- 1 LI'QUI D DI SCHARG NG APPARATUS AND LI QUI D DI SCHARG NG METHOD BACKGROUND
OF THE .I'NVENTION 1. -Freld of the Invention The present .invention relates to
a liquid discharging apparatus having a head in which a plurality of
liquid discharging portions, each having a nozzle, are arranged in a
specific direction, and to a liquid discharging nethod using the head. 2.
Description of the Related Art Ink-jet printers are known as liquid

di scharging apparatuses. One type of ink-jet printer is a serial printer
in which droplets are discharged froma head onto a recording nmedi um while
noving the head in the lateral direction of the recording nmedium and in

whi ch the 1 ¥ Qe ¢ ng-Rg [ in the feeding direction. Another
type of ink}?gt g??ﬁ%er|€#€i§%ﬁg§gﬁﬁ%ﬂA§D hd@URg Q%ﬁﬁﬁéRﬁéﬁﬁ ME¥HeRdi ng
along the overall width of the recording nedium in which only the

recording nediumis noved in a direction perpendicular to the |ateral

“di recti opatRereskp 8pdriR fﬁbﬁﬁTI€ﬁ°plets are discharged fromthe |ine head
onto the recording nmedium (sée, for exanple, Japanese Unexam ned Patent

Applicatgon Rebhicaki ppe Nen - 36522). In print heads used in these
ink-jet printers, when ?nk végg%?gts are not disqharged fromany of the

di schargi ng -£he present invention relates to a liquid discharging
apparatus having a head in which a plurality of liquid
discharging portions, each having a nozzle, are arranged in
a specific direction, and to a liquid discharging method |
using the head,

2. Description of the Related Art

Ink-jet printers are known as liguid discharging
apparatuées. One type of ink-jet printer is a seriél
prihter in which droplets are discharged from a head onte a
recording medium while moving the head in the lateral
directiop of the recording medium, and in which the
recording medium is moved in the feeding direction. Another
type of ink—jet printer is a line printer having a line head
extending along the overall width of the recording medium, 
in which'only the recording-medium is moved in a direction
pé{pendigular to the laterél direction thereof, and in which
droplets are discharged from the line head onté the
o :
recording medium (see, for example, Japanesé Unexamined
Patent Application Publication No. 2002-36522) .,

In print heads used in these ink—jet printers, when ink

drqplets are not discharged from any of the discharging

ay V{,




portions for some reason, ink does not adhere to a position on a recording
medi um corresponding to the discharging portion, and a white stripe
appears. This reduces the inage quality. In sone cases, ink droplets are
di scharged froma discharging portion in a direction deviating fromthe
al | owabl e range, or the anount of ink discharged froma discharging
portion is quite small. These cases al so reduce the image quality. In
particular, since a line head includes_nore discharging portions than a
serial head, a wder range of variations in ink discharging
characteristics occur. In a serial head, even when there are sone
variations jn ink discharging characteristics anong the di scharging
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drying Qfiidikrie range, or the amount of ink discharged from a
discharging portion is quite small. These cases also reduce
the image quality. In particular, since a line head
includes more discharging portions than a serial head, a
wider range of variations in ink discharging characteristics
occur.
In a serial head, even when there are some variations
in ink discharging characteristics among the discharging
portions, the variations can be reduced by a method, called
"superimposition", for overlapping dots to bridge gaps
between previously printed dots.
In contrast, since a line head does not move, it cannot
perform overprinting on a prerecorded region. For this
reason, variations among the discharging portions remain as:
in the direction in which the.discharging portions are
arranged, and result in conspicuous stripes.
Accordingly, in ink-jet printers, measures have been
taken so that all the discharging portions of a print head

properly discharge ink droplets. In particular, clogging of

an ink discharging outlet, for example, due tordrying of ink




droplets is prevented by maintenance such as cleaning. However, for
exanple, in thermal ink-jet printers, problens that cannot be overcone by
mai nt enance sonetines occur: for exanple, a heater for heating and

di scharging ink breaks, and an ink chanber malfunctions. In these cases,
none of the discharging portions can discharge ink droplets. Since a print
head havi ng such a discharging portion cannot be repaired, it has been
treated as defective. For exanple, whep it is assuned that the possibility
of occurrence of such a defective discharging portion is approximtely
1/ 40, 000, one out of two hundred print heads, each having two hundred

di schar gi g Rortlons has a defective dlscharglng portion. In this case,
hal f of P 8FﬁnﬁShBéﬁgeﬁéﬁﬁnBYnﬂPﬁPEF%aHFgcﬁ%@@|ﬁ@ pbeENEAG; such as

| i ne heads, aﬁe defective, for exanple, when the recording paper is
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none of the discharging portions can discharge ink droplets.

Since a print head having such a discharging portion cannot
be repaired, it has been treated as defective. |
For example, when it is assumed that the possibility of
occurrence of such a defective discharging portion is
approximately 1/40,000, one out of two hundred print heads,
each having two hundred discharging portions, has a
defective discharging portion. 1In this case, half of the
print heads having multiple discharging portions, such as
line heads, are defective, for example, when the recording
paper 1is A4-sized and the resolution is 600 dpi because
approgimately five thousand discharging portions are
prepared for one color, that is, approximately twenty
thousand discharging portions are prepared for four colors.
Therefore, the production yields of print heads are

significantly reduced.

SUMMARY OF TEE INVENTION
Accordingly{ it is an object of the present invention

to reduce the occurrence of stripes and to improve print




in discharging characteristics anong liquid discharging portions. In order
to overcone the above problens, a first invention provides a liquid

di scharging nethod for discharging droplets froma plurality of |iquid

di scharging portions, the nethod including the steps of discharging
droplets fromthe liquid discharging portions to forman actual pattern,
obtai ning informati on about a defective |iquid discharging portion having
di scharging failure by checking the actual pattern for the discharging
states of the droplets, and prohibiting the defective liquid discharging
portion fromdischarging, and controlling discharging of ink droplets from
a liquid discharging portion near the defective |iquid discharging
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di schargj ng, portion having discharging failure can be obtained by checking
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Tiquid discharging portion is prohibited fromdischarging, and di schargi ng
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portion is cqntrolled, thereby correctin di schargi ng of the discharging
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discharging droplets from a plurality of liguid discharging
portions, the method including the steps of discharging
droplets from the liquid discharging portions to form an
actual pattern, obtaining information about a defective
liguid discharging portion having discharging failure by
checking the actual pattern fof the discharging states of
the droplets, and prohibiting the defective liguid
discharging portion from discharging, and controlling
discharging of ink droplets from a liquid discharging
portion near the defective liquid discharging portion.

In such a method, information about a defective liguid
discharging portion having discharging failure can be
obtained by checking the actual pattern for the discharging
states of droplets. The defective liguid discharging
portion is prohibited from discharging, and discharging of a
liguid discharging portion near the defective liquid
discharging portion is controlled, thereby correcting
discharging of the discharging portions. This reduces the
influence of discharging failure of the defective liquid

discharging portion.




apparatus for formng an inmage on a recordi ng nedium by discharging
droplets froma plurality of liquid discharging portions onto the
recordi ng medi um the apparatus including a liquid discharging head havi ng
the liquid discharging portions, a head driver for controlling the driving
of the -liquid discharging head, an inmage processing unit that converts
externally input inmge data into head driving data for driving the liquid
di schargi ng head and sends the head_ griving data to the head driver, and a
storage section for storing information about a defective liquid

di scharging portion, the information being obtained by checking an actual
pattern that indicates the discharging states of the droplets fromthe

| i quid di schér §er§RForLVERS L ORNBF BV AdEfragel 1881 AafidAN®RILRS recor di ng
mediumis corrected by prohibiting the defective |iquid_ discharging
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defective liquid
liquid discharging head, an image processing unit that
converts externally input image data into head driving data
for driving the ligquid discharging head and sends the head
driving data to the head driver, and a storage section for
storing information about a defective liquid discharging
portion, the information being obtained_by checking an
actual pattern that indicates the discharging states of the
droplets from the liguid discharging portions, wherein image
formation on the recording medium is corrected by
prohibiting the defective liquid discharging portion form
discharging, and controlling discharging from a liﬁuid
discharging portion near the defective liquid discharging
portion according to the information about the defective
liquid discharging portion stored in the storage section.

In this case, the actual pattern is checked for ther
discharging states of droplets, information about the
defective liquid discharging portion is stored in the
storage section, and discharging of droplets from a liquid

discharging portion near the defective liguid discharging




di scharging portion according to the information of the defective liquid
di scharging portion fromthe storage section, thereby correcting inage
formation on the recording nedium This reduces the influence of

di scharging failure of the defective liquid discharging portion on the
imge quality, and enhances the production yield of the liquid

di schargi ng apparatus. A third invention provides a |iquid discharging

met hod for discharging droplets froma plurality of liquid discharging
portions onto a recording mediumwhile controlling the discharging
directions of the droplets, the nethod including the steps of obtaining
information about a defective |liquid discharging portion having

di schar §eaglonaipurenbyodhedkirhgleherehsehbipinghet deeecoive hbiariopl et s

di scharged fromthe |iquid discharging portions, and prohibiting the
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of the defective liguid discharging portion on the image
quality, and enhances the production wyield of the liguid
discharging apparatus.

A third invention provides a liquid discharging method
for discharging droplets from a plurality of ligquid
discharging portions onto a recording medium while
controlling the discharging directions of the droplets, the
method ‘including the steps of cobtaining information about d
defective liquid discharging portion having discharging
failure by checking the discharging states of the droplets
discharged from the ligquid discharging portions, and
prohibiting the defective liguid discharging portion from
discharging and discharging droplets from a liquid
discharging portion different from the defective liquid
discharging portion while controlling the'discharging
direction.

In such a method, information about a defective liqﬁid
discharging portion is obtained, the defective liguid
discharging portion is prohibited from discharging, and ink

. droplets are discharged from a ligquid discharging portion




while controlling the discharging direction. This reduces the influence of
di scharging failure of the defective liquid discharging portion. A fourth
invention provides a liquid discharging nethod for formng dot arrays or
dots on a recording nmedium by discharging droplets froma plurality of
l'iquid discharging portions while controlling the discharging direction
and changing the dot dianeter by the nunber of the discharged droplets,

t he net hod including the steps of thﬁLping i nformati on about a defective
i quid discharging portion having discharging failure by checking the

di scharging states of the droplets discharged fromthe liquid discharging
portions, and prohibiting the defective liquid discharging portion from
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different from the defective |iquid discharging portion while controlling
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for forming dot arrays or dots on a recording medium by
discharging droplets from a plurality of liquid discharging
portions while controlling the discharging direction and
changing the det diameter by the number of the discharged
droplets, the method including.the steps of obtaining
infermation about a defective ligquid discharging portion
having discharging failure by checking the discharging
states of the droplets discharged from the liguid
discharging portions, and prohibiting the defective liquid
discharging portion from discharging and discharging
droplets from a ligquid discharging portion different from
the defective liquid discharging portion while controlling
the discharging direction.

In such a method, information about a defective liguid
discharging portion is obktained, the defectivg liguid
discharging portion is prohibited from discharging, and ink
droplets are discharged from a liquid discharging portion
different from the defective liguid discharging portion
while controlling the discharging direction. This reduces

the influence of discharging failure of the defective liquid




A fifth invention provides a liquid discharging nethod for form ng dot
arrays or dots on a recording nediumby discharging droplets froma
plurality of liquid discharging portions while controlling the discharging
direction and changing the dot dianmeter by the nunber of the discharged
droplets, the nethod including the steps of obtaining information about a
defective liquid discharging portion having discharging failure by
checking the discharging states of _the_droplets discharged fromthe Iiquid
di scharging portions, prohibiting the defective liquid discharging portion
from di schargi ng and generating new droplet discharging signals for
reduci ng the influence of discharging failure of the defective liquid

di schar glifFhagerticomordd@rdi scharging droplets froma |iquid di scharging
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droplets, the method including the steps of obtaining
information about a defective liquid discharging portion
having discharging failure by checking the discharging
states of the droplets discharged from the liguid
discharging portions, prohibiting the defective liquid
discharging portion from discharging and generating new
droplet discharging signals for reducing the influence of
discharging failure of the defective ligquid discharging
portion, and discharging droplets from a liguid discharging
portion different from the defective liguid discharging
portion while controlling the discharging direction
according to the new droplet discharging-signals.

In such a method, information about a defective 1liquid
discharging portion is obtained, the defective ligquid
discharging portion is prohibited from discharging, new
droplet discharging signals are generated to reduce the
influence of discharging failure of the defective liguid
discharging portion, and droplets are discharged from a

liquid discharging portion different from the defective




direction according to the new dropl et discharging signals in order to
change the dot diameter. This reduces the influence of discharging failure
of the defective liquid discharging portion. A sixth invention provides a_
| i quid discharging apparatus for formng dot arrays or dots on a recording
medi um by di scharging droplets froma plurality of liquid discharging
portions onto the recording nediumwhile controlling the discharging
direction, the apparatus including_agliquid discharging head having the
liquid discharging portions, a head %river for controlling the driving of
the liquid dischargi ng head, a processing unit that converts externally

i nput signals into droplet discharging signals for driving the liquid

di schar ditagy iseald s cind sdegd potrhé odr pliée diosdhaldiing shegndlischergheghead
driver, and a storage section for storing informati on about a defective
liquid digerdiginngosordios, tehéhienherndriond sheidigcheboangedibypadhecki ng t he
di scharging states of the droplets fromthe |liquid discharging portions,
wher ei n {Th&TAeM tencdange GP@cﬁaﬁgﬁﬁ@mﬁéﬁFureTéﬁstﬁ@dééﬁécﬁg@e dr opl et

di schargin portion is reduced by prohibiting the defective |liquid

di schar dinﬁguwcﬁ & Prsriairgehar derduand odi $8Raf§tRGLaVEpLéaitroma 1iquid

dischar%%%% portion different from the defective |iquid discharging
por t i on “WPE*goREr EHE™- 10 the di scharging direction, according to the

i nformation A sixth invention provides a liguid discharging

apparatus fdr forming dot arrays or dots on a recording’
medium by discharging droplets from a plurality of liguid
discharging portions onto the recording medium while

. controlling the discharging direction, the apparatus
including a liquid discharging head having the liguid
discharging portions, a head driver for controlling the
driving of the liquid discharging head, a processing unit
that converts externally input signals into droplet
discharging signals for driving the liquid discharging head
and sends the droplet discharging signals to the head driver,
and a storage section for storing information about a
defective liquid discharging portion, the information being
obtained by checking the discharging states of the droplets
from the liguid discharging portions, wherein the influence
of discharging failure of the defective droplet discharging
portion is reduced by prohibiting the defective liguid
discharging portion from discharging and discharging
droplets from a liguid discharging portion different from

the defective liquid discharging portion while controlling




about the defective liquid discharging portion stored in the storage
section. In this case, the discharging states of droplets discharged from
the liquid discharging portions are checked, and information about a
defective liquid discharging portion is stored in the storage section.
According to the information about the defective liquid discharging
portion stored in the storage section, the defective liquid discharging
portion is prohibited from di scharqgi and droplets are discharged froma
|l iquid discharging portion different Tromthe defective |iquid discharging
portion while changing the discharging direction, thereby changing the
dot dianmeter. This renoves the influence of discharging failure of the

def ect i vidid idju ahadicsiglmadgineg thont.i escoadsagech thaventromapiori des a |iquid
di scharging apparatus for form ng dot arrays or dots on a recording

medi um Pt ditr gafgadriasl efguidomig oplegganot postirngaiaredi §ehahgi ng
portions onto the recording nmediumwhile controlling the discharging

di rect i GHFOHFITHERTHYF -t he dot  di aneter by the number of the discharged
droplets, the apparatus including a |liquid discharging head having the
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is stored in fhe storage section. According to the

information about the defective liguid discharging portion

stored in the storage section, the defective liquid

discharging portion is prohibited from discharging, and

droplets are discharged from a liquid discharging portion

different from the defective liguid discharging portion

while changing the discharging direction, thereby changing

the dot diameter. This removes the influence of discharging

failure of the defective liquid discharging porticn.

A seventh invention provides a liguid discharging
apparatus for forming dot arrays or dots on a recording
medium by discharging droplets from a plurality of ligquid
discharging portions onto the recording medium while
controlling the discharging direction and changing the dot
diameter by the number of the discharged droplets, the
apparatus including a liquid discharging head having the
liquid discharging portions, a head driver for controlling
the driving of the liguid discharging head, a processing

unit that converts externally input signals into droplet




and sends the droplet discharging signals to the head driver, and a
storage section for storing information about a defective liquid

di scharging portion, the information being obtained by checking the

di scharging states of the droplets discharged fromthe |iquid discharging
portions, wherein the influence of discharging failure of the defective
droplet discharging portion is reduced by prohibiting the defective

l'i quid discharging portion fromdischayging and discharging droplets from
a liquid discharging portion different fromthe defective |iquid

di schargi ng portion while controlling the discharging direction so as to
change the dot dianeter, according to the information about the defective
liquid discmrging Pertdlon Sodsd ving Hdestidiagel sdecherging tigrgd case,
the discharging states of droplets discharged fromthe |iquid discharging
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dischargkggé%portion is stored in the storage section. According to the
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influence of discharging failure of the defective droplet

discharging portion is reduced by prohibiting the defective

liguid discharging portion from discharging and discharging

droplets from a liquid discharging portion different from

the defective liquid discharging portion while controlling

the discharging direction so as to change the dot diameter,

according to the information about the defective liguid

discharging portion stored in the storage section.

In this case, the discharging states of droplets

discharged from the liquid discharging portions are checked,

and information about the defective liguid discharging

portion is stored in the storage section. According to the

information about the defective ligquid discharging portion

stored in the storage section, the defective liguid

discharging portion is prohibited from discharging, and

droplets are discharged from a liguid discharging portion

different from the defective liqguid discharging portion

while changing the discharging dire;tion so as to change the

dot diameter. This resolves the influence of discharging




formation of dot arrays or dots. An eighth invention provides a liquid
di scharging apparatus for forning dot arrays or dots on a recording
medi um by di scharging droplets froma plurality of liquid discharging
portions onto the recording nmediumwhile controlling the discharging
direction, the apparatus including a liquid discharging head having the
l.iquid discharging portions, a head driver for controlling the driving of

the liquid discharging head, a processing unit that converts externally

i nput signals into droplet discharging signals for driving the liquid

di scharging head and sends the droplet discharging signals to the head
driver, _a storage sectiaon for staring information about a defective
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contreolling the discharging directiocon, the apparatus
including a liquid discharging head having the liquid
discharging portions, a head driver for contrelling the
driving of the ligquid discharging head, a processing unit
that converts externally input signals into droplet
discharging signals for driving the liquid discharging head
and sends the droplet discharging signals to the head driver,
a storage section for storing information about a defective
liqguid discharging portion, the information being obtained -
by checking the discharging states of the droplets
discharged from the liquid discharging portions, and a
discharging corfector for generating new dreoplet discharging
signals to reduce the influence of discharging failure of
the defective discharging portion, wherein the influence of
discharging failure of the defective droplet discharging
portion is removed by prohibiting the defective liguid
discharging portion from discharging according to the
information about the defective liquid discharging portion,

and discharging droplets from a liguid discharging portion




while controlling the discharging direction, according to the new dropl et
di schargi ng signals generated by the discharging corrector so as to change
the dot diameter. In this nmethod, information about a defective liquid

di scharging portion is obtained, and the defective liquid discharging
portion is prohibited fromdischarging. New droplet discharging signals
are generated to reduce the influence of discharging failure of the
defective liquid discharging portion,3z and droplets are discharged froma

| i quid discharging portion different fromthe defective [|iquid discharging
portion while controlling the discharging direction according to the new

dropl et di_scharqgi si als, so as to,change the dot dianeter. This all ows
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the att Sofed i SARUST E%%@%asgéﬁﬁfé%%%i%pg%@%k%&‘% G lisa
general jvie Wb%g ngoggeﬁng%e fornl H§£h8dtﬁ cgo? ng_to. an enbodi ment of

t he present lon A an ar exp anatory V|Em5 show ng a
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discharging portion is obtained, and the defective ligquid
discharging portion is prohibited from discharging. New
droplet discharging signals are generated to reduce the
influence of discharging failure of the defective liguid
discharging portion, and droplets are discharged from-a
liguid discharging portion different from the defective
liquid discharging portion while controlling the discharging
direction according to the new droplet discharging signals
s0 as to change the dot diameter. This allows dot arrays or
dots to be formed without any influence of the discharging
failure of the defective liquid discharging portion.

Further objects, features and advantages of the present
invention will become apparent from the following
description of the preferred embodiments with reference to

the attached drawings.

BRIEF DESCRIPTION QF TEE DRAWINGS
FIG. 1 is a general view showing an image forming
method according to an embodiment of the present invention:

FIGS. 2A and 2B are explanatory views showing a state




print head onto the recordi ng nedium FIG 3 is a graph show ng the
rel ati onship between the nunber of ink droplets discharged fromthe ,
di scharging portions to print an image, and the dot dianeter; FIG 4 is a
graph showing the relationship between the reflection density of a surface
of a recording nmediumon which dots are solidly printed at a density of,
for exanple, 600 dpi by discharging the ink droplets fromthe discharging
portions, and the nunber of dropletsijsFIG 5 is an explanatory view show ng
an actual pattern that indicates the discharging states of ink droplets
when an ink droplet is not discharged fromany of the discharging
portions in the print head; FIG 6 is an expl ghatory view show ng a state
in whi dit Ege Forfadon g S YTTeAed quﬁ(@rlé‘é%i”ﬁéht%\gﬁi schar gi ng
amount of i.nk from.a _di chab:?q_iﬁn%rporti on on one side ch t he  defective
di scha@%@%ﬁ%ﬁ%éﬁﬁ?? B A SRS PS8 Chiafgi ng shot s
thereby; FIG 7 js an e Ianato(racg.jLI Vi ev%%jsrﬁovx_,i ng a state in which imge
f or mat T4 Itecﬁ'ci'éjﬁ d%&ﬁ?&o iy 976 " dl'schar gi ng  amount of ink from
di schargi ng rti,ons on both sides. of .the fe hi ¢ digchargi portion
shown in FI &&%5, BOI;LSt fe Al tPler's’lhoé’)"fm i%%ﬁa%ﬁ?%& § Sglspt h%r%égé; ?19?5 FIG 8
S an SHRLANALGY M HLSNONDG A AR B The IMANIQNRT 0N T
correcte bt)y aciq{ efnately 1 ner easi nga tcﬁlee © rgity
portions to print an image, and the dot diameter;
FIG. 4 is a graph showing the relationship between the
reflection density of a surface of a recording medium on
which dots are solidly printed at a density of, for example,
600 dpi by discharging the ink droplets from the discharging
portions, and the number of droplets;
FIG. %5 is an explanatory view showing an actual pattern
that indicates the discharging states of ink droplets when
an ink droplet is not discharged from any of the discharging
portions in the print head;
FIG. 6 is an explanatory view showing a state in which
image formation is corrected by increasing the discharging
amount of ink from a discharging portion on one side of the
defective discharging portion shown in FIG. 5, or the number
of discharging shots thereby;
FIG. 7 is an explanatory view showing a state in which
image formation is corrected by increasing the discharging
amount of ink from discharging portions on both sides of the

defective discharging portion shown in FIG. 5, or the number

of discharging shots thereby;




di schargi ng anount of ink from discharging portions on both sides of the
defective discharging portion showmn in FIG 5 every tine one line is
printed, or the nunber of discharging shots thereby; FIG 9 is a part of a
print correction table that lists corrected print information (inmge
formati on signals) generated to reduce the influence of discharging
failure of the defective discharging portion; FIG 10 is the other part of
the print correction table that IL§Hﬁsqprrected print information (inage
formation signals) generated to reduce the influence of discharging
failure of the defective discharging portion; Fig. 11 is a bl ock di agram of
an image formng apparatus relating to the image form ng nethod of the
present invehiffond EEGanl2xplamapary| yiewt shayiperspscityeiviaw show ng a
specific exanple of an ink-jet printer serving as the image form ng
appar at 4829p| Eorrgtiiong isecironaltedi by wltwrohtehy inkrpetingringer; FIG
14 is a general view showing a |iquid discharging method according to an
enbodi mERE CHRTOREIpRESERE oAvénki dnomi digkhehaing dropliets amebditschar ged
froma plurality of 16 discharging portions provided in a print head while
changi n§*%€Re °di $ERarGifRG tdivPe@ipeharging portion shown in FIG. 5 -
every time one line is printed, or the number of discharging
shots thereby;
FIG. 9 is a part of a print correction table that lists
corrected print information (image formation signals)
generated to reduce the influence of discharging failure of
the defective discharging portion;
FIG. 10 is the other part of the print correction table
that lists corrected print information (image formation
signals) generated to reduce the influence of discharging
failure of the defective discharging portion;
Fig. 11 is a block diagram of an image forming
apparatus relating to the image forming method of the
present invention;
FIG. 12 is a partly cutaway perspective view showing a
specific example of an ink-jet printer serving as the image
forming apparatus;
FIG. 13 is a sectional side view of the ink-jet
printer;
FIG. 14 is a general view showing a liquid discharging

method according to an embodiment of the present invention

in which ink droplets are discharged from a plurality of




FIG 15 is an expl oded perspective view of a print head of an ink-jet
printer serving as an apparatus directly used to carry out the liquid
di schargi ng nethod of the present invention, FIGS. 16A and 16B are a plan
view and a sectional side view, respectively, show ng the arrangenent of
heating resistors of the print head in nore detail; FIG 17 is a graph
showi ng the rel ationship between the difference. in bubble generation tine
bet ween two separate heating resigggr in FIGS. 16A and 16B, and the
i nk-droplet discharging angle in th -direction; FIG 18 is a graph
showi ng the rel ationship between the difference in bubble generation tine
between the two split heating resistors in FIGS. 16A and 16B, and the
i nk- dr oplietchadicsieten g g carsg lper oivid dielde 1¥- di pedhitohpaBl Ghild tkaagsegt i onal
side view showing the relationship between the discharging directions of
i nk  dr ¢pleetds siohemaiowr s gatdwinded in a nozzle nenber of the print head,
and printing Eaper; FI GS. 20(a) and 20(b) are explanatory views showi ng a
state i n whi EASanlPma§eanserpi agad opeaspeebide ngleeddfim yrirdi Soheat gi ng i nk
droplets froma discharging portion of the print head; 17 FIG 21 is a
graph sRéwiERg iPke Jed A4S Fep¥iRgenst he appabetusf dinrctitppheed
dischar%ed fromthe discharging _. .
© carry out the liquid discharging method of the present
invention;
FIGS. 16A and 16B are a plan view and a sectional side
view, respectively, showing the arrangement of heating
resistors of the print head in more detail:
FIG. 17 is a graph showing the relationship between the
difference in bubble generation time between two separate
heating resistors in FIGS. 16A and 16B, and the ink-droplet
discharging angle in the X-direction;
FIG. 18 is a graph showing the relationship between the
difference in bubble generation time between the two split
heating resistors in FIGS. 16A and 16B, and the ink-droplet
discharging angle in the Y-direction;
FIG. 19 is a sectional side view showing the
relationship between the discharging directions of ink
droplets from nozzles provided in a nozzle member of the
print head, and printing paper;
FIGS. 20(a) and 20(b) are explanatory views showing a
state in which an image is formed on a recording medium by

discharging ink droplets from a discharging portion of the

print head;




portion, and the dot dianmeter; FIG 22 is a table showing the relationship
between dots fornmed by PNM and di scharging portions for discharging ink
droplets to formthe dots; FIG- 23 is a correction table that |ists new
dropl et discharging signals generated to reduce the influence of
di scharging failure of the a discharging portion; FIG 24 is a block
di agram of an image form ng apparatus relating to the |Iiquid discharging
met hod of the present invention; ElG; 25 is an explanatory view show ng a
state of a known ink-jet inmage form ng apparatus in which an ink droplet
is not discharged froma defective discharging portion; FIG 26 is an
expl anatory view showng a state in which white stripes and dark stripes
are formed ohl@- rétotdi AT FYI THADYRE R t T A di iy ey weent itdes of t he
print head. shown.in FIG 25; and FIG 27 is an explanatory view show ng a
state ofUMBRSt Aér 1RKoRAROBLERE ReaBNRRIGAI EROT| Bhe | yieoharePortions are
formed on a.recordi n%Ege%i um.by defective discharging portions. 18 -

E
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dots formed by PNM, and discharging portions for discharging
ink droplets to form the dots;

FIG. 23 is a correction table that lists new droplet
discharging signals generated to reduce the influence of
discharging fallure of the a discha;ging portion;

FIG. 24 is a block diagram of an image forming
apparatus relating to the liquid discharging method of  the
present invention;

FIG. 25 is an explanatory view showing a state of a
known ink-jet image forming apparatus in which an ink
droplet is not discharged from a defective discharging
portion;

FIG. 26 is an explanatory‘view showing a state in which
white stripes and dark stripes are formed on a recording
medium by defective discharging portions of the print head
shown in FIG. 25; and

FIG. 27 is an explanatory view showing a state of
another known print head in which lightly colored portions
are formed on a recording medium by defective discharging

portions.




FIG 1 is a general view showing a |iquid discharging nmethod according to
an enbodi nent corresponding to a first invention of the present invention.
In the liquid discharging nmethod of this enbodi nent, an inmage is formed on
a recording nedium by discharging liquid (for exanple, ink droplets) from
a plurality of liquid discharging portions (hereinafter, sinply referred

o "discharging portions”") provided in a |liquid discharging head
(hereinafter, sinply referred to as gg"print head") onto the recording
medium In the follow ng description, ink droplets are used as the |iquid.
Referring to FIG 1, a print head 1 includes a sheet-shaped nozzle nenber

2, and a urallt of dlschar in ortlons 4 ovided in the nozzl e menber
2to d|§@%§? I%%%ﬁ harging portions 4 includes

a dischargi Iet d in the nozzle menb and a heating
el enent 6 se é} nisdP' rﬁﬁ BFFERERT FBWeHEéPPnﬁllénﬁed?%ﬁﬁﬁ%ﬁ?ﬂg |nk in

k ch h I 3 d h d
rom the i S{%%aaaﬂﬁi;“rhegfovboﬁw PSPt MaAe EIoAEs A PRcording |
medi um P, G?bﬁ f%rnl%%ngéahngggwoghggﬁpégco dln?$q§ ﬁ%éghe pri nt

head 1 is a i'ne heai optsa so-ca
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por ti ons; ke niieon FHf r%hé‘%ﬁﬂas]eﬂt”%'n%?& Ik heqd paryigsaf or four colors,

discharging method of this embodiment, an image is formed on
a recording medium by discharging liquid (for exampie, ink
droplets) from a plurality of liguid discharging portions
(hereinafter, simply referred to "discharging portions")
provided in a liquid discharging head (hereinafter, simply
referred to as a "print head") onto the recording medium.
In the following describtion, ink droplets are used as the
liguid. Referring to FIG. 1, a print head 1 includes a
sheet-shaped nozzle member 2, and a plurality of discharging
portions 4 provided in the nozzle member 2 to discharge ink
droplets 3. Each of the discharging portions 4 includes a
discharging outlet 5 formed in the nozzle member 2, and a
heating element 6 serving as a driving element for heating
and discharging ink in an ink chamber (not shown). In such
a state, ink droplets 3 are discharged from the discharging
portions 4 of the print head 1 onto a recording medium P,
thereby forming an image on the recording medium P.

The print head 1 is a line head, and adopts a so-called

PNM (Pulse Number Modulation) method that changes the




such as yellow Y, magenta M cyan C, and black K, and is disposed so that
the discharging outlets 5 for discharging ink droplets 3 point downward.
For plain explanation, a description will be given of, for exanple, a case
in which yellow, magenta, and black inks are not used, but only cyan ink
is used. A maxi mum of eight droplets are discharged, and five or |ess
droplets are normally discharged to print one dot for each color. The
nunber of droplets for one cyan dot_czg be changed fromzero to eight by

t he PNM net hod, as descri bed above. The anobunt of ink to be discharged is
set at, for exanple, 3.5 pl. In such a state, for exanple, when ink
droplets_ 3 are discharged fromthe discharging portions 4 of the print
head 1 YhBeheT mrdgderpery sef wnin bed adoecdnditie mediben BE ask shown in
FIG 2A _the size of a printed dot 8 gradually increases as the nunber of
i nk dr ofPetR18ts ngrébgearged Siwwmthea disGhaRing Gord ishews .t hehe

rel ati onshj p_ between the nunber of droplets and the dot dianeter. That is,
as the rﬁﬁ?o‘gJF Read gt ot et e hastend momidmast doai dour thdodst, di anet er

i ncreases fron1§$ oximately 38 mto approxinmately 82 m In a case in
whi ch f ot ks %%‘”{ s ar¥Hfichdf get¥amas - apg@ bdpeknKi,naBdGis2A, the dot

di aneter,is a oxi mately .63 | FIG, 4 shows the relationship between the
number o{%lSpac?%%ﬁ e%%%haut e r‘g}ﬁcéﬁq%‘ﬁ%%ltefsoﬁ 4dcsuffacbashinge

ink droplets 3 point downward.

For plain explanation, a description will be given of,
for example, a case in which yellow, magenta, and black inks
are not used, but only cyan ink is used. A maximum of eight
droplets are discharged, and five or less droplets are
normally discharged to print one dot for each color. The
number of droplets for one cyan dot can be changed from zero
to eight by the PNM method, as described above. The amount
of ink to be discharged is set at, for example, 3.5 pl.

In such a state, for example, when ink droplets 3 are
discharged from the discharging portions 4 of the print head
1 onto printing paper serving as a recording medium P, as
shown in FIG. 2A, the size of a printed dot 8 gradually
increases as the number of ink droplets 3 increases, as
shown in FIG. 2B.

FIG. 3 shows the relationship between the number of
droplets and the dot diameter. That is, as the number of
droplets increases from one to eight, the dot diameter
increases from approximately 38 Hm to approximately 82 um.

In a case in which four ink droplets are discharged, as




recording mediumP on which a dot 8 is solidly printed at a density of,
for exanple, 600 dpi. In this case, when it is assuned that the reflection
density of printing paper as the recording nediumP is, for exanple, 0.07,
the reflection density increases fromapproximtely 0.75 to approxi mtely
2.4 as the nunber of droplets increases fromone to eight. Wen four ink
droplets are discharged, as shown in FIG 2A, the reflection density is
approximately 1.8. In such a |iqui dwd'béc_hargi ng met hod in which an i mage

is formed on a recording nediumP by discharging ink droplets 3 fromthe
di scharging portions 4 of the printed head 1 onto the recording nedium P,
an actual pattern is first formed which indicates the discharging states
of ink %hoptets BIGroth althe Modidichertsimdg spappiroxs mbtedyr égpaadi Ng to an
i mage form ng region on the recording mediumP. That s, ink droplets 3
are dischar gg’d[%si‘in@hPWé abevecdaddrnbddpr PRWWAenhblet nupbent oin act ual
pattern on the recording - mediumP by the first dots 8. In this case, when
ink dr SPIRES F7 Adtalg i f Sictadsed itwomtalel suladiesofartgieng  porti ons
4, an actual pattern 9 is formed in whjch, for exanple, dots 8 are solidly
print ed ?‘?%‘?ﬁcfw SENT P STV R LR thelatedt A Sl SRd 101y & inhedr ekordi ng

medi um P br}/ the ink 21 - droplets 3, as shown in FIG 1. In contrast, when
one di scharying c)ptno'rt'ogn FEP G he %At hddd thisakAsE pPossr By dFschar ge

i nk dr(ﬂgé%ﬁﬁé% fﬁ%t the reflection density of printing paper as the
recording medium P is, for example, 0.07, the reflection
density increases from approximately 0.75 to approximately
2.4 as the number of droplets increases from one to eight.
When four ink droplets are discharged, as shown in FIG. 2A,
the reflection densityris approximately 1.8.

In such a liquid discharging method in which an image
is formed on a recording medium P by discharging ink
droplets 3 from the discharging portions 4 of the printed
head 1 onto the recording medium P, an actual pattern 1is
first formed which indicates the discharging states of ink
droplets 3 from all the discharging portions 4 corresponding
to an image forming region on the recording medium P. That
is, ink droplets 3 are discharged using the above-described
PNM method to print an actual pattern on the recording
medium P by the first dots 8. 1In this case, when ink
droplets 3 are normally discharged from all the discharging
portions 4, an actual pattern 9 is formed in which, for
example, dots 8 are solidly printedrfrom the first line L1

to the tenth line 110 on the recording medium P by the ink




shown in FIG 5, ink does not adhere at all or insufficiently adheres to a
portion of the recording nediumP corresponding to the discharging portion
4a. Consequently, an actual pattern 9" is printed in which a white stripe
or a lightly colored portionis fornmed fromthe first line L1 to the
tenth line L10. FIG 5 shows a case in which no ink droplet 3 is

di scharged fromthe defective discharging portion 4a (undischarged state).
By checki ng the discharging states_ofjink droplets 3 indicated by the
actual patterns 9 and 9' thus obtained, information about the defective
di scharging portion 4a is obtained. That is, on the basis of the actual
pattern 9 shown in FIG 1, it is determned that all the discharging
por t i onSTAPERAR nbr i ISP IET 15t @ontrast, on the basis of the actual
attern 9° shown in FIG 5, it is determned that K one discharging portion
Za is def ectit & TG i r‘ﬁieﬁ 06T Fet5COR FISHENPRS TERE (BsiPi bRSof the

di schargin ortio 4a, the amount of ink discharged .therefrom and the
nunber 195?’ P%%?‘n rlgi%ag“%%%t%r,oﬁ}%rlﬁc?bt%isﬁ&frgﬁel HWE ri%'nt 2Si nf or mat i on
about t ef ect i scharging portion 4a i tored in a storage section
provi dec ?‘?\%ile Iﬁ:cg g‘!?’l njtr?]ﬁg%%eqsl ek a}C{r}llselr e'-%n aﬁnlaéjé: processing unit 11

FIG 1: Lch. w - ; , ; din ¢
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provi an ex such as "a host conput er.

The infprg@i&ggbgggggg @&OEEQ hﬁséﬁ9£&9§gsﬁ8££98§ 4a . Consequently,

an actual pattern 9' is printed in which a white stripe or a
lightly colored portion is formed from the first line L1 to
the tenth line L10. FIG. 5 shows a case in which no ink
droplet 3 is discharged from the defective discharging
portion 4a (undischarged state).

By checking the discharging states of ink droplets 3
indicated by the actual patterns 9 and 9' thus obtained,
information about the defective discharging porticon 4a is

" obtained. That is, on the basis of the actual pattern 9
shown in FIG. 1, it is determined that all the discharging
rortions 4 can normally work. 1TIn contrast, on the basis of
the actual pattern 2' shown in FIG. 5, it is determined that
one discharging portion 4a is defective, and print
information, such as the position of the discharging portion
4a, the amount of ink discharged therefrom, -and the number
of discharging shots, is obtained. The obtained print
information about the defective discharging portion 4a is
stored in a storage section provided inside the print head 1

or inside an image processing unit 11 {(FIG. 11) which will




provided in sonme of the print head 1, the image processing wunit 11, and
the external processing unit. According to the print information, the
defective discharging portion 4a is prohibited fromdischarging an ink
droplet 3, and discharging of ink droplets 3 from discharging portions
near the defective discharging portion 4a, for exanple, discharging .
portions 4b and 4c on both sides of the defective discharging portion 4a,
is controlled. For exanple, the anp _of ink discharged fromthe

di scharging portion 4b (or 4c) next to the defective discharging portion
4a, or the nunber of discharging shots thereby is increased, as shown in
FIG 6. Inthis case, print information about the discharging portion 4b
(or 4c) bies derergded Aadedor @anéée witehedr Lgi Aaktpriaae eafbiemti on about the
def ective discharging portion 4a. That is, new image formng signals are
gener at 8O dee 1B8dids e eritgirnal cPhrhgelf vratngushgnal 8 ®estthe defective
di scharging portion_ 4a and the discharging portions 4b and 4c on both

si des CREPESET0 rEGuddiorBataPRuBAE eLBf Sgﬁéeéi $BhaFgrage faet@rs and ink
.droplets 3 are di,scharged in_ response to the inage formng signals. Mre
speci fi €ZPVYeChd Pp R Pﬁf&Pﬁa?géﬁtaBﬁﬁF theths 1HRFRCRTUECHT Sihar gi ng
portion_4a.is.changed.to indicahe that the discharging portion 4a is

prohibiP@&t;ﬁéﬁlﬁﬁ chAPgiTRG S TPAhdPERESBPAE PR{Gr mati on about the next

di schar gi ng Rgégkggng to the print information, the defective

discharging portion 4a is prohibited Ffrom discharging an ink
droplet 3, and discharging of ink droplets 3 from
discharging portions near the defective discharging portion
4a, for example, discharging portions 4b and 4c on both
sides of the defective discharging portion 4a, is controlled.
For example, the amount of ink discharged from the
discharging portion 4b (or 4c) next to the defective
discharging portion 4a, or the number of discharging shots
thereby is increased, as shown in FIG. 6. In this case,
print information about the discharging portion 4b (or 4c)
is changed in accordance with original print information
about the defective discharging portion 4a. That is, new
image forming signals are generated on the basis of original
image forming signals for the defective discharging portion
4a and the discharging portions 4b and 4¢ on both sides
thereof to reduce the influence of the discharging failure,
and ink droplets 3 aré discharged in response to the image
forming signals. |

More specifically, the print information about the




4b (or 4c) is changed to indicate that the nunber of ink droplets 3 to be
di scharged therefromis increased so as to formdots having a dianeter

| arger than the diameter of dots 8 formed according to the original print

i nformati on about the defective discharging portion 4a. Consequently, as
shown in FIG 6, an increased nunber of ink droplets 3 are discharged from
t he discharging portion 4b next to the defective discharging portion 4a,
so that dots 8b having a larger diampjer are continuously printed on one
side of a white stripe forned on the recording nmedium P corresponding to
the defective discharging portion 4a fromthe first line L1 to the tenth
line L10., Extensions of the larger dot's 8b cover one side of the white
stripe sHOVRCHH 14 s Ha g qraes tiome 4aniitse chiamiged teséndanspicubat,
thereby correcting i mage formation on the recordi ng medium P. Therefore,
the i nfiﬁ%r@@%a%ﬁ%é?%wnf &A Jde PO IR tesk deomy 81sghaElangi ng portion

4a on the(#nqﬁg uality can be reduced, _the print head 1 can oEerate even
when any*8t t'he Pt i T Gomt Phrsta Ghe depdcfiivehaggdneneopEdeRct i on
yield of,.the prjnt head 1 can be.increased, Alternatively, the anount of
ink to ngd(§£ﬁ%ggéﬁsfgﬁﬂ¥ﬁ%g§°dﬁ gﬁ&@&@n§hﬁ5rFS@n?uEBe£n8f4én5n bot h si des
of the - e tjve dischargin rti 4a .or .t he numper of discharging
shot s tﬁ%%%gfgﬁéﬁFﬁg)ﬁﬁ%fgggéé,ggé Eﬁgﬁﬁ%%ﬁmFﬁé.ln?F?aFﬁ t fiPs®8ake,

pri”tifwkdfhlﬁﬁﬁéﬂﬂg¥iﬁ%“4 %i%%kqgr larger than the diameter of dots

8 formed according to the original print information about
the defective discharging portion 4a. Conseguently, as
shown in FIG. 6, an increased number of ink droplets 3 are
discharged from the discharging portion 4b next to the
defective discharging portion 4a, so that dots 8b having a
larger diameter are continuously printed on one side of a
white stripe formed on the recording medium P corresponding
to the defective discharging portion 4a from the first line
L1 to the tenth line L10. Extensions of the larger dots 8b
cover one side of the white stripe shown in FIG. 5, and make
the white stripe less conspicuous, thereby correcting image
formation on the recording medium P. Therefore, the
influenice of discharging failure of the defective
discharging portion 4a on the image guality can be reduced,
the print head 1 can operate even when any of the
discharging portions 4 is defective, and the production
yield of the print head 1 can be increased.

Alternatively, the amount of ink to be discharged from

the discharging portions 4b and 4c on both sides of the




i nformati on about the discharging portions 4b and 4c is changed on the
basis of the original print information about the defective discharging
portion 4a. Mre specifically, print information about the next
di scharging portions 4b and 4c is changed to indicate that the nunber of
ink droplets 3 to be discharged therefromis increased so as to formdots
having a dianeter |arger than the dianmeter of dots 8 forned according to
the original print information about e defective discharging portion 4a.
Consequently, as shown in FIG 7, an increased nunber of ink droplets 3
are discharged fromthe discharging portions 4b and 4c next to the
defective discharging portion 4a, so that dots 8b and 8c having a |arger
di amet edeFeEEoift iHECESIngingr Prréd oon 4boptl shdesuwbea white stripe on the
recordin medi um P corresponding to the defective discharging portion 4a
from t hESSGRETIiNge o tiso thgs ebEnfRY| PRe LREOeaERAeN8E onkowDf it hBIG ar ger
dots 8b._and 8c caver both sides of the white stripe shown in FIG 5, and
make t he ‘whilte i 565CesBTIEGASHI dGobisr TPRUS] rhdde PBERELi on on the
recordin diymP is corrected, and the influence of discharging failure
B EERNE A PRoNRAr G

of the HeFECHVEUPSERAT §'RgIportroA12E BRTERBNFEBekBalFtyS can be

i char SBATFRS ha d, BERaPuPhq o BFOASHAD Bhihc BAOTBBr TS| Heevbf the

def ecti yvg dinGRatgLR9 RQLHLED: 48 ;9L L0844

More specifically, print information about the next

discharging portions 4b and 4c is changed to iﬁdicate that
the number of ink droplets 3 to be discharged therefrom is
increased so as to form dots having a diameter larger than
the diameter of dots 8 formed abcording to the original
print information about the defective discharging portion 4a.
Consequently, as shown in FIG. 7, an increased number of ink
droplets 3 are discharged from the discharging portions 4b
and 4c next to the defective discharging portion 4a, so that
dots 8b and 8c having a larger diameter are continuously
printed on both sides of a white stripe on the recording
medium P corresponding to the defective discharging portion
4a from the first line L1 to the tenth line L10. Extensions
of the larger dots 8b and 8¢ cover both sides of the white
stripe shown in FIG. 5, and make the white stripe less
conspicuous. Thus, image formation on the recording medium
P is corrected, and the influence of discharging failure of
the defective discharging portion 4a on the image quality

can be reduced.




nunber of discharging shots thereby may be alternately
line of an inage to be fornmed. In this case, printing is perfornmed while
t he di scharging portions 4b and 4c is changed on

pri nt

i nfornmati on about

the basis of the original print information about the defective
di scharging portion 4a. Mire specifically, print information about the next

di scharging portions 4b and 4c is changed to indicate that
ink droplets to be discharged therefreemis
form dots having a dianeter

according to the original print information about the defective
di scharging portion 4a. As shown in FIG 8, in the first line L1, dots
havi ng a nor eIt aeEl Yar 8SpFPRYBd 1By FédRe 8f the awpirha?§i Mk perti ons

4pb, and dot$ 8¢ havi

printed By
dischard?

pot$5orr as-hs

t he nunber
alternately increased so as to
| arger than the dianeter of dots 8 forned

) J‘ a dianeter _|arger than the normal dianeter are

HeCRA TS %angﬁgﬁgﬂﬁfﬁ&ﬂqﬁ%ﬂ@AB@FtPﬁthébsééénéclPHe L2, dots

8b having .a diameter larger.than the nornal, dianeter are printed by the
éEP $- % %ﬁéﬁ%%ﬁ:qﬁiﬁ I PROABP dPanBfefN8re print ed

dnd dot s’

i ncreased i n each

of

by the djscharging,.porti 4c. In the third |ine L3, dots 8b having th
bl T B B ag St el G0 SRoPLFoAARS Hnd dot 3 26

nor nal

I amet er” are pri

8c _havi ng, & A AIPUEl 1RG0 LAY Lhe Rl diamelen gre Lpripted by the
c, Ina sim-lar 0 tRat" t he

di scharging portion , manner

I'n

I'n the téﬁﬁéﬁ'ﬂf%hﬂf%& fgﬂﬁérformed while print information abouf

the discharging portions 4b and 4c is changed on the basis
of the coriginal print information about the defective
discharging pértion 4a.

More specifically, print information about the next
discharging portions 4b and 4c is changed to indicate that
the number of ink droplets to be discharged therefrom is
alternately increased so as to form dots having a diameter
larger than the diameter of dots 8 formed according to the
original print information about the defective discharging
portion 4a. As shown in FIG. 8, in the first line L1, dots
8b having a normal diameter are printed by one of the
discharging portions 4b, and dots 8¢ having a diameter
larger than the normal diameter are printed by the other
discharging portion 4c. In the second line L2, dots 8b
having a diameter larger than the normal diameter are
printed by the discharging portion 4b, and dots 8c having
the normal diameter are printed by the discharging portion

4c. In the third line 13, dots 8b having the normal

diameter are printed by the discharging portion 4b, and dots:

8b

'F8t line LI.




8b having a dianeter |arger than the normal dianeter are printed by the

di scharging portion 4b, and dots 8c having the normal dianeter are printed
by the discharging portion 4c. In this way, dots 8b and 8c having a | arger
dianeter are alternately printed fromthe first line LI to the tenth [|ine
L10 on both sides of a white stripe formed on the recording nmediumP
corresponding to the defective discharging portion 4a. Alternately forned
extensions of the.dots 8b and 8c ajgﬁgnately cover both sides of the white
stripe shown in FIG 5, and nmake the white stripe substantially

i nconspi cuous. As a result, inmage formation on the recording nediumP is
corrected, and the influence of discharging failure of the defective

di schar §ich§apdrgi 8ndiamegart herprigéhgnafheynesm bediateted. adhe
above-descri bed correction of inmage formation on the recording nediumP is
gener al PFI@%GRebyelhgs M srPaRginTHBPEL HON ARC Y eb? o3 SRR OF | Yimblampr i nt

i nformati on_aboyt the _defective discharging Eortion_4a, and Bn represents

correct &@ PRt 1PnFBPndtFSh LhBeRekbout INARNE FeptlskiRe LhPi i%ied print

i nformation:-about the |eft-side dischargin ortion, 4b, and Bn_1
represeﬁ%bggnggc?engP?ﬁ?rihﬁBgﬁﬁtFBﬁnz?hgtﬂ FRabott 2MARIE 3%6r esent s
ori gi nal

o BTG L8 ST PR R0R LB LAl g hselogalia, R On 4o
the normal diameter are printed by the discharging portion
dc.

In this waf, dots B8b and 8c having a larger diameter
are alternately printed from the first line L1 to the tenth
line L10 on both sides of a white stripe formed on the
recording medium P corresponding to the defective
discharging portion 4a. Alternately formed extensions of
the.dots 8b and 8c alternately cover both sides of the white
stripe shown in FIG. 5, and make the white stripe
substantially iﬁconspicuous. As a result, image formation
on the recording medium P is corrected, and the influence of
discharging failure of the defective discharging portion 4a
on the image quality can be reduced.

The above-described correction of image formation on
the recording medium P is generally expressed as follows.
Herein, A, represents original print information about the
defective discharging portion 4a, and B, represents
corrected print information thereabout. BA,.; represents
original print information about the left-side discharging

portion 4b, and B, represents corrected print information




When correction is nade to increase the anount of ink to be discharged
fromthe discharging portion 4b on the left side of the defective

di scharging portion 4a shown in FIG 6, or the nunber of discharging shots
therefrom corrected print information is expressed as follows: defective
di scharging portion 4a ... Bn = 0 (not discharged) |eft discharging
portion 4b ... B.-1 = (An-1) +An right discharging portion 4c ... Bn+l =
An+i When correction is nmade to incr e the anmount of ink to be

di scharged fromthe di scharging portion 4c on the right side of the

def ective discharging portion 4a shown in FIG 6, or the nunber of
dischar%jng shots therefrom corrected print information is expressed as
fol | ows: hfe difsohbepfagepos tooigkel .priBrt S F (meitidirs evaiged) |eft
di scharging portion 4b ... Bn-1 = An-1 right discharging portion 4c ..

Bn+l = %%f)lghﬁ‘s\ﬂﬁéndééﬁhéégﬁag periade fo, i andehse tdyeregmamnt of ink to
be discharged fromthe discharging portions 4b and 4c on both sides of the
def ect | CETICEERSr §FRg tpdrEPsRalionothereabawiber of di schargi ng shots

t herefrom aﬁ shown in FIG 7, - 28 corrected print information is
expressed as"FBT| GREFSFLICRT b IYEe dFe diBRsians pdra iawwet of iBk = 0 (not

diSChar%%d£e discharged from the discharging portion 4b on the left

side of the defective discharging portion 4a shown in FIG. 6,
or the number of discharging shots therefrom, corrected
print information is expressed as follows:

defective discharging portion 4a .. B, = 0

(not discharged)

left discharging portion 4b we Bay = (Bpoa) +A,

right discharging portion 4c w Bnaa = Apny

When correction is made to increase the amount of ink
to be discharged from the discharging portion 4c on the
right side of the defective discharging porticon 4a shown in
FIG. 6, or the number of discharging shots therefrom,
corrected print information is expressed as follows:

defective discharging portion 4a .. B, = 0

(not discharged)

left discharéing portion 4b e Bno1 = Apa

right discharging portion 4c v Bny1 = (Ap+1) +A,

When correction is made to increase the amount of ink
to be discharged from the discharging portions 4b and 4c on
both sides of the defective discharging portion 4a, or the

number of discharging shots therefrom, as shown in FIG. 7

r




| eft discharging portion 4b ... B.-1 = (An_1)+An right discharging portion
4c ... Bn+l = (An+l) +An \Wen correction is nade to alternately increase

t he amount of ink to be discharged fromthe discharging portions 4b and 4c
on both sides of the defective discharging portion 4a, or the nunber of

di scharging shots in each line, as shown in FIG 8, corrected print
information is expressed as follows: (1) Odd |ine defective discharging

portion 4a ... Bn = 0 (not discharggg? left discharging portion 4b ...
Bn_1 = An-1 right discharging porti % 4c ... Bn+l = (An+1) +An (2) Even
| i ne defective discharging portion 4a ... Bn = 0 (not discharged) |eft
di scharging portion 4b ... Bn_1 = (An-1)+An right discharging portion 4c

Bn+FoXrAftedAPrAadgh ndormeidwn, inherptaesatoant fof 1owk: t 0 be
di scharged fromthe discharging portions 4b and 4c on both sides of the
def ective di Sehefbivig posehonouey mertim MarberB, of 0di schargi ng shots
therefromis increased according to a - 29 given function, corrected print
information is expressed as follows: defective di{schaddgisetapgeti on 4a ..
B. =0 .
left discharging portion 4b e Bni1 = (Ap-1) +A,
right discharging portion 4c o Bnrr = (Ani1) +A,
When correction is made to alternately increase the
amount of ink to be discharged from the discharging poxrtions
4b and 4c on both sides of the defective discharging portion

4a, or the number of discharging shots in each line, as

shown in FIG. 8, corrected print information is expressed as

follows:
{1) 0dd line
defective discharging portion 4a .. B, =0
(not discharged)
left discharging portion 4b wo Bno1 = Ay,
right discharging portion 4c wo Briz = {(Bni1) +A,
(2) Even line
defective discharging portion 4a .. Bn =0
| {not discharged)
left discharging portion 4b we Bpo1 = (Ap-1)+A4,
right discharging portion 4c .. Bni1 = Aps
Although not shown, when the amount of ink to be
discharged from the discharging portions 4b and 4¢ on both
sides of the defective discharging portion 4a, or the number

of discharging shots therefrom is increased according to a




(not discharged) left discharging portion 4b ... Bn_1 = (An_1)+X(A.)

ri ght discharging portion 4c ... Bn+l = (An+l) +Y (An) where X(An) and
Y(An) are functions of An. In any of the above-described corrections,
corrected print information (image formation signals) may be differently
corrected depending on, for exanple, <characteristics of ink droplets, the
type of a recording nedium the image formation node, the ink color, the
size of one ink droplet, or the resglqution. For exanple, in a case in

whi ch bl ack ink K having a surface tension higher than those of other inks
is used to inprove character quality, it 1is unapt to spread w de on
printing paper. Therefore, in order to achieve a better result, image '
f or mat i & Vefiodldid ongoccadesdePnpPEdnsi defarinrohior theeypyeviedpreadi ng of
the ink. The above-described corrected print information (image formation
si gnal sfofdyPWse summari zed beforehand in a table, as shown in, for
exanple, FIGS. 9 and 1Q. FIGS. .9 and 10 show two sections of one print
correction t4BF&ctiiet Héschappena cr¥ektedr né» imfor mati on Bn_1, Bn, and
Bn+1l about an odd line and corrected print information Bn_1, Bn, and Bn+l
- 30 about an even line are shown corresponding t3°dr CgSAAETHELAL

information A' 1, A, and,Ar,+1 about a certain line. That js,. printing of
aline. is c@??%c?éﬁcgﬁrgﬁBgIPﬁﬁ S E¥rPespondingtt T (Be- +2 (i)
right discharging portion 4c v Bre1 = {BApe) +Y (Ay)

where X {A,;) and Y({(A,) are functions of A,.

In any of the above-described correctlons, éorrected
print information (image formation signals) may be
differently corrected depending on, for example,
characteristics of ink droplets, the type of a recording
medium, the image formation mode, the ink color, the size of
one ink droplet, or the resolution. ‘For example, in a case
in which bklack ink K having a surface tension higher than
those of other inks is used to improve character quality, it
is unapt to spread wide on printing paper. Therefore, in
order to achieve a better result, image formation should be
corrected in consideration of the way of spreading of the
ink. | |

The above—described corrected print information (image
formation signals) may be summarized beforehand in a table,
as shown in, for example, FIGS. 9 and 10. FIGS. 9 and 10
show two sections of one print correction table. In the
table, corrected print information Bu-1, Bn, and Bu.+1 about an

odd line and corrected print information Bn.i, Bn, and Bpu




thereto. In the table, the nunber of ink droplets 3 to be discharged from
the di scharging portions 4 are shown by, for exanple, 0 to 8 . Wile
di scharging failure nmeans that not ink droplets 3 are discharged from any
of the discharging portions 4 of the print head 1 in the above
description, the present invention is not limted to such a case, and is
al so applicable to a case in which ink droplets 3 discharged from any
di scharging portion 4 |and outside t al l owabl e region on a recording
medium P, or to a case in which the anobunt of ink discharged from any
di scharging portion 4 is outside the allowable range. In a case in which
ink droplets 3 discharged froma defective discharging portion 4a | and
out si de alhrutal dvebire 1ireyizore ahcrr econdispgnaigdigunoPeribeyadepirahe from a
predeterm ned direction, and a white stripe is forned on the recording
medi um Ao respiontifg: ¢ dist hendehgat apeutdaschatgimgliport i obhda, ispn a
manner simlar to that in FIG 5. In a case in which the anmount of ink
di schar ¥ 01 2 deflddig Ve diogeeartgidnypemoi dirga cervasppddinhe
allowable - range, it is less than a predeterm ned anmount, and a lightly
col or ed P¥4ESToh i ST it d-add st-hd hee Sariiesg ofedinkindPoplets dokpebpondi ng to
t he defective discharging portion 4a shown in FIG 5. Wile the anount of
i nk appl I5F e icTe ﬁrégq)rtgienéilﬁgﬁél,rglng portions 4 are shown by, for

example, 0 to 8§.

While discharging failure means that not ink droplets 3
are discharged from any of the discharging portions 4 of the
print head 1 in the above description, the present invention
is not limited to such a case, and is also applicable to a
case in which ink droplets 3 discharged from any discharging
portion 4 land outside the allowable region on a recording
medium P, or to a case in which the amount of ink discharged
from any discharging portion 4 is outside the allowable
range.

In a case in which ink droplets 3 discharged from a
defective discharging portion 4a land outside the allowable
region on a recording medium P, they deviate from a
predetermined direction, and a white stripe is formed on the
recording medium P corresponding to the defective
discharging portion 4a, in a manner similar to that in FIG.
5. 1In a case in which the amount of ink discharged from a
defective discharging portion 4a is outside the allowable
range, it i1s less than a predetermined amount, and a lightly

colored portion is formed on the recording medium P




Pis controlled by PNMin the above description, in a print head having

di schargi ng portions each of which can change the discharging anmount of

i nk, the discharging anount of ink itself may be controll ed.

Alternatively, the amount of ink may be controlled by a conbination of PNM
and the nethod of changing the discharging amount. A |iquid discharging
apparatus as an invention (a second invention of the present invention)
relating to the above-described ququ di scharging nethod will now be
described with reference to FIG_ 11. An'inage form ng apparatus serving as
the liquid discharging apparatus is, for exanple, an ink-jet printer, and
forms an image on a recording nmedium by discharging ink droplets froma

pl ur al i topmfesgicschiangitog ther tedrstafreadpsinhrhend poteibhesar 866%4i Ng

medi um The inmage form ng apparatus includes a print head 1, a head driver
10, and ian EL¥ageé .processing unit 11, as shown in FIG 11. The print head 1
actual ly discharges ink droplets onto printing paper serving as a

recordi ng melihikePthe pronet ehatmktarslbed dnagdes tdwrebmg apubdias a
plurality of discharging portions 4 provided in a sheet-shaped nozzle
menber ¥ 26 FodéHaddedi B 8NYpkat she, ahevehdemcihpEl@r, lin-a3@rikach of the
dischar%%%%eportions_4 i ncludes a discharging outlet 5 formed in the

nozzl e faying,digchaseing PerEAenRe 8askrof nghbsh acaw i vhamgel ement f or

heatingt%gddischarging amount of ink, th i ! i
, e discharging amount of ink
itself may be controlled. Alternatively, the amount of ink
may be controlled by a combination of PNM and the method of
changing the discharging amount. |

A liquid discharging apparatus as an invention (a
second invention of the present invention) relating to the
above-described liquid discharging method will now be
described with reference to FIG. 11. 2An image forming
apparatus serving as the liquid discharging apparatus is,
for example, an ink—jet printer, and forms an image on a
recording medium by discharging ink droplets from a
plurality of discharging portions of a print head onto the
recording medium. The image forming apparatus includes a
print head 1, a head driver 10, and an image processing unit
11, as shown in FIG. 11.

The print head 1 actually discharges ink droplets onto
printing paper serving as a recording medium P to print
characters and images‘thereon, and has a plurality of
discharging portions 4 provided in a sheet—-shaped nozzle

member 2 to discharge ink droplets 3, as shown in FIG. 1.




di scharging ink in an ink chanber (not shown). A storage section 12 is
provided inside the print head 1 to check the discharging states of ink
droplets 3 on the basis of actual patterns 9 and 9', which indicate the

di scharging states of ink droplets 3 fromall the discharging portions 4
corresponding to an inmage formng region of the recording nmediumP, and to
store informati on about a defective discharging portion, as described with
reference to FIGS. 1 and 5. The head griver 10 controls the driving of the
print head 1 by fetching driving sig% I's fromthe i mage processing unit
11, which wll be described later, and supplying ON and OFF signals for
driving control to the print head 1. The inmage processing unit 11 processes
ext er nal Bgch nplitthe ngectdate,ng grverito st He idatladiest @ Béadhdirigiingg data for
driving the print head 1, and sends the converted data to the head driver
10. The 9wt pr ocoesmidg ruriitte IbAzie odedea 2si gndl acheeeriter 13, a

di scharging corrector 14, an output converter 15, and a print correction
tabl e 1621t Qrcgrdioiw art & dikd vieceiedegenstt domahky tingukndmage dat a,
and converts the inmage data into nultilevel data having a nunber of colors
and a nUAETRFIING dink IR 33 ke shdalbes el shewperf oRmanoeagk t he
overall liquid .dLschargLQP apparatus _by perform ng, as necessary, data
deconpr 33§ orP™ rids tier PAGYG ISt diisige ddicoprésfhveeston, to check the

discharging states of ink droplets 3 on the.basis of actual
patterns 9 and 9', which indicate the discharging states of
~ink droplets 3 from all the discharging portions 4
corresponding to an image forming region of the recording
medium P, and to store information about a defective
discharging portion, as described with reference to FIGS. 1
and 5.
The head drivexr 10 controls the driving of tﬁe print
"~ head 1 by fetching driving signals from the image processing
unit 11, whicﬁ will be described later, and supplying ON and
OFF signals for driving control to the print head 1.

The image processing unit 11 processes externally input
image data, converts the data into head-driving data for
driving the print head 1, and sends the converted data to
the head driver 10. The image processing unit 11 includes a
signal converter 13, a discharging corrector 14, an output
converter 15, and a print correction table 16.

The signal converter 13 receives externally input image
data, and converts the image data into multilevel data

having a number of colors and a number of levels in




limtation of the amount of ink, ganma correction, or tone correction such
as error diffusion, on the basis of print information such as a selected

i mge formation node or the type of a recording nediumP (printing paper).
The print information, such as the inage formati on node and the type of
printing paper, is sonetines added to a header of the input inmge data,
and is sonetines directly supplied froman input panel (not shown) of the
apparatus. In a case in which new print information is not given, the sane
information as that in the previous‘p??nf operation, or default
informati on may be used. The discharging corrector 14 inputs the nmultilevel
data converted by the signal converter 13, and corrects the data so that
the inflaencedaicdisctiarginpdaidtitadf o defechiore 11ditschargi ng portion 4a
(see FIG 5) hardly appears on the recording nmediumP, on the basis of

i nf or matdbeclabouing heppatef B0t ibye i relarigi) g aRokidcer shary ead tfar om t he
storage section 12 in the print head 1 (e.g., the position of the

def ect i v@eehmrtre oy pordtean Adiacgnddald gy pecobrdicsekangiing, failure) and
print information (inmage formation signals) read fromthe print correction
tabl e 16l ¥k ertian [ohechalesenitbedl dindr,. gammenooy riétisngr o dedei n t he

di scharging 34 corrector 14 to store discharging information read fromthe
st or age S¥CI§ON 2. SUH} s sal9ewy 1hd fgissohar ginnghenbersdst iodnpriiatbe read

fromthe s oraqg section 12 and stored in the
Inrorma

ion such as a selected image formation mode or the
type of a recording medium P (printing paper). The print
information, such as the image formation mode and the type
of printing paper, is sometimes added to a header of the
input image data, and is sometimes directly supplied from an
input panel fnot shown) of the apparatus. In a case in
which new print information is not given, the same
information as that in the previous print operation, or
default information may be used.

The discharging corrector 14 inputs the multilevel data
converted by the signal converter 13, and corrects the data
so that the influence of discharging failure of a defective
discharging portion 4a (see FIG. 5) hardly appears on the
recording medium P, on the basis of information about the
defective discharging portion 4a read from the storage
section 12 in the print head 1 (e.g., the position of the
defective discharging portion 4a and the type of discharging
failure) and print information (image formation signals)
read from the print correction table 16 which will be

described later. A memory 17 is provided in the discharging




menory 17 when the print head 1 is nounted or the power is turned on.
Therefore, the discharging infornati on does not need to be read fromthe
storage section 12 in every operation, and can be nornmally read fromthe
menory 17. The output converter 15 functions as an output converting neans
for converting nultilevel data corrected by the discharging corrector 14
into driving signals for the head driver 10. The output converter 15
converts the nultilevel data into ON and OFF signals for actually driving
the head driver 10. The print corrécti‘on table 16 lists and stores new

i mage formation signals corrected to reduce the influence of discharging
failure on the basis of original image formation signals for the defective

di schar glorggsdretri 4 4a andreheisdhachang ngrpenkicops 4baandr-dg eReboth
sides thereof (see FIG 5), as described with reference to FIGS. 9 and 10.

The |i q@it@r@igsclkacygiing agpar Fhus halong sbehdascrepfigyr ahFermepesates in a
manner simlar to that in the 1liquid discharging nethod described with
referend® & Fres. freomafesstorBgeThattisn t2rshd sherpai nh fiead 1 is
driven under the control of the head driver 10 shown in FIG 11, and an
actual P&IPEFNn'd BPeY thRaPrindi kaedslthe wosrhadgbngtBS pstat ess of ink
droplet% 3 fromall the discharginglportiops 4 in the print head 1
correspGHAPRE PB-anTPREGECTBr ni-hy Fbdtbargbro alrBeonat hon ndoksimd® i s
printed_on .the gecording medi um P. ,
need to be read from the storage section 12 in every
operation, and can be normally read from the memoxry 17.
The output converter 15 functions as an output
converting means for converting multilevel data corrected by
the discharging corrector 14 into driving signals for the
head driver 10. The output converter 15 converts the
multilevel data into ON and OFF signals for actually driving
the head driver 10.
The print correction table 16 lists and stores new
image formation signals corrected to reduce +the influence of
discharging failure on the basis of original image formation
signals for the defective discharging portion 4a and the
discharging portions 4b and 4c on both sides thereof (see
FIG. 35), as described with reference to FIGS. 9 and 10.
The liguid discharging apparatus having such a
configuration operates in a manner similar to that in the
liquid discharging method described with reference to FIGS.
1 and 5 to 8. That is, first, the print head 1 is driven
under the control of the head driver 10 shown in FIG. 11

r

and an actual pattern 9 or 9' that indicates the discharging




When ink droplets 3 are nornmally discharged fromall the discharging
portions 4, an actual pattern 9 is printed on the recording nediumP, for
exanple, in which pattern dots 8-.-are solidly formed by ink droplets 3 from
the first - line L1 to the tenth line L10, as shown in FIG 1. In contrast,
when any of the discharging portions 4a is defective, an actual pattern 9 -
is printed on the recording nmediumP, in which ink does not adhere at all
or adheres insufficiently correspgnsi ng to the defective discharging
~portion 4a, and a white stripe or a I'ifightly colored portion is forned from
the first line L1 to the tenth line L10, as shown in FIG 5. FIG 5 shows
a case in which no ink droplet 3 is discharged fromthe defective

di schar gitagesport ioh 4acpladésshargedyll Thies, di hehdirgehargdnigistates of ink
droplets 3 are checked on the basis of the printed actual pattern 9, and

i nf or matthoifhgbpyinthbeddf écepyresheehingi hy porinege4b0iBingtee@dRn t he
storage section 12 in the print head 1 shown in FIG 11. The information

i ncl ude® PoXeERARPRE, MEELHM Pj AFoPFANLEA Slchhgs nasersdsict mediom Fhe
defective discharging portion 4a, the discharging anount of ink, and the
number of di ¥efarhihglsPRtets Thetshie]loh dischamed dasrteéd tin, for
exanpl e,  shi ppi ng i nspections. During actual printing on the recording

medi um PPet Hgschggﬁaﬁg?ﬂmw ett ot 12° T Hgaﬁr%ﬁ’é protadstigdnit 11

on the recording medium P, for example, in which pattern
dots 8§ are solidly formed by ink droplets 3 from the first
line L1 to the tenth line L10, as shown in FIG. 1. In
contrast, when any of the discharging portions 4a is
defective, an actual pattern 9' is printed on the recording
medium P, in which ink does not adhere at all or adheres
insufficiently corresponding te the defective discharging
portion 4a, and a white stripe or a lightly colored portion
is formed from the first line L1 to the tenth line L10, as
shown in FIG. 5. FIG. 5 shows a case in which no ink
droplet 3 is discharged from the defective discharging
portion 4a (undischarged}.

Then, the discharging states of ink droplets 3 are
checked on the basis of the printed actual pattern 9', and
information about the defective discharging portion 4a is
stored in the storage section 12 in the print head 1 shown
in FIG. 11. The information includes, for example, print
information such as the position of the defective
discharging porticn 4a, the discharging amount of ink, and

the number of discharging shots. The information is




shown in FIG 11 reads out the information about the defective discharging
portion 4a fromthe storage section 12 in the print head 1, and prohibits
t he defective discharging portion 4a fromdischarging ink droplets 3.
Subsequently, on the basis of the information about the defective

di scharging portion 4a and corrected print information (inage formation
signals) read fromthe print correction table 16, the discharging
corrector 14 controls the dischargi of ink droplets 3 fromthe

di scharging portions 4b and 4c near e defective discharging portion 4a
so that the influence of discharging failure of the defective discharging
portion 4a hardly appears on the recording nmediumP. In this state, the
correct etkgidad iinf,orfreat icgrampd e, cohvieptied iimspeditiivinegg si gnal s by the

out put converter 15, and is sent to the head driver 10. The head driver 10
suppl i es thePumpng deitvihgrsighahs oo the pecordheadmddien RBpnthel an
actual printing operation on the recording nedium P. Consequently,

di schar gHiFrerdime Gosplesteor3 1 om the idipgehargicegspoot boas 41in the print
head 1 is controlled, as shown in, for exanple, FIG 6, 7, or 8, and inmage
f or mat i GO & FFecdlditig dfe@itimtbei dnéormacien. aphetetbee, the - 37

i nfl uence of dischar%jng failure of the defective discharging portion 4a
on the GG GUE iHyCLaRIBeTr BREELAR 4andTRe thei Atokada I°F§iarl éded to be

used even en_any .o .
1n\¥%e print %ead 1, and prohibits the defective discharging

portion 4a from discharging ink droplets 3. Subsequently}
on the basis of the information about the defective
discharging porticn 4a and corrected print information
(image formation signals) read from the print correction
table 16, the discharging corrector 14 controls the
discharging of ink droplets 3 from the discharging portions
4b and 4c near the defective discharging portion 4a so that
the influence of discharging failure of the defective
discharging portion 4a hardly appears on the recording
medium P.

In this state, the corrected print information is
converted into driving signals by the output converter 15,
and is sent to the head driver 10. The head driver 10
supplies the input driving signals to the print head 1 to
control an actual printing operation on the recording medium
P. Consequently, discharging of ink droplets 3 from the
discharging portions 4 in the print head 1 is controlled, as
shown in, for example, FIG. 6, 7, or 8, and image formation

on the recording medium P is corrected. Therefore, the




the discharging portions 4 is defective. As a result, the production yield
of the print head 1 can be enhanced. Wile the storage section 12 is
provided inside the print head 1 in FIG 11, it may be provided inside the
i mage processing unit 11. Alternatively, the storage section 12 may be
provi ded inside an external control unit such as a host conputer, or may
be provided inside sone or all of the print head 1, the inage processing
unit 11, and the external control un+t._ A specific exanple of the
above-described liquid discharging apparatus, for exanple, an ink-jet
printer will now be described with reference to FIG 12 as a partly
cutaway perspective view and FIG_ 13 as a sectional side view. An ink-jet
print er 123 1genas feddgsheruingr doidede @ift khg Pefeckédd 22 that has
unshown heating elements (reference nuneral 6_in FIG 1) as driving

el enent §1FGRATHIIGhRPGILAGT AR BPoplet MePef HeRdEYnGABraf 3efHCrfe 1) .

The recording range of the_ink-jet printer 20 is _ substantially equal to

the wi deR%f-ieh&& ?topeﬁgpérlﬁlﬁl%ﬁgediﬁ?-F@tuﬁFFnFE?nzﬁhﬁﬂoﬁP¥ 8%so-call ed
PNM ( Pul,se ggpbg% deulatkgn%_nﬁthoddf%% gg%nging therdiggﬁter g?d density
of  dot ST EFEFERCIAGBPAIN 8 En *FIr& I5) o6y Ffie n fib8r “6P 1 fik 38 _
O oL BB IR 55 38, PRSphonr i ey B BhaheLa?0 et udes. i
While the storage section 12 is provided inside the.

print head 1 in FIG. 11, it may be provided inside the image

proéessing unit 11. Alternatively, the storage section 12

may be provided inside an external control unit such as a

host computer, or may be provided inside some or all of the

print head 1, the image processing unit 11, and the external

control unit.

a spegific exampie of the above-described ligquid

discharging apparatus, for example, an ink-jet printer will

now be described with reference to FIG. 12 as a partly

cutaway perspective view and FIG. 13 as a sectional side

view. An ink-jet printer 20 of this example is provided

with a 1ine head 22 that has unshown heating elements

(reference numeral 6 in FIG. 1) as driving elements for

discharging ink droplets (reference numeral 3 in FIG. 1).

The recording range of the ink-jet printer 20 is

substantially equal to the width of sheets of paper 21. The

ink-jet printer-ZO adeopts a so—called PNM (Pulse Number

Modulation) method for changing the diameter and density of

dots (reference numeral 8 in FIG. 2) by the number of ink




section 24, a paper delivery section 25, a paper tray 26, an electric
circuit section 27, and so on. The housing 23 is shaped |like a rectangul ar
paral | el epi ped. A paper ejection slot 28 for sheets of paper 21 is
provided in one end face of the housing 23, and a tray | oadi ng opening 29
for the paper tray 26 is provided in the other end face thereof. The line
head 22 includes head sections for four colors, vyellowY, magenta M cyan
C, and black K, and is disposed in_ the upper part of an end portion of the
housi ng 23 adjacent to the paper ejection slot 28 so that discharging
outlets (reference nunmeral 5 in FIG 1) for discharging ink droplets face
downward. That is, as described above, the line head 22 is constructed by
f our elgﬁﬁﬁﬂéaslnk di scharging neans for Y, M C, and K that are arranged
in the feedin direction of the sheets of paper 21. The paper feeding
section 24 ipnglﬂb%@a“?e%m’%g ik B9, HeedHy ol IRENEE 40 32, a

feedi ng. nag Ru % and 35, and belts 36 and 37, and is dlsposed
in the I'B Pdeﬁar% of B Eséﬂﬂ %%rtFBﬁ 6Fth%eﬁ6u%?ngaZQa%%TaE%%@lQ% t he

aper ej g on sl ot 28. The . feedin e 30 haped | ke flat plate,
i g%égad§6e|%mP?ﬂar|?ﬁ £hend 99chien 200 %¥n#ﬁ%ﬂ B
th b h f di | | 3 32 d f
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slot 28 for sheets of paper 21 is provided in one end face
of the housing 23, and a tray loading opening 29 for the
paper tray 26 is provided in the other end face thereof.

The line head 22 includes head sections for four colors,
yellow Y, magenta M, cyan C, and black K, and is disposed in
the upper part of an end portion of the housing 23 adjacent
to the paper ejection slot 28 so that discharging outlets
(reference numeral 5 in FIG. 1) for discharging ink droplets
face downward. That is, as described above, the line head
22 is constructed by four elongated ink discharging means
for ¥, M, C, and K that are arranged in the feeding
direction of the sheets of paper 21.

The paper feeding section 24 includes a feeding guide
30, feeding rollers 31 and 32, a feeding motor 33, pulleys
34 and 35, and belts 36 and 37, and is disposed in the lower
part of the end portion of the housing 23 adjacent to the
paper ejectibn slot 28. The feeding guide 30 is shaped like
a flat plate, and is disposed below the line head 22 with a

predetermined space therebetween. Each of the feeding




tray | oading opening 29 and the paper ejection slot 28. The feeding notor
33 is disposed below the feeding guide 30, and is linked to the feeding
rollers 31 and 32 through the pulleys 34 and 35 and the belts 36 and 37.
The paper delivery section 25 includes a delivery roller 38, a delivery
nmotor 39, and gears 40, and is disposed on a side of the paper feeding
section 24 close to the tray | oading opening 29. The delivery roller 38 is
substantially sem cylindrical, and is%gi§posed adj acent to the feeding
roller 31 on the side of the tray |oading opening 29. The delivery notor
39 is disposed above the delivery roller 38, and is linked to the delivery
roller 38 _ through the gears 40. The paper tray 26 is shaped |ike a box

t hat carFOldﬁ‘R‘?m?gdé’t“éi, i Sexearplas.eda qfl @r @ity off upbackeddAdosiered sheets
of paper 21. A paper support 42 is supported by a spring 41 at one end of |
the bot tehhiSade 16F GORESAp et tHy §pchs otherd ardends fisivobedownt hetlel i very |
section 25 tomq;d the tray |oading opening 29. The electric circuit

sect i on S2755% C1ditdsodeF B Suine %&peﬁh@¢a9526OPotéénﬁﬁéﬁstﬁé #hevi ng of
t he conpanents. The use and sic operation of the ink-jet printer 20 - 40
havi ng SGEN & C8nfi% PAroN %%l 5k t%l@s@@i‘?ﬁéd%??éﬂpy sAotydér dFa@s the
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is linked to the feeding rollers 31 and 32 through the
pulleys 34 and 35 and the belts 36 and 37.

The paper delivery section 25 includes a delivery
roller 38, a delivery motor 39, and gears 40, and is
disposed on a side of the paper feeding section 24 close to
the tray loading opening 29. The delivery roller 38 is
substantially semicylindriecal, and is disposed adjacent to
the feeding roller 31 on the side of the tray loading
cpening 29. The delivery motor 39 is disposed above the
delivery roller 38, and is linked to the delivery roller 38
through the gears 40.

The paper tray 26 is shaped like a box that can
accommodate, for example, a plurality of stacked Ad-sized
sheets of paper 21. A paper support 42 is supported by a
spring 41 at one end of the bottom face of the paper tray 26,

and extends from below the delivery section 25 toward the

tray loading opening 29. The electric circuit section 27 is
disposed above the paper tray 26 to control the driving of

the components.

The use and basic operation of the ink-jet printer 20




the paper tray 26, and then pushes the paper tray 26: Then, the paper
support 42 raises and presses one end of the paper 21 against the delivery
roller 38 by the action of the spring 41. This brings about a print
standby state. When a print start signal is given, the delivery roller 38
is rotated by the delivery notor 39 to deliver one sheet 21 fromthe paper
tray 26 to the feeding roller 31. Subsequently, the feeding rollers 31 and
32 are rotated by the feeding notor 33,_and the feeding roller 31 feeds
the delivered sheet 21 to the feeding guide 30. Then, the line head 22
operates at a predetermned timng according to print data, and di scharges
ink droplets fromdischarging outlets onto the sheet 21 to print

char act 37l SUyes CHrorrmtr Pyl dotwil Ndea desey et i afdiv.er 232 ej ect s
the fed sheet 21 fromthe paper ejection slot 28. The ink-jet printer 20
havi ng SIRGF HTOH i lgin fRarsF %Wai%sfﬁqm dhfariméy dicadiag towerhiag in t he
image formng nethod that has been described with reference to FIGS. 1 and
5 to 8. “Thi rPtS GURTEIRIHiTah HHRGH idhshaats rdwiseerdédcinbed. FIG 14
is a general .view showng a ljquid dischara%gg - 41 nethod according to an

enbodi meNt® Gt*HHe Pridserit: iHfertiTh.PUIHPR HE'9 PRRSF diSeha#gi ngheet hod,
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21 against the delivery roller 38 by the action of the
spring 41. This brings about a print standby state.

When a print start signal is given, the delivery roller
38 is rotated by the delivery motor 39 to deliver one sheet
21 from the paper tray 26 to the feeding roller 31.
Subsequently, the feeding rollers 31 and 32 are rotated by
the feeding motor 33, and the feeding roller 31 feeds the
delivered sheet 21 to the feeding guide 30. Then, the line
head 22 operates at a predetermined timing according to
print data, and discharges ink droplets from discharging
outlets onto the sheet 21 to print characters and images
formed by dots. Next, the feeding roller 32 ejects the fed
sheet Zi from the paper ejection slot 28.

The ink-jet printer 20 having such a configuration
operates in a manner similar to that in the image forming
method that has been described with reference to FIGS. 1 and
5 to 8.

Third, fourth, and fifth inventicns will now be

described.

FIG. 14 is a general.view showing a liquid discharging




di scharging portions (not shown) in a head 110 while controlling the

di scharging direction. The discharging states of ink droplets discharged
from the discharging portions are checked, and information about a
defective discharging portion is obtained. The defective discharging
portion is prohibited fromdischarging, and droplets are discharged from
the ot her discharging portions while controlling the discharging
direction, thereby reducing the inflyyence of discharging failure of the
defective discharging portion. A specific configuration for carrying out
the nethod will now be described in detail. FIG 15 is an expl oded '
perspective view of a print head 110 in an ink-jet printer serving as an
appar at BetPRAt 2FEOr@i PEctPyaBsBAPPBLRER Ty buth® et FFeRit il - ¥ H i ng net hod
of this invention, A DOZﬁ|e menber 1%3; ¥Mich will be described |ater, is
bonded tB & Bart#e+d| dyern3se I ndsTE RN, FACEIS LTI EIE 9%-S tthe nozzle
menber 170 %s sega&atﬁlg shown. ghe ﬁr%nt head 110 is of a so-called

t her mal 2§ pECTRSIWRAY cHL 2CBabBIBIi 4-gRnet 2t BBy iRt F A FheE n an i nk
chanmber .. 120 with heating resistors 130 and the ink. is discharged by the
cnorgy FasCrelit e rERt RGP ERe Phes bt ol drg ™ o i hoad 110

includegD pgffiﬁgg?ﬁ%4é§QF%%F§%£§r%igéc{fggr 160, and the nozzl e nmenber

170. The base ne sem conduct or substrate 150 made of
silicon or The discharging states of ink droplets discharged from

the discharging portions are checked, and information about
a defective discharging portion is obtained. The defective
discharging portion is prohibited from discharging, and
droplets are discharged from the other discharging portioﬁs
while controlling the discharging direction, thereby
reducing the influence of discharging failure of the
defective discharging portion. A specific configuration for
carryiﬁg out the method will now be described in detail.

FIG. 15 is an exploded perspective view of a print head
110 in an ink-jet printer serving as an apparatus that is
directly used to carry out the liguid discharging method of
this invention. A nozzle member 170, which will be
described later, is bonded to a barrier layer 160, as shown
in FIG. 15. In FIG. 15, the nozzle member 170 is separately
shown.

The print head 110 is of a so-called thermal type in
which a bubble is generated by heating ink in an ink chamber
120 with heating resistors ‘130 and the ink is discharged by

the energy resulting from the generation of the bubble. The




the like, and heating resistors 130 (corresponding to heating elenents in
the present invention) precipitated on one surface of the sem conductor
substrate 150. The heating resistors 130 are electrically connected to an
external circuit through a conductive portion (not shown) formed on the
sem conductor substrate 150. The barrier |layer 160 is forned, for exanple,
by. applying a photocurable dry filmresist on the overall surface of the
sem conductor substrate 150 with thesheating resistors 130, and renoving
unnecessary portions therefrom by a photolithographic process. The nozzle
menber 170 has a plurality of nozzles (discharging outlets) 180, and is
formed by, for exanple, nickel electroformng. The nozzle nmenber 170 is
bonded BRIt heeddr ki @ritralededsd 2dse Hermi ek z| e 1By didvgFed with
the heating resistors 130, that is,_ so that the nozzles 180 oppose the
heat i ngl $®si 30%rsNa 30z The PARPERabDRr 18R iRasR e byl 4the base nenber
140, the bparrier layer 160, and the nozzle nmenmber 170 so as to surround

t he hea%?%b“‘?%%i%t%‘? 142p7UFhat TS TR é5QL5?ad?Héfb3a’s]elcrﬁé‘nt5’e¥r 150, the
bar et B 4000, 3L 0 10721 £ TR, G Lo fespeively. a bottom
Accordi}geql nthe ingntgh{agbg}rlelzgegg&tain\pfnif ce on { he right front side
in FIG Té %ngl?rﬁe opeh f ac? RoTmURT cHUEL WEH & TR IP™ not
one surface of the semiconductor substrate 150. The heating
resistors 130 are electrically connected to an'external
circuit through a conductive portion (not shown) formed on
the semiconductor substrate 150.
The barrier layer 160 is formed, for example, by
applving a photocurable dry film resi=st on the overall
surface of the semiconductor substrate-150 with the heating
resistors 130, and removing unnecessary portions therefrom
by a photolithographic process.
The nozzle member 170 has a plurality of nozzles
(discharging éutlets) 180, and is formed by, for example,
nickel electroforming. The nozzle member 170 is bonded on
the barrier layer 160 so that the nozzles 180 are aligned
with the heating resistors 130, that is, so that the nozzles
180 oppose the heating resistors 130.
The ink chamber 120 is defined by the base member 140,
the barrier layer 160, and the nozzle member 170 so as to
surround the heating resistors 130. That is, in FIG. 15,
the base member 150, the barrier layer 160, and the nozzle

member 170 form, respectively, a bottom wall, a side wall,




shown). The single print head 110 normally includes a plurality of
(hundreds of) heating resistors 130, and ink chanbers 120 containing the
heating resistors 130. In response to a comand froma control unit in the
printer, the heating resistors 130 are selectively operated to discharge
ink in the ink chanbers 120 corresponding thereto fromthe nozzles 180
opposi ng the ink chanbers 120. That is, ink is supplied froman ink tank
(not shown) connected to the print_ d 110 into each ink chanber 120. By
passing a pulse current through a heating resistor 130 in the ink chanber
120 for a short period, for exanple, 1 sec to 3 sec, the heati.ng resistor
130 is rapidly heated. As a result, a bubble is produced in a part of the
ink in @Rt actopwivel it e Héwt itmy cosinbeor 1280, andoadtsglej ntwel wae of ink
i s pushed away b% expansion of the bubble (ink boils). Consequently, a
part of “UREPEAK 12@hihel kas oRepolfars ovquheakéghtt 6rohat sbfiethe pushed i nk
and is in contact with the nozzle 180, is discharged as a droplet fromthe
nozzl e 12802Bft 6LFr PREPNG 358pEL™MENL6RHRA Woth &n Lhe Ebdbmwi ngnot
description, a "discharging portion" refers to a portion constituted by an
i nk chafiB8F?120, a - 44 heating resistor 130 di sposed inside the ink
chanber 120,Thand.a ﬂozzle 180 di sposed on the ink chanber 120. That is,
the print heat 11°PEhOWRT TRt Freed 15 ot bir singludsgs a plurality

of (hundreds of) heating resistors 130, and ink chambers 120
containing the ﬁeating resistors 130. In response to a
command from a control unit in the printer, the heating
resistors 130 are selectively operated to discharge ink in
the ink chambers 120 corresponding thereto from the nozzles
180 opposing the ink chambers 120.

That is, ink is supplied from aﬁ ink tank (not shown)
connected to the print head 110 into each ink chamber 120.
By passing @ pulse current through a heating resistor 130 in
the ink chamber 120 for a short period, for example, 1 psec
to 3 Hsec, the heating resistor 130 is rapidly heated. As a
result, a bubble is produced in a part of the ink in contact
with the heating resistor 130, and a certain voiume of ink
is pushed away by expansion of the bubble {ink boils).
Consequently, a part of the ink, which has a volume
equivalent to that of the pushed ink and is in contact with
the nozzle 180, is discharged as a droplet from ﬁhe nozzle
180 onto printing paper to form a dot.

In the following description, a "discharging portion"

refers to a portion constituted by an ink chamber 120, a




di schargi ng portions arranged side by side. The print head 110 has a

di scharging-direction deflecting neans for controlling the discharging
direction of ink droplets. The discharging-direction deflecting neans

defl ects the discharging direction of an ink droplet discharged froma
nozzle 180 so that the ink droplet can |and on or adjacent to a | anding
position of an ink droplet that is discharged froman adjacent nozzle 180
w t hout being deflected. The dischargjng-direction deflecting nmeans has
the follow ng structure. FIGS. 16A and 16B are a plan view and a secti onal
side view, respectively, show ng the arrangenent of the heating resistors
130 in the print head 110 in nore detail. In FIG 16A, the nozzle 180 is
shown byregidngotrechaite ildds dilsposied pnisatichead 140 ehambes epbodi ment, two
heating resistors 130 are disposed side by side in one ink chanber 120,
as showd™narPegzlecA8dndireBsethan ithe énk thembehahBer 1PRatnts pdes two
split heating.resistors _130. The heating resistors 130 are arranged in the
same diF@@tPgﬁn§sheﬁﬁe1&pr@@PW@nlpnFﬁﬁLch5théSnézplesa18ﬁyamé arr anged
(right- Lef% direction in the figures). In a case in which one heating
resi st of 1P NGERENGaPPF tions aggrPgefnEadewby haddeng resistors 130 in this

way, the Iengéh S goﬁ cgaggﬁd, but the width is halved. Therefore, the
resi stance of -t We" 18kt PRgr 5P sbdf 2 130 Fhe o e regyt ion

deflecting means for controlling the discharging direction
of ink droplets. The discharging-direction deflecting means
deflects the discharging direction of an ink droplet
discharged from a nozzle 180 so that the ink droplet éan
land on or adjacent to a landing position of an ink droplet
that is discharged from an adjacent nozzle 180 without being
deflected. The discharging-direction deflecting means has
the following structure.

FIGS. 16A and 16B are a plan view and a sectional side
view, respectively, showing the arrangement of the heating
resistors 130 in the print head 110 in more detail. In FIG.
16A, the nozzle 180 is shown by one-dot chain lines.

In the print head 110 of this embodiment, two heating
resistors 130 are disposed side by side in one ink chamber
120, as shown in FIGS. 162 and 16B. That is, one ink
chamber 120 includes two split heating resistors 130. The
heating resistors 130 are arranged in the same direction as
the direction in which the nozzles 180 are arranged (right-
left direction in the figures).

In a case in which one heating resister is vertically




connecting the two split heating resistors 130 having the double
resistance in series, the resistance is quadrupled. In order to boil ink in
the ink chanmber 120, the heating resistor 130 is needed to be heated by
the application of a given current. This is because ink is discharged by
the energy of boiling. Although a large current nust be applied when the
resistance is low, ink can be boiled with a small current by increasing
the resistance of the heating resist 130, as described above.
Consequently, the size of a transistof“for applying a current can be
reduced, and space saving can be achieved. Wiile the resistance can be

i ncreased by reducing the thickness of the heating resistor 130, such

t hi cknes¥l¥edirtd ofvd shdatmined daiomarte Mlewpoithils efyyattde dknantd
strength (durability) of the heating resistor 130. For this reason, the
resi st ang®e 1t | eaegrcbd WL SP1d tMddig tie Hadatddng  Thegiedooe ,withkout r educi ng
the thickness. In a case in which two split heating resistors 130 are

provi ded”§H DFFGHIC LR drealZong irRe isitans diddods| @obbillesl.onByt he two
heating resistors 130 by causing the heating resistors 130 to reach the

t enper atAAE§Or b HiiF IR it tife lavee BesHsteBsbBRe fewanat itse tine) .

Thi s alggﬁiﬂgn ink - 46 droplet, to be discharged in the direction of the
center DIETHE TLA UEFETYET ¢ IS IS8 1SkREG St ReébHBLEUgeRErati on ti me

IS In order to boil ink in the ink chamber 120, the

heating resistor 130 is needed to be heated by the |
application of a given current. This is because ink is
discharged by the energy of boiling. Although a large
current must be applied when the resistance is low, ink can
be boiled with a small current by increasing the resistance
of the heating resistor 130, as described above.

Consequently, the size of a transistor for applying a
current can be reduced, and space saving can be achieved.
While the resistance can be increased bj reducing the
thickness of the heating resistor 130, such thickness-
reduction is limited from the viewpoints of material and
strength (durability) of the heating resistor 130. For this
reason, the resistance is increased by splitting the heating
resistor without reducing the thickness.

In a case in which two split heating resistors 130 are
provided in one ink chamber 120, ink simultaneously boils on
the two heating resistors 130 by causing the heating
resistors 130 to reach the temperature for boiling ink in

the same time (bubble generation time). This allows an ink




different between the two heating resistors 130, ink does not

simul taneously boil thereon. In this case, a discharged ink droplet
deviates fromthe center axis of the nozzle 180. Therefore, the ink
droplet lands offset fromthe |anding position of an ink droplet

di scharged wi thout being deflected. FIG 17 is a graph show ng the

rel ati onship between the difference in bubble generation tine between the
two split heating resistors 130 shpQ@th FIGS. 16A and 16B, and the _
di scharging angle of ink droplets in e X-direction. FIG 18 is a graph
showi ng the relationship between the difference in bubble generation tine,
and the discharging angle of ink droplets in the Y-direction. Values in
the grdpbplieft EoGBe iisahdriBdaie thtabinedchbyorcovputles ceitest axtion. | n

t hese graphs, the X-direction refers to a direction in which the nozzles
180 ar eodr tawgedzitlee 1B8ating resistors 130 are arranged side by side),
and the Y- direction refers to a direction perpendicular to the X-
direction (féedragtapsect Vioen othprihwelhhe gpmratdon Iyimsotis the X- and
Y-directions, the angle shows the anount of offset of a discharged ink

dr opl et S ESRrendebeitigersthe Grpebepbangt raptekorhel Itk Mopleasis

di scharged without - 47_- being deflected. As shown in FIGS 17 and 18,
when t hBP& Fdmyldeprerandeloih blibrengentfatidbh €370 HetdkEatEetheat i ng

resistors, 130, : .
ink droplet deviates from the center axis of the nozzle 180.

Therefore, the ink dreoplet lands offset from the landing
position of an ink droplet discharged without being
deflected.

FIG. 17 is a graph showing the relatiomnship between the
difference in bubble generation time between the two split
heating resistors 130 shown in FIGS. 16A and 16B, and the
discharging angle of ink droplets in the X-direction. FIG.
18 is a graph showing the relationship between the
difference in bubble generation time, and the discharging
angle of ink droplets in the Y-direction. Values in the
graphs of FIGS. 17 and 18 are-obtained by computer
simulation. In these graphs, the X¥-direction refers to a
direction in which the nozzles 180 are arranged (the heating
resistors 130 are arranged side by side), and the Y-
direction refers to a direction perpendicular to the X-
direction (feeding direction of printing paper P). 1In both
the X- and Y-directions, the angle shdws the amount of
offset of a discharged ink droplet from 0° serving as a

direction at which the ink droplet is discharged without




t he di scharging angle of ink droplets deviates. Accordingly, in this

enbodi nent, this characteristic is utilized. That 1is, the discharging
angle of ink droplet is deviated by formng a difference in bubble
generation tine between the heating resistors 130, thereby controlling the
di scharging direction. Wth reference to FIG 19, a description will be
given of what degree to which the discharging angle of ink droplets can
be adjusted. FIG 19 is a sectional 54 e view show ng the relationship

bet ween the discharging angle of ink droplets 60 fromthe nozzles 180 of
the nozzl e nenber 170, and printing paper P. In FIG 19, the distance H
bet ween the | eadi ng ends of the nozzles 180 and the printing paper Pis
appr oxi retigly defimato=® mmin normal ink-jet printers. Wien the resol ution
of the print head 110 is set at 600 dpi, the landing interval (dot
interval) of Ashehomk dmoplléfs 180and gbverhas tbeFewss 251U0ferar00®/ 600 ~
42.3 (4nm) In such a print head 110, the discharging direction of ink

dr opl et SLTEPYRDR IR TRZEAE LIgE @‘tm&mé@e feptdranpreistprsel §ht steps
by deflectin cp%aqthe di scharging angle of'the - 48 ink droplets 60. Wen it

i s assurfetf CRITHDPIESS 60 Hile YeoRiREt | 9o Settar gﬁquralgm
adj oi ni n qules 1801, 1802, ..., 1808 provided in . the nozzle nmenber 170
is embodlment this characteristic is utilized. That

wi t hout *

is, the discharging angle of ink droplet is deviated by
forming a difference in bubble generation time between the
heating resistors 130, thereby controlling the discharging
direction.

With reference to FIG. 19, a description will be given
of what degfee to which the discharging angle of ink
droplets can be adjusted. FIG. 1% is a sectional side view
showing the relationship between the discharging angle of
ink droplets 60 from the nozzles 180 of the nbzzle member
170, and printing paper P. In FIG. 19, the distance H
between the leading ends of the nozzles 180 and the printing
paper P is approximately 1 mm to 2 mm in normal ink-jet
printers.

When the resolution of the print head 110 is set at 600
dpi, the landing interval (dot interval) of the ink droplets
60 1s given as follows:

25.40 = 1000/600 = 42.3 (pm)

In such a print head 110, the discharging direction of -
ink droplets 60 from each nozzle 180 is changed, for example,

in eight steps by deflecting the discharging angle of "the




defl ecting the discharging angle, and that positions on the printing paper
P on which the ink droplets 60 |and are designated D1 to D8, the

di scharging direction is changed so that ink droplets 60 discharged from
each nozzle 180, for exanple, a nozzle 1804, |and on the eight |anding
positions Dl.to D8 on the printing paper P. By thus discharging ink
droplets 60 froma plurality of discharging portions (not shown) of the
print head 110 while changing the digsharging direction, as shown in FIGS.
14(a) to 14(h), the ink droplets 60 are caused to land on the printing
paper P to formdots D or dot arrays D, as showmn in FIG 14(i). The

di schargi ng angle sho in FIG, 14(a) is designated degl, and the '
dischar%?ﬂ% é%éﬁ%?'ﬁw G "BAD)LG §5 desvgRat E820ed2k FREPAPEENEP gi ng angl es

in subsequent figures are.simlar desi gnat ed, ,and the discharging angle
o e S er L S s P SO0L B8deirnta PePALSReaatLIS o

| ne Nesthd it 349pt g A0e.spore- dercia et EMAIE o 3, Shau n BIG 20
rogent s LG A sty 0, SR8 B8 gL e gL = 100
ont v cydn TR E TS Pl reorg YERh SiBreSnee. Tahd Bftck i ks, A -
maxi MMy i3fMRRd D, to Dy, the discharging direction is changed so

that ink droplets 60 discharged from each nozzle 180, for

example, a nozzle 180,;, land on the eight lahding positions

Dy to Dy on the printing paper P.

By thus discharging ink droplets 60 from a plurality of
discharging portions (not shown) of the print head 110 while
changing the discharging direction, as shown in FIGS. 14 (a)
to 14(h), the ink droplets 60 are caused to land on the
printing paper P to form dots D or dot arrays D, as shown in
FIG. 14(i). The discharging angle shown in FIG. l4{a) is
designated degl, and the discharging angle in FIG. 14(b) is
designated deg2. The discharging angles in subsequent
figures are similarly designated, and the discharging angle
in FIG. 14(h) is designated deg$s.

The above-described print head 110 is a line head that
adopts the above~described PNM method, as shown in FIG. 20.

The print head 110 includes head sections for four colors,
yellow Y, magenta M, cyan C, and black K; and_is disposed so
that the nozzles 180 for discharging ink droplets 60 face

downward.




dropl ets of one color can be discharged from each di scharging portion, and
six or less droplets are discharged to print one dot D on the printing
paper P. The nunber of droplets that form one cyan dot can be changed from
zero to eight by the PNM net hod, as described above. The anmount of ink to
be discharged is set at, for exanple, 3.5 pl. In the follow ng description,
ink droplets 60 are discharged in response to PNM signals serving as
droplet discharging signals. Adrivipgg tinmng for the first ink droplet
60 di scharged from each di scharging portion is designated PNML, and a
driving timng for the second ink droplet 60 is designated PNM.
Subsequent timngs are simlarly designated, and a driving timng for the
seventh inkF@Fopleéinegxpiagasighat eddPpvrirtiosuehih st agevermsoShown in
FI G 20(a€2, ink droplets 60 are discharged froma nozzle 180 of the print
head 116F&%htd pHitindopassr™Plser pRdy §¥2a ivkoidi ngededithoutn this
case, the discharged ink droplets 60 spread in the directions Sto form
one dot ‘D' % i feErEE0eHf. P1rREr dhbFe, RhBasimemopft pevent D
gr adual lé’ri creases dependi ng on_the nupber of the ink droplets 60. FIG
21  shows The Fel®at | Sﬁsﬁl{’goﬁe%\%@ehet AéSrbAberdof Teoprels and 50 the dot
di ameterd.S'I<'_1}}l%r%(g)&rl di %r]p%ti%% i ncreases frgm aggro i matelg 388 mto .
appr oxi mately B BSHRE nufbSr S6F ©dr SpP8t SrPREFERSREST FORTRAFEEY. When
the “U”QQT;&EnQF%BEeb%t D on the printing paper P. The number of

~droplets that form one cyan dot can be changed from zero to

eight by the PNM method, as described above. The amount of

ink to be discharged is set at, for example, 3.5 pl.

In the following description, ink droplets 60 are

discharged in response to PNM signals serving as droplet

discharging signals. A driving timing for the first ink

droplet 60 discharged from each discharging portion is

designated PNM1l, and a driving timing for the second ink

droplet 60 is designated PNM2. Subsequent timings are

similarly designated, and a driving timing for the seventh

ink droplet 60 is designated PNM7.

In such a state, as shown in FIG. 20(a), ink droplets

60 are discharged from a nozzle 180 of the print head 110

onto printing paper P serving as a recording medium. In

this case, the discharged ink droplets 60 spread in the

directions S to form one dot D, as shown in FIG..ZO(b).

Therefore, the size of the dot D gradually increases

depending on the number of the ink droplets 60. FIG. 21

shows the relationship between the number of droplets and




is four, as shown in FIG 21A, the dot dianeter is approximately 63 .Lm
Wth reference to FIG 22, a description will be given of aliquid

di scharging nethod in which dots D or dot arrays are formed by discharging
ink droplets 60 fromthe discharging portions of the print head 110 while
changing the discharging direction and while changing the dianeter of the
dots D by the nunber of ink droplets 60. FIG 22 is a table showng the
rel ati onship between dots D (D1 to_D8) _forned by PNM and the discharging
portions for discharging ink droplets 60 to formthe dots D. In a known
type of a print head 310 that does not change the discharging direction
of ink droplets (see FIG 25), ink droplets 60 are discharged fromthe
sane di $8RaflgitngipBrtesns Thenehediare e ngi1¢rRaEPNMIC®R 0 the driving
timng PNM/7. In contrast, in the liquid discharging nethod of this

i nvent i BRPTPHRMAEBHYefS BFReldi FRPECHEWR T3 b O e rahtthelimseEhatyiodg porti ons
to formeach dot D, as shown in FIG _22. That is, as shown in FIG 14, ink
dropl et $¥8815F8 1BEGRERAGBUEFM At skPaf ged™Fonve gramee s 3F SFrwisdFar gi ng
portions (not shown rovided_in e print_head 110 while changing the

di schar é?ngoaﬁeé?i %HBW‘Fhéanr—Lgt H‘]& RS gl%rie%%r are discharged at the
di schar%i ng anglg ?egtB(see FIG 14(a)), and the second ink droplets 60
are dis ﬁgra’éa atcrhe dﬁugchargi ng angl e deg2 (see FIG 14(b)).

SUbsequentlyﬁi{ﬁkreference to FIG. 22, a description will be given
of a liquid discharging method in which dots D or dot arrays
are formed by discharging ink droplets 60 from the
discharging portions of the print head 110 while changing
the discharging direction and while changing the diameter of
the dots D by the number of ink droplets 60. FIG. 22 is a
table showing the relationship between dots D (D: to Dg)
formed by PNM, and the discharging portions for discharging
ink droplets 60 to form the dots D. In a known type of a
print head 310 that does not change the discharging
direction of ink droplets (see FIG. 25), ink droplets 60 are
discharged from the same discharging portions from the
driving timing PNM1 to the driving timing PNM7.
| In contrast, in the liquid discharging method of this
invention, ink droplets are discharged from different
discharging portions to form each dot D, as shown in FIG. 22.
That is, as shown in FIG. 14, ink droplets 60 are
continuously discharged from a plurality of discharging
portions (not shown) provided in the print head 110 while.

changing the discharging direction. The first ink droplets




droplets 60 are simlarly discharged fromdifferent discharging portions to
formone dot D, thereby changing the dot dianeter by PNM More
specifically, for exanple, in order to forma dot Dl in the A-th line, an
ink droplet is discharged fromthe discharging portion (nozzle) 1801 shown
in FIG 19 (hereinafter, the discharging portion 1801 will be abbreviated
as "DP1" in the table of FIG 22, other discharging portions are simlarly
abbreviated) at a driving timng PNML, an ink droplet is discharged from
DP-1 on the left side of the DP1 (onthe left side in FIG 19, nozzle
nunber is not shown) at PNMZ2, and an ink droplet is discharged fromDP-2 on
the left side of DP-1 at PNM3, as shown in FIG 22. Subsequently, simlar
di schar §Pngresdiperpsgredatanie afi $ pika oo bpd eangbe digrhararsd ¥m DP- 6 at
PNM7. In this way, ink droplets are discharged fromthe different
di schar é#ng) per 8Penshat serendr i vk ngreP he bgsoPNMvie disPNVeds 3t Hdte a dot D1
inthe A-th line is formed. In order to forma dot D1 in the next B-th
line, aAiFARardiBEl erots dpdehafeRd™FFord B2 at PRMISTUETHE 8k 11K dr opl et
is di schargﬁd framDPl at PNM2, in _a nanner different from that in the
above- d8SEPiL6&8 86t 2Pt Pﬁm%%r;ﬁb’t‘iill??%%¥g@d5@”‘“5&93%%@?&? y, discharging is
simlarl rformed, and an [nk_ droplet . is discharged fromDP-5 at PNW.
In thi s%ggafﬁéngcy(o,lrélf’ﬁsv\%?cﬁmflﬂegla?s%‘PlEr%i NG P SRS it changed

dot diameter by PNM. '

More specifically, for example, in order to form a dot

Dy in the A-th line, an ink droplet is discharged from the

discharging portion {nozzle) 180; shown in FIG. 19

(hereinafter, the discharging portion 180; will be

abbreviated as "DPl" in the table of FIG. 22, other

discharging portions are similarly abbreviated) at a driving

timing PNM1, an ink droplet is discharged from DP-1 on the

left side of the DPl {(on the left side in FIG. 19, nozzle

number is not shown) at PNM2, and an ink droplet is

discharged from.DP—Z on the left side of DP-1 at PNM3, as

shown in FIG. 22. Subsequently, similar discharging is -

performed, and an ink droplet is discharged from DP-6 at

PNM7. In this way, ink droplets are discharged from the

different discharging portions at the driving timings PNM1

to PNM7, so that a dot D; in the A-th line is formed.

In order to form a dot D; in the next B-th line, an ink
droplet is discharged from DP-7 at PNM1l, and an ink droplet

is discharged from DP1l at PNM2Z, in a manner different from

that in the above-described dot D; in the A-th line,




does not correspond to the PNMcycle. In a case in which the cycles
correspond to each other, for exanple, when discharging at the driving
timng PNML continues, an array of dots D fromthe dot D1 in the A-th
line to the dot DL in the F-th line are formed by ink droplets discharged
fromthe sane discharging portion, and a white stripe 330 (see FIG 26) is
likely to appear on the printing paper P. In the above-described liquid
di scharging method in which dot arrays or dots are formed by discharging
ink droplets fromthe discharging portions of the print head 110 while
changi ng the discharging direction, first, an actual pattern that

indi cates the discharging states of ink droplets 60 fromall the

di schar GiHRF §BYtaNs Pd sCHargdnoFds exBApPrElyaReatotmedpatr@rani snlpri nt ed

on printjng paper P by discharging ink droplets 60 fromthe discharging
portion IF%”fﬂgjéBGUép <O éd OpN ﬁétﬁ&dpﬁﬂ?houin Heif ¥y ngthde

di schar gi ng di.rec L%g. hn this case, when the ink droplets 60 are normally
di schar §&& 1% ot &P Ph&hedBdeRErGPAGIpBPELORRS AT Aot WRFT PRRRERH is f or ned

L0 o LIRS, (L IL0g Legan.of e ghy) mLigg paper P, al though not, shown In
ol athere ot RS RTHAYGACDE Rl | DSCPUAB AR B |
COloredeQrgﬁﬁﬁile, when discharging at the driving timing PNM1

continues, an array of dots D from the dot D; in the A-th

line to the dot D; in the F-th line are formed by ink

droplets discharged from the same discharging portion, and a-

white stripe 330 (see FIG. 26) is likely to appear on the

printing paper P.

In the above-described liquid discharging method in
which dot arrays or dots are formed by discharging ink
droplets from the discharging portions of the print head 110
while changing the discharging direction, first, an actual
pattern that indicates the discharging states of ink
droplets 60 from all the discharging portions is formed.

For example, an actual pattern is printed on printing paper
P by discharging ink droplets 60 from the discharging
portions in the above-described PNM method without
deflecting the discharging direction. In this case, when
the ink droplets 60 are normally discharged from all the
discharging portions, a normal pattern is formed in an image
forming region of the printing paper P, although not shown.

In contrast, when any of the discharging portions is




is formed. Information about the defective discharging portion is obtained
by checking the actual pattern (not shown) for the discharging states of
ink droplets 60. That is, it is determ ned, on the basis of the actual
pattern formed by the above-described manner, whether a defective

di scharging portion exists. Wien it is determned that a defective

di scharging portion exists, informati on about, for exanple, the position
of the defective discharging portion,s{he anmount of discharged ink, and

t he nunber of discharging shots, is obtained. For exanple, when it is
assuned that the nozzle 1801 (discharging portion 1) shown in FIG 19 is
judged defective, the influence of discharging failure appears at the
drivi ng €heablPAMIL Tl rdeesdtoDrderech@ TA M ulifilnd eivg 1P| @dh22est e dri vi ng
timng PNM2 for a dot D2 in the A-th line, the driving timng PNM3 for a
dot D3 iH'¢HRFIREIRI IRIRET dhd Ak tdeBATRES t ianidag tRNWL 1hedudidet D8 in the
B- th line, and so on._In this case, lightly colored_portions 350 shaped
li ke stripes® rehet?fs w3 prSsi d6 neife Cded 1BNELY £P)lorghdpeRitdonpaduces t he
quality of the inted i mage. The obtained information about the defective
discharg}%g%%ﬁW%gtwll.is stored in a storage section - 54 provided inside

the print he%gf%loa r inggdetanhinggg SRLoce sing unit 210 éFICi_24) whi ch
wi Il be describ&d Parer 2°8PY P& GFEGCIrnvE SEoragESLRE PRt HPBvided i nsi de
an obtained by checking the actual pattern (not shown) for the
discharging states of ink droplets 60. That is, it is
determined, on the basis of the actual pattern formed by the
above-described manner, whether a defective discharging
portion exists. When it is determined that a defective
discharging porticn exists, information about, for example,
the position of the defective discharging portion, the
amount of discharged ink, and the number of discharging
shots, is obtained. For example, when it is assumed that
the nozzle 180;. (discharging portion 1) shown in FIG. 19 is
judged defective, the influence of discharging failure
appears at the driving timing PNM1 for a dot D1 in the A-th
line in FIG. 22, the driving timing PNM2 for a dot D, in the
A=-th line, the driving timing PNM3 for a dot D3 in the A-th
line, .., and the driving timing PNM1 for a dot Dg in the B-
th line, and so on. In this case, lightly colored ﬁortions
350 shaped like stripes remain in a printed image (see FIG.
27), and this reduces the quality of the printed image.

The obtained information about the defective

discharging portion 1 is stored in a storage section




external control unit such as a host conputer. Alternatively, the
informati on may be stored in storage sections provided in sone of the
print head 110, the imge processing unit 210, and the external control
unit. According to the information, the defective discharging portion 1 is
prohi bited from di schargi ng, new dropl et discharging signals are generated
to reduce the influence of discharging failure of the defective

di scharging portion 1. By continuqusly_discharging ink droplets froma
nozzle 180 (FIG 19) different fromthe defective discharging portion 1
while controlling the discharging direction according to the new droplet

di scharging signals, the diameter of dots Dis changed to reduce the

i nfl uen®&oyidgrsénaigengheabrime beadt hil detf ebnside dischieaas ng portion 1

In this case, since it is determned that the nozzle 1801 (discharging
porti onPEPCeshoiA PRLIEI GLO19FTS- défbcrhiel whkl ded edassmeiliid civdiaging
portion 1 is prohihited fromdischarging, and ink droplets 60 are
dischar6§dlﬁr8ﬁPéeﬁiéEhar@Fﬂﬁaﬁ%rf?%%l%ﬁfﬁ¥9¥#ﬁeqr%ﬁﬁlq%émﬁefective

dischargi@%Fgoation 1 icgording to new droplet discharging signals that is
gener at & W PR r EPBFEACUEOTaSTCRr 78T i RMFt AP in FIG 23. FIG 23
shows a, rrgc%kon tabkg tQa |ists new droplet 55 discharging signals to
be genergtgg P&V EMbvetERe TR FIRhER" B RSchargihg T & 1™ S%f a defecti ve
%fgﬂargieg%j_BREth?QVidS‘HdiESsgﬁgaéPdu?eef;?rrﬁ?@r]%acf'ﬁo,23tﬁ5eh%"‘n’{5agae case in

processing unit 210, and the external control unit.

According to the information, the defective discharging

portion 1 is prohibited from discharging, new droplet

discharging signals are generated to reduce the influenée of

discharging failure of the defective discharging portion 1.

By continuously discharging ink droplets from a nozzle 180

(FIG. 19) different from the defective discharging portion 1

while contrelling the discharging direction according to the

new dropiet dischafging signals, the diameter of dots D is

changed to reduce the influence of discharging failure of

the defective discharging portion 1. 1In this case, since it

is determined that the nozzle 180; (discharging portion 1)

shown in FIG. 19 is defective, the defective discharging

portion 1 is prohibited from discharging, and ink droplets

60 are discharged from a discharging portion different from

the defective discharging portion 1 according to neﬁ droplet

discharging signals that is generated with reference to a

correction table shown in FIG. 23.

FIG. 23 shows a correction table that lists new droplet




the discharging portion 1 showmn in FIG 22 is defective. As shown in FIG
23, droplet discharging signals (PNML to PNM7) for dots D1 to D8 fromthe
A-th to F-th lines are changed in order to resolve the influence of
di scharging failure of the defective discharging portion. Mre
specifically, for exanple, in order to forma small-dianeter dot D1 in the
A-th line by discharging only one ink droplet 60 at the driving timng
PNML, the droplet discharging signa%ﬁ s changed from PNML to PNM2, as
shown in FIG 23. Consequently, an attenpt is nade to discharge an ink
~droplet 60 fromthe discharging portion 1 at the driving timng PNML, and
an ink droplet 60 is discharged fromthe discharging portion -1 at the
dri vi ng dlisAhsgoPmee signade ttve beebeoeiratedi sohaeypmg pbet inhldense
prohibited from~ discharging, as described above, in actuality, only one
i nk dr ofifetdigehag adingc Haddadef edmat Hefdrsénar ginghpoginonpettionand a
smal'l - di angt.er dot D can be fornmed. For exanﬁle, in order to forma
smal | - digdfetisr deeteg Peforgdand.n FilRe By aPsvhapgFageodtywhehink dropl et
60 at th dr.iving timng PNML, - the droplet _discharging signal remains
PNML. | Fhiod SERS& 91299 SR 5L R0t nEdoBY dPsEREr gt Agidnt9T8RELVE Nk 2F opl et 60
fromthe.di schargjng rtion 2, i.ch is not 56 defective, at the driving
timng PAVE™ é@'gh§WnB§n EF@P%?f. LPRNEBALPIsELIPALBr 4BYME ot FWH D dot D2
. hg o di . ok | iy L
In the %h& dgtgeD1b¥o bf?ﬁgﬁglgggtﬁM%ﬂ Qo %L%% EE%e%Oa%% %ﬁ%ngéhvkﬂg timng

order to resolve the influence of discharging failure of the

defective discharging portion.

More specifically, for example, in order to form a

small-diameter dot D; in the A-th line by discharging only

one ink droplet 60 at the driving timing PNM1, the droplet

discharging signal is changed from PNM1 to PNM2, as shown in

FIG. 23. Consequently, an attempt is made to discharge an

ink droplet 60 from the discharging portion 1 at the driving

timing PNM1, and an ink droplet 60 is discharged from the

discharging portion -1 at the driving timing PNM2. Since

the defective discharging portion 1 is prohibited from

discharging, as described above, in actuality, only one ink

droplet 60 is discharged from the discharging portion -1,

and a small-diameter dot D can be formed.

For example, in order to form a small-diameter dot D, in
the A-th line by discharging only one ink droplet 60 at the
driving timing PNM1, the droplet discharging signal remains

PNM1. TIn this case, a dot is formed by discharging only one

ink droplet 60 from the discharging portion 2, which is not




PNM2, the droplet discharging signal is changed fromPNWM2 to PNM3, as
shown in FIG 23. Consequently, an ink droplet 60 is discharged fromthe
di scharging portion 2 at the driving timng PNML,, an attenpt is nade to

di scharge an ink droplet 60 fromthe discharging portion 1 at the driving
timng PNM2, and an ink droplet 60 is discharged fromthe di scharging
portion -1 at the driving timng PNMB, as shown in FIG 22. Since the
defective discharging portion 1 is_pggﬁLbited from discharging, as

descri bed above, in actuality, a dot can be fornmed by discharging two ink
droplets 60 fromthe discharging portions 2 and -1 to forma dot D. Since
dots D9 fromthe A-th to F-th lines are formed wthout dischar%ing i nk
dropl et gefeorivhe defelkei 9BlvEgns chbargihEPol .t iash shoves IShdWe i #2FI G 22,
droplet discharging signals (PNML to PNM7) are not changed. As  descri bed
above, the iHIeEHeEDE. discHaly @ faTure dot Dhelndbifeckive HiRThar ging
portion can_be resolved b continuousé&adischarging_ink droplets 60 froma

di _scharBifna?sﬁ]a?%gb‘hgd?‘f’?)e/?‘_é]ﬁtdlf?ﬂ‘ﬁ’%fh étlectts &disiditargitig Dor tion 1
di schar B1HG- SPaRATSOREREr ALBATH TG of SPETGe T PHATEt Gl EUR (8ol e shown
ot rorBHPore8 PRORE T RGeSt T U 1y Bt i 1 (G e be f or med.
while th é$98ﬁ££82diPrQHaLﬂéydfgcﬁEEEiﬁg 56¥¥¥%AS§ at the driving
timing PNM1l, an attempt is made to discharge an ink droplet
60 from the discharging portion 1 at the driving timing PNMZ,
and an ink droplet 60 is discharged from the discharging'
portion -1 at the driving timing PNM3, as shown in FIG. 22.
Since the defective discharging portion 1 is prohibited from
discharging, as described above, in actuality, a dot D can
be formed by discharging two ink droplets 60 from the
discharging portions 2 and -1 to form a dot D.
Since dots Dy from the A-th to F-th lines are formed
without discharging ink droplets from the defective
discharging portion 1, as shown in FIG. 22, droplet
discharging ;ignals (PNM1 +to PNM7} are not changed. As
described above, the influence of discharging failure of the
defective discharging portion can be resolved by
continuously discharging ink droplefs 60 from a discharging
portion different from the defective discharging portion 1
while changing the discharging direction according to new
droplet discharging signals generated with reference to the

correction table shown in FIG. 23. In this case, lightly




prevented by renoving the influence of discharging failure of the
defective discharging portion at all the driving timngs PNML to PNW/ in
the correction table shown in FIG 23, correction may be nmade when the
influence is particularly promnent. That is, new droplet discharging
signals may be generated with reference to the correction table only when
the dianmeter of a dot formed by ink droplets discharged froma discharging
portion different fromthe defectlvg di scharging portion takes the m ni mum
value or is close to the m nimumva ae, for exanple, at the driving
timng PNML or PNM2. While discharging failure neans that no ink droplets
60 are discharged fromany of the discharging portions of the print head
110 i n thécapdveodesens ptiem, FIthe Prleskntndinuemtdion drs angirilkidri ted to such
a case, and is also applicable to a case in which ink droplets 60
di schar geage f r ol aayh doksctveaa bl ¥y gointt emagendaouttst do kel .al | owabl e regi on
on printing paper P, or to a case in which the anbunt of ink discharged
from any di§@ﬁ%¥©fﬁk?[ﬁﬁQQQﬁiQQsh®uﬁ§ﬁdéthhé al bovall émpgagés In a case in
whi ch i nk drqEIets 60 discharged froma defective discharging portion |and
out si dePTREERFEGVRD| EeBBY 1@ gilivh oW Ipranas wf shperhazgimeeyfaddvirate from a
predete%g1@$d &irection, and lightly colored portions are fornmed in a
print iPagE!®i e Hahherd s PRI 1% RAFdLoh ff @11 the driving

timings PNM1 to PNM7 in the correction table shown in FIG.

23, correction may be made when the influence is

particularly prominent. That is, new droplet discharging

signals may be generated with reference to the correction

table only when the diameter of a dot formed by ink droplets

discharged from a discharging portion different from the

defective discharging portion takes the minimum value or is

close to the minimum value, for example, at the driving

timing PNM1l or PNM2.

While discharging failure means that no ink droplets 60

are discharged from any of the discharging portions of the

print head 110 in the above description, the present

invention is not limited to such a case, and is also

applicable to a case in which ink droplets 60 discharged

from any discharging portion land outside the allowable

region on printing paper P, or to a case in which the amount

of ink discharged from any discharging portion is outside

the allowable range.

In a case in which ink droplets 60 discharged from a

defective discharging portion land outside the allowable




27. I'n a case in which the anmount of ink discharged froma defective

di scharging portion is outside the allowable range, it is less than a
predet erm ned anmount, and lightly colored portions are formed on the
printing paper P, although not shown. Wile the anmount of ink is
controll ed by discharging ink droplets 60 with PNMin the above
description, in a print head having di scharging portions each of which can
change the discharging amount of ink,-4he discharging amount of ink itself
may be controlled, or the amount of ink may be controlled by a conbination
of PNM and the nethod of changing the dischargi ng amount. A description
wll be given of a liquid discharging apparatus relating to the

above- déstdFe @M IPGUINd- 1diSs @7@egi Rg thevhddvastendenmi ens relating to the
-above-descrijbed |iquid discharging nethod (sixth, seventh, and eighth

i nvent i gH9Aetafminecefdr@rddone FRG 12ghtA FrAgeefloparhgonpparat us serving
as the Ii%yid di schargi ng apparatus is, for exanple, an ink-jet printer,
and forﬁE’QQQTWﬁEﬁﬁﬁ@éﬂbﬁﬂ§gﬁecépd?n§anﬁﬁﬂiﬁﬁwggaﬁi§@h§hg?ngniﬂk6droplets
froma % urality of di,sch n%jn% portions provided in a print head onto the
recor di J'ne&?uﬁnﬁﬁ?@elﬁhgﬁdiﬁg PRe2BPYBRaPEi ARk dFii sebpBAed5Brom Ref erri ng

to FIG the i e.formng apparatys inclydes a print head 110, a head
driver chﬁgeaﬁa%ﬁﬁﬁggﬁfﬁg§? img" difi ©Ufgde the allowable range,

it is less than a predetermined amount, and lightly colored
portions are formed on the printinglpaper P, although not
shown. |

While the amount of ink is controlled by discharging
ink droplets 60 with PNM in the above description, in a
print head having discharging portions each of which can
change the discharging amount of ink, the discharging amount
of ink itself may be controlled, or the amount of ink may be
contrdlled by a combination of PNM and the method of
changing the discharging amount.

A description will be given of a liquid discharging
apparatus relating to the above-described liguid discharging
method as inventions relating to the above-described liguid
discharging method (sixth, seventh, and eighth inventions),
with reference to FIG. 24. An image forming apparatus
serving as the liquid discharging apparatus is, for example,
an ink-jet printer, and forms a print image on a recording
medium by discharging ink droplets from a plurality of
discharging portions provided in a print head onto the

recording medium while changing the discharging direction.




The print head 110 actually discharges ink droplets onto printing paper P
serving as a recording nediumto print characters and inages thereon, and
has a plurality of discharging portions provided in a sheet-shaped nozzle
menber 170 to di scharge ink droplets 60, as shown in FIG 15. Each of the
di scharging portions includes a nozzle (discharging outlet) 180 fornmed in
the nozzl e nenber 170, and a heating el enent 130 serving as a driving

el enent for heating and discharging gmk in an ink chanber (not shown). A
storage section 220 is provided inside the print head 110 to check an
actual pattern which indicates the discharging states of ink droplets 60

to store information_ahout

front&l t e dISC& Efrtl a

def ect i V& o P o eriia RBad qP Ll SBBO=GEAE ORELPRESGR ving of
the print e fe chln dri vi nals_fromthe_ inma rocessi ng
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for dr'%hﬂﬂ:%?ﬂ}r°| to the prlnt head 110. The i nage processing unit 210
processes externally input inage data, converts the data i nto head-driving

data for driyingihe RLLatibgad 110 ang: sendsythe; conyert edigata 60 to

t he head driver e I'nmage process ng unit €s a signa

convertetn@ﬁqmatq'@c@% rn@ %%t:tf%tro532é0recangHgDM&d&‘efHV%tﬁtlﬁéo and a

print correction tableée
characters and images thereon, and has a plurality of

discharging portions provided in a sheet-shaped nozzle
member 170 to discharge ink droplets 60, as shown in FIG. 15.
Each of the discharging portions includes a noczzle
(discharging outlet) 180 formed in the nozzle member 170,
and a heating element 130 serving as a driving element for
heating and discharging ink in an ink chamber (not shown).
A storage section 220 is provided inside the print head 110
to check an actual pattern which indicates the discharging
states of ink droplets 60 from all the discharging portions,
and to store information about a defective discharging
portion.

The head driver 200 controls the driving of the print

. head 110 by fetching driving signals from the image

processing unit 210, which will be described later, and
supplying ON and OFF signals for driving control to the
print head 110.

The image processing unit 210 processes externally
input image data, converts the data into head-driving data

for driving the print head 110, and sends the converted data




The signal converter 230 receives externally input inmge data, and
converts the image data into nultilevel data having a nunber of colors and
a nunber of levels in accordance with the perfornmance of the overal

liquid discharging apparatus by perform ng, as necessary, data
deconpression, rasterizing, scaling, color conversion, |imtation of the
anmount of ink, ganma correction, or tone correction such as error

di ffusion, on the basis of print inf @n@tion such as a sel ected i mage
formati on node or the type of a recording nedium (printing paper P). The
print information, such as the image formati on node and the type of
printing paper, is sonetines added to a header of the input imge data,
and i s somethaesedt rdacitter Afipl | &hef riomgen prioggsts ipgneinitn@tl Oshown) of the
apparatus. In a case in which new print information is not given, the sanme
i nf or matimnledes hat signahecpresdious D30 nta opbscltd opiny codefeuteri A40r mati on
may be used. The discharging corrector 240 inputs the nultilevel data
convert etn byutiet stapedrteonvdd.erZB@, parid tc oorgecd iohe tagdea 268 -t hat t he

i nfluence of discharging failure of a defective discharging portion 1 (see
FIG 22) har dihe @pseards coprerherpepht rrgepHper ePLeBRaL hE bﬁEPg of
information about 61 the defective discharging portion 1 read fromthe

st or age 1%ag¢ i P20 1%h IHY Prittreddapro dedag intenaudddileved e tehe

defective djschargin ortion 1 and the type of dischargin
having a éhmé%g)of colors and a n&ﬁ%er of leve sging

accordance with the performance of the overall liguid
discharging apparatus by performing, as necessary, data
decompression, rasterizing, scaling, color convérsion,
limitation of the amount of ink, gamma correction, or tone
correction such as error diffusion, on the basis of print
information such as a selected image formation mode or the
type of a recording medium (printing paper P). The print
information, such as the image formation mode and the type
of printing paper, is sometimes added to a header of the
input image data, and is sometimes directly supplied from an
‘input panel (not shown) of the apparatus. In a case in
which new print information is not given, the same
information as that in the previous print.operation or
default information may be used.

The discharging corrector 240 inputs the multilevel
data converted by the signal converter 230, and corrects the
data so that the influence of discharging failure of a
defective discharging portion 1 (see FIG. 22) hardly appears

on the printing paper P, on the basis of information abcut




failure) and print information (image formation signals) read fromthe
print correction table 260 which will be described later. A nenory 270 is
provided in the F discharging corrector 240 to store discharging
information read fromthe storage section 220. This allows the discharging
information to be read fromthe storage section 220 and stored in the
menory 270 when the print head 110 i's nounted or the power is turned on.
Therefore, the discharging infornatigﬁ does not need to be read fromthe

~storage section 220 in every operati “and can be normally read fromthe

menory 270. The output converter 250 functions as an output converting
means for converting nultilevel data corrected by the discharging
correct ahe24@ fienttaver disnhasgdnal pofoiothe rheddfdomvene 2060ordde out put
converter 250 converts the nmultilevel data into ON and OFF signals for
act ual | pedrtilvnn@20t he hbadrdintehe20011Théepygi nt thorpesitomntabl 860 |ists
and stores new droplet discharging signals generated to reduce the
i nf | uendefefctdivec dasghagufiabl npetopnt headdf ebei vere dpEchbe ghayopod¥ti on, as
described with reference to FIGS. 22 and 23. - 62 The |iquid discharging
appar at GeiRaviengagdchprantcdpfpgupratiron (dpegat Eernatbomanh@rasshil ar to t hat
in the 1liquid discharging nethod described with reference to FIGS

read from the print correction table 260 which will be

described later. A memory 270 is provided in the

discharging corrector 240 to store discharging information

read from the storage section 220. This allows the

discharging information to be read from the storage section

220 and stored in the memory 270 when the print head 110 is

mounted or the power is turned on. Therefore, the

discharging information does not need to be read from the

storage section 220 in every operation, and can be normally

read from the memory 270.

The output converter 250 functions as an output

converting means for converting multilevel data corrected by

the discharging corrector 240 into driving signals for the

head driver 200. The output converter 250 converts the

multilevel data into ON and QFF signals for actually driving

the head driver 200.

The print correction table 260 lists and stores new
droplet discharging signals generated to reduce the
influence of discharging failure of the defective

discharging portion, as described with reference to FIGS. 22

and 23.




14 to 23. That is, first, the print head 110 is driven under the control
of the head driver 200 shown in FIG 24, and an actual pattern (not shown)
that indicates the discharging states of ink droplets 60 fromall the

di scharging portions 4 in the print head 1110 corresponding to an inage
formng region on the printing paper Pis printed on the printing paper P
by discharging ink droplets 60 in the above-descri bed PNM net hod w t hout
deflecting the discharging direction, Wen ink droplets 60 are nornmally
di scharged fromall the discharging portions, a normal pattern is printed
onin the inmage form ng region on the printing paper P, although not
shown. In contrast, when any of the discharging portions is defective, a
pattern is hentlddron tHe gheirgtingg appapetuP, haninki ehchnk does not adhere
at all or adheres insufficiently corresponding to the defective

di scharepmiioportien, operh vt tie st mggee1330.0(isea RIcGth2d) ior thieght |y
colored portions are forned. Then, the discharging states of ink droplets
60 are 1Mk et srhatimagiesthsid das Prilced iddt i gFarcer 0 JA&S -
information about the defective discharging portionis stored in the

st or agel 46%? i Dh 270P3th the Drish. Hdwd PEEGT Bepd dHEWI S AIPRVER 24. The

informati on i ncludes, for exanple, print information such as_the position

of the WALt R W SeHardfi Mg pdrtabilr e 3 Hargi AdCanmsdnt of i nk.

The s
and an actual pattern (not shown) that indicates the

discharging states of ink droplets 60 from all the
discharging portions 4 in the print head 1110 corresponding
to an image forming region on the printing paper P is
printed on the printing paper P by discharging ink droplets
60 in the above—-described PNM method without deflecting the
discharging direction.

When ink droplets 60 are normally discharged from all
the discharging portions, a normal pattern is printed on in
the image forming region on the printing paper P, although
not shown. In contrast, when any of the discharging
portions is defective, a pattern is printed on the printing
paper P, in which ink does not adhere at éll or acdheres
insufficiently corresponding to the defective discharging
portion, and white stripes 330 (see FIG. 26) or lightly
colored portions are formed.

Then, the discharging states of ink droplets 60 are
checked on the basis of the printed actual pattern, and
information about the defective discharging portion is

stored in the storage section 220 in the print head 110




information is recorded in, for exanple, shipping inspections. During
actual printing on the printing paper P, the discharging corrector 240 in
the i nmage processing unit 210 shown in FIG 24 reads.out the infornmation
about the defective discharging portion 1 (see FIG 22) fromthe storage
section 110 in the print head 110, and prohibits the defective discharging
portion 1 fromdischarging ink droplets. Subsequently, on the basis of the
information about the defective di_scg?argi ng portion 1 and corrected print
information (droplet discharging signals serving as imge formation
signals) read fromthe print correction table 160, the discharging’
corrector 240 controls the discharging of ink droplets 60 from di scharging
por t i onsshairf figr éhiG f r’dm t Hihed dfregotrimed idins dnarlgideg pdoi exainpde ,t hat  t he

i nfluence of discharging failure of the defective discharging portion 1
har dl y dppieal sirgreniee imm mvaly geagdre RPoslinichi o fsttitee detfieetdoer ect ed print -
information is 250 15, and is sent to the head driver 200. The head driver
200 supptIE@RIHOT MRRT I viang dilgnalis ohg rgiagpemeuniesd 116 -t oTheont rol
an actual %ri nting operation on the printing _paper P. Consequently, as
descri betP M Hefrefend@ I3 dudasn 2 £ can %230 164  shdprdishl ets 60 are

di scharged fromthe discharging portions different fromthe defective

di schar gitP§Portd%in 1 while changing the discharging direction according

he prin . e ;
to the p tDurlng actual printing on the printing paper P, the

discharging corrector 240 in the image processing unit 210
shown in FIG. 24 reads out the information about the
defective discharging portion 1 (see FIG. 22) from the
storage section 110 in the print head 110, and prohibits the
defective discharging portion 1 from discharging ink
droplets. Subsequently, on the basis of the information
about the defective discharging portion 1 and corrected
print information (droplet discharging signals serving as
image formation signals) read from the print corfection
table 160, the discharging corrector 240 controls the
discharging of ink droplets 60 from discharging portions
different from the defective discharging portion 1 so that
the -influence of discharging failure of the defective
discharging portion 1 hardly appears on the printiné paper P.
In this state, the corrected print information is 250
15, and i1s sent to the head driver 200. The head driver 200
supplies the input driving signals to the print head 110 to
control an actual printing operation on the printing paper P.

Consequently, as described with reference to FIGS. 22 and 23,




information as new dropl et di'scharging signals, the influence of

di scharging failure of the defective discharging portion is resolved, and
a print image on the printing paper P is corrected. Therefore, the

i nfluence of discharging failure on the inage quality can be renoved, and
the print head 110 can be used even when any of the discharging portions
is defective. As a result, the production yield of the print head 110 can
be enhanced. Wile the storage sectiofy 220 is provided inside the print
head 110 in FIG 24, it may be provided inside the inmage processing unit
210. Alternatively, the storage section 220 may be provi ded inside an _
external control unit such as a host conputer, or nmay be provided inside
some or it} |[dPkHHe B pEreheds chrgaechd romageepAdee8siradnanPerEions and the
external control unit. The above-described i mage form ng apparatus, such as
an i nkG g fromsdhg Agfastive ﬁlﬁﬁﬁ&r@P§8hQpﬁﬁﬁﬁnaﬁpagéﬂﬁs can be
achi eved by applying the image form ng nethod described wth reference to

FIGs. 147093 dhh&istkaret nop Aiikeat LoRomT PR SEPES 0137508 438 Whil e t he
nvent | R FVE ‘B0 S5 AgeePy Bad SHBGVATIPSl G PR RE LRdB ot cod hat the |
| Dren) SRS Bt bl 30050 RROULIRNE, O (he contrary,
discharging portion is resolved, and a print image on the
printing paper P is corrected. Therefore, the influence of
discharging failure on the image guality can be removed, and
the print head 110 can be used even when any of the
discharging portions'is defective. As a result, the
production yield of the print head 110 can be enhanced.
While the storage section 220 is provided inside the
print head 110 in FIG. 24, it may be provided inside the
image processing unit 210. Alternatively, the storage
section 220 may be provided inside an external control unit
such‘as a host computer, or may be provided inside some or
all of the print head 110, the image processing unit 210,
and the external control unit.
The above-described image forming apparatus, such as an
ink-jet printer, serving as the liquid discharging apparatus
can be achieved by applying the image forming method
described with reference to FIGS. 14 to 23 to the ink—jet
printer shown in FIGS. 12 and 13.
While the embodiments corresponding to the fourth,

fifth, sixth, seventh, and eighth inventions have been




nodi fications and equi val ent arrangenents included within the spirit and
scope of the appended clains. For exanple, while a difference is fornmed in
the tinme in which ink droplets boil on the two split heating resistors 130
(bubbl e .generation tine) between the heating resistors 130 by varying the
current to be passed through the heating resistors 130, in addition, a
difference may be fornmed in the tine in which a current is passed through
the two heating resistors 130. Int above enbodi nents, two split heating
resistors 130 are arranged side by side in one ink chanber 120 because it
is sufficiently verified that such splitting into two ensures endurance,
and the circuit configuration can be sinplified. However, three or nore
heat i ng dessiwifmss akgye ndy: Be aer degdadsirgéoey $haé itheoRsvERkiehanber 120.
Wiile the printer head and the Iine head in the above enbodinments are used
in printléy fiot HePikRE e 4ps iFddcAeteofMPofd™eRéSpr i RRef8e but also to
various |iquid discharging  apparatuses. For exanple, the heads may be
applied‘¥Hﬂ&ﬁryap6§Fhﬁﬁ§99ﬁépndP§cH&F&@Qeg BRACCERTaVATFAGYS0l ution in order

to detect hiaql ogi.cal sanples. Furthernore, the heati resistors 130 in
the. ormb G T S 61l 512 88 LGPt 8B TR EaT g LB ONERS "bEROP t han

reSIStO%%E E%%Eit éLd!%agﬁélg§Dtk§:appended claims. For example,

while a difference is formed in the time in which ink
droplets boil on the two split heating resistors 130 (bubble
generation time) between the heating resistors 130 by
varying the current to be passed through the heating
resistors 130, in addition, a difference may be formed in
the time in which a current is passed through the two .
heating resistors 130.

In the above embodiments, two split heating resistors
130} are arranged side by side in one ink chamber 120 becausé
it is sufficiently verified that such splitting into two
ensures endurance, and the circult configuration can be

-simplified. However, three or more heating resistors 130
may be arranged side by side in one ink chamber 120.

While the printer head and the line head in the above
embodiments are used in printers, they may be applied not
only to the printers, but also to various ligquid discharging
apparatuses. For example, the heads may be applied to an
apparatus that discharges a DNA-containing solution in order
to detect biolcgical samples. Furthermore, the heating

resistors 130 in the embodiments may be replaced with




1. Aliquid discharging nethod for discharging droplets froma plurality of
l.i qui d di schargi ng portions, the nethod conprising the steps of discharging
droplets fromthe liquid discharging portions to forman actual pattern
obt ai ning informati on about a defective |liquid discharging portion having
di scharging failure by checking the actual pattern for the discharging
states of the droplets fromthe liquid discharging portions; and

prohi biting the defective |iquid di_sgharging portion from di scharging, and
controlling discharging of droplets fromat |east a |liquid discharging
portion near the defective liquid discharging portion. wherein the

di scharging of the droplets fromthe |iquid discharging portion near the
def ect i VE2HEI §18M&EBkar §ithgrpsharorer4sEeRsrol | ed by changi ng .t he nunber
of discharging shots fromat |least a liquid discharging portion near the
defective liquid discharging portion. 2. A liquid discharging nethod
according to claiml1, wherein the discharging failure neans that no
droplets are discharged fromthe defective |iquid discharging portion. 3.
A liquid discharging nethod according to claim 1, wherein the discharging
failure neans that the discharging direction fromthe defective liquid

di scharging portion deviates froman allowable range. 4. Aliquid

di schargi ng net hod according to claim1, wherein the discharging -68-
failure neans that the amount of liquid in the droplets discharged fromthe
defective liquid discharging portion is outside an allowable range. 5. A

| i qui d di schargi ng nmethod according to any one of clains 2 to 4, wherein

t he di scharging of the droplets fromthe |iquid discharging portion near

t he defective




l'iquid discharging portion is controlled by changi ng the nunber of

di scharging shots fromat least a |iquid discharging portion disposed on
one side of the defective liquid discharging portion. 6. Aliquid

di schargi ng nmet hod according to any epg-of clains 2 to 4, wherein the

di scharging of the droplets fromthe liquid discharging portion near the
defective 1liquid discharging portion is controlled by changi ng the nunber
of dischar inﬂ shots fromliquid discharging portions disposed on both

si des of ‘EVEEA & €EAIMED Iui d - di scharging portion. 7. A liquid discharging
met hod according to any one of clains 2 to 4, wherein the discharging of
the droplets fromthe liquid discharging portion near the defective liquid
di scharging portion jis .controlle 3+t rnate ch i ng. the nunber of

di schar gi ng Shbt & TRpEHi % mrGes 1%?5%}&4%W§t83‘?0§%§3331&ﬁ0§oth si des
of the defective |liquid.dischargi ortion every time one line is forned.
8 A1 i s pptiols Ata ol SRR g e RRE of ol ai s 3 to 4
wherein the dj. I g roplet,s fraomthe. liguid discharging

por 1 on near. ¢ ook Pbofts 48 (R RRIEURchE Ry bifir Bioro Re3RRRLY) of by
discharg%&&e e droplets according to new droplet discharging signals that
are generated’on the basis of original liquid discharging signals for the
defective | i quityidingGR@FAMH MBHEA QteARR 1ldustiidetdl bR¥awiflg: Portions
on both sides thgrg%f_in or der to_reauce_tue %%Fﬁggﬁggﬁg?ﬁgﬁgﬁgischarging
failure ofisdhafisefa6td piectetidbp theHcR G BN SbrRRE dis@Rrgids sthrel beHed

di schargi ng net hod according to claim8, wherein the new liquid

di schargid}gp@isgﬂﬁﬁgledﬁp@aiggﬁrgiﬁ@p@ﬂﬁaﬁ@ghgri stics of the droplets, the type
of a recording nedium or an i1nmage formation node. 10. A liquid

di schar gi ng nejrbhiditagahs difagiviediqaldedisehBrgiig Portivh Gosi disdhagingwnd! i qui d
di scharging signals are listed in a table beforehand.
controlling discharging of droplets from at least a liquid discharging portion near the
defective liquid discharging portion.
wherein the discharging of the droplets from the liquid discharging portion near the
defective liquid discharging portion is controlled by changing the number of

discharging shots from at least a liquid discharging portion near the defective liquid

discharging portion.

2. Aliquid discharging method according to claim 1, wherein the discharging
failure means that no droplets are discharged from the defective liquid discharging

portion.
3. Aliquid discharging method according to claim 1, wherein the discharging
failure means that the discharging direction from the defective liquid discharging

portion deviates from an allowable range.

4. Aliquid discharging method according to claim 1, wherein the discharging




11. A liquid discharging apparatus for form ng an i mage on a recordi ng
medi um by di scharging droplets froma plurality of |liquid discharging
portions onto the recording nedium the apparatus conprising: a liquid

di schargi ng head having the |iquid di-gghargi ng portions; a head driver for
controlling the driving of the liquid discharging head; an inage processing
unit that converts externally input inage data into head driving data for
driving the |iquid discharging head and sends the head driving data to the
head dri vé&iliremgans that shoxgaows of ligpidfie thegiroplet gischirgedrirvinghe défectivea
defective |iqujd discharging ortion having discharging failure, the

i nformati Bﬂu‘géﬁlﬁbarg%éﬁoﬁéﬂl 15@“@%@%‘@“’&?}16 g Cual pattern that indicates

t he di scharging states of the droplets of the liquid discharging patterns,
wherein image formation on the recording mediumis corrected by prohibiting

t he defecti i qui d. di.schar.qgi tion. f di i ng, d trolli

di'schar gi ng. 1 Poroiisid SSERRET RRuRY by o mgomor SO Hdas PREer ect | ve

l'iquid di ' ' h . h nmb f disch i I hot
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unit, or ARSiH8nadPogshernal control unit. 13. A liquid discharging nethod
. £p . ! : .

according to claim1ll, wherein the discharging failure neans that no

droplets are discharged fromthe defective liquid discharging portion. 14.
A liquid discharging nmethod according to claim11l, wherein the

6. A liquid discharging method according to any one of claims 2 to 4, wherein
the discharging of the droplets from the liquid discharging portion near the defective
liquid discharging portion is controlled by changing the number of discharging shots
from liquid discharging portions disposed on both sides of the defective liquid

discharging portion.

7. Aliquid discharging method according to any one of claims 2 to 4, wherein
the discharging of the droplets from the liquid discharging portion near the defective
liquid discharging portion is controlled by alternately changing the number of
discharging shots from liquid discharging portions disposed on both sides of the

defective liquid discharging portion every time one line is formed.

8. Aliquid discharging method according to any one of claims 2 to 4, wherein
the discharging of the droplets from the liquid discharging portion near the defective
liquid discharging portion is controlled by discharging the droplets according to new
droplet discharging signals that are generated on the basis of original liquid

discharging signals for the defective liquid discharging portion and liquid discharging




di scharging failure neans that the discharging direction fromthe defective
liquid discharging direction deviates froman allowable range. 15. A

| i qui d di schargi ng method according to claim 11, wherein the discharging
failure neans that the anmpbunt of liquisd-in the droplets discharged fromthe
defective liquid discharging portion is outside an all owabl e range. 16. A

| i qui d di schargi ng nmet hod according to any one of clains 13 to 15, wherein
t he dischaz%ing of the droplets fromthe |iquid discharging portion near
the def eR?ItigBs p1 bethgidgs Serraf i prgenioreduss thesinflyproeoif tharisghargizggi ng t he
nunber of _ discharging, shots fromat |east a |iquid discharging portion

di sposed Biupnet ?gg%gﬁ@ﬂﬁ@“i@@@@E@P%Epmmﬁuid di scharging portion. 17. A

| i qui d di schargi ng method according to any one of clainms 13 to 15, -71-
wherein the discharging of the droplets fromthe liquid discharging portion
near the defegt

i i qui.d di sch [ ign. i | ed by ch i
the nunber of Daf ek iEroReter stbrRaiudain BniRgrighpBr TBHE di sposed
bot h sj: h fegti l.i qui, d. di ' tion, .18. Aliquid
o oot ~heioRh i SRR Yt oS B Ror 4 A )
di schargi Ol%fiﬂ%lgg‘.i'%o&lagl.ti?{gfg%g‘?%ﬁ%n!rﬁow d discharging portion near the

defective T1qui schar onis controlled by alternately changi ng
t he nunber of discharging shots fromliquid discharging portions disposed
on both sides of the defective liquid discharging portion every tine one

line is formedjp 181iqhidldi®tdh@ifd HeMad YRLABINAS RS 600 A RGeih WSy ONe of
clainms 13 to 15, wherein the discharging of the droplets fromthe Iiquid

di schar gi Reuipaisch@8inp 8ithalk At lidef R tave befodéHadd di schar gi ng portion is
controlled by discharging the droplets according to new dropl et
di scharging signals that are generated on the basis of original liquid
di scharging signals for the defective |liquid discharging portion and liquid
di schargi ng 11. Aliquid discharging apparatus for forming an image on a recording
medium by discharging droplets from a plurality of liquid discharging portions onto
the recording medium, the apparatus comprising:
a liquid discharging head having the liquid discharging portions;
a head driver for controlling the driving of the liquid discharging head;
an image processing unit that converts externally input image data into head
driving data for driving the liquid discharging head and sends the head driving data to
the head driver; and
a storage section for storing information about a defective liquid discharging
portion having discharging failure, the information being obtained by checking an
actual pattern that indicates the discharging states of the droplets of the liquid
discharging patterns,
wherein image formation on the recording medium is corrected by prohibiting
the defective liquid discharging portion from discharging, and controlling discharging

from at least a liquid discharging portion near the defective liquid discharging portion

by changing the number of discharging shots from at least a liquid discharging portion




portions on both sides thereof in order to reduce the influence of the

di scharging failure of the defective |liquid discharging portion. 20. A

| i qui d di schargi ng method according to claim19, wherein the new liquid

di schargi ng signals depend on the chargeteristics of the droplets, the type
of a recording nedium or an image formation node. 21. Aliquid

di schargi ng net hod according to claim19 or 20, wherein the new liquid

di scharging signals are listed in a table beforehand. -72- 22. Aliquid

di schar gimagr thetdedretive Hqeil deslsharginggodiap hetosdihg bonthe ipbunatidntapoot thei qui d

di scharging portions onto_a recording nediumwhile controlling the

di schar gidﬁ%@ctwﬂﬁéﬁd}mamn&mhm gprestia the sieragesdstion.conpri si ng t he steps
of : obtaining informati on about a defective liquid discharging portion by
checking the discharging states of the droplets discharged fromthe |iquid

di scharging poytions;. nd prohibiting the defective |iquid discharging
portion from d{%c‘ggﬂ@ﬁﬁécgﬂﬁmg@%@ﬁ%s%ﬁﬁﬁ’& dprlatma L rgharap thesermgs i quid

di scharging,.portion. djfferent. fromthe . defective liquid discharging
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fromat least a |ljquid diich rgin portion different fromthe defective
liquid di ‘6t gﬂjﬂ% Bgﬁeﬂ? “2 trolled by changi ng the nunber of

di scharging shots fromat least a |iquid discharging portion different from
the defective |liquid discharging portion. 23. A liquid discharging nethod
for forming dofs alhga dicndlohs fnd ARSRNAL A%l WRRY, fl-schar gi ng

droplets froma plurality o i quli gi ng portions ile controlling
the di schﬁgcgﬂax;ggn Fal 186 th s ARE n6 BRI Grel i@ 1EYLA BLAMRE BEBYvd RFpunber of

t he di scharge J?oplets, ?he ﬁethod coﬁp#is%%g t he stepg 6¥:n§%taining

i nf or mat i pschakemt patieef ective 1iquid discharging portion by checking

14. A liquid discharging method according to claim 11, wherein the
discharging failure means that the discharging direction from the defective liquid

discharging direction deviates from an allowable range.

15. Aliquid discharging method according to claim 11, wherein the
discharging failure means that the amount of liquid in the droplets discharged from the

defective liquid discharging portion is outside an allowable range.

16. Aliquid discharging method according to any one of claims 13 to 15,
wherein the discharging of the droplets from the liquid discharging portion near the
defective liquid discharging portion is controlled by changing the number of
discharging shots from at least a liquid discharging portion disposed on one side of the

defective liquid discharging portion.

17. Aliquid discharging method according to any one of claims 13 to 15,




the discharging states of the droplets discharged fromthe |iquid

di scharging portions; and prohibiting the defective |iquid discharging
portion fromdischarging and discharging a plurality of droplets from at

| east a liquid discharging portion different fromthe defective liquid

di schargi ng portion while controlling the discharging direction wherein
the a plurality of droplets fromat least a |iquid discharging portion -73-
different fromthe defective liquid discharging portion are controlled by
changi ng wirseinebischanging o §thk arailety frohmoths lifjnidindischalgenstorgon nepuite:
dischargkg&aporpion different from the defective |liquid discharging
portion. etipe liwidi dischprggnteapraghionyisentelteditor changing iy mbeapf ays or dots on
a recording, medium by discharging droplets froma plurality of liquid

di schar gidigshpeing Hess %ﬂmhémddbmmma prytienedisnosedhert g@thgld@s Pé&lﬁi on and
changi ng e_doh djﬁgﬁ%gr_by t he nunber of the discharged droplets, the
met hod ¢ i¥ Hguidifiscaprge Rt ai ni ng i nformati on about a defective

| i qui d di schargi ng portion having discharging failure by checking the

di scharging states of the droplets discharged from the |iquid discharging
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19. Aliquid discharging method according to any one of claims 13 to 15,
wherein the discharging of the droplets from the liquid discharging portion near the
defective liquid discharging portion is controlled by discharging the droplets according
to new droplet discharging signals that are generated on the basis of original liquid
discharging signals for the defective liquid discharging portion and liquid discharging
portions on both sides thereof in order to reduce the influence of the discharging

failure of the defective liquid discharging portion.

20. Aliquid discharging method according to claim 19, wherein the new liquid
discharging signals depend on the characteristics of the droplets, the type of a

recording medium, or an image formation mode.

21. Aliquid discharging method according to claim 19 or 20, wherein the new

liquid discharging signals are listed in a table beforehand.




di scharging shots fromat least a |liquid discharging portion different from
the defective 1liquid discharging portion. 25. A liquid dischargi ng nethod
according to claim 24, wherein the new droplet discharging signals are
generated only when the dianmeter of the.dots formed on the recording

medi um by the droplets discharged fromthe liquid discharging portion
different fromthe defective |liquid discharging portion takes the m ni num
value or is 74- close to the mninmumvalue. 26. A liquid discharging method
accordi ng to ciaiAliguidelisch&gingtmethodfor discharging|drepletd foinse hluraitngf si gnal s
are generated on the basis of a previously created table. 27. Aliquid

di schar gi lifidgisehsaing portions gnipd regrydis g enedium wdiilgsonipoliing th disohbwgingi n t he

di scharging failure neans that no droplets are discharged fromthe

def ect i veliGetionspidhe dioalels, Hig pethed epmprssng theistegsiPll di schar gi ng met hod
according to any .one.of cl ai 22 éﬁof 24, wherein the di_scharﬁi ng failure
means that the?ORIRIRGARIGTRIGH 108bt 4 dFieqtive Hanpkdisebargng pertion by gheskiies char gi ng
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means thaat the amount of liquid in the droplets discharged fromthe
def ecti venfii qui d di scharging portion is outside an allowable range. 30. A
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defective liquid discharging portion are controlled by changing the number of

discharging shots from at least a liquid discharging portion different from the defective

liquid discharging portion.

23, Aliquid discharging method for forming dot arrays or dots on a recording
medium by discharging droplets from a plurality of liquid discharging portions while
controlling the discharging direction and changing the dot diameter by the numbér of
the discharged droplets, the method comprising the steps of:

obtaining information about a defective liquid discharging portion by checking
the discharging states of the droplets discharged from the liquid discharging portions;
and

prohibiting the defective liquid discharging portion from discharging and
discharging a plurality of droplets from at least a liquid discharging portion different
from the defective liquid discharging portion while controlling the discharging
direction

wherein the a plurality of droplets from at least a liquid discharging portion




di scharging signals for driving the liquid discharging head and sends the
droplet discharging signals to the head driver; and -75- a storage section
for storing information about a defective liquid discharging portion having
di scharging failure, the information-lgi-ng obtai ned by checking the

di scharging states of the droplets fromthe liquid discharging portions,
wherein the influence of discharging failure of the defective dropl et

di schargi por%%on is reduced by prohibiting the defective liquid

di schar gi H%fefﬁ% Brihe defsptngg Leuiddigrhrgsiag aorios eraeaitioled by phangingthom at

|l east a liquid di.schargin rtio different fromthe defective liquid
di schar gi ﬂ'&“ﬁ%rﬂ? f1§ﬁh%§‘%5ﬁgﬁ'g%w§1 gtﬂgasﬁa Hewd dsschargingostien diffesmmbirems r om at
| east a |} ge &i Sﬁhargi ng Eorti on different fromthe defective 1liquid
dischargih%%% CHY DI PSS BIEPSTHIng t he di scharging direction, according
to the information about the defective liquid discharging portion stored
in the storage section. 31. A liquid dischargi ng apparatus for form ng dot
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controlling the driving of the liquid di'schargi ng head;" a processing unit

t hat COﬂV&EHSscH@fF@Idt@bI'ebs,ih%ﬁﬁéth&%ﬁﬁr%iﬂg“ﬁl@szQQf:et di scharging signals
for driving the l'iquid dischargi ng head and sends the droplet discharging

signal s to theobhsifidgdifovaatiortatduta 8EfEAGi @RISR p&tiBh hing Nf or mati on
about a defective liquid discharging portion, the |n?ornat|on bei ng

obt ai ned diychatpteddaiigrettyect@iisial dreglisaging @ste0dft the @roptitodketasgedifrsphar ged
fromthe liquid discharging portions,
the liquid discharging portions;
prohibiting the defective liquid discharging portion from discharging and
generating new droplet discharging signals for reducing the influence of the
discharging failure of the defective liquid discharging portion; and
discharging droplets from at least a liquid discharging portion different from
the defective liquid discharging portion while controlling the discharging direction
according to the new droplet discharging signalss,
wherein the droplets from at least a liquid discharging portion different from the
defective liquid discharging portion are controlled by changing the number of

discharging shots from at least a liquid discharging portion different from the defective

liquid discharging portion.

25. Aliquid discharging method according to claim 24, wherein the new
droplet discharging signals are generated only when the diameter of the dots formed on
the recording medium by the droplets discharged from the liquid discharging portion

different from the defective liquid discharging portion takes the minimum value or is




wherein the influence of discharging failure of the defective droplet

di scharging portion is reduced by prohibiting the defective liquid

di scharging portion -76- from di schargi ng and di schargi ng droplets from at
| east a liquid discharging portion di#f-erent fromthe defective liquid

di schargi ng portion by changing the nunber of discharging shots from at

| east a liquid discharging portion different fromthe defective |I|iquid
di schargl 8OII1I on while control ling the discharging direction so as to
change B TAMETEE Valdecording to the information about the defective

liquid dlscharglng portion stored in the storage section. 32. Aliquid
di schargi ng apparatus for form ng dot arrays or dots on a recording nedium
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di scharging portions; a head driver for controlling the driving of the
l'iquid discharging head; a processing unit that converts externally input

signals into dQ@pI\‘ﬁguﬁicﬁ%ﬂQ{gﬁIg‘%ﬁ d(ﬁ %g{i dn%'o@%mmggbk%d

di schargi ng head and sen 0 't he head

driver; awsbRi@e dﬁ@i%—?ﬁ@ feIlﬁfre ﬁiegﬁé ﬂﬁgt ddﬁr@ﬁl@ﬁtaﬁ'é)ﬁﬁsa‘g@%gy fRorf] %I( Sctive lTiquid

di schar ging portion hé informati on bei ng obtal ne Ing the

d|schargl@@kah@ugﬁunﬁgﬁ@gggggﬁhgﬁs di scharged fromthe liquid discharging
portions; and ~ a discharging corrector for generating new dropl et

dlscharglng signals to reduce the influence of discharging failure of the
defective discharging portion, wherein the influence of discharging

failure of the2giehdqbidvéschimgigahethdd saloatigh PGNP ikiodolaifs pEELEEd by
prohibiting the defective |iquid discharging portion
wherein the discharging failure means that the discharging direction from the defective

liquid discharging direction deviates from an allowable range.

29. Aliquid discharging method according to any one of claims 22 to 24,
wherein the discharging failure means that the amount of liquid in the droplets

discharged from the defective liquid discharging portion is outside an allowable range.

30. Aliquid discharging apparatus for forming dot arrays or dots on a
recording medium by discharging droplets from a plurality of liquid discharging
portions onto the recording medium while controlling the discharging direction, the
apparatus comprising;

a liquid discharging head having the liquid discharging portions;

a head driver for controlling the driving of the liquid discharging head;

a processing unit for that converts externally input signals into droplet
discharging signals for driving the liquid discharging head and sends the droplet
discharging signals to the head driver; and




from di scharging according to the information about the defective liquid

di scharging portion, and discharging droplets fromat least -a liquid

di scharging portion different -77- fromthe defective liquid discharging

portion by changi ng the nunber of disgbarging shots fromat least a |liquid

di scharging portion different fromthe defective liquid discharging

portion while controlling the discharging direction, according to the new

dropl et discharging signals generated by the discharging corrector so as to

change the dof S@ragssedion farptoring indormatign abow adietrgtixpliand disshareivgr di ng to

claim32, wherein the new droplet discharging signals are generated only
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means that no droplets are di'scharged fromthe” def rve I'rquid
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of clainse 30 to 32, wherein the discharging failure neans that the
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deviates from al |l owabl e range. -78- 38. A liquid discharging method
accor di nginfoomatiyn ebrait dfe defatine lig@idtdiscBaging portion stored in the storage section.

31. Aliquid discharging apparatus for forming dot arrays or dots on a
recording medium by discharging droplets from a plurality of liquid discharging
portions onto the recording medium while controlling the discharging direction and
changing the dot diameter by the number of the discharged droplets, the apparatus
comprising:

a liquid discharging head having the liquid discharging portions;

a head driver for controlling the driving of the liquid discharging head;

a processing unit that converts extermally input signals into droplet discharging
signals for driving the liquid discharging head and sends the droplet discharging
signals to the head driver; and

a storage section for storing information about a defective liquid discharging
portion, the information being obtained by checking the discharging states of the
droplets discharged from the liquid discharging portions,

wherein the influence of discharging failure of the defective droplet

discharging portion is reduced by prohibiting the defective liquid discharging portion




wherein the discharging failure neans that the amount of liquid in the
droplets discharged fromthe defective |iquid discharging portion is
outside an allowabl e range. 39. A liquid discharging apparatus according
to any one of claims 30 to 32, whererféeach of the |iquid discharging
portions conprises: a liquid chamber containing liquid to be discharged;

and a plurality of heating el enents arrangegb:n a prﬁdefernlged d;LecT!on_d
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di scharged froma liquid schar gi ng openi ng, wherein a difference in
energy to be generated is fornmed between at | east one of the
energy-generating el enents and at |east another one of the _ _
energy-generatﬂmg&hq&ﬂ@ﬁﬁh@gﬁgaﬁﬁnﬂﬁsﬁﬁﬂbﬁﬂ%ghb?mﬂh@%?é&@bﬂ% direction of
the liquid discharged fromthe i qui d di schar gi ng "openi ng.

recording medium by discharging droplets from a plurality of liquid discharging

portions onto the recording medium while controlling the discharging direction and
changing the dot diameter by the number of the discharged droplets, the apparatus
comprising:

a liquid discharging head having the liquid discharging portions;

a head driver for controlling the driving of the liquid discharging head;

a processing unit that converts externally input signals into droplet discharging
signals for driving the liquid discharging head and sends the‘ droplet discharging
signals to the head driver;

a storage section for storing information about a defective liquid discharging
portion, the information being obtained by checking the discharging states of the
droplets discharged from the liquid discharging portions; and

a discharging corrector for generating new droplet discharging signals to
reduce the influence of discharging failure of the defective discharging portion,

wherein the influence of discharging failure of the defective droplet
discharging portion is reduced by prohibiting the defective liquid discharging portion
from discharging according to the information about the defective liquid discharging

portion, and discharging droplets from at least_a liquid discharging portion different
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from the defective liquid discharging portion by changing the number of discharging
shots from at least a liquid discharging portion different from the defective liquid
discharging portion while controlling the discharging direction, a;c_:cording to the new
droplet discharging signals generated by the discharging corrector so as to change the

dot diameter,

33. Aliquid discharging apparatus according to claim 32, wherein the new
droplet discharging signals are generated only when the diameter of the dots formed on
the recording medium by the droplets discharged from the liquid discharging portion
different from the defective liquid discharging portion takes the minimum value or is

close to the minimum value.

34. Aliquid discharging method according to claim 32 or 33, wherein the new

liquid discharging signals are generated on the basis of a previously created table.

35. Aliquid discharging apparatus according to any one of claims 30 to 32,
wherein the storage section is provided inside the liquid discharging head, inside the

processing unit, or inside an external control unit.

36. A liquid discharging method according to any one of claims 30 to 32,
wherein the discharging failure means that no droplets are discharged from the

defective liquid discharging portion.

37. Aliquid discharging method according to any one of claims 30 to 32,
wherein the discharging failure means that the discharging direction from the defective

liquid discharging direction deviates from allowable range.
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38. Aliquid discharging method according to any one of claims 30 to 32,
wherein the discharging failure means that the amount of liquid in the droplets

discharged from the defective liquid discharging portion is outside an allowable range.

39. Aliquid discharging apparatus according to any one of claims 30 to 32,
wherein each of the liquid discharging portions comprises:

a liquid chamber containing liquid to be discharged; and

a plurality of heating elements arranged in a predetermined direction inside the
liquid chamber to generate a bubble in the liquid in the liquid chamber by the
application of energy so that the liquid is discharged from a liquid discharging outlet,

wherein a difference in energy to be applied is formed between at least one of
the heating elements and at least another one of the heating elements so as to control

the discharging direction of the liquid discharged from the liquid discharging outlet.

40. A liquid discharging apparatus according to any one of claims 30 to 32,
wherein each of the liquid discharging portions comprises:

a liquid chamber containing liquid to be discharged; and

a plurality of energy-generating elements arranged in a predetermined direction
inside the liquid chamber to generate energy for causing the liquid in the liquid
chamber to be discharged from a liquid discharging opening,

wherein a difference in energy to be generated is formed between at least one
of the energy-generating elements and at least another one of the energy-generating
clements so as to control the discharging direction of the liquid discharged from the

liquid discharging opening.




