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(57) ABSTRACT 

Color ink jet recording method/apparatus capable of reduc 
ing blurring of ink dots Without reducing dot saturation, 
generating no difference in tones of secondary colors, and 
inviting no reduction of throughput, hence materialiZing an 
excellent performance of recording in high quality at high 
speed. A color image is formed by causing ink dots of plural 
colors to land in such a manner that each of the ink dots is 
not essentially superposed. The ink dots have the optical 
density of 1 or more and 1.5 or less. Thereby, overlapping 
betWeen adjacent ink dots is lessened, and thus a high 
quality color image having no difference in tones of sec 
ondary colors and a high saturation can be attained. 
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COLOR INK JET RECORDING 
METHOD/APPARATUS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to color ink jet 
recording method/apparatus for forming color images on a 
recording medium by use of ink of plural colors. 

[0003] 2. Related Background Art 

[0004] There has been knoWn conventionally a color ink 
jet recording method for forming color images by discharg 
ing ink of plural colors from discharge ports for the adhesion 
thereof to a recording medium. A color ink jet recording 
method of the kind forms in general color images in miXed 
colors using four colors of ink, yelloW (Y), magenta (M), 
cyan (C), and black Then, for the formation of second 
ary color, such as R (red), G (green), and B (blue), the 
aforesaid three colors, yelloW (Y), magenta (M), and cyan 
(C), are appropriately combined and miXed. 

[0005] This color ink jet recording method is an eXcellent 
recording method Which makes it possible to implement 
recording in high image quality at high speed With a lesser 
amount of noises, and at loWer costs. In recent years, 
therefore, the color ink jet recording method is Widely 
utiliZed for a printer, a copying machine, a facsimile equip 
ment, and many other of?ce equipment. Further, this method 
is used for a large-siZe plotter, and even utiliZed for printing 
color proofs, posters, and others in the printing industry. 

[0006] NoW that the ink jet recording technologies are 
applied not only to the of?ce equipment, but also, to many 
other equipment such as used in the industrial ?elds, it is 
desired to provide color images in much higher quality With 
higher durability. For a method for forming images in higher 
quality, various proposals have been made With various 
points in vieW. For example, there is a method of increasing 
the number of graduations that can be represented by use of 
darker and lighter ink, a method of reducing the granular 
senses of dots by attempting to make small liquid droplets 
?ner still, or the like. 

[0007] Conventionally, hoWever, only the execution of the 
aforesaid method is not good enough to record images in 
higher quality. In order to attain recording in higher quality 
With a different angle of vieW, there are encountered prob 
lems yet to be solved as given beloW. 

[0008] Firstly, there is a problem related to the saturation 
of images. As described above, When recording should be 
made in secondary colors by the ink jet method, ink con 
taining colorant of different colors should be superposed to 
miX colors for obtaining a desired resolution in some cases. 
When ink of different colors should be miXed as described 
above, the ink colorant on the loWer layer is subjected to 
being in?uenced by the ink colorant on the upper layer With 
resultant light scattering, thus making it dif?cult to obtain 
stable color reproduction. Also, the saturation of ink dots is 
reduced inevitably due to the tWo to three ink dots Which are 
superposed on the same landing point. With such reduced 
saturation, the range of color reproduction is made narroWer 
eventually. In contrast, if saturation is made higher, the range 
of color reproduction is Widened to make it possible to 
obtain images in higher quality. Therefore, it is desired to 
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provide a recording method in Which saturation may be 
made higher. Also, in order to improve an image represen 
tation, there is a method of enhancing the density of ink, that 
is, a method of making the density of colorant in ink higher. 
But, if the ink Whose colorant is made denser is superposed 
on the same landing point one after another, saturation 
becomes loWer still and the range of color reproduction is 
made narroWer accordingly. As for a printed object for 
outdoor use, such as a poster, pigments is generally used as 
colorants in order to strengthen the light resistance. As a 
result, if pigments are used in the ink jet method, the 
reduction of saturation as described above becomes more 
conspicuous. 

[0009] Secondly, there is a problem related to the change 
of color tones (or color ?avors) depending on the order in 
Which ink of different colors is superposed. Here, bidirec 
tional printing is effective for high speed recording, but the 
bidirectional printing brings about the different order of ink 
superposition eventually. Then, in some cases, the color 
tones are caused to change due to the different order of ink 
superposition. The lesser the change of color tones, the 
higher becomes the quality of image recorded. Thus, for 
recording images in high quality at high speed, it is desired 
to provide a recording method Which is capable of repro 
ducing colors irrespective of the order in Which ink of 
different colors should be superposed. 

[0010] Thirdly, at the end, there is a problem related to 
blurring due to ink superposition. When recording in sec 
ondary colors, ink of different colors is superposed on the 
same landing point. As a result, the amount of ink to be shot 
onto a recording medium becomes greater than that of ink to 
be shot for a monochromatic recording. Thus, depending on 
the ink absorption capability of a recording medium to be 
used, ink is not absorbed good enough and may blur 
eventually in some cases. Also, in order to prevent the 
blurring it is possible to make an arrangement so as to shoot 
the second ink droplet onto a recording medium at an 
suf?cient interval after the shooting of the ?rst one. HoW 
ever, this requires a longer period for recording. Ink blurring 
should preferably be reduced Without making the recording 
period longer. 

[0011] Under such circumstances, the inventor et al hereof 
have found it necessary to solve the problems related to the 
reduction of saturation, the difference in color tones, the 
blurring of ink, and the reduction of throughput simulta 
neously When recording in secondary colors, and have 
designed the present invention after various attempts With a 
vieW to solving them at a time. 

SUMMARY OF THE INVENTION 

[0012] Here, therefore, With a vieW to solving the ?rst to 
third problems discussed above, the present invention is 
designed. It is an object of the invention to provide color ink 
jet recording method/ apparatus capable of reducing blurring 
of ink dots Without reducing dot saturation, generating no 
difference in tones of secondary colors, and inviting no 
reduction of throughput. 

[0013] In order to achieve these objects, there is provided 
a color ink jet recording method of the invention, Which 
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forms color an image on a recording medium by discharging 
ink of plural colors from an ink jet head in accordance With 
image data to enable monochrome dot(s) to apply to one 
pixel, featured by comprising the step of performing a 
recording operation in accordance With all the data of the 
image data by forming on the recording medium ink dots of 
plural colors having the optical density of 1 or more and 1.5 
or less With an average dot diameter q)(,um) after ?xation of 
ink applied thereon being (2.54><104/§q)§(\/2><2.54><104/R) 
(Where R is resolution, unit being dpi (dot/inch)). 

[0014] Also, there is provided the color ink jet recording 
apparatus of the invention, Which forms a color image on the 
recording medium in accordance With image data by dis 
charging ink to a recording medium to enable monochrome 
dot(s) to apply to one pixel scanning an ink jet head having 
a plurality of discharge ports for discharging ink of plural 
colors, relatively to the recording medium, featured by 
comprising driving means for causing the ink jet heads to 
record in accordance With the image data so as to enable ink 
dots of plural colors having the optical density of 1 or more 
and 1.5 or less to be Within a range of an average dot 
diameter q)(um) after ?xation of ink applied thereon being 
(2.54><104/R)§q)§(\/2><2.54><104/R) (Where R is resolution, 
unit being dpi (dot/inch)). 

[0015] Here, also, is provided by the present invention a 
method for processing image data to form a color image on 
a recording medium by discharging ink of plural colors from 
an ink jet head in accordance With image data, featured by 
comprising the steps of providing image data on an image to 
be formed; and processing the image data for recording in 
accordance With all the data of the image data by forming on 
the recording medium, by enabling monochrome dot(s) to 
apply to one pixel, ink dots of plural colors having the 
optical density of 1 or more and 1.5 or less With an average 
dot diameter q)(,um) after ?xation of ink applied thereon 
being (2.54><104/R)§¢§(\/2><2.54><104/R) (Where R is reso 
lution, unit being dpi (dot/inch)). 

[0016] Here, also, is provided by the present invention an 
apparatus for processing image data to form a color image 
on a recording medium by discharging ink of plural colors 
from an ink jet head in accordance With image data, featured 
by comprising means for processing image data to process 
the image data for recording in accordance With all the data 
of the image data by forming on the recording medium, by 
enabling monochrome dot(s) to apply to one pixel, ink dots 
of plural colors having the optical density of 1 or more and 
1.5 or less With an average dot diameter q)(,um) after ?xation 
of ink applied thereon being (2.54><104/R)§q)§( 
V2><2.54><104/R) (Where R is resolution, unit being dpi 
(dot/inch)). 
[0017] In addition, it is noted that one inch referred to in 
the speci?cation hereof means 2.54 cm. 

[0018] Also, in the speci?cation hereof, the phrase “each 
of ink dots is not essentially superposed” is assumed to 
include a degree of dot superposition to the extent that given 
the radius of an ink dot as r, the distance 1 between centers 
of adjacent dots satis?es the relation of V2r§l§2r In other 
Words, the degree of dot superposition shoWn in FIG. 6 is 
minimum, and the one shoWn in FIG. 7 is maximum. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] FIG. 1 is a perspective vieW Which shoWs the 
recording apparatus to Which the present invention is appli 
cable. 

[0020] FIG. 2 is a perspective vieW Which schematically 
shoWs an ink jet unit represented in FIG. 1. 

[0021] FIG. 3 is a block diagram Which shoWs the struc 
ture of a control system of the recording apparatus to Which 
the present invention is applicable. 

[0022] FIG. 4 is a vieW Which shoWs the structure of an 
ink jet head used for the recording apparatus in accordance 
With the present invention. 

[0023] FIG. 5 is a vieW Which illustrates a method for 
controlling the discharging amount of ink by changing the 
electric poWer to be applied to heaters. 

[0024] FIG. 6 is a vieW Which shoWs dots having landed 
in such a manner as to alloW adjacent dots to be in contact. 

[0025] FIG. 7 is a vieW Which shoWs adjacent dots slightly 
being superposed. 
[0026] FIG. 8 is a vieW Which shoWs ink of different 
colors superposed on the same landing point. 

[0027] FIG. 9 is a block diagram Which shoWs one 
example of information processing system using the record 
ing apparatus to Which the present invention is applicable. 

[0028] FIG. 10 is a perspective vieW Which shoWs the 
outer appearance of the aforesaid system. 

[0029] FIG. 11 is a vieW Which shoWs the outer appear 
ance of another example of the aforesaid system. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0030] Hereinafter, With reference to the accompanying 
draWings, the detailed description Will be made of the 
embodiments in accordance With the present invention. 

[0031] FIG. 1 is a perspective vieW Which shoWs the 
outline of an ink jet recording apparatus 1000 in accordance 
With one embodiment of the present invention. For the ink 
jet recording apparatus, a carriage 1001 engages slidably 
With tWo guide shafts 1004 and 1005, Which extend in 
parallel to each other. In this manner, the carriage 1001 can 
travel along the guide shafts 1004 and 1005 by means of a 
driving motor and a driving poWer transmission mechanism, 
such as a belt to transmit driving poWer (neither of them 
shoWn). On the carriage 1001 is mounted an ink jet unit 1003 
comprising an ink jet head and an ink tank serving as an ink 
container to retain ink to be used for the head. 

[0032] The ink jet unit 1003 is structured With the heads 
each discharging ink, and the tanks each serving as a 
container to retain ink to be supplied to each of the heads. 
In other Words, four heads each discharging black (K), cyan 
(C), magenta (M), and yelloW (Y) ink, respectively, and 
tanks each arranged corresponding to each of the heads are 
mounted on the carriage 1001 as the ink Jet unit 1003. In this 
respect, it may be possible to supply at least cyan (C), 
magenta (M), and yelloW (Y) ink to the respective heads, 
While using a process of mixing YMC appropriately to 
produce black color. Each of the heads and each of the 
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tanks are detachable from each other, and the arrangement is 
made so that When ink in each of the tanks is no longer 
available, only such tank can be replaced per ink as required. 
Also, it is arranged to be able to exchange only the head as 
required as a matter of course. Here, it is of course possible 
to arrange the structure so that the heads and tanks are 
formed integrally as one body, not necessarily limited to the 
above example of the structure Whereby to detachably install 
the heads and tanks. 

[0033] A sheet 1006 Which serves as a recording medium 
is inserted from an inlet port 1011 arranged for the front part 
of the apparatus, and the carrying direction thereof is 
reversed lastly, thus being carried by means of a carrying 
roller 1009 to the loWer part of the traveling area of the 
carriage 1001. In this Way, recording is made on the record 
ing area of the sheet 1006 supported by a platen 1008 along 
With the traveling of the heads mounted on the carriage 
1001. 

[0034] As described above, With the repetition of Width 
Wise recording corresponding to the Width of head discharge 
port arrangement and the conveyance of the sheet 1006, 
Which is performed alternately, recording is made on the 
entire recording area of the sheet 1006. Then, the sheet 1006 
is led out to the front side of the apparatus. Here, the 
aforesaid recording is possible by discharging ink from the 
heads With the traveling of the carriage both in the direction 
X and direction Y. In other Words, bidirectional printing is 
made executable. 

[0035] On the left end of the area in Which the carriage 
1001 can travel, a recovery system unit 1010 is installed to 
be able to face each of the heads on the carriage 1001 and 
the loWer part thereof, With Which it is made possible to 
operate capping the discharge ports of each head, as Well as 
to operate sucking ink or the like from the discharge ports of 
each head When recording is at rest. Also, the speci?c 
position of this left edge portion is de?ned as the head home 
position. 

[0036] On the other hands, the right edge portion of the 
apparatus is provided With an operation unit 1007 having 
sWitches and display (or indication) devices arranged there 
for. Here, the sWitches are used to turn on/off the poWer 
supply source, and also, to set various kinds of printing 
modes or the like. The display devices function to display 
various conditions of the apparatus 

[0037] FIG. 2 is a perspective vieW Which schematically 
shoWs the ink jet unit 1003 illustrated in FIG. 1. This unit 
is designed to make each of the color ink tanks, black, cyan, 
magenta, and yelloW, exchangeable independently. 

[0038] In other Words, there are mounted on the carriage 
1001, a head case 1002 for detachably installing each of the 
heads individually, as Well as a tank 20K for black color use, 
a tank 20C for cyan color use, a tank 20M for magenta color 
use, and a tank 20Y for yelloW color use. In the head case 
1002, the heads 30K, 30C, 30M, and 30Y (not shoWn) Which 
discharge K, C, M, and Y ink, respectively, are installed. 
Each of the heads is provided With 256 discharge ports, 
respectively, for example, and from each of discharge ports, 
ink is discharge in an amount of approximately 2 pl 
(picoliter). The tanks are connected With the heads through 
the respective connectors to supply ink. 
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[0039] In this respect, it may be possible to structure the 
C, M, and Y tanks integrally as one body depending on the 
amount of ink to be used, for example. 

[0040] FIG. 3 is a block diagram Which shoWs the struc 
ture Whereby to control the ink jet recording apparatus 1000 
in accordance With the present embodiment of the present 
invention. From a host computer, data Which should be 
recorded, such as characters and images (hereinafter referred 
to as image data), are inputted into a receive-buffer 1201 of 
an output device 1000. Also, from the recording apparatus, 
such data as to con?rm Whether or not data have been 
transmitted correctly, as Well as such data as to notify the 
operational condition of the output device, are transferred to 
the host computer. The data inputted into the receive-buffer 
1201 are transferred to a memory 1203 (RAM) under the 
control of a controller 1202 having a CPU, and stored 
provisionally. A mechanism controller 1204 drives a 
mechanical portion 1205, such as a carriage motor and a line 
feed motor Which serves as the driving poWer source of the 
carriage 1001 and the carrying roller 1009, respectively, in 
accordance With instructions from the controller 1202. A 
sensor/SW controller 1206 transmits signals from a sensor/ 
SW unit 1207 formed by various sensors and SWs 
(sWitches) to the controller 1202. A display device controller 
1208 controls the displaying contents of a display device 
unit 1209, Which is formed by LEDs on display panels, 
liquid crystal display devices, and the like, in accordance 
With instructions from the controller 1202. Ahead controller 
1210 controls each of the heads 30K, 30C, 30M, and 30Y 
individually in accordance With instructions from the con 
troller 1202. Also, the temperature information and others 
Which indicate the current condition of each head are read 
and transferred to the controller 1202. 

[0041] FIG. 4 is a vieW Which shoWs the structure of the 
ink jet heads 30 (30K, 30C, 30M, and 30Y) used by the ink 
jet recording apparatus 1000 represented in FIG. 1. 

[0042] In the above description, four heads are arranged, 
for use of K, C, M, and Y ink, respectively, but in FIG. 4, 
the structure of one of the four heads is shoWn, because each 
of them has the same structure. 

[0043] In FIG. 4, the ink jet head 30 comprises a heater 
board 104, Which is a base plate having a plurality of heaters 
102 arranged thereon to heat ink, and a ceiling plate 106 
Which covers the heater board 104. For the ceiling plate 106, 
a plurality of discharge ports 108 are formed, and behind the 
discharge ports 108, are formed tunnel type liquid paths 110 
to communicate With the discharge ports 108, respectively. 
Each of the liquid paths 110 is completely separated from the 
adjacent liquid paths by means of separation Walls 112. Each 
of the liquid paths 110 is commonly connected With one ink 
liquid chamber 114 on the rear side thereof. Then, ink is 
supplied to the ink liquid chamber 114 through an ink supply 
port 116, and then, supplied from the ink liquid chamber 114 
to each of the liquid paths 110. 

[0044] The heater board 104 and the ceiling plate 106 are 
positioned so that each of the heaters 102 is positioned to 
face each of the liquid paths 110. Then, assembling is made 
as shoWn in FIG. 4. In FIG. 4, only tWo heaters 102 are 
shoWn, and the heaters 102 are arranged for the liquid paths 
110 one to one. Then, in the assembled state as shoWn in 
FIG. 4, ink on each of the heaters 102 generates ?lm boiling 
to form bubbles When speci?c driving pulses are given to the 
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heaters 102. With the pressure thus exerted by bubbling, ink 
is pressed and discharged from each of the ink discharge 
ports 108. Then, it becomes possible to control the volume 
of ink to a certain extent at this time by controlling the 
driving pulses to be applied to the heaters 102, respectively. 

[0045] FIG. 5 is a vieW Which illustrates one method for 
controlling the discharging amount of ink by changing the 
driving pulses to be applied to heaters. Here, in order to 
adjust the discharging amount of ink, tWo kinds of pulses are 
applied to each heater 102 at invariable voltage. As shoWn 
in FIG. 5, the tWo kinds of pulses are pre-heat pulse and 
main heat pulse (hereinafter, simply referred to as heat 
pulse). The pre-heat pulse is used for Warming ink prior to 
the actual ink discharge, Which is set at a value smaller than 
the minimum pulse Width t5 required for discharging ink. 
Therefore, the pre-heat pulse alloWs no ink to be discharged. 
NoW, by adjusting the length of the pre-heat pulse, it is 
possible to make the discharge amount of ink different. 

[0046] On the other hand, the heat pulse is the one used for 
discharging ink actually, Which is set at a length longer than 
the minimum Width t5 required for discharging ink. The 
intensity of energy generated by each heater 602 is propor 
tional to the Width of heat pulse (application period). There 
fore, it is possible to adjust the variation in characteristics of 
heaters 602 by adjusting the Width of heat pulse. 

[0047] In this respect, With the adjustment of each interval 
betWeen the pre-heat pulse and the heat pulse, the condition 
of heat diffusion caused by pre-heat pulses can be controlled 
to make it possible to adjust the discharging amount of ink. 

[0048] As clear from the above description, the discharg 
ing amount of ink can be controlled not only by the 
adjustment of the application period of the preheat pulse and 
the heat pulse, and also, it can be controlled by the adjust 
ment of the application interval betWeen the pre-heat pulse 
and the heat pulse. For the present invention, such adjust 
ments of ink discharge amount may be made as required 
With the ink jet recording apparatus described above, it is 
possible to materialiZe the present invention. Here, in con 
junction With FIG. 6 and FIG. 7, the characteristics of the 
invention Will be described. The invention is characteriZed 
in that ink of different colors is essentially superposed even 
When recording is made in secondary colors. In other Words, 
as shoWn in FIG. 6, a secondary color is formed by 
aggregating monochrome dots. FIG. 6 shoWs the case Where 
recording is made in red (R) color in particular, and Y dots 
and M dots are shot so that each of them to be in contact With 
each other Within a dot matrix of 4x4. Here, Y dots and M 
dots are mixed by and individually present Within a speci?c 
region (dot matrix of 4x4), so that the region is made visible 
as a red color, even if the Y dots and M dots are not 
superposed on the same landing point. Here, also, given the 
dot radius as r, the distance 1 betWeen dot centers is l=2r. 
NoW, although FIG. 6 shoWs the case Where recording is 
made in red (R) color, it is of course possible to record in 
green (G) and blue (B) colors in the same manner using Y 
dots and C dots to record in green (G) color, and M dots and 
C dots to record in blue (B) color, respectively. 

[0049] Also, the present invention not necessarily limited 
to such arrangement as shoWn in FIG. 6 Where dots are shot 
so that adjacent dots themselves are in contact With each 
other, but as shoWn in FIG. 7, a secondary color may be 
formed by superposing adjacent dots themselves slightly. In 
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such a case Where superposition is only slight as this, the 
resultant reduction of saturation, presence of blurring, or the 
like may be negligible. Here, FIG. 7 shoWs the case Where 
recording is made in red (R) color, and the adjacent Y dots 
and M dots are shot so as to superpose them slightly. Then, 
given the dot radius r, the distance 1 betWeen dot centers is 
l=\/2r. 

[0050] As described above, it is preferable to set the 
superposing degree of adjacent dots so that the relation 
betWeen the dot radius r and the distance 1 betWeen centers 
of adjacent dots can satisfy a range of V2r§1§2r The 
present invention can be materialiZed by satisfying this 
relation. On the other hand, if the relation betWeen the dot 
radius r and the distance 1 betWeen centers of adjacent dots 
should be out of the above-mentioned range, draWbacks are 
caused to occur as given beloW. In other Words, if the 
relation is l>2r, the gap betWeen adjacent dots becomes 
great, because the dots are not in contact With each other. 
Then, even if density of each ink dot is made higher, it 
becomes difficult to obtain images in suf?cient density. 
MeanWhile, if the relation is l<\/2r, the dot superposition 
becomes too great, and the reduction of saturation is invited 
inevitably. It is desirable to set the degree of dot superpo 
sition at “2r E1 in order to record images With good 
saturation. Here, it is not desirable to make the superposing 
degree too great, because this may also present the problem 
of blurring. Therefore, the superposing degree should pref 
erably be set Within a range of 2r§1§2r 

[0051] Also, this degree of dot superposition can be 
expressed in the relation betWeen dot diameter (I) and reso 
lution R. Here, the dot diameter 4) is the mean value after ink 
has been ?xed, that is, When blurring of ink adhered to a 
recording medium is completed so as not to alloW the dot to 
become larger any longer. In other Words, this relation can 
be expressed as (2.54><104/R)§q)(,um)§(2.54><\/2><104/R). 
(Here, the unit of R is dpi (dot/inch).) NoW, assuming that 
¢<(2.54><104/R), it is impossible to obtain suf?cient density 
for a printed object even if the dot density is made high. 
Also, if the relation is (2.54><\/2><104/R)<q), the dot superpo 
sition becomes too great, hence making it impossible to 
suf?ciently demonstrate the enhancement of saturation, 
Which is objective of the present invention. The aforesaid 
limit of the numerical value has the critical signi?cance, 
Which has been con?rmed by experiments. 

[0052] Here, in other Words, the characteristic of the 
present invention is that if, for example, one image is 
represented in terms of M><N dot matrix, only one ink 
droplet should be shot into each of the cells that form the dot 
matrix under any circumstance. Also, for the present inven 
tion, the degree of dot superposition is adjusted as shoWn in 
FIG. 6 or FIG. 7. This adjustment is made by the dot 
diameter determined in consideration of the ink discharging 
condition and the blurring ratio of a recording medium. 
Then, in order to shoot dots as shoWn in FIG. 6 or FIG. 7, 
the discharge amount and the accuracy of landing are 
controlled by the controller 1202 that controls the recording 
apparatus as a Whole, and also, a recording medium having 
an appropriate blurring ratio is used. Here, such control is 
executed by use of the controller 1202, and besides, it may 
be possible to process image data on the host computer side 
or to process them both on the host computer side and on the 
recording apparatus side for driving ink jet heads appropri 
ately. Also, as shoWn in FIG. 6 or FIG. 7, the control that 
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sets the dot diameter 1 Within a range of (2.54><104/ 
R)§q)(,um)§(2.54><\/2><104/R) is made for all the data of the 
input image ones. In other Words, the aforesaid control Is 
made for data of 20 all the density levels. In this Way, for any 
portion of one page, the dot diameter 4) can be kept Within 
a range of (2.54><104/R)§q)(,um)§(2.54><\/2><104/R). In this 
respect, the dot diameter is measured by obtaining dots from 
a metal microscope through a CCD camera, binary coding 
intensity data of dots by a knoWn image processing device 
for use of dot diameter measurement, and then converting 
dots into complete rounds based on a dot area thus measured 
the diameter of Which is measured as a diameter of the target 
dot. 

[0053] Also, for the present invention, the optical density 
of an ink dot, that is, the optically re?ective density (OD 
value), should preferably be set at 1 or more and 1.5 or less, 
Wherein the OD is the abbreviation of optical density, and 
the OD value is such value of each individual dot. This range 
is because the present invention implements to minimiZe the 
superposing degree of adjacent dots as compared With the 
conventional art. If the dot density is made smaller than 1, 
the density becomes insuf?cient for a recording object as a 
Whole. If the dot density is made greater than 1.5, it becomes 
dif?cult to represent a half tone image. Therefore, it is 
necessary to make the optical density (OD value) of ink dot 
1 or more and 1.5 or less. Here, for the present invention, 
pigments or dyestuffs are used as colorants of ink, and the 
optical density of ink dots is made 1 or more and 1.5 or less 
by adjusting the colorant densities in ink. More speci?cally, 
the pigment or dyestuff content as colorant is kept Within a 
range of 1 to 10 Weight (Wt) % in the Weight ratio to the 
entire amount of ink liquid or, more preferably, Within a 
range of 2 to 8 Wt %. 

[0054] As described above, it is possible to obtain color 
images having suf?cient density Without the reduction of 
saturation or any problem of blurring if recording is made at 
the dot OD value Which is set Within a range of 1§OD 
value; 1.5 in condition that the degree of dot superposition 
is set as shoWn in FIG. 6 or FIG. 7. Also, there is no 
possibility that different colorants are superposed on a 
recording medium. Consequently, each colorant generate 
stable light diffusion at all times to make it possible to 
reproduce colors stably, as Well as to enhance saturation. 
Here, recording is possible in this condition in the entire 
range of image data from the loWest level to the highest 
level. In other Words, recording is possible in the above 
condition for the entire images Within one page irrespective 
of the portions having loWer density or higher density. 

[0055] Also, in manufacturing pigment ink, dispersing 
element of pigment is produced in advance. As regards the 
method of manufacture therefor, it is possible to use the 
methods disclosed in the speci?cations of Japanese Patent 
Application Laid-Open Nos. 5-179183 and 5-247392, 
among some others. 

[0056] Also, the ink composition does not matter Whether 
it is Water soluble or oily, nor even if it has any solvent 
composition, on condition that ink of such composition can 
be discharged from noZZles stably. Here, hoWever, the 
physical property of ink liquid should preferably be: the 
range of viscosity 1] (unit: cps) is Within a range of 1 in i 10, 
and the surface tension y (unit: dyne/cm) is Within a range 
of 35 éyé70. In this respect, the reason that the viscosity 
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should be Within the above range is that if viscosity is loW, 
blurring is easier to occur, While if it is high, ?xing and 
discharging capabilities may become unfavorable. Also, the 
reason that the surface tension should be Within the above 
range is that if the surface tension is loW, blurring is easier 
to occur, While if it is high, ?Xing capability becomes 
unfavorable. Also, ink liquid may be able to contain resin as 
binder. The Weight ratio betWeen colorant and resin should 
preferably be Within a range of colorant: resin=100:1 to 
1001300. 

[0057] Also, the resolution of images may be determined 
necessarily by the discharge amount of ink and the blurring 
ratio of a recording sheet. HoWever, the noZZle density of a 
head is not necessarily agreeable With such resolution. In 
other Words, it may be possible to enhance resolution 
arti?cially by a method that uses a plurality of heads, a 
method that installs head(s) slantly, a multiple scanning 
method Wherein recording is made by scanning head(s) 
several times for the same line, or the like. Here, the blurring 
ratio of a paper sheet is a ratio betWeen the sectional area and 
the diameter of an actual dot on the assumption that a 
discharged liquid droplet is sphere. 

[0058] In this respect, for the present invention, even When 
an actual resolution is set at 1200 dpi because of recording 
an image only by one-color dots Without superposing ink of 
different colors, the apparent resolution becomes 600 dpi or 
so if tWo colors of yelloW, magenta and cyan are recorded in 
a speci?c region. Therefore, in order to obtain a high quality 
image in high resolution, it is preferable to make arrange 
ment so that resolution should satisfy more than 1,000 dpi. 
Also, if the resolution is 1,000 dpi, for eXample, one inch 
square is divided into 106 (=1,000><1,000), and if it is 
assumed to record in ink of four colors, the apparent 
resolution becomes \/(106/4)=500 dpi. When this apparent 
resolution becomes 500 dpi or less, it is dif?cult to obtain 
color images in good quality. This is the reason Why reso 
lution should preferably be more than 1,000 dpi. 

[0059] Also, for the present invention, it is preferable to 
record dots by means of bidirectional printing as shoWn in 
FIG. 6 or FIG. 7. This is because the present invention does 
not require ink of different colors to be superposed on the 
same landing point to form secondary color, and because no 
color tones become different due to the order in Which dots 
are superposed even When bidirectional printing is per 
formed. Further, With the performance of bidirectional print 
ing, recording speed is increased to be able to enhance the 
resultant throughput. 

[0060] (On the other aspect), particularly among ink jet 
recording methods, the present invention demonstrates 
excellent results in a recording head or a recording appara 
tus, Which adopts such recording method to create change of 
states in ink by the application of thermal energy With the 
provision of means for generating thermal energy serving as 
energy to be utiliZed for discharging ink (such as electro 
thermal converting elements and laser beams). With the 
method of the kind, it is possible to attain highly precise 
recording in high density. 

[0061] As regards the typical structure and operational 
principle of such method, it is preferable to adopt those 
implemental by the application of the fundamental principle 
disclosed in the speci?cations of Us. Pat. Nos. 4,723,129 
and 4,740,796, for eXample. This method is applicable to the 
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so-called on-demand type recording and a continuous type 
one as Well. Here, in particular, it is surtable for the 
on-demand type because the principle is such that at least 
one driving signal that corresponds to recording information 
and provides an abrupt temperature rise beyond nuclear 
boiling, is applied to by each of the electrothermal trans 
ducing elements arranged correspondingly for a liquid (ink) 
retaining sheet or a liquid path to generate thermal energy, 
hence creating ?lm boiling on the thermal activation surface 
of recording head to effectively form resultant bubbles in 
liquid one to one corresponding to each of the driving 
signals. Then, by the development and contraction of each 
bubble, the liquid is discharged through each of the 
discharge openings, hence forming at least one droplet. The 
driving signal is more preferably in the form of pulses 
because the development and contraction of the bubble can 
be made instantaneously and appropriately to attain per 
forming particularly excellent discharges of liquid (ink) in 
terms of the response action thereof. The driving signal in 
the form of pulses is preferably such as disclosed in the 
speci?cations of US. Pat. Nos. 4,463,359 and 4,345,262. In 
this respect, the temperature increasing rate of the thermo 
active surface is preferably such as disclosed in the speci 
?cation of US. Pat. No. 4,313,124 for an excellent recording 
in a better condition. 

[0062] As the structure of the recording head, there are 
included in the present invention, the structure such as 
disclosed in the speci?cations of Us. Pat. Nos. 4,558,333 
and 4,459,600 in Which the thermal activation portions are 
arranged in a curved area, besides those Which are shoWn in 
each of the above-mentioned speci?cations Wherein the 
structure is arranged to combine the discharging openings, 
liquid paths, and the electrothermal transducing devices 
(linear type liquid paths or right-angled liquid paths). In 
addition, the present invention is effectively applicable to the 
structure disclosed in Japanese Patent Application Laid 
Open No. 59-123670 Wherein a common slit is used as the 
discharging openings for plural electrothermal transducing 
devices, and to the structure disclosed in Japanese Patent 
Application Laid-Open No. 59-138461 Wherein an aperture 
for absorbing pressure Waves of thermal energy is formed 
corresponding to the discharge openings. Because recording 
is correctly and ef?ciently effected by the present invention 
even if any type of the recording head is employed. Further, 
the present invention can be utiliZed effectively for the 
full-line type recording head the length of Which corre 
sponds to the maximum Width of a recording medium 
recordable by such recording apparatus. For the full-line 
type recording head, it may be possible to adopt either a 
structure Whereby to satisfy the required length by combin 
ing a plurality of recording heads or a structure arranged by 
one integrally formed recording head. 

[0063] In addition, it may be possible to use a serial type 
of recording head as above-mentioned, a recording head 
?xed in a main body of an apparatus, an exchangeable chip 
type of recording head Which makes electrical connection 
With or ink supply from the main body of an apparatus 
possible When it is installed on the main body of the 
apparatus, or a cartridge type head having an ink tank 
integrally formed With the recording head itself. 

[0064] Also, for a structure of a recording apparatus 
according to the present invention, it is preferable to addi 
tionally provide a recording head With recovery means and 

Mar. 21, 2002 

preliminarily auxiliary means as constituents of the record 
ing apparatus because these additional means contribute to 
making the effectiveness of the present invention more 
stabiliZed. To name them speci?cally, these are capping 
means, cleaning means, suction or compression means, 
pre-heating means such as electrothermal transducing 
devices or heating devices other than such transducing 
devices or the combination of those types of devices. Here, 
also, the performance of a pre-discharge mode Whereby to 
make discharge other than the regular discharge is effective 
for the execution of stable recording. 

[0065] The kind of mounted recording head and the num 
ber of mounted recording heads do not matter for the present 
invention. For example, the present invention is effectively 
applied to an apparatus having only one recording head for 
single color or having plural recording head for different 
record colors or different densities. That is, the present 
invention is extremely effective in applying it not only to a 
recording mode in Which only main color such as black is 
used, but also to an apparatus having at least one of 
multi-color modes With ink of different colors, or a full-color 
mode using the mixture of colors, irrespective of Whether the 
recording heads are integrally structured or it is structured 
by a combination of plural recording heads. 

[0066] Furthermore, as a mode of a recording apparatus 
provided With the recording mechanism that uses the liquid 
jet recording head of the present invention, it may be 
possible to adopt the one serving as a copying apparatus 
combined With reader or the like, and also, the one serving 
as a facsimile equipment having functions to perform recep 
tion and transmission, besides such mode that serves as an 
image output terminal of a computer and other information 
processing equipment. 

[0067] FIG. 9 is a block diagram Which schematically 
shoWs the structure of an information processing apparatus 
to Which the recording apparatus of the present invention is 
applied. The information processing apparatus is provided 
With functions to serve as a Word processor, a personal 
computer, a facsimile equipment, and a copying machine. 

[0068] In FIG. 9, a reference numeral 1301 designates a 
controller that controls the apparatus as a Whole, Which is 
provided With a CPU such as a microprocessor, and various 
I/O ports to output control signals, data signals and the like 
to each unit, and to receive control signals and data signals 
from each unit for controlling; 1302, a display unit to display 
on a screen thereof various menus, document information, 
and image data or the like read out by an image reader 1307; 
and 1303, a pressure-sensitive transparent touch panel 
arranged on the display unit 1302, capable of inputting each 
item, coordinate positions or the like as indicated on the 
display unit 1302 When the surface thereof is depressed by 
use of a ?nger or the like as needed. 

[0069] A reference numeral 1304 designates the FM (fre 
quency modulation) sound source Where music information 
produced by a music editor or the like is stored as digital data 
on a memory unit 1310 or an external memory unit 1312, 
and then, the FM modulation is performed by reading out 
such data from the memory unit. Electric signals from the 
FM sound source unit 1304 are transformed into audible 
sounds through a speaker unit 1305. A printer unit 1306 to 
Which the recording apparatus of the present invention is 
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employed as an output terminal of the Word processor, the 
personal computer, the facsimile equipment and the copying 
machine. 

[0070] The image reader unit 1307 to input data on an 
original document by reading it out photoelectrically, Which 
is installed on the Way of passage to carry the original 
document, and reads a facsimile original document, a copy 
ing original document, and various other kinds of original 
documents; 1308, a transmission/reception unit of a fac 
simile provided With an interface function With 
outside, Where the data on the original document thus read 
out by the image reading unit 1307 is transmitted as a 
facsimile signal or a received facsimile signal is decoded; 
and 1309, a telephone set provided With the ordinary tele 
phoning function, the automatic ansWering function, and 
various others. 

[0071] The storage unit 1310 contains a ROM that stores 
a system program, a manager program, and other application 
programs, as Well as character fonts, dictionary, and others, 
and memories that further includes a video RAM and others 
to store application programs and document information 
loaded from the eXternal memory device 1312 

[0072] A reference numeral 1311 designates a key board 
unit through Which document information and various com 
mands are inputted. 

[0073] The external memory device 1312 uses a ?oppy 
disc or a hard disc as a storage medium, Where document 
information, music or voice information, user’s application 
programs, and others are stored. 

[0074] FIG. 10 is a vieW Which schematically shoWs the 
outer appearance of the information processing apparatus 
represented in FIG. 9. 

[0075] In FIG. 10, a reference numeral 1401 designates a 
?at panel display to display various menus, graphic infor 
mation, document information, and others. On the display 
1401, the touch panel 1303 is provided for inputting coor 
dinates and designated items by depressing the surface 
thereof; 1402, a hand set to be used When the apparatus used 
as a telephone set. Akey board 1403 is connected detachably 
With a main body of the apparatus through a cord so as to 
input various document information and data. Also, various 
function keys 1404 and others are provided on the key board 
1403. A reference numeral 1405 designates an insertion inlet 
of a ?oppy disc for use of the eXternal memory device 1312. 

[0076] A reference numeral 1406 designates a paper sheet 
stacking unit to put original documents thereon. After the 
original document has been read by the image reader unit 
1307, it is ejected from the rear side of the apparatus. Also, 
for the facsimile reception or the like, recording is made by 
use of an ink jet printer 1407. 

[0077] In this respect, the aforesaid display unit 1302 may 
be a CRT, but it is desirable to use a ?at panel such as a liquid 
crystal display Which utiliZes ferroelectric liquid crystal, 
because a display of this type can make itself smaller, 
thinner, and lighter as Well. 

[0078] When the aforesaid information processing appa 
ratus functions as a personal computer or a Word processor, 
various kinds of information inputted through the key board 
unit 1311 are processed by the controller 1301 in accordance 
With a predetermined program, and output to the printer unit 
1306 as images. 
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[0079] When the apparatus functions as the reception unit 
of the facsimile equipment, the controller 1301 receives and 
processes the facsimile information, Which has been input 
ted from the FAX transmission and reception unit 1308 
through communication line, in accordance With a predeter 
mined program, and outputs the information thus processed 
to the printer unit 1306 as reception images. 

[0080] Also, When the apparatus functions as the copying 
machine, the image reader unit 1307 reads out an original 
document, and the data on the original document thus read 
is output to the printer unit 1306 as copied images through 
the controller 1301. Here, When the apparatus functions as 
the reception unit of the facsimile equipment, the data on the 
original document read out by the image reader unit 1307 is 
processed by the controller 1301 for transmission in accor 
dance With a predetermined program, and then, transmitted 
to a communication line through the FAX transmission and 
reception unit 1308. 

[0081] In this respect, as shoWn in FIG. 11, the informa 
tion processing apparatus may be arranged to incorporate the 
ink jet printer in it as an integrated type. In this case, it 
becomes possible to enhance its portability more. In FIG. 
11, corresponding reference numerals are applied to the parts 
having the same functions as those shoWn in FIG. 10. 

[0082] With the application of the recording apparatus of 
the present invention to the aforesaid multi-functional type 
information processing apparatus, it becomes possible to 
obtain high quality images recorded at high speed With a 
lesser amount of noises. The functions of the information 
processing apparatus can be enhanced further still. (Embodi 
ments) 
[0083] NoW, the description Will be made of the typical 
eXamples of numerical ranges referred to in the claims of the 
present invention in accordance With the embodiments given 
beloW. Here, it is needless to mention that recording has 
been made in good quality each at. the upper limit and the 
loWer limit of such numerical ranges. 

[0084] (Embodiment 1) 
[0085] Using pigment ink (No. 1) given beloW, recording 
is made in a region of red color. 

(The composition of No. 1 pigment magenta ink) 

C. I. Pigment Red 122 3.0 Wt % 
resin 0.8 Wt % 
monoethanol amine 0.3 Wt % 
glycerin 15.0 Wt % 
ethylene glycol 15.0 Wt % 
ethanol 3.0 Wt % 
ion-exchange Water 62.9 Wt % 

(The composition of No. 1 pigment yelloW ink) 

C. I. Pigment Yellow 13 3.0 Wt % 
resin 0.8 Wt % 
monoethanol amine 0.3 Wt % 
glycerin 15.0 Wt % 
ethylene glycol 15.0 Wt % 
ethanol 3.0 Wt % 
ion-exchange Water 62.9 Wt % 

[0086] For the aforesaid resin, the Weight ratio of styrene, 
acrylic acid, and acrylate is styrene acrylic acid: acrylate= 
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59:28.5:12.5, Which are used With oxidation 174 and 
molecular Weight of 18,000. Also, the ink property thereof 
is: magenta—viscosity 2.8 cps and surface tension 45 dyne/ 
cm; yelloW—viscosity 2.9 cps and surface tension 44 dyne/ 
cm. 

[0087] Using magenta and yelloW ink as described above, 
printing test is carrying out in such a manner as given beloW. 
At ?rst, the Weight ratio of silica and styrene acrylic polymer 
is prepared to be silica styrene acrylic acid polymer=8:2, 
Which is coated on a non-coat paper in an amount of 3 g/m2 
so that the blurring ratio becomes 2 for this paper, and 
de?ned as a coated paper A. 

[0088] Then, as shoWn in FIG. 7, a ZigZag pattern is 
printed on the coated pater AWith the ink discharge amount 
of 2 pl and resolution of 1,200 dpi. The OD values of 
magenta ink dots and yelloW ink dots on the coated paper A 
are measured. The OD value of magenta ink dots is 1.1, and 
that of yelloW ink dots is 1.0. As a printed object, it has a 
sufficient density. 

[0089] Also, each dot diameter is <|>=25 pm. The color 
different of the printed object is also measured With the good 
result of L* a*b* color indication: a* =36 and b*=27, and 
saturation: C*=45. Further, With the smaller degree of super 
position of dots, curling, cockling, and blurring do not occur, 
and ?xing capability is excellent. 

COMPARATIVE EXAMPLE 1 

[0090] The density of ink pigment used for the embodi 
ment 1 is made 1/2 to prepare ink (No. 2) as given beloW, and 
then, recording is made in a region of red color in the same 
manner as the embodiment 1. 

(The composition of No. 2 pigment magenta ink) 

C. I. Pigment Red 122 1.5 Wt % 
resin 0.8 Wt % 
monoethanol amine 0.3 Wt % 
glycerin 15.0 Wt % 
ethylene glycol 15.0 Wt % 
ethanol 3.0 Wt % 
ion-exchange Water 64.4 Wt % 

(The composition of No. 2 pigment yelloW ink) 

C. I. Pigment Yellow 13 1.5 Wt % 
resin 0.8 Wt % 
monoethanol amine 0.3 Wt % 
glycerin 15.0 Wt % 
ethylene glycol 15.0 Wt % 
ethanol 3 0 Wt % 
ion-exchange Water 64.4 Wt % 

[0091] The ink property thereof is: magenta—viscosity 
2.5 cps and surface tension 47 dyne/cm; yelloW—viscosity 
2.8 cps and surface tension 45 dyne/cm. 

[0092] Using magenta and yelloW ink as described above 
printing test is carrying out in such a manner as given beloW. 
At ?rst, a coated paper A is prepared. Then, as shoWn in 
FIG. 8, a pattern, on Which magenta ink and yelloW ink are 
superposed on the same landing point, is printed on the 
coated pater A With the ink discharge amount of 14 pl and 
resolution of 600 dpi. The OD values of magenta ink dots 
and yelloW ink dots on the coated paper A are measured. The 
OD value of magenta ink dot is 0.8, and that of yelloW ink 
dots is 0.6. 
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[0093] Also, each dot diameter is <|>=60 pm. The color 
different of the printed object is also measured With the 
result of L*a*b* color indication: a*=29 and b*=22, and 
saturation: C*=36. 

[0094] For the comparative example 1, the amount of 
colorant on the paper is almost the same as that of the 
embodiment 1, but With the superposition of dots, saturation 
is extremely reduced as compared With that of the embodi 
ment 1. Also, the range of color reproduction becomes 
narroWer. Also, With the increased amount of solvent on the 
paper due to the superposed dots, curling, cockling, and 
blurring occur to make the ?xing capability inferior to the 
embodiment 1. 

[0095] (Embodiment 2) 
[0096] Using pigment ink (No. 3) given beloW, Which is 
prepared by adding binder to the pigment ink of the embodi 
ment 1, recording is made in a region of red color. 

(The composition of No. 3 pigment magenta ink) 

C. I. Pigment Red 122 3.0 Wt % 
resin 0.8 Wt % 
monoethanol amine 0.3 Wt % 
glycerin 15.0 Wt % 
ethylene glycol 15.0 Wt % 
ethanol 3.0 Wt % 
ion-exchange Water 54.9 Wt % 
binder 8.0 Wt % 

(The composition of No. 3 pigment yelloW ink) 

C. I. Pigment Yellow 13 3.0 Wt % 
resin 0.8 Wt % 
monoethanol amine 0.3 Wt % 
glycerin 15.0 Wt % 
ethylene glycol 15.0 Wt % 
ethanol 3.0 Wt % 
ion-exchange Water 54.9 Wt % 
binder 8.0 Wt % 

[0097] For the present embodiment, Water soluble acrylic 
acid resin is used as binder. Besides this resin, hoWever, 
Water soluble resin of Water soluble cellulose, Water soluble 
polyester, Water soluble polyamide, Water soluble polyure 
thane, or the like may be usable or the emulsion Whose 
granular diameter is 0.2 pm or less or the like may be usable. 
Also, the binder is not necessarily limited to the one men 
tioned here. Any material that may demonstrate effect as a 
binder is usable. Also, the ink property thereof is: magenta— 
viscosity 3.0 cps and surface tension 44 dyne/cm; yelloW— 
viscosity 3.2 cps and surface tension 45 dyne/cm. 

[0098] Using magenta and yelloW ink as described above, 
printing test is carrying out in such a manner as given beloW. 
At ?rst, a coated paper A is prepared. 

[0099] Then, as shoWn in FIG. 7, a ZigZag pattern is 
printed on the coated pater AWith the ink discharge amount 
of 2 pl and resolution of 1,200 dpi. The OD values of 
magenta ink dots and yelloW ink dots on the coated paper A 
are measured. The OD value of magenta ink dots is 1.2, and 
that of yelloW ink dots is 1.1. As a printed object, it has a 
suf?cient density. 

[0100] Also, each dot diameter is <|>=28 pm. The color 
different of the printed object is also measured With the good 
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result of L* a*b* color indication: a* =38 and b*=29, and 
saturation: C*=48. Further, with the smaller degree of super 
position of dots, curling, cockling, and blurring do not occur, 
and ?xing capability is excellent. Also, resistance to abra 
sion is enhanced. 

[0101] (Embodiment 3) 
[0102] Using dyestuff ink (No. 4) given below, recording 
is made in a region of red color. 

(The composition of No. 4 dyestuff magenta ink) 

C. I. Acid Red 92 2.0 wt % 
glycerin 15.0 wt % 
thiodiglycol 15.0 wt % 
ethanol 5.0 wt % 
urea 5.0 wt % 

ion-exchange water 58.0 wt % 
(The composition of No. 4 dyestuff yellow ink) 

C. I. Acid Yellow 23 2.0 wt % 
glycerin 15.0 wt % 
thiodiglycol 15.0 wt % 
ethanol 5.0 wt % 
urea 5.0 wt % 
ion-exchange water 58.0 wt % 

[0103] The ink property thereof is: magenta—viscosity 
2.9 cps and surface tension 45 dyne/cm; yellow—viscosity 
2.8 cps and surface tension 44 dyne/cm. 

[0104] Using magenta and yellow ink as described above, 
printing test is carrying out in such a manner as given below. 
At ?rst, a coated paper A is prepared. 

[0105] Then, as shown in FIG. 7, a ZigZag pattern is 
printed on the coated pater Awith the ink discharge amount 
of 2 pl and resolution of 1,200 dpi. The OD values of 
magenta ink dots and yellow ink dots on the coated paper A 
are measured. The OD value of magenta ink dots is 1.1, and 
that of yellow ink dots is 1.0. As a printed object, it has a 
sufficient density. 

[0106] Also, each dot diameter is ¢=26 pm. The color 
different of the printed object is also measured with the good 
result of L*a*b* color indication: a*=44 and b*=21, and 
saturation: C*=49. Further, with the smaller degree of super 
position of dots, curling, cockling, and blurring do not occur, 
and ?xing capability is excellent. Also, for the present 
embodiment, the ZigZag pattern is printed by use of bidi 
rectional printing. However, with the smaller degree of dot 
superposition, no difference occurs in the color tones even 
by use of the bidirectional printing. Higher speed printing is 
made possible. 

COMPARATIVE EXAMPLE 2 

[0107] The density of ink pigment used for the embodi 
ment 3 is made 1/2 to prepare ink (No. 5) as given below, and 
then, recording is made in a region of red color in the same 
manner as the embodiment 3. 

(The composition of No. 5 dyestuff magenta ink) 

C. I. Acid Red 92 1.0 wt % 
glycerin 15.0 wt % 
thiodiglycol 15.0 wt % 
ethanol 5.0 wt % 
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urea 5.0 wt % 
ion-exchange water 59.0 wt % 

(The composition of No. 5 dyestuff yellow ink) 

C. I. Acid Yellow 23 1.0 wt % 
glycerin 15.0 wt % 
thiodiglycol 15.0 wt % 
ethanol 5.0 wt % 
urea 5.0 wt % 
ion-exchange water 59.0 wt % 

[0108] The ink property thereof is: magenta—viscosity 
2.8 cps and surface tension 45 dyne/cm; yellow—viscosity 
2.7 cps and surface tension 44 dyne/cm. 

[0109] Using magenta and yellow ink as described above, 
printing test is carrying out in such a manner as given below. 
At ?rst, a coated paper A is prepared. Then, as shown in 
FIG. 8, a pattern, on which magenta ink and yellow ink are 
superposed on the same landing point, is printed on the 
coated pater A with the ink discharge amount of 14 pl and 
resolution of 600 dpi. The OD values of magenta ink dots 
and yellow ink dots on the coated paper A are measured. The 
OD value of magenta ink dots is 0.7, and that of yellow ink 
dots is 0.7. 

[0110] Also, each dot diameter is ¢=60 pm. The color 
different of the printed object is also measured. When 
magenta is printed earlier, there is a tendency that yellow 
becomes stronger, with the result of L*a*b* color indica 
tion: a*=40 and b*=20, and saturation: C*=45. Also, when 
yellow is printed earlier, there is a tendency that magenta 
becomes stronger, with the result of L*a*b* color indica 
tion: a*=42 and b*=17, and saturation: C*=45. 

[0111] For the comparative example 2, the amount of 
colorant on the paper is almost the same as that of the 
embodiment 3, but with the larger degree of dot superposi 
tion, saturation is extremely reduced as compared with that 
of the embodiment 3. Also, the range of color reproduction 
becomes narrower. Also, with the increased amount of 
solvent on the paper due to the superposed dots, curling, 
cockling, and blurring occur to make the ?xing capability 
inferior to the embodiment 3. Further, since color tones 
become different depending on the order of ink superposi 
tions, this ink is not suitable for the performance of bidi 
rectional printing and it is dif?cult to perform printing at 
higher speed. 

COMPARATIVE EXAMPLE 3 

[0112] Printing is performed using the same ink as the 
embodiment 3. 

[0113] The ink property thereof is the same as the embodi 
ment 3 with magenta—viscosity 2.8 cps and surface tension 
45 dyne/cm; yellow—viscosity 2.7 cps and surface tension 
44 dyne/cm. 

[0114] Using magenta and yellow ink as described above, 
printing is performed by use of a printer having the dis 
charging amount of 1 ng, and resolution 1,000 dpi on the 
coated paper A The dot density is the same as the embodi 
ment 3, that is, magenta 1.1, and yellow 1.0. 

[0115] Then, as in the embodiment 1, a ZigZag pattern is 
test printed (see the discharge pattern shown in FIG. 6). In 
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this case, the dot diameter is ) <|>=23 pm. The color different 
of the printed object is also measured With the result: a*=43 
and b*=20, and saturation: C*=47. For the comparative 
example 3, there is no dot superposition at all, and the 
printing density is loW as a Whole The resultant quality of 
prints is made loWer. 

[0116] The Table 1 indicates the respective conditions and 
results of the embodiments 1, 2, and 3, and the comparative 
examples 1, 2, and 3. 
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3. A color ink jet recording method according to claim 1, 
Wherein said ink of plural colors contains at least three 
colors, yelloW, cyan, and magenta. 

4. A color ink jet recording method according to claim 1, 
Wherein said ink has viscosity 1] (unit: cps) of 1 in i 10, and 
surface tension y (unit: dyne/cm) of 35 §y§70 

5. A color ink jet recording method according to claim 1, 
Wherein said ink contains 1 to 10 Wt % of pigment based on 
the entire Weight of said ink. 

TABLE 1 

Surface Discharge Dot Color 
Viscosity Tension Dot Amount Diameter Difference 

Properties (cps) (dyn/cm) Density (ng) (pm) a" b" C" 

Embodiment 1 Pigment ink magenta 2.8 45 1.1 2.0 30 36 27 45 

1200 dpi yelloW 2.9 44 1.0 
Comparative Pigment ink (density 1/2) magenta 2.5 47 0.8 14.0 60 29 22 36 
Example 1 600 dpi yelloW 2.8 45 0.6 
Embodiment 2 Pigment ink (containing magenta 3.0 44 1.2 2.0 28 38 29 48 

binder) 1200 dpi yelloW 3.2 45 1.1 
Embodiment 3 Dyestuff ink magenta 2.9 45 1.1 2.0 32 44 21 49 

1200 dpi yelloW 2.8 44 1.0 
Comparative Dyestuff ink (density 1/2) magenta 2.8 45 0.7 14.0 60 40 20 45 M shot earlier 
Example 2 600 dpi yelloW 2.7 44 0.7 42 17 45 Y shot earlier 
Comparative Dyestuff ink magenta 2.9 45 1.1 1.0 23 43 20 47 

Example 3 1000 dpi yelloW 2.8 44 1.0 

[0117] As described above, in accordance With the present 
invention, ink of different colors is not essentially super 
posed, and images are formed only With monochromic dots. 
As a result, it becomes possible to obtain images in high 
saturation. 

[0118] Also, With the smaller dot superposition, the 
amount of solvent becomes smaller on a recording paper 
sheet, and the occurrence of curling and cockling is also 
smaller accordingly. Therefore, blurring can be reduced to 
enhance the ?xing capability. Also, no difference takes place 
in color tones irrespective of the order of ink superposition, 
hence making it possible to perform bidirectional printing at 
high speed. 

What is claimed is: 
1. A color ink jet recording method for forming a color 

image on a recording medium by discharging ink of plural 
colors from an ink jet head in accordance With image data to 
enable monochrome dot(s) to apply to one pixel, comprising 
the step of: 

performing a recording operation in accordance With all 
the data of said image data by forming on said record 
ing medium ink dots of plural colors having the optical 
density of 1 or more and 1.5 or less With an average dot 
diameter q)(um) after ?xation of ink applied thereon 
being (2.54><104/R)§q)§(\/2><2.54><104/R) (Where R is 
a resolution, unit being dpi (dot/inch)). 

2. A color ink jet recording method according to claim 1, 
Wherein the resolution of color images formed on said 
recording medium is 1,000 dpi or more. 

6. A color ink jet recording method according to claim 5, 
Wherein said ink contains at least resin, and the ratio of said 
pigment and said resin is Within a range of (100:1) to 

(100:300). 
7. A color ink jet recording method according to claim 1, 

Wherein said ink contains 1 to 10 Wt % of dyestuff based on 
the entire Weight of said ink. 

8. A color ink jet recording method according to claim 7, 
Wherein said ink contains at least resin, and the ratio of said 
dyestuff and said resin is Within a range of (100:1) to 

(100:300). 
9. A color ink jet recording method according to claim 1, 

Wherein said ink jet head is provided With thermal energy 
generating elements for generating thermal energy to dis 
charge ink. 

10. Acolor ink jet recording apparatus for forming a color 
image on a recording medium in accordance With image data 
by discharging ink to a recording medium to enable mono 
chrome dot(s) to apply to one pixel With scanning an ink jet 
head having a plurality of discharge ports for discharging ink 
of plural colors, relatively to the recording medium, com 
prising: 

driving means for causing said ink jet head to record in 
accordance With said image data so as to enable ink 

dots of plural colors having the optical density of 1 or 
more and 1.5 or less to be Within a range of an average 

dot diameter q)(um) after ?xation of ink applied thereof 
being (2.54><104/R)§q)§(\/2><2.54><104/R) (Where R is 
resolution, unit being dpi (dot/inch)). 




