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NOZZLE PLATE AND METHOD FOR SURFACE TREAT.MENT OF SAMB 

The inven~ion relates to a nozzle pla~e adapted for an 

~n.k-jet ~ype recording apparatus and ~he surface treai:.ment of 

~he nozzle plate. 

In an ink-jet type recording apparatus which records an 

~mage on a recording medium by ejecting ink droplets from a 

noz2le, ~here exists a problem in that, when a portion 

surrounding a nozzle is wetted by an ink, deviati:::n in the 

direc~ion of ~he £~~gh~ of ink droplets occurs. 

':'o aC.dress this type oi problem, unexamined Japanese Pa.ten-c 

?ubl.:".:::ati.ons (Kokai) nos. Sha. 55-6556 4 ana She. 57-107848 have 

p=oposect an apparatus in wh~ch wai:er-repellency ~=eatmen-c is 

pt0ar£or:ned o:'l tha noz2lg ?latQ sur:face su:r:rounding a noz~le 

~he:::.-e.by -to. ~~\.Lppress g~nera~ion 0£ such wetting . .by the ink. 
. .. . 

However· i :C. ,[~ .. dL££icul t to re=strict the trea.tmeni: to the nozzle 

plate sur!ace only. Unexamined Japanese Patent Pu.blication 

(Kokai} No. Hel. 2-48953 discloses a mechod whereby a pla~e 

imp~egna~ed with a silicon water-repellen~ agent is employed to 

wipe ~he surface oi a r.ozzle plate, er pressure is applied to 

the surface of the nozzle plate by a porous member irnpreqnated 

with a wai:er-repellent agent. 

In ·this case, wieh the resulting lining of the inner 

portion of a nozzle by a portion of the water-repellent agent, 

when ink drops are ejected at high speed from the nozzle, they 

contact the wa~er-repellent agent adhered to a portion of the 
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inn~ surrounding surface of the nozzle and the problem of a marked disruption of the 

direction of the flight of the ink droplets occurs as before. 

An object of the present invention, in view of the above-mentioned problem, is to 

provide a new nozzle plate capable of preventing the flight of ink droplets from 

deviating. 

Another object of the invention is to provide a novel nozzle plate surface 

treatment method of forming a water-repellent coating on the surface of a nozzle plate 

while restricting the lining of the inside of the nozzle with the water-repellent material. 

According to the present invention, there is provided a nozzle plate which 

incorporates a water-repellent coating formed on the nozzle plate surface surrounding the 

nozzle 4 hole in such a way as to leave a portion not exceeding 203 of the diameter of 

the nozzle hole uncoated. Further, the nozzle plate surface treatment method 

for this nozzle plate comprises a photosensitive resin material which can be hardened by 

exposure to a light source laminated on the nozzle plate surface, with at least one portion 

entering the inner portion of the nozzle, with the portion of the photosensitive resin 

directly a~o~cf~~.!lQWe being ex~sed to a light source from behind the nozzle plate 

with sufficient energy to harden a portion of a size at least that of the nozzle diameter, 

being no more than 40 % larger than. that of the nozzle diameter. Finally, with this 

portion of the photosensitive resin hardened, a water-repellent coating layer is formed 
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on the surface of the nozzle plate, incorporating the shape of the hardened portion of 

photosensitive resin. 

Embodiments of the present invention will now be described by way of example, 

with reference to the accompanying drawings, in: which:-

Figures 1 (a) to (f) are diagrams showmg a process for surface treatment of a 

nozzle plate, which is an embodiment of the invention; 

Figure 2 shows a cross-section diagram of an example of a nozzle plate formed 

according to the above-mentioned process; 

Figure 3 shows the relationship between the quantity of photosensitive film 

entering the nozzle of a nozzle plate and the exposure value of ultra-violet radiation; 

Figures 4 (a) to (e) are diagrams showing a production process for a nozzle plate, 

which is another embodiment of the present invention. 
' 

Figures l(a) to l(e) show a nozzle plate surface treatment process, which is an 
' 

embodiment of the invention, and Figure 2 shows an example of a nozzle plate formed 

using. this proeess.-· _ .... . 
. -·- ... -·- .. 

In Figures t(a) to l(t), a nozzle plate 1 is made of a material such as metal, 

ceramic, silicon, glass or plastic; and preferably of a single metal such as titanium, 

chromium, iron, cobalt, nickel, copper, zinc, tin, gold; or of an alloy such as a nickel-

phosphor alloy, a tin-copper-phosphor alloy (phosphor bronze); a copper-zinc alloy, or a 

stainless steel; of polycarbona~, polysulfone, an ABS resin (acrylo 
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nitrile butadiene-s~yrene copolymer), polyethylene 

terephthala~e, polyacetal; and various photosensitive resins. 

The nozzle plate 1 has a plurality of nozzle holes 4, each 

consisting of an inverted funnel-like portion 4a on a rear 

surf ace 3 and a ~hin!y opened oritice portion 4b on a front 

surface 2. 

Firstly, a photosensitive resin film 6, for example Dialon 

F.R.l\.305-38 (produc-: name) dry resist film made by Mitsubishi 

~ayon, is lamina~ed onto the front surface 2 of nozzle plate 1. 

Next, the photosensi~ive resin film 5 is · hea~ed to a 

temperature above glass transition ~emperatura (above 72±1°C} 

and pressure is a~plied SC that a por~ion of the filill 6 on the 

rear surf ace 3 en~ers the inner pox~icn of the nozzle 4 in the 

=o=m of a plug oa ot a lQngth of morQ than Sµrn (Fig.l (a))· 

Next, the rear suriace ~ of the nozzle plate 1 is exposed 

eo ultrcviolet: =e.ci.i::.1:ion, the phot:osensitive reein pluq 6a 

wi"thin "the .i.nner p:Jri:iC?.n of the nozzle hole 4 i:s hetrdened, with 
-:.. .• "'I""":'· • 

~~e ultraviO.~~t =adiation passing ;:hrcugh the inner por~ion of 

the nozzle hole • 
': ' arriving at the surf ace and being 

diffracted, deflected and irregularly reflected .in such a way 

as i:o harden t!i.e photosensitive =esin film 6 to form an 

extensive por~io~ 5b of a ~oncentrically ci~cular shape and of 

a size at least ~hat of the.nozzle hole diameter d, being no 

larger than 1. 4 .:imes that of nozzle hole diameter d, and 

having a preferred diame"ter b a= 1. 2 times that of d (Fig .1 (b)) 

The diameter of the extensive portion 6b being influenced 

by the quantity o! the photosensitive resin film 6 which 

entered the inner portion of the nozzle 4, together with the 
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exten't of the exposure; experiments ;.rara conducted using a 

standard nozzle plate (that is nozzle plate l, with a plate 

thickness T of BOµm, a nozzle · diameter d of 40µm, and a 

funnel-shaped nozzls portion l with a length l of 35urn.) ''arying 

the amount of ult=aviolet radiation {with a wavelength of 365 

nm) 3 (exposure energy)- having a wavelength of 365 nm- applied 

to ~~e nozzle plate rear surf ace 3 and the quantity of 

photosensitive resin film 6 which entered the inner por~ion of 

the nozzle 4. -· :J.g. 3 shows the =esults obtained in these 

experiments. 

'!'he results show that, .:.n the case where the amount of 

exposure E was subs't.ant.ially smaller with respect. to 'the 

quantity t of resin film 6 which en~ered the inner por~icn ot 

~hg :ioz:z:lQ 4, t~a di~"';lwtwr D of -:he extensive portion 6b fo.rmeci. 

d.irectly above t!le no22le. 4 was smaller than the nozzle 

dieme~e= d ~nd =~=~her.no:e, in the ca5e where the amount of 

exposure E __ was . subs"t:_~n~ially larg~r with =e:!pec-c -:o the 
·~· .. 

quant:i -cy ~ o':{ res.ln t!lm 6 whi.ch ent:.a.red t:he inner port:ion ot. 

-:.he nozzle 4, ::.:ie diame-=er D was ion excess of l. ~ times 

diameter d and, as described later, it became impossible to 

avo~d =he ~ef leccion .:.n ::.he di=ection of flight of the ink 

drops. Consequent~y, the requi=ed amoun~ of exposure E with 

respec't to the r.ecessary quantity 't of resin film 6 entering 

;:he inner por-cion oi the no2zle 4 was determined to be as 

fol.lows: 

In the case where 18 ~ t ~ 30, the exposure value E 
is 300 rr.J/cm2. 

In thG c«~Q whgro 30 ~ t ~ 35, the exposure vaiuQ E 
is 600 rnJ/cm2. 
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Fur-char, the J:asin plug 6a, ·£coned accordinc;J to this 

process, being a tight fit within the inner portion of no~zlG 

4 1 prevents ~he extensive portion 6b f=om falling out oi nozzle 

~ aur!ng the ccacing layer forming proces~ and al~o prevent~ 

the im:rus!on a! i::ne water-repellenc macro-molecular resin into 

the inner por1:!on o! nozzle 4. rn addi~ion, i::he projec~~ng 

extensive portion 5b formed on the nozzle pla~e front surface 

2 works as a s~ape-forming means while eu~ectoid plating is 

car:::ied out. 

Nex::, a phot:osensitive resin material 7, which hardens 

under exposure ~c a liqh~ source, ~s applied in liquid form to 

~oi:h i::he f=cn~ and rear s~rfaces 2 & 3 of nozzle plate 1 and 

ur:.der exposure f~om t:he rear surfaca 3, i:he phoL.osensitive 

resin 7 on the rear surf ace 3 hardens in the form of e membrane 

(Fig. 1 { c) ) . 

Next, ~he rarnaining unexposed photosensitive resin film 6 

:>Ir 't:;,.~ -~=pn:t. S\.W:'::ace 2."0~ nozzle plate 1 and the photosensitive 

resin ma~erial 7 ~s removed with solvent and acid cleaning is 

~ar~ied out (Fi~.1 (d))i ~hen the ~czzle plate l is immersed in 

an electrolytic solution in ~hich nickel ions and particles of 

a water-repellent mac:ro-molecular resin such as 

po!ytetra.:f luoroe't.hyl~ne are dispersed by electrical charges, 

and coating laygr S ~s fo::mQd on tha £ront surface 2 of nozzle 

pla~g l whilst thQ Golutio~ is aqitatQd (Fi9.l (e))· 

polyperfluoroalkoxybutadigng, 

po.lyvinylidene, polyf luorovinyl and polydiperf luoroalkyl 

;fu."ttcrate may be u:sed individually •)r in combination aa thQ 
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f luorine-con~aining macro-molecule =or ~he eutec~oid platinq 

process. There is no particula.!:' resi:.rict:ion on the matrix for 

the coating layer 9; a suitable me~al such as nickel, copper, 

silver, zinc, tin may be selected. Preferred matexials include 

nickel, nickel-cobalt alloy, nickel-phosphor alloy ancl 

:nick&l-boron alloy wii:h good surface hardness. M:>reover; 

~aterials with superior abrasion-resis~ance properties should 

!::e chosen. 

In this way, :he polyf!uoroethylene par"C.icles uniformly 

cover the ent:ire front: surface 2, of nozzle plate 1, except: for 

tha;: portion sur=-::unding nozzle .. 
": I where an area wi'thout 

water-rei;:ellenca 5. o: a concent:-ically circular shape and 

~ith a width W of~~ more than 0.2 d (defined by the shape of 

ext&nsi~e ?Or~icn cb formed on tha ==on~ ourfac& 2 of no22la 

?late l), .:..s . . .:..et-::. 

:-ur~her, usi::q a sui..:able :sol"\·en'l:, t:ho.:se portion~ 0£ the 

?hOtosen:.:!.~J,.ye rss:.:i t~lm 6, used. as Flugs, and tho:ise pcJ;i:.j.oms 
a ·,~ • -•a .: to~• • • • 

of pho~osensit.!.·re resia mater.ial 7, used as a pJ:o-ceci:ive 

membrane, are d.:.ssolved and removed. A voiding the 

generat:.icn of warpage in the nozzle plate 1 ~y applying a load 

~c t~e nozzle place, a hard ink-re?aller.t coating layer 8 is 

formed on t~e :re~~ surface 2 of nozzle pla~e l by heating it 

to a temperature (350 cc .or above) higher than-t:.hat of the 

melting po~nt of the polytetrafluoroethylane (Fig.l (f)). 

Forming the nozzle plate l in this way, as shown in Fig.2, 

whilst avoiding any intrusion of mat:.erial wii:hin the inner 

~ortion of nozzle 4, an ink-repellent coating layer 8 is formed 

on the front surface 2 only. 
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Thus, using a nozzle plai;e l constructed in this way, 

reco:rding may be carried out and ink droplets ejected at high 

speed from nozzle 4 will fly correctly in relation to the 

recording medium. Therefore, in the case where a 

non-water-repellent: surface 5, with a width no~ exceedLng 20% 

of the nozzle diamet:er d, is formed on the portion surrounding 

the no2zle 4, excess ink is eithQr rQtUrnGd to ~ha ink chamber 

along 't.he inner walls of nozzle 4 or spreads equally around the 

entire circumfersnce of the non-water-repellent surface 5 

fcrmir:q an area of unif:irm wetting, t.hese 1:.aken -:.oget:her acting 

to p=event: disrupt:ion of 't.he flight :::>f the ink droplet:s. 

:ur~hermore, ink remaining on the i~k-repsllent coa~inq layer 

3 adheres ~o an area where it does no~ affect the flight cf ~he 

ink dro?lets, hald in spherical fo::::rn by ~ur!aca tansion1 thus 

~he ink ct=op~ets, ~naffectecl·by these influences, fly correc~ly 

in the direc~ion o: the ~xi~ of nozzle 4. 

'!his.:~ype of :iozzl_e plai:.e l- wi"t.h an ink-repellent coating 
.... -~ . ~ .--.::-· 

B (i~clud!ng. a ~o~-ink-repallant surface 5 wi~h varying 

diameters) ~eing ;erformed on the front surface 2 of nozzle 

plate 1- has been installed in a 'drop-on-demand' type ink jet 

p:rini:.er employing a piezo transducer dri •.re system, and a tgat 

has been conduct:ed, 1-1hereby O. l ug /do't ink droplets were 

ejected 100 times at 30 second intervals from a nozzle 4 with 

a diameter-of 40 µm, with the resultant: number of occurences of 

deviation in the ilight of ink droplets being recorded. 
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From the abo~e results, we discovered tha~, in t.he case 

where the ink =epellent coating layer B was exr.ended right to 

-:~e edge of nozzle 4, a portion of che coat.ing layer 8 entered 

-.:.!1.e inner surface o: nozzle 4 and adversely affect:ed the flight: 

:urther, in t:i.e case where a 

no:i.-wat:er-repell~:n: surface 5, wit.h a diameter W of. more than 

20% o:: i.:hat of. nozzle q diameter d., was £ormed on the portion 

sur=ouncing nozzle 4, we founc a deviation in the f!iq~t of ink 

d::::oplet~ equal ~o '=hat which occur.=ed in the case where 

wa te~-;~P:eJ..leA.t 
.. 

-~=eat:ment was :iot pe.=f ormed on the front 

surface 2 ar·nozzle pla'te l. 

Figure ~ shows the second embodiment: of the method of 

~oz2le pla~e sur:ace ~reacment which is the subject of this 

invention. 
,. . . 
_n ~=u.s meL.!:oc!, fi~stly a photosensitive resin film 6, 

which can be hardened by exi;>osure to a light source, is applied 

-:.o the =ront SU:::'face 2 Qf nozzle plate l furt:heJ:ltlOre I a 

photosensitive :::esin material 7 which can be hardened by 

exposure to a light source is applied to the rear surface 3 

(Fig. 4 (a.)), 
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Next:, "the en-tire area of the rear surface 3 of nozzle plate 

1 is exposed ~o ul~ra-violet radiation, -chereby hardenir.9 ~he 

photosensitive resin material 7 on 1:he rear surface 3 and 

within the nozz~e 4 forming plug 6a. Fur~hermore, the 

ultra-violet radiation which passes through the nozzle 4 

hardens the por-ci.on of the photosensi·tive resin film 6 directly 

above the nozzle 4 to an extent of ac leas~ the diame~er of the 

nozzle d, and no~ exceeding 1.4 times the diame-cer d, thus 

forming extensive portion 6b (Fig. 4 {b}). 

Next, the unexposed ?Crtion of phctosensitive resin film 6 

en ~he nozzle 9lace front surface 2 is dissolved and removed 

w.ith a solven~ (Fiq. 4 (c} ), -::hen using the extensi•;e po:ction 

6b as a means :~r :arming the shape, an ink-repellent coating 

is formed on the f=on~ sur£aca ~ oi nozzla plate l (Fig. 4 

(d)). 

:::..asL.ly / -:he har~ened p'.:"lot.osensit..:.ve resin ma-ceria.l 7 en the 

=aar surtacs 3 ot ~oz~le pla't.e l wh1ca pro-cec-cs f~onc surtace 
-:.~ ~- ..... . : ~- .. 

2 .:.s·=ernoved by =~ssolving with a solvent and ink-repellent 

coa-cing layer 9 i.s 't.hus fo=med on the whole o:f t:he front 

surface 2 of nozzle pla-ce 1 with L.he exception of ~he edge·£ of 

nozzle 4 (Fig. ~ \e)). 

In the second embodiment in this applica-cion, an 

ink-repellent coat.ing layer is formed by eutectoid plating on 

the surface of nozzle ulate. However, ~he foJ:mat:icn of the - . -
layer by applica1:ion of a fluorine-containing macro-molecular 

wa-cer-repellent rn~terial would be equally satisfactory. 

According ~o the present inven~ion as described above, a 

wat.er-repellent ccat:ing is provided on t:hc nozzle plate surface 
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sur=ounding the riozz2e in such a way as 'to leave a portion no~ 

exceeding 20% cf the diameter of the nozzle uncoated, thereby 

disruption of the f liqht of ink droplets due to wetting does 

not occur because wetting by ink around · the nozzle is 

minimized; and disn:p~ion of the flight of ink d=oplets due to 

'the contac't of ink droplets with a water-repellent coating 

within the inner portion of ~he nozzle can be raliably 

suppressed. Further, as a nozzle plate suriace treatment the 

:from: surface o::: a nozzle plate was coa'ted with a 

photosensitive resin which entered at least one part of the 

inner surface o: a nozzle, the resin inside the nozzle inner 

surface beim; !la:::-dened by exposure directed from the rear 

surface of ~he nozzle pla~e and a~ the same time a por~ion of 

~ha photos•nsitive =esin directly abovQ the nc22le bainq 

r.ardened to a size a~ ~=as~ .that of the nozzle diameter, being 

:-.o larger than . . -. -: time~ ~hat oi the no2:2le diame-cer by 

exposure haY1ng ~eached the fron~ surface of the noz~le, the 
.. _ ... ·-
... -·· .::~· 

~ardened po~~icn ~i=ec~~y a~ove the nozzle ac~ing as a means 

£or :orn:ing the s~ape of a water-repellent pl4ting coaeinq on 

t.he £ron"t: sur:::ace 0£ the nozzle plate. ?~rther, a hardened 

::--esin plug inside -:he inner surface oi -;he nozzle totally 

prevent:.ing the li::in:: of 
. - che nozzle inner surface by the 

water-repellent cca~ing, the cause of disruption of the flight 

of ink dr~plets. !:i addit±on, the energy necessary for the 

exposure was easy to control. Furthermore, detaching of the 

hardened photosensitive resin portion above the nozzle on the 

iront surface was avoided, that portion thereby ac~inq as a 

means for forming ~he shape of a water-repellent layer on the 

-
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nozzle plate surface and enabling the easy and accurate 

for.nation of the water-repellent layer. 

-~ .• . ~ ...-=-· 
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CLAIMS 

1. A nozzle plate comprising at least one nozzle hole for the ejection of ink droplets, 

and a water-repellent coating formed on a surface of said nozzle plate surrounding the at 

least one nozzle hole, in such a way as to leave uncoated a portion of said nozzle plate 

surface surrounding said. at least one nozzle hole, said portion not exceeding 20% of the 

diameter of said at least one nozzle hole. 

2. A nozzle plate surface treatment method comprising: 

laminating a front surface of said nozzle plate with a photosensitive resin material 

. which may be hardened by exposure to a light source, at least one portion of said 

photosensitive resin material entering the inner portion of said nozzle; 

exposing a portion of said photosensitive resin material directly above said nozzle 

from a rear surface of said nozzle plate to a light source sufficient to harden a portion of 

·said photosensitive resin material to a size at least that of said nozzle diameter, being no 

large;r than 1.4. ti:tne~ that_ of the. diameter of said nozzle, thereby hardening said 
. -· .......... ~-

photosensitive resin-material; and 

forming a water-repellent coating layer on the upper surface of said nozzle plate 

using said hardened portion of said photosensitive resin material as a means to form the 

shape of said water-repellent coating layer. 

3. A nozzle plate surface treatment method according to claim 2, wherein a 

photosensitive. resin material, which is hardened by exi>osure to a light source, is 

provided in the form of a photosensitive resin film, said film being subjected to pressure 

and one portion of said film entering the inner portion of the nozzle. 
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4. A nozzle plate surface treatment method according to claim 2, wherein a 

photosensitive resin material, which is hardened by exposure to a light source, is used in 

the form of a photosensitive resin film and a liquid photosensitive resin material, said 

photosensitive resin film being applied to the front surface of said nozzle plate, whilst 

said liquid photosensitive resin material is·applied to the rear surface of said nozzle plate 

with one portion entering the inner portion of the nozzle. 

5. A nozzle plate substantially as hereinbefore described, with reference to any one 

of Figures 1 to 4 of the accompanying drawings. 

6. A nozzle plate surface treatment method substantially as hereinbefore described, 

with reference to any one of Figures 1 to 4 of the accompanying drawings. 

·: . .. 
... ...... :~-
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