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-1- DESCRI PTI ON LI QUI D JET HEAD, MANUFACTURI NG METHOD
OF THE LIQU D JET HEAD, | MAGE FORM NG DEVI CE, NQZZLE
MEMBER 5 OF THE LI QUI D JET HEAD, REPELLENT |INK FI LM
FORM NG METHOD, CARTRI DGE, AND LI QUI D JET RECORDI NG
DEVICE TECHNI CAL FI ELD Theg_present invention relates
toliquid jet 10 heads, manufacturing nethods of the
liquid jet heads, inage form ng devices, nozzle

menbers of the liquid peedcdgagigrrepel lent ink film
form ng nethods, cartridges, and liquid jet recording

devi ces. 15 BACKGROUND ART An inkjet recording
apparatus, for exanple, 1is known as an inmge formnm ng
appar at us BUQDI@S JET HEAD erMafQERCTIIRENGC OTEHODI OB THE
mul tiple function processing machine of the printer,
LAHGYID DBT S@MAIR0 00k r FORMINGe DEVICE, NOZZILE MEMBER
above-nmentioned-inkjet recording apparatus, while a
@ECBHHihQQHé&lﬂﬁﬂfﬂﬁﬁﬂyeﬁﬁaEL&Eﬂﬁ'@HKﬂEﬁE% BPRMING
recordin uid (hereinafter "ink dro "&ﬁls adher ed
MBTHAR r E’*Br TS Eve i iiith BYRULPRgES PF&fﬁ“r Ba RE¥4CE
(image formng part) having a liquid 25 jet head
configured to jet the liquid drop of the _2- recording

#?ﬂ#? $0 & 2h}|nage form ng such as recording or
ﬁa 3 ornmed- Hereinafter, the

The present inventicon relates to liguid jet
heads, manufacturing methods of the liquid jet heads,
image forming devices, nozzle members of the ligquid
jet heads, repellent ink film forming methods,

cartridges, and liguid jet recerding devices.

BARCEGEQUND ART

An inkjet recording apparatus, for example,
is known as an image forming apparatus such as a
printer, facsimile, copier or a multiple functiecn
processing machine of the printer, facsimile, and
copier. In the above-mentioned- inkjet recording
apparatus, while a recording mediom is conveyed, a
liguid drop of recording liguid {(hereinafter “ink
drop”) is adhered to the recording medium by uzing a
recording head (image forming part) having a liguid

Jet head configured to jet the liguid drop of the
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recording nediumis called a paper or transferred
material. However, there is no limtation of 5
material for the paper or the transferred naterial .

In the neantine, since the liquid jet head jets a
liquid drop for recording,_Jhe configuration and
preci sion of a nozzle largely influence a jetting
characteristic of an ink drop- In addition, it is - 10

koM Jiha) 13 SNALACLET LRLLC 19fadk SHELRLR OkuBnngar! @

or m ng e ormng a nozz ol e al so i nfluences

EE%&ﬁinﬂgpffﬁfﬁ@wﬁ st i5C p@fr fidiend Ak dﬁ@fefﬁ&fter,t the
e

exanple, 1 f ink is adhered to a periphery part of

rezelrliky enedidmei suchacedolz phpdhennogzhaskeriety
menber so that an uneven ink bank is formed, a problem

faterd aduch Hdwévar | etherg id mectlimibitiba bk drop

i s changed; size unevenness of the ink drop is
gaterdadd;fandlee f bgpag speddheoft raref & nkedr nptiegdaies
unstabl e. 20 Because of this, in the liquid jet head,
general | y, Ian vk mepetivat sapee (Hhd diagidaietr head
repellent layer, or the like is formed on the |iquid
péﬁssﬁdé%ﬂﬂ¥4uﬂﬁﬁﬁrf@%aﬁﬁﬂ@F@kﬂﬂmu%ﬁﬁLﬁ?ﬁféﬁéﬁatlﬂn
Patent 25 [ication Pyblicatiqn Ho. _2001-232799 )
AP PSEs ST 1of o nOEA PSS Wb o £ TROBFPoft JANTARS

Japanese _ Lai g Qpen, Pateqt Appl i caf f on, publ gatison .
known that a characteristic of a surface of a nozzle
forming member forming a nozzle heole also influences
the jetting characteristic of the ink drop.

For example, if ink is adhered to a
periphery part of the nozzle hole of the surface of
the nozzle forming member so that an uneven ink bank
is formed, a problem occurs such that a jetting
direction ¢f the ink drop is changed; size unevenness
of the ink drop is generated:; and a flying speed cfl
the ink drép becomes unstable.

Because of this, in the liguid jet head,
generally, an ink repellent layer (film), a water
repellent layer, or the like is formed on the liguid
jet side surface.

For example, Japanese Laid-Open Patent

Application Publicatiecn No. 2001-232799 discloses
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72065 di scl oses a processing nethod for formng an
ink repellent thin film by plasnma-polynerizing 5
silicon oil and a nozzle plate of a liquid jet head
having a thin filmsuch as ink repellent
hexamet hyl di si | oxane by usifig this nethod. Japanese
Lai d- OQpen Patent Application Publication No.

2003- 72086 di scloses that an ink 10 repellent film

$UEHhidY & T USE 8" §aHBPUMEN &AL | 891h1 | MiBbanese
silicon resin polynerization filmis fornmed and then o

LBQdJ@@éﬁﬂFﬁﬁéﬁ%_ﬁbbm&bﬁtﬂﬂﬁﬂﬁﬁbiibé@ibﬂeﬂb. 2003-
at nosphere excl udi ng oxygen and npisture so that a
REQeisd disiceYd S = | cpuded sisiridhenstthaddkfeepebaningt idmm
Is vaporized and the ink repellent filmis cured.
dapamese Hatrenttion 33791 1Y dilscdnosesc hymaetikddgf or
formng a water repellent filmwherein (1) a nozzle
salfiged il ksoakddai hokide @ladlaitdbon whbgeid J&twdiesd
repellent oi] repellent material is dissolved while a
beyfaogertd Yasf1 5mpenfl A8 dddedrapdhiantnozzl e rear
side to_ the nozzle surface i,s mai.ntained; _and then
hoyamed Do L beF R AR e PYs WoHh s rrehbefle 1 qui d
sol ution agp left as it s while th S |s . -4-
el cased SO AT R AAHEPPEB AL dire EpRFi Ry
gpgg}igzgaggpcgll e8: J8P3N9S% AN Tse S3{RAL%! S%k
repellent f£ilm such as a fluoride resin
polymerization film or silicon resin polymerization
film is formed and then the ink repellent film is
heated in an inert atmosphere excluding oxygen and
mocisture s¢ that & liquid material included in the
ink repellent film is vaporized and the ink repellent
film is cured.

Japanese Patent Ho. 3372119 discloses a
method for forming a water repellent £ilm wherein (1)
a nozzle surface is scaked in ligquid solution where a
water repellent oil repellent material is disselved
while a state where gas is being released frﬂﬁ a
nozzle rear side to the nozzle surface is maintained;

and then (2} the nozezle surface 1s taken cut from the

liguid =zclution and left as it is while the gas is
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nmet hod wherein (1) a nozzle plate of aliquid jet 5
recording head is soaked in a |iquid solution where a
water repellent oil repellent nmaterial is dissolved

so that a water repellent oil repellent filmis

fornmed on a nozzle plate sqfface; and then (2)
ultraviolet rays are irradiated froma rear side of 10
the nozzle plate or a plasna gas process is applied.

RE, OF T P T
LT RO I a7 AR 260 aBovE A et hon WeRrars o
fyiﬁc&gi%gﬂfgg@g is applied to a surface of a neta
nozzl e plate and a heating process is applied so that

a thin fil mgfardZERE tpobytefpal bugraathd B0e)diScloses a
fornmed, a nethod wherein a fluoride water repellent

B@eRbd sheqadiad PN aasHokace @flaiesidt nozyigupltatet20
(base), or the like is applied for manufacturing the
retobddagusiaryl filsosddkedednn aad ithei dvad@lut bpel kbamtre a
| ayer. In a case of the nozzle form ng nenber having
vabef| gepedd atesi ol hsreheldandr madisetiahtis agépsolzsd
it is possible to achieve good water repellency or ink
sg. thaged airter nrepelilaktoridi grpRl 19kt hhyikglan
interfacial farce exceeding 30 MV mthat is

EORTeRt Pona |%P%<%wl%%e%@rr,fa§&:om%gt%n (2)

ng%gyygfé%(¥a§£m%re irradiated from a rear side of

the nozzle plate or a plasma gas preocess is applied.

DISCLOSURE OF THE INVENTION
PRCBLEMS TO BE SCOLVED BY THE INVERTION

A=z discussed above, a method wherein
entectoid plating is applied to a surface of a metal
nozzla plate and a heating process is applied so that
a thin film of PTFE (polytetrafluoroethylene) is
formed, a method wherein a fluocride water repellent
agent is coated on a surface of resin nozzle plate
{base}), or the like is applied for manufacturing the
jet head using fluoride resin as the water repellent
layer.

In a case af the nozzle forming member
having the fluoride resin as the water repellent layer,

it is possible to achieve good water repellency or ink
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5 inventors of the present invention, it is found that
sufficient water repellency or ink repellency cannot
be obtai ned when ink having an interfacial force equa
to or less than 30 nNm or ink where a fluoride

chem cal conmpound is added,.is used. 10 On the other
hand, as di scussed above, |§1 the jet head having the
silicon resin filmas the water repellent film the

tadd | f g ositing a
PBEEAIEERS] L8N ladd | ThicSor! RURRLAY UMY BRROSK! | N0
RhASIERAI N4 ZeD0RELLAOR 00 mh/kUEYEr 151 N a case

of the nethod formng t licon resin film a

¥ A6 YR RGeS |§n@ﬁgg|red at the tine of deposition
and therefore | arge size equipnent is necessary so

that cost Hawaleiraseteolrdingddiot iedhetiméires vatu e
deposition or plasnma 20 pol ymeri zing, since deposition
inwenitedsonf arite aprésentd iniemtiorextienksy fohing that
def ect such as a pin hole may be generat ed.

Fuf thAciemte Wi tex hneeneﬂh@ucm oIv dduury eepbs Enicen cannot

| asma- pol yneri zi ng, is difficult to nake the
g?—l ph&RimES when narltlhl ERV1E5T 'H’f’erlé'fl‘fﬁ%fa?%ails force equal

difficult to_.inplepent the wiping of --------- S
Lpj oy H@%i‘:zt}%?s%?fﬁﬁém(t R&E H"dﬁl"ﬂ"%ﬁ%p‘aj Elugrdge

Sﬁrface as a nalntalnha% and recovering operation of
ChE™MI&Ed S HYDE obf g i difeft®ftrability against

the ink. On the other hand, as ditcussed above, in

the jet head having the silicon resin film as the
water repellent film, the water repellient film is
formed by wvacuum-depositing a liguid state silicon
resin material or a plasma-polymerizing silicon oil.
However, in a case of the method forming the
silicon resin film, a vacuum process is reguired at
the time of depositicn and therefore large size
equipment is necessary so that cost is increased. 1In
addition, in the vacuum deposition or plasma-—
polymerizing, since depositien time is long and a
formed £ilm is extremely thin, a defect such as a pin
hole may be generated. Furthermore, in the method of
vacuum deposition or plasma-polymerizing, it is
difficult to make the silicon resin film thick.

Therefeore, it is difficult to implement the wiping of
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In addition, as discussed in Japanese Patent 5 No.
3379119, in the nethod wherein the nozzle plate is
soaked in the liquid solution where the ink repellent
agent is dissolved in the state where the gas is
jetted fromthe nozzle holiiso that the ink repellent

| ayer is fornmed on the nozzZle plate surface, since the
10 nozzle plate is soaked in the liquid solution while

fﬂs 483 zh% Js?fg%a(t{hgu?ghﬁewuﬁ g@geéf&adsh@fta%%;

|qU| solutio ution 1Is

&Hr SdeEnE%EJHi'nd SR’ ALUbGering SHEESEEG Yokothedeaa

the liquid solution in the air andit is difficult to

éE keep raRiici i Mg @i bhHUBd ratatie «Becptses of thei Snk.
due to change of coefficient of viscosity of the

liquid solrut z@didienfide dhecksessl dn tfepankse Patent
repell ent cannot be controlled. In addition, in the

Wet had3 sdilscusisedhen ROtHadamesedia d:lpancPalenplate 1is
Application Publications No- 2003-'72085 and No.
2008<7A2066 theofiquidt sohutdpni mivarg omheofink ségellent
part of the circunference of a nozzle hole, nanely
@ﬂéﬂV|éﬁnﬁwﬁ&ﬁl¥#ﬂeH@etbﬁdséﬁtﬁh@hQﬁﬁwﬁ¢@ papt 1 Sof

the ink repellent filmis not 25 considered

Jetted. from the -’[1“3-’3337E hRlgt & Whdtds h%eh%FaFF?Eltlﬁ-‘@t

%g% is %ﬂgﬁgg ygﬁelﬁaggﬁge%faténgﬁéfgcéhesg%%g(%he
nozzle plate is scaked in the liguid seolution while
the gas is jetted, air bubbles may be generated in the
liguid solution. Hence, if the ligquid solutien is
cured at normal temperature, 1t is necessary to leave
the l1igquid solution in the air and it is difficult to
keep maintaining a liguid state. Because of this, due
to change of coefficient of wiscosity of the liguid
solution, the film thiekness of the ink repellent
cannobt be controlled.

In addition, in the methods discussed in
Japanese Laid-Open Patent Application Publications No.
2003-7208B5 and No. 2003-720B86, configuration
coptimization of an edge part of the circumference of a
nozzle hole, namely the vicinity of an edge end of the
cpening part, of the ink repellent film is not

considered.

S L S e P L s e R
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or the water repellent |ayer covering the nozzle hole
is renoved after the water repellent layer is forned 5
n the nozzle plate surface. In this case, as shown

in FIG 1(a), the ink repellent filmof an edge part
of the circunference of the nozzle hole has a
configuration where the cross section at a pl ane
surface perpendicular to a center |ine of the opening

16 part is I?l??r# e %oiﬁﬁépgﬁﬂﬁr%&i%ﬂ SHdreL -

separ at ed e Nnozz ate sothat the

£aPENdnat !1‘%1’1:%‘.@5151 £SPARA %%%aslﬁﬁ fhé& ndzb3edhole

cross-sectional view of a rélated a liquid jet head
A9ZZhe Riadles havbaplantShhyetuwhel ey thige SHaER 1A 1 e
is provided in the 15 vicinity of the edge end of the
fperchgved tafter atlet waReri el Inmithothgésciss€drimed
Japanese Lai d-Qpen Patent Application No. 2003-72086
whetgien riclzez 14 tpbaiel shrfaye.ar €n rrlads atzsef r em tsherwn
rear side or the plasma gas process is applied after
20 FA&-wdtle) « dped | &nk aepeddgait dntlmidn #8 fderedart
the cross section at the opening part is smaller as
ehethgr €4 MR TpREe sefalf e ® X% tHelPoR2Fedpl at e

so _that the configuration has the sharp edge Lf the
ﬁﬂﬁfﬁgqﬁﬁq%ﬁﬁaW%ﬁfﬁgtpﬁecfﬁﬁﬁnﬁQQﬁﬁ%ﬁi%F %hB &

5% fakde D RPTALEr 1At Each Senibel hacoEnbRA PReTing
EL%E is smaller as the plane area is further separated
from the neozzle plate so that the configuration has a
sharp edge. Here, FIG. 1 is a cross-secticnal view of
a related art liquid jet head nozzle plate having a
structure where the sharp edge is provided in the
vicinity of the edge end of the opening part.

In addition, in the method discusszed in
Japanese Laid-Open Patent Applicaticn Neo. 2003-72086
wherein the ultraviclet rays are irradiated from the
rear side or the plasma gas process is applied after
the water repellent o0il repellent film is formed, the
cross section at the opening part is smaller as the
area is further separated from the nozzle plate so
that the ronfiquration has the sharp edge.

If the nozzle surface having the

confiquration shown in FIG. 1-{a) is wiped by a wiper
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1-(b), the wi per 207 cones in contact wth the edge
part so that the ink repellent filmat the edge part
may be peeled off. 5 In addition, as shown in FIG
1-(c), at the time of supplying the ink, a neniscus P
may be fornmed at the boundary part of the ink
repellent film201" and the nozzle plate 2 and a

meni scus Q nay be formed at the sharp edge part of

bhe ks epell epbe £ am2QLon Y Bagwse, of st %h%:wn in FIG.

unevenness of jet stability of the 1nk may be

genshat ethe BeGRUSE2 0% Ebhss the domenionsioh tHe edge

present invention nade a nethod for form ng the water
pgpel kenttHaayethahehRi RepkqliettStEtlen it i €08 e@§enpayt
15 evenly applied on only a desirable part of a

ndyf Bee peaflddhecfibzzl e form ng nenber by using the

di spenser- However, in a case where ink flows by the
silicon rdsi mddiierord oragdshypwnhils Mfthodl—{¢) j sat the
found that the silicon resin layer is peeled off with
time PlomuprZlyy pad ttheninéei g memd 3Hke ahdnakebsi Kicgged
resin layer may be peel ed off by wping to renove the
ARk thgn S dany tPr* suPF abBeofl nth& ey ent of iitlg 201
T8 hene 16 8ot 02 "R W e iR R B e

b0 SR BRI, e e BESBR T RSB PSSR0 20
Because of this, unevenness ef jet stability of the
ink may be generated.

Because of this, the inventors of the
Present invention made a method for forming the water
repellent layer wherein liquid state silicon resin is
evenly applied on only a desirable part of a surface
of the nczzle forming member by using the dispenser.
However, in a case where ink flows by the siliceon
resin layer formed by this method, it is found that
the =ilicon resin layer is peeled off with time f£from a
part contacting the ink and ths silicen resin layer
may be peeled coff by wiping toc remove the ink adhered

on the surface of the nezzle forming member or to form

the meniscus.

MEANS FOPR SOLVING THE PROBLEMS
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peeling of the silicon resin layer and conpleted the
present invention 5 That is, one or nore enbodi nents
of the present invention provide a novel and useful
liquid jet head, manufacturing nethod of the liquid
jet head, image formng deice, nozzl e nmenber of the

liquid jet head, repellent ink filmform ng nethod,

cartridge, 10 and liquid jet recording device, in

whi ch one qr c'a%fcﬁ@f;ft aﬁlg;%em%sgf %%9&5&?&6

el i mi nat ed WOT e Sp 19 one or nore enbodi nen
%n%nm%npr fed %}?Qt £89sBLOVHe 1ahd '%"Qe¥3§sﬂ%%§ed

avi ng a nozzl e nmenber wher eby adherence occurs

peLyeah rSidHL AN 1686A Layeh ang e has® cdmpleted the
manuf acturing nethod of the liquid jet head, an inmage

ARG deMiGai@nnozzl e nenber of the liquid jet

ead, a repellent ink filmform ng nethod, a

cartridge, Thrdt d.d, quiel petmoeeordbogidernice. c20tbre
aspect of the present invention may be to provide a
prgeedt émveeddcn retrodidg a moxele andrwsafubedbanid
having a water repellent |layer formed on a |jquid
diesp head simrnefrfhesiof A9idrod ecbadbe Hadwydalet head,
nozzl e hole configured to jet a liquid drop 25, of , |
imagedifog mingli eV iber ePAZERE m@%q el that L3guzd Jet

BRYGr daamsdRstn THE FRGT §oartpg o Srad cnpFAEa R
and ligquid jet recording device, in which one or more
of the problems described above are eliminated.

More specifically, one or more embodiments
of the present invention provide a ligquid jet head
having a nozzle member whereby adherence occcurs
between a silicon resin layer and a base, a
manufacturing method of the liquid jet head, an image
furﬁing device, a nozzle member of the liguid jet
head, a repellent ink film forming method, a
cartridge, and a ligquid jet reccrding device.

One aspect of the present invention may be
to provide a liguid jet head, including a nozzle
forming member having a water repellent layer formed
on a liquid drop jet side surface of a nozzle base
having a nozzle hole configured to jet a liguid drop

of recording liguid; wherein the water repellent

P P T BRC  ull. b SRl S o g S et e L e P PR P R
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the nozzl e base and the water repellent |ayer; and
the oxide layer is provided on a nozzle hole interna
5 wal |l surface of the nozzle base. Another aspect of
the present invention may be to provide a liquid jet
head, including a nozzle g{ﬁ]ﬂg menber having a

wat er repellent |ayer fornme on a liquid drop jet
side surface of a nozzle base 10 having a nozzle hole

gﬁg&kgwe%at@@ﬁ QliiSthrg: % Ay r&sfag'mg Ekq'i'sd’nnt

rein the water repellent [ayer Is nmde of Ysil'i con

ﬁfébﬂde@n%éﬁhégﬂd@héaiﬁﬁulﬂf@Wd#“h@@t¥@§é Ele flalc@uigt
drop jet side surface of °~ the nozzl'e base is thinner

thannak >0 Gadayatid 16har euic@ed rabal Noae | ealieke and
internal wall surface of the nozzle base. The nozzle

bhseordyicbd appde 0 ProvIHed wecar diowzle guollendyiternal
include a fluoride chenmical conpound- The recording
vadli ¢urdydeavel oLy nankel2Obsimef.ace tension equal to

or less than 30 MV mand a ph in the range B through
11. An el uBnetrhmrevasieeh cfgéhe e duedenhiont Ray
recording liquid. Oher aspect of the present

PavERt PERVEER e 113uHeolPde NEaFan %ﬁ+ﬁ§ relRGE 16

h§ﬂ3§§¥§w$ 415 t%@ﬂgg_élggig_figpéfﬁent faYE{lformed

cn a liguid drop jet side surface of a nozzle base
having a nozzle hole configured to Jjet a liguid drop
of recording liguid; wherein the water repellent
layer is made of silicon resin; and an oxide layer
provided between the liguid drop jet side surface of
the nozzle base is thinner than an oxide layer
provided on a nozzle hele internal wall surface of
the neozzle base.

The nozzle base may be made of Hi. The
recording liguid may include a fluoride chemical
compound. The recording liquid may have a dynamic
surface tension egqual to or less than 30 mN/m and a
ph in the range 8 through 1l1. An elution prevention
agent may be added into the recording liguid.

Other aspect of the present invention may be
to provide a manufacturing method of the above-—

menticned ligquid jet head, the manufacturing method

e L AL L e e i Ed il ekl et WS -
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including the step of; formng the water repellent

| ayer nmade of the silicon resin in the nozzle base in
the air. The water repellent |layer may be forned by 5
applying the silicon resin to the nozzle base by a

di spenser in a state mhereaiﬂj is blown from an
opposite side of the liquid drop jet side surface
toward the liquid drop jet side surface side via the

Eﬁéilu%i et}?ét%\gégrﬁiz.' &Rt g e VRLEL T %%%Jél%’%neéo

ayer nmade o Icon resin may be fornmed“on t

NRZee RARE SF{€Rea8138S MRAIRMn Bhel ASER IR QGRAS in
or “an ultraviolet ray process is applied to the nozzle

base zS& .that a surface oxide |ayer is renoved or a
hydr oxyl group substitution is made. 15 O her aspect

of the pregtid wawent repeldynie ldwwpnovydeeatormed by
manuf acturing nethod of the liquid jet, the
papdivdctairibg sl hodni medsidi iy thes shepzdf: bafser Mnga
the water repellent |layer made of the silicon resin
daspienangzZe Hasbahet wheqe acid 19 chlaent framen

pl asma process, or an ultraviolet ray process is
gpprsdda ¢ idr abzihe Badsdish 4R HEBuFLdEe SBGIRCe

| ayer s .renpved,qQr .a hydroxyl. grou ubstitution is
b Qe T dr i St L9 o BFPEND Aty Hes U BEARS: AidehY 1B the

R8RS h AL LG ERnb B ade! | MEndYRE eIt barient
layer made of the silicon resin may be formed on the
nozzle base after an acid treatment, a plasma procass,
or an ultravielet ray process is applied to the

nozzle base so that a surface coxide layer is remcved
or a hydroxyl group substituticon is made.

Cther aspect of the present invention may be
to provide a manufacturing method of the liguid jet,
the manufacturing methed including the step of:
forming the water repellent layer made of the silicon
resin on the nozzle base after an acid treatment, a
plasma process, or an ultraviolet ray process is
applied to the nozzle kase so that a surface oxide
layer is removed or a hydroxyl group substitution is
made.

The water repellent layer may be formed by

applying a normal temperature curing type liguid
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-12- state silicon resin. O her aspect of the present
invention may be -: to provide an inage form ng
device, including the liquid jet head configured to
jet aliquid drop of 5 recording liquid. According to
the liquid jet head of the. enbodi nent of the present

i nvention, the mater repéﬂ1ent | ayer is nade of the
silicon resin; oxi de layer is provided between the

|Fg%ld dnap. J.et %é&ﬁlde surface of the nozzle base and
wat er repéT ent |l ayer; and the oxide |ayer is

provi ded og £ bel Ehlenb%re%@nﬁ/‘qﬂvéﬂfiéﬁe

t he nozzle base Iternatlvely, th e wat er repel

£ay§&ah.r§dermf ﬂﬁa% ersthifen delsidy, anccihaiayl d;@le
| ayer 15 provi ded between the |qU|J drop jet side

syahaeejeft Hehd nogafeghbesd its tHtnerlisandt Aeopxicde
| ayer provided on the nozzle hole internal wall
sgtbadanef 1idweidiozzl e base. Hence, the adherence
between the silicon resin and the nozzle base is

i nproved sé&cratdia®y stabtrevdiguidepet dregdanl thabl e
liquid drop jet characteristic can be obtained.
ABPOAdMEF Tt @& Heherepbfaentr iRy ahdtiy ofhehwatpiqui d

jet head of the enbodi ment of the present invention,
rRReRAEBt ASHI T b qﬂagiﬁrﬂﬁaat@%fmtlrﬂeccz% ERFARGN s n

gil&%rq%%ééwfgmﬁégg§hgd %%JQEJ'E% iquld drop jet

5ide surface of the nozzle base and the water
repellent layer; and the oxide layer is provided on
the nozzle hole internal wall surface of the nozzle
base. ARlternatively, the water repellent layer is
made of the silicon resin; and the oxide layer
provided between the liguid drep jet side surface of
the npzzle base is thinner than the oxide layer
provided on the nozzle hole internal wall surface of
the nozzle base. Hence, the adherence between the
silicon resin and thé nozzle base is improved so that
stable water repellency and stable liquid drop jet
gharacteristic can be obtained.

According o the manufacturing method of the
ligquid jet heéd of the embodiment of the present
inventicn, the water repellent layer made of the

giliceon resin is formed in the nozzle base in the air.
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-13- Hence, it is possible to easily formthe water
repellent |layer at |ow cost. According to the

manuf acturing nmethod of the 1liquid jet head of the
enbodi ment of the present 5 invention, the water
repel l ent |ayer made of th silicon resin is forned
in the nozzle base after the acid treatnent, plasnm
process or ultraviolet ray process is applied to the

RRAZLE Q%S%Isﬁgpc%%irbi@etos EE%%&%OQ%% {RYehakdr

renovéd or oxyl ~grou ubstrtution 1s

180¢0ndI g to: thg,i pRge form ng device of the

Héngsa. { ! . .
enbodi ment of” the present invention, since the imge

form ng dewe®ddiciddes the hbauirddtair repdnethbleof the
enbodi nent of the present invention, water repelling
15geapabidd thedd &f gbhandmdogidaikri quf d:Weoprieent
characteristic is obtained. Therefore, it is possible
fiavehalilon ,f dihe avdt gh guaklilynindgeye Ot hade asfie theof

the present invention may be to provide a nozzle
medbeprnofregin qus dipemnedead, t2@ inved vk npaas Reker the
repellent filmformed on a base surface where an

apédi Agepdmeritor Pl@dnd PECCESF AT Provrdedlehh&™ n

a cross section perpendicular to a_  center |ine of the

BFERERG e PBMLIRE UPCcFRPL 102 1] RADeR? bRk L1t
L ool Lopell oL LLL I 2 et e 250 RGP Ui
substitution is made.

According to the image forming device of the
embodiment of the present invention, since the image
forming device includes the liguid jet head of the
embodiment of the present invention, water repelling
capability is high and a geod liguid drop jet
characteristic is obtained. Therefore, it is
possible to stably form a high guality image.

Other aspect of the present invention may be
to provide a nozzle member of a liguid jet head,
including an ink repellent film formed on a base
surface where an opening part for 1iquid jetting is
provided: wherein a cress section perpendicular to a
center line of the opening part in the vicinity of
the ﬁpening part of the ink repellent film is greater

as being further separated froem the base surface.

I D a s oL RS S Y L B e e R Y A CCEE L
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-------------------------- - -19 The vicinity of the
openi ng part of the ink repellent filmnmay have a
curved surface configuration. A curvature radius of a
curved line of the vicinity of the opening part of
the ink 5 repellent fl|ﬁ1|ﬁ t he cross section

i ncluding the -- center & of the openi ng part nay
be equal to or greater than the thickness of the ink

I 1 t fil s I i t
el uding ThE sty oe LE, RBeDad A, MR LR ok
f%geliaﬁtoffﬂ% ?ﬁbe%e |n g ea&%etdo gd}efaeg nity of the

art repellent filmmay be a

SYR%E BALaliloh ar ¢ csPeRedreurvdi BN G A £UEYavEEeline
radius of the arch shaped curve may be equal to or

greahar vikamitiie ot hikkknependhgt hadhkof efied| Ak film
An angle formed 15 by a tangent |ine passing through

tBpelpenitnd iddgein eride ofrbbe iselctrhiepel irentudihg ichet he
cross section including the center |ine of the

oprhemg lparst chdie mperipgnpmizer Hmyfl’memmelluuiﬁng*r
the edge part nmay be |ess than 90 degrees. The base
gfeaher itiand jhe Poiabagsfapibdhtadabirepedlept £ilm.
resin. In_additjon to the ink repellent filmof the

i’inRuF@tEdsd—rlfr@:elrbft}il%echF&u|5&‘-‘1tét°rhe’d'b°1‘f‘|’1en9nﬁhe

re eIIent film be formed to redeteraﬁned e t

FROFRE d&G RS Pt PRERIAS) Pa\ﬁé:l LM hTERRe 88 %

£ g B%ﬁn&eéﬂﬂ§¥% f"Q%vaEE%nlty of the opening part

of the ink repellent £ilm may be a substantially arch
shaped curve; and a curvature radius of the arch
shaped curve may be egual to or greater than the
thickness of the ink repellent £ilm. An angle formed
by a tangent line passing thrcugh the opening edge
end of the ink repellent film in the cross secticn
including the center line of the opening part and a
nozzle member surface including the edge part may be
less than 90 degrees. The base of the liguld jet
head may be made of metal or resin. In addition to
the ink repellent f£ilm of the ink jet surface of the
liguid jet head, the ink repellent film may be formed
to a predetermined depth in the opening part internal
wall, The thickness of the ink repellent film of the

ink jet surface of the liguid jet head other than the

o
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25 ink jet surface of the liquid jet head other than
the -15- vicinity of the opening part nay be equal to
or greater than 0.1 gm The ink repellent film may
have a surface roughness equal to or less than 0-2 u
m Qther aspect of the presgnt invention may be 5 to
provide an ink repellent fil'mform ng nmethod whereby
an ink repellent filmis formed on a base surface of
Lk auid | . oeni { quid

ell:iﬁﬂlé:qr tD%te %]'ﬁeﬁ‘d?%%fé%ﬁgn?ﬁr?_ NG q:.[qué% hgg or

jetting, Tilmformng ne

dm T RS A Ve rr oy =

%8&5%@&”%H§ﬁ3§ﬁfp of: aPRLYING 2=BREGENA fﬁlﬁrﬁgﬁnﬁave

repellent filmby an applying part while gas

hekhedaldeo Py 'I@@sgpegﬁhnetbooa; iy dehigh supf ace,
of a base of the liquid jet head. O her aspect of the

present i ngehidomsmycbeoft ohpr priederan imkentepehl aaty be

filmform ng nethod 15 whereby an ink repellent film
te pocmadieorara raseregalfland dfi lan |fonming enchbead
havi ng an opening for liquid jet, the ink repellent

¥hegebar @ondmetrrie llaptudidg dife Srdapedfonappbypisgg a

material of the ink [egellent filmon a liquid jet
SHELAEE 6 £ bsTIbE 20Ct Read HAVE Bt hedReBy g for

N N L ML R T T e
I head i al h ' .
a0 e by SRRBRERE 1930

%QSeiﬁgﬁflﬁilm by an appiying part while gas is
jetted from a side cpposite to a liguid jet surface

of a base of the ligquid jet head.

Other aspect of the present invention may be

to provide an ink repellent film forming method
whereby an ink repellent film is formed on a base
surface of a liquid jet head having an opening for

liquid jet, the ink repellent film forming methed

including the step cof: applying a material cf the ink

repellent £film on a liquid Jjet surface of a base of

the liquid jet head by an applying part; and jetting

gas from a side opposite to the liguid jet surface of

the base of the liguid jet head when the material

enters the openling part to a predetermined depth.

An application capable width of the applying

part may be substantially the same as an application
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25 part may be substantially the sane as an
application - ------------- R -16

subj ect width of the base surface of the liquid jet
head; and an application may be conpleted by moving

t he applying part in a sing#g direction in paralle

one tinme.. The applying pari  may be a dispenser; and 5
the application may be inplenented while a distance

Q‘é‘nbé%%‘% tLhcah SPENERE BAde! BRI ABRE ol L e lﬂ&h‘id Zfet

is kept constant in advance. A material of

hekarepeld el {hpmipByibe sidy G d@shDepLdf byomoq?qn
resin. The S|I|con resin may be a nornmal tenpéerature

tHeCupply intpepattuid at aiegdid idired€sbn oh pArallel
el astoner; and the silicon resin may be applied on
bhe hdse surfiececappiyliafht partd hawie at dinpemsler; and
tenperature so that polynerizing-curing is nmade and
aheiﬁppﬂﬂnﬁﬂinm maynbies ifupleekn e whileoa désitants
be a normal tenperature curing type liquid state
éﬁ WeeR rdut rbFPenserasnemidie drkbe el sthecdaaudsd net
may be applied on the base surface and a heating

B?Géeé? |ksepdb|d:|F‘i"éﬁt§’6tt REt 287306 1 eplel IPi%FlFrfLF'Ilmﬂ-ifs the

Eﬁa%g%%rh@tﬁ? et ich &7 cBA Fauarise
an glast It he S|I|c%p r§§|n % bg agglled %UIE
th&*Bdse s rfalgg %%‘a GFPFRV M1 PG & SGTEaL FETPSTE
FA% G 't%é%}_&@{dagth% s%&e_‘ﬂén‘?{“réélﬁ” L Lgrmed.

glastomer; and the silicon resin may be applied on
the base surface and left in the air at a normal
temperature so that polymerizing-curing is made and
an ink repellent film is formed. The silicon resin
may be a normal temperatiure curing type liguid state
silicon resin or an elastomer; and the silicon resin
may be applied on the base surface and a heating
process is applied so that an ink repelient £ilm is
formed. The silicon resin may be a normal
temperature curing type liguid state silicon resin or
an elastomer; and the silicon resin may be applied on
the base surface and ultraviclet rays are irradiated
for curing so that an ink repellent £ilm is formed.
The silicon resin may have a coefficient of wiscosity

equal to or less than 1000 cps (centipoises).

" E T B e i e e e e e ————————— e kel L D e )
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The silicon resin may have a coefficient of viscosity
25 equal to or less than 1000 cps (centi poises) -17-

O her aspect of the present invention nay be to

provi de a nozzle nmenber of the liquid jet head, the
liquid jet having the ink repellent filmfornmed by

t he above-nentioned ink repellent filmformng 5 3
nmet hod. Ot her aspect of the present invention nay be :

to provide gldAuldhdel bpadne RAlNG {1FeADPYE may be

menti oned nozz her aspect of the present

iigvggbwam.r?@zme Pha¥bde At i%ﬂﬁgmcﬁe@ ma;dﬂ,e

ove-mentioned liquid jet head. r aspect o

the presAM {dvemitORgMeNebanit G-doVi get afk 1 AUIF kg
recordi'ng device, |ncFud|ng: t he above- nenti oned

biyquhe jatioveatenthenedniak ireagel ldst f of bRdEby mikey
[1Tquid jet head- Ink to be used may 15 be a liquid
mavhog.a surface tension equal to or less than 70

MV m_ The ink may contain a fluoride group surface

acti ve agemtthetheaspkchaygfctheainresgpignenrenEEFECI8Y be
OF THE | NVENTI ON 20 Thus, one or_ nore enbodi nents of
thepproadain a i higwidonepr opade ansHangethReadpove-
havi ng a nozzle nenber whereby adherence between a
BRRLdGRedIor 2} AyRETERT -a idEo@gRect o1 the present

ganuractur ing, st hod of.the 1] 0] £ gt i %
above-mentioned liguid jet head.

Other aspect of the present invention may be
to provide a liquid jet recording device, including:
the above-mentioned liguid jet head:; wherein an image
is formed by the liguid jet head. Ink to be used may
be a liquid having a surface tension equal to or less
than 70 mN/m. The ink may contain a fluoride group

surface active agent. The ink may contain a pigment.

EFFECTS OF THE INVENTION

Thus, one cor more embodiments of the present
invention provide a liguid jet head having a nozzle
member whereby adherence between a silicon resin
layer and a base occurs, a manufacturing method of
the liguid jet head, an image forming device, the

nezzle member of the liquid jet head which nozzle
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25 nozzle nmenber of the liquid jet head which nozzle _
i -18- nmenber has a configuration whereby it is
difficult for a part froman edge end of the opening
part of the repellent ink filmforned in the surface
of the base of the quuid_ift head to the vicinity of

the S opening part to be peeled off resulting in a

configuration good for jet stability, the repellent

hBkbky RSLTN Oon FREN e ibRC Wi Adib H98r PRALERG s cun ¢
iquid jet recording device. 10 BRI'EF DESCRI PTI ON OF

fHE WNCE Flifo ad b8ge enessseais nYh8Wpeirtd of
related art liquid jet "head nozzle plate having a

sheUgpig IWef eirkSHalp €dgmdds i ovheesurfatle of the
vicinity of an edge end of an opening part; 15 FIG 2
bszan odx e edi gpeidpgeti heavi e dhowr hgiabht ex adfpltdof
aliquid jet head of the enbodinment of the present
ppeannidopafl Goe 3hespaedrdsoectd nbt ingennakong a
l'iquid room | ongi tudinal direction of the liquid jet
2oNka gl et itdfe Ep9ddiaenteds shidbkiekent Lhayespiedd;ent
FIG 4.is an enlarged partial viewof FIG 3; FIG 5
faky fddgs St dmarthpew s it 499 t BR9sthfct ure

24909 2 4/d AU L 29T, 5O0 90 ¢t udi nal
BRTIEF DESCRIPTICN OF THE DRAWINGS

FIG. 1 is a cross—-sectional view of a
related art liquid jet head nozzle plate having a
structure where a sharp edge is provided 1in the
vicinity of an edge end of an copening part:

FIG. 2 is an exploded perspective view
showing an example of a ligquid jet head of the
embodiment of the present invention:

FIG. 3 is a cross-sectional view along a
liquid room longitudinal direction of the liquid jet
head of the embodimant of the present invention;

FIG. 4 is an enlarged partial view of FIG.

FIG. 5 1s a cross—-sectional view of a double
pitch structure along a liguid room non-longitudinal

direction of the liguid jet head of the embodiment of
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25 direction of the liquid jet head of the enbodi nent
Of ---om e e e -19- the
present invention; FIG 6 is a cross-sectional view of
a normal pitch structure along a liquid room

non- | ongi tudi nal  (perpendigul ar to the [ongitudinal)
direction of the 5 liquid jet head of the enbodi nent
of the present invention; FIG 7 is an enl arged

Pﬂéthﬁhs%%QS%hﬁ%¥%i6ﬁ§| view of the liquid jet head
of the enbodi nent of the present invention; 10 FIG 8

is an enl apged § e of EHésslseckiGnal Sian &0l argedmal
partial cross- sectional view of another exanple of

phechi giirt ditire hebshof at Degeiodicmntnei- 1 baghEesdRal
Invention; FIG 10 is an enlarged cross-sectional view
{petpeadiardlen (tatehef langahpadired) ekbnpteiokl 6 The
is a table showi ng an exanple of experinental results
5 Dbiquidelieati dusid ppbhetheeambedigearicebftiam pxidentayer
and peeling of a water repellant layer; 20 FIG_ 12 is
anvghracd®iowi ng an exanple of experinmental results of
reIationshiEs anong exi stence aof a wet-proof film

(oxi de | ayErfi- €l dtS oH FLR2TAEH, P ThdSel i &

har i st,i f_ink; .
gegt?%%%l %&éﬂ‘%f {%é liquid jet head of the

ambodiment of the present inventions;
10 FIG. 8 is an enlarqged view of FIG. 7:

FIG. 9 is an enlarged partial cross-
sectional view of ancther example of the liguid jet
head of the embodiment of the present invention:

FIG. 10 is an enlarged cross-sectional view

15 of a nozzle plate of a comparison example:

FIG. 11 is a table sheowing an example of
experimental results of a relaticonship between
existence of an oxide layer and peeling of a water
repellant layer;

20 FIG. 12 is a table showing an example of
experimental results of relationships among existence
of a wet-proof film {eoxide layexr), elution of a
nozzle base, and a characteristic of ink:

FIG. 13 is a cross-sectional view for

25 explaining an ezample of a manufacturing method of

———————— e ST T T
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FIG 13 is a cross-sectional view for 25 explaining an
exanpl e of a manufacturing nmethod of u -20 the
liquid head of the enbodi mnent of the present
invention; FIG 14 is a side cut-away view of an inage
form ng device of the enbodjjyrent of the present 5
invention; FIG_ 15 is a plan view of a main part of
the inmage form ng device shown in FIG_ 14; FIG 16 is

AnEl 95 81S8C LR o1 £ ObrbBAIs melrfil k| Ehe PSR sBAZZ! ©

plate of the enbodi ment of the 10 present 1nvention;

Fh&entions a view for explaining a configuration
characteristic of a part shown in FIG 16; FIG 18 is

a view forrFegpl aunikg aa sidlecanit gawayi ¢lew of an image
characteristic of a conparison exanple; FIG 19 is a
Yoewisgowevg cae S f ucher emibdimeren dihktheppkesentf i [ m
is formed by application using a dispenser 204 of the
enpeditiemt: of the present invention; 20 FIG 20 is a
view show ng a rel ationship between a configuration

of a head BHA-ol2(&p & Fdal &7i¢¥ PheaeWBad MARL off the

t he present, inventjon and (b) a
image forming device shown in FIG. 14;

FIG. 16 is a cross—secticonal view of the
liguid jet head nozzle plate of the embodiment of the
present invention;

FIG. 17 is a view for explaining a
configuration characteristic of a part shown in FIG.
le;

FIG. 18 is a view for explalning a
configuration characteristic of a comparison example;

FIG. 19 is a view showing a structure where
an ink repellent film is formed by application using
2 dispenser 204 of the embodiment of the present
invention;

FIG. 20 is a view showing a relaticonship
between a configuration of a head end of {(a) a needle
in the embodiment of the present inventicn and (b)) a
related art case;

FIG. 21 is a view showing an coperation for

forming the ink repellent film by using the dispenser

B T R e R B I L P ———e TN T Y et e e e T U T S e et e e RS T
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related art case; FIG 21 is a view show ng an
operation for 25 farmng the ink repellent film by
usi ng the dispenser -21- of the enbodi nent of the
present invention; and FIG_ 22 is a cross-sectional
view of a liquid jet head gywzzle plate in a case
where an ink repellent filmof an internal wall of an
opening part 5 and an ink repellent filmof an ink jet

S¥T LAce ifod i dof DEﬁQRbPBsg}iQ::LﬂrﬂanEEEREHﬁE
NUVERALS 1 flow path platé 10 2 vibration plate

nozzl e plakegd RQZ3lse 6 dHOSSUELELDONELIWiIGY QM a 12
pi ezoel ectric element 15 31 nozzle base 32 water

Lepalildentet dyeid (Sbketanpiesisn id ayetdsS84whezal enhdlnk
35 oxide layer 20 36 natural oxide |layer - 50

deppéisert iB8lmwanf i ageibbeérmedonding dasin opening part
and an ink repellent film of an ink jet surface are

formed.

DESCRIPTION OF THE REFEREHNCE NUMEBALS

1 flow path plate

2 vibration plate

3 nozzle plate

4 nozzle

& pressurizing liquid room

12 piezoelectric element

31 nozzle base

32 water repellent layer (silicon resin
layer)

34 nozzle hole

35 oxide layer

36 natural oxide layer

50 dispenser

133 carriage

107 recording head

158 wiper blade

201 ink repellent film (silicon resin film,

iy R el Bl P o L LT T B P U L e b L ey L U
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158 wi per blade 25 201 ink repellent film(silicon
resin film -22- for exanple) 202 nozzle plate (nade
of Ni, for exanple) 203 ink 204 di spenser (syringe)

5 205 needl e 206 gas 207 w per BEST MODE FOR CARRYI NG
QUT THE | NVENTI ON 10 A desg jh_ptl on of the present
invention is now given, reference to FIG 2
through FIG 22, includi ng enbodi ments of the present

&[Fi rst enbodi ment of the present
[ nvent |39d|ﬂ:j liquid jet head of a first enbodi nent of

15 the presget ﬂci‘z‘.’ﬂEdQDal:% h@%%ﬁdﬂthféﬁfékﬁﬁfﬂeé
to FIG 2 through FI . Here, FIG is an explo

perspecti veopd ewnishowi ng an exanple of the liquid jet
head of the first enbodi mrent of the present invention.
FIG 3 is &0or ahisasecttongbywievegl ong a |iquid room
20- longitudinal direction of the liquid jet head of
the first 28fbodieeh of the present invention. FIG 4
is an enlarged partial viewof FIG 3_ FIG 5 is a
cross-sect iZétfalgad ew of a double pitch structure

along a I|i %ui?d room non-| ongi tudi nal direction of the
: wiper

BEST MODE FOR CARERYING OUT THE INVENTION

A description of the present invention is
now given, with reference to FIG. 2 through FIG. 22,
including embodiments of the present invention.
[First embodiment of the present invention]

A liquid jet head of a first embodiment of
the present invention is discussed with reference teo
FIG. 2 through FIG. 6. Here, FIG. 2 is an exploded
perspective view showing an example of the liguid jet
head of the first embodiment of the present invention.
FIG, 3 is a cross—sectional wview along a liquid room
lengitudinal direction of the liquid jet head of the
first embodiment of the present invention. FIG. 4 is
an enlarged partial view of FIG. 3. FIG. 5 is a
cross—sectional view of a double pitch structure
along a liquid reom non-longitudinal direction of the

ligquid jet head of the first embodiment of the
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25 liquid jet head of the first enbodi nent -of the
------------------- ---- - -------- -23 present
invention. FIG 6 is a cross-sectional view of a
normal pitch structure along a liquid room non-

| ongi tudinal direction of the liquid jet head of the
first enbodi nent of the present invention. 5 The
liquid jet head of the first enbodi nent of the

Bresepl: R4 08ni nckydes ga 5fd QW PatdsPLabeibnal® view
vibration plate 2, and a nozzle plate 3. The flow

Bat B Ploatmfill pBcéRr BEdubYnrkorz 3@ €1 i qusindo®m non-
crystal silicon substrate. The vibration plate 2 is 10
teongethier ol adi osetisdr baceef Tiwi{d oyepahbapl atfe the
The nozzle plate 3 as a nozzle form ng nmenber is

tomséc eadhddimenupper ther paesoft tirevéhbhopat h pl ate

1. The flow path plate 1, the vibration plate 2, and

the nozzl e heatlelPridriet beadsad Aihy fiyst dembomiGent
15 where a nozzle 4 configured . to jet an ink drop is
ebnidea resanh éonseddiany Yachudesa of |fjiqw reatbt Mdade 1.

part 7, and a connecting part 9 connecting_to a

Bi iPdatdon 1Akt fe ARG @ MewitaREabar8-7. The flow
R RECRIETER TR MU I A ot
DS S s Ky PR BRSP4
eﬁﬁﬁ%WEégrﬁb a2 lower surface of the flow path plate 1.
The neozzle plate 3 as a nozzle forming member is
connected to an upper surface of the flow path plate
l. The flow path plate 1, the wvibraticn plate 2, and
the nozzle plate 3 form a pressurizing liquid room 6
where a nozzle 4 configured to jet an ink drop is
connected via a connecting path 5, a fluid resistance
part 7, and a2 connecting part 9 connecting to a
liquid rocom € via the fluid resistance part 7.
Recording liguid such as ink iz supplied from a
commen ligquid room 8 formed in a frame member 17 to
the connecting part 9 via a supply opening 10 formed
in the vibration plate 2.

Corresponding to each of the pressurizing

liguid rooms b6, an upper end part of a stacked type

pliezoeleciric element 12 as a pressure generation
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liquid roonms 6, an upper end part of a stacked type
25 piezoelectric elenent 12 as a pressure generation
-24- part is connected to an outside surface of the
vibration plate 2 formng a wall surface of the
liquid room6, nanely a SLg4§me si de opposite to the
liquid room®6, via a connection part 11 forned on the
5 vibration plate 2. A lower end part of the stacked

¥Pe RisezRBlReifds €heRNbulZilde canpestedoandpt xed
0 a supporting board 13. The supporting board 13 may

bendhviided it €Ver ¥okinh8 g0k tha i Nzeeheet bFCthe
el enents 12. 10 The piezoélectric elenment 12 has a

Bl gusHUr@onV®l en@herpeheetitfa dateidal obpyeisel4ande
internal electrodes 15a and 15b are nmutual |y stacked.

1 hgtikhids rocas e, inkaia thenpredsiy ipang 11 gficdmedormrt the
may be pressurized by using deformation in a d33
dibzettiom I8 se a2 pi e2oébwety icndlipaxct i ©h bhet béacked
pi ezoel ectric element 12. The ink in the pressurizing
FrBei @legsonlathiyc belphessudiZz df b3PRRe A de R oA RE
in-a d31 direction as the piezoelectric_direction _of

tRe? EP@B&%Q&ﬁQi%D%FQnéﬁr 1Thro SHRPRY T+ ERHf BPaKded Sf
the fl ow . pat late 1 and_t,he vibration.plate 2 ar.e
bKe PEq S AR O B RS HEG I e B e 05T it
by injecti mol ding b usi ng, for exanple, epox
?é%ﬁﬁhgﬁ 6‘ 'yphenylgney ) w Py

The piezoelectric element 12 has a structure
where piezoelectric material layers 14 and internal
electrodes 15a and 15b are mutually stacked. In this
case, ink in the pressurizing liguid rocm & may be
pressurized by using deformatien in a d33 direction
as a plezoelectric direction of the piezoelectiric
elemant 12. The ink in the pressurizing liguid room
6 may be pressurized by using deformation in a d3l
direction as the piszoelectric directicon of the
piezoelectric element 12.

The circumferences of the flow path plate 1
and the wvibration plate 2 are adhered and connected
to the frame member 17 formed by injection meolding by
using, for example, epcXy resin or polyphenylene
sulfide. Parts not shown of the frame member 17 and

the supporting board are fixed to sach other by an

SR WO Ll — . € P P R I I L L T N T R " S— o SLL L LI R E L
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sul fide. Parts not shown of the frame nenber 17 and 25
the supporting board are fixed to each other by an iz
-25- adhesive. The common liquid room8 is formed in
the frame nmenber 17 along with a supply path
(connection tube) not shqwﬁkfor suppl yi ng the
recording liquid fromoutside to the comon |iquid
roomR This 5 supply path (connection tube) is also

SQRRLSLed tah LSEREAT DIqbli QUi AP ¥s SPYFREASYED A

a recording liquid cartridge (not shown). In order to

BeBfcandnbeng Bifldhgt Rithe a RIARS) 664 #hC (BbARRRIE ion
12, an FPC cable 18 is 10 connected to the

fhBaveheet how eF@nt slgphyisel ddfe KenRe&ingnlifGhd
(ani sotropic conductive filnm connection, or wire
boondi bgtsAddr iho Nghei comhbn (daguiet td&)m 18. coThigur ed
to apply a driving waveform to each of the

puppdyl patth ol airepeat $ot2 tubetous edl sd 5conneheéeAPCo a
cable 10. Here, anisotropic etching using alkaline
seehrAgng duianidichinpBl B oFRVSICEM IR okF dé FEgarging
solution (KOH)_ is applied to a single crystal silicon
Ligudfarartdd dgmt (Bl r 8808 orni ng part farming the
20 connection pajh 5, a pierci .hal e bejn h

oresouri 21 18 ITHAT fBoTeBI ehaANGI UL AnGE BRA
212091408 SO NSRLAR PRR! B FALTEHShL Mg Ngst ! oW
connected to the pierzoeleactric element 12 by solder
connection, ACF (anisctropic conductive f£ilm)
connection, or wire bonding. A driving circuit
fdriver IC) 19 configured to apply a driving waveform
to each of the piezoelectric elements 12 is mounted
on the FPC cable 1B.

Here, anisotropic etching using alkaline
etching liguid such as potassium hydroxide liquid
solution (KQH} is applied to a single crystal silicen
substrate, 50 that a groove forming part forming the
connection path 5, a piercing hele being the
pressurizing ligquid room &, the fluid resistance part
7, and the connection part 2 is formed in the flow
path plate 1.

The vibration plate 2 is formed from a metal

plate made of nickel (Mi) and manufactured by the

——m PP FOPLA S SRR —d S LSS LT e = 7 P 2 L N ! = Al - R e d
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path plate |I. The vibration plate 2 is forned froma
metal 25 plate made of nickel (N) and manufactured
by the -26- el-ectroform ng nethod. This vibration
plate 2 has a structure where a part corresponding to
the pressurizing liquid ropm6 is made thin for easy
deformati on and the connection part 11 for connecting
5 the piezoelectric elenent 12 is centered on the

RIESRYLIFEIr g G EhbQ0M SnikN BHIAU L TPPM e 2 has a

non-longitudinal direction, nanely the arrangenent

dtegethor ehdhe éﬂoﬁifﬁscérr&%ﬁ o FtRe 5, a
doubl e pitch structure where the 10 piezoelectric

presents ZiZiandidbatd pacbm $2isr madaittled d yfarr aaged

may be applied. Alternatively, as shown in FIG 6, a
defpahapiiioch &td ucheir eononechdwvnnganihel bafopacban22:ting
may be applied. The nozzle plate 3 is forned by a
hheapier®edleatter mdel ehentclel iENidendere@nohather ed

by the electroformng nethod. The nozzle plate 3
REREFEA L z4AW Covfiekd eBOPB fhe flow path plate | has

the nozzles 4 having_ dianmeters of 10 through 35 y m,
cor r espondilfig & o-¢HtH of °PReNBREI ST A I P uR 4T oE T 1on,

FSBER 05 UL SRR NS, She ShOE58Re 4, o
§R496HASE P IS GodbieChi¥n A SlcSWE 2GR he
pigzoelectric elements 12 and bar parts 12 are
mutually arranged may be applied. 2alternatively, as
shown in FIG. 6, a normal pitch structure not having
the bar parts 22 may be applied.

The nozzle plate 3 is formed by a metal
plate made of nickel (Hi} and manufactured by the
glectroforming method. The nozzle plate 2 adhered
and connected to the flow path plate 1 has the
nezzles 4 having diameters of 10 through 35 um
corresponding to each of the pressurizing liguid
rooms b. A water repellent layer made of silicon
resin is provided on a liguid drop jet side surface
{surface in a Jetting direction: a jet surface or a
surface opposite to the liquid rocom € side) of the
nozezle plate 3. -

In the l1iguid jet head having the abave-
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surface opposite-to the liquid room6 side) of the
nozzle plate 3 25 In the liquid jet head having the
above -27- discussed structure, in a case where the
liquid jet head is driven by, for exanple, a pushing
nmet hod, driving pul se voLE?gg of 20 through 50 Vis
sel ectively applied froma“ontrol part (not shown) 5
to plural piezoelectric elements 2 corresponding to

7 E fearded, ;go,t t ha i eet [Li.Cq =
ggg%g%tsfgﬁl vI\ILer e ]?%'e ﬁﬁl geg\%%le_t g'g.leegé%rzg%%p%ﬁﬁg daljéat
Hebar 184 ad dd1 5 by b ReoXbREA, O i Agl fiethod,

eformed in the nozzle plate 3 direction Based on

LhevehangRilafe wRb LERgef oEhe ol ittidicthgH 0BmN 6, iki quid in
the liquid room6 is pressurized so that the liquid
gedpcits vieAty efbpg I D8t Feohoazlerd fl ddwet noAske shloairs
3. Acconpanying the jetting of the |liquid drop, the
poeplurali pitdwrd gt dicoetefernt 5132 decreaspdndicdga to
slight negative pressure is generated in the liquid
inegeé by ibwerrdeooded) ogoofthiate Hlig P e zondectrhics
state, application of voltage to the piezoelectric
elements 12 jwheig neleoPRlse Medttagrs FTHr apPPéAsH e
2 is returned to its orjginal 20 position and,the

fegeraedodns Hereby bRFgFARTatdSH iRtR 5% 6ntSHence,

ISR IS Bhesrd grhke SRS LY the | Tau d
Based on the change of wveolume of the liguid
room &, liguid in the liguid room & is pressurized =so
that the ligquid drop is jetted from the nozzle 4 of
the nozzle plate 3. Accompanying the jetting of the
ligquid drop, the pressure in the liquid rocom & is
decreased and a slight negative pressure is generated
in the liquid room & by inertia of flow of the liguid.
Under this state, application of woltage to the
piezoelectric elements 12 is turned off so that the
vibration plate 2 is returned to its original
position and the liquid room 6 has its original
configuration. Hence, further negative pressure is
generated in the liguid reom 6. At this time, the
liquid entering frDm-the liquid supply pipe connected

to a liguid tank (not shown) fills the liguid room &

T A T T T T e - B D e ————— ]
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liquid entering fromthe |iquid .supply pipe connected
to aliquid tank (not shown) fills the liquid room6

-28- and is jet fromthe nozzle 4 corresponding to the
application of the driving pulse. Next, details of the
nozzle plate 3 are discus with reference to FIG 7

and FIG O_ Here, 5 FIG I's an enl arged parti al
cross-sectional view of a single nozzle part of the

5 gzaghg'e%t & om i §nzk§eaq en ar e ch v £MG Of oFh e 7

conveni ence of expl anat1 on,” cross section

Qﬁf;ilﬂbﬁ%_&fn GPafte OfirHGng uisLoM tted) 10 - In the
nozzl e plate 3, the water repel lent layer 32 nmade of

a silicon wesitn ldedils 6frehkl YozQed D0 a3 ) eke
surface side surface of the nozzle base 31 made of Ni
deselspleal esitteres fheencezite ik Bdardi AHGt he-noHere,
4 is formed. A material formng 15 the nozzl e base 31
FEGnof? liismarecernlarpedNpamrtstall qicaz:s¢bvbyral view of
nozzl e base made of a netal material is effective for
gheiagdedintgnlofrant ofr ébennazdlentrbate Wen TRE- 8

t hi ckness of the si Ilcon resin 20 layer (water

Fépépl smlargrd w3 el FiF-eXanidics tla%p?lawﬁﬁtléwe of

O0.1.umthrough 10 hem it is_possible 0 secure
PxBl PmﬁefnaﬂocwwnaEF&P& : RSP EEEnCLaF TG

elgasmlmll){__trm e. It is preferable that

- In the nozzle plate 3, the water repellent
layar 32 made of a silicon resin layer is directly
formed on a jet surface side surface of the nozzle
base 31 made of N1 metal plate where the nozzle hole
34 being the nozzle 4 is formed. A material forming
the nozzle base 31 is not limited to the Ni metal
plate. However, the nozzle base made of a metal
material is effective for the embodiment of the
present invention.

When the thickness of the slliceon resin
layer (water repellent layer 32) is, for example,
approximately 0.1 gm through 10 pm, it is possible
to secure water rapellency and wiping resistance and
depcsition can be easily made. It is preferable that
the surface roughness Ra of the silicon resin layer

(water repellent layer 32) be equal to or less than
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t he surface roughness Ra of the silicon resin |ayer 25
(water repellent |ayer 32) be equal to or |ess than
-29- 0.2 fromthe view point of obtaining goad water
repel l ency. In addition, by using a norma

tenperature curing type ligyd state silicon resin as
silicon resin for formng the water repellent |ayer 5
32, it is possible to apply a | arge anmount of the

§|ﬁ|§98mr%ﬂéqﬁﬂbﬁrﬁbfﬁf DESBE%h@ﬂﬁh idod® water
preferable to use liquid silicon re3|n acconpani ed by

fw%éspméhb? actrrprhddftmhs A9zal=a Y af qickmaF shown in
FI 8, 0O there is no oxide | ayer between the nozzle

Bagpedituard e vt eypsepehhed Swyes SGlidbe Skkigoks
resin filmhaving the above-nentioned thickness is
$Dlpedn aestite Sur ficembhgt hbenezdier bagee Bllenhdlaer
oxide layer 35 is formed on the wall surface 34a of
3he 15 nezposdidile 3do ofprhy RodangehammmBit Fhetbsi de
I_ er 35 may be a natural oxide layer or an oxide
ger:oas rgsjigy gy odte f 2l ir separscdal or ridd £8r
i mprovi ng the wet-proofing of the nozzle base 31. In
Eﬁ?ge€a?ge Fﬁ?1@%%nh¥%U1¢f5FHéQQE(ﬁ?s%ﬂ)4%§%@P§§1PﬁebY
é B oofin |In1|s formed on the surface of the
BEITPLYEAGe 261 19The oxi de | ayer (wet- proofing film

o T LB SR L Bl S AR B i,
there is no oxide layer between the nezzle base 31
and the water repellent layer 32. The silicon resin
film having the above-mentioned thickness 1s formed
on the surface pof the nozzle base 31 and the oxide
layer 35 is formed on the wall surface 34a of the
nozzle hele 34 of the nozzle base 31. The oxide
layer 35 may be a natural oxide layer or an oxide
layer as a wet-preoof film separately formed for
improving the wet-preofing of the nozzle base 31.

In this case, for example, if the oxide
layer as the wet-proofing film is formed on the
surface of the nozzle base 31, the oxida layer ([(wet-
proofing film)! 35 is formed on the entirety of the
surface of the nozzle base 31 by the oxidization
process, and then the oxide layer on kthe surface of

the jet surface side of the nozzle base 31 is removed.
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process, and then the oxide |ayer on the surface of 25
the jet surface side of the nozzle base 31 is renoved.
I T - - - - - - - - --30 A this
time, by not only sinply renmoving the oxide |ayer but
al so, as discussed bel ow, applying an the acid
treatnent, plasma process or ultraviolet ray process
to the nozzle base 31 so that the surface 5 oxide

haYehiisS eV e, Ofof Bxigom!mp%p UWRemSHPEG T EHE @ik
made, and then dpplying the silicon resin on the

nagekre hias @ 1% S0as hat skhieswat efeldwpeippdyihayan ithe
formed, it is possible to inprove the adherence
betdeerczhenemitlj oohasmsi proapers 32r ant d8vibtenozaye
base 31. In addition, in a case where the natura
pxbdeslsayer tfhor meslzehet hessuidflace dfhahethaoznhrd apzse
31 is renoved, it is preferable to apply the acid
oredensayerThss , remeeedt her @ inydrexixl derduper bet ween
15 the nozzle base 31 of the nozzle plate 3 and the
§pbEEdH e 1gyeedgei Ay ﬁ@%taapfwém BRE Paldicon
32, .adherence strength between the surface of the jet
§ﬁ?ﬂ§c€qﬂqﬁ?(ﬂ“?ﬁ%enﬁffﬁegﬁaﬁg ahdt RRevREEEr

BRI e F B B LIS Yak B el BT 0
ERel QUIRY N2 ARLYE 08t PReSinGUbd &8¢ 81 AMAYE A2 and
the nozzle base 31, In additicon, in a case where the
natural oxide layer formed on the surface of the
nozzle base 31 is removed, it is preferable to apply
the acid treatment.

Thus, since there 15 no oxide lavyer between
the nozzle base 31 of the nozzle plate 3 and the
siliceon resin layer being the water repellent layer
32, adherence strength between the surface of the jet
surface side of the nozzle base 31 and the water
repellent layer 32 being the silicon resin layer is
improved. Hence, even if the water repellent lavyer
32 15 formed by applying the silicon resin in the air,
sufficient adherence strengtﬁ between the surface of
the jet surface side of the neozzle base 31 and the
water repellent layer 32 being the silicon resin

layer is obtained and stable water repellency can be



10Q

13

20

25

— - O = U P S

sufficient adherence strength between the surface of
the jet surface side of the nozzle base 31 and the
wat er repellent |layer 32 being,the silicon resin 25

| ayer is obtained and stable water repellency can be
-31- maintained. In other words, since there is no
oxide |ayer between the nodZzl e base 31 of the nozzle
plate 3 and the silicon resin |ayer being the water

@g@ﬁkgi%d.ayefn 3Zenipeysitliscon sesd nehsraPRki 6e idkiRie

i
e alr so that the water repellent |ayer is forned

Rl tilife Wabeh1kepalslenil |Gy erhsanshe1eagillate
formed and the nmanufacturing cost of the liquid jet

beaddacamebe inedusedre Next ) agieot ey i rex apipt ewatetrhe
nozzle plate 3 10 of the liquid jet head is discussed
rebbllehner anpet 032 Fl the9sibdien Ha3i® is appéiilear dad
part’ial cross- sectional view of another exanple of
the hiiguise jtdtat hetae wéteie remsddisnnt Laferhé splfogead
invention. In the nozzle plate 3 shown in FIG_ 9, the
asdwaherafansd |dm vayer Izpedderdi lavesi FRBoker @ASily
| ayer is formed on the jet surface side surface _of .
fremgez And e manwfactering mash of atkewhdpeidhgset
nozzl e hole 34 being the nozzle 4 is forned.
kgzth&éafobe §$A¥Fe%nozzle plate 3 shown in 20 FIG

B L Tt ity O
of the ligquid jet head is discussed with reference to
FIG. 9. Here, FIG. 8 is an enlarged partial cross-
sectional view of another example of the liguid jet
head of the embodiment of the present invention.

In the nozzle plate 3 shown in FIG. 9, the
water repellent layer 32 made of the silicon resin
layer is formed on the jet surface side surface of
the nozzle base 31 made of Hi metal piate where the
nozzle hole 34 being the nozzle 4 is formed.

Furthermore, in the nozzle plate 3 shown in
FIG. 9, the natural oxide layer 36 remains between
the nozzle base 31 and the silicon resin layer heing
the water repellent layer 32. The thickness tl of
the remaining natural oxide layer 36 is smaller than

the thickness t2 of the oxide layer 35 situated on

the wall surfzece 34a of the neozzle heole 34 {a natural

Py T & Tl o o ==
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the water repellent layer 32. The thickness tl of the
remai ni ng natural oxide layer 36 is smaller than the
thi ckness t2 of the oxide |ayer 35 situated on 25 the
wal | surface 34a of the nozzle hole 34 (a natural -32-
oxide |ayer or oxide |ayer_g§ a wet-proofing film
separately farned for the wet-proofing of the nozzle
base 31] _In other word, as discussed above, even if

exibR Walir repebkent h@#%r'é%fé”ﬁ@@—?fcaﬁﬁﬁﬁ g e
silicon resin on the nozzle base 31 after the acid
BERRAIMMHLY M @BABdPEaEEThe GetHpF&YEDhEt ofaY hy eSSl e
is applied to the nozzle base 31 so that the surface
buisée I1gyer i s renoved or a hydroxyl group 10
substitution is made, the natural oxide |ayer 36 may
be gener at éah arclide warflacesoiditdmsmzd| gbhase 8¥en if
with time. However, by applying the silicon resin to
EbemwiEte mater et bpat| iﬁﬁ'elra)ieﬁ Tnfmed bHeanatiyialg the
oxi_de | ayer 36 conEIeter covers the surface of the 15
t

RS2 IS, ot the PSSl %R obt af AtAFglthe acid
e LA PR o FHAY BB P Sy oo
/St F1 00 HhE, RS0 SR o Y pph? WP e
GRS T RS L%, IRGE Sy oot of e
substitution 1is made, the natural oxide layer 36 may
Ire generated on the surface of the nozzle base 31
with time. BRowever, by applying the siliceon resin to
form the water repellent layer befcre the natural
cxide layer 36 completely covers the surface of the
nozzle base 31, it is possible to obtain high
adhesion strength between the jet surface =zide
surface of the nozzle base 31 and the water repellent
layer 32 being the silicon resin layer.

In this case, the silicon resin layer is not
formed on the internmal wall surface of the nozzle
hole 34 of the nozzle base 31. Even if the oxide
layer 35 is a natural oxide layer, the oxide layer 35
may Ifurther grow so that the oxide layer 35 is
thicker than the natural oxide layer 36 remaining

between the nozzle base 31 and the water repellant



[ St S N — S — il Yl i) pL S

10

15

20

25

| ayer 35 is a natural oxide |layer, the oxide |ayer 35
may further grow so that the oxide layer 35 is

thi cker than the natural oxide layer 35 remaining 25
bet ween the nozzl e base 31 and the water repellent
-33- silicon resin layer 3%4 The natural oxide I|ayer
35 per unit area of the nozzle internal wall surface
34a of the nozzle base 31 is greater than the natura

Qzen%&naxﬁ%rsl?rﬁ PeFatNkd _ar @0k die- SUr§2£8:0f alhe Z5

nozzl e base 31 where the silicon resin layer is

permea.i tThitsa sdncené hpokhileknese@ial hearemauRifAgGe 34a
nat ural oxide |ayer 36 between the nozzle base 31 and

thetsiel nerIedasd ayer ibeigngater et tkeehbentzalll
| ayer '32 is smaller than the thickness of the oxide
bayde 3B ysEn UM queonuthe wakla st frdoe Sdafetet bd the
nozzl e hole 34 (a natural oxide |layer or oxide |ayer
aszzlgebangeoll wheére ntb@parldtlaqn forsied ieyewetds
proofing the nozzle base 31), it is possible to 15
§BrEPA -hi gh adhesion strength between the jet surface
side surface of the nozz|e bﬁse 31 and f he water

repel | ent &hq§ﬂnﬁ%%%?nthﬁy§ igknesgs, I?Paﬂﬁéng
bR Sl EaBEPL B ER, Yo SRatPR b5 e
B LS A R RTINS L e
layer ‘32 is smaller than the thickness of the oxide
layer 35 situated on the wall surface 34a of the
nozzle hole 34 {a natural coxide layer or oxide layer
as a wet-proofing f£ilm separately formed for wet-
proofing the nozzle base 31}, it 1s possible to
cbtain high adhesion strength between the jet surface
side surface of the nozzie base 31 and the water
rapellent 2ilicon resin layer 32. Hence, even if the
silicon resin is applied in the air so that the water
repellent layer 32 is formed, it is possible Lo
obtain sufficient adhesion strength between the jet
surface side surface of the nozzle base 31 and the
water repellent siliceon resin layer 32 and stable
water repellency can be maintained. In other word,

since the silicon resin is applied in the air se that

the water repellent layer is formed, the water

=t A el e D =l T mm e dede et e e T e e mmmmeededae e - S e edme d Sed e b e————— e
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water repellent silicon resin layer 32 and stable

wat er repell ency can be maintained. In other word,
since the silicon resin is applied in the air so that
25 the water repellent | ayer is fornmed, the water i-
------------------- -- r3q--- --- -34- repellent

| ayer can be easily forned so that the manufacturing
cost of the liquid jet head can be reduced. FIG 10

kepealelﬁtarmdefr@e&ﬁ ee%saeaqu MMe® 96 ehaezzelhe
pl ate of a conparison exanple. In a case where the

AbkhuFarthesiny i SosPpbfedhso 1ihali d heetvai€sd eapelleent
| ayer 32 is fornmed after the oxide layer 35 is forned

opdeven .t he jet surface side surface of the nozzle
base 31 as shown in FIG 10-(a), when the jet 10
surface isEMiGpedhyis han weptergedde 4G asstbinnah view
FIG 10-(b), a circunference part 32a of the water

pépal memzlmwekaee ¢ AcAngorpe gl eeXaneled map lge case
easily peeled off and therefore stable water

FEBER &My Sdanifern b@EﬁaPnt1§| Féplied T2 Bhatsthe amter

show an exa of eri sults
FEP RIS 100k ot S e £ PERER & 5rCT TS xPBASP ol oS
geelln of the wate ant. | ayer. ,The i ventof‘sthe

L drhe v otne | JBE) Al el Haad hgarBY2R! &
ﬂgggﬁ%n%%ég jim%s shown in FIG. 10-(a), when the jet

surface is wiped by the wiper blade 40 as shown in
FIG. 10-(b}, a circumference part 323 of the water
repellent layer 32 facing the nozzle hole 34 may be
easily peeled off and therefore stable water
repellency cannot be maintained.

FIG. 11 is a table showing an example of
experimental results cof a relationship between
existence of the oxide layer and peeling of the water
repellant layer. The inventors of the present
invention made an asxperiment of adherence of the
water repellent layer 32 against ink scaking of the
ligquid jet head of the present inventicn and the
ligquid jet head discus=ed with reference to FIG. 10.
As shown in FIG. 11, in a case where the oxide layer
35 is situated even on the jet surface side surface

of the nczezle base 31, while peeling of the water
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20 water repellent |ayer 32 against ink soaking of the
liquid jet head of the present invention and the
liquid jet head discussed with reference to FIG 10.
As shown in FIG 11, in a case where the oxide |ayer
35 is situated even on the jet surface side surface 25
of the nozzle base 31, whilé peeling of the water
------------ -35- repellent layer is not found at an

£Qb&i%n§t Qe st NEs RSE! EBQnﬁC%LH Srf il 14K §9§|§én9 tThe
the other "hand, 1n a case where the oxide l[ayer 35

fféem%gpb@\exﬁ%ﬂ et henkeboswiimee silecissr §888rohand,
he nozzle base 31 5 |like the liquid jet head of the

phiesephseNwidd Ot hé t BREAES lageeaskh whermok hproxtided on
| ayer is not provided and a case where the natura
bhedgetayperr f36e | sige osudeédre pdelilng mézzhe bater 31
repell ent layer 32 does not occur at the initia

5>  dikgether lafqweld i ikt 18=sdakifngheTlprsss4nt i snvenhdon
that, in the liquid jet head of the enbodi nent of the
bebé‘éntlslrn\ﬁerﬁafiﬁl whpEe HbRePdiges tharR® hiheh@Een t he
wat er repellent |layer 32 and the nozzle base 31 is

FﬁﬁFéﬁié& ek 2 e r'éFﬁt’-‘PoFr?l‘ﬁ FaftTet fkctdepéaysed 36

15 di d G 12 abl h |
3 BRobite e perl thaupe End %eroﬁ'éﬁ?ﬁ%@f%‘a?miéﬁ’%

§X|sten roofln%_flln1 oxi de I ¥er) AR

B8 S0 Ui etnRl 081 EAGNT R OMSE L BYED) (AR

10 spaking. Thus, it is found that, in the liguid jet
head of the embodiment of the present invention, the
adhering strength between the water repellent layer
32 and the nozzle base 31 is improved.

Next, the relationship with ink to be used

15 1is discussed. FIG. 12 is a table showing an example
of an experimental result of relationships betwesen
existence of the wet-proofing film {oxide layer) and
glukbion of a nozzle basze against characteristic of
ink.

20 The inventors of the present invention made
an experiment about the relationship between the ink
and the case where the nozzle base 31 is made of Ni.
As shown in FIG. 12, when ink PH equals 3 {acid side]),
if the oxide layer 35 as the wet-preoofing film is

23 formed on the nozzle intarnal wall surface 34a, a
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ink. 20 The inventors of the present invention nmade
an experinment about the relationship between the ink
and the case where the nozzle base 31 is made of Ni.
As shown in FIG 12, when ink PH equals 3 (acid side),
if the oxide |ayer 35 as thg wet-proofing filmis 25
formed on the nozzle internal wal.l surface 34a, a - 36-
little elution of Ni is found- Wen ink PH equals 3

i?Ejt?!.eSie idd dPSPXkderhavey Sfsh ek Bl equals 3

proofing filmis not formed on the nozzle interna

gbhdsgﬁfd%qe, 3. rRe | 0kigk ehydiomofaNihs feaynd. 5
the other hand, when ink PH equals 9 (alkaline

gkde¥inigl filgn OXd deot ayermdd ah tHre: Wedzz e oohtagnkil m
Is formed on the nozzle internal wall surface 34a, no
ehlli enrdfacd 3&af owndotWogEn el ilehh efjudl Si9 found.
(al kaline side), if the oxide layer 35 as 10 the wet
proof fil mlins tinet cfidramedhandt heheozZingk Bhhteqnal swal |
surface 34a, a little elution of Ni is found- In
dddkatdme iHesle t hel Bl Bhiorxpdey dmyon 3ageht the Netis
added in the ink, no elution of Ni is found even in _a
eagetipgr £ilie bxi Hermggepn3thies NEZ 317 nddteTRES, wiad 1

FHEEAERoR Sy TR Ry BLoP| 86 indA e n) IRERG EPE P
%Eﬁéi%tﬁﬂfﬁié%i{hé é%gg?, if the oxide layer 35 as
the wet proof film is not formed on the nezzle
internal wall surface 34a, a little elution of Wi is
found. In addition, when the elution prevention
agent of Ni is added in the ink, no elution of Hi is
found even in a case where the oxide layer 35 is
formed.

Thus, in the ligquid jet head of the
embodiment of the present invention, by using a
liguid having an alkaline characteristic in a range
bhetween pH=B8 through pH=11 as a recording liguid
fink), it is peossible to reduoce the elution of the
nozzle base 31. The elution prevention agent is
preferably added to the recording liguid sc that the
elution of the nozzle base 31 can be securely
prevented.

In other words, in the liguid jet head of
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bet ween pH=B t hrough pH=11 as a recording |iquid 20
(ink), it is possible to reduce the elution of the
nozzl e base 31. The el ution prevention agent is
preferably added to the recording liquid so that the
elution of the nozzle basqagﬁ_can be securely

prevented. 25 In other words, in the liquid jet head

of -37- the enbodi nent of the present invention, as
fhacuased i mhAY & £ SERECpPR s@Xtd8 - ANSE 1 O, Aakehald R skd
thin natural oxide layer is provided between the

ABa%ke shase o andi hBe1weker Jrepeltenitlayey ehithe
silicon 5 resin layer, it is preferable not to form

hheugxldexidyelavsrt he pebvideef ietwedm bhet hezzle
nozzle internal wall surface so that the oxide |ayer
banseb@leasid ytha emdived- repeédemt bhaymt 66r frheg stild con
oxi de layer as the wet-proofing filmon the nozzle
rasénndlaywea,| 0 Ssrpaeferiehlehactaske wiers the wodde
base 31 is made of N, NI may be easily eluted
dapendiagg the vt 28R NG d4 1 HeHE Ehe tNpEZpEefigigynal
to_reduce the elution of the nozzle base 31 by usi.ng
Hﬁlélﬁ&ﬁﬁﬂ?er%%d?%?ﬁgthﬁqﬁﬁ&qﬁmﬁaﬁﬁ¥h%aﬁlPEIPﬁéll?

h t [ [ 15 i th H=0 t.h h .pHs11
FERBTang M T whaVensl QRTTLAI ot oftiah dgust i
n. _add

i S T e e
surface, in the case where the neozzle base 31 is made
of Ni, Ni may be easily eluted depending on ink
composition. Hence, it i=s preferable to reduce the
alution of the nozzle base 31 by using an alkaline
recording liguid having the alkaline characteristic
in the range pH=8 through pH=11 or a recording liguid
where an elution prevention agent is added.

In addition, the liguid jet head of the
embodiment of the present invention can obtain good
water repellency against a recording liguid including
a fluoride chemical compound. That is, in a case
where the recording liguid including a f£flucride
chemical compound such as a surface active agent is
used, even if the water repellent layer of the

fluoride resin is formed, it is found that sufficient

water repellency cannot be oktained. ©On the other
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wat er repell ency against a recording |iquid including
20 a fluoride chem cal conpound. That is, in a case
where the recording liquid including a fluoride

chem cal conmpound such as a surface active agent is
used, even if the water repellent |ayer of the
fluoride resinis formed, it is found that sufficient
25 wat er repell ency cannot be obtained. On the other

handl,” By using fhe water repedd dN0a PY-UsENgHhe
wat el repelle l'ayer of the silicon resin, it 1Is

p93sicbine e gbt al v iBepwakebld Q:Qﬁ'él?ﬁé?f(nsﬁﬁfa' GaRRir
agai nst the recordlng FIQUId i ncludi ng the fluoride

e8pEI 0N (OO behfl hbias ntasahdyr&ddragngheiquid
fluoride chem cal conpound to the recording |iquid,
ihcladipeas$itd eftwonhde themdyrn cospehade tensi on be
equal to or less than 30 MV m By using the recording
l'i qui d havilmg tHie dyawei cbyurtdieq éfsd ohlwgnadet o or

10 less than 30 MV m penetration rate of the ink into
chemigger qommnupd EBpEbrarefonding pbavigleifois
shorten the drying tinme in a case where pignent ink
Pesgdadenda make ekafprEngmis matutaRe ukPREIRBL Bed cauR L
of thellégﬂﬁhé 3$ 8 of the enbodi nent of th

bPeSEnts B § ST/ Beus 8 WM rEher BREGT

12qulfd Baving fi' 8yRafi S HiGHdONeln i gy E%rual to or
less than 20 mN/m, penetration rate of the ink intc
the paper is high. Especially, it i1s possible to
shorten the drying time in a case where pigment ink
is used.

Next, an example of a manufacturing method
of the ligquid jet head of the embodiment of the
present invention is discussed with reference to FIG.
13. Here, FIG. 13 is a cross-sectional view for
explaining the example of the manufacturing method of
the liquid jet head of the embodiment of the present
invention.

First, as shown in FIG. 13-{z}, an oxide
layer 35 asz a natural oxide layer or a wet-proefing
film is formed on a surface of a nozzle base 31

formed by Ni electroforming. Then, as shown in FIG.

13-({b}, 2cid treatment is applied so that the oxide

LI N T B S e e e e LRS- T el bl e el et St Bl L L R el emmm————————— - =taa
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expl ai ning the exanpl e of the manufacturing nethod of
the liquid jet head of the enbodi nent of the present
20 invention First, as showmn in FIG 13-(a), an oxide
| ayer 35 as a natural oxide |ayer or a wet-proofing
filmis formed on a surfacgﬁpf a nozzl e base 31

formed by Ni electroform ng.” Then, as shown in FIG 25
3-3-(b), acid treatnent is applled so that the oxide

I1aver §ituated 9n thé surface of*%%ézaﬁﬁzfétHQEQdETW
t % surface of the nozzle base 31 1s renpved and

Dy dE@n¥ke@l QR FHRSES L ?Boh Mﬁsﬁtuﬁi@nsﬂéf AG8e on
After that, as shown in F in a state where

Ehé 5&rf§deette¢ﬁéﬁntnaﬁurhacehsme #n oppesi 18-t{e)g in
jet surface side to the jet surface side via a nozzle

HokeaBéd ehcde miozzie basdeBied lfimpm ch stat fasel sdde
resin is applied to the nozzle base 31 by a dispenser
éppesitkattct ke it i gonfresi gidE ba 344 si$oraedlankt er
the silicon resin filmb52 10 is cured, as shown _in
Fide Y33 @) nazwledrele Bdpell] die mgazlgbaser dlmed
Thus, by inplenenting the acid treatnent and then
léﬁﬁwngtﬁx@ &d e PRAyERS i 1iSs apmdsiafft et ? ot REr RP 221

R T e R S G
Pgimpggvas %5¥hé§e SH%E%%et ; th%iéﬁnsgééfﬁe SH%FEE
is cured, as shown in FIG. 13—{d}, the water
repellent layer 32 is formed.

Thus, by implementing the acid treatment and
then removing the oxide layer, it is possible to form
the water repellent layer 32 by applying the silicon
resin in the air in a state where the oxide layer is
not provided on the surface at the jet surface side
of the nozzle base 31. In thls gase, in a time
period from the acid treatment to application of the
silican resin, the nozzle hase 31 is axposed to the
air so that the natural oxide layer 36 may be formed
on the surface of the nozzle base 31. However, as
long as the natural oxide layer is thin, as discussed
above, it 1s possibile to obtain adherence strength
between the silicon resin and the nozzle base 31.

Although the process for removing the



10

15

20

25

e e A e T e e —— L o R L —

of the nozzle base 31. In this case, inatinme period
fromthe acid treatnment to application of the silicon
resin, the nozzle base 31 is exposed to the 20 air so
that the natural oxide |ayer 36 may be forned on the
surface of the nozzle base,3l However, as long as
the natural oxide layer is thin, as discussed above,
it is possible to obtain adherence strength between

%%Edi%hit‘i% ©Sih A bheingiehRRase Bl.tré AhhBaugh

r
e process for renoving the i-: -4 0 oxidization film

PRYchesi By emRNter: byvibeep! asFadiiocRsSpPbckBe, the
ultraviolet irradiation process, the acid treatnent

481 A0Sresitipire: and want beimppleensd ethn dbe | Hnptesiented
Next, an exanple of an inmage form ng device having
shelbwqaoodi.et head of the enbodi nent of the present
invention is discussed with reference to FIG 14 and
FIG 15. Héext, FRG ekanpd e &f dan cim2aeaforviiew gieyhee
i mage form ng device of the enbodi ment of 10 the
bhasdagt the dntgwid 208 kpad of they gkedimentort fhe

mai n part. of the inmpge form ng device shown in FILG_
EH?SPHttHW¥QQﬁ&Rbe?nﬁﬁ§EHé§i A (hmﬁ? %ﬁEnTGth:§IG'

I A, ek eI A Wy s R
view of the image forming device of the embodiment of
the present invention, and FIG. 15 is a plan view of
a main part cf the image forming device shown in FIG.
14.

In this image forming device, a carriage 103
is held by a guide rail 101 and a2 guide rail 102
which are gquide members provided between side plates
left and right {not shown] soc as to be able to slide
in a main scanning direction. The carriage moves and
scans in the main scanning direction indicated by an
arrow in FIG. 14 via a timing belt 105 provided
between a driving pulley 106A and an idler pulley
106B driven by a main scanning motor 104.

The carriage 103 includes a recording head
107 composed of four individeual liguid jet heads 107k,
1072, 107m, and 107y of bklack (K}, cyan (T}, magenta

(M}, and yellow (Y}, respectively, for ejecting ink
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left and right (not shown) so as to be able to slide
in a main scanning direction. The carriage noves and
scans in the main scanning direction indicated by an
arrowin FIG 14 via a timng belt 105 provided 20
between a driving pulley 106A and an idler pulley

106B driven by a main scanning notor 104. The carri age
103 includes a recording head 107 conposed of four

HEQp\lle%léabﬂ'% t€ivheads ok@7k, TH7EecdPdihgahtad
of black (K), cyan (C, magenta 25 (M, and

yahrl QW p¥ovildspedt i yedY reboncg) ecldi® 4 WMain- scanning
-------------------------------- -41- droplets of
despectione aaal arrsk Theefjected My dweadthe 107k ejpetdicted
in a direction along a main scanning direction and
opknisge dot dthd rapwhwerdnkigesdticon openings in the
downward direction 5 The recordi ng head 107 nay be
formed by Thesinfiarding| head Llquimewirsp Fermedgby a
heads havin plural nozzle lines jetting different
EéPBﬂ-@ & H%wrarhelwaaﬁddfgp Redd ¥ lhdgdenbaving

EEGR Mo IeP 40T, RIS A Blers et € Re LR,
of 1 qui d“@i»ﬁ']sﬁifg‘?f PRk b t%%%b%“??%ﬁm%
FeBerForr Dy T aroehRBeT el A na el 28hn g2,
phase changes
Bﬁé%@éyédﬁ¥ﬂg”é§éﬁ§nt, a thermal actuator which uses
phase changes due to film beiling of liquid by using
an electric thermal conversion element such as an
exothermic resistcer, & shape memery alloy actuator
which uses metal phase changes based on temperature
changes, or an electrostatic actuator which uses an
electrostatic force, a5 an energy generation part
configﬁred to jet the ink (recording liguid).

The carriage 102 includes sub tanks 108 of
the four colors for supplying the respective coler
inks to the recording head 107. The color inks are
supplied from respective main tanks {ink cartridges}
through ink supply tubes 109 to the corresponding sub
tanks 108B.

In addition, the image forming device

includes a paper feeding part configured teo feed
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15 changes, or an electrostatic actuator which uses an
el ectrostatic force, as an energy generation part
configured to jet the ink (recording liquid) The
carriage 103 includes sub tanks 108 of the four
colors for supplying the regpective color 20 inks to
the recordi ng head 107- The color inks are supplied
fromrespective main tanks (ink cartridges) through

}fEEe&léolﬂ_'])Q t30£8xd90h0 ot R or rospoRdhIpswR  (taanks
OB. In addition, the image form ng device 25
bhelskidas prapey feedofg apydpeconfégiing teakeadd.s The

paper feeding-part includéd PpapeescéiP-shaclkeed raller
paper stacking part (a pressure plate) 111 of a paper
fleediarget rigedifg Thélepapdrld ddthihgspnaratasl vadek eeds
crescent-shaped roller (a paper feeding roller) 113
that peEFArat apuef b¥dens tiomdpes sPaperoft agkiang
fromthe paper stackin%_ part 111 and a separation pad
pPextt didecrt & semeEptarWRA ol bl ghoEBert P& ént of
fricti.on and . proyvi ded to oppase the_paper, feedin

PO Fariets 31 Hhen BhBhr GPRd A1 AT 6° B GESET GWHF o

RS ASRE eeahttne bt oo d1e' FBAREEOAEAY, e
%%ﬁ%%éé%ﬁﬁ‘ﬁ%dtffq is biased toward the paper feeding
roller 113.

The image forming device alsc includes a
conveying part configured to convey each of the
recording media {(papers) 112 fed from the paper
feeding part below of the recording head 107. The
conveying part includes a conveyance belt 121, a
counter roller 122, a conveying guide 123, an edge
pressure roller 125, and an electrostatic charging
roller 126. The conveyance kelt 121 conveys the
paper 112 by causing the paper 112 to adhere
electrostatically to the conveyance belt 121.

The paper 112 is fed through a gulde 115
from the paper feeding part to be conveyed and held
between the conveyance belt 121 and the counter
roller 122. The conveying guide 123 changes the

conveying direction ¢f the sheet of paper 112 fed
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recordi ng nedia (papers) 112 fed fromthe paper
feeding part bel ow of the recordi ng head 107. The 15
conveying part includes a conveyance belt 121, a
counter roller 122, a conveying guide 123, an edge
pressure roller 125, and aQE@Iectrostatlc char gi ng
roller 126. The conveyance belt 121 conveys the paper
112 by causing the paper 112 to adhere 20

hirGal yCoRv d2tecthen b
BLgstEqpiRtLsA e febles en esaniied fiecTien by

éﬁsgtﬁﬁt%&u}t mpedsgpuexedoantdielthe heipeenitheis
conveyance belt 121 and the counter - roller 122. The
€8NV aYLA] cguided 12Bosfannes cbharea&mmn\mglnglﬂur ectiihen
of the sheet of paper 112 fed - - --
edge- pressure rdBlesubEﬁamslMﬂ%ﬁadntmwaiﬂythﬁ the
upward direction by substantially 90 degrees so that
¢hevpgpecel izl 124bnbgyadhed dimd arsHeet hb2éonvayiance
belt 121. The edge pressure roller 125 is biased
edaatdosta ™ o orheyahed Belde L3Ry P Het dk nghAsRE&T
124. The electrostatic charglnggioller 126 forns a1
BRAEQILRGE (FArRrd%at FRRaFYEd alfife Hurtlie SO VEKRNCE belt
cgnveyance belt 121. The conveyance belt 121 is an
dless belt 10 and may be fornmed by connecting both
ends of 3 Beld o JAYLPon 808e1 TNG AONEVANEEEL s B

I's tenslon
and may be formed by connecting both ends of a belt
having ends. The conveyance belt 121 is tensioned

between the conveying roller 127 and the tensicn

roller 128. The sub-scanning moter 131 rotates the

conveying roller 127 via the timing belt 132 and the

timing roller 133 so that the conveyance belt 121 is
rotated in a belt conveyance direction of FIG. 14,

namely a sub-scanning directicn. A guide member 1282
is provided at a rear surface side of the conveyance

balt 121 corresponding te an image forming area of

the recording head 107.

In addition, a slit disk 134 is provided at

a shaft of the conveyance reller 127. A sensor 135
configured to detect the slits of the slit disk 134

and the s5l1it disk 134 form an encoder 136,

el

- e
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bet ween the conveying roller 127 and the tension
roller 128. The sub-scanning notor 131 rotates the
conveying roller 127 via the timng belt 132 and the
15 timng roller 133 so that the conveyance belt 121
iIs rotated in a belt conyg¥ﬁnce direction of FIG_ 14,
namely a sub-scanning direction. A guide nenber 129
is provided at a rear surface side of the conveyance

bel t 121 coiyespQndifgstQrap CHRGY Y Hamareasel codfks
the recording head 107. In addition, a slit disk 134

if Bhavtiaded pith aa shakFaek UREGOMEYENS echikbganbd/ .
A sensor 135 configured to detect the slits of the

Bt dizgk a3 iancbtheed! foldicsk diBde Hor proaatéacodet the
136. -44- The electrostatic charging roller 126 cones
convenkacte Wat al 3Lr f aferkcapehaofinde? chnieparcapplied
belt 121 and is rotated following the rotation of the
tonpeyinemdselaf 12he Fbaéss alsawnap e NEareesppl i ed

5 to both ends of the shaft as _pressure forces. An
encoder sc&re eP Ry fgadesilide baving g dgelibt 18

front side of the carriage 103. An encoder_sensor. 143
BEPRG G5 @dnhi S50k ByHE Frottde SaRbraesnt-Pduredt o

det t th lit t ] d 10 scal 142 i
SREOae, S son P43 DELhRr B Erarput e Conia bRy, PhgEo

102 oIhe gneoder. scaleq142.and e ) AICOFeEngeRsodkts
A L R
acale 142 is provided at the front surface side of
the carriage 103. The encocder scale 142 and the
encoder sensepr 143 form an encoder configured to
detect a main scanning direction position of the
carriage 103.

As a paper discharge part configured to
discharge the paper 112 recorded on by the recording
head 107, there are a separation part, paper
discharge reollers 152 and 153 and a paper discharge
tray 154. The separation part separates the paper
112 from the conveyance belt 121. The discharged
papers 112 are stacked in the paper discharge tray
154.

A both sides paper feeding unit 155 1is

datachably provided at a rear side. The both sides

paper feeding unit 155 takes in the paper 112

R T I e R
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detect a main scanning direction position of the
carriage 103. 15 As a paper discharge part configured
to discharge the paper 112 recorded on by the
recording head 107, there are a separation part,

paper discharge rollers 15 and 153 and a paper

di scharge tray 154 The separation part separates the
paper 20 112 fromthe conveyance belt 121 The

Péﬁﬁbﬁé&e‘ﬂ:y RARGIPeAde 26€a%LaEKE ithd NCoRSBGENCe belt
di scharge fray 154. A both sides paper feeding unit

129 had eevaahald yrips ophfed aflza geals stdlefedethet h
sides 25 paper feeding unit 155 takes in the paper
fgdpger~112- again betwaen- the counter reller 122 and
-------------------- -45 returned by a reverse
theatpomeglnde moliveydhee belt 121 and reverses the
paper 112 so as to feed the aper 112 again between
the count efsr ghicein 111p BHA- Lhe GoMadydicidnbeytand]l. 5
As shown in FIG_ 15, a_paintaining and recoverlng
ﬁ%EﬁHﬁFéHElN?qnﬁn¥ﬁWniéﬁnﬁﬁ& &%}nqﬁﬁﬁﬁ¥ﬂlﬂﬁ a state
of the nozzle of the ecordln head %97 i's rOV|ded
FRCQVRGANS: it TRfF 2y & Eoﬁ‘é’ 2L F et SEQRALRY

FLageiban & NS AL 80°a 10310, G 1R " ALY 00 3Rl
VErin a 1

side in the scanning direction of the carriaqge 103.

The malintaining and recovering mechanism 156
includes caps 157, a wiper blade 158, a test jet
receiving part 159, and others. Each of the caps 157
caps each of the nozzle surfaces of the recording
head 107. The wiper blade 158 is a bklade member for
wiplng the nozzle surface. The test jet regeiving
part 159 receives a liquid drop at the time of test
jetting for jetting a thickening liguid not
contributing to recording.

In the image forming device having the
above-discussed structure, the papers 112 are
separated and fed from the paper discharge part one
by ona. The paper 112 fed teo the upper part in a
substantially vertical direction is guided by the
guide 115 and clamped and conveysed by the convayance

hbelt 121 and the counter reocller 122. In addition,
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i ncl udes caps 157, a w per blade 158, a test jet
recei ving part 159, and others. Each of the caps 157
caps each of the nozzle surfaces of the recording
head 107. The wi per blade 158 is a bl ade nmenber for 15
Wi pi ng the nozzle surface.{?metest jet receiving

r

part 159 receives a liquid drop at the time of test

jetting for jetting a thickening Iiquid not _
ﬁﬂ@_t hbBYt iR (r recor dhpdr Azt e 'd{?ﬂfeéaﬁg]eﬂﬁedev' ce

aving the 20 above-discussed structure, t papers

ddivavanceeRpiaied and fedof %@gaetﬂﬂelmppé greshkadde o
part one by one. The paper 112 fed to the upper part

tReacostRsi=anid abd Yyt VERLI B8l tdia eniddrend gvededniy
the guide 115 and cl anped and conveyed by the
tohVeyan@d 2mdedtlie 12dnanganhe courderionl dEr tha2 paper
addition, -- - ----- S R R
112 is- changed -by substantiallgye-24 htedieedsend of t he
paper 112 is quided by the conveyance guide 123_ The
paper 112 B& pddsdein®, fhBECgdiaPaftt Mt tandlapy
the head end pressing _roller 125 and the conveyance
AFERELVEN BHEHHe PaPeflberpatied o ihifyepsatedly

BTl S degocs ALNS AT, FoPORbLEYora,
BB Rk RIS 495 28 SRR S0 1883t ve
Eﬂétngggﬁfégeelectrical charges are applied to the
conveyance belt 121 in a rotatieon direction, namely a
sub scanning direction, forming belts at a designated
width., When the paper 112 is fed on the conveyance
belt 121 that has alternately charged posgitive and
negative belts, the paper 112 is adhered to the
conveyance belt 121 by the electrostatic force. The
paper 112 is conveyed in the sub-scanning directicon
by rotational moving of the conveyance belt 121.

Ink drop=s of a =single line are jetted onto
the stopped paper 112 for recording by driving the
recording head 107 corresponding to the image signal
while the carriage 103 is moved in the main scanning
direction. After the paper 112 is conveyed at a

designated length, recording for the next line is

performed. & recording finishing signal or a signal
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10 and negative electrical charges are applied to the

conveyance belt 121 in a rotation direction, nanely a
sub scanning direction, formng belts at a desi gnated
wi dt h. When the paper 112 is fed on the conveyance
belt 121 that has alternatgly charged positive and 15
negati ve belts, the paper 112 is adhered to the
conveyance belt 121 by the electrostatic force. The

PAASEAtI g SHRANVEYSIrL oLt BRAS WE SR AL i 129t hal
by rotational noving of the conveyance belt 121. Ink

fEaRReaf 22 @i hl NErakeikelreed 1add, 20 thatstepped
paper 112 for recording by driving the recording head
1074 ceaingspaiudngiée ibefimghes gnal thdipepelhell? is
carriage 103 is noved in the main scanning direction-
Af sehatriye b apert Hd Zpaperodueyde mate & raiesl ghat ed

| ength, recording for the next line is 25 perfornmed- A
recordi ng flimissidaae stnehe oboshsisgiisls iprindyng, when
indicating that the rear end of the paper 112 has
regeRddng radc ot of WS hr sarfaceedsi VP LY tRhat “hRe
recordi ng operation_is finished and the paper, 112 is

aPERYPGES e tthel phpef AFTEREFgE TryPd52° 5t 1A ta Wase
BLposREth ShES: B1ADL 4 A0 IS 42508 008 002 i o
BELE! 330eY Bfeg O BalnbBni RS Whefe TREREY 297 15
reversed 50 that a second surface is now the printing
surface and the paper 112 is fed again between the
counter roller 122 and the conveyance belt 121. The
timing contrel is performed and the paper 112 is
conveyed on the conveyance belt 121 for printing the
rear surface (second surface) and then the paper 112
is discharged to the paper discharge tray 154.

During waiting for printing (recocrding), the
carriage 103 is moved to the maintaining and
recovering mechanism 155 side and the nezzle surface
of the recording head is cappéd by the cap 157. A&As a
result of this, the nozzle 1s maintained in a moist
state 50 that bad jetting due to ink drying can be
preventad. In addition, in a state where the
recording head is capped by the cap 137, neozzle

suction or head suction is implemented =o that the
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bot h si des paper feeding unit 155. The paper 112 is 10
reversed so that a second surface is now the printing
surface and the paper 112 is fed again between the
counter roller 122 and the conveyance belt 121. The
timng control is performedand the paper 112 is
conveyed on the conveyance eIt 121 for printing the
15 rear surface (second surface) and then the paper

%é%nﬂd&dﬁfﬁﬁﬁﬁﬂfdléosﬁﬂﬁlﬁﬂ@ﬂ'f%éﬁ*@ﬁ@enﬁﬁﬁiel§$ that
During waiting for printing (recording), the carriage

03 olve rIRNE b Ord FEoABI Fbai @iRGaN i A@CONEEkRGed
mechani sm 155 side and the nozzle surface 20 of the

tecetrdimg Heaghid sagpeHebpubivd ecapi d S¥mp Asmanteelsul t
of this, the nozzle is maintained in a noist state so
Fhat higahqget t | 11y cluderotionketopand feani bk aghevedt e
In addition, in a state where the recording head is
thppaeanla rﬂancﬁ@casaf hbezIrexg- g i lopadr 1Adadyy this
suction is inplenmented so that the -48- recording
FF&&W&Q@%G&H#%"@HUW oWPHé‘%d-zﬁzlJé“I%%e‘f‘ﬁ%FEd by the
recoveri_ng. op tions f r di.schar t hj ckened
FéE&FdP&@q‘%qﬁ and™t AEAA&E s %5 mpFenBREEgtion is

Fur&her o re

BRI i PATET bR LA S e 1iked S B cRbding
Ao a SR EE | Paghi R0t dcadBETEE Bz thg O

In"a ron t operati

ERLSRRLd st habet Be ik RK snot; ¢ eiétﬁgsggbﬁacerdl ng
maintain the stable Jjetting property of the recording
head 107.

Thus, since the image forming dewvice has the
ligquid jet head of the embodiment of the present
invention, the water repellent layer 32 is not peeled
even 1f wiping is implemented by the wiper blade 158
of the maintaining and-recovering mechanism 155. It
is possible to maintain stable and sufficient water
repellency for a long time and obtain stable liguid
jetting characteristic. Hence, it is possible to
stably form a high guality image.

In the meantime, while & printer structure
1s discussed in the above-discussed embodiment as the
image forming device of the present invention, the

present invenftion is not limited this. For example,
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IS jetted before starting recording or during 10
recordi ng. Because of this, it is possible to

mai ntain the stable jetting property of the recording
head 107. Thus, since the imge form ng device has the
liquid jet head of the enbogyment of the present 15
invention, the water repellent |layer 32 is not peeled
even if wiping is inplenented by the w per bl ade 158

phet B Wi ai i SGL 2BH CREOVR! Wb TEENaPbSBhaSPrildter,
is possible to maintain stable and sufficient water

Fapelineney, fedpBet08g thee miltighiai fustelbh pirguwet Lithg
jetting characteristic. Hence, it is possible to
mbahline arintchdi ghigtelrt faqgmigeilé n 4hd cepheirne, In
while a printer structure is discussed in the
abdid-idingc UsSsede eebedi- mémvead: itde camalge #ppiing to a
device of the present invention, the 25 present
FAventibeTa sl meidi athed Chian i X awped, as the
.......... -49 the present invention can be applied
TECPREINT nteiuidfacsinile, copier or the nultiple
functio rocessin g ne of the rlnt

15egamd & IE%Blg'ePga% e RERSE, ?‘ﬁ%ﬂﬁ%@&ém

I nvention b led . to_a Qﬁ re

ot her thanfihk 16 DR oo Ohe-SpERIPRAG el e ‘ehe
E3eea Pl 08020 1 BN eI Y 1AW ehLEBRl embodiment
of the present invention. FIG. 17 is a view for
explaining a configuration characteristic of a part
shown in FIG. 16.

In the second embodiment of the present
invenktion, & nozzle plate 202 being & base of the
liquid jet head is manufactured by Ni electroforming,
An ink repellent film 202 which is a silicon rein
film having the thickness of 0.1 pgm or more is formed
on the surface of the neozzle plate 202. It is
preferable that the surface roughness Ra of the ink
repellent layer 201 be equal to or less than 0.2. It
iz more preferable that this film thickness of the
ink repellent film be egqual to or greater than 0.5 pm.

As shown in FIG. 17-i{c), at the time when

the ink 2083 fills the liguid room 6, a meniscus

fligquid surface) P is formed at the koundary part

e AN AT AL -
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FIG 16 is a cross-sectional view of the |liquid jet
head nozzle plate of the second enbodi nent 10 of the
present invention. FIG 17 is a view for explaining a
configuration characteristic of a part shown in FIG
16. In the second enbodi rreggooz_of t he present

i nvention, a nozzle plate 2 bei ng a base of the 15

liquid jet head is manufactured by N el ectroform ng,

PahBkr Rl gtz 1s] E%%Q% Wi h i Bhsi LhRORap@1N ent

filmhaving the thickness of 0.1 ji mor nore’is

tanfaedolomdde sErtpeesoflildee nazzie plawe 202_ It is
preferable that the surface roughness Ra of the ink 20

repel | ent ThAgebp2Alime repial of othe hegzlehgndte 202 is
is nore preferable that this filmthickness of the ink
fepmkldestc fiHam behequabsto secitgreatperpémdiOuiairche the
As shown in FIG 17-(c), at the time when the ink 203
fehtert drg quidicabadobya omsmiddiised 2bigesqiind FIG. 17
surface) P is forned at the boundary part -50- between
hae Aosabs it eabby argcpdenabakgrdl tenf lapremizm
made qQf the silicon resin film The opening part _of

PRETREF, (%I G SD2LERe o HtP SPRHAE - t hENEr dods
BFEbRaS AN, 2L Bt S, LR AP S
ﬁgéfﬁé%%gﬁ{‘ﬁf&%gﬂpggﬂﬁt Lo oMlerell, 10 center line
perpendicular to the center line and the cross
secticn is bigger as the crocss section is further
separated.

More specifically, as shown in FIG. 17-{a},
the opening part of the Ink repellent film 201 has a
round configuration wherein a curved part from the
opening edge end to the vicinity of the opening parct
of the nozzle plate 202 has a curvature radius r. It
is preferable that the curvature radius r be equal to
or greater than the thickness d at a part of the ink
repellent film 201 other than the wicinity of the
ppening part. This thickness d may preferably be a
maximum thickness of the ink repellant film.

Thus, the cpening part of the ink repellent
film 201 connecting to the cpening part of the noz:zle

plate 202 has a curved configuration not having a
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repellent film 201 formed on the ink jet surface of
the nozzle plate 202 has a cross section 10

per pendi cular to the center line and the cross
section is bigger as the cross section is further
separated. Mre specificallgs_as shown in FIG 17-(a),
the opening part of the ink repellent film 201 has a
15 round configuration wherein a curved part fromthe

Qﬁﬁ@tﬁ&t&‘i&q)ﬁ%éﬂptéﬁ ¥i G trﬁbipfhéthmﬁpﬁnhﬁﬁgﬁ@fgt
of the nozzlé plate 202 has a curvature radius r.

parpl ef e, thddnthe gupyalurie rl:ﬁaﬁi'ﬂﬁrrﬁebeb?quahut}:mr
or greater than the thickness d at a part of the ink
RAdeepel remtbe,| k120 1sbaher palran rtahe voei hahy ab thhe
opening part. This thickness d may preferably be a
wireruanchittienessk ofephélienk fégal 12t fiymoThbs, the
opening part of the ink repellent film 201 connecting
peelpd épem ridiparezslet néaﬁ@z:_aD@ 25 pI ate 202 has a

curved configuration not having
subst ant i aﬁlyagﬁéitﬁrﬂéldgésan?cp%‘% h%vFﬁE]’ aWan‘d?)rvg it is
part- Hence, even if w ping éis perforned by a wi per

RRBE=EEI BT tHee shadpepdt ¢ FRyTRSk an'fb Wgﬁ’ét line

the ink repellen

FRBRea FH S IReop A8 SEOTING LI B, RS ik
§Q8@@lﬁ%tmé}lﬂjééf)mn'Ehbscross section where the

center line of the opening part of the neozzle plate
202 passes and a nozzle plate 202 surface including
the opening edge end of the nozzle plate 202
connecting the opening edge end of the ink repellent
film 202, be less than 20 degrees.

Thus, since the angle & formed by the
tangent line at the end edge of the opening part of
the water repellent f£film 201 and the nozzle plate
surface 202 is less than 90 degrees, as shown in FIG.
17-{c), the meniscus {(liquid surface} P is stably
formed at the boundary part of the ink repellent f£film
201 and the nozzle plate 202 and the likelihood that
the meniscus P will bhe formed at another part can be
reduced.

Thus, since the forming surface of the

meniscus can be stabkle, it 1s possible to stakilize
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preferable that the angle O , forned by a tangent I|ine
passi ng the edge end of the opening part of the ink
repellent film 201 on the cross section where the 10
center line of the opening part of the nozzle plate
202 passes and a nozzle plaie 202 surface including
t he openi ng edge end of the nozzle plate 202
connecting the opening edge end of the ink repellent
ﬁéhﬁ&%g%ﬂoecﬂee%t haph@ ¢erfsy o hiSe KRGS thhe
angle 0 formed by the tangent line at the end edge of
inggepedirtd marde ®icet DAcMabEng apel | ENgui 4l ge%ohemﬂ
the nozzle plate surface 202 is |less than 90 degrees,
bBRcihawng rntHe Gozdle(plateh@0eni scus (liquid
surface) P is stably 20 forned at the boundary part of
the ink repel sehicbn mes201 whekit he hbizl emiication@®R of
and the |ikelihood that the neniscus P will be forned
5 bheapsesentpamnvaraniee, peduedd temnRTatineecurdng type
form ng surface of the 25 neniscus can be stable, it
15apddsphada Sk Hpeni Fesin. 1s preferable.and resin
------ - -- - -------=- -- - -52 jetting of the ink,
AREATPERIERy bih IYAERIWPLA TRECT IR E T of FPRE AdIEe

BFAFE* 2635 Ac 1 1V REn PRaPRIbSATAFTHTS ERoRALToARTR
1?%28_:_8‘}{6%%%} M4 080 PO IR PN Mg e curing

10 The “*Table 1¥ mentioned below shows a
relationship between configuration from the opening
part edge end to the viecinity of the opening part
edge end of the nozzle plate 202 and results of
evaluation of ink adhering around the nozzle, edge

15 peeling and jet stability, in the ink repellent film

201 of the liguid jet head of the embodiment of the

present invention.

[Table 1]
Edge configuration Ink Edge Jet
adhering peeing stability
Sharp edge exists Partial Generation Good
generation
No sharp g =an® N0 NO F0ooD
edge ({Round a>90° NHO NQO BAD
C?nflguratlo =d NO NO GO0D
n
r<d HO Fartial BAD
Generation

— e B e i P e e e e AL e e S e s e e e e e e
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liquid state silicon resin is preferable and resin
acconpani ed by hydrolysis reaction is especially
preferable. In the foll ow ng exanple, SR 2411 nade °
by Toray Dow Corning Corporation is used. 10 The
"Table 1" nmentioned bel ow shows a relationship

bet ween configuration fromihe opening part edge end
to the vicinity of the opening part edge end of the
nozzl e plate 202 and results of evaluation of ink
adhering around the nozzle, edge 15 peeling and jet

stability, Thnthbe doteiiApedt 6% Fhefe 20k QfuHdieantially
liquid jet head of the enbodi nent of the present

ERuent iceiye (@bl wclpdEdge ncatfd gidgd i partnkthdgerileitnity
adhering peeing stability Sharp edge exists Partia
GEnehat icgrerGoogl gdger andon ofNdtehaipk goep iDL KOG m
edge (Round 0 900 NO NO BAD Configuratio r > d NO NO
E0hh imk reCthaNO.®ar LFalfoBAD aGsnurdtiloam ne3zlen arsk
configuration where the substantjally sharp edge is
pPreladed 9 thee 2dge gupt T MERARY nl§ yIeBeTraked.
openi ng ed%e end) of the ink, repellent film

n the round configuration, ink does not
adhaere. In the comparison example shown in FIG. 18-
(a}) where r is smaller than d (r<d}, peeling of the
edge is partially generated.

In the comparison example shown in FIG. 18-
{b) where £ is greater than 90 degrees (8>80
degrees), Jjetting of the liguid drop is unstable.

That is, as shown in FIG. 1Bic), in a case
of r<d or 8 >90 degrees, at the time when the ink 202
fills the liquid rcoom &, the meniscus {liguid
surface}) P may be formed at the boundary part of the
ink repelient f£film 201 and the nozzle plate 202 or
the meniscus Q may be formed at the convex part
toward the center of the opening part of the ink
repellent film 201", namely a part where the cross-
saection perpendicular e the center line of the
ppening part is smallest. Because of this,

unevenness of jebkting stability of the ink when the

image is formed by the image forming deviece using the
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5 201, ink adhering is found around the nozzle and
peeling of the edge due to wiping is generated. In
the round configuration, ink does not adhere. In the
conpari son exanple shown in FIG 18- (a) where r is
smal ler than d (r<d), peelig of the 10 edge is
partially generated. In the conparison exanple shown
in FIG 18- (b) where 0 is greater than 90 degrees

195994 dear epsdd hethgngnel nbhelld Pt drop2i fay be

unst able. That is, as shown in FIG 18(c), in a case
Fbnefrakedl or 0 >90 degrees, at the tinme when the ink
203 fills the liquid room®6, the neniscus (liquid
surface) Rieay, banf eraEschlad dhethoundany apanir iofg tdethod
ink repellent film201 and the nozzle plate 202 or
chetirenneoamsl Q menbde 66r rbe¢ dtichal corvelxepdr pf2Ghis
toward the center of the opening part of the ink
eppediawnty j9im Uoa' praasely iaveartiathek® dhacupeesi.

section per end| cular to the center line of the
openi ng paftSislSmdl EstviesbciREiBe EhSErugitefennese

P by RS %¥+§wn15ﬂ3 535.3%@%5%85 2atim

aaﬁgsa#eﬁt 5845 28,1 he 0935 RIS e, ey che
BELRRAt invention.

The dispenser 204 is used for applying
gilicon scolution at the ink jet surface side of the
nozzle by Ni electroforming. While silicon is jetted
from the head end ¢f the needle 205, the dispenser
204 is scanned so that the distance between the
nozzle plate 202 and the head end of the needle 205
keeps a predetermined distance. As a result of this,
silicon resin film is selectively formed on the ink
jet surface of the nozzle plate 202 as shown in FIG.
16 and FIG. 17.

As silicon resin used in this embodiment of
the present invention, neormal temperature curing type
gsilicon resin SR 2411 made by Toray Dow Corning
Corporation and having coefficient of visceosity of 10
mPa s is used. However, it is found that silicon is

slightly provided around the nozzle hole or the rear

=TT s d e e A A e e e S S T Sl e e e e M1 T2 P e e A e e e e L e e e e S e e T S e el e e e = Fabls A e



10

15

20

23

of the nozzle nenber of the liquid jet head of this 5
enbodi nent of the present invention is discussed.

FIG 19 is a view showi ng a structure where the ink
repellent film201l is fornmed by application using a
di spenser 204 of,this eanggﬂpnt of the present

i nvention 10 The di spenser 204 is used for applying
silicon solution at the ink jet surface side of the

5e2zhePu N1l stz oiar piRge Witk siiifosni saktht &d 1n
fromthe head end of the needle 205, the dispenser

304 s iscanned shed AL st e taiiThancss het veep the 484
nozzl e plate 202 and the head end of the needle 205

keeface picadgiesss nrRd difstanee-pAs a result of this,

silicon resin filmis selectively formed on the ink

jet surfacBIéf £Relmsozz|wipt atkordgas skdwtionFiGp

16 and FIG 17. 20 As silicon resin used in this

babweemem wmiiderpidsnefi Mhenteord epdpaprt (a) the

tenperature curing type silicon resin SR 2411 made by

TeRgyeDdR &drhi P eRE BERAt Pén tATd IHERF YT coBVeNEiis and
iscosity of 10 nPas is used. However, it is found

gﬁﬁ@ﬁ% icCohfed 3BLslightly provided around the
oz e o RaOnblR BB A0 LaT R AL
3pbhieknash Ypdnn§ ™8 he head of the needle 205 of
this embodiment of the present invention is
sufficient for applying a film cnto the nozzle plate
202 being a subject of the application. Because of
this, by scanning the dispenser 204 in the
application direction only one time, it i1s possible
to complete the application onte the entirety of the
subject of the application.

In other words, the scanning direction for
the applying coperaticn can be only a single direction.
Therefore, it is not necessary to change the
direction or scan in the opposite direction as shown
in FIG. 20-{b).

Here, as shown in FIG. 20-{b), the head end
of the general purpcose needle 205 1s extremely
narrower than the application width of the nozzle

plate 202 being a subject of the application.
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surface roughness Ra of 0.18 am FIG 20 is a view
showing a relationship 5 between a configuration of
the head ends of (a) the needle in the enbodi ment of
the present invention and (b) the related art. As
shown in FIG 20-(a), the wjgdth of an application
openi ng of the head of the needle 205 of 10 this
enbodi ment of the present invention is sufficient for

BREk¥ERG A fid Mmanp tbe mBEé|%H@fﬂﬁ%1£@3%96hnﬁoathe
subj ect of the appllcatlon Because of this,

eitipeny e s peseect04 i mhtehexppam&aﬁmnpnlt is
direction only one tine, it is possible 15 to conplete

tbeeeapplriycatd amhange the enanndiiy ofitdetisnbfeet thk
the application. In other words, the scanning

appdytngn operaitien apbl §0ndegperat icon ean bénothy a
single direction. Therefore, it is not necessary to
ePBAgé tehdiz® i ¥aet foR 8FaBRdARd AN HelwhpbsHigections.
directign as shown, in FIG 20-(b). Here, as shown in

BeRcepoitp)ts (hef Hbaal bnlo epptwe 3gefrﬂe]r%l D‘b‘&?pBQ@
kA e T T
tﬁlcgggllqatlon RN R R EEE R R

----- =" -56 Therefore, in order conplete the
app|lcaﬂ(£b$8ragﬁg to this embodiment of the present
invention, since the width of the application opening
of the head of the needle 205 of this embodiment of
the present invention is sufficient for applyinag to
the nozzle plate 202 being a subject of the
application, it is possible fto make the entire
thickness of the application even so that the surface
may be formed at a high precision.

FIG. 21 is a view showing an operation for
forming the ink repellent f£ilm by using the dispenser
204 of the embodiment of the present invention.
Although the basic struocture is the same as that
shown in FPIG. 19, gas 206 is jetted from the‘nozzle
hole (cpening part) of the nozzle plate 202, while
silicon is applied. Various gases &5 the gas 206 may

be applied as long as the gas does not chemically

reackt with the applied silicon. For example, air can
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entirety of the subject of the application, it is
necessary to change the scanning direction for the
appl yi ng operation at 90 degrees or scan in the 5
opposite direction for scanning in plural directions.
Hence, it is difficult to )ly a filmonto the

entirety of the subject of e application with even

t hi ckness. According to this enbodi nent of the present
B0 prwgntion, since the width of the application
opening of the head of the needle 205 of this

enbodi nentrRfis,t B nfeeSqi L1 By ENEhOR s fasid fitci Bat ther
applying to the nozzle plate 202 being a subject of

ghe 2ampliicatdtonedi Erbom possinl>xz1® heke, t hbheerstiiltkie b

t hi ckness of the application even so that the surface
magibe ffidmethratba hoghepr eci diton . ndt Gle2fursageviocdv the
showi ng an operation for formng the ink repellent
npemley Risitry 40 ercpudiag they nwzzhe kabedi nent of
the present invention. 20 Although the basic structure

i s the samENa8dgRidonshdit¢h Fh& sidicgas orgbin sis

jetted fromthe nozzle hole (open; art) of the
hED F&p It Dol TGRFFRY &S fﬁﬁ% i%ﬁ]‘gpgw Efa.atvmeeus

e LN T RN
Eb%iigpjé%¥efxf98$eth%iEdEyléwﬁﬁzkEEUEﬁgt, as shown
in FIG. 22, the ink repellent layer where the silicon
resin is at a desirable depth of the nozzle internal
wall {(for example, several pm) can be formed.

In other words, in additieon to the ink
repellent film 202 of the ink jet surface, an
extremely thin ink repellent film 20la (the ink
repallent film of the opening part interpal wall) can
be formed at predetermined depth from the opening
part sdge end of the nozzle plate 202.

The ink repellent film 201 is wiped by using
EPDM rubber {(ethylene-propylene-diene-methylene
rubber) having rubber strength of 50 degrees. BAs a
result of this, the ink repellent film 201 of the
nozzle plate can keep good ink repellency for 1000
times wiping. In addition, the neozzle member wheres

the ink repellent film is formed is soaked in the ink
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Thus, since application is nmade while the gas 206 is
jetted fromthe nozzle hole, the silicon resin film
can be formed on the nozzle surface of the 5 nozzle
pl ate 202 excluding the nozzle hole. In addition,
after the silicon resin isgg@applied without jetting
the gas 206 so that the S|I|con resin enters to the
desi gnated depth, the gas 206 is jetted fromthe

R9%2he 2Qordhdte &8 sho‘m £07i BolilrGest? défg inks a

repel l'ent l'ayer where the silicon resinis a

desihflablof dagitd, ofnkheepazikeadynternatha®mget €k that
exanpl e, several gin) can be forned. |In other words,

ofi &tidi tingrcitol theagakcanepel meimtfaime@02f ok rt ki iisnk
jet surface, an 15 extrenely thin ink repellent film
201a (the ¢wnpa§p§bm|qxf filan otk t hepepépinay mwainst the
internal wall) can be formed at predeterm ned depth

inbnPerresietiity nparicendatend lofok Hehhvzenbogimeat

202. The ink | | film 201 d b 20
EPBRF! BBSeR L RRShESREo B3t o&saﬁéi’en%ﬁ#ihg%n

%égss&gf“%' 35RO AR B SRR B o
I k | 000
PSR SRS 1008 Sl

is shown at table 2. Conditions of ink for
evaluating the ink repellency are surface tensions of
20 mN/m and 35 m¥/m and whether a flucride group
surface active agent is contained. The fluoride
group surface active agent used in this comparison is
F5-200 made by Du Pont Kabushiki Kaisha. In the
embodiment cof the present invention, it is preferable-
that the surface tension of the fluocride group
surface active agent be lower. For example, 70 miW/m
is preferable, 50 mN/m is more preferabkle, 15 through
50 mN/m is further preferable, and 15 through 40 mN/m
is mot preferable. Under this structure, wetness
penetration rate of ink into a recording medium such
as a paper is improved so that high quality printing

can be obtained.
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havi ng tenperature of 70 4C for fourteen days. As a
result of this, ink repellency not changed fromthat

of the initial stage can be maintained after this.
Conpari son of the ink repellency against the 5 ink
between the nozzle plate Sigpf this enbodinent where
the ink repellent film 201 nade of silicon resinis
formed and the related art nozzle plate O where
eutectoid plating of NL/PTFE is applied, where a
heating process of 350 t is applied for 60 mnutes, 10
is shown at table 2_ Conditions of ink for evaluating
the ink repellency are surface tensions of 20 m\N/ m
¢wedb3s MY m and whether a fluoride group surface

arti voa anant 1 ocnnt nYaVe TITho £l 00y A e f
G o1

NEAD

I DRI ONT A Y1 T/ Y IADA
EylEGEP&ﬁ AP R ARAPIEREP SREFRCE ¢
pEEiERt Agefdntion, it is preferable t

sendisdA iofort eedimbri de group surface

t@“ﬁﬁlu@%id@“iﬁ%ﬁn}7o MWrn 'S prefer

nmor T i CI Tl d.UI <, J.J I. III ngll LU JU III\II TTT | S f I tilﬁl
preferable, and 15 through 40 mMNVm is not preferable.
Under this structure, wetness penetration rate of ink

into a rec%?dﬁh@“ﬁe&ﬁﬂﬁ%hkﬁ1zasthepaﬁéﬁﬁﬁﬁ|%ﬁﬁcﬂ@631a

so that high qualjt rintin be obtai ned. 2
Cdgdoes né{ (Ltainytﬁe ink %epéﬁhency against the ink

having the surface tension of 20 mN/m and containing
the fluoride group surface active agent. On the
other hand, the nozzle plate 51 manufactured
according to the embodiment of the present invention
can obhtain good ink repellency against the inks
mentioned in the table 2.

As a water repellent material forming the
ink repellent film 201 of the smbodiment of the
praesent invention, an corganic compound having a
flupride atom, especially, an organic compeound having
a fluocrocalkyl group, an ocrganic silicon compound
having a2 dimethylsilixan backbone or the like 1is used.

Flucroalkylsilane, amine, alecohol,
carboxylic acid, alcohol, or alkane having a
fluorcalkyl group is preferable as the organic

compound having the fluoride atom. More specifically.,

A e | A e - d =L
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(Tabl e 2] Surface tension of ink (mMVm 20 35

Exi stence of fluoride group surface YES NO YES NO
active agent Si (siliconresin) 0 000 d (fluoride
resin) X X X0 5 As shown in table 2, the related art
nozzle C does not obtain_jdagi nk repel |l ency agai nst
the ink having the surface tension of 20 nV m and
containing the fluoride group surface active agent-

%%F£Qaecgk@%bggﬂgt1t@e2nozzle plate Si manufactured

according to the ‘enbodi nent of the present

£Qﬂﬁﬁhb&&qdﬁﬁkfﬂ%fﬁé&ﬁ@ﬂgsEﬂ%ﬂéﬂ&ﬂ|Hﬂﬁwhagéhﬁiha&@&
inks fmentionéd in the table 2. As a water repellent

Dpt epi gl teeramitdieri ERkorepalllagd 4 lne2@lasf thhee
enbodi nent of the 15 present invention, an organic

tohupovad kMyd\dlgiee ; foabafleoabameledpecaad) y, an
organi ¢ conpound having a fluoroal kyl group, an

pe gihiorshlaxadry donpolmanehapiend laiaiaret Hygsahiexan
backbone or the |like is used. Fluoroal kyl sil ane,
paFRérczbcohdiept e caf b pHesaddiupratconethydpentene,
al kane having a fluoroal kyl group is preferable as
peEfbpgapdedasiiouner hH@F%&L‘H‘?é'quC!ﬁﬁ‘F%el%t Baedvese the

ifically, ---------- --2---- -60-
gfﬁgne %%vfﬁg the flucroalkyl gé%%p;

perfluorododecans acid or perfluoroocctane acid is
used as the carboxylic acid having the fluoroalkyl
group; 3,3,4,4,5,5,5-heptafluoro-2-pentancl is used
as the alceohol having the fluoroalkyl group: and
heptadecaflucreo-1,1,2,2-tetrahydrodecylamine is used
as the amine having the fluoroalkyl group.

a, w-bis{3-aminopropyl) polydimethylsiloxane, o, w-
bis{3-glycidoxypropyl3) polydimethylsileoxane, or e,
w-bis{vinyl) polydimethylsiloxane is used as the
organic silicon compound having a dimethylsilixan .
backbone.

In additicon, as another water repellent
material, an organic ceompound giving a silicon atom,
especially, an organic compound having an
alkylsiloxane group is used.

As the organic compound having the

alkylsiloxane group, a molecule forming an
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hept adecaf |l uoro-1, 1, 2, 2

t etrahydr odecyl tri net hoxysi | ane or hept adecaf| uor o-
1,1,2,2-tetrahydrotrichlorosilane is used as the

fl uoroal kyl si |l ane; octafl uorocycl obutane, 5

per f | uor ohexahydr ot ol uene,_ger fl uor o- n- hexane,

per fl uoro-n- hept ane, tetradecafl uoro-2-nethyl pentene,
per f | uor ododecane, or perfluoroicosane is used as the
8h k398 MWL dhecd! HOE0A! K¥impdOUlk o eihd UeHAEAdRGaNe
acid or perfluorooctane acid is 16 used as the

£REDAA YhI1G i thavgpgubhe sf e@inal knd +1gs oup
3,3,4,4,5,5,5-heptafl uoro-2-pentanol is used as the

al egheli lharsrg:pdrey f et aakloyipogriolipsn dnglving two or
hept adecaf | uoro-1, 1, 2, 2-t et rahydrodecyl am ne i s used
msreheiam rd dphvainget Apokivugrealre, fpoupxamble, a high
W bi s( 3-am nopropyl ) pol ydi met hyl si | oxane, a, w

b egudlayciconypropyK3) polcygidigtchyd st oxaherasgr ugit
mﬁbLsﬁgyin ') pol ydi nethyl sil oxane is used as the
orgamircest it dihe ofpblAU1REY ChGTH G ek PRI RpxdR} and
backhbone 20 In addition, as another water repellent

k8e edifallSe4y or gani ¢ conpound giving a silicon atom

eci.al_ l.y,_, an ani ¢ conmpound havi ng an
iﬁﬁ?@ﬁqﬁ$uﬂﬁ§%#igifis used. As the organic conmpound

having the 25 al kyl sil oxane group, a nol ecule formng
Alygy 61- {b}
_ - — B B
I Ry
— CHs G 1
=0 Ra GHH |
| :' ] C=
(GH 5 57 Si0 Si—CH4 I
I I O—Rz
Ra/n CHy — —y

— —I'x

In the ahove—mantioned formulas, x is an int=ger in a range
of 1-80; ¥ is an Integer in a range of 2—100;
and n is an integer in a range of 2—100.

Ryand H2 :Indepently —H or —CHj

Rgand Ry :Indepently —CHz or —@

CHy

The high molecular compound (A} having
structures indicated by the above-mentioned chemical
formulas {a} and (b) works as a binder when the high

melecular compound (A) is used with other water
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al kyl si | oxaneepoxy resin conposition and cont ai ni ng

the al kyl sil oxane group is used. As the

al kyl si | oxaneepoxy resin conposition having two or

nore ring aliphatic epoxy groups, for exanple, a high

5 nol ecul ar compound (A) incjuding a structural unit -
-- indicated by the followng chem cal fornulas (a)

and (b) is used. [Chemical Fornmulas] (a) (b) Rl R

5B 1 P T G o nal Ol G 3,81055 160,

e above-rmentioned formufas. x

pSs80bi Rt @YLr rgk-Své a8ep10Eati%) Shita@nlipleser the a
range of 2-100; and n 1s an integer in a range of

2nk00cRt1arthtRzchpeepenbhy and dmprdte RSpandbRiity as
sl ndepently -CH3 or - { } ) R5:-CHZ -CH2CH2-. -CH2CH
£Harylapiie du tgiomof £tul &b rcdmpound r{(gd)ditavngg
structures indicated by the above-nenti oned cheni ca
thamekas riat jarsl {bYenoths asolabitndey eemorhseti-gh

Thus, in this embodiment, since the ink
repellent film 201 is formed by application using the
dispenser 204, it is possible to use a material as
the material of the ink repellent film 201 even if
the material is cured in the air and at the normal
temperature, that is, cannot be left in the air at
the normal temperature for a long time.

In addition, as discussed akhove, the
material of the ink repelleﬁt film 201 may be
flucride resin or silicon resin.

25 discussed above, in the ligquid jet head
of the embodiment of the present invention, the ink
repellent f£ilm 201 1s formed at the ink jet surface
side of the nozzle plate 202. & round configuraticn
is formed at the opening part of the ink repellent
film 201, namely from the opsning part edge end of
the nozzle plate 202 to the vicinity of the opening
part edge end.

Bacause of this, the nozzle edge part,

namely an opening part of the ink repellent film 201,
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nol ecul ar conpound (A) is used with other water - - -
R i -62 repellent chem cal conmpounds. In
other words, it is possible to inprove application
suitability of the ink repellent conposition and

i mprove operability as a dgy application filmfor

i nmproving drying 5 characteristics after the sol vent
is evaporated-. Thus, in this enbodi nent, since the

b Ak eReI St e £ ok M 2P L vinS 1f dESE Ry appbi ¢atd %aﬁﬁ&%m

the™ dispenser 204, 1t Is possible to use a materia

ﬂipih@&lﬂﬂéﬂééﬂlﬁighhamﬁﬁbﬂrﬂﬁﬁ!@ﬂttﬁb|M&%ﬁidﬂﬁﬁtlf
10°thé material is cured in the air and at the nornal
heageicainue: ftdwiikad.cannot be left in the air at -
the normal tenperature for a long tinme. In addition,

as di scussdoh st idhe imatér dligfid hpet nkerdpelfl dite
film201 may be 15 fluoride resin or silicon resin.
Arbdiddmegsed bove, prrsend |irpankjiet, hehd cof viaiaire
enbodi ment of the present invention, the ink _
regdused off |Hth20IopBdf pEkdd ot tHe ink repeddemdcdilm
side of the nozzle plate 202._ A round configuration 20

P91t SommPchion Heh8pRFEGcsatt dihe moraker Bh@tee02 15
LIRS JETELL: LRI IR ORS A pet oRdg ool
repellent film 201 other than the opening part.
Therefore, peeling in the vicinity of the opening
part edge end of the ink repellent fiim 201 may not
ke generated and jetting stability of the ligquid jet
head can be improved.

In the liguid jet head of the embodiment of
the present invention, since inclination & of the
tangent line of the round part passing through the
nozzle edge part 1s equal to or less than 50 degrees,
the ink drop being jetted dceces not come in contact
with the ink repellent film and therefore jet
stability is good.

In addition, since the thickness d of the
ink repellient film 201 formed on the surface of the
liguid je&t head of the embodiment of the present
invention is egual to or less than 10 gm, the nozzle

can have extreﬁely good adherence and durability.

————— —_——— B —— —— e e e [ pepp— T — e ]
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part edge end. Because of this, the nozzle edge part,
25 nanely an opening part of the ink repellent film
201, -63- is protected fromexternal force due to for
exanpl e, w ping. Hence, high durability of the liquid
jet head can be realized._Jdn addition, in the liquid

jet head of the 5 enbodi nent of the present
i nvention, the curvature radius r of the round part

of the inkg6RgldSlrd] | Fhe2@hxf ‘}re'%ilcgl?tt. hei shr E@‘iﬁ

of the nozzle plate 202 i1s equal to or less than the

thirmkaesh ahd heoidke pepekl oft tfiid m291i ot hek hHlam of
the opening part 10 Therefore, peeling in the vicinity

fhet BebOREMHE @Arthedge=erat’ fidvent Mdnragel beninade
film201 may not be generated and jetting stability

of fheorigld dg=in. he@tecadobe | mravwddal | aft hikel iiqk cat
jet head of the enbodi nent of 15 the present

theentimen ofsivigei npchbdpatictn @ Hendreatedngenthieitna tofis
the round part passing through the nozzle edge part |
Pesgabdle tiy orbiaty thanste rldst 1ng hehf GRE§edy stic.
being jetted does  not cone in contact wth_ the ink

repel | ent it Adthch 1®Rer eFSPES] EN20 Tt AT LSS Sdo
o 2Hine i 055 BhE 0B SH0530 & b gl et nems
of the embodiment of the present invention may be
made of silicon resin, mowving characteristic of the
ink is good and the ink adhered around the nozzle can
be easily moved to the nozzle hole. Therefore, it is
possible to make the area surrounding the nozzle hole
clean 50 that it i1s possible to obtain the stable
jetting characteristic.

Furthaermore, since the basze of the nozzle
plate of the ligquid jet head of the embodiment of the
present invention may be made of metal, it is
possible to make a stable liguid jet head having
extramely good rigidity.

In addition, since the base of the nozzle
plate of the liquid jet head cf the embodiment of the
present invention may be made of resin, adherence
with the ink repellent film 201 is extremely good and

the liguid jet head has good durability.
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liquid jet head of the enbodi nent of the present
invention is equal to or less than 10 gm the nozzle
25 can have extrenely good adherence and durability.
--------- --- - --- -64- Furthernore, the ink
repellent film201 formed qn the nozzle plate of the
liquid jet head of the enbodi nent of the present
invention may be made of fluoride resin. Therefore,

resi dual Ofgut,_it{ﬁlp,itf?.lhjtlaél,sisi%hﬁhlei 2 e Ul § B BB D 2

generated SO a ossible to obtain stabl e

tﬁétF?quEaF HdS4! 65 the %%@dﬁﬂﬁhn@'@Eethﬁeyﬁﬁéent
repe nt fillm 201 fornmed an the nozzle plate of the
Lhodhe ilogt, headis ghotbebeabed Myvm afhd henkr cepell lent

i nvention may be 10 nade of silicon resin, noving
ehamactar iist itheofaihe Thkriefogeqd Bndi 4 heosakbagheared
around the nozzle can be easily noved to the nozzle
Bakél yTHeref dres inki seppddsintl €itlon i@akk bhelamegost
surroundi ng the nozzle hole <clean so that it is
pagspbieaatt.o obtain the stable 15 jetting
characteristic Furthernore, since the base of the

nozzl e pl dfe asidikoni qindther maead it Rbne nBEdhshe ©
Oh et IS o0k ST on I b e of et gl G e
OXLeaTaly 9096 hokdb ¥ b 39U YA &85 hR° ASE can
be applied by the dispenser. Therefore, it is
possible to apply a necessary amount of resin at a
necessary place. Hence, it is possible to freely
adjust the film thickness d of the ink repellent film
with precision and the ink repellent film 201 can be
formed at extremely low cost.

Furthermeore, in the manufacturing metheod of
the liquid jet head cof the embodiment of the present
invention, since the resin is applied on the surface
by the dispenser while the gas is jetted from the
rear surface side to the surface side of the nozzle
base via the nozzle hole, it is possible to embed the
ink repellent film 201 in the nozzle hole so that the
ink repellent fiim 201 can be formed at extremely low

cost with high yield.
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plate of the liquid jet head of the enbodi nent of the
present invention nay be nmade of resin, adherence

with the ink repellent film201l is extrenely good and
25 the liquid jet head has good durability. -65-
Furthernore, in the nanufq%kgring met hod of the liquid
jet head of the enbodi nent "of the present invention,
it is possible to formthe ink repellent film201 in

the air. Thgr ﬁhﬁ&%ﬁcﬁﬁ iz%rip%?/‘gi REBuFR T BAS d Ymd PRBH of

the i nk repel ['ent | ow cost equipnment. In

2ddi 11 g0idl BethadBnul ActNET BapRRtinrthiOfof thge| badisdnt

j et head of "the enbodi nrent of the present invention,
1 he=fRl 8hi, als iofcd head nksr ¢gekkanttdon relcancedd berface

appl i ed by the dispenser- Therefore, it is possible to
apPkyta neeessariia arosihiie obfr €bien ratz 7l e riscessaly the
pl ace. Hence, it is possible to freely adjust the
fiokaiehholressibofthdereénknr dgeldpmitidd lom thehnozzle
precision and the ink repellent film201 can be 15
Paseeduatace: taneihe | dhepeseerrudtthdrtessihlengo
manuf acturing nethod of the liquid jet head of the
2RBOY| FBRt r@fsatrhefﬂplflés%ﬁtthﬁn@éﬁﬁ“@ri, dgPice PRetPEsin
is applied on the surfac by the di spenser while th
BAE218 PeteedThRe heiablr on AR o th 18 PRESIDLe
surface side .of the nozzl base .-a t.he nozzl ol

to Fgrﬁoigqﬂ%PE(F%%%gﬁePﬁef1§m 204 2t Exgrémglg 15w
cost and with high yileld.

Furthermare, according to the liguid jet
head having the nozzle member of the embodiment of
the present invention, the ink repellent film may not
be peeled by the wiping during head «leaning. In
addltion, it is possible to obtain high jet stability.
Therefore, it is possible to provide the ligquid jet
head that produces high image gquality and has high
durability.

In addition, according to the cartridge
having the liquid jet head of the present invention,
the ink repellent film cf the head part may not be
peeled by the wiping during head cleaning. In
addition, it is possible to obtain high jet stability.

Therefore, 1t is possible to provide the lignid jet
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ink repellent film201 in the nozzle hole so that the
ink repellent film201 can be forned at extrenely | ow
cost with high yield. -66- In addition, in the

manuf acturing nmethod of the liquid jet head of the
enbodi nent of the present _éﬁyention, since gas is
jetted fromthe rear surface side to the surface side
of the nozzle base via the S nozzle hole after the

%sﬁhntmtaeﬂacﬁsicga ﬁ!ﬂghn%élg% Rpsei sYriagenhy high

I spenser, It 1s possible to™ apply the resin filmat
hlieaeptiingl . depth on the nozzle hole internal wall.
Therefore, it is possible to formthe ink repellent
film 201 afrrextganetydgdewnafOhaest andivk tdepplh part
yield. Furthernore, according to the liquid jet head
bavivigeiche Moz el imguiber jet thirsdembodimeitsbillting part
present invention, the ink repellent filmnmay not be
peel ed gtk ivbi ngcduding ldeadias dearkmgbody $6 as to
addition, it is possible to obtain high jet stability-
PRrecatchRaggal 18- possible to provide the liquid jet

head that produces high i mge .qualjty and has _hi gh )
durabi |1ty HFERRIPER; hoEoldiigd o ¥he eas FRA Bde dexgce

YRR, LS b D0, I, PESERLILRYERL S
R%%h%% %@étﬁ%ﬁ%péggtﬂgrEH%JH¥ELﬁ%Eg@igﬂé ﬁgesent
invention. Therefore, it is possible to provide the
liquid jet recording device having good durability
and stable jetting capability at low cost.

in the liquid jet recording device of the
embodiment of the present inventicon, it is pessible
to use the ink having low surface tensicn. Hence, it
is possible to improve fixing ability of the ink on
the recording medium such as the paper.

In addition, in the liguid jet recording
device of the embodiment of the present invention,
the ink tc be used may contain the flucride group
surface active agent. Therefore, it is possible to
form an image with high colering.

Furthermore, the ink may contain the pigment.
Therefore, it is possible to form a high quality

image having high weathering ability and water
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addition, it is possible to obtain high jet stability.
Therefore, it is possible to provide the liquid jet

- - -67- head that producegg high inmge quality and
has high durability. The cartridge nmay have an ink
supply part provided at the liquid jet head or an

toagtallaine RaFdn éhfﬁﬁrﬁahiﬁgﬂéﬂjﬂ recordi ng device
mal n body so as to be exchangeable. Furthernore, the

liquid jet geagor dimoclevieeatel e erhdi renbrofet R sin

present invention has the liquid jet head of the
epbadictenis afhd heoprtaepliate iimentdmsl 1dher thoee, dft
IS possible to provide the liquid jet recording

tikei dd guwavd npetgdoeladur abiolri eramgdd: stabtieineftiimgof
capability at low cost. In the liquid jet recording
HEVEC d pofl wheet rafbodr aghhydensie i esermednoanihen, it
IS possible 15 to use the ink having | ow surface
neAgilen Pladrr esurfacy bysarply ing isrecvecidxpagting of
ability of the ink on the_recqrdi ng medi um such as
HpéB e%‘erqn I'Thedie R dnnoRE Len @ atdti H1T &2CF e@BFdPng

evi ce of the enbodjnent of .th resent _j nvent.i on 20

RE e (2 HeThod Py CEBREANY e THGOf FHEEgRSLSTOP

P RIS RIS A0k 1O iR ' 28848 Fate
surface made of metal or resin. In the nozzle plate
whare the fluoride resin is used as the ink repellent
layer, in a case of the pigment ink or dye ink having
the surface tension equal to or greater than 30 mN/m,
1t is possible to achieve high ink repellency.
However, in a case of the ink hawving a low surface
tension such as 15 through 30 mN/m or the ink where
the fluoride group surface active agent is added, it
is difficult to cbtain sufficient ink repellency.

In addition, in the related art, the ink
repellent layer having a good ink moving ability is
formed by forming the silicon resin film on the
nozzle plate surface of the ligquid jet head. For
axample, a liguid =state silicon resin material is

vacuum-deposited. The silicon oil is plasma

polymarized. In these methods, it is necessary to

R {
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Furthernore, the ink may contain the pignent.
Therefore, it is possible to forma high quality 25

i mge having high weathering ability and water C:

-6B- resistance even on normal paper. Here, in the
related art, the fluoride rgsin is used as the nozzle
plate ink repellent |ayer o the liquid jet head. For
exanple, a thin filmof 5 PTFE

%.;agh&h%&afé YR ARIRYD BB ES hOMIRY Ofnd Nor BBREG tion

te surface by applying eutectoid plating o

b/ PREE aniddie seial cpeighent! ate athi fe€d agfdacost
heati ng process. Alternatively, the fluoride group
yakceeaksepel | ent agent is coated on the nozzle plate 10
surface nmade of nmetal or resin. In the nozzle plate
wher e t he fFhurahedene®s) ninstheedaze tWierakthepsilénon

| ayer, in a case of the pignent ink or dye ink having
rheiguifidoe it:nBdomedghsl racumm gleamreitidano30pdRsma
it_is possible to achieve high ink repellency. 15
PRMTEr1Zatipasel BECt HEPPSR tHa! rfgi®e | by 4Gnga@ad the
tension such as 15 through 30 _mN m or the ink where
Fhémf FRomedEFRRD Shir Pégéeg'@tjmé:%réntai‘éegaﬁéd,sqqh as
Is difficult to obtain sufficient ink repellency. In

QB H91S PAhPT IEPEFEEPE: the ink 20 repellent
aver e S AGEYLL FRYER, B b {REE0en
resin film is formed by vacuum deposition or plasma
polymerization, it is difficult to make the film
thick so as to cbtain the sufficient durability
against the wiping or the ink.

Furthermeore, in the related art, in a state
where gas is jetted from the nozzle hole, the noz=zle
is soaked in the sclution where the ink repellent
agent is dissolved so that the ink repellent layer is
formed on the nozzle plate surface. However, in this
method, since the nozezle is soaked in the solution
while the gas is Jjetted, air bubble may be generated.
In a g¢ase where the solution is a normal temperature
curing type, the soluticon has to be left in the air.

Hence, it is difficult to maintain the liquid state

and may be impossible to control film thickness of
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nozzl e plate surface of the liquid jet head. For
exanple, a liquid state silicon resin material is
vacuum deposited. The silicon oil is plasnma 25

pol ynerized.. In these nethods, it is necessary to

-69- inplement a vacuum profgss at the time of
deposition so that |arge size equipnent is required
and cost increases. Furthernore, in the case where

the shld Gepe &8 DalbMiyS ditiRsd &Y ¥86HBBYNty of the
deposition or plasma ~pol yfmerization, since deposition
tbmathsnl,ong and the filmto be forned is extrenely
thin, a defect such as a pin hole nay be generat ed.

In additi omn ithd hetlsasehwhel, e tihke midilmnpl46er éaikn
filmis formed by vacuum deposition or plasnma
pebpideinzatliayer i ¢fi shdi fifiigmild et nwkadt b€ ftihlem

thick so as to obtain the sufficient durability
aghicddmentie oF pFhg orasent nknventdher ey qrads bie evenly,
related art, in a state 15 where gas is jetted from

FREckEIN-e Al £LThelaBrile [omuidyhKidee | #1LAECEITRS I

where the ink repel%ent ent is d'ﬁfolved o t hat
tRhéM RRVASIE |t 1R &y EFPES LSNP S ReSHEZ2CE pl at e
ﬁurface. However, in thig net hod,_ si nce Qzzle .s

BRRIGT £1% IS PR BO 1T T tne TROFEPEEE . drs
?gbg'ogos%ebfte&eéﬁgiﬁdsuf'friﬂeﬁ?éeié{‘ﬂ%épé'i%e%‘&!wt on
nper ature
against the ink having low surface tensicn of 15
through 30 miN/m or the ink where the flueoride group
surface active agent is added. Since such a2 film
keeps the ink repellency good for continuity or
durability, it is possible to provide a ligquid jet
head performing high quality printing for a long time.
In addition, in the nozzle plate ink
repellency processing method of the ligquid jet head
of the embodiment of the present invention, the
ligquid state silicon is applied to a necessary part
of the nozzle plate where the nozzle hole 1s formed
in advance by the dispenser so that an even and
smocoth silicon resin film is formed on the nozzle
plate surface. By making the silicon resin film have

the thickness egqual to or greater than 0.1 gm, more

preferably equal to or greater than 0.5 pm, it is
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curing type, the solution has to be left in the air.
Hence, it is difficult to nmaintain the liquid state
and may be inpossible to control filmthickness of
_70_ the ink repellent |ayer by change of viscosity
of the solution. On the other hand, the nozzle plate
ink repellent layer of the Tiquid jet head of the 5
enbodi ment of the present invention is made by evenly,

Pégg‘imle}”tc@nﬂnﬁféﬁé' gatky ifiarmy n%mesﬁl iRy @Y Nink
I'l'mhaving the ink repellency "and | ow surface "t ension
Q4rkpke 13eAzl e plate surface. Therefore, it is
possi ble to obtain sufficient ink repellency 10
agai nst t h&udtkdawdng, | by makfiace tlensswnfatelToughness
through 30 MV mor the ink where the fluoride group
BHr bEce actd Vel agenteksdnaddech] Siccer sbebsathiam0.2 um,
keeps the ink repellency good for continuity or
dbr abi lpassible | topoedubee reF istund def alhkqeitd thet tHgne
head performng high quality printing for a long tine-
el #Hd@ifion, T thePRefgrabdicattddahikthe cpépregayy of
rocessi ng. method of _the liquid jet head oﬁ t he
Afodiltid cttahe pledern B &fiYh, teheT 1PGH Fhittat e
iilicon 1.S qg&#iedtto a necessan¥ art__20 of the
899 &8 1R STHRT ePhEORBL A SR i TUFERHBA i n

sevance o) 0k SPELRE, Bt 0 B BN ing
method of the liquid jet head of the embodiment of
the present invention, the silicon coating
{applicaticon) i1s made by the dispenser while the gas
is jetted fraom the nozzle hole and the silicon resin
is cured, so that the ink repellent layer of the
gilicon resin can be formed on only the surface of
the nozzle plate. After the silicon resin is coated
on the nozzle plate =s=urface, the gas is jetted from
the nozzle hole s0 that the ink repellent layer can
be formed at the desirable depth of the nozzle hole
inside wall.

In addition, the siligceon resin that is a
material used for the nozzle plate ink repellent
process of the liguid jet head of the embodiment of

the present invention may be the normal temperature

type liguid state silicon resin or an elastomer.
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pl ate surface. By making the silicon resin film have
the thickness equal to or greater than 0.1 gm nore 25
preferably equal to or greater than 0.5 Im it is -

----------- -71 possible tcbjnprove durablllty agai nst
Wi ping or ink durability. -- Furthernore, by meking
the surface roughness Ra of the silicon resin equal to

ﬁéchﬁ%% td"f’il’\jpl@ ub?] ledvihg SP0Ssibhe LOrM ed¥CReaveral .
resi dual ink at the time~ of wiping. It is

ﬂ&ﬁh@@ﬂﬂd%tﬁﬁﬁ hdervhsees thedfcodtheng] qutdist sible
silicon be equal to or less that 1000 cp in order to

toer oans e hs st fagerekint e 1n04zdwiph atlerbbi 1ity.
repel l ent processing 10 nethod of the liquid jet head
of the enbatimdredrmére} hehpr esdritcamvedimnthaheis a
silicon coating (application) is nade by the
"hspersdr usvd efehethasnozg licetnlaak ¢ r bkt heprddLind
hole and the silicon resin is cured, so that the ink
pEgeEsenel dite biqehd 15tsihaashrf cbie eBRoBdTRAtRE
on only the surface of the_nozzle plate. After the

§PF| PSR n 3 EeRbLiPBgMayh Beh & it e":’ﬁﬁ'ﬁlg §Q’ﬂeace
tt f th | hol t
ARGl sl 1 e ORneSiE B mipatonine® yBieaye o
gﬁgth qf the 0022l g310Le 204 n3idles Yol Lon! Readd t:00

§|I|con fesT
having durability by applying a heating process at

several tens T through one hundred several tens T
for several minutes through several tens of minutes
after the coating.

In additieon, the silicon resin that is a
material used for the nozzle plate ink repellent
process of the liéuid jet head of the embodiment of
the present invention may be an ultravieolet ray
curing type liquid state silicon resin or an
elastomer. Because of this, it is possikle toe form
the gilicon resin film having durability by
irradiating ultraviolet rays of 500 through 1000
mJ/cm? after the coating.

Thus, in the nozzle member of the ligquild jet
head of the embodiment of the present invention, the

ink repellent layer made of silicon resin is formed

L
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material used for the nozzle plate ink repellent
process of the liquid jet head of the enbodi nent of
the present invention may be the nornmal tenperature 25
type liquid state silicon resin or an el astoner.
--------------- --- -72- Begause of this, by |eaving
it inthe air for several 'mnutes or one hour after
the coating, it is possible to formthe silicon resin

Eil myRavinig 5"% apitEb¥e EYHEhQPehe tDEK SEEHEAN JBST N

that 1s a terial used for the nozzle plate ink
gﬁg%‘ﬂ Bl tﬁiffi%]@:‘?és@f e8! k@High | Pledrad %a"'ﬁ,géﬁ pm,

odi nent o the present invention may be a
fRbEeNgrefRe-adlgUéqusliate il ighdesi vthah 6l astpmer .
Because of this, it is possible to formthe silicon
Thaknp kiilnme GCHavliagedunahinigi thhabys dbptgn ngeaibhedts ng
process at several tens 'C through one hundred
segealy arehssneofhtyséoemed aththihes imkolgh suvrdese
tens of mnutes after the coating._in addition, the
sidrc6® B&sitP theife| Shackissmisrial tRearf grepier than
nozzle plate ink repellent process of the liquid jet

Redd oM. t hE dfbEWSREIL®ftot REOFAESe Y vt én] frby
el ol e S R Sy BERES o

%%%Eléﬁ%ﬁh&fﬁé@é&igaiyéiwﬁﬁnﬁgég¥{héiéghh3%iTﬁproved
due to chemical proofing of the silicon resin.

In addition, the surface roughness Ra of the
ink repellent layer may be egual to or less than 0.2
gm. Thus, since the surface roughness Ra is equal to
or less than 0.2 pgm, it is possikle to obtain good
surface ability and ink residual due to sweeping such
as wiping is small.

Furthermore, the silicon resin may be
applied on the nozzle plate surface where the nozzle
hqie is formed in adwvance by the dispenser.

Thus, since the ligquld state silicon resin
is applied on the nozzle plate surface where Lhe
nozzle hole is formed in advance by the dispenser, it
is possible to selectively and efficiently form the
ink repellent film having no default, such as a pin

hole on the surface of the nozzle plate.
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irradiating ultraviolet rays of 500 through 1000

mJ/ cn? after the coating. Thus, in the nozzle nenber
of the liquid jet head of the enbodi ment of the
present invention, the 25 ink repellent |ayer made of
silicon resin is forned -73;, at the ink jet surface
side and the ink repellent ayer has thickness equa
to or greater than 0.1 g m nore preferably equal to

or greater yhhamdh i &) tﬁaums@d@qw hee | ayer sy§siegn
the silicon resinis 5 evenl y and snoothly formed at

tB8innkaelbss Wd@ee +6i de 3es3s Himhav@eod hegkneshus,
equal to or greater than 0.1 gm it is possible to

piavideh=heridapms it yebf nhzzlld diaivi ngr@oeds dlidabinl iitsy
agai nst wiping or ink repellency. Especially, ink

proefli g can lbess nphaved 000 dwe tid: chenpeasipideoftiongorm
of the silicon resin. In addition, the surface
Ebeghnds geRe bfenhelayak hepdindermoddyerrhagebabddudly -
to or less than 0.2 gm _Thus, since the surface
roughness ﬁ#ﬁﬁﬁﬁ%ﬂﬁﬁetol“thFe§§Hﬂ%9??F@PgH¥ PﬁlP§ the

possi bl e to aqbtain, good 15 surface abilit
He8PaRse Tue %%NE%EPﬁgI&ﬁ&ﬁ‘ T Wi g tedonpile the

FHRLIS Rieod Prh LERTRESSD TOAPE AR CLiRb e

' ” ad‘éarﬁ%et@é’dtf‘x_emﬂ' ERENASYZ120 hUEJé; st ”Eﬁet 'E?nm'e' @4 d
f5t e s con res

coating the liquid state silicon, it is possible to

completely prevent entry of the silicon to the nozzle

inside wall or to the rear surface.

In addition, where applicaticn is by using
the dispenser, after the silicon resin is coated on
the nozzle plate surface and the silicon penetrates
Lo a2 desirable depth of the nozzle hole, the gas may
ba jetted from the nozzle hele. Thus, since the gas
is jetted from the nozzle heole after the liquid
silicon is coated, it is poessible to coat the silicon
resin to a desirable depth of the nozzle inside wall.

Furthermore, the silicon resin may be a
normal temperature curing type liguid state siliceon
resin or an elastomer. The silicon resin may be

applied on the nozzle plate surface and left at the

air in the normal temperature so that polymerizing
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Is applied on the nozzle plate surface where the
nozzle hole is fornmed in advance by the dispenser, it
is possible to selectively and efficiently formthe
ink repellent filmhaving no default, such as a pin 25
hol e on the surface of the nozzle plate. -74- In
addition, the viscosity of the silicon resin may be
equal to or |less than 1000 cp. Thus, since the

érlh§§ﬁ§i b Hadd'€ahd dthd $Het %_e%aiélilqé%{t | £ 180085 be or
ess than 1000 cp, it 1s possible to form5 the 1nk
£8pREHeNt |ayer having good surface ability-
Furthernmore, in the application by using the

di spenser, Thiue,Sidimen cREI NofAwlbe cogaiwdwbe: | euklhiag
gas is jetted fromthe nozzle hole. Thus, since the
gapei sijldtdoed faenimtbe aozildche eladtdmert i seueskdl@s
coating the liquid state silicon, it is possible to
goapldéceny natemiil enthg pbrihd disniporatwreheumong e
inside wall or to the rear surface. In addition, where
BYBEi 6dtdiisen Feyinsphgtheheldisisohsekastpmer fFecured
silicon resin is coated on. 15 the nozzle plate

R¥r FaFRldnd a6l ¥ | R oA pEREL Pdtte 2kt I RE FRFTEDI e

de&th of the n_gzl hole, th as n3%1 be %eﬁted from
FREPREZHYE S e Fhs Y Fea Fad- s NPetL8dSEESACe
the,nozzle hale after-the. liquid, silicon i oated, .
P rBafo st regat iefs Sl oryd dogd §8FeRl ey
degi Lablge, denth of the nozzle inside wall.

In additlon, the silicon resin may be a
heating curing type liquid silicon resin or an
elastomer and the silicon reasin is applied on the
nozzle plate surface and a heating process is applied
so as to be cured and the ink repellent film may be
formed. Thus, since the heating curing type liguid
silicon resin or elastomer is used as the silicon
material, the silicon resin is cured in a short
period of time by applying a heat treatment after
coating the silicon resin on the nezzle surface and
the ink repellent film having a good durability can
be formed.

Furthermore, the silicon resin may be an

ultraviolet ray curing type liquid silicon resin or

an elastomer. The silicon resin is applied on the

e RS U e e s s o T T -
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Furthernore, the silicon resin may be a nornal
tenperature curing type liquid state silicon resin or
an elastoner. The silicon resin may be applied on the
nozzl e plate surface and left at the 25 air in the
normal tenperature so that_golynerizing - - - ---
--------- -75 curing is made and the ink repellent
filmmy be formed Thus, since the nornal tenperature

ﬁH&'z‘i% prabs i SéLH:PQEer gAkN I:‘Plre %ﬂfé@f&l§£a§59@e
used 5 a silicon material, the nornal tenperature

QHEEH&&E@HEéﬁ|ﬁEQB EB&IIﬂm1ddH3fﬁéiﬁoﬂseba§b@mﬂhdfthe
cured by sinply leaving it in the air at the nornal
iarpeeai=liend t B 1ihehay Beatmenoni ! herhezz| eiswef ags:

so that the ink repellent film having good durability
tdtcawikd dtormey. chniaddittyipen,1idiei i $i tboonesiesimyor
be a heating curing type liquid silicon resin or an

thastsdrisrcamdelaetomeircore resed Bs dppt i stlononheaterial,

nozzl e plate surface and a heating process is applied
thessidd aqn ee et elis apYTERe iimi@ relpert eRE T PHmodayt e
formed. Thus, since the heating curing type liquid

8| ESRIIEE 1N Drt e Ut bFaN Liod afs AYE #HECE) podging the
TRl Sy Al SLLLEOLERLY S h Sl g oLt e
film having good durability can be formed,

In addition, the liguid jet recording device
of the embodiment of the present invention used the
above-mentioned nozezle member. Thus, since the
nozzle plate of the embodiment of the present
invention is used, a straight line ability of the ink
drop is good at the time cof ink jetting so that
jetting curve can be little.

Furthermeore, in the liguid jet recording
device of the sembodiment of the present invention,
the ink to be used has a surface tension equal to or
less than 70 mN/m.

Thus, =2ince the ink having a low surface
tension can be used, adhesion capabkility of the ink
to the recording medium such as the paper can be
improved.,

In addition, the ink may contain the

efa UL s alr L
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20 coating the silicon resin on the nozzle surface and
the ink repellent filmhaving a good durability can

be farmed. Furthernore, the silicon resin nay be an
ultraviolet ray curing type liquid silicon resin or

25 an el astoner. The silicoypyresin is applied on the
-7 6 nozzle plate surface and the ultraviolet rays are
irradiated so that the silicon resin is cured and the

fmlﬁc&'m%' lftug | 48 FBY%ePGC t%@edageT S, Phiis¢ bh%ce the
ultraviolet ray curing type liquid silicon résin or 5

N8 o8 eC Al RSEOFBECES abtedrcasaddier siti e0A+EALRY aln
the silicon resin is cured in a short period of tine

biei ahaditat ig dded pl § Eadisolpets gityke afd efoematinng ntdiee
resin on the nozzle surface and the ink repellent film
havhngigbodddlrmimeity can be fornmed. 10 In addition

the liquid jet recording device of the enbodi ment of

t he presentfurhtentiions usbet Hak arw corhionéden@ignent .
menber. Thus, since the nozzle plate of the

Bh6di mamcDHfthhel pkeseRtaiing diie dhlgBenteditais

straight line ability,of the _ink 15 drop, is

pRESIEE dr° Wrrpe@t%ﬁg sahwa&tr JJeW%ghew& *Bifbe
HEGEE3d D LHbbH] AR "6 ha 1 bEeh S| AGGALtdn oven
EhenHyﬁéf)he used has a surface tension equal to or

The present invention is not limited to
these embodiments, but variations and meodifications
may be made without departing from the scope of the
present invention.

For example, in the above-discussed
embodiment, the nozzle plate 202 is made by Ni
electroforming. However, as long as the material of
the ink repellent film can be applied, varicus metals
such as BUS (Super Use Stainless) or varicus resins
can be used for the nozzle plate 20%.

in addition, when the ink repellent film is
formed con the surface of the base of the liguid jet
head, first the oxide layer on the surface of the
base (nozzle plate 2) may be removed and then the

material of the ink repellent film may be applied.

ABlternatively, after an intermediate layer may be
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20 less than 70 MV m Thus, since the ink having a | ow
surface tension can be used, adhesion capability of
the ink to the recording nedium such as the paper can
be |nproved 25 In addition, the ink may contain the
...... -77- fluoride group?§urface active agent -

Thus, since the fluoride group surface active agent
is contained in the ink to be used, it is possible to
EOrMed) tHRYnateinahi g% ¢@lOriNg. répgﬂéﬁﬁr 'f‘irl‘i"n ndle be
ink may contain the pi gnent - Thus, since the ink
gpplai-as, the pignment, it is p035|ble to forma high
qual ity inmage having high weathering ability and

wat er resi @#d nthabihtéymedanten Iayaml {peapeer) 10 £He
present invention is not limted to these
egbogilrgnt'SEr ot r vAFi aiden ®yarithrayli PoeaCoond ngmy be
made without departing fromthe scope of the present
CorpmmadiioFdnagxbapleed gndhe tabbyefeusdutbed grmsed
enbodi nent, the nozzle plate 202 is made by Ni
éﬁ@@t&%r@ﬁ%g"el—@%@éﬂe%éﬂ diyl Bsc@F8- materi al of

the ink repelle fLIn1ca be applied, v us. metal s
Such as SUBT SbC LRE SeatAredde o YA ohE P58 pase

gurface is made rouch by Ni strike plating, the

material of the ink repellent film may be applied.

INDUSTRIAL APPLICABILITY

The present invention is applied to the
liguld jet heads, manufacturing methods of the liguid
jet heads, image forming devices, nozzle members of
the liguid jet heads, repellent ink film forming

methods, cartridges, and liguid jet recording devices.

A e e e e e e S f e el e —— - —_— [ — O S
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can be used for the nozzle plate 202. 20 In addition,
when the ink repellent filmis formed on the surface
of the base of the liquid jet head, first the oxide

| ayer on the surface of the base (nozzle plate 2) nmay
be renoved and then the nmaterial of the ink repellent
filmmay be applied. 25 Alternatively, after an
internedi ate | ayer may be -78- formed, the material of
the ink repellent film may;Rensapplied. As the
intermedi ate |ayer (priner), tor exanple, "Primer D
made by Toray Dow Corning 5 Corporation may be used
and it is found that good adhesion can be obtained in
this case. 1l.n ;addidguid, et t Reatihe cn@ s Digt he base

surface is made rough by Ni strike plating, the
mat eri al of mrezlk femsihgntefiblem ey imwg appvaedr 10
| NDUSTRI AL APPLI CABI LI TY The present invention is
appkildgnito Yawer | founddj en heddsjuimrdfert ietngide
met hods of the liquid jet heads, image formng
geviaes, afoA e eR356f hayife a ikpF dlfehoheads,
repellent ink filmformng  mnethods cartridgesl_anq
Fegtigured ifectef g ddapdes dropp of recording liquid;
wherein the water repellent layer is made of
silicon resin;
an oxide layer 1s not provided between the
liguid drop jet side surface of the nozzle base and
the water repellent layer:; and
the oxide layer is provided on a nozzle hole

internal wall surface of the neozzle base,

2. A ligquid jet head, comprising:

a nozzle forming member having a water
repellent layer formed on a ligquid drop jet side
surface of a nozzle bhase having a nozzle hole
confiqgured to jet a liquid drop of recording liquid;

wheréin the water repellent laver is made of
silicon resin; and

an oxide layer provided between the liquid

drop jet side surface of the nozzle base is thinner
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-79- CLAIMS 1. Aliquid jet head, conprising: a nozzle
farm ng nenber having a water 5 repellent |ayer
formed on a liquid drop jet side surface of a nozzle
base having a nozzle hole configured to jet a liquid
drop of recording liquid; wherein the water repellent
layer is made of silicon resin; 10 an oxide layer is
not provi ded between the |Iliquid drop jet side surface

Phahhe sl L bASE= ANArothaRls] E[ergﬂ'ifé‘t hbayer; and

the oxide layer i's provided on a nozzle hole interna

mﬁltlera;mf A 10fs i PLaPOZBE thasew B 2. bAski qui d | et
head, conprising: a nozzle form ng nenber having a

water repellent layer forned on a liquid drop jet

side 20 surface of a nozzle base having a nozzle hole
configured to jet a liquid drop of recording |iquid,
wherein the water repellent |ayer is nade of silicon
resin; and3an Tow del draydr Jprohieded asetwerimedieini gladm 1
25 drop jet side surface of the nozzle base is thinner
er_claim 2, ________________. - 80-

wharein the nozzle base is made of Ni.

4. The ligunid jet head as claimed in one of
claim 1 through claim 3,
wherein the recording liguid includes a

flupride chemical compound.

5. The liquid jet head as claimed in one of
claim 1 through claim 4,

wharein the recording ligquid has a dynamic
surface tension equal to or less than 30 mN/m and a

ph in the range 8 through 11.

6. The liguid jet head as claimed in one of
claim 1 through claim 5,

wherein an elution prevention agent is added
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than an oxi de | ayer provided on a nozzle hole
internal wall surface of the nozzle base. 5 3. The
liquid jet head as claimed in claim1 or claim2,
wherein the nozzle base is made of Ni. 10 4. The
liquid jet head as clalnedﬁ g1 one of claim1 through
claim3, wherein the recordi'ng |iquid includes a
fluoride chenical conmpound. 15 5. The liquid jet head

t8|§h@e Qfllﬁh aym 1 through claim4, wherein
e recor | |d has a dynam c - surface tension

equal to or Iess than 30 MV mand a 20 ph in the range
8 through 11. 6. The liquid jet head as clained in one
of claim1l through claimb5, 25 wherein an elution
prevention agent is added -Bl- into the recording
[iquid. 7.7A mamiracfactngingt hedheid af igul dgped JBt
head, the liquid jet head being clained in one of
hbaﬂnlthﬂnﬁiqﬂi@liﬁhwBﬁaﬂh@aﬁmgﬂﬂ*ﬂimé@ginebhedDf
conprising the step of: formng the water repellent
tagém Anddrofugh helain &on thesManuf adfeuibd| Bebied i n

the air.
comprising the step of:

forming the water repellent layer made of

the silicon resin in the nozzle base in the air.

8. The manufacturing method of the liquid
jet head as claimed in claim 7,

wherein the water repellent layer is formed
by applying the silicon resin to the nozzle base by a
dispenser in a state where air is blown from an
cpposite side of the ligquid drop jet side surface
toward the liquid drop jet side surface side via the

nozzle hole of the nozzle base.

9. The manufacturing method of the liquid
jet head as claimed in claim 7 or claim 8,
wherein the water repellent layer made of

the silicon resin is feormed on the nozzle base after
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10 B_ The manufacturing nmethod of the liquid jet head
as clainmed in claim7, wherein the water repellent

| ayer is formed 15 by applying the silicon resin to
the nozzle base by a dispenser in a state where air
is blown from an opposite_§ége of the liquid drop jet
side surface toward the liquid drop jet side surface
side via the nozzle hole of the nozzle base 20 9. The
gﬁn!éfca_ Wi g ABHP0Od 100 160G igibdes i 6t ohead as

aimed in claim7 or ¢claimB, wherein the water

neReld Bt daYLPEyNBEBcRks 3% A Biddced £RSI Rdzzle base
formed on the nozzle base after ------- - mmee--n- - -

so- Hrat & Qfrfstd bkedemdyer 18 assSMopLAC®SS,a OF an
ultraviolet ray process is applied to the nozzl e base
hqdrfadyla swshpceubxitdentdysr is madoved or a

hydr oxyl group substitution is nade. 5 10. A
manufacturing nethod of a liquid jet head, the liquid
jet head being clainmed in one of claim1 through
claim6, the manufacturing nmethod 10 conprising the

step of: forniqg the water repellent |ayer nade of, .
10. manufacturing method O0f a liquid Jet

head, the liquid jet head being claimed in one of
claim 1 through claim 6, the manufacturing method
comprising the step of:

forming the water repellent layer made of
the silicon resin on the nozzle base after an acid
treatment, a plasma process, or an unltraviclet ray
process is applied to the nozzle base so that a
surface oxide layer is removed or a hydroxyl group

substitution is made.

11. The manufacturing method of the liquid
jet head as claimed in one of claim 7 through claim
10,

wherein the water repellent layer is formed
by applying a normal temperature curing type liquid

state silicon resin.
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the silicon resin on the nozzle base after an acid
treatnment, a plasnma process, or an ultraviolet ray
process is applied to the nozzle base so that a 15
surface oxide layer is renoved or a hydroxyl group
substitution is made 11. The. manufacturing method of
the liquid 20 jet head-as clainmed in one of claim?7
through claim 10, wherein the wat er repellent |ayer

is formed by appl i EafBQEEﬂgtdﬂ%?%é@“&@mﬁE&%E%g:

type Iqu| state sifrcon reésin

} - @& Tiquid-jet - head cornfigured:- t08§ 25 &ﬁqu1d
i mage forn1ng device, conprising: a liquid jet head

4e8hi G ethddrdPhgal iggudd tHeOPM Diui@cedi heald WHithg
the liquid jet head being clainmed in one of claim1l
thedmegl cdraion®.ob &3aih AdoxHmoumdnbeladh &.1iquid jet
head, conprising: an ink repellent filmforned on a
base 10 surface where an opening part for liquid
jetting is provided; wherein a cross section
perpendicular to a center |line of the opening part in
the vicinity of L

13. A neczzle member of a liquid jet head,
comprising:

an ink repellent film formed on a base
surface where an copening part for liquid jetting is
provided:

wharein a ¢ross section perpendicular to a
center line of the opening part in the vicinity of
the opening part of the ink repellent film is greater

as being further separated from the base surface.

14. The nozzle member cof the liguid jet head
25 clalmed in claim 13,

wharein the wvicinity of the opening part of
the ink repellent film has a curved surface

configuration.

15. The neozzle member of the ligquid jet head

EERF LN
P
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the opening part of the ink repellent filmis greater
15 as being further separated fromthe base surface
14. The nozzle nmenber of the liquid jet head as
claimed in claim13, 20 wherein the vicinity of the
opening part of the ink r Ilent filmhas a curved

surface configuration. 25 15. The nozzl e nenber of
the liquid jet head -84- as clainmed in claim 13 or

%%akggkﬁngﬁﬂ*%IhfmcEBVQEU&ﬂdﬁﬁﬁ1@,Of a curved line

vicinity of the opening part of the ink

repel | ent fandpd ih tHECEE S uTRC LA UNCh £ NGuERRS 1ine
center line of the opening part is equal to or

greaher viikamihg éHi ekaespedli ddgd Kk 6E£pehkednkf il m
16_ The nozzle nmenber of the liquid jet head 10 as
cbpef@eéntn il Md3the ckaism ke cwiven ei nchudingedHe ne
in the cross section including the center line of the
opehiemg ldave oF ophanopedgoagerh o idhecgpehi hg part to
the vicinity of the opening part of the ink repellent
grpaties £hED sihvet Bhickneysarcdh Bapeek coepel lgmd £11lm.
curvature radius of the arch shaped curve is equal to
or greater than the thickness of the ink repellent
film 20

1. The nozzle member of the liquid jet head
25 claimed in claim 13 or claim 14,

wherein a curved line in the cross section
including the center line of the cpening part from an
gedge end of the opening part to the vicinity of the
opening part of the ink repellent £1ilm is a
substantially arch shaped curve; and

a2 curvature radiuvus of the arch shaped curve
iz eqnal to or greater than the thickness of the ink

repellent film.

17. The nozzle member of the liguid jet head
az claimed in one of claim 13 through claim 16,

wherein an angle formed by a2 tangent line
passing through the opening edge end of the ink

repellent film in the cross section including the
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17. The nozzle menber of the liquid jet head as
clainmed in one of claim 13 through claim 16, wherein
an angle fornmed by a tangent |ine passing through the
openi ng edge end of the ink 25 repellent filmin the
cross section including th% ... -- - -B5 center line
of the opening part and a"gEzIe menber surface
i ncluding the edge part is less than 90 degrees. 5

e h0zzl e fhe Liquid §
%?%F%rgdlgﬁéoﬁg 0 cI%%i@Et ﬁ%‘gﬁgﬁ%& % m1 ,1E gfngieﬁ:
{herRage 1 g1t dd ahé a;-sgegga&tl S5 NBdes of L aRt 8l or
resin. 20 19. The nozzle nenber of the liquid jet head
@8ggkakned in one of claim13 through claim 16,
wherein, in addition to the ink repellent 15 fil m of
the ink jet surface of the liquid jet head, the ink
repellent filmis formed to a predeterm ned depth in
the opening part internal wall. 20 20. The nozzle
menber of the liquid jet head as clained in one of
claim 13 t ABoudinec|rizrle, mephareiod the tligkidsiess head

the ink repellent filmof the ink jet surface of the
#fgoldiped Hggepne of claim 13 through eclaim 17,

wherein the base of the liquid jet head is

made of metal or resin.

19, The nozzle member of the ligquid jet head
as claimed in one of claim 12 through claim 18,

wherein, in addition to the ink repellent
film of the ink jet surface of the liguid jet head,
the ink repellent film is formed to a predetermined

depth in the opening part internal wall.

£20. The nozzie mamber of the ligquid jet head
as claimed in one of claim 13 through claim 19,

wherein the thickness of the ink repellent
film of the ink jet surface of the liguid jet head

other than the vicinity of the opening part 1s equal

to or greater thanm 0.1 pm.

B et bt o e L I T Sty L O | = - e ol et ot or L
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other than the vicinity of the opening part is equa

25 to or greater than 0.1 jcm_ ----------- ----------
--------- -86 21. The nozzle nmenber of the liquid jet
head as clained in one of claim13 through claim 20,
wherein the ink repellent fjdmhas a surface roughness
equal to or less than 0.2 u'm 5 22. An ink repellent
filmform ng nethod whereby an ink repellent filmis
formed on gibasg,e SWiace AbnBeld G4 dHLt1 NRIaNIUIENBead
an opening for 10 liquid jetting, the ink répelleéent

bl anberEdag ired e do £ CeMRA inS 1130 HHYe & Pc Phimappl,yi ng

a material of the ink repellent filmby an applying

part whil ewgsdin j€thé elinkr espallsmde Dyposhiée hosarface
liquid jet surface of a base of 15 the liquid jet
headhndds Aqidk tepek! eeksf ithad @ i ng met hod

whereby an ink repellent filmis formed on a base 20
surface of a liquid jet head having an opening for

liquid jet, the ink repellent filmform ng nethod
conprising the step of: applying a material of the ink
repellent filmon a liquid_jet surface of,a base_of

. J |
the |iqui d 2225 ATetineaBeBgl At i £ Eming apgthod

whereby an ink repellent film is formed on a base

surface of a liquid jet head having an opening for
ligquid jetting, the ink repellent film forming methaod
comprising the step of:

applying a material of the ink repellent
film by an applying part while gas is jetted from a
side opposite to a liguid jet surface of a base of

the liquid jet head.

23. An ink repellent film forming method
whereby an ink repellent film is formed on & base
surface of a liquid jet head having an opening for
liguid jet, the ink repellent film forming method
comprising the step of:

applying a material of the ink repellent
film on a ligquid jet surface of a base of the liguid

jet head by an applying part; and

L
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S R R -87 jetting gas froma side
opposite to the 1liquid jet surface of the base of the
liquid jet head when the material enters the opening
part to a predeterm ned depth. 5 24. The ink
repellent filmformng nethpod as clained in claim22
or claim 23, wherein an application capable w dth of
the 10 applying part is substantially the sane as an

appl i cati of 34QirRCto % dEPofl ot BE RAKP Y { @eersf chhe
liquid jet "head; "and an application is conpleted by

MmyuRG Hee Apydddopathel BadeSidll#heli 18hiANjekt head
parallel one 15 time. 25. The ink repellent film

#RER npemidiad-ias) ehtbfedthe epeming|past22c00a claim
24, 20 wherein the applying part is a dispenser; and
thedepplndateddesthnpl enented while a di stance

bet ween the di spenser and the base of the liquid jet
head is kept constant in advance. 25 -8 8 26. The ink
repellent filmformng nethod as

24. The ink repellent film forming method as
claimed in claim 22 or claim 23,

wherein an application capable width of the
applying part is substantially the same as an
application subject width of the base surface of the
liguid jet head; and

an application is completed by moving the
applying part in a single direction in parallel cne

time.

25. The ink repellent film forming methed as
claimed in one of claim 22 or claim 24,

wherein the applying part is a dispenser;
and

the application is implemented while a
distance between the dispenser and the base of the

ligquid jet head is kept constant in advance.
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claimed in one of claim22 or claim?24, wherein a
material of the ink repellent film is silicon resin
or fluoride resin. 5 27. The ink repellent film
formng nethod as clainmed in claim26, wherein the
silicon resin is a nornal %R;tenperature curing type
l[iquid state silicon resin or an elastoner; and the
silicon resin is applied on the base surface and | eft

N the air 3t aoriwk FEHRETRNY 18P dddking method as

polyner|2|ng curing 1s made and an 1 nk 15 repell ent

&nhmnle%i fqurmqa @8- cThemi nk apedilLim £4) m forning
nethod as clained in claim?26, 20 wherein the silicon

resin is awhrsEin 4 eiPeeatidie ofuritg iniperépauidnt £ilm
state silicon resin or an elastoner; and the silicon
iessﬂhxranxﬁe&ihanrtﬁéubaadesmﬁdfme and a heati ng
process is applied so that an 25 ink repellent film

is formed. -89- 29. The ink repellent filmformng
method as clained in claim26, -- wherein the silicon
resin is a normal tenperature curing type liquid state

silicon resin or
27. The ink repellient film forming methed as

claimed in claim 26,

wheraein the silicon résin is a normal
temperature curing type ligquid state silicon resin or
an alastomer; and

the =silicon resin is applied on the baze
surface and left in the air at a normal temperature
so that polymerizing-curing is made and an ink

repellent film is formed.

28. The ink repellent film forming method as
claimed in claim 26,

wherein the silicon resin is a normal
temperature curing type ligquid state silicon resin or
an elastomer; and

the silicon resin is applied con the base
surface and a heating process 1s applied so that an

ink repellent film is formed.
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5 an el astoner; and the silicon resin is applied on
the base surface and ultraviolet rays are irradi ated
for curing so that an ink repellent filmis forned.
10 30. The ink repellent filmform ng nmethod as
claimed in one of claim26 g claim?29, wherein the
silicon resin has a coeffici'ent of viscosity equal to
or |l ess than 1000 cps 15 (centipoises) 31. A nozzle

menber of blge biyfiihf efoieRdan! G 1 Guishi Ry RBYHBA as

the ink repéllent filmforned 20 by an ink répell

£ mpbker minh g 1eidogisas clainmed in one of claim22
t hrough cl ai m 30. 321 A liquid jet head, conprising:

25 a nozzl gheerdisl t@se Ct ol Medni Rrecie Qfs o aidrmai--- -
------------------- ---- ---- -90 13 through 21

aﬁﬂpakammﬁﬁldﬁtlﬁgcﬁyp9|dgquuﬂnqnatnrgnlﬁcanlmemnm or
jet head as clained in claim32. 34. Aliquid jet
apceldisngrasvi cend conprising: 10 a liquid jet head as
claimed in claim32; wherein an image is formed by

the |iqui dtjhet sq#ygpn resin is applied on the base
surface and ultraviolet rays are irradiated for

curing sco that an ink repellent film is formed.

30. The ink repellent film forming method as
claimed in one of glaim 26 or claim 29,

wherein the s5ilicon resin has a coefficient
of viscosity egual te or less than 1000 cps

{centipoises).

3i. A nozzle member of the liguid jet head,
the ligquid jet having the ink repellent film formed
by an ink repellent film forming method as claimed in

one of claim 22 through claim 30.

32. A ligquid jet head, comprising:

8 nozzle member as claimed in one of claim
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15 35. The liquid jet recording device as clained in
claim34, wherein ink to be used is a liquid having a
surface tension equal to or less than 70 nW m_ 20 36.
The liquid jet recording device as clainmed in claim
35, wherein the ink contalqﬁ)a fluoride group surface
active agent. 25 - - ------"--- ---- -91- 37. The
liquid jet recording device as clalned in claim35 or

§ga£gg§g§gM@$ff%ﬂatgfagﬂk3qqntains a pignent. 5 10

33. A cartridge, comprising:

a ligquid jet head as claimed in claim 32.

34. A liguid jet recording device,
comprising:

a liquid jet head as claimed in claim 32;

wherein an image is formed by the liguid jet

head.

35. The liguid jet recording device as
claimed in «laim 34,
wherein ink to be used is a liguid having a

surface tension egual to or less than 70 mN/m.

36. The liguid jet recording device as
claimed in claim 35,
wherein the ink contains a flucride group

surface active agent.
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37. The liguid jet recording device as
claimed in claim 239 or claim 36,

wherein the ink contains a pigment.
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