating elements;  a first wiring pattern
connecting the connection  midpoint to the sub-control circuit; and 



second wiring patterns connecting the at least one pair  15 of energy
generating elements to the main control circuit,  wherein the first wiring
pattern has a width narrower  than the width of the second wiring pattern.
5. A driving method for a liquid discharging head  20 comprising a liquid
chamber holding liquid; a nozzle  provided for the liquid chamber; at least
one pair of energy  generating elements provided for the liquid chamber,
and  applying energy to the liquid held in the liquid chamber to  discharge
the liquid from the nozzle; a main control circuit 25 connecting a series
circuit of the at least one pair of 32  energy generating elements to a
power supply; a sub-control  circuit connected to a connection midpoint
between the at  least one pair of energy generating elements; a first
wiring  pattern connecting the connection midpoint to the sub 5 control
circuit; and second wiring patterns connecting the  at least one pair of
energy generating elements to the main  control circuit, the driving method
comprising the steps of: driving the series circuit of the at least one
pair of  energy generating elements according to the timing for 10
discharging the liquid by the main control circuit; and  varying the
balance of energy generation between the at  least one pair of energy
generating elements by the sub- control circuit, 



wherein the first wiring pattern has a width narrower  15 than the width of
the second wiring pattern because the  current necessary for the
sub-control circuit is smaller  than the current necessary for the main
control circuit. ABSTRACT  The present invention is applied to a printer
that  discharges ink drops by driving, for example, heater  elements. In
the case where a plurality of variable  pressure generator elements are
driven to control the  direction in which the drop is discharged, the
present  invention makes it possible to lay out drive circuits and so on
efficiently so as to arrange nozzles in a high density.   According to the
present invention, in the case where a  plurality of variable pressure
generator elements 15A and  15B are provided for a liquid chamber, and are
controlled to  control the direction in which the drop is discharged, a
sub-control circuit 31 varies the balance between the  variable pressure
generator elements 15A and 15B driven by a  main control circuit 27. Since
the current concerning the  sub-control circuit 31 is small, the wiring
pattern  concerning the sub-control circuit 31 is formed in a narrow
width. 


