; €3e¥BY%P 6T8%<- 1 LI QU D DI SCHARG NG APPARATUS AND LI QUI D DI SCHARG NG
MVETHOD BACKGROUND OF THE INVENTION 1. Field of the Invention The present
invention relates to a |iquid dischargi ng apparatus having a head i n 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
| i qui d di schargi ng apparatuses. One_type of ink-jet printer is a serial t
printer in which droplets are discharged froma head onto a recording
medi um whil e noving the head in the lateral direction of the recording
medium and in which the recording nediumis noved in the feeding

di rect i oI AN RISGHARG IHG iAREARAMTUSr iANDe LIV IR DISCHARGINGT MEAWODY a | i ne
head extending along the overall width of the recording nedium. in which
only the recording nmediumis noved in a direction perpendicular to the

| at er al gigﬁction thereof, and in which droplets are discharged fromthe
li ne heZ@CSHAREUNRe OF e CEEJTNYENEEPY M (see, for exanple, Japanese Unexani ned
Pat ent Applicati.on_Publication No. 2002-36522). In print heads used in

t hese i%k-jgﬁeg i Rfer8e WREADLARDAr opl ets are not discharged from any of

the discharg&gg ﬁfeéent 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 liquid discharging
apparatuées. One type of ink-jet printer is a seriél
priﬁter in which droplets are discharged froﬁ a head ornto a
'recording medium while moving the head in the lateral
direction 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 wh;chlonly the recordingrmedium is moved in a direction
-pé{pendipular to the lateral direction thereof, and in which
droplets?are discharged from the line head ontd the
fecording 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
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- 2 portions for sone reason, ink does not adhere to a position on a
recordi ng medi um corresponding to the discharging portion, and a white
stripe appears. This reduces the inmage quality. In some cases, ink droplets
are discharged froma discharging portion in a direction deviating fromthe
al | owabl e range, or the anount of ink discharged froma di scharging portion
is quite small. These cases also reduce the inmage quality. In particul ar
since a line head includes nore discgﬂrging portions than a serial head, a
wi der range of variations in ink discharging characteristics occur. In a
serial head, even when there are sonme variations in ink discharging
characteristics anong the discharging portions, the variations can be
reducedpbytoniet hod, seat| edassuperhipdsed iont ,adlorreovier lappisigidot s to

bri dge gaps between previously printed dots. In contrast, since a |line head
does nobnmaveecobtdtagnoédpenfosnrevespdimg ity e aljyaraacpinded regi on. For
this reason, variations anong the discharging portions remain as in the

di rect i porthownhi ghdt hewdisehatging popeaons dffel arredyess e meagt in
conspi cuous stripes. Accordingly, in ink-jet printers, measures have been

t aken sguahatval | Inheodeschaegi ninbolrophetdfare piisehaegrd phoperd y

di scharge ink droplets. In particular, clogging of an ink discharging

out | et , disehaxaipbepodtéonolidr §i Agrottiok devigting opf@tsthe prevented by
mai nt enance such as cl eaning. However, for exanple, in_thermal ink-jet

print er 811prabientaresgt éﬁngbﬁ pBoByErebntnbcetrchamed xRN ¢ a heater for
breaks, .and an ink chanber mal fu, none of_the dischar%ing ortiq$s Since a

print hea8chavehgIsheRntacBelp eBaiFRASMF ! hasThedn T35t et By TiHi®nance
soneti nmes heating ang,gischgrgin? ink. nctions. In {hes cqies, can
discharﬁgeiﬁ?aa?oﬁPé 4TV4i sERaPEF hgCPLPE 1 ot 2&RNDdL T B T ELt i ve.

includes more discharging portions than a serial head, a
iﬁider range of variations in ink discharging characteristics
occur.

In a serial head, even when there are some varlations
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 omn a prerecordéd 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 to drying of ink



For exanple, when it is assuned that the possibility of occurrence of such:
a defective discharging portion is approxi mately 1/40,000, one out of two
hundred print heads, each having two hundred di scharging portions, has a
defective discharging portion. In this case, half of the print heads having
mul tiple discharging portions, such as |line heads, are defective, for
exanpl e, when the recording paper is Ad-sized and the resolution is 600 dp
because approximately five thousand di schargi ng portions are prepared for
one color, that is, approximately tmeﬁt? t housand di schargi ng portions are
prepared for four colors. Therefore, the production yields of print heads
are significantly reduced. SUMVARY OF THE | NVENTI ON Accordingly, it is an
obj ect afrdphetpr esepirdveviertl B haiheddaacktheuBBCHEr eNegn@hgsStripes and to
i nprove print - 4 quality by making correction in accordance with

vari ations i Hodesehar gbpgegbapaet ef h sthesmanoigk+1 gui s thsehay gi ng
portions. In order to overcone the above problens, a first invention

provi depradliegqsi dhdits changitn@peneteedofer bei sehatghagcdr ephetsmésom a
plurality of liquid discharging portions, the nethod including the steps of
di schar giawgrrdr dplretesafmpdm, t he hlerdgerd fdirs bratgnggapdr tiienbatgihgr imkan act ual
pattern, obtaining information about a defective |iquid discharging portion
havi ng dirsetkar.giang eai lLake chypmblecizagunikéiavtual Ipathesn fosethe

di scharging states of the droplets, and prohibiting the defective liquid
~di schar giong pdr tthén disehediodelapgicitd ongngaodisehpirdg dnkciargilagsef ink
droplets froma liquid discharging portion near the defective liquid

di schar GifESpér Frant BsasubRvalgethed, 2 ALSFRarPéRJabettianderBEPFve i quid
di schar @i ng portion havin i scharging failure can be obtained by checking
t he act%ﬁiqﬁﬁFPéﬁﬁ*féﬁ'Pﬁg gﬁ?@h&? ehG9sest 88T6FtdVEpl ets. The defective

i quid dischargin ortion, is ohibited from dj scharging, d, di schargi ng
of aliquid ngcﬁgﬁﬁpia’pHP?Pog£né3ra?ﬁgmagfgﬁ?fvgh?ig%?%l%fgﬁ rﬁfng

ti ' |l ed,_  t .ecti i_schar gi f _the dischargi
POr 00 eyl 80 o LN 0TGN S pERRETL g oh B i sehar i g

def ect i ol dh5enang) B ROLLEOR: o SuoAnagaond Loyeet fagqgr ovi des a

| i quid di'schargin parat'us for formng an I mage on a recording fredi um by
di schar ginng drQRhef Sid %@n%lr@du'ﬁi@ls'cth}ér%fing! gui-d sdhachargi ng portions onto
the recording medium the apparatus including a liquid discharging head
havi ng tdwerddquied dissthai@inRg Rertiicans, 1a kaad deiswer nhok eentrel ing the
driving of the liquid discharging head, an inmage processing unit that

conver t pmexttemzaldsy Haviuly image pdat diisehe riead goirvtibgsdasachorsdriving the
l'i quid di schargi ng head and sends the head driving data to the head driver,
and a stlogmagécset,i are ogefstoarimeg ifoorxainpde  albben ahdefrectivdénki qui d

di scharging portion, the information being obtained by checking an act ual
pat t er n narsr iiwdifdatség schendi ddlkargisog ustianed sof 00hdpdr bplcetisef r om t he
liquid discharging portions, wherein image formation on the recording
medi um IEPRIEHIEEEd Yoyt peoisiusieng Chié chefrdd oy Poritdend é@rschar gi ng porti on
form di scharging, and controlling discharging froma |iquid discharging
port i on HEREGHE TPt &g v lorquitdadi dehargPrG*pBRticdd AWES i ng to t he

i nformati on about_the defective l.iquid dischargin ortion stored in the
Storagegﬂﬂﬂqaﬁ? diséiarging portions are prepa%edgf%r four colors.

Therefore, the preduction yields of print heads are-

'significantly reduced.

SUMMARY OF THE INVENTION
Accordingly, it is an object of the present invention

to reduce the occurrence of stripes and to improve print



In this case, the actual pattern is checked for the discharging states of
droplets, informati on about the defective liquid discharging portion is
stored in the storage section, and discharging of droplets froma liquid

di scharging portion near the defective liquid discharging - 6 portion is
controll ed while prohibiting the defective liquid discharging portion
according to the information of the defective liquid discharging portion
fromthe storage section, thereby correcting image formation on the
recording nedium This reduces the Trfluence of discharging failure of the
defective |liquid discharging portion on the inmage quality, and enhances the
production yield of the Iiquid discharging apparatus. A third invention
providequalkkguby AL & €har 8bnge Bl 1A 0f c 6 SEe¢ Qi D rapt el sidiom a
plurality of [iquid discharging portions onto a recording nediumwhile .
control bhngithaadysahacghngcderestionsamdnd heighi 0Pl ©1 Schdhgineet hod
including the steps of obtaining informati on about a defective liquid

di schar gbmgipasti on havi ng di scharging failure by checking the discharging
states of .the droplets discharged fromthe |iquid discharging portions,
and prohi bi tImgotder ded estenmome gihal aheehangidgenzor ta diifstom di schar gi ng
and di scharging droplets froma |liquid discharging portion different from
t he def éoveveibnqnirdvddsehar §iagipodifomyhite wontedl féng the di scharging
direction. In such a nmethod, information about a defective liquid

di schar diitrghpoethendirspobtai Aedn & heldyes bty vel | 1 buwdd oil seda eHed porti on
is prohibited fron1discharging, and ink droplets are discharged froma

li quid 8PZ&ERARGI-n§hBoReiLBA ln@ﬂ?@é?@th$r%ﬁ?@%eoﬁe@b%@m%%g+¢%uid
dischar%ing portion while gontrolling the discharging direction. This
reduces HRELPAFI hERTeTBE 4 SBAGr 9 AGRREP Y POF THPRS dP eE2 TR i qui d

di sch ti . Af th.i i i | i quLd djsch i

o schar gl g BorLion . (puLL ention provides.p Liguld dlgeharaing
d lets.f .pl Lit f _liquid_disch i ti whi | troll

Or oD = 5LHSM BABLULRLLLY k0N fedi56argLpo oLl prey ey com ol 1o
t he di 2d _d I h delr i t A ni

e SEAREASASCRp! ey, ne DS pcly an Lher sl ppseolgbiatning

failurechy ghecking, thaqdpschargtng S£§é63e9£g£b§edi9§15§&5 di scharged from
the liquid discharging portions, and prohibiting the defective |liquid

di schar giiBgnReGihgNpbreabei $ebar gi Renangi i schrngbpgedsopieys froma liquid
di scharging portion different fromthe defective |iquid discharging portion
whi | e cankkbbirgiggt be dhichabgilagsdifreat hohighdsachchapgihgd, 1 nformation
about a defective liquid discharging portion is obtained, the defective
i quid doschanhgnegrpahel dafestprohibgteéd disohdrgthgrgongioand i nk droplets
are discharged froma |iquid discharging portion different fromthe
- defective |igui dudhsghaeghag, porfdéon Wit eleont roldefrrtiies disghat gi ng
direction. This reduces the influence of discharging failure of the
def ect i #éskchguiodng pogtion having discharging failure can be

obtained by checking the actual pattern for the discharging

states of droplets. The defective liquid discharging

portion is prohibited from discharging, and discharging of a

liquid 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.



di scharging portion. Afifth invention provides a liquid discharging nethod
for formng dot arrays or dots on a recording nmedi um by di schargi ng
droplets froma plurality of liquid discharging portions while controlling
the di scharging direction and changing the dot dianeter by the nunber of
t he di scharged droplets, the nethod including the steps of obtaining
i nformati on about a defective |liquid discharging portion having di schargi ng
failure by checking the discharging states of the droplets discharged from
the |iquid discharging portions, proh?biting the defective |iquid
di schargi ng portion fromdi schargi ng and generating new dropl et discharging
signals for reducing the influence of discharging failure of the defective
li quid di schar gkRgn@0{ £ & i &k 0 £b-sTded od i gliapl et scaamray | 1 qui d
di scharging portion different fromthe defective |iquid discharging portion
whi | e cepfaebltirg role rdiriehgr ghngmdieeshi anraceos thagméai tthebpew dropl et
di scharging signals. In such a nethod, information about a defective liquid
di schar @giirghpeitingn dreplehtairred, at peudeli ecyi vé Lliquid dischargimg portion
is prohibited fromdischarging, new dropl et discharging signals are
gener at @@ ritd chedweect hidei rtkvedéegomhedisnhatengpparktme odficihéidef ective
| i qui d di scharging portion, and droplets are discharged froma liquid
di schar gi 1g gqudr iddis citisfementhetdohevhegdehect igeid digchiarqguid di schargi ng
portion while controlling the discharging direction according to the new
dr opl et rohirgdlvansgi mg hsiagnaird vierr dpdeconsrehahge the dsivéngnefetheThis
reduces the influence of discharging failure of the defective |iquid
di schar dilmgisortiisehargisioxbkadny ént FBAIEr BYPEEESATRE| YO8 8l&Ehar gi ng
apparatus for form ng dot arrays or dots on a recording ,nmediumb
discharg??ﬁY%ﬁﬁﬂﬂ%ﬁP?rPP&%ﬁal&PHFaPWFQeoﬁaF?q&PaodpgéﬂagﬁFHQHBO?FF%nS onto
the recordi ng .,nedi um whil e controlling.the_discharging.direction, the
apparatdgxqrﬁ%%ﬁﬁWQJQQQi%*ﬁu&ddP&@ﬁgﬁﬁgﬁﬁghgﬁﬁahSQPnﬁegﬂg FP§uf*8di schar gi ng
portions, .a .head, driver for co%troLIing thg drijving of the.liayl

n

di schar gy HEFERE Froddss PTG UTe Ehat *E8nbert S EZteFnal Ty i nput si gnal s

into dropl et. di schargi i s for, drivi the. L Lauk Lsghargi ng head
and sen s'%ﬁﬁ§QMﬁﬁ§§§%a |§%hg$gwﬁgasF§%§F§l?% %ﬁguhgagagfﬂveg, gnd a storage
section SEON g 5 aBliion 2hawly avdefieet ¥e Lhauidndi aghargi ng
portion}L%ﬁg§%ﬁfg?%afionﬁ§§ ﬁg obtai%éd bylcheck?ng t he ggscharging states
of the droplet 44t hedd auid diteehang @gs@%&ggag, swheeei Brt heei nfl uence
of discharging failure of the defective droplet discharging portion is

" reduced doratd biddmagHda idgfiectdivearguing @osthangi, nghpektinonmbyem

di schargi ng and di scharging droplets froma liquid discharging portion

di f f er enfodnizom drherdeftectrare ddigiy chediiswhérrsgiceg rearteidobywhi | e control | i ng

- 10 the discharging direction, according to the information about the

def ect i werdhigui i rdi sthheardy frege thoret ilamusitdodeéds dha rghags pordgensdettmon. In this
case, the discharging states of droplets discharged from.the liquid

di schar gl¥ertpordimns sk adndekdd, inghddsehemedsicot rabodt ldd¥éfective 1iquid
di scharging portion is stored in the storage section. According to the

i nf or matdbFrharatng e defie e | Ghuide TRV ity ipoPiisGRad@d™&d in t he
storage sectjon, the defective liquid discharging portion is .prohibited
from di m@wm@CWm%&%t@%r@%W&% 9 id(?&ie&tdi"?char gi ng
portion djfferent fromthe defective |iqui.d di.scharging porti.on while _
changi ngljt%‘él‘iiii%c%%ﬁ%@%i?%ﬁ%o&,sﬁ%eerqtﬁf g‘r?aen %ﬁ’g a‘tg%e SFt G anet er. This
renoves the influence of discharging failur f f,ective,Liquid

di schar gi ng 5}f¢hﬁ§ QESfévgﬁt af%&?%t?@ﬁtgfgv? eéngcggau?ékdﬁggharging

appar at us. in r ts i {egdjm by

-di schar g?ﬁ%gﬂd?%%{ﬂe% s%érj%rﬁ’ ggfpﬁlfo |et€§)’ofslrﬁbqlgl}ar 33:?12(: Ha}%gl ng portions onto
the recoggdi [ b e oy oddd ngstihe disschargidg 4 regd i on and
changing&€£€&%%§gdygﬁgggr&%yggiég%&%gg? of tﬁ% di;chardéd droplets, the
appar at Uge b AL ML 00 foh | Gl @ & soliargi g dead addg 4 |4 quighi@i schar gi ng
portions, a head driver for controlling the driving of the liquid

di Schgr ga;}agcﬂagfgin@ P PEESS i ikh MNEHe tddte cOnMertisyext erinaldardinrut signal s
Into droplet



- 11 discharging signals for driving the liquid discharging head and sends
the droplet discharging signals to the head driver, and a storage section
for storing informati on about a defective liquid discharging portion, the

i nformation being obtained by checking the discharging states of the

dropl ets discharged fromthe |liquid discharging portions, wherein the

i nfluence of discharging failure of the defective droplet discharging
portion is reduced by prohibiting the defective |iquid discharging portion
from di schargi ng and di'schargi ng droéléts froma liquid discharging portion
different fromthe defective liquid discharging portion while controlling

- the discharging direction so as to change the dot dianeter, according to

t he i nfospatben: abosr+idel defaetily & ddiiuiid idic chay giddidnid andgtiered in
the storage section. In this case, the discharging states of droplets

di scharged-hs sgiidepdi e Lisehaigs ng paid i oo atL: iodreak@edhand

i nformati on about the defective liquid discharging portion is stored in the
st or agedseett e ALOIdi s ¢ioa tdtend nda@rimpdn air@aboiite thewafect i ve |iquid

di scharging portion stored in the storage section, the defective |iquid

di schar geagipoy t thareisy peohidd t edy f inenyeli Soheaigi avg, cranch e ropt etdirgr e

di scharged froma liquid discharging portion different fromthe defective

| i qui d dedthar gi Dgliporedoresnhnthe ohbhegtmee the i smrging Hiyketd on so as
to change the dot dianeter. This resolves the influence of discharging -
12 fai bérehefdefectievect iveididis chai SErarRe g Poren o ®3E f or mat i on of
dot arrays or dots. An eighth invention provides_ a |iquid discharging

appar at G821 Fy$ ophélngnERRCaR r By Eﬁo@ﬁﬁngﬁl¥%?¥Qxﬁ¥ﬁékF W by

di scharging droplets froma plurality of liquid discharging portions onto

t he re08F§FﬁgrﬁéﬂguﬂPﬂhF?Eu%ontroIIing t he discharging direction, the

ort1 ons, & bk U1 DRI T ORI ing" CHGLihe Vg e e I o

di schar gi ng .h : ' it that t v oot st anal

0. dr OBF et 8 SERA G- SPORAF S- TGP GrtVrRBYLFe 71 qut &gt schar gi ng head
d t he _deopl i i - _ _ . | :

Sect s on TGP ASF B RGE RFOF Hat L OF aBort " Ger BclT Va1 Gt d df schar ai ng.

portion kRt LOR- bej hhe Vokheski pget he i@g@grgﬁ@g st ates
of the SF%EFS%EEQ?SE Srgége??%gggggaPigﬁ?dodischarg?ng %%rtions, and a

di schar gller&a,oao@.h@%ganffqorchgeaeéﬁglag 8B4 Oh Oph et ndbsehar ghngosignal s to
reduce the influence of discharging failure of the defective di scharging
porti ongewhereie theuiaf hienaargindi pehaighngatantusesohatyendef ective
dropl et discharging portion is renoved by prohibiting the defective liquid
di schar gianguper biyoehkbeaimdi shkadgsngaagtogdengtes vhethafdropieds about the
defective |liquid discharging portion, and discharging droplets froma

li qui d diischargiedg fport itbe liquid ddesthergnngf pontinesdefrdtive |iquid

di scharging portion while controlling the discharging direction, according
to the mewhdidplien dhecHafgcndgvsi §aahsdgdnerheediny PRETAPBCREPYI ng
corrector so as to change the dot dianmeter. In this npethod, information -
about addefderioiad irgdi G18CHERIL§PngrpBLELESnEFSMoBt ALABEY and the defective
| i qui d di scharging portion is prohibited fron1gi§cha[ i ng. Neg dr opl et

di schar GiSGIeiTgH&ds PRr& 1g8nEridfedens FEaticEREheetRfFu&ficd 8P i schar gi ng
failure of the defective |iqui.d discharging portign nd droplets are

di schar &éﬁf%&%q PQ&itd g g’gﬁgﬁgf:ﬁ&t&gﬁﬁgﬁ SPer SrERTSFPARTt he def cot i ve
l'iquid dj.schar.ging portion while controlling the discharging. direction
accormlﬁiﬁﬁgﬁ éLnem/dropIet di scharging signals so as to change the dot

diameter. Thig 8LLAvG fbn8A AYReBERIOl Sl Qulbge | O SEANIDOUL 1 @llyal NI uence

of the discharging failure of t ective I'rquid dischargi ng portion.
discharging portion is obtained, the defective liquid

discharging portion is prohibited from_discharging, and ink

~ droplets are discharged from a liquid discharging portion



Furt her objects, features and advantages of the present invention wll
becone apparent fromthe foll ow ng description of the preferred enbodi nents
with reference to the attached draw ngs. BRI EF DESCRI PTI ON OF THE DRAW NGS
FIG 1 is a general view show ng an inage form ng nmethod according to an
enbodi ment of the present invention; FIGS. 2A and 2B are explanatory views
showing a state - 14 in which an image is fornmed on a recordi ng nedi um
by di scharging ink droplets froma discharging portion of a print head onto
the recording nedium FIG 3:is a grdph showing the relationship between

t he nunber of ink droplets discharged fromthe discharging portions to
print an inmage, and the dot dianeter; FIG 4 is a graph showi ng the

rel ati opshiPrdret Wweedh the refdeativen 1densid yielkna rsurnkae@fiod recordi ng
medi um on which dots are solidly printed at a density of, for exanple, 600
dpi by wh sThash g 1hend nih<drdaipl el Jimgmdihe adiisehar giig pediicess, and t he
nunber of droplets; FIG 5 is an explanatory view show ng an actual pattern
the influence of discharging failure of the defective liquid
discharging portion.
A fourth invention provides a Iiquid 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 number of the discharged
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 liquid
' discharging portions, and prohibiting the defective liquid‘
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 liguid
discharging portion i1s obtained, the defective liguid
‘discharging portion is prohibited from discharging, and ink
droplets are discharged from a liguid discharging portion
different from the defective liguid discharging portion

while controlling the discharging direction. This reduces

the influencé of discharging failure of the defeciive liquid



~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 explanatory view showing a state in which inage formation is
corrected by increasing the dischargi ng amount of ink froma discharging
portion on one side of the defective discharging portion shown in FIG 5,
or the nunber of discharging shots thereby; FIG 7 is an explanatory view
showing a state in which image formation is corrected by increasing the

di schargi ng amount of ink from di schaét ging portions on both sides of the
defective discharging portion showm in FIG 5, or the nunber of discharging
shots thereby; - 15 FIG 8 is an explanatory view showng a state in

which i gagenk o RL | 89t sokorrected by alternately increasing the
di schargi ng anount of ink from discharging portions on both sides of the

def ective digchar@i Nthp&itian showbdd F11Gqh Eversetd i enendtng i s
printed, or the nunber of discharging shots thereby; FIG 9 is a part of a
print cepkegebiRingabbe bhabkyki stsacesrent edrpesndiingfmedhtndoy (i mge
formati on signals) generated to reduce the influence of discharging failure
of the detenbiryendi sebptgiagipont sopluFhGitiOofsliiheidthesclparging t he
print correction table that lists corrected print information (inage
formati onrsiignal shigenepatedifdongetiheedi hehanfinendereftdmchedgi ng failure
of the defective discharging portion; .

changing the dot diameter by the number -of the discharged

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 liquid

discharging portions, prohibiting the defective liquid

discharging portlon from discharging and generating new

droplet discharging signals for reducing the influence of

discharging failure of the defective liguid discharging

portion, and discharging droplets from a liquid discharging

portion different from-the defective liquid discharging

portion while controlling the discharging direction

according to the new droplet discharging signals.

In such a method, information about a defective liquid

discharging portion is obtained, the defective liquid

discharging portion is prohibited from discharging, new

droplet discharging signals are generated to reduce the

influence of discharging failure of the defective liquid

discharging portion, and droplets are discharged from a

liguid discharging portion different from the defective



Fig. 11 is a block diagramof an inmage form ng apparatus relating to the

| mge formng nmethod of the present invention; FIG 12 is a partly cutaway
perspective view showi ng a specific exanple of an ink-jet printer serving
as the image formng apparatus; FIG 13 is a sectional side view of the
ink-jet printer; FIG 14 is a general view showing a liquid discharging
met hod according to an enbodi nent of the present invention in which ink
droplets are discharged froma plurality of - 16 discharging portions
provided in a print head while changihg the discharging direction; FIG 15
I s 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 discharging

net hod o{ the @ ESEMEgiAYERLEPn while controlling the discharging
direction according to the new droplet 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 liquid discharging
apparatus fdr 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
including a liquid discharging head having the liquid
discharging porticns, 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 discharginq head
and sends the droplet discharging signals to the head driver,
and a storage section for storing information about a
ldefective liguid discharging portion, the information being
obtained by checking the discharging states of the droplets
from the liquid 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



FIGS. 16A and 16B are a plan view and a sectional side view, respectively,

- showi ng the arrangenent of heating resistors of the print head in nore
detail; FIG 17 is a graph showing the relationship between the difference.
i n bubbl e generation tine 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 show ng the rel ationship between the difference in bubble
generation time between the two split heating resistors in FIGS. 16A and
16B, and the ink-droplet discharginglfingle in the Y-direction; FIG 19 is a
sectional side view show ng the rel ationship between the discharging
directions of ink droplets fromnozzles provided in a nozzle nenber of the

print head, a20enPELDLG NG PAPELon FI Lo 20(R) G0 RO(hIr ArrRaexl anat ory vi evs

showing a state in"which an image is formed on a recordi ng nmedi um by

di schar ghBgti ke dhOBLEE SvE M D1@: @l SLHG Y FThPOsd i OTL0fs tdedrimtthead;
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 fhe 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 discharging, and
droplets are discharged from a liquid discharging portion
different from the defective liquid discharging portion
while changing the discharging direction, thereby changing

" the dot diameter. This removes the influence of discharging
failure of the defective liquid discharging portion.

A seventh invention provides a liquid 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 including a ligquid discharging head having the
ligquid discharging portions, a head driver for controlliﬁg
the driving of the liquid discharging head, a processing

unit that converts externally input signals into droplet



- 17 FIG 21 is a graph showing the relationship between the nunber of ink

dropl ets discharged fromthe discharging portion, and the dot dianeter

FIG 22 is a table showing the relationship between dots formed by PNM and
di scharging portions for discharging ink droplets to formthe dots; FIG 23
Is a correction table that lists new dropl et discharging signals generated
to reduce the influence of discharging failure of the a discharging
portion; FIG 24 is a block diagramof an image fornming apparatus relating
to the liquid discharging nethod of the~present invention; FIG 25 is an
expl anatory view showing a state of a known ink-jet inage form ng appar at us
i n which an ink droplet is not discharged froma defective di scharging

porti Onaiggﬁarggngssﬁgngml apat @r Yy Yhe@WM-SB0W §Gid &t oéRatdindisdadahite

stripes an ark stripes are formed on a recording
and sends the droplet discharging signals to the head driver,
and a storage section for storing information about a
defective 1liquid 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
liguid discharging portion from discharging and discharging
droplets from a liguid 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 liquid
discharging portion stored in the storage sectioﬁ.

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 sectiomn. According to the
information about the defective liquid discharging portion
stored in the storage section, the defective liquid
discharging portion is prohibited from discharging, and
droplets are dischérged from a liguid discharging portion
different from the defective ligquid discharging portion
while changing the discharging direction so as to change the

dot diameter. This resolves the influence of discharging



medi um by defective discharging portions of the print head shown in FIG
25; and FIG 27 is an explanatory view showi ng a state of another known
print head in which lightly colored portions are formed on a recordi ng
medi um by defective di schargi ng portions. - 18 DESCRI PTION OF THE
PREFERRED EMBODI MENTS Enbodi ments of the present .invention will be
described in detail belowwth reference to the attached drawings. FIG 1
is a general view showing a liquid discharging nethod according to an
embodi nent corresponding to a first fAvEntion of the present invention. In
the liquid discharging method of this enmbodinment, an inmage is forned on a
-recordi ng nedi um by discharging liquid (for exanple, ink droplets) froma
plurali Fy:i0hirki gai ¢hdi s6hacgivg POfhi@NSi {beteyned tiesrt Sy weferred to
"di scharging portions”) provided in a liquid discharging head (hereinafter,
sinply reteatednt 6fagod apraps deaddysonto the recording medium In the
follow ng description, ink droplets are used as the liquid. Referring to
FIG 1, a primteigach linwnaltides @ shabds shdpeminbzilsehrembery 2, and a
plurality of discharging portions 4 provided i-n the nozzle nenber 2 to

di schar gppanktdsopbet So8mikaciobf athaydi sthaegs ngn porr¢orsding ncl udes a

di scharging outlet 5 fornmed in the nozzle nenber 2, and a heating el enent 6
servi ngmadiamdbiyvilhgckheabny fopphenti hgomnd Bl wenbigy ngf i hkau¥d an ink -
chamber (not shown). In such a state, ink droplets 3 are discharged from

t he di séraFhrRgipar PPER5CEs 0P ERetPei AECHBAENG BREHUR Ftb? ding medi um P,

t her eby forning_an i mage on the recording nediumP. The print head 1 is a

| i ne he§@ntapdlageptheadischarpeagPRivFEPhLeR . NohBe?PRAERUTAT i on) net hod t hat

changes ;the - 19 . s
d including & liguid discharging head having the ligquid

discharging portions, a head driver for controlling the
driving of the ligquid discharging head, a processing unit
that converts externally input signals into droplet
discharging signals for driving the liguid 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 portiomns, and a
discharging corfector 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 removed by prohibiting the defective liquid
discharging portion from discharging according to the
information about the defective liguid discharging portion,

and discharging droplets from a ligquid discharging portion



di anmeter and density of printed dots by the nunber of ink droplets 3

di scharged fromthe di scharging portions 4. The print head 1 includes ink
head portions for four colors, such as yellow Y, magenta M cyan C, and
bl-ack K, and is disposed so that the discharging outlets 5 for discharging
i nk droplets 3 point downward. For plai-n explanation, a description will be
given of, for exanple, a case in which yellow, magenta, and bl ack inks are
not used, but only cyan ink is used. A maxi mum of eight droplets are

di scharged, and five or |less droplét%3aFe normal Iy di scharged to print one
dot for each color. The nunber of droplets for one cyan dot can be changed
fromzero to eight by the PNM net hod, as descri bed above. The anount of ink
to be dischargetl fsomethatdefortexanpl®iid. &igdhatgimspgdoetisimte, for
exanpl e, when ink droplets 3 are discharged fromthe discharging portions 4
of the priné teatrdlDitie Prendisnghpeapetg skiweagi@as, adaoatidiongaredi um P, as
shown in FIG 2A the size of a printed dot 8 gradually increases as the
nunber theinkwddopbets 3isacacases, sagnashovwwenarftadd B.tH G 3 shows the
rel.ati onship between the nunber of droplets and the dot dianeter. That is,
as t he dusbeargindroptreestoncseasestd romore the cdyghtdianrtatot di anet er
‘increases from approximately 38 umto approxinateuy 82 um In a case in

whi ch four i¥k driopleaished e Hikumeagea aput 2 Zefesiows ilddRRE 2A, the
dot dianmeter i-s approximately 63 um FIG 4 shows the relationship between
t he nunBéschbirdippl Besthpd LheoPbrivedi oFPdeh? t9eBICH CUrF L D the
recording nediumP on which a dot_8 is solidly printed at a _density of, for
exanpl ed18602881 29| ROFhi e chgePTRAGRT Fdi ST Y8 st 3 F At "Y he ¥¥f 1 ecti on
density of printin aper as.the_ recording nediumP is, for_exanple, 0.07,

t he ref@ﬁ@??%ﬁ ﬁéﬁg?g§8?ﬂ@rEé@%@lfr%ﬁ?a%% %&?E%#é?@ HIECE o ppr oxi mat el y

2.4 as the number of droplets i f i ght.. When f i nk
d opl et STEFESAFEcRAr SE0° AL T RLFT &°F oA R TR Eett Bt tensi ty i s

. oun N TS eh _ L Censt .
ored SRoGh¥daly, RE-RuGH MephiUbapELEENaLg Ao R A P ot he O
di SCharQFagiBOa&geﬂérgiﬁg f)??tﬁ?f)gn\%l\%gfgﬁégt1f9<5ﬂ10t1t1£'edéf&9{9&9@9 medi um P,

an actual “pattern is Tirst forne ich indicates the discharging states of
i nk dropkghsa3aisenkakhnkhgcdischayaing PERLEONSI Ag COKE ESPOREH Agi A an
i mge fornmng region on the recording nediumP. That is, ink droplets 3 are
di schar gedeusing theoahoug- desenebadwPiivbpEtbodisenprgiiganiGed el pattern
on the recording nmediumP by the first dots 8. In this case, when ink
dr opl et so3aar ecnehaabky tdesdbar gédmetom. al Thiseatli sebadgi ngrpoysians 4, an
actual pattern 9 is forned in which, for exanple; dots 8 are solidly
print eddbtemtbheef ifpshmelli réthbutoabmeinéhthntenet Lille ol shlear@toy di ng
medi um P by the ink -21 droplets 3, as showmn in FIG 1.

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 OF THE 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



In contrast, when one discharging portion 4a in the print head 4 cannot
properly discharge ink droplets 3, as 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 portion
is formed fromthe first line 1,1 to the tenth line Z10. FIG 5 shows a
case in which no ink droplet 3 is discharged fromthe defective discharging
portion 4a (undi scharged state). Byléhébking t he di scharging states of ink
droplets 3. indicated by the actual patterns 9 and 9' thus obtained,

i nformati on about the defective discharging portion 4a is obtained. That

is, onihhgnhasi snofinkbe ast wakmpat bara PesbewinynmEiGumlpyit is determ ned
that all the discharging portions 4 can nornmally work. In contrast, on the
basi s efi sthe ragheal nkatirepl s $hownai AiEkBarfinigt pbstdetenfii aed that one
di scharging portion 4a is defective, and print information, such as the
posi ti erigf tHhedicsahargiengepeonrtiioy 4aditdhe anount of ink di scharged
therefrom and the nunber of discharging shots, is obtained. The obtai ned
print inforpatiod abosat grhphdehewtnyetdeschiagiogshorthebwdenithstored in a
storage section provided inside the print head 1 or inside an image

pr ocessiumdpeunictt Thk( Fr@plkts whischamded fromzheheigeherbbed |ater, or is
stored in a storage section provided inside an external control unit such
as a haestridomputter privg iadf rass oy e dotodd@dmeteStior age. sections
provided in sonme of the print head |, the ina%e processing unit 11, and the
ext er nal prEé@ssﬂngSuﬁi9F3R505P8Wﬁ§gt8h?héebﬁihPﬂFHFBrHﬁFg%ﬁ? e defective

di scharging portion 4a is prohibited fromdischargi ng an.ink droplet 3, and
di schargifGoR I drofiets 3 fsr"dﬁ"ﬁad?es&#; irr?é’oﬁéﬂﬁggﬁ’?%ﬁélﬁlr “FPhe defective

di scharging portion 4a, for-exanple,. disch in artiqQns 4c on both
si des d“fq‘%‘ﬁb %%&Q%escﬁli@ﬁarpg‘ilﬁ’gt%ﬁﬁ c?had’fg’,sj‘%@fo(?oéﬁt (r%%lrl g%é%gg?'exanpl e,
the amoynt of. i.nk di scharged fr.om.ithe i i t . 4c) next
to the e ecgpﬁ WV aarrgf‘iglnngq ot ilon}r}( zfggospgl%q{%eﬂ%ﬁrpng%lré gi;ls |§(% alpéi ng shots
thereby_ is i ncreased, shaw. i e R n this case, print information
about tHe dise h?ag}(%gﬂg%rtl on 4b&( o&rr%fc])%tlés' changed in accordance with
original prigi; i rf arymati QR AUt tRe Wdefeetiowend sehakguag pattken 4a. That
is, newinmage formng signals are generated on the basis of original inmage
f or m ngpisd Ynah $: dDFed hended ecdhaney th Chad i NG PalTti alrAa eand wihke

di scharging portions 4b and 4c on both sides thereof to reduce the

i nfl uenge oix tdreost sehas gidng dbsdhaegednti-dmkardr opf ettse Jiarahadicsioliar ged in
response to the image formng signals. Mre specifically, the print

i nf or mapd N @houtn ttiee pri@8 heked ective di scharging portion 4a is changed
to indicate that the discharging portion 4a is prohibited fromdi scharging,
and the pri mIaqnfeorimtdmreabanatdry ey dihkehiagiang teéet ienvabclor 4c) is
changed to indicate that the nunber of ink droplets 3 to bhe discharged

t her ef romde forrehber 59 @RTTectef NP0t RCHRRST HP atlf dHet@2 1% ger than the

di ameter of dots 8 formed according to the original print_information about
the def@reywe of stWar§Tel Pofisore A3 "Eohee t??,oéésiﬁﬂﬁwPénﬁgg(a 6, an
i ncreased nunber of ink droglets 3 are dischar%f fromth digﬁ@gr i ng
port i ond@HEREXY St D1 FRRAHEH RSt POREHPRCRRY G nt” pot 1 on 4L W8 ¢ ot s 8b
having a_l arger di anete re._continuously printed on one side of a white
stripe ?Srﬁégcgﬁr?h%grééafaiﬁée %¥UW1P corresponding to the defective

di schar gi ng tipn 4a fro (st J] f0 t [ 10.

Ext ensi ons OPTOPCE he?l ar gEéIF ecfg%}'sg}g%{é:{xe‘#%vpngsljggwdle&ofah%h%ae%]ptde Wrcl,llt(?chilhpe shown
in FIG. n . 1 he:whj Lhenl, e i , s e@errecting -
LG, fagBlGaTRKE L ahibe St cLaen) esgocatsphouons. oL beehuigr oo

di schar anaanfcabkUEﬁkOErBRedQgf:ﬁst:b%ﬁgdpégh%ﬂs Ngn PE&EH 081 dds 08 thee | Mage

quality can be reduced, the print head 1 can operate even when any of the

di schar gbpg-peyLi 95§cﬂ3§:§iﬁ§f gekkt¥en andwhhenproducti oprytkd dn@lbéhe print

head 1 can be increased. Alternatively, the anmount of ink to be discharged
from thgrdhschargynggpenbienshdbedind 4c on both sides of the



- 24 defective discharging portion 4a or the nunber of discharging shots
t hereby may be increased, as shown in FIG 7.. In this case, printing is
performed while print information about the discharging portions 4b and 4c
is changed on the basis of the original print infornation about the
defective discharging portion 4a. Mre specifically, print information
about the next discharging portions 4b and 4c is changed to indicate that
t he nunber of ink droplets 3 to be discharged therefromis increased so as
to formdots having a dianeter |argefd5than the diameter of dots 8 formned
according to the original print information about the defective di scharging
portion 4a. Consequently, as shown in FIG 7, an increased nunber of ink
droplets 3 di gschar ged i.scharging .porti 4h and . next to
t he defectisiﬁ%is%hggg?ﬁge%é$%%%#¥arafﬁggﬁt é?gﬂgf§l§%ﬂéﬁﬁqﬁﬁqﬁgéﬁhg a

| ar ger gﬁggstearﬁaﬁisenagneey§&¥t9aiHggg%ﬁgrﬁgﬁg%fiQﬁérégsfggiﬁﬁé stripe on

the recording nedium P correspondi ng e de ive disc ng portion

da fromgt Benbirgshy! bRBukt b8 1HR EeBhhalsBgatdfng BXLEPSLROS, QML LNe | arger
dots 8b and 8c cover both sides of the white Stripe shown in FIG 5, and

make thgiwBkt 8FSthbPaelessi6ONgREEHAUGIind NYSrt1 FRISHERE NBL | ©f; 05 t he
recording nediumP is corrected, and the influence of discharging failure
of the detegtivRedbsehaigengspprihesd4aconthbentiBEe 6EadisyhLad e
reduced. - - 25 Alternatively, as shown in FIG 8, the anmobunt of ink to be
di schar gedtgr ahetrbbydi schargi ng portions 4b and 4c on both sides of the
defective discharging portion 4a, or the nunber of discharging shots

t her eby nay BEGal? einat ebyri nef eagedintn eactedtiie ofakdre ithege tidse f or med.
In this case, printing is performed while print information about the

di schar gbrgepbedi pnsngbinAdrastisnclianged dormhbidastsgwilshe ori gi nal
print information about the defective discharging portion 4a. Mre

speci fi E8PRPY2LpRI P FAfBFARtheninbbuenERcohetisdhsEhbngi felpeore i ohs 4b and
. 4c is changed to indicate that the number of ink droplets to be discharged
t her ef r 6hfi SCAFEELHSt BLFCPREPEALeBOE61487 t0 form dots having a di aneter

| arger than the difneter of dots 8 forned according to the original print
i nfor mati on About™ ¥t he® dEFRc? IR dizThatyi M gorttorr e A ¥hdwdish FIG s,

inthe fjirst.Li hil, d 8b_hayit | di t inted b

of the GPEERAFGRGUABFEPGRS. ABLrhnd GBEA2bioRaYtAOSE. BP AHEELY™ o ger  t han
th I int t i h I I 4c. In th
sccond TR LS Gere BB Mo PG dPanit ot 1| &P Gy ot Rorc TRETRBI Y di amcter

are prighedubk bhecdSgRaLeEn0ePatLENl:dbngand-dobs; 8¢ having the nor !

diameter are printed by the discharging poftion 4c. In the third line L3,

dots 8b havimgy! her nps &l th ey B g 2d® P 144 ethdye tHe-#lizghar gi ng portion
4b, and dot s’ - 26 8c having a diameter |arger than the nornal dianeter
are priappdrbyuthectlhschar @onghpoikhbgs #6rmifRgam8BRGErosi phéar to that in
the first line L1. In the tenth line LIO dots 8b having a dianeter | arger
t han t hpraeenul idivameten;are printed by the discharging portion 4b, and
dots 8c having the normal dianmeter are printed by the discharging portion
4c. In this My, Hotss 8h pandtBr havdway opdvgert dianetesr streviald exr natel y
printed fromthe first line LI to the tenth line L10 on both sides of a

whi t e sEPEpeficrasdmphet Ré recOHRNTrNGtnRYLivReP gorverpondi higet tmade
defective discharging portion 4a. Alternately formed extensions of the.
dots 8bfar®iBE aPParA&té&Fy cover both sides of the white stripe shown in
FIG 5, and nake the white stripe substantially inconspicuous. As a result,
i mage formatith o the ?e%%?ﬂ}?fga:\‘mﬂ%%‘ﬁ?‘% riti gk —3fd the influence
of discharﬂkn failure of the defective discharging portion 4a on the inmage
qual i t yPEH Bg'reduced. The above-described correction of image formation

on 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



"the recording mediumP is generally expressed as follows. Herein, An
represents original print information about the defective discharging

- portion 4a, and B" represents corrected print information thereabout. An-i
represents origi-nal print information about the |eft-side discharging
portion 4b, and Bn-1 represents corrected print information t her eabout .
A"+ represents original print information about the right-side discharging
portion 4c, and Bn+l represents corrected print information thereabout.

When correction is made to increase tlthe-anmount of ink to be discharged from
t he di scharging portion 4b on the left side of the defective discharging
portion 4a shown in FIG 6, or t he nunber of discharging shots therefrom

Corr.eCthsBEh%éthBé??&bBQ 5@&33;& efaltgr%llq Ry ﬂ?{f&twﬁl&@fhargl ng

portion not drscharge arglng portion 4

= (An ytﬁénd&ggﬂgrghﬁghaggbgglggrt|on 4c ... Bn+l = An+1 Wien correction |s
made to I'ncrease the anmount of ink to be dlscharged fromthe discharging

portion 4c oprg he1£l9§ta§léﬁpp$dé@epé1@§§€éﬁ«ee dj ssehaging Aokt e gda shown
in FIG 6, or the nunber of ‘discharging shots therefrom corrected print

lnfOanbEOBnlinﬁxﬁéﬁsﬁﬁﬁnaérfgbkemﬁg Q@f@ﬁthﬁﬁaﬂhﬁ@@adgt@@tp@rﬁ$ﬁﬁ da ...
B" 0 (not discharged) left discharging portion 4b ... B"-1 A"-1 right

di schar gbngapeit baR 4&e. 1igBidi dEsthard)indgAncihes @ﬁrtl@@tﬂ)ﬁ@séﬁt made to
i ncrease the anount of ink to be discharged fromthe discharging portions
4b and 4aventhohh sides of the defective discharging portion 4a, or the
nunmber of discharging shots therefrom as shown in FIG 7,

FIGS. 16A and 16B are a plan view and a sectional side
view, respectively, showing the arrangement ¢f 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. 162 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;



- 28 corrected print information is expressed as follows: defective

di scharging portion 4a ... B" = 0 (not discharged) left discharging portion
4b ... B"_ 1 = (A"-1) +A" right discharging portion 4c ... Bn+i = (A"+i)+A"
When correction is nade to alternately increase the anmount of ink to be

di scharged fromthe discharging portions 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) Odd line defective discharging portlon 4a ... Bn = 0 (not

di scharged) left dlscharglng portion 4b ... B'-1 An-1 right discharging
portion 4c ... Bn+i (A~+i)+A" (2) Even line defectlve di schargi ng portlon

4a ... Bn =g&d.heh Cll§(éhaﬁ§h%ﬂ1) Srefiti ndj %féarr@uaeleersmenbébween BRei =
(An-1) +An right discharging portion 4c ... Bn+l = An+l Al though not shown,

when t hegap®rnd £ of nit nkrd©1 des i Sedad gesh fam the dilsacdlﬁxg;lmg; portions 4b
and 4c on both sides of the defective discharging portion 4a, or the nunber
of di schargidg, sied sthdedef r@mamsténcr eased according to a

FIG. 22 1s a table showing the relationship between
dots formed by PNM, and discharging portions for discharging
ink droplets to form the aots;

FIG. 23 is a correction table that lists new droplet
discharging signals generated to reduce the influence of
‘discharging failure 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 oﬁ a recording medium by defective discharging

portions.



- 29 giveh function, corrected print information is expressed as fol |l ows:

defective discharging portion 4a ... Bn = 0 (not discharged) left - ,
di scharging portion 4b ... Bn-1 = (An-1) +X (An) right discharging portio
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 (inmage
formation signals) may be differently corrected depending on, for exanple,
characteristics of ink droplets, the_type of a recording nmedium the inmage
formati on mode, the ink color, the sit2eof one ink droplet, or the
resolution. For exanple, in a case in which black ink K having a surface
tensi on higher than those of other inks is used to inprove character

qual i t ypestrRI®TROAPLFt 0nSprREHERREE EMBEDIMENTY paper. Therefore, in order
to achieve a better result, image formation should be corrected in

consi der at i opmbbdimenayo df tis@reask argr afnvdre: igk.willie abaisescdederd bed
corrected print information (inmge formation signals) may be summari zed
bef or ehand dienad 1t dklleyw astehewferancéotoekbapietadth&d dawaugd0. FIGS. 9
and 10 show two sections of one print correction table. In the table,
corrected prFR6.i hf ds nat geneBnl 1vidn, sawimn+ abputd ahl gddddimg and
corrected print information Bn-1, Bn, and Bn+l - 30 about an even line
are shomethodr esgondiing tto eri githalivennt cphfosneRdbny ARC 12 Bhrshnd An+l
about a certain line. That is, printing of a line. is corrected by two

| i nes cénvespsndi od ther eresert LRECPABPR; t hR RUADLE+IGEdink droplets 3 to
be di scharged fromthe discharging portions 4 are shown by, for _exanple, O
to 8. wﬁPF@h@F§éW§TﬁﬁﬁﬁoﬁapﬁuFglﬁeéﬁgoghﬂ?nﬁotaPnkmﬂg%p+%t§°§m%?e°n

di scharged from.any of .the_dischargin ortion of the int,head | in
he. above FESEHSE GR0ICHe BYr SLBRPSFAYER: LOMULE AGOT| PAATBHCL oi8heh a case,
and is al so_appl.icable tola cgs% in m@ich.hng.d&gglets 3 d%éghgrged from
any di sF&PJiSTS pdroiol BHERG &t SEddHR& a5 RABF - PEgPOROR 2 recor di ng
medi um P, Qr_.tQ .a case.i i anut; Lnk.djs f,y om any
discharg@?ﬁfﬁiﬁ%ﬁ%ﬁ%'4%ﬁ§&%§?§% gEEEg a |o§ﬁ§F85? ﬁgg.§$%£gggas£ in which

I nk dr0@f§5§&%&“ﬁ§@@ﬁgﬁ%i%r%E%%harging head (hereinafter, simply

referred to as a "print head") onto the recording medium.
In the following descriﬁtion, ink droplets are used as the
liquid. 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 membeér 2, and a
:heating element 6 serving as a driving element for heating
and discharging ink in an ink chamber {not shown). In sucﬁ
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



defective discharging portion 4a |land outside the allowable region on a
recordi ng medium P, they deviate froma predeterm ned direction, and a
white stripe is formed on the recording nedium P corresponding to the

def ective discharging portion 4a, in a manner similar to that in FIG 5. In
a case in which the amount of ink discharged froma defective discharging
portion 4a is outside the allowable range, it is |ess than a predeterm ned,
‘amount, and a lightly colored portion is fornmed on the recordi ng nmediumP
- 31 corresponding to the defective Idi schargi ng portion 4a shown in FIG
5. Wiile the anount of ink applied on the recording paper P is controlled
by PNMin the above description, in a print head havi ng discharging

porti ongy; i nge. : di;s¢hay.gi unt _of _i nk, the

i Schar o e S PR Ay R RS P8 P F R er vt Uy, the
amount.ofy dple iRy 106 sconiRld edol +AcCONRERALEORGOh PRLARd, t eyt hod of
changi ng the discharging anount. A liquid dis a?g ng apparatus as an

| venti giribd seeend lmeantian ok hbadPpeseabaLnysation) EELLLNG Lo the
above-described |iquid discharging nethod will now be described wth

ref er eneaicho ol Gellbw AN mageethomM] BgaaPpar ahdSHSEENI R gsqthe 1iquid

di schargi ng apparatus is, for exanple, an ink-jet printer, and fornms an

i mage omliapoeeer diong hardithe by sdhaehangi potiaksdropbet 81 epm-gipgural ity of
di scharging portions of a print head onto the recording medium The inmage

f or m ng iapparapdstisnd padestadpwinmtrdead 1, a head driver 10, and an inage
processing unit 11, as shown in FIG 11. The print head 1 actually

di schar ges i fikrdprdpliat sxpheénapiont i agdpapeipsersvivgl a@ geaar dimng nmedi um P
to print characters and i mages thereon, and has a plurality of discharging
porti on§o&F gEeWrded ien casshaat wbigpettendey| empgabes, 2atd dischatges i nk

droplets 3, as shown in FIG 1. - 32
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 éxample, 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 pm to apprdximately 82 Um.

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



Each of the discharging portions 4 includes a discharging outlet 5 formed-
in the -nozzle nmenber 2, and a heating elenment 6 serving as a driving

el enent for heating and discharging ink in an ink chanmber (not shown). A
storage section 12 is provided inside the print head 1 to check the

di scharging states of ink droplets 3 on the basis of actual patterns 9 and
9', which indicate the discharging states of ink droplets 3 fromall the
di schargi ng portions 4 corresponding to an inmage form ng region of the
recording nediumP, and to store inf@dnati on about a defective discharging
portion, as described with reference to FIGS. 1 and 5. The head driver 10
controls the driving of the print head 1 by fetching driving signals from

the i ma oces it i be.d r suppl yi ng
ON and %%Eﬂglgﬁaﬁga?o?ﬁdrFé%n8$@o%??§%£%g ? eggg%%ggﬂeadiﬁ 63 ﬁﬂglnage

processing upit 14 PROGESERS LXILENGhLNip! Wwéém%@%ﬁb&pwrts the data
into head-driving data for driving the print head I, and sends the

convert ggopakast antihenkead rdevebnlBentheyi FROE @ﬁ@@@@élaﬂ et 11 includes
a signal converter 13, a discharging corrector 14, an output converter 15,
and a prietb raanbeakidenmt abbea  #6ichhe abgnal 1@osuemey BBifi€6@1 ¥ESa
externally input inmage data, and converts the image data into nultil eve
dat a hadiengiaynoiherfoaf eealple , asd0adpiunbernothi evekse| nwhen 388 i&ccordance
with the performance of the overall liquid discharging apparatus by
- performasgurasl neeesshry reddbatdecodpnessivonf pasteingi pgpescasitige col or
conversion, limtation of the anount of ink, gamma correction, or tone
cor r ect r@rosddngageginor Pdiiff,usoonexenpihe Ba8is bdheprehlechionnati on such
as a selected inmage formation node or the type of a recording nediumP
(printi 8§TFaHeT L rCcTRESES AromnRoPraKriBAtedtch .48 theabPhhgelinatedyi on node
and the type of printing paper, is sonetines added to a header of the input
i mge d&t-& &ndhies PEEREL ﬁ’ésdéfiopé@ftlsylél@ﬁﬁﬁﬁéa frem anci Bputighhel (not
shown) of the appa Ln a case in which new print information is not
gi ven, FW@“SJE%‘ %rﬁﬁPP&ﬁtésaFﬁaﬁlFﬁh?ﬁgeBre@?oﬁEOBPlﬁP Bperathon, or

def aul t i nf The di sch tor 14 ts th
mil (11 VBl GEUE GOl LSioBy i nE SPGRArLBGLVt & 515, and corrects the data

so that the kalEEQSESEEﬂgégcgﬁgghng lgl|H ﬁhg& a.d feqﬁlve dlscharglng

portion 4a (See ly a ear recording fedi tm®, on the

basi s of; d HQRY QN 4 af}%létorh%gdﬁfea%&nvg ﬂysa*i%ggggéﬂgr §hpn 4a read from

the storage section 12 in the print osition of the

def ect i v H128RARYIRGD A aasé@a@@qnbhgo&xagngf 4db§cleaegp99n£@al ure) and
print information (inmage formation signals) read fromthe print correction

tabl e 1Gashki ch oditd the deseriched hebehm A, neaoky+dili paptevhded in the
di schar gi ng - 34 corrector 14 to store dlscharglng information read from

t he storfagestseetrime@ 2ichhiisddlckaws the dischatging snheepabFobnko be read
fromthe storage section 12 and stored in the nenory 17 when the print head
1 is nountogd edrs Bheépoverd i $hteudiedhemgifbepefraienst Hecdirsebhpogdigg

i nformati on does not need to be read fromthe storage section |2 in every
oper ati di®, andmegie Bermdngaltegicaadnf tom rieorddpgymedium 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 scolidly printed‘from the first line L1

to the tenth 1line L10 on the recording medium P by the ink



The out put converter 15 functions as an output converting means 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 correction table 16 |lists and stores new i mage
formation signals corrected to reduce the influence of discharging failure
on the basis of original imge forngtion signals for the defective

di schargi ng portion 4a and the discifargi ng portions 4b and 4c on both sides
thereof (see FIG 5), as described with reference to FIGS. 9 and 10. The

| i qui d di schargi ng apparatus having such a configuration operates in a
manner &igpllefs t30 thatshiownt Re [Fizgui d .di schargi ng nethod described with
reference to FIGS. 1 and 5 to 8: That is, first, the print head 1 is driven
under the cant cohtobsthewheadodei dtschrghownpontFbiG 44 1in aide an act ual
pattern 9 or 9' that indicates the discharging - 35 states of ink

dr opl etgsrihf rreradald delmenadi sotegegilyg dpschiegys 4nkndtrhelpkiEnd ., head 1
corresponding to an image formng region on a recording nediumP is printed
on t he stepor dimd Ifedilumikk Weers ok a@cdysiret $t3addeomor mal |y di scharged from
all the discharging portions 4, an actual pattern 9 is printed on the

r ecor di¥mpwiedi UiRTE LY @idhecamite, 3 portiicn pdt tthen rgsesdangr @eddPindl y f or med
by ink droplets 3 fromthe first line L1 to the tenth [ine L10, as shown in
FIG 1.Peeeemirerdingnien &y &Fs e SHRe eGP pti ti oreRaedyen k¥ ect i ve,
an actual pattern 9 is prli nted on the recor.din diumP, .in which ink
“does nGt® gfhetEt #2 T ‘adife e AHFELAR &ReRt ?‘i‘ g’g‘tlrté’sﬁd?ﬁ&ipﬁgof:oat he

defective disch i tion 4a, d it tri | i ght| I d
T BATISBIL B A B L
the def®t %/een%k? ngjhnaer Sirlﬁ‘g poElr]{bl ’\gﬁng f}%wusnﬁ ls(%(:a}c:séler g%ldl)iﬂ.h%f%‘er?g tiﬁlje1 digschar gi ng

' . - ' f [ d I
states c?%cp}';)fé;% A opl &5 MK LNACKLLRN ddie Ay Al ekt ed actua

pattern ormati o ective dischargi'ng portion 4a is

stored é&{%s#grm%g%dl%g&é)he print head 1 shown in FIG 11. The
c

information 1 ncludes, for exanple, print information such as the position

of the def ealy v& LixSeRARFING i RGMEIGA nda s thhesdbgChakgrepaseung of ink, and

t he nunber of discharging shots. The information is - 36 recorded in,

- for examplecasdd ipy Nthé nspPeedl qnsttdxid gy act ual fPrisntdbg iered,he recording -

medi um P, the discharging corrector 14 in the imge processing unit 11

shown i inFdtmatdilon eststsuouthe hibefenftoirmmatd i ltebolitng e efeectdiavé.sdi schar gi ng

portion 4a fromthe storage section 12 in the print head |, and prohibits

t he defeltaimedi schaayi iy, por tilon Mesds o dilst larigiadg datikadimoM et s 3.

- Subsequently, on the basis of the information about the defective

di schar ghewn pbe t T 5n- 4b abhll bordefee@eigrd rthad hior el oo il (S Shed@ 6 mat i on

signals) read fromthe print_correction table 16, the dischargi %% corrector
e

14 contPer&iene #i ShaPQFiyl b FORK dr ot AP B 3 omAthé Lawry g portions
of ai ScHAP gRGF b PAF ESEF § het HETBOLT VRGN sthal git FOACTOM Y Tl y
appear s on Lhe 1 ecor ding npdium P.; | nLhl S S8t &nd IS Sy rected 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



converted into driving signals by the output converter 15, and is sent to
t he 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
recordi ng medi um P. Consequently, discharging of ink droplets 3 fromthe
di scharging portions 4 in the print head 1 is controlled, as shown in, for
exanple, FIG 6, 7, or 8, and inmage formation on the recording nmediumP is
corrected. Therefore, the - 37 influence of discharging failure of the
def ecti ve di scharging portion 4a on £HBe—i mage quality can be reduced, and
the print head 1 is allowed to be used even when any of the discharging
portions 4 is defective. As a result, the production yield of the print

head 1 B@ndgscﬁmﬂéa%gtew' J;@ i@%@&@é@g@n secli®hd2 d&-Prqyi ded inside the
print head 1 in FIG 11, it be provided inside the inmge processing

uni t 11, ALt geRat h¥ehy, aﬁh@xﬁé%égecéﬁﬁfépmé& nRycibe Provigiad inside an
externaF control unit such as a host conputer, or may be provided inside

Some or cghbuebrt herpei phrheadtiont ey | VRIS Progessi M ritd ot it t he
external control unit. A specific exanple of the above-described |iquid

di schar gi-pgiappanat imef 6F exanprentanchdki | ethorimigs prddedowde
described with reference to FIG 12 as a partly cutaway perspective view
and Fl Guni3 as,aaadécthenaktsirdelvpevcedningkapet. printer 20 of this exanple
is provided with a Iine head 22 that has unshown heating el enents
(reference nhoeseditgito Ftie dyims rfornmgtiedrenerites dadreadiisehar gi ng i nk
droplets (reference nuneral 3 in FIG 1). The recordi ng range of the

i nk-j et dpsicheegi2@ porsabst 4at fal byobgbatedofttre @itiehevfinhewst sif paper
21. The ink-jet printer 20 adopts a so-called PNNIéPuIse Nurmber Mbdul ati on)
met hod Bgerrékangdi ngnehdigchrsgénrdand dehsfrypbetaot sFY9®f erence nuneral 8
in FIG 2) by the nunber of ink - 38 droplets, As shown in FIGS. 12 and
13, t hedigkhpELipai REEEL2DS| RERGJERE ﬂﬁfaCHbﬁ&%S?@ar%%gm%t%@ad 22, a
paper feeding section 24d%?cg Eer delivery section er tray 26, an

2
el ectri &3ci Fe&i £X&8tEon angdi88 BATTFRRShoBsPRY g% NS % E%ed like a
t | el t l.0 8 f h f 21
s provFdess arfa & er?ﬁe%acq% R e 25 1B 0 oy S Sheni ng
29 for the % Y 126 g%u%ro%'dﬁﬂk'ﬂlghﬁaQQhﬁ f?Qﬂ fpge thereof. The
2 or

line head" udes hea Section our
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 porticens 4b and 4c 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 informatiocn about the



yellow Y, nmagenta 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 nunmeral 5 in FIG 1) for discharging
ink droplets face downward. That is, as described above, the |ine head 22
is constructed by four elongated ink discharging neans for Y, 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 notor 33, pulleys 24 and 35, and belts 36 and 37, and is
di sposed in the. lower part of the end portion of the housing 23 adjacent
to the paper ejection slot 28. The feeding guide 30 is shaped |ike a flat
plate, ardd-%idlesposedabslay bhechbneshead 2RaMbLd 8o PIogEtSrdNad space

t her ebet ween. Each of thé feeding - 39 rollers 31 and 32 is conposed of
a pair eheuppethardihgwpbri@bhens LB geshasi t¥it hr@ach Séiergiand are

di sposed on both sides of the feeding guide 30, that is, on the sides of
the trawundoadiengropeningo2Baandnt ABopaPEhechert i @NsShOtg P8y Jdetfqedi ng
notor 33 is disposed below the feeding guide 30, and is linked to the

f eedi ng 4ol (loar €c31 iandh3zgehr @ughntiheapal teys Bde aman3br anfl itie belts 36
and 37. The paper delivery section 25 includes a delivery roller 38, a

del i ver yimptlerts338, tanthegdadsshd@gednthesedreposedinareasedlesofad hieo paper
feeding section 24 close to the tray |oadi ng opening 29. The delivery
‘rol | er 3®rims deiss hawtingl by ddenetylki hdrpeal thandths dizpesed afljdeent to the
feeding roller 31 on the side of the trai | oadi ng opening 29. The delivery
mot or 39 if®riiespesedrabove tohéhdebiriaipatoprént3gniangatsoniaredtto t he
delivery roller 38 through the gears 40. The paper tray 26 is shaped like a
box t hat-h€aled€EEMTEddLeChPEPiagaRpréE;CR APur aFPRFeBReRELEK RS Ad- si zed
sheets of paper 21. A paper support 42 is supported by a spring 41 at one
end of tHE"Botfofmfac& of™t RBCHERERIt PHTPEE, CandRExHEENDSETT ofn BEF ow t he
delivery,.section 25 toward the tray.l oadi ng,openjng 29. The electric

it cut t CaBEEGRST Lo Rt b0 e BB GUAnPNEPRLAER APaJe3B S Thhtrol the
driving .of . the conpaonents.. The use _and_basi.c ration,of. the ink-jet

or i nter e Bk Rok o o BbT SR8 P EBeeBentliRec br terly. A
user dr e I 2 ray.: i nj 2 uts a
predete?%?ﬁ%% gﬁ%@%Fe%¥géﬁegfé%ggh%ggé& g¥lbg?g ?ﬁegggp%?g?r§§ 6, and then
pushes &g RARGN iAY 2hed BN thENS cPBRAE nSURRAE Im42 FBLSESpERGi Ry ESSes one
end of the paper 21 against the delivery roller 38 by the action of the
spring 4b tH sd¥drascabowkharphiingt pot-andhy 4st akem Yhenrarpti ninstart
signal is given, the delivery roller 38 is rotated by the delivery notor 39
to delivar tehehsheenhtdl Ifiheniibe papeenthians26ft ehtheatgedi agtsobber 31.
Subsequently, the feeding rollers 31 and 32 are rotated by the feeding

not or 33 ovand onlee sfidediciig thel Wwerit8l stedds thewdelinvBied Sheetd2dake t he
feedi ng guide 30. Then, the line head 22 operates at a predetermined timng
accor di ridpet ohdrtients tddtre, lasd diosskpacgeysinkhdrepieterfeoridosthaggi ng
outlets onto the sheet 21 to print characters and i nages forned by dots.
Next, tHermmeddiong orolther regospdags meRdvied -shdeergforeentiiie paper ejection
.slot 28.. The ink-jet printer 20 having such a configuration operates in a
manner SPYRUUEMCEo Ofh & Sich 2id tOndgd L eniPhg thét AdERalVShas been descri bed

with reference to FIGS. .1 and 5 to_ 8.
d%scharging portion Qa on the image quality can be reduced,

the print head 1 can operate even when any of the
discharging portions 4 is defective, and the production
vield of the print head 1 can be increased.

Alternatively, the amount of ink to be discha;ged from

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



Third, fourth, and fifth inventions will now be described. FIG 14 is a
general . view showng a liquid discharging - 41 nethod according to an
enbodi ment of the present invention. In the liquid discharging nethod, dots
D or arrays of dots D are forned by discharging droplets froma plurality
of discharging portions (not shown) in a head |10 while controlling the

di scharging direction. The discharging states of ink droplets discharged
fromthe discharging portions are checked, and information about a

def ective di scharging portion is obta#ned. The defective discharging
portion is prohibited fromdischarging, and droplets are di scharged from
the ot her discharging portions while controlling the discharging direction,
t herebyqpeduci pg L0echablvegcso£f: & sehasginge faldye.e Hf the defective

di schargi ng portion. A specific configuration for carrying out the nethod
wiill nom@@hge§§ﬁgb§ﬂot§ debabby A H bd Sidsr&dk &xplpdeth el speatige view of
a print head 110 in an ink-jet printer serving as an apparatus that is
directly. used tﬂi@aﬁéﬁ’e(}uﬁnriﬁ@iﬂl%qyﬂ; do & s6hRe @i g Tethodhof this invention.
A nozzle nenber 170, which will be described later, is bonded to a barrier

| ayer 160fcasashomnabout! €helbistRafd{ng Iborthensonzlmmdrerders 170 is
separately shown. The print head 110 is of a so-called thermal type in

whi ch achabbkd os gkaebatid by heatdbngglimkl i prbmt | ke ehentiem EXbus t h
heating resistors 130 and the ink is discharged by the energy resulting
from t hehgedefatitoneoflishbababbyepoifheon 4a42 print head 110 includes a
base nenber 140, the barrier layer 160, and the nozzle nenber 170. The base
menber |40 iMetreduzeal Seprtandurtiort substnmesgttel droGlvade tdfe siekitcon or the

| i ke, and heating resistors 130 (corresponding to heating elements in the
present AL AGBALPSAY PPEELPNEatBdaBA bRelsurhareedfte hondim eondirt or
substrate 150. The heating resistors 130 are electrically connected to an
ext er nalFR€i FEGPETt AfolkBh dreBhabdt P veC port FHRCRr MBS Hel®He Fui™etf on t he

sem conduct or sybstrate 15Q. The barrier |ayer, 160 is fornmed, for exanple,
by, appyF A oPnECottr ABI EOPYSPEF nfPESRSL 3 G- PREESR ot 2l 9ok (&t of the

senicongﬁgtgga%u_%Erg%edégo '%hrﬁhg heating re istgrs 130, gpd renovi ng

unnecessary porFlons heP&fr m by"a p%%?%f??%%gf%pﬁl% Procesys
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 8c 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.



The nozzl e nenber 170 has a plurality of nozzles (discharging outlets) 180,
and is fornmed by, for exanple, nickel electroformng. The nozzle nenber 170
i s 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 chanber 120 is defined by the base nenber

| 40, the barrier layer 160, and the nozzle nenber 170 so as to surround the
heating resistors 130. That is, in FIG 15, the base nenber 150, the
barrier layer 160, and the nozzle merBer 170 form respectively, a bottom
wal |, a side wall, - 43 and a top wall of the ink chanber 120.
Accordingly, the ink chanber 120 has an open face on the right front side
in-FIG 15 andetheropery, face aumunicates Vi t kian drdenghamnehx( Ret shown) .
The single print head 110 normally includes a plurality of (hundreds of)
heat i ngpeesgiistBaggdd0frandthakd chandes snd 2o condms Mimcaidiesdeat i ng
resistors 130. In response to a command froma control unit in the printer
t he heabbry saskst orsthd0darecsetvectiyvyehyrgpes apecticon dischar gehd Nk in the
i nk chanbers |20 corresponding thereto fromthe nozzles 180 opposing the

i nk chanbebsrld@. dIkahargingnkhoss stipprekd hapmbanalndkriaidd  not shown)
connected to the print head |10 into each ink chanber 120. By passing a
pul se cumcertsedr dnghkaghhéatengfresi shagel B0 ba fhonédk chameks |20 for a
short period, for exanple, 1 usec to 3 usec, the heating resistor 130 is
rapi dl y cheat egpringiagr ésuberfarbedbibile prodtceafdpmatpar takfuthe ink in
contact with the ‘heating resistor 130, and a certain volume of ink is
pushed &hgy ddychrpaisbonostirhe Hhbpne ¢rnksbeneryed ConseidrIyS a part of
the ink, which has a volune equivalent to that of the pushed ink and is in-
cont act Ofi fthet REigdrePTdpt FRLArBRRAPHAPEE L atliR oPPEECEI B t he nozzle 180
onto printing paper to forma dot. In the follow ng description; a

" di schalfgiSrg FgﬁbﬁorFéPEréato a portion constituted by an ink chanber

120, a - 4 heating_resistor 130 djsposed inside the.ink chanber 120,
and a nozzleﬁf§5 ﬁP%ﬁggéﬁa%iyth%r} k %ﬁéﬁﬁﬁﬁtﬁgﬂléhﬁﬁﬁ(%Q§ Qﬁ%} print head
110 sho in _Fl plural ity of _di i i nged si de
by side%ﬂfﬁ%aﬁpﬁkglﬁgagipﬁﬁ ﬁgsggad¥gc%§rﬁﬁﬁggé?rggt?@%iggﬁéegééﬁg nmeans
for contQl L aghdg £dis qqhia&g?ﬂgtg' £8CHEOR; QbnhRKedr PRLEL Brod NEs

di scharging-direction deflecting nmeans defl ects the discharging direction

of an i nk wdneplel Wisschanged kboasatpozzke §80sSpat/nay Lheikmkieropl et can
| and on or adjacent to a landing position of an ink droplet that is

di schar ged-dgromnam agjcacerincnezzbe &8@swit Houthehebbgodeihgctedchdhe
- di scharging-direction deflecting neans has the follow ng structure.
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 8c 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 pfinted by the discharging portion

4c. In the third line L3, dots 8b having the normal

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



FI GS. 16A and 16B are a plan view and a sectional side view, respectively,
showi ng the arrangenent of the heating resistors 130 in the print head 110
in nmore detail. In FIG 16A, the nozzle 180 is shown by one-dot chain
lines. In the print head 110 of this enbodi ment, two heating resistors |30
are di sposed side by side in one ink chanber |20, as shown in FIGS. 16A and
16B. That is, one ink chanber 120 includes two split heating resistors 130.
The heating resistors 130 are arranged in the sane direction as the
direction in which the nozzles 180-aZe arranged (rightleft direction in the
figures). In a case in which one heating resistor is vertically - 45
split into two heating resistors 130 in this way, the length is not

changedg byl 1g M &1 néBoPal yesh r THRILTHE nd M T @BI2ANGE 0l the heating
resistors 130 IS doubled. By connecting the two split heating resistors 130

havi ng Hhendoabhe fRSi §18PELrdh$eideSiont M F esl o anedhd:rs Guadiupl ed. In
order to boil ink in the ink chanber |20, the heating resistor 130 is

needed tg bBabeahednbyrihec apphé ceti onr®ftide giateih QUrMeentlo Thicks s because
ink is discharged by the energy of boiling. Although a |arge current nust
be appl edhabengt hedieseséanTerdsr | Ohen i Tike aedrnel kiidned-an tdrea snal |
current by increasing the resistance of the heating resistor |30, as
descri bediabedeby Consediieohé ygitdepstziowfdla, tarahsist=ordd dravapg yi ng a
current can be reduced, and space saving can be achieved. Wile the
resi st ahbe vanmbdt dhemetsedaby peiutedgoy hehe hlickatessyiofg thver theat i ng
resistor 130, such thickness reductionis |imted fromthe viewoints of
mat eri akcand strength (durability) of the heating resistor 130. For this
reason, the resistance is increased by splitting the heating resistor

wi t hout redut? ngihe"ahi cddles P |3t Ead@VimaMd AR ORE SHlRMEtR&at i ng
resistors 130 are Erovided i n_one ink chanmber | 20, ink simnultanequsly boils

on the BRE REAPFRTPEY| BFPEC43670Y EhtsThESthbiMedtt ni ridlt stoY'e* 130 to
reach the Leppgrature for oLl Lpo,ink; Lo the, sap L dbusple generation
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 gquality can be reduced. |
The above-described correction of image formation on
the recording medium P 1s generally expressed as follows.
Herein, A, represents original print information about the
defective discharging portion 4a, and B, represents
corrected print information thereabout. A, represents
original print information about the left-side discharging

portion 4b, and B,1 represents corrected print information



- 46 droplet to be discharged in the direction of the center axis of the
nozzle 180. In contrast, when the bubble generation tine is different

bet ween the two heating resistors 130, ink does not sinultaneously boi
thereon. In this case, a-discharged ink droplet deviates fromthe center
axis of the nozzle 180. Therefore, the ink droplet |ands offset fromthe

- landing position of an ink droplet discharged w thout being deflected. FIG
17 is a graph showing the relationship between the difference in bubble
generation tinme between the two spki27heating 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

bubbl e j ti j .Qi_Ng l,e.of- ink.droplets.in the
v-d rtec??%%?ﬁ%’ﬁﬁés ?ﬁﬁt%édfgﬁg%%gw? e fzi’l%&dtl_%gog;ﬂs%gpaﬁﬁaatgy )
conput e I Py LQE : - di on._r [ a direction
in whi crﬁhﬁhgylﬁgzzlgggelgbg ar%P%%%%giﬁt%%ﬁeﬁbagtﬁggnfésriegrgrsgngfgo are

arrangedosi-detby pLeg}, 1ARIrHLe: Yl £8ction,efers to a direction
per pendicul ar to the Xdirection (feeding direction of printing paper P). In

both the X- wiéh Yeshrestianss haiand & sheus d e Atk +0h rofifget of a

di scharged ink droplet fromO serving as a direction at which the ink

dropl et tbshdi aebangededi £homt the -dAdchdehNgy dedHecdedip A, shawn d@ FIGS. 17
and 18, when there is a difference in bubble generation tine between the
heat i ngsidsi sfotheldefethevdi dibargirggngngbetobni Ak dnophets dewi ates.
Accordingly, in this enbodi nent, this characteristic is utilized. That is,

t he di sehathengumhgkeobfdisnkharophetshetdevhatetirdny, farmiawtaal di fference in
bubbl e generation tinme between the heating resistors 130, thereby

cont rol Pragtt hefdrwehaeyi hy ekreesson. aWidlisfzrence to FIG 19, a
description will be given of what degree to which the discharging angle of

i nk dropl et sdeEChEVadiisthergimaGrortion dasectBroral si de vi ew showi ng the
rel ati onship between the discharging angle of ink droplets 60 fromthe
nozzl es 180 of the nozzle nember 170, and printindtpapéisphargedl G 19, the
di stance H betwee ,tﬁg}leading ends of the nozzles 180 and the printing
paper Pis ajg%%excﬁ]ﬁ? WHRDHYIF P n nor malBrink: j@e-priPat ers. Wien t he
resol ution of.éﬁe @fégﬁahead 1101ys sef at 600 dpi, the landing interva
(dot interval 9o THETHICHIDHB S B 1% gi ven Bast fofPtius: 25. 40 x 1000/ 600
~ 42.3 (um j : t.ne . discharai ng direction.of ink
droplets 60 @?%I?nwg%c%cﬁ%%z el@ig%c}]%qjc iﬁlgcerge,a eo%hexgnﬁluél,t for]lf éﬁ“é‘ht st eps by

def | ti hg; di i s . - r'- t.s 60. Wh it
ef | ect kpgpthg: dbasharai pooanghe &f éﬂ&?mgg?o mﬂldzfdrppdrrg the en it is

assuned that ink droplets 60 are vertica scharge m ei ght adj oi ni ng

nozzl esri§ft, s18026f. the AS8BScPIOVi dedeih Hrd Ny NOFZ! £ e el ohAD 1 t hout

defl ecting the discharging angle, and that™ positions on the printing paper

P on whirh.the bpktHeophebsr 60f | @nskns ey des gnsted Hdr40-d#8, the
di scharging direction is changed so that ink droplets 60 discharged from

each nozereet86d poinexanPdenati mozzd eedBbOssdédngk ofotherei ght | andi ng
positions DL to D8 on the printing paper P.

defective discharging portion 4a .. B = 0

{not discharged)

left discharging portion 4b we Bn-1 = Apa

right discharging portion 4c we Byt = (Aps1) 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



By thus discharging ink droplets 60 froma plurality of discharging
portions (not shown) of the print head 110 whil e changi ng 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 formdots D or dot arrays D, as shown in
FIG 14(i). The discharging angle shown in FIG 14(a) is designated degl,
and the discharging angle in FIG 14(b) is designated deg2. The di scharging
angl es in subsequent figures are simlarly designated, and the di scharging
angle in FIG 14(h) is designated deg8. ~-The above-described print head |10
is aline head that adopts the above-described PNM net hod, as shown in FIG
20. The print head |10 includes head sections for four colors, yellowY,

Tagent ach6ye8d Cor 80 DhaGlnd 1810 S SAOSSH 89 LA [e n0zzles 180 for
- or p

di scharging ink droplets 60 face downward. ain explanation, a

description aéfdcterdideititfrA p s A higgh,  for_eyanple, only cyan ink is
used without using yellow, magenta, and bl ack inks. A maxi num of seven
droplets of one color can be discharged from each dhschasghpggeytion, and
six or less droplets are discharged to print one éot D on the printing
paper P. Theleiurhersafantyiont eicrdikat 4or m one. @yan=dqia, canabe changed from
zero to eight by the PNM net hod, as descri bed above. The anpbunt of ink to
be di schar gedidlst stitsctardiorg exartlosy, 43 5 pl .. BR,.t Be (kgl.hoew, ng descri ption,
i nk droplets 60 are discharged in response to PNM signals serving as
dropl et di séHmmyiony sigriairs.1isA mgdeyitng aliteirmg thay tiherbieesst thek dropl et 60
di scharged from each di scharging portion is designated PNML, and a driving
timng #8PURhecSetdhdte nike ddbptlearBol | Erafesilgnatiet RN nSyleeadwent ti m ngs
are sim]arly designated, and a driving timng for the seventh ink dropl et
60 i s d&Bi Yrat o8 PRVt s kdeh @f stke e?,?e%:‘fsihm/wdiiaﬁﬁlr@ir@(p@)r,tijonk
droplets 60 are discharged froma nozzle 180 of the print head |10 onto
printingapa%ﬁrt?es%?ﬁ?%ﬁ o5 YL FHRFH MY TR UAR 19Rahildneasés t he
discharggd i nk g Ie#s 60 §$rea in the directions Sto formone dot D, as
shown i A FI'G*2 ?: heT@For8-C1 HF G iz et o e 198t 15 Geadiesisey @Scr eases
dependi pg, pf,L he nunber of the ink droplets 60. FIG 21 shows the
relationsﬁlp etween the nunber of droplets and - 50 the dot dianeter.
The dot dianﬁgeqk%pqpqﬁ§es from approxi mately 38 umto approximately 79 um
as the nunber "of roﬁlets increases from1l to 7. Wen the nunber of
droplets is four ge& : A : 0} .. di ter, i s approximately
63 um Wth referen%g%?gﬁgﬁé?cgé?bégéégg%?g??o%amf?ﬁfbe(biven of aliquid
di scharging method in which dots D or dot arrays ar&.fQroedspy.4) scharging
ink droplets 60 fromthe discharging portions of the print head 110 while
changi ng the di stkatgidigctbigehyopoantdonwhibe changimg,theadiameter of the
dots D by the nunber of ink droplets 60. FIG 22 is a table showi ng the
rel ati onship betwéghtddtiscbBa¢Binyopb8ribor aed by PNb,,and(Ahe) di scharging
portions for discharging ink droplets 60 to formthe dots D. In a known
type of -a pri4it Bvead 131@ t hat does not change the di scharging direction of
ink droplets (see FIG 25), ink droplets 60 are discharged fromthe sane
di schar gi ng port Pé&sctigm thechprrging PPRfhon PNML.-tB, t=he driving tim ng
PNM7. In contrast, in the liquid discharging nethod of this '

_ (not discharged)

left dischafging pértion ib we Bpnoa = (Ap-3) +A4
rigﬁt discharging portion 4c — Bn+1 = Aps
Although not shown, when 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 is increased according to a



invention, ink droplets are discharged fromdifferent discharging portions

. to formeach dot D, as shown in FIG 22. That is, as shown in FIG 14, ink

droplets 60 are continuously discharged froma plurality of discharging
portions (not shown) provided in the print head 110 whil e changing the

di scharging direction. The first ink droplets - 51 60 are discharged at
t he di scharging angle degl (see FIG 14(a)), and the second ink droplets 60
are di scharged at the discharging angbe deg2 (see FIG 14(b)).

Subsequently, ink droplets 60 are sin¥larly discharged fromdifferent

di scharging portions to formone dot D, thereby changing the dot dianeter
by PNM More specifically, for exanple, in order to forma dot DL in the
ﬂvth'll?ﬁveﬁnfhaEtgaﬂplegrkgcéééCﬁ@{g@d&ﬁfé&ﬁéimbﬁnﬁgﬂguﬁhégkdangg<3n
(nozzle) 180i shown in FIG 19 (hereinafter, the discharging portion 1801
wi |l bergbhhrgui.ated as "DPl" in the table of FIG 22, other discharging
portions are simlarly abbreviated) at a driving tining PNM, an ink
droplet is dischetoes d1oemdRyih@rpdheideida sidg ef othe DP1 (on the |eft
side in FIG 19, nozzle nunber is not shown) at PNM2, and an ink droplet is
di scharged fromDP-2 on the left side of DP-1 at RNMB, ddschhegrdin FIG 22.
Subsequently, simlar discharging is. perfornmed, and an ink droplet is

di schar ged frefit DPiéclatr PNMY. pdmtidn stlmay, i nk Bropl etfs-ar& [@inscharged from
the different discharging portions at the driving timngs PNML to PNM/, so
that a dot Diighttéésdhahglimepdstiored. | n-orkler =t olFermYa(2ddt D1 in the
next B-th line, an ink droplet is discharged fromDP-7 at PNML, and an ink
dr opl et whergi Edhar gewd f ¥ 6fn) DRIt catf upvR onisn©& Aanner different fromthat in
t he above-described dot D1 in the A-th line. - 52 Subsequent]y, '
di schargi ng 8 a3nWi Par e pebeorndes caiPhrimedriciiset G rEcd@thr ged from
DP-5 at PNM/. In this way, .the c¥cle in which tre di scharging portions are
i nt er chRAg8¢ 4848 RGE1e8r (dBBERITPEMEREOPNRICYRI®) THY &P%ase in which the
cycl es corresp%g% to each ot her, . _exanpl when dj scharging at the

fQqr _

dri vi ng EiTHeAG T PRVL COSRECTGEs SCRF G Pay OB g%fsef?T? Tithe dot DL in the
A-th line_ to the.dot D1 in.the .F-t Lne_are f y_.i l ets
i schar 08 FFOMECHE Sane i BonaFGPAG por Fronty Bacoh 5 s TM8e 330 (see
FIG 26) i k : pear .t he phLNt ] e I e
above-déggﬁﬁ éd%k%qgﬁﬁagiggﬁgggﬁ%g ﬁg?hédkﬁg gﬁ?c%°£%f’2$$%y§l%? %%ts are
formed bydissghangingd nis digpl eksohnemhbhe discharghng, posti onssof the
print head 110 while changi ng the discharging direction, first, an actual
pattern ibhathiicpdinaatgs ibike kdhsehaggangustatestehsiok Higpbetsh®Q from all
the discharging portions is fornmed. For exanple, an actual pattern is
print ed tGmwspr ot iot@epaperksP iky udiesichar ginpgoirakcdeoptets GBafivm the
di scharging portions in the above-described PNM net hod w t hout defl ecting
t he di sdangiang dior eptieanl widet bins pcaseinwhpapthe | ikedebptret sis0 are
normal |y di scharged fromall the discharging portions, a normal pattern is
formed iowder meagehfiems g beddicon refuillie prpaei Agrpapéenpshant@ovgh not
shown. In contrast, when any of the dischargin% portiaons is

corrected in consideration of the way of spreading of the

ink.

The aﬁove—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 By1, Bp, and Bnw: about an

odd line and corrected print information Bp-a, Bn, and Bus



- 53 defective, ink does not adhere or insufficiently adheres to the
printing paper P, and therefore, a pattern including white stripes 330 (see
FIG 26) or lightly colored portions 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 forned by the
above-descri bed manner, whether a defective discharging portion exists.
When it is determned that a defecti wé di scharging portion exists,

i nformati on about, for exanple, the position of the defective discharging
portion, the anmount of discharged ink, and the nunber of discharging shots,
i s obtai Eqr : Notboh S e ; -
(discha?%?%& Sgrfsgﬁn?§ﬁ§h§€E FEBE?Gféﬁggggg?%gg%d&gé?ggﬁﬁ%g;%%%??rﬁluence
of di scharghhdthahl WL§ appeaisq .| et W NG AdJTing sBNWML 19y, 4@ ;dot D1 in
the A-th line in FIG 22, the driving timing PNM@ for a dot D2 in‘the A-th
line, t@@;a&hwbngfthnhmaePNQBcaegeaté@tb%ft&@_1Iﬁéé¥é$&£é§§bndin and the
driving timng PNML for a dot Dg in the Bth line, and so on. In %hls case,
lightlyteehered panticaest3bleshapednlkerssri peis deswidcd 3 acprivat ed i mage
(see FIG 27), and this reduces the quality of the printed i mage. The

obt ai nediischatrgeti aroaboit thecHetbgchyveodt sehar gi age peiidw®od, iSostored in
a storage section - 54 provided inside the print head 110 or inside an

" i mage peseegdiengOumot 8210 . (FI G 24) which will be described later, or is
stored in a storage section provided inside an external control unit such
as a host cofiputerdigrtheraatgverylutdhaendaforttatt orwtheEynkelsidregts in st or age
sections provided in some of the print head 110, the inage processing unit
210, an@rehéiegherdgad &samr shyuaift thacdor dhayains tihertido: nhtdnthe he

def ective discharging portion 1 is prohibited from discharging, new dropl et
di schar §FAgtsgaall & arRet§enabaveddescreatitent hehe ipreeeee PEVeRSERar gi ng
failure . of the_defective discharg%n portion 1. By continuously discharging

i nk dr opfefdtf Fof&HoZ2l &9FB0( 199901 £ 1 2 BNt 2RR bhT ke deF et i ve

di scharging portion 1 whil.e controlling the dischargin jrection according
to the %8 dropl” ﬁcgi%ﬁgagﬁpﬁge%Fghaﬁéchﬂﬁg%?aﬁﬁ?%ra%g %bﬁ%bffg%n%hanged
~to redu i pf o f.dis rgi failure of the defectiye discharging
por 11 onPr= P A L4 Butea et ERE LGBl S0 OF e Fev e

(di schargingnpertbentd) ;shawn iR i Gn19nks thyesnt he; Lye
di schargi ng gbrfion 1 ig prohi%?tehg%rpﬁ1%i%% aﬁgi%g,l%%gg}%ﬁﬁgg%%¥ets 60
are di sehamgedyf BeRcAadb36Rap8rRgcROLt i ONoALE{ gL ente fL oML ey def ective

di schargi ng portion 1 according to new dropl et discharging signals that is
gener at edn@let.h reference to a correction table shown in FIG 23. FIG 23
shows a correction table that |ists new dropl et - 55 discharging signals
to be generalerdatoasenbrewhheni nhk ueneel ofs 3 stihadtgiged adiddid & of a
defective discharging portion, and is created beforehand. FIG 23 shows a
case i ndgfiechiviheddissbhapggnggppottbondd saodnouns H& t122 aklaedletdi ve. As
shown in FIG 23, droplet discharging signals (PNML to PNW) for dots DIl to
De fromredaoA- eh sorEcphdingenediamcRangkedyi deviaee foomesol ve t he
influence of discharging failure of the defective discharging portion. Mre
speci f i B&FApLerpinedafpirectinner defl foWhbEm atripe is formed on the

recording medium P corresponding to the defective
discharging portion 4a, in a manner similar to that in FIG.
5. In a case in which the amount of ink discharged from a
defective discharging portion 4a is outside the allowable
range, it is less than a predetermined. amount, and a lightly

colored portion is formed on the recording medium P



60 at the driving timng PNML, the droplet discharging signal is changed
fromPNML to PNM2, as shown in FIG 23. Consequently, an attenpt is nmade to
di scharge an ink droplet 60 fromthe discharging portion 1 at the driving
timng PNML, and an ink droplet 60 is discharged fromthe di scharging
.portion -1 at the driving timng PNM2. Since the defective discharging
portion 1 is prohibited fromdischarging, as described above, in actuality,
only one ink droplet 60 is discharge@ilf+omthe discharging portion -1, and
a small-dianmeter dot D can be forned. For exanple, in order to forma
smal | -di aneter dot D2 in the A-th |ine by discharging only one ink dropl et
60 at t Lving. tim - _dr opl et. _di schargi si gnal_.renai ns PNML.
In thi sggragée%ﬁ{%ﬁ%%%é %5'19%15%‘2%@ %%/J‘%Vgéch%rsgﬁhnagﬂgglﬂ I%ﬁ:e |Or11]kgl§r g&oé‘rtn 60 from
the di sghaggingsportion 2, which is not - 56 defective, at the driving .
timng PNM, as shown in FIG 22. In contrast, in order to forma dot D2 in
the A-Lh I nghiye diRChRIGIN0 Jva i gRlets 69 catebhieadrivbagoL m ng

PNM2, the droplet discharging signal is changed from PNVM2 to PNM3, as shown
in FIGp23s Consequesd|yy mmink cHoplifdySQdse.dinohar gad, fa grpithe

di scharging portion 2 at the driving timng PNML, an attenpt is nade to

di schargea@nh&fkn@r Ops eha H§idd a5 thienrth SChat MR i kainddhe driving
timng PNM2, and an ink droplet 60 is discharged fromthe di scharging
portionthd atstherdinyiagothtia BB, tias Showhidifg Gnoddat Imaee he
defective discharging portion 1 is prohibited fromdi scharging, as ,
descri betsabbveayipe actwatdolyed a dottddeaini el +f oruTed dmowditsedrarigikng two i nk
droplets 60 fromthe discharging portions 2 and -1 to forma dot D. Since

- dots D9meyohethenprohled IFytdh domsisnalrieorf orfmstiMartb uthedirsotrardyiofy i nk
droplets fromthe defective discharging portion 1, as shown in FIG 22,

dr opl et clpBehag gihy 41 gpad 59 IPNMINQWITPNMY) are not changed. As descri bed
above, the influence of discharging failure of the defective discharging
portion can ‘bet¥BES VEF MP BRI FEOGIIRF UG Sehangilig ek o8r dpl ets 60 from a
di scharging portion different fromthe defective discharging portion 1

whi | 6 cRENGPAG: PREn B SRHAT gF iy RRTXELT ofPEorailng U tHeW dropiet

di schargj ng si.gnal s ner at e jth reference to the correction table shown
M H G 2539 T a0R S AL E G P B M Bk Aibh e see FIG. 27 do

not. T emgi.0cOP, AP Bl LORgEn 2008 (12l 1y RN famge pan be for e

. - I1 .
~While the reduction’in quali apri i ndge 1S Pr evented by removing

the inflysneg:Qt 9&99@@9&9%@1&5&&%%&%@0@ iraé;gataﬂ%asnﬂ}ggg ng portion

at all the driving timngs PNM to " PNM7 In t € shown in

FI G 23fog0ekeabioN SRYiRR- 1B Whene+ heddfidience ] sRafd igularly
prom nent. That is, new dropl et discharging signals may be generated with

ref erengecbodihg eeaieatbpniiadhery whengtdgdiamigr 0f a dot fornmed by
ink droplets discharged froma discharging portion different fromthe

def ect i peudadthar gf ngipohstr@ing gkest idres mhiangpiad Ut drscliase to the
m ni rum val ue, for exanple, at the driving timng PNML or PNM2. Wile
di schargenagrfiangunedimeans Thatimpge nkodwiop) edipdbfhtus 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

dischafging portions 4 provided in a sheet—shaped nozzle

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



are discharged fromany of the discharging portions of the print head 110
in the above description, the present inventionis not limted to such a
case, and is also applicable to a case in which ink droplets 60 discharged
from any discharging portion |and outside the allowable region on printing
paper P, -or to a case in which the anmount of ink discharged from any

di scharging portion is outside the allowable range. In a case in which ink
droplets 60 discharged froma defective discharging portion | and outside
the allowable - 58 region on printizng paper P, they deviate froma ‘
predeterm ned direction, and lightly colored portions are fornmed in a print
image, in a manner simlar to that in FIG 27. In a case in which the
amount afy dnnl fdirgehangedabbeayapdet echkve ghé%aég'%gd;{)%ﬂé?gihg out si de
the allowabl e range, it 1s’less than a predeterm ned anount, “and lightly

CO|Oredo@QT@toﬁsf%&%eﬁoﬁﬂeﬂh%nnBQQ%Brh@&ﬁ@g papgeraPs gLLppygh not shown.

VWile the anount of ink is controlled by discharging ink droplets 60 with

PNM i n themzhbeve desennpt k@na bRidiphl Bilehead h@yiﬂgagiﬁghéﬁaing portions
each of which can change the discharging amount of ink, tThe discharging
anount @i sichle righ 3¢l finkaY nbencenkr ehhfderonnbhesasRENt Of Lpk-ggy be
controlled by a conbination of PNM and the nethod of changi ng the

di schar gieng iamart isApdestdiedt ianidel thbepginennefdall tqguidedk sehar gi ng
apparatus relating to the above-described Iiquid discharging nethod as

i nvent i eis chelratingg sttateke ofbdué- despi.ebed3| bquitHe dbsshar gt ngctreéhod
(sixth, seventh, and eighth inventions), with reference to FIG 24. An

i mge f GaftegnspFaratud 'sewhiiny asdtihetki gheddissohaggnogsappasavtis is, for
exanmpl e,  an ink-jet printer, and forms a print inmage on a recordi ng nedi um
by di schakgiddgnlsiesdBoprems afiiome pharhpreynofrdirsthasgling portions
provided in a print head onto the recording nmedi umwhile changing the

di schar §i%fg SfPrecdingnto an sRagerépPEmipegregimn e 2ahet hecPrAHRIf or ni ng

appar at us j.ncl udes %V%rint heagd 110, a, head driver 200, and an inage
process?Wﬂ#%ﬁm £ 2P8 Fhe SpPERt L1RESE™EEH°RcERaPFyadfi8ERGEYER i nk dropl ets
onto printin aper P _serving as a recording nediumto print_characters and
i mges tl@F@%ﬁglgﬁdpﬁgilgnpl%faﬁ??ﬁrégeaigéﬂgrﬁ?ﬁﬁrﬁB??iBﬂsFﬁﬁﬁviBed ina
sheet-sQ%Ee% nozzl e nmenber 170 to discharge ink droplets 60, as shown in
FIG 15. Each of the discharging portions includes a nozzle (discharging

outlet) | 80 bALMEGabnatigeRozg! Soepbel &0, a2l & Neating gl anent | 30
or d di schargi ng

serving as a driving el ement heati ng an I'n"an ink

chamber neet 1SheWELtch1850624¢186C518A2230rksmPERYI S8 b Nsldectbengri nt
.head 110 to check an actual pattérn which indicates the discharging states

of ink dmapl atis GBiknomiall beheedcsehangingepOr bha@nsuppndihg Sk0L84
i nformati on about a defective discharging portion. The head driver 200
cont r ol ©FFhe idmatisngoaf drheipg rbnhead td0thy Heisbi ngadriving signals from
t he i mage processing unit 210, which wll be described later, and supplying
ON and OFF sThmalimafierpdecesagngomiol 11 cptdeepréntedieachd 1Dy 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



The image processing unit 210 processes externally input .inage data,
converts the data into head-driving data for driving the print head 110,
and sends the converted data - 60 to the head driver 200. The image
processing unit 210 includes a signal converter 230, a discharging
corrector 240, an output converter 250, and a print correction table 260. :
The signal converter 230 receives externally input inmage data, and converts
the image data into nultil evel data having a nunmber of colors and a nunber
of levels in accordance with the perfyg mance of the overall liquid
di schargi ng apparatus by perform ng, as necessary, data deconpression,
rasterizing, scaling, color conversion, limtation of t he anount of i nk,
ganma caqr 0 corr ctlon suc error fu3|on on the basis
of pri n%gcc?c%irrrae wr%tth nc‘lil §e§ S&MMERFEA° ?rrﬁé@ PH?’ﬁﬁt-L ohifBde or the type of
a recordj rintin aper The print informti such as the
i mage fornat #%%Q&, &aﬁﬁ% Eypgeré%ﬁpﬁﬁpln85p888?88P§y30ﬁ€FPnes added to
a heade@églﬁﬂ% éygg i a nes dlrectl supplied from
O Q%rﬁ%&%g ggalﬁpés §B .

an input pan not shown appar a a8éeIRt rch new print

i nfor matyi;on d-5 001 & 48R LdensaRR %g%oaggﬁggncg§agg$%ohn Lhe, previ ous

print operation or default I nformt e use e dlscharglng

corr ect (for24Q-tiRputsh drhe smehtbhewels rdat g copyert,gd converter
230, and(%orreéis t he daﬁa gb that the |ﬁfluengggo?géﬁ B?Egkfallure of

a def ectinfrdiaxchar ghueg per bi eB1Lctsae ikhGe %g)cmaeighymeegeékstﬁe the
printing paper P, on the basis of information about the defective

di schar giyige pof td arecbricaad fieanuhhe Spekagensephpen) 220The bbgnerl nt head
1 10 (e.g., the position of the defective discharging portion 1 and the type

of di scharfgimg thiain urelchard phientmapbofoRinkonohi nege haamahioaysignal s)
read fromthe print correction table 260 which will be described later. A
menory A0 Hxsirprio dedeim tise sdinethaegi Bgdedr techone246rt ofsthee

di scharging information read fromthe storage section 220. This all ows the
dlschar@ﬁﬂ?ﬁr#%%ﬁhﬁbd@ft@nﬁelﬁeaémﬁt@mﬁshélSEotagessppﬂned 226maad st ored
in the menory 270 when the print head 110 is nounted or the power is turned
on. Therdfdte Papied dinehalginyg PAf 6PraePBATABES - nolnneedase be read from

t he storage.section .220.in every operation, and can be normally read from
t he nenﬁ%ac§7@ewTR§l@Jt6@?058ﬁ$gPPe95259tfEHE?PGnEhasSaﬁeoutput converting
nmeans fqyép%%%%gg ng n%]tllevel data corrected by the discharging corrector
240 into driving “Si §ivals foﬁntﬁgehgﬁavaPP§ePr266 ORRi2b4PPut OEonverter 250
Convertzk%ﬂﬁﬂﬂyl%g%ﬁ%%%;%%tﬁa'”ES SNe?nd OFF signals for actually driving

t he hea river rint ¢érrection table 260 |lists and stores new

dropl et di Scﬁﬁégaﬁgcﬁhggﬁhé gsperated 19 {{g@g&%g por ma&@@v& oAy

discharging failure of The defective disc ion, desteri bed with
FEferQHQQn&%rEb@SbyQ%h%ngléﬁal 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



- 62 The liquid discharging apparatus having such a configuration operates
in a mnner simlar to that in the liquid discharging nmethod described with
reference to FIGS. 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 discharging portions 4 in the print head 111 0 correspondi ng
to an image form ng region on the printing paper P is printed on the
printing paper P by discharging ink daoplets 60 in the above-descri bed PNM
met hod wi thout deflecting the discharging direction. Wen ink droplets 60
are nornal ly discharged fromall the discharging portions, a normal pattern
is prin i e.] o I region.on the printin aper_ P, al though
not sho&ggrggtégn%?ag%?gg %% %%% o1 ¢ égd}%%hﬁﬁiﬁikfFﬁﬁ??oﬁgg?éuﬂ%fective,
a patte [ ri n, % he | ot p P.: i which ink_ _does not adhere
at all %?Oggﬁgrgggﬁggﬁf%%bieﬁ%%% %ggéﬁgpﬁﬁ%i?kféﬁf¥$%9%e %ER?T&?%ﬁ%mharging

por i Oncoand Wbhhersbal pgs 33038, FLG 0R0); Ofud ghtLyy cal aped porti ons
plets

are formed. Then, the discharging states of 1nk dro are checked on

the basismebyt he priAtede act Ut PaLE ef N s apsl it er SRt {0 e;%?f%!én 1‘242‘8 o the

defective discharging portion is stored in the storage s

print headgn2dlon.- BBershomd; ine Fhlacrérgile inF ORI ON dded udes, for
exanpl e, print information such as the position of the defective

di schargiend por beoneaa@ntlrdhetitk seber gidgs & Of imkevdhe information is
recorded in, for exanple, shipping inspections. During actual printing on
the prinpengtpaperakd tae lok schangl hg cedd ebt@n 240 remdhe inage processing
unit 210 shown in FIG 24 reads out the information about the defective

di schar gi ng Peg téwiput (seweRltGr 22 ffurgrmitdmes stsormagesgatti on 110 in the
print head |10, and prohibits the defective discharging portion 1 from

di schar §PRAYSF Rk dr 8phes sfoSubweprehinty , moht i hevdasistofcdheedirddrbgat i on
about the defective discharging portion 1 and corrected print information
(dr opl et8i SERAPF ARG GHAT SCBRF vihglrise | deljel Horeeanars sfgnails) read from
the print correction table |60, the discharging corrector 240 controls the
discharﬁ?ﬁé BFiVRk of opl Bi% %EWH?FNE?H%&%%#EH%% HOREe RS g ferent fromthe
defectiyve,discharging portion 1 so that the influence of_ discharging

fail ur emg%gf‘figvﬁ%f %%?’? Ve s@ﬁa‘? N pot1THH AL 1R A Hbbeard B ihe
printin a P j$ state, the corrected print information is 250 15,
and is g%%tﬂgédtﬂgl e£gi%?iver 200. The head driver 200 supplies the input
driving signgls ﬁﬂ_ﬁ@ecoqrfen}tlr&%ag:a%&% ¢ GQRLIol, an s%%tr%%! RYJ nting
operation on the printing paper P. nsequently, as escri bed with
referenggaye FbSSat22n abthdds cordéecddkedronlats G0 are-disgharged from
t he di scharging portions different fromthe defective discharging portion 1
whi | e changhaggihg ohsThes Gimorih necdi O ACCOri g tQnddhe fYdDi+dd3f or mation
as new dropl et discharging signals, the influence of di'scharging failure of
t he def ettnabsdischilegidgf potrivoniischesplnmehoBiihb 4 i4Hd i4mge on the
printing paper P is corrected. Therefore, the influence of discharging

fai | ur edoachheginmgeoquading yilzamdel s envetth anididhe-Haddds hgade 11 0 can be
used even when any of the discharging portions is defective. As a result,
the proBld€ti oh, yieldevfrilbed prith heferdrid: can BESSntarced.10Mi l e the
storage section 220 is provided inside the

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,

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



print head 110 in FIG 24, it may be provided inside the inmage processing
unit 210. Alternatively, the storage section 220 nmay be provided inside an
external control unit such as a host conputer, or may be provided inside
some or all of the print head |10, the inmage processing unit 210, and the
external control unit. The above-described i mage form ng apparatus, such as
~an ink-jet printer, serving as the liquid dischargi ng apparatus can be
achi eved by applying the imge form ng nmethod described with reference to
_FIGS. 14 to 23 to the ink-jet printet>shown in FIGS. 12 and 13. Wile the
enbodi nents corresponding to the fourth, fifth, sixth, seventh, and eighth
i nventi ons have been - 65 described above, it is to be understood that
the inveplion bp ol digpiod 19 dhe diclared ebiqmny po i ddie ccont rary,
~the invention is Intended to cover various nodificatlons and equi val ent
ar rangepgnt ge Lﬁfi&g%%tf'&ﬁf&ﬁiﬁﬂﬁg and stopef Adwniappendadne! ai ms.
For exanpl e, ile a difference is fornmed in the tinme in which ink droplets
boi | onohhg tueos@lhd Ihée@mﬂgpr%i%igﬁﬁeasgn(buebk@cgeaeﬁgt neaitunne)
bet ween the heating resistors 130 by varying the current to be passed
t hr ough t he sheat iingk r@IEtars 313@e npraddillyi anschadigberfenae addy be for med
inthe time in which a current is passed through the two heating resistors
| 30. | nthbBedaboNereib@dbaent ens ta0 @plddtiedatpaigtemsi Stioy oti3leal e arr anged
side by side in one ink chanber 120 because it is sufficiently verified
t hat such spéitétogdimg one¢dvoure B urissr erndinm@inee, irmandhidle wd ricann
configuration can be sinplified. However, three or nore heating resistors
130 maydbesabrangedosidey bjosied bn ore dydoldiamberingo. thaifiersthe printer
head and the |ine head in the above enbodi nents are used in printers, they
my be appei bl hotthal yerbhthinerikl eras $havalsd ¥H vati ous? 1i quid
discharging apgaratuses. For exanpl e, the heads nmay be applied to an
appar at G8nERadtdi senar ey af O AT RP S AW FEPTF n*drifer to detect
- biological sanples. Furthernore, the_ heating resistors |30 in(%he

enbodi nBR{SCHAYShedPepfaday Bthern -2 gets I*%‘g%lﬁﬁé eteneht st ot tierthan

resi Stof Sasum P, in which ink does not adhere at all or adheres

insufficiently corresponding to 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 portion 4a, the discharging amount of ink, and

the number of discharging shots. The information is



- 67 WHAT IS CLAIMED IS: 1. A liquid discharging met hod f or di schar gi ng

droplets froma plurality of liquid discharging portions, the nethod
conprising the steps of: discharging droplets fromthe |liquid discharging
portions to forman actual pattern; obtaining information about a defective
l'i quid di scharging portion having discharging failure by checking the
actual pattern for the discharging states of the droplets fromthe |iquid
di schargi ng portions; and prohibiting the defective |iquid discharging
portion from di scharging, and controBlki rRg di scharging of droplets froma

i quid di scharging portion near the defective liquid discharging portion.

2. Aliquid discharging nethod according to claim1l1, wherein the

Lo S5,k e RENELIBLSTocALAp gL fLgedircharaec rom the

according toDﬁ£§ﬁ£1§ctual printing on the recording medium P, the
discharging corrector 14 in the-image processing unit 11
shown in FIG. 11 reads ocut the information about fhe
defective discharging portion 4a from the storage section 12
in the print head 1, and prohibits the defective discharging
portion 4a from discharging ink droplets 3. Subsequently,
on the basis of the information about the defective
discharging portion 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
4L and 4c near the defective discharging porticn 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 correcied 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 actuzl 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 reéording medium P is corrected. Therefore, the



wherein the discharging failure neans that the discharging direction from
the defective liquid discharging portion deviates froman all owabl e range.
- 68 4. A liquid discharging nethod according to claiml, wherein the

di scharging failure neans that the amount of liquid in the droplets

di scharged fromthe defective liquid discharging portion is outside an

~allowabl e range. 5. A liquid discharging nethod according to any one of
claims 2 to 4, wherein the dlscharglng of the droplets fromthe |iquid

di scharging portion near the def ecti ¢ T'iquid discharging portion is
controlled by changing the discharging amount of liquid froma l.iquid

di schargi ng portion di sposed on one side of the defective liquid

di schar ghagupecsi 60, d Dschiegmdbesi Dir€i sehetigidgrsdioiwe t herefrom 6. A

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

t he di sghacnangindg pdetiswpletsnftiom thegd i qud i oy scdarig ngegrordd on near

the defective liquid discharging portion is controlled by changing the

di schar ghdgthaopninof héadui di § rem dwedi to divschaed)i engeporiemsnyisposed on
both sides of the defective liquid discharging portion, or the nunber of
di schar ghagdshohsrghegepoohiods A i qiefiedisehar ghhge neehiodt acdor ding to
any one of clains 2 to 4, wherein the discharging of the droplets from -
69 thepkpdurdidnschetdi n§ poetPomnhearadht deteleeisehanerdd di scharging
portion is controlled by alternately changing the discharging amunt of
liquid fromWhike dthl stharaga e Poridons? di s goset it b‘ldﬁawgq of the
defective liquid dlscharglng ortion, or the number, of dischar shot s

therefrBﬁFéVeP?aglﬁeanE @ln% leoWﬁﬁdbeSPr%y¥@ﬁ@|Hn%+§%h5?%lﬁﬁm%%thod

accordln% to any one, of nﬁ rhere Jn t he dlscharg %

dr opl et BPFERFLAE FFﬁﬁl is% 5?§?ﬁﬁl$% Y7 oh"fieBFOTHE® dBFett Ve |qU|d

di schar gbgortlon |§ controlled b dIS har # tQEl Qlets accordlng to
new dr ofar 2B BEREFgFAg TSR 4R8I ot Rare S gind

a ed on-th aS|s of ori gi nal

liquid giseharg 99e§'9n9'aa§0£ebggﬁgggggghggéhgqgeged&écgfigéﬁgt@grt'on and

liquid |scharg ng portion reof 1n order to reduce the

| lnfluen5§19E BQdeﬂSCgﬁég%ﬂgggakaEQﬁg%n&hﬁng f?Qt'¥§d|tﬂé'QxQé§ﬁ§ﬁr9'ng

portion. I'Tqui d di'schargi ng net accor ing to claim8, wherein the
neM/IlngqtqbQCQQEQLng signal s depend on the characteristics of the
droplets, the type of a recording nedium or an inmage formation node.

A specific example of the above-described liguid

discharging apparatus, for example, an ink-jet printer wiil
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 line 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 printerr20 adopts 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



10. A liquid discharging nethod according to claim8 or 9, wherein the new
| i quid discharging signals are listed - 70 in a table beforehand. 11. A
| i qui d di schargi ng apparatus for form ng an i mage on a recordi ng nmedi um by
di scharging droplets froma plurality of liquid discharging portions onto
the recording medium the apparatus conprising: a |iquid 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 data3$nto head driving data for driving the
l'i quid di schargi ng head and sends the head driving data to the head driver;
and a storage section for storing informati on about a S defective liquid

di schargi dartion having discharging failure, the information being
obt ai ned by checking an actual pattern that indicates the discharging

states of the dhephetis @fickhe1bi guiad 1di sehar ahrgpat beiAserwherei n i mage
formation on the recording nmediumis corrected by prohibiting the defective

l'i qui d disohasg) nch ROridwen fprap digehargiaheand xont elddmg«digsekar gi ng
froma liquid discharging portion near the defective liquid discharging
porti onse@cicar ding 4 pdper iddlarneaty aeahiont 2he adefagetd verady Q6 dan
di scharging portion stored in the storage - 71 section. 12. Aliquid
di scharglewgtappariatasi @coordicrg 20, drad o on.  The housing 23 is
shaped like a rectangular parallelepiped. A paper ejection -
slot 28 for sheets of paper 21 is provided in one end face
0of the housing 23, and a tray lcading opening 29 for the
paper tray 26 1s provided in the other end face thereof.
The line head 22 includes head sections for four colors,.
vellow 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 1s shaped like

a flat plate, and is disposed below the line head 22 with a

predetermined space therebetween. Each of the feeding



11, wherein the storage section is provided inside the |iquid discharging
head, inside the inage processing unit, or inside an external control unit.
13. A liquid discharging nethod according to claim 11, wherein the

di scharging failure means that no droplets are discharged fromthe
defective liquid discharging portion. 14. A liquid discharging nethod
according to claim1ll, wherein the discharging failure neans that the

di scharging direction fromthe defective |liquid discharging direction

devi ates froman allowabl e range. 153%9A-1iquid discharging method according
to claim1l, wherein the discharging failure nmeans that the anount of
liquid in the droplets discharged fromthe defective |Iiquid discharging

portionrhsietstdeann abl owabbepdabgeor 18- pAvti Gt ol 5 chad di fige et hod
according to any one of clainms 13 to 15, erein the discharging of the

dropl et sofressthe LbguhdtdiisehasgbngoPRet| Oindeare tdesEiei &gty epddigui d
di scharging portion is controlled by changing the
sides of the feeding guide 30, that is, on the sides of the
tray loading opening 29 and the paper ejection slot 28. The
feeding motor 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 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 semicylindrical, and is disposed adjacent to
the feeding rollier 31 on the side of the tray loading
opening 29. The delivery motor 39 is disposed above the 7
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



- 72 discharging amount of liquid froma liquid discharging portion

di sposed on one side of the defective liquid discharging portion, or the
nunber of discharging shots therefrom 17. A liquid discharging nethod
according to any one of clainms 13 to 15, wherein the discharging of the
droplets fromthe liquid discharging portion near the defective liquid

di scharging portion i.s controlled by changi ng the di schargi ng anount of
liquid fromliquid discharging portions di sposed on both sides of the
defective liquid discharging portion,40r the nunber of discharging shots
therefrom 18. A liquid discharging nmethod according to any one of clains
13 to 15, wherein the discharging of the droplets fromthe Iiquid
d'SCharQh@gnao%hbﬂnan%@EfHB%rQ%H%Bt%!@1'bQUBQs€k§8Bér9k99fﬂfft!Qn_'5
controlled by alternately changing the di scharging anount of |iquid from
liquid disaghargimagBer bhpes @kﬁgOQ%demeQhﬁ si-desi18hathg dgbechyve liquid
di scharging portion, or the nunber of discharging shots. 'therefromevery
time oneol i petisS af reedtelinAdl hquéb@rdb$cbaégkagomﬁapdrag@omwg to any
one of clains 13 to 15, wherein the discharging of the droplets - 73
fromthenki guipdrditsalarg, ngnaothieon pieakst kacdehpeti ¥eali gui.d dheshar gi ng
portion is controlled by discharging the droplets according to new dropl et
di schar giheg paipghalssipiphat: dCe rgesesated epmekhBesbaskseall ofi ghaapapégui d

di scharging signals for the defective liquid discharging portion and liquid
di schar gilnggpdmisitondheoneldtieryi ded lielreB8obyi mher dettibo pédube t he i nfl uence
of the discharging failure of the defective |liquid discharging portion. 20.
A | i qui éprdilsghddgi n§hist bad ngec ebdiutg at préndi sitegdbwhekeita.the new |iquid
di scharging signals depend on the characteristics of the droplets, the type
of a recordi Hgenedi BR{LNEr SAATENRGERROr AEit PdFehpdehe2del weryurel @B char gi ng
met hod according to claim 19 or 20, wherein _the new_|liquid discharging

si gnal s 38r &3l itsfredech by (RIS degdfSranhardor23? Aol fgdidedi SERaPBPRE met hod
for discharging droplets froma plurality of .|iquid._discharging portions
onto a §30535Wh§hﬁé&P§WFWEFP§'%&nﬁpoﬁqenéeﬁﬁénai§8ﬂ&?§i g-directions of the

d | et t h t hod i Si t h t f: _abtai ni i nf i bout
et bet | SH AR e e gt o T R rdc 2P Sehe =y SRRAT G ot atoa of -
- 74 t d I j d the | iqui i i i : d
prohibi??ﬁbrt éﬁ%é%gkﬁggggﬁﬁqﬁi5?3%?2%5?%?%% ﬁggﬁ%gﬁgglg%ﬁgggkhngingnand
di schar giang QR et i oM ad g ,cke@d%@larg%@% BErti eRedi f fgpent ,Erom the

defective liquid discharging portion while controlling the discharging

directi oRad?32 Add:Guicd ditseha@ing Jmihed framhmiher Bee rdehgakkays or dots
on a recordi ng nmedi um by di scharging droplets froma plurality of liquid

di schar gimig perdonsinthidie cteiigedl lHimg drive 1@tSC Faogl /g sdhaeetihgn and
changi ng the dot dianmeter by the nunber of the discharged droplets, the
met hod camirdtd roytidiechst epeeaf 2 10btcaipriing: idhfactarsaisiren aaldoutagedef ect i ve
i quid di scharging portion by checking the discharging states of the
dr opl et Sadimschanygeth for.omNexs | itdhd & edicsiclangildgrpdit iedres;tsante fed
sheet 21 from the paper ejection sliot 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 inventions will now be

described.

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



prohi biting the defective liquid discharging portion fromdi schargi ng and
di scharging a plurality of droplets froma liquid discharging portion
different fromthe defective liquid discharging portion while controlling
t he discharging direction. 24. A liquid discharging nethod for form ng dot
arrays - 75 or dots on a recording nmedium by discharging droplets froma
plurality of liquid discharging portions while controlling the discharging
direction and changing the dot dianeter by the nunber of the discharged
droplets, the nethod conprising the }eTos of : obtaining information about a
defective liquid discharging portion having discharging failure by checking
the discharging states of the droplets discharged fromthe liquid
di scharngtwpPpaddOnSinpriohidn ténigpdieerdefettiive gricguind dinseharignng portion
from di schargi ng and generating new dropl et discharging signals for :
reduci ron tiee | Niduieh okl ofhd il ol sediargi ngidiad [Durcer efrrayes def eottisve | i qui d
di scharging portion; and discharging droplets froma |iquid discharging
porti orexk ffermmd Yy o ddiesdefertdrepletyuirai schaingiadd tporatfi on whi l e
controlling the discharging direction according to the new dropl et
di schardji sxhatgired spoGions | (rpf dshkibwehakmyiandranst hold adddredi ng to clai m 24, -
controlling the discharging 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 from discharging, and
droplets are discharged from the other discharging portions.
while controlling the discharging direction, thereby
reducing the influence of discharging failure of the
defective discharging portion. A specific configuration for
carrying 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. 1In 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



wherein the new dropl et discharging signals are generated only when the

di aneter of the dots fornmed on the recording nediumby the droplets

di scharged fromthe liquid discharging portion different fromthe defective
l'i quid di scharging portion takes the m ninmumvalue or is close to the

m ni num val ue. - 76 26. A liquid discharging nmethod according to claim
24 or 25, wherein the new liquid discharging signals are generated on the
basis of a previously created table. 27. A liquid discharging nethod
according to any one of clains 22 To%*24; wherein the discharging failure
means that no droplets are discharged fromthe defective |iquid discharging
portion. 28. A liquid discharging nethod according to any one of clains 22.

to 24, phereinedde dj schangiag £ alddy endieans hat drke vdirsglar gizperdi rection
fromthe defective |iquid discharging direction deviates froman all owabl e
range 2%0 A didjuirk disodias gidigaretivag acee dang tenry are of clainms 22 to
24, wherein the discharging failure neans that the anount of liquid in the
dr opl etis i wtdrarag ecerf ¥ @y de: gtefadid e dd QUEC rdickc ket giing doeer iron i s
outside an all owable range. 30. A liquid discharging apparatus for formng
dot ar rays lJorkaloteandrheairienpriksigs tmedi uri(by(caiscdrargiimgy droopl ets from a
plurality of liquid discharging portions onto the
heating elements in the present invention) precipitated on
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 resist on the overall
surface of the semiconductor substrate 150 with the heating
resistors 130, and removing unnecessary portions therefrom
by a2 photolithographic process.
The nozzle member 170 has a plurality of nozzles
(discharging outlets) 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 bbttom wall, a side wall,



recordi ng medi um while controlling the discharging direction, t he
apparatus conprising: a liquid discharging head having the liquid

di scharging portions; a head driver for controlling the driving of the
| i qui d di schargi ng head; a processing unit for that converts externally
i nput signals into droplet discharging signals for driving the liquid
di schargi ng head and sends the dropl et discharging signals to the head
driver; and a storage section for storing information about a defective
l'i quid di scharging portion having di 48harging failure, the information

bei ng obtai ned by checking the discharging states of. the droplets fromthe

| i qui d di schargi ng portions, wherein the influence of discharging failure

Ol ooe, daheat Lyg HR0P) BF ShSCHALOLAG.ROLI100 | Sy LEQERELEY, ORI aNtI na the

defective liquid discharging portio romdi scharging a ng

dropl et snkrgeEr-aibhaid dhSehakokSge POL L g8 Pi{ﬂﬁlgr%‘i%{]rsoi”aé hg, defective

| i qui d di scharging portion while controlling arging direction

accordi ng, t anbihenknbpgenakhen abgyhnibherdefpety ve, i gui &]ﬂéeclha{lgwg portion
stored in the storage section. 31. A liquid discharging apparatus for

f orm ngsHetnarrays or dots on a recordi ng nedi um by di schargi ng droplets
S froma plurality of liquid discharging portions onto the recording

medi um whi | erleons 1og1d ngr iiie ke har@imgendingetien wkd ghanging sthe dot
di aneter by the nunber of the discharged droplets, the apparatus
conpri sbfigihantitqdi dod) shbat ghagrbenstdnyi 10 § hend | put derdirgedhay i g
portlongéntaining 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 an ink tank (not shown)
connected to the print head 110 into each ink chamber 120.
By passing a pulse current through a heating resistor 130 in
the ink chamber 120 for a short period, for example, 1 psec
to 3 Usec, 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 volume 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 nozzie 180, is discharged as a droplet from fhe 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



a head driver for controlling the driving of the liquid discharging head; a
processing unit that converts externally input signals into droplet"

di scharging signals for driving the Iiquid discharging head and sends the
dropl et discharging signhals to the head driver; and a storage section for
storing information about a defective |liquid discharging portion, the

i nformati on being obtai ned by checking the discharging states of the

dropl ets discharged fromthe liquid discharging portions, wherein the
“influence of discharging failure of- tdde-defective droplet discharging
portion is reduced by prohibiting the defective liquid discharging portion
from di schargi ng and di scharging droplets froma |liquid discharging portion

o 11 o enabinm Chesdetectone okl dadiacharolng porLigauil | g gont ol 11 o

t he di schargi Irection so as change ording to

t he i”fgﬁﬂa&iﬁBz%Q%UﬁBﬁ?@%%ﬁB%%Eiﬁﬁl%ggg%ﬂngﬁﬁﬂﬂégi?90P°r$£$9 stored in

the storage section. . i i schar g1 ng appara us' ¥ or form ng

dot arrays prifetnean aibesapdhngnmpdsum By dis L0p; droptets froma
plurality o? quuig di schargi ng pgrtions onto t%ggég%%ghﬁ%dgﬁediun1mhiIe

control biipghtkgidpsehatgons dirkeabbansand spaggipy the dot dianeter by the
nunber of the di scharged droplets, the apparatus conprising: a liquid

di schar gi ng hieadphant ngeddelld chthsl &i GLha G pthPAitnsiod head driver for
controlling the driving of the liquid ' _
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. 1In 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 showﬁ in FIGS. 16A 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 resistor is vertically



di schargi ng 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 |iquid discharging
portion, the information being obtained by checking the discharging states
of the droplets discharged fromthe liquid discharging portions; and a

di scharging corrector for generating new dropl et discharging signals to
reduce the influence of discharging #&i Fure of the defective discharging
portion, wherein the influence of discharging failure of the defective
~droplet discharging portion is reduced by prohibiting the defective liquid

di schar g ngepoRtEon, b1 Ak 1510800 dL5ghar o4 hos aoger divng, t asthe dnfey mtion
58P och

about t efective ['iqul argi ng portion, and charglng roplets

froma Liqyhd Qh@ﬁB@BQ' Bth%é' Qﬂdghf EQrEinééomiﬁ&QﬁﬁP&“ liquid

di scharging portion while controlling the di scharging dlrectlon accordi ng

- to the pew;dranket odi %ﬁ@aﬁgh'ﬂgné' 9@§L§t9§§ei§@eﬂs %ﬁﬁ@e&ll sqﬁﬁrgl ng
corrector so as to change the dot dianeter. : liquid 32, wherein the

new gen@bﬁhéﬂtﬁlﬁb}’tﬁ/@elﬁwbeﬁgﬁﬂtnﬂeaﬁﬁhgnk@és’lgtéﬁQaI% NgaPoid 1@k di schar gi ng
portion the m ni num val ue.
double resistance in series, the resistance is guadrupled.

In order to boil ink in the ink chamber 120, fhe
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 abaove.

Consequently, the size of a {ransistor for applying a
current can be reduced, and space saving can be achieved.
While the resistance can be increased by reducing the
thickness of the heating resistor 130, such thicknessr
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 simultaneocusly 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



di schargi ng apparatus according to claimdroplet discharging signals are
the dianeter of the dots forned on the the droplets discharged fromthe
liquid different fromthe defective liquid takes the m ninmum value or is
close to 34. A liquid discharging nethod according to claim32 or 33,
wherein the new |liquid discharging signals are generated on the basis of a
previously created table. 35. A liquid discharging apparatus according to
any one of clainms 30 to 32, wherein the storage section is provided inside
the liquid discharging head, inside #be-processing unit, or inside an
external control unit. - 81 36. Aliquid discharging nmethod according to
any one of clains 30 to 32, wherein the discharging failure neans that no
dr opl et i ged . tiwv QU i i Ltion. 37.
A qui O e Rab e M AR ST e L O TR B
whereino%hghgiﬁgggigipgofaiIure nmeans that the discharging direction from
the defective I1quid discharging direction deviates from al |l owabl e range.
38. A liquidrdiseharging Jmihad, 26l gn@ 3y oane ek ¢kaims 30 to 32,
wherein the discharging failure neans that the anmount of liquid in the
dropl et §: desehar gdefieom the €0d esdd vend 16 theh S higl RGP IdesoN s
outside an allowable range. 39. A liquid dischargi ng apparatus according to

any onenet shahlBas@oti®ipZhoihefigére®ach of dHies |d i d dicBcivavagigeg portions - -

conpri ses:
ink droplet deviates from the center axis of the nozzle 180.

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

FIG. 17 is a graph showing the relationship between the
difference in bubble generation time between the twe split
heating resisﬁors 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 ¢f 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). In both
the X— and Y-direcitions, the angle shéws the amount of
offset of a discharged ink droplet from 0° serving as a

direction at which the ink droplet is discharged without



a liquid chanber containing liquid to be discharged; and a plurality of
heating el enments arranged in a predetermned direction inside the liquid
chanber to generate a bubble in the liquid in the liquid chanber by the
application of energy so that the liquid is discharged from - 82 a
l'iquid discharging outlet, wherein a difference in energy to be applied is
formed between at | east one of the heating el enents and at | east anot her
one of .the heating elenments so as to control the discharging direction of
the liquid discharged fromthe |iqui discharging outlet. 40. A liquid

di schargi ng apparatus according to any one of clains 30 to 32, wherein each
of the liquid discharging portions conprises: a |liquid chanber containing

liquid %%ﬂ% (@ Eﬁy and a plurality of energy-generating el enents
arranged I n a prede ternined direction inside the | i quid chanber to generate

energy for causkRgwhhen! Fagsd 17 Lhe 1squidethaidel is a difference

in bubble generation time between the heating resistors 130,
the discharging angle of ink droplets deviates. Accordingly,
in this embodiment, this characteristic is utilized. That
is, the discharging angle of ink droplet is deviated by
forming a difference in bubble generation time between the
heating resistors 130, thereby contrelling the dischafging
direction.

With reference to FIG. 192, a description will be given
of what degfee t£o which the discharging angle of ink
droplets can be adjusted. FIG. 19 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. 1%, 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 is given as follows:

25.40 x 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



to be discharged froma |liquid discharging opening, wherein a difference in
energy to be generated is. formed between at |east one of the
energy-generating el enents and at | east another one of the
energy-generating elenents so as to control the discharging direction of
the Iiquid discharged fromthe |liquid discharging opening.
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- designated deg2. The discharging angles in subsegquent
figures are similarly designated, and the discharging angle
in FIG. 14 (h}) is designated deg8.
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.
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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 PNMl, 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. 20(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
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the dot diameter. The dot diameter increases from
approximately 38 pm to approximately 79 Um as the number of
droplets increases from 1 to 7. When the number of droplets
is four, as shown in FIG. 21A, the dot diameter is
approximately 63 pm.

With reference 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 (D1 to Ds)
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 liguid discharging method of this
invention, ink droplets are discharged from different
discharging portions to ferm each dot D, as shown in FIG. 22.
That 1s, 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
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60 are discharged at the discharging angle degl (see FIG.
l4{a)), and the second ink droplets 60 are discharged atrthe
-discharging angle deg2 {see FIG. 14(b)). ASubsequently, ink
droplets 60 are similarly discharged from different |
discharging portions to form one dot D, thereby changing the
dot diameter by PNM.

Moré specifically, for example, in order to form a dot
D: in the A-th line, an ink droplet is discharged from the
discharging portion (nczzle) 180:; showrn in FIG. 19
(hereinafter, the discharging portion 180:; will be
abbreviated as "DP1" in the table of FIG. 22, other
diécharging portions are similarly abbreviated) at a driving
timing PNM1, an ink droplet is discharged from DP-1 on the
left side of the DP1l {on the left side in FIG. 19, nozzle
number is not shown) at PNMZ, and an ink droplet is
discharged from DP-2 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. 1In this way, ink droplets are discharged from the
different discharging portions at the driving timings PNM1
to PNM?, 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 dropiet
is discharged from DPl at PNMZ2Z2, in a manner different from

that in the above-described dot D; in the A-th line.
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Subsequently, discharging is similarly performed, and an ink
droplet is discharged from DP-5 at PNM7. 1In this way, the
cyéle in which the discharging portions are interchanged
does not correspond to the PNM cycle.

In a case in which the cycles correspond to each other,
for example, 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 liguid discharging methed in
which dot arrays or dots are formed_by discharging ink
droplets from the discharging portions of the print head 110l
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 actuwal 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, é nermal 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
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obtained by checking the actual pattern (not shown) for the
. discharging states of ink droplets 60. That is, it is
-determined, on the basis df the actual pattern formed by the
above—described manner, whether a defective discharging
portion exists. When it is determined that a defective
discharging portion 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 Di 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 Ds; in the A-th
line, .., and the driving timing PNM1 for a dot Dé in the B-
th line, and sc on. In this case, lightly colored ﬁortions
- 350 shaped like stripes remain in a printed image (see FIG.
27), and this reduces the gquality of the printed image.

The obtained information about the defective

discharging portion 1 is stored in a storage section



10' 08010% 0& () - 7VKWANABXgXdEbCCLO%WL0% & () - d109% & () - p10% & ()-10% & () -

1109% & () - S10% & () - gXXXXYNYYdEDCCLO9®C10% & () - #10% & () -"wl0% & () -,
10% & ()-Cg 10% & ()-pY10% & () - YYYY: ZPZZdEbCC10% 1t 10% & ()- @ 10% & () - V-
10% & ()-1+c10% & ()-)10% & ()-' 10% & ()-ZZZ[[[[[ 4[ bCCLO%@10% R& () - &C10%
R& ()- 10" 10 10°610% & ()-410% & ()-2f 10% & ()-4[K[[[] & ~ dEbCCLO%610%
R& ()-110% R& ()-"110% R& ()-"z10% R& ()- 10% R& ()- ' 10%

R& (-~ abcbOCLO% 10% & () - CLO% & ()-\ 10% & ()-w "CLO% & ()- 10 R 10
R =

provided inside the print head 110 or inside an image
processing unit 210 (FIG. 24) which will be described later,
or is stored in a storage section provided inside an
external control unit such as a host computer.
Alternatively, the infofmation may be stored in storage
sections provided in some of the print head 110, the image
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 influence of
discharging failure of the deféctive discharging portion 1.
By continuously discharging ink droplets from a nozzle 180
(FIG. 19) different from the defective discharging portion 1
while controlling the discharging direction according to the
new droplet dischafging signals, the diameter of dots D is
changed to reduce the influence of discharging failure of
the defective discharging portion 1. In this case, since it
is determined that the nozzle 180: (discharging portion 1)
shown in FIG. 192 is defective, the defective discharging
portion 1 is prohibited from discharging, and ink droplets
60 are discharged from a discharging portion different from
ﬁhe defective discharging portion 1 according to new droplet
discharging signals that is generated with reference to a
correction table shown in FIG. 23.

FIG. 23 shows a correcticn table that lists new droplet
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discharging signals to be generated to remove the influence
of discharging failure of a defective discharging portion,
and is created beforehand. FIG. 23 shows a case in which
the discharging portion-l shown in FIG. 22 is defective. As
shown in FIG. 23, droplet discharging signals (PNM1 to PNM7)
for dots Di to Dg from the A-th to F-th lines are changed in
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 tc PNM2, as shown in
FIG. 23. Consequently, an attempt is made to discharge an
ink droplet 60 from the dischafging portion 1 at the driving
timing PNM1, and an ink droplet 60 is discharged from the
discharging portion_—l at the driving timing PNM2Z. 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 forméd.

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

ink droplet 60 from the discharging portion 2, which is not
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In contrast, in order to form a dot Dz in the A-th line
by discharging two ink droplets 60 at the driving timing
PNM2, the droplet discharging signal is changed from PNMZ2 to
PNM3, as shown in FIG. 23. Consequently, an ink droplet 60
is discharged from the discharging portion 2 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 D¢ from the A—th to F-th lines are formed
without discharging ink droplets from the defective
discharging poxtion 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
continuocusly 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. 1In this case, lightly
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While the reduction in quality of a print image is
prevented by removing the influence of discharging failure
of the defective discharging portion at all 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 correctiocon
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
clese to the minimum value, for example, at the driving
timing PNM1 or PNMZ,.

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
in%eﬁtion 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
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reglon on printing paper P, they deviate from a
predetermined direction, and lightly colored portions are
formed in & print image, in a manner similar to that in FIG.
27. 1In a case in which the amount of ink discharged from a
defective discharging portion is cutside the allowable range,
it is less than a predetermined amount, and lightly colored
portions are formed on the printing paper 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
controlled by a combination of PNM and the method of
changing the discharging amount.

A description will be given of a ligquid discharging
apparatus relating to the above-described liquid discharging
method as lnventions relating to the above-described liquid
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.
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.Referring to FIG. 24, the image forming apparatus includes a
print head 110, a head driver 200, and an image processing
unit 210.

The print head 110 actually discharges ink droplets
onto printing paper P serving as a recording medium to print
characters and images thereon, and has a plprality of
discharging portions provided in a sheet-shaped nozzle
member 170 to discharge ink dropiets 60, as shown in FIG. 15.
Each of the discharging portions includes a nozzle
{(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
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to the head driver 200. The image processing unit 210
includes a signal converter 230, a discharging cofrector 240,
an output converter 250, and a print correction table 260.

The signal converter 230 receilves externally input
image data, and converts the image data into multilevel data
having a number of colors and a number of levels in
accordance with the performance of the overall liquid
discharging apparatus by performing, as necessary, data
debompression, rasterizing, scaling, color conversion,
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 about
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the defective discharging portion 1 read from the storage
section 220 in the print head 110 {(e.g., the position of the
defective discharging pbrtion 1 and the type of discharging
failure) and print information (image formation signals)
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 fhe
head driver 200. The output converter 250 converts the
multilevel data into ON and OFF 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.
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The liguid discharging apparatus having such a
configuration operates in a manner similar to that in the
liguid dischargiﬁg method described with reference to fIGS.
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 from all the
discharging portions 4 in the print head 1110 corresponding
to an image forming reglon 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 &ll or adheres
insufficiently corresponding to the defective discharging
portion, and white stripes 330 (see FIG. 26) or lightly
colored portions are formed.

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

stored in the storage section 220 in the print head 110
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shown in FIG. 24. The information includes, for example,
print information such as the position of the defective
discharging portion, and the discharging amount of ink. The
information is recorded in, for example, shipping
inspections.

During 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 porition 1 from discharging ink
droplets. Subsequently, on the basis of the information
about the defective discharging portion 1 and corrected
print information (droplet discharging signalis 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 is 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,
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“ink droplets 60 are discharged from the discharging portions
different from the defective discharging pbrtion 1 while
changing the discharging direction according to the print
information as new droplet discharging signals, the
influence of discharging failure of the defective
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
pfoduction vield 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 preocessing unit 210,
and the external control unit.
The above—-described image forming apparatus, such as an
ink—jet printer, serving as the liqguid discharging apparatus
~can be achieved by applving 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 correspohnding to the fourth,

fifth, sixth, seventh, and eighth inventions have been
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described above, it is to be understood that the invention
is not limited to the disclosed embodiments. On the
contrary, the invention is intended to cover various
modifications and egquivalent arrangements included within
the spirit and scope of the appenaed 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 circuilt configuration can be

- simplified. Bowever, 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 liquid discharging
apparatuses. For example, the heads may be applied to an
apparatus that discharges a DNA-containing solution in order
to detect bioclogical samples. Furthermore, the heating

resistors 130 in the embodiments may be replaced with
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heating elements other than resistors.
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WHAT IS5 CLAIMED IS:

1. A ligquid discharging method for discharging
droplets from a plurality of liguid discharging portions,
the method comprising the steps of:

discharging droplets from the liquid discharging
portions to form an actual pattern;

obtaining information about a defective ligquid
discharging portion having discharging failure by checking
the actual pattern for the discharging states of the
droplets from the liquid discharging portions; and

prohibiting the defective ligquid discharging portion
from discharging, and contrelling discharging of droplets
from a liquid discharging portion near the defective liquid

discharging portion.

2. A ligquid discharging method according to claim 1,
wherein the discharging failure means that no droplets are

discharged from the defective liguid discharging portion.

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

deviates from an allowable range.
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4. A liguid discharging method according to claim 1,
wherein the discharging failure means that the amount of
ligquid in the droplets discharged from the defective liguid

discharging portion is outside an allowable range.

5. A liguid discharging method according to any one of
glaims 2 to 4, wherein the discharging of the droplets from
the ligquid discharging portion near the defective liquid
discharging portion is controlled by changing the
discharging amount of liquid from a liguid discharging
portion disposed on cone side of the defective liquid
discharging portion, or the number of discharging shots

therefrom.

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 liguid
discharging .portion is controlled by changing the
discharging amount of liquid from liquid discharging
portions disposed on both sides of the defective liquid
discharging portion, or the number of discharging shots

therefrom.

7. A liquid discharging method according to any one of

claims 2 to 4, wherein the discharging of the droplets from
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the 1iguid discharging portion near the defective liguid
discharging portion is controlled by alternately changing
the discharging amcount of liguid frgm liquid discharging
‘portions disposed on both sides of the defective liguid
discharging portiocn, or the number of discharging shots

therefrom every time one line is formed.

8. A liquid.discharging method accerding to any one of
claims 2 to 4, wherein the discharging of the droplets from
the liguid 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 liguid discharging'portion and
ligquid discharging portions on both sides thereof in order
to reduce the influence of the discharging failure of the

defective liquid discharging portion.

9. A liquid discharging method according to claim 8,
wherein the new liguid discharging signals depend on the
characteristics of the droplets, the type of a recording

medium, or an image formation mode.

10. A liquid discharging method according to claim 8

or 9, wherein the new liguid discharging signals are listed
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in a table beforehand.

11. A liquid discharging apparatus for forming an
image on a recording medium bj 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 theAdriving 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 sectlion for stor&ng 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
dfoplets of theAliquid discharging patterns,

wherein image formation on the recording medium is
corrected by prohibiting the defective liquid discharging
portion form discharging, and cdntrolling discharging from a
liguid discharging portion near the defective liquid

discharging portion, according to the information about the

defective liquid discharging portion stored in the storage
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12. A liquid discharging apparatus according to claim
11, wherein the storage section is provided inside the

iiquid discharging head, inside the image processing unit,

or inside an external control unit.

13. A liguid discharging method according to claim 11,
wherein the discharging failure means that no droplets are

discharged from the defective liguid discharging portion.

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. A liquid discharging method according to c¢laim 11,
wherein the discharging failure means that the amount of
liguid in the droplets discharged from the defective liguid

discharging porticn is cutside an allowable range.

16. A liquid discharging method according tc any one
of claims 13 to 15, wherein the discharging of the droplets
from the liguid discharging portion near the defective

liquid discharging portion is controlled by changing the
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portion disposed on one side of the defective liguid

discharging porticn, or the number of discharging shots

therefrom.

17. A liquid discharging method according to any one
of claims 13 to 15, wherein the discharging of the droplets
from the ligquid discharging portion near the defective
liguid discharging portion is controlled by changing the
discharging amcount of liquid from liguid discharging
portions disposed on both sides of the defective liguid
discharging portion, or the number of discharging shots

therefrom.

18. A liquid discharging method according to any one
of claims 13 to 15, wherein the discharging of the droplets
from the liguid discharging portion near the defective
liguid discharging portion is controlled by alternately
changing the discharging amount of liquid from liguid
discharging portions disposed on both sides of the defective
1iquid discharging portion, or the number of discharging

shots. therefrom every time one line is formed.

19, A liguid discharging method according to any one

of claims 13 to 15, wherein the discharging of the droplets
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from the ligquid discharging portion near the defective
liquid discharging portion is controlled by discharging the
droplets according to new droplet discharging signals that
are genérated on the basis of coriginal 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 liguid discharging portion.

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

medium, or an image formation mode.

21. A ligquid discharging method according tc claim 19
or 20, wherein the new liguid discharging signals are listed

in a table beforehand.

22. A liquid discharging method for discharging
droplets from a plurality of liquid discharging portions
onto a recerding medium while controlling the discharging
directions of the droplets, the method comprising the steps
of:

obtaining information about a defective liquid

discharging portion by checking the discharging states of
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the droplets discharged from the liguid discharging
portions; and |

prohibiting the defective liquid discharging portion
from discharging and discharging droplets from a liguid
discharging portion different from the defective liguid
discharging portion while controlling the discharging

direction.

23. A liguid discharging method for forming dot arrays
or dots on a recordiﬁg medium by discharging droplets frbm a
plurality of liquid discharging portions while controlling
the discharging direction and changing the dot diameter by
the number 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 liguid dischargiﬁg
portions; and

prohibiting the defective liguid discharging portion
from discharging and discharging a plurality of droplets
from a liquid discharging portion different from the
defective liquid discharging portion while controlling the

discharging direction.

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

obtaining information about a defective liquid
discharging portion having discharging failure by checking
the discharging states of the dfoplets dischérged from the
liguid discharging porticns;

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 a liquid discharging portion
different from the defective liquid disehaiging ﬁortion
while controlling the discharging direction accerding to the

new droplet discharging signals.

25. A liguid 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 diséharged from the liquid
dischérging portion different from the defective liguid
discharging portion takes the minimum value or is close to

the minimum value.
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26. A liquid discharging method according to claim 24
or 25, wherein the new liguld discharging signals are

generated on the basis of a previously created table.

27. A liquid discharging method according to any one
of claims 22 to 24, wherein the discharging failure means
that no droplets are discharged from the defective liquid

discharging portion.

28. A liquid discharging method according to any one
of claims 22 to 24, wherein the discharging failure means
that the discharging direction from the defective liquid

discharging direction deviates from an allowable range.

29. A liquid disc@arging 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. A liquid discharging apparatus for 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,
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the apparatus comprising:

a liguid discharging head having the liquid discharging
porticns;

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

a processing unit for that converts externally input
signals into droplet discharging signals for driving the
ligquid discharging head and sénds the droplet discharging
signals 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 the
discharging states of the droplets from the liquid
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 defectiﬁe liguid
discharging portion while controlling the discharging

" direction, according to the information about the defective

‘liquid discharging portion stored in the storage section.

31. A liguid discharging apparatus for forming dot

arrays or dots on a recording medium by discharging droplets
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recording medium while controlling the discharging direction
and changing the dot diameter by the number of the
discharged droplets, the apparatus comprising:

a liguld discharging head having the ligquid discharging
portionsf |

a head driver for ceontrolling the driving of the ligquid
discharging head;

a processing unit that converts externélly input
signals into droplet discharging signals for driving the
liguid discharging head and sends the droplet discharging
signals to the head driVer; and

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

wherein the influence ¢f discharging failure of the
defective droplet discharging portion is reduced by
pfohibiting the defective liquid discharging portion from
discharging and discharging droplets from a liguid
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 liquid discharging portion

stored in the storage section.
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32. A liquid discharging apparatus for formihg 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 extérnally 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 abount a
defective liquid discharging portion, the information being
obtained by checking the discharging states of the droplets
discharged from the liguid 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 a
liguid discharging portion different from the defective
liquid discharging portion while controlling the discharging
direction, according to the new droplet discharging signals
generated by the discharging correétor so as to change the

dot diameter.

33. A liquid 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 dréplets discharged from the liquid
discharging portion different from the defective liguid

discharging portion takes the minimum value or is close to

the minimum value.

34. A liquid discharging method according to claim 32
or 33, wherein the new liguid discharging signals are

generated on the basis of a previously created table.

35. A liquid 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.
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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. A ligquid 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.

38. A liquid discharging method according to any one
of claims 30 to 32, wherein the discharging failure means
that the amount of ligquid in the droplets discharged from
the defective liquid discharging portion is outside an

allowable range.

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

a ligquid chamber containing liguid to be discharged;
and

a plurality of heating elemenis arranged in a
predetermined direction inside the ligquid chamber to
generate a bubble in the liquid in the liquid chamber by the

application of energy sco that the liguid is discharged from
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& 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 liguid discharged from the

liquid discharging outlet.

40. A liquid discharging apparatus according to any
one of claims 30 to 32, wherein each of fhe ligquid
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 liguid chamber to
generate energy for causing the liquid in the liquid chamber
to be discharged from a liguid 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—genefating
elements so as to control the discharging direction of the

liquid discharged from the liquid discharging opening.



