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ink jet printing method

(57) An image signal, outputted from a host
machine, is temporarily stored in an image signal buffer,
and converted into bit signals for the heat generating
resistors in an image processing circuit. Temperature
information is derived from a thermistor attached to a
ink jet print head, and converted into a digital signal by
an A/D converter, and the digital signal is sent to a proc-
essor. The processor determines a correction level on
the basis of the location of a block and the number of

Ink jet printing apparatus, a driving device for driving the ink jet printing apparatus, and an

concurrent drives while referring to a correction-level
determining table. The processor then determines a
drive pulse condition on the basis of the correction level
and a temperature of the ink jet print head while refer-
ring to a look-up tables. A drive pulse control circuit pre-
pares a drive pulse signal on the basis of the bit signals
of one line and the drive pulse condition, and drives the
ink jet print head.
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Description

BACKGROUND OF THE INVENTION

The present invention relates to an ink jet printing
apparatus for ejecting ink droplets to a recording
medium through nozzles by a pressure of bubbles to be
generated to print an image on the recording medium, a
driving device for driving the ink jet printing apparatus
and an ink jet printing method.

The ink jet printing system has many advantages: -
1) High speed printing is possible. 2) Little noise is gen-
erated during the printing operation. 3) Images can be
directly printed on normal papers. 4) No fixing process
is required. 5) Size reduction of the apparatus is possi-
ble. Because of those advantages, the market accepts a
gradual increase of using the ink jet printing system.

The ink jet printing system comes in two categories.
In the ink jet printing system of the first category, an
electro-mechanical transforming element is used for the
means for ejecting. According to an input signal, it is
mechanically deformed to eject an ink droplet to the
recording medium through the nozzle. In the ink jet
printing system of the second category, called a thermal
ink jet printing system, an electro-thermal transforming
element, i.e., a heat generating resistor element, is
used for the jetting means. The resistor element
receives a voltage pulse image signal to heat ink and to
form bubbles thereon. By pressure caused by the bub-
bles, ink are ejected in the form of ink droplet through
the nozzle.

Figs. 2A to 2C are sectional view showing a con-
struction of a conventional ink jet print head. Fig. 2A is a
cross sectional view showing a part of the print head
when it is transversely cut at a right angle to the axis of
a channel groove. Fig. 2B is a sectional view taken on
line B - B' in Fig. 2A. Fig. 2C is a front view showing a
part of the print head when viewed from the nozzle side.
In the figure, reference numeral 21 designates a chan-
nel substrate; 22, a heat generating resistor substrate;
23, a channel groove; 24, a common liquid chamber;
25, nozzles; 26, a nonetching part; 27, a heat generat-
ing resistor; 28, an insulating layer; 29, a thick-film insu-
lating or resin layer; 30, a first recess; 31, a second
recess; 32, partitioning walls; 33, an ink droplet; and 34,
an ink supply port. In Fig. 2, the thermal ink jet head,
disclosed in Japanese Patent Laid-Open Publication
No. Hei. 5-155020, is illustrated by way of example.

The channel groove 23 and the common liquid
chamber 24 are formed on the channel substrate 21 by
an anisotropic etching method. The opening of the
channel groove 23 serves as the nozzle 25. The com-
mon liquid chamber 24 passes through the channel
substrate 21. The opened top of the common liquid
chamber 24 serves as the ink supply port 34. The heat
generating resistors 27 and electrodes, not shown, for
applying drive pulse signals to the heat generating
resistors 27 are formed in the heat generating resistor
substrate 22. The insulating layer 28 and the thick-film
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insulating layer 29 are further formed on and above the
heat generating resistor substrate 22. The insulating
layer 28 and the thick-film insulating layer 29 are par-
tially removed from the heat generating resistor 27, to
form the first recesses 30 therein. The second recess
31 for communicating the channel groove 23 with the
common liquid chamber 24 is formed in the thick-film
insulating layer 29. The channel substrate 21 is joined
with the heat generating resistor substrate 22, and sep-
arated into individual head chips of ink jet print heads.

Through the ink supply port 34, ink is introduced
into the common liquid chamber 24, passes through the
second recess 31 defined by the thick-film insulating
layer, and reaches the channel groove 23 as an ink fluid
path. In the groove, the ink is heated by the heat gener-
ating resistor 27 and bubbles of ink are formed at the
first recess 30 as the result of heating the ink. The ink
bubbles presses the ink in the groove, so that the ink is
ejected in the form of droplet to a recording medium,
through the nozzle 25.

Fig. 3 is a sectional view showing in detail a struc-
ture of the heat generating resistor and a region around
the resistor in a conventional ink jet print head. Fig. 4 is
a plan view showing the structure shown in Fig. 3. In
these figures, like or equivalent portions are designated
by like reference numerals in Fig. 2, and no further
description thereof will be given. In Fig. 3, reference
numeral 41 designates a common electrode; 42, indi-
vidual electrodes; 43, a Ta layer; 44, an SigNg4 layer; 45
and 46, polycrystalline silicon layers; 47, a first glass
layer; 48, a second glass layer; 49, an SiO, layer; 50, a
Si substrate; and 51 and 52, through-holes.

The SiO, layer 49 to be used as a heat storage
layer is layered on the Si substrate 50, and then the
polycrystalline silicon layer, designated by numerals 45
and 46 and to be used as a heat generating resistor, is
layered on the structure. The polycrystalline silicon layer
must be designed so that heat is generated only at a
region thereof where bubbles are to be generated. To
this end, a region of the polycrystalline silicon layer,
except the heat generating region designated by
numeral 45, must be reduced in its resistance. The
resistance-reduced region includes the regions that are
designated by numeral 46, and respectively range to the
common electrode 41 and the individual electrode 42
from both sides of the polycrystalline silicon layer. To
reduce the resistance of the polycrystalline silicon lay-
ers 46, impurity ions (of P or As, for example) are
implanted into these layers 46.

Then, the first glass layer 47 as an interlayer insu-
lating film is formed on the resultant. The through-holes
51 and 52 are formed in the first glass layer 47. The
through-holes are for electrically connecting the resist-
ance-reduced polycrystalline silicon layers 46 to the
common electrode 41 and the individual electrode 42.
Thereafter, the SizN, layer 44 as an insulating layer and
the Ta layer 43 as a metal protecting layer are formed on
the polycrystalline silicon layer 45. To secure a current
feed to the polycrystalline silicon layer 45 to be the heat
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generating resistor, an aluminum (Al) layer is patterned
on the structure, to form the common electrode 41 and
the individual electrode 42. The common electrode 41
and the individual electrode 42, respectively, are electri-
cally connected to the polycrystalline silicon layers 46,
through the through-holes 51 and 52, formed in the first
glass layer 47. Subsequently, the second glass layer 48,
the insulating layer 28, and the thick-film insulating layer
29 are formed on the structure in this order.

Fig. 5 is a diagram illustrating a conventional elec-
trical connection of the heat generating resistor and the
electrodes. As described above, each of the heat gener-
ating resistors 27 is connected at one end to the com-
mon electrode 41 and at the other end to the individual
electrodes 42. Such a connection structure of the heat
generating resistors is already referred to Japanese
Patent Laid-Open Publication No. Hei. 5-338208, for
example. The electrical connection structure, when
expressed in the form of a circuit diagram, is as shown
in Fig. 5. The common electrode 41 is connected to a
power source, and the individual electrodes 42 are con-
nected to drive circuits. A print signal, when applied,
specifies a heat generating resistor and current is fed to
the specified heat generating resistor alone.

In the connection structure referred to above, all of
the heat generating resistors 27 are connected to the
common electrode 41 that is connected to the power
source. Accordingly, the distance from the power source
varies with the position on the common electrode 41
where the electrode is connected to the heat generating
resistor 27. In other words, as the distance varies, the
resistance of the common electrode varies, and the volt-
age applied to the heat generating resistor 27 also var-
ies in its value. As a result, the problem of voltage drop
is invited. The voltage drop Vdrop is given by

Vdrop=1 +« R

where | is current and R is resistance of the common
electrode 41 ranging to the heat generating resistor 27.
When the center heat generating resistor 27 located far
from the power source is compared with the heat gener-
ating resistor located near the power source, a resist-
ance of the common electrode connected to the former
is larger than that of the common electrode connected
to the latter. Accordingly, the voltage applied to the
former is lower than that to the latter. The voltage drop
Vdrop also depends on the current. Accordingly, it var-
ies with the number of the heat generating resistors 27
driven concurrently.

When the applied voltage varies with the positions
of the heat generating resistors, the jetting characteris-
tic of each nozzle will be varied. The voltage condition
required for the heat generating resistors 27 located at
the ends is more severe than that for the heat generat-
ing resistors located at the central part. As a result, the
lifetime of the heat generating resistors 27 is reduced,
and a variation of the characteristic resulting from jetting
of ink droplet is great troublesomely.
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To eliminate these drawbacks, resistance of the
common electrode may be reduced by varying the film
thickness, the width or the material of the common elec-
trode. This approach suffers from some problems, how-
ever. If the thickness of the common electrode is
increased, the surface of the insulating layer layered on
the electrode is irregular. Further, it is difficult to secure
a good bonding of it to the channel substrate 21. To
increase the width of the common electrode, it is neces-
sary to locate the heat generating resistor more distant
from the nozzle. Increase of the distance from the noz-
zle to the heat generating resistor leads to loss of the
jetting energy. Use of material of low resistance, for
example, Au, increases the cost to manufacture the
print head.

The problem of the values of the voltage applied to
the heat generating resistors can be solved in a manner
that the drive voltage applying electrode is not con-
nected to all of the heat generating resistors, and the
electrode is folded back at each heat generating resis-
tor. In this approach, the heat generating resistor and
the folded back electrode must be put within the pixel
pitch. This fact implies that the approach cannot realize
a high resolution of the image. Further, the approach
requires a multi-layered wiring technique. This leads to
increase of defects and cost to manufacture.

The ink jet printing method has a problem that tem-
perature also determines the amount of the ink droplet
being jetted. A method to solve the temperature
dependency problem is disclosed in Japanese Patent
Laid-Open Publication No. Hei. 4-250057. In this
method, paired pulses are used for driving the thermal
ink jet head. The width of one of the paired drive pulses
is varied in accordance with a temperature sensed by a
thermal sensor, to thereby control the amount of ink
droplet to be jetted to a desired one. The publication fur-
ther describes that since the multi-nozzle head with a
plural number of nozzles has a temperature distribution
thereon, the width of the first pulse of the paired drive
pulses is controlled individually depending on a position
of the heat generating element.

SUMMARY OF THE INVENTION

It is an object of this invention to provide an ink jet
printing apparatus, a driving device for driving the ink jet
printing apparatus, and an ink jet printing method, which
are improved in that even when the voltage applied to a
plural number of heat generating resistors connected to
a common electrode varies with the positions of the
heat generating resistors and the number of the concur-
rently driven heat generating resistors, the lifetime of the
heat generating resistors is not reduced, the jetting
characteristics of the heat generating resistors are sub-
stantially uniform, and hence the resultant image is high
in quality.

According to an aspect 1 of this present invention,
there is provided an ink jet printing apparatus for eject-
ing ink through nozzles by the bubbles generated by
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heat comprising:

a plurality of heat sources, divided into blocks, for
being driven to generate heat for bubble;

a power source for supplying a drive pulse signal to
the plurality of heat sources; and

a controller for controlling the width of the drive
pulse signal applied from the power source to the
individual heat sources so as to compensate a volt-
age drop based on the number of heat sources con-
currently driven in a block.

According to an aspect 2 of this present invention,
there is provided a driving device for an ink jet printing
apparatus having:

a plurality of nozzles for ejecting ink,

fluid paths communicating with the nozzles and
heat generating resistors provided in the fluid
paths, and the ink jet printing apparatus ejects ink
to a recording medium through the nozzles by the
bubbles generated by the heat generating resistors,
comprising:

power applying means for applying, to the heat
generating resistors,

an electrical drive prepulse not causing ink
bubbles and

an electrical drive main pulse of a voltage
higher than an ink-jetting start voltage able to
jetting ink through the nozzles, and

control means

for driving the heat generating resistors in
accordance with such a width of the main pulse
that the ink-jetting start voltage decreases in
accordance with the voltage drop of the drive
voltage which is caused depending on the posi-
tions of the heat generating resistors; and

for driving the heat generating resistors in
accordance with such a width of the prepulse
as to correct a variation of the amount of the ink
being jetted that depends on the voltage drop
of the drive voltage.

According to an aspect 3 of this invention, there is
provided an ink jet printing method wherein a predeter-
mined amount of energy is applied to heat sources to
generate bubbles, and ink is ejected by the generated
bubbles through nozzles, comprising:

changing step of changing the width of a drive pulse
signal applied from a power source to the individual
heat sources in accordance with a voltage drop
depending on the positions of the heat sources for
compensation,

applying step of applying the compensated energy
to the heat sources to generate bubbles, and
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gjecting step of ejecting ink through nozzles.

In the invention of aspect 1, the heat sources are
sorted into blocks in each group and driven under a con-
trol to generate heat for bubbling ink. The width of the
drive pulse signal applied from the power source to the
individual heat sources is controlled so as to correct a
voltage drop based on the number of heat sources con-
currently driven in a block. With such a construction,
even if the number of the heat sources driven at the
same timing is changed and the voltage drop is varied,
an equal difference (margin) between an actually
applied voltage and the ink-jetting start voltage is
secured for all of the heat sources by varying a drive
pulse condition so as to correct the variation of the voli-
age drop. Accordingly, the problems of the reduction of
the lifetime of the heat sources and the variation of the
jetting characteristics of the heat sources are success-
fully solved.

In the invention of aspect 2, control means drives
the heat generating resistors in accordance with such a
width of the main pulse that the ink-jetting start voltage
decreases in accordance with the voltage drop of the
drive voltage, which is caused depending on the posi-
tions of the heat generating resistors. Further, the con-
trol means drives the heat generating resistors in
accordance with such a width of the prepulse as to cor-
rect a variation of the amount of the ink being jetted that
depends on the voltage drop of the drive voltage. In this
driving device, the voltage drop that varies depending
on the positions of the heat generating resistors is cor-
rected, and the temperature compensation is based on
the positions of the heat generating resistors. Accord-
ingly, the amount of the ink droplet being jetted is stabi-
lized and a stable picture quality is ensured.

In the invention of aspect 3, the width of a drive
pulse signal applied from a power source to the individ-
ual heat sources in accordance with a voltage drop
caused depending on the positions of the heat sources,
is varied for its correction. Therefore, the heat sources
are able to generate ink bubbles by substantially the
same energy independently of the positions of the heat
sources. The uniform amounts of the ink droplets being
jetted are secured and high quality pictures are printed.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram showing an example of a
system arrangement for determining drive pulse condi-
tions, which is used in an ink jet printing apparatus
according to an embodiment of the present invention.

Figs. 2A to 2C are sectional views showing a con-
struction of a conventional ink jet print head: Fig. 2Ais a
cross sectional view showing a part of the print head
when it is transversely cut at a right angle to the axis of
a channel groove, Fig. 2B is a sectional view taken on
line B - B'in Fig. 2A, and Fig. 2C is a front view showing
a part of the print head when viewed from the nozzle
side.
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Fig. 3 is a sectional view showing in detail a struc-
ture of the heat generating resistor and a region around
the resistor in a conventional ink jet print head.

Fig. 4 is a plan view showing the structure of the
heat generating resistor and its near region in the con-
ventional ink jet print head.

Fig. 5 is a diagram illustrating a conventional elec-
trical connection of the heat generating resistor and the
electrodes.

Fig. 6 is a flowchart of a process for determining
drive pulse conditions, used in the embodiment of the
present invention.

Fig. 7 is a circuit diagram illustrating an electrical
connection of the heat generating resistors and the
electrodes, used in the embodiment of the ink jet print
head of the invention.

Fig. 8 is a waveform diagram showing a waveform
of a drive pulse signal used in the embodiment of the
present invention.

Fig. 9 is a graph showing variations of the amount
of ink droplet and an ink-jetting start voltage with
respect to the prepulse width P1 and the head tempera-
ture when one heat generating resistor is driven.

Figs. 10A and 10B are graph showing voltage differ-
ences each between an actual voltage applied to the
heat generating resistor, located at the end of the array
of heat generating resistors, and actual voltage applied
to other heat generating resistors, which were meas-
ured for different the numbers of concurrent drives.

Fig. 11 is a circuit diagram useful in explaining how
the heat generating resistors are sorted into groups in
the embodiment of the present invention.

Fig. 12 is a table showing the voltage correction lev-
els determined by the positions of the heat generating
resistors and the number of concurrent drives.

Fig. 13 is a graph showing a relationship between a
voltage to start the jetting of ink droplet at a temperature
and an amount of ink droplet being jetted when a prede-
termined voltage is applied.

Figs. 14A and 14B are diagram showing drive pulse
conditions in temperature ranges, and the amounts of
the ink droplet and the ink-jetting start voltage under the
conditions.

Fig. 15 is a graph showing the results of controlling
the amounts of the ink droplet being jetted and the ink-
jetting start voltage in the embodiment of the present
invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Fig. 1 is a block diagram showing an example of a
system arrangement for determining drive pulse condi-
tions, which is used in an ink jet printing apparatus
according to an embodiment of the present invention. In
the figure, reference numeral 1 designates an ink jet
print head; 2, a thermistor; 3, an A/D (analog to digital)
converter; 4, an image signal buffer; 5, an image
processing circuit; 6, a processor; 7, a correction-level
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determining table; 8, look-up tables; 9, a drive pulse
control circuit; and 10, a power source.

The ink jet print head 1 includes a plural number of
heat generating resistors, and under control of the drive
pulse control circuit 9, transforms energy received from
the power source 10 into heat, generates bubbles of ink
by the heat, ejects ink droplets through the nozzles
thereof with aid of a pressure caused by the bubbles,
and prints an image on a recording medium by the ink
droplets. The print head 1 may be constructed as shown
in Figs. 2 through 4. One ink jet print head allows 256
nozzles to be arrayed at 24 dots/mm in resolution. In
this case, the pitch Pn shown in Fig. 2C is 42 pm.

The thermistor 2 is attached to the ink jet print head
1 and used for measuring temperature of the ink jet print
head 1. The A/D converter 3 converts an analog signal,
which is representative of temperature measured by the
thermistor 2, into a digital signal, and outputs the digital
signal to the processor 6.

The image signal buffer 4 receives image signals
from a host machine, and temporarily stores image sig-
nals. The image processing circuit 5 reads the image
signal from the image signal buffer 4 and converts it into
a bit signal for turning on and off each heat generating
resistor in an operation mode, for example, a print
mode, and transfers the bit signal to the drive pulse con-
trol circuit 9. The image processing circuit also extracts
information representative of the number of nozzles
concurrently driven in one block, which consists of a
preset number of nozzles, and transfers the resultant to
the processor 6.

The processor 6 receives the number of the concur-
rently driven nozzles in each block, the location of the
block, and temperature data of the ink jet print head 1
derived from the A/D converter 3, and determines drive
pulse conditions for each nozzle or block or each group
of blocks. The drive pulse conditions determined are
transferred to the drive pulse control circuit 9.

To determine drive pulse conditions, the correction-
level determining table 7 and the look-up tables 8, for
example, may be used. The correction-level determin-
ing table 7 is used for determining a correction level that
is set up every voltage to be corrected on the basis of
the block location and the number of the concurrently
driven nozzles. The look-up tables 8 are used for obtain-
ing a drive pulse condition every correction level in
accordance with temperature of the ink jet print head 1.
In an alternative to determine drive pulse conditions,
formulae to produce the same results are prestored,
and operated to determine the drive pulse conditions. In
this case, the drive pulse conditions may directly be
determined by using three factors, i.e., the number of
the concurrently driven nozzles in each block, the block
location, and the head temperature, for the variables of
the formulae, not using the correction levels. In case
where the head temperature is negligible, only the block
condition and the number of the concurrently driven
nozzles may be used for determining the drive pulse
conditions.
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The drive pulse control circuit 9 generates a drive
pulse signal on the basis of the bit signal from the image
processing circuit 5 and the drive pulse condition from
the processor 6, and controls the driving operation of
the ink jet print head 1. As will be described later, the
drive pulse signal consists of two pulses, for example.
The widths of the two pulses may be controlled in
accordance with the drive pulse condition.

Fig. 6 is a flowchart charting a flow of a process for
determining drive pulse conditions, used in the embodi-
ment of the present invention. An instance to be given
hereunder is that temperature of the ink jet print head 1
is 22 °C to 50 °C, and a drive pulse condition is deter-
mined by using three factors, i.e., the number of the
concurrently driven nozzles, the block location, and the
head temperature.

Image signals, which come from a host machine,
for example, a personal computer, are loaded into the
image signal buffer 4 of the ink jet printing apparatus.
The image signal is converted into a bit signal for turn-
ing on and off the heat generating resistor in a print
mode, for example, in the image processing circuit 5.
Before the printing of one line is performed, in a step
861, a voltage signal outputted from the thermistor 2,
attached to the ink jet print head 1, is converted into a
digital signal by the A/D converter 3, and transferred to
the processor 6. In a step S62, the processor 6 receives
a digital signal representative of temperature of the print
head, and determines an operation based on the tem-
perature.

If temperature of the ink jet print head 1 is 22 °C or
lower, the processor determines whether or not a posi-
tion at which the image signal is to be printed is within a
page. If it lies at the beginning of the page, a step S64 is
executed in which no printing operation is performed
and a half pulse drive, for example, is performed to
increase the temperature of the ink jet print head 1. A
drive pulse condition used for the half pulse drive is the
same as that for all of the heat generating resistors, and
a single pulse of 0.8 us in pulse width may be used. No
ink bubbles are not generated by the half pulse drive,
and hence no ink droplet is eject, as a matter of course.
The 0.8 us wide pulses of 6 x 10* (for about 5 seconds)
are applied to all of the heat generating resistors. There-
after, the processor returns to the step S61 where tem-
perature of the ink jet print head 1 is measured again.
The process of the half pulse drive is repeated till the
head temperature exceeds 22 °C.

If the head temperature is 50 °C or higher, it is
determined whether or not a position at which the image
signal is to be printed is within a page. If it lies at the
beginning of the page, the printing operation is stopped,
and the processor returns to the step S61. The printing
operation does not start until the temperature of the ink
jet print head 1 drops below 50 °C.

The branching of the process, caused by the
sensed temperature of the ink jet print head 1, is applied
to the start of writing one page. In case where the print
position is within one page and the head temperature
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exceeds 22°C or lower or 50°C or higher, the drive pulse
condition is determined by the following method, and
the printing operation is continued.

If the temperature of the ink jet print head 1
exceeds 22°C but is lower than 50°C, a bit signal of one
line is sent to the drive pulse control circuit 9. In a step
867, information representative of the number of the
concurrently driven nozzles in each block is extracted,
and sent to the processor 6.

In a step S68, the processor 6 determines a correc-
tion level, i.e., a look-up table 8 to be used, on the basis
of the block location and the number of the concurrently
driven nozzles, by using the correction-level determin-
ing table 7. In a step S69, the processor determines a
drive pulse condition on the basis of the temperature of
the ink jet print head 1 by using the look-up tables 8.
The tasks of the steps S68 and S69 may also be carried
out by using preset formulae. In one or more number of
blocks at both ends or at the central part of the ink jet
print head 1, there is a case where no correction is
required for some initial settings. In this case, for the
correction level, the correction by the table or the formu-
lae may be omitted.

The drive pulse condition thus determined for each
block is sent to the drive pulse control circuit 9. In a step
870, the drive pulse control circuit 9 generates a drive
pulse signal on the basis of the bit signal of one line and
the drive pulse condition, and sends it to the ink jet print
head 1.

In a step S71, the processor determines whether or
not the present print position lies on the final line of the
image to be printed. If the image to be printed is still left,
the processor returns to the step S61, and performed
the process of the next line.

In the above-mentioned embodiment, the tempera-
ture range is set to be 22°C to 50°C, but another optimal
temperature range may be used and set in the stage of
design. While the operation is thus altered depending
on temperature, the drive pulse condition may be deter-
mined by the block location, the number of the concur-
rently driven nozzles and the temperature of the ink jet
print head 1 over the entire range of temperature.

Fig. 7 is a circuit diagram illustrating an electrical
connection of the heat generating resistors and the
electrodes, used in the embodiment of the ink jet print
head of the invention. In the figure, reference numeral
27 designates heat generating resistors; 41, common
electrodes; and 42, individual electrodes. The ink jet
print head 1 is provided with 256 nozzles, for example.
The first ends of the heat generating resistors corre-
sponding to the 256 nozzles are connected to the com-
mon electrodes 41, which are for supplying a drive
voltage. The second ends of these heat generating
resistors are connected to the individual electrodes 42,
which are connected to a drive circuit, not shown. Cur-
rent is fed to only the heat generating resistor or resis-
tors selected according to a print signal. In Fig. 7, serial
numbers N#1 to N#256 are assigned to the nozzles in
the order from left to right, respectively.
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In this instance, 256 nozzles are grouped into 16
blocks. These blocks are sequentially driven. In Fig. 7,
nozzles N#1 to N#16 form a block 1; nozzles N#17 to
N#32, a block 2; ... ; N#240 to N#256, a block 16. The
nozzles of the blocks 1 and 16 are substantially equally
distanced from the power sources. When the nozzles of
the blocks 2 and 15 are compared with the nozzles of
the blocks 1 and 16, the distance of the former nozzles
from the power sources is longer than of the latter.
Accordingly, the voltage applied through the common
electrodes 41 to the former nozzles more drops than to
the latter.

There is a possibility that the sixteen nozzles of one
block are concurrently driven. The quantity of the cur-
rent flowing through the common electrode depends on
the number of the nozzles, concurrently driven. Also in
case where the nozzles of one block are driven, the volt-
age drop by the wiring resistance varies depending on
the number of the concurrently driven nozzles.

Thus, the voltage drop varies depending on the
locations of the nozzle blocks and the number of noz-
zles driven in the block. In the present invention, thermal
energy is equally supplied to the heat generating resis-
tors of all of the nozzles in a manner that the voltage
drop is corrected by controlling the pulse width of the
drive pulse signal. The control of the drive pulse signal
will be described hereunder.

Fig. 8 is a waveform diagram showing a waveform
of a drive pulse signal used in the embodiment of the
present invention. The drive pulse signal, used in this
instance, consists of twin pulses, as shown in Fig. 8.
The first pulse, called a prepulse, is used for increasing
and adjusting ink temperature around the heat generat-
ing resistor without discharging ink. The width P1 of the
prepulse is selected so as not to make bubbles of ink.
The second pulse, called a main pulse, is used for mak-
ing ink bubbles above the heat generating resistor and
causing ink to be ejected in the form of ink droplet
through the nozzle. The width P3 of the main pulse is
selected to be optimum for ejecting a preset amount of
ink droplet. The interval P2 between the prepulse and
the main pulse is used for transmitting the heat gener-
ated by the prepulse to the ink around the heat generat-
ing resistor to obtain a uniform temperature distribution.
The amount of ink droplet is controlled by changing the
widths P1 to P3 of the drive pulse waveform. The pre-
pulse is not always present, and sometimes the drive
pulse signal consists of only the main pulse.

Fig. 9 is a graph showing variations of the amount
of ink droplet and an ink-jetting start voltage with
respect to the prepulse width P1 and the head tempera-
ture when one heat generating resistor is driven. In this
instance, the main pulse width P3 is 1.6 us. In the
graph, bold broken lines indicate boundaries, spaced 2
V, where the ink-jetting start voltage is changed. Thin
solid lines indicate boundaries, spaced 2pl, where the
amount of the ink droplet being jetted is changed.

The ink-jetting start voltage is a minimum drive volt-
age necessary for ejecting ink in the form of an ink drop-
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let when the head temperature and the prepulse width
are determined. Ink decreases its viscosity when tem-
perature rises, so that it is possible to eject the ink drop-
let under the condition of low voltage. In other words,
the drive voltage required for ejecting the ink droplet is
lower, the higher the head temperature is. Accordingly,
when the prepulse width is increased, ink temperature
rises, and consequently the drive voltage required for
ejecting the ink droplet is low. In the graph, the equal
values of ink-jetting start voltage are connected by lines,
and any voltage contained in the regions located on the
left side of and under the lines cannot eject the ink drop-
let.

To plot variations of the ink droplets in the graph,
the ink droplets were ejected with the drive voltage of 37
V. As the prepulse width P1 is longer, temperature of ink
around the heat generating resistor more rises, ink bub-
bles generated above the heat generating resistor more
grow, and hence the amount of ink droplet being jetted
is larger. Also when the head temperature is high, the
bubbles grow, and the viscosity of the ink around the
heat generating resistor decreases. In this state, the
ejecting of the ink droplet is easier. This results in
increase of the amount of the ink droplet. Thus, the
amount of the ink droplet varies depending on both the
prepulse width P1 and the head temperature. The fact
implies that a variation of the amount of the ink droplet
when temperature varies can be controlled by varying
the prepulse width P1.

In the graph, a bold line indicates a steplike varia-
tion of the prepulse width P1 so as to keep the amount
of the ink droplet at constant values. The amount of the
ink droplet also depends on the main pulse width P3. As
seen, in the region above 46°C the prepulse width P1 is
0, and therefore the amount of the ink droplet cannot be
controlled by using the prepulse width P1. In the region
where the prepulse width P1 is 0, however, the amount
of the ink droplet can be controlled so as to be kept con-
stant until a further higher temperature is reached, by
varying the main pulse width P3, for example, to 1.4 us.

In this instance, the total of the widths P1, P2 and
P3 is set at a fixed value. P+P2+P3=6.5ps.
Accordingly, if the widths P1 and P3 are changed, the
interval P2 also is changed. In other words, a variation
of the amount of the ink droplet, which is caused by
changing the widths P1 and P3, also results from a
change of the interval.

In the example indicated by the bold line in Fig. 9, a
target value (center value) of the amount of the ink drop-
let, which corresponds to the resolution of 24 dots/mm,
was set at 19 pl, and the prepulse width P1 and the
main pulse width P3 were varied so that the amount of
the ink droplet fell within * 1.4 pl. The control range of
the amount of the ink droplet may be selected to such
an extent as to have a negligible density difference in an
image (in this instance, it is 2.8 pl).

In the instance of Fig. 9, one heat generating resis-
tor is driven. As described referring to Fig. 7, in this
embodiment, the number of concurrently driven nozzles
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(the number of concurrent drives) is 16 at maximum.
Where the ejecting of the ink droplet is repeated at a
fixed frequency, the printing speed is high as the
number of concurrent drives is larger. In this case, the
current flowing to the common electrodes increases,
and hence the voltage drop increases. The number of
concurrent drives is within 16 and depends on a kind of
the image signal. When an image of high image density,
for example, a solid image, is printed, the number of
concurrent drives is high. When a character image is
printed, it is low. Thus, the voltage drop depends on the
number of concurrent drives , viz., a kind of the image
signal.

Fig. 10 is a graph showing voltage differences each
between an actual voltage applied to the heat generat-
ing resistor, located at the end of the array of heat gen-
erating resistors, and actual voltage applied to other
heat generating resistors, which were measured for dif-
ferent the numbers of concurrent drives. In this
instance, the drive frequency was fixed at 12 kHz, and
37 V was applied to the common electrodes. In Fig. 10,
there are plotted potential differences each between the
heat generating resistor associated with the nozzle
N#1, located at the end of the nozzle array, and each of
the heat generating resistors associated with the noz-
zles N#32, N#64, N#96 and N#128, which were meas-
ured for different numbers of concurrent drives in the
blocks 1, 2, 4 and 8.

As seen from the graph, where the number of con-
current drives is small, potential differences between
the heat generating resistors located at different posi-
tions are small. As the number of concurrent drives
increases, the current flowing into the heat generating
resistors increases, and the voltage drops are large. As
a consequence, the differences between the heat gen-
erating resistors located at different positions are large.

In this embodiment, the maximum number of the
concurrent drives is 16, and a voltage difference
between the center heat generating resistor (associated
with the nozzle N#128) which receives the voltage most
dropped, and the heat generating resistor (associated
with the nozzle N#1), is 2.0 V at maximum. The graph of
Fig. 10 graphically illustrates the voltage differences of
the heat generating resistors associated with the noz-
zles N#1 to N#128. As shown in Fig. 7, the array of the
heat generating resistors receives at both ends thereof
the drive voltage from the different power sources. The
remaining heat generating resistors, associated with the
nozzles N#129 to N#256, are symmetrically arrayed as
those mentioned above. Then, the voltage drops are
caused in a similar way.

It is empirically known that if a difference (margin)
between an ink-jetting start voltage and a voltage actu-
ally applied to the heat generating resistors is 0.5 V or
larger, the differences of the amounts and the speeds of
ink droplets being ejected, and variations of the
amounts of ink droplet caused by the burning of the sur-
faces of the heat generating resistors repetitively driven,
are observed on the heat generating resistors. The dif-
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ference of the ink droplet amounts between the heat
generating resistors appears as an irregularity of optical
density in a monochromatic image. In a color image, the
droplet amount difference makes the color balances dif-
fer with the locations on the image.

The maximum voltage difference between the heat
generating resistors located at different positions is 2.0
V. To put the voltage difference between the heat gener-
ating resistors, located at different positions, within 0.5
V, the heat generating resistors of 256 being sorted into
four groups in accordance with the voltage difference
will do. As seen from Fig. 10A, the voltage drop, which
is a voltage difference between the heat generating
resistor positioned at the end of the resistor array and
another heat generating resistor located at another
position on the resistor array, proportionally increases
from one end of the resistor array to the center thereof.
The heat generating resistors may be sorted into four
groups in a manner that 32 heat generating resistors,
counted from each end of the resistor array, totally 64
heat generating resistors, are sorted into one group.

Fig. 11 is a circuit diagram useful in explaining how
the heat generating resistors are sorted into groups in
the embodiment of the present invention. As seen, a
group 1 consists of a total of 64 heat generating resis-
tors, 32 heat generating resistors associated with the
nozzles N#1 to N#32 and 32 heat generating resistors
associated with the nozzles N#225 to N#256. Similarly,
a group 4 consists of 64 heat generating resistors asso-
ciated with the nozzles N#97 to N#160. In the group 1,
between the heat generating resistors of the nozzles
N#1 and N#32, which are most apart from each other,
the applied voltage difference resulting from the voltage
drop is within 0.5 V. A similar correction is applicable to
the group. In other groups, the difference between the
voltages applied to the heat generating resistors is
within 0.5 V.

The correction is made in the steps of 0.5 V. Then,
the voltage necessary for the correction is divided into
four levels, levels 0 to 3 as shown in Fig. 10B, in accord-
ance with the voltage difference. The correction levels
are also shown in Fig. 10A. The correction level 0 indi-
cates that there is no correction for the voltage drop.
The correction is made for the voltage difference with
respect to the voltage in the group 1, and hence the cor-
rection level of the group 1 is always 0.

Fig. 12 is a table showing the voltage correction lev-
els determined by the positions of the heat generating
resistors and the number of concurrent drives. In the
graph of Fig. 10A, the most dropped voltage appears at
the heat generating resistor of the nozzle N#64 in the
group 2. The same appears at the heat generating
resistors of the nozzles N#96 and N#128 in the groups
3 and 4. When the number of concurrent drives is varied
from 1 to 16, the maximum voltage drop in each group
and hence a necessary voltage correction level can be
seen from the graph of Fig. 10A. This process can be
tabulated as shown in Fig. 12. In the table, figures,
located under the number of concurrently driven heat
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generating resistors 1 to 16, indicate the correction lev-
els. In the group 3, for example, the correction level is 0
in the range of 1 to 5 of the number of concurrent drives,
and hence no voltage correction is required. In the
range of 6 to 10, the maximum voltage difference is 0.5
V. Accordingly, the voltage correction by the correction
level 1 is required. In the range of 11 to 16, the maxi-
mum voltage difference exceeds 1 V. Accordingly, the
voltage correction by the correction level 2 is required.
The table of Fig. 12 may be used for the correction-level
determining table 7 in Fig. 1.

Fig. 13 is a graph showing a relationship between a
voltage to start the jetting of ink droplet at a temperature
and an amount of ink droplet being jetted when a prede-
termined voltage is applied. As already stated, the actu-
ally applied voltage to start the jetting of the ink droplet
at a temperature is called an ink-jetting start voltage. As
shown also in Fig. 9, the ink-jetting start voltage varies
depending on temperature of the print head and the
pulse width of the prepulse. In Fig. 13, solid lines indi-
cate relationships between the ink-jetting start voltage
when P14+ P2+ P3=6.5us, the pulse width P3 of
the main pulse was fixed at 1.4 ps, 1.6 us, 1.8 ps and
2.0 ps, and the pulse width P1 of the prepulse was var-
ied from 0 to 1.0 ps, and the amount of the ink droplet
being jetted when the drive voltage applied was 37 V.
Dotted lines indicate relationships between the ink-jet-
ting start voltage when the prepulse width P1 was fixed
at 0 ps and 1.0 ps and the main pulse width P3 was var-
ied from 1.4 us to 2.0 ps, and the amount of the ink
droplet being jetted when the drive voltage applied was
37 V. Arange of 19 * 1.4 pl is hatched for showing an
example of an optimum control range of the amount of
ink droplet.

As seen from the graph, when the prepulse width
P1 is increased, the amount of the ink droplet being jet-
ted increases and the ink-jetting start voltage
decreases. Further, it is seen that when the main pulse
width P3 is long, the amount of the ink droplet being jet-
ted is large and the ink-jetting start voltage is low.

Thus, a drive pulse condition where the amounts of
the ink droplet being jetted are substantially equal to
each other but the ink-jetting start voltages are different
from each other, exists. From this, it is seen that the
main pulse width P3 dominantly determines the ink-jet-
ting start voltage, and the prepulse width P1 dominantly
determines the amount of the ink droplet being jetted.
Accordingly, only one of the ink-jetting start voltage and
the amount of the ink droplet being jetted may be varied
by properly combining those pulse widths.

As seen from the graph shown in Fig. 10A and the
table shown in Fig. 9, when the ink-jetting start voltage
is decreased to the amount of the applied voltage differ-
ence, given in the steps of 0.5 V, which is determined by
the positions (group) of the heat generating resistors
and the number of concurrent drives, the difference
between the actually applied voltage and the voltage for
jetting the ink droplet may be kept substantially at a
fixed value (within 0.5 V) for the heat generating resis-
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tors, independently of the kind of image (the number of
concurrent drives) and the positions of the heat gener-
ating resistors.

As described above, temperature also greatly
affects the amount of the ink droplet being jetted. In the
present embodiment, the print head can be controlled
so as to jet a preset amount of ink droplet independently
of temperature in a manner that temperature of the ink
jet print head is sensed by the thermistor attached to the
print head, and a signal representative of the sensed
temperature is additionally used to change the drive
pulse condition. A method for keeping the amount of the
ink droplet at a fixed value in a manner that the drive
pulse condition is changed also by temperature, while
the voltage difference, which is determined by the posi-
tions of the heat generating resistors and the number of
concurrent drives, is corrected by changing the drive
condition, will be described.

Fig. 14 is a diagram showing drive pulse conditions
in temperature ranges, and the amounts of the ink drop-
let and the ink-jetting start voltage under the conditions.
The relationship, as shown in Fig. 13, between the drive
pulse condition, and the amount of the ink droplet being
jetted and the ink-jetting start voltage is obtained every
temperature within a temperature range within which
the ink jet print head will be used, thereby to find a drive
pulse condition where the amount of the ink droplet
being jetted is invariable at every temperature, but the
ink-jetting start voltage is different to the amount of the
voltage drop. The drive pulse conditions of the correc-
tion level 0 thus obtained are tabulated in Fig. 14A, and
the drive pulse conditions of the correction level 3 of
which the ink-jetting start voltage is different by 2 V from
that of the correction level 0, are tabulated in Fig. 14B.
The drive pulse condition tables as shown in Fig. 14
may be used for the look-up tables 8 in Fig. 1.

As the temperature step used to sense temperature
and to change the drive pulse condition is smaller, the
control of the amount of the ink droplet being jetted is
finer. As the variation of the pulse width is smaller, the
amount of the ink droplet being jetted is kept more con-
stant. Where the temperature step is small and the
pulse width variation is small, the requirements for the
sensing accuracy of the thermistor and the pulse width
accuracy are more strict, resulting in increase of the
cost to manufacture. In the present embodiment, as
shown in Fig. 14, the temperature step is 4°C, and the
minimum variation of the pulse width is 0.1 ps. The pre-
pulse width P1 for causing ink bubbles is within 1 ps,
although it varies depending on the drive voltage and
temperature.

In the instance shown in Fig. 14, proper amounts of
ink droplets are obtained in the temperature range of
22°C or lower. If the print is made in this temperature
range, the amount of ink droplet is insufficient. Accord-
ingly, the printed image will suffer from an insufficient
density. To avoid this, another printing method may be
used. For example, the half-pulse drive to increase only
the head temperature is performed as shown in the
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flowchart of Fig. 6. After the print head is heated to a
satisfactory temperature, the printing operation is
started.

Fig. 15 is a graph showing the results of controlling
the amounts of the ink droplet being jetted and the ink-
jetting start voltage in the embodiment of the present
invention. Variations of the amounts of the ink droplet
being jetted and the ink-jetting start voltage when tem-
perature of the ink jet print head is varied from 10°C to
50°C are illustrated in Fig. 15. Bold lines indicate the
results of the control, carried out by using the table of
the correction level 0 shown in Fig. 14A, and thin lines
indicate the results of the control, carried out by using
the look-up tables 8 as the table of the correction level 3
shown in Fig. 14B, which is for correcting the voltage dif-
ference of 2 V. Solid lines indicate variations of the
amount of the ink droplet being jetted, and dotted lines
indicate variations of the ink-jetting start voltage.

In low temperatures below 22°C, the maximum
value 1.0 ps or 0.9 ps of the prepulse width P1 is
applied, from the table shown in Fig. 14. In this temper-
ature range, the target value of the amount of the ink
droplet being jetted is out of a range of 19 pl * 1.4 pl.
Accordingly, the half pulse drive is carried out to heat
the ink jet print head up to 22 °C. In the graph, the tem-
perature range where the half pulse drive is carried out
is hatched. As the result of the half pulse drive, the
amount of the ink droplet being jetted falls within the
control range, and the printing operation starts.

After the temperature of the ink jet print head
exceeds 22°C, the half pulse drive is stopped and the
amount of the ink droplet being jetted is controlled
through only the changing of the drive pulse condition.
The drive pulse condition is changed every step of 4 °C,
and the amount of the ink droplet being jetted is kept
within the control range.

Thus, in the present invention, even in the cases of
the correction levels 0 and 3, the amount of the ink drop-
let being jetted may be within the range of 19 pl + 1.4 pl
in the temperature range up to 50 °C. When the table of
the correction level 3 shown in Fig. 14B is used, the ink-
jetting start voltage was lower by about 2 V of the volt-
age drop than when the table of the correction level 3
shown in Fig. 14A is used. Similar results were obtained
for the tables of the correction levels 2 and 3. The
amount of the ink droplet being jetted could be control-
led to be within a proper amount of ink droplet at large.
Accordingly, the picture quality improvement was
secured.

As seen from the foregoing description, in the
present invention, the condition of the drive pulse signal
applied to the heat generating resistors is changed by
the positions of the heat generating resistors and the
number of concurrent drives. Accordingly, the invention
can suppress a variation of the amounts of the ink drop-
let being jetted by the heat generating resistors, caused
by the voltage margin. Further, the invention can mini-
mize a variation of the amount of the ink droplet being
jetted, caused by temperature, since the drive pulse
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condition is set up by additionally using the temperature
of the ink jet print head, sensed by the thermistor.

Claims

1. Anink jet printing apparatus for ejecting ink through
nozzles by the bubbles generated by heat compris-

ing:

a plurality of heat sources, divided into blocks,
for being driven to generate heat for bubble;

a power source for supplying a drive pulse sig-
nal to said plurality of heat sources; and

a controller for controlling the width of the drive
pulse signal applied from said power source to
said individual heat sources so as to Compen-
sate a voltage drop based on said number of
heat sources concurrently driven in a block.

2. The ink jet printing apparatus of claim 1, further
comprising:

a common electrode for connecting first termi-
nals of said heat sources to said power source,
wherein

the width of the drive pulse signal applied from
said power source to said individual heat
sources are controlled in accordance with the
positions of said heat sources.

3. The ink jet printing apparatus of claim 2, wherein
the drive pulse signal includes a prepulse
not causing bubbles of ink and a main pulse caus-
ing ink bubbles, and
the pulse widths of the prepulse and the
main pulse are varied.

4. The ink jet printing apparatus of claim 2, wherein
said controller determines whether the voli-
age drop is compensated every block, on the basis
of the location of each block and the number of said
concurrently driven heat sources in the block.

5. The ink jet printing apparatus of claim 3, wherein
the width of the main pulse is varied in a
range of 1.4 10 2.0 ps.

6. The ink jet printing apparatus of claim 4, wherein
the applied voltage difference is within 0.5 V.

7. A driving device for an ink jet printing apparatus
having:

a plurality of nozzles for ejecting ink,

fluid paths communicating with said nozzles
and

heat generating resistors provided in said fluid
paths, and the ink jet printing apparatus ejects
ink to a recording medium through the nozzles
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by the bubbles generated by said heat generat-
ing resistors, comprising:

power applying means for applying, to said
heat generating resistors,

an electrical drive prepulse not causing ink
bubbles and

an electrical drive main pulse of a voltage
higher than an ink-jetting start voltage able
to jetting ink through said nozzles, and

control means

for driving said heat generating resistors in
accordance with such a width of the main
pulse that the ink-jetting start voltage
decreases in accordance with the voltage
drop of the drive voltage which is caused
depending on the positions of said heat
generating resistors; and

for driving said heat generating resistors in
accordance with such a width of the pre-
pulse as to correct a variation of the
amount of the ink being jetted that
depends on the voltage drop of the drive
voltage.

The driving device for an ink jet printing apparatus
of claim 7, further comprising:

a common electrode for connecting first termi-
nals of said heat generating resistors to said
power applying means, wherein

the width of the drive pulse signal applied from
said power applying means to said individual
heat generating resistors are controlled in
accordance with the positions of said heat gen-
erating resistors.

The ink jet printing apparatus of claim 8, wherein
said controller determines whether the volt-
age drop is compensated every block, on the basis
of the location of each block and the number of said
concurrently driven heat sources in the block.

The ink jet printing apparatus of claim 9, wherein
the width of the main pulse is varied in a
range of 1.4 10 2.0 ps.

The ink jet printing apparatus of claim 10, wherein
the applied voltage difference is within 0.5 V.

An ink jet printing method wherein a predetermined
amount of energy is applied to heat sources to gen-
erate bubbles, and ink is ejected by the generated
bubbles through nozzles, comprising:

changing step of changing the width of a drive
pulse signal applied from a power source to
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said individual heat sources in accordance with
a voltage drop depending on the positions of
said heat sources for compensation,

applying step of applying the compensated
energy to said heat sources to generate bub-
bles, and

ejecting step of ejecting ink through nozzles.

13. The ink jet printing method of claim 12, wherein

said changing step further comprises:

the step of detecting the number of said heat
sources concurrently driven in one of a preset
number of blocks, and

the step of judging whether the voltage drop is
corrected for each block on the basis of the
number of said concurrently drive heat sources
detected and the location of the block.

14. The inkjet printing method of claim 12, further com-

prising:

the step of detecting temperature around said
heat sources, and

the step of varying the width of the pulse signal
applied from said power source to said heat
sources in accordance with the detected tem-
perature.
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