
EP 0 506 128 B1 Description The invention relates to a nozzle plate adapted
for an ink jet recording apparatus and a method of preparing such nozzle
plate. 5     An ink jet printer has a problem that when a portion around a
nozzle is wetted by an ink, the direction of splashing ink droplets gets
deviated. To overcome this problem, Japanese Patent Unexamined Publication
No. 65564/1980 or 55140/1990 has proposed an art that contributes to
suppressing generation of such wetting by the ink while providing a
water-repellent coating on the surface of the nozzle plate. However, to
form such a coating, the rear surface of the nozzle plate must be masked to
facilitate 10 adhesion of an adhesive. With nozzle holes having been
arranged on a member to be coated, it is difficult to cover a portion
around the holes completely. Under such circumstances, part of the
water-repellent coating provided on the front surface is extended into the
inner surfaces of the nozzle holes unevenly, making the ink meniscuses to
be formed inside the respective nozzle holes to be different from one
nozzle hole to another and disadvantageously causing variations in ink
jetting timing. 15     Further, a technique in which a coating material is
embedded in each nozzle hole completely so that a water-repellent coating
is provided only on the front surface of the nozzle plate causes the
coating to form an edge-like protrusion around the rim portion of each
nozzle hole. Thus, when such rim portion is wiped, the edge-like protrusion
is chipped off, making the wettability locally different with resultant
inconsistent ink splashing directions. 20     Still further, the provision
of the water-repellent film only on the front surface of the nozzle plate
causes inconsistent affinity at the exit of each nozzle hole, making the
meniscus position unstable. An object of the invention is to provide a
novel nozzle plate that does not cause variations in both the direction of
splashing ink droplets and the timing of jetting the ink droplets. This
object is solved by the nozzle plate for an ink jet recording apparatus of
independent claim 1 and the method of preparing said 25  nozzle plate of
independent claim 4. Further advantageous features, aspects, and details of
the invention are evident from the dependent claims, the description and
the drawings. The invention is directed to a nozzle plate on which a
water-repellent coating is provided on both the front surface of the nozzle
plate and on the inner surface of the nozzles and to a method of preparing
such nozzle plate. 30     The invention is applied to a nozzle plate in
which not only the front surface of the nozzle plate but also the inner
surface of each nozzle hole are provided with a water-repellent coating
uniformly. The invention also allows the meniscus of an ink to be formed
more stably inside each nozzle hole. According to the invention a nozzle
plate is provided in which the water-repellent coating extending from the
front surface of the nozzle plate to the inner surface of each nozzle plate
is further extended to a 35  portion around the ingress of each nozzle
hole. Still another aspect of the invention is to propose a novel method of
forming a coating on a nozzle plate in which a water-repellent coating is
formed uniformly from the portion around the ingress of each nozzle hole
not only to the inner surface of the nozzle hole but also to the front
surface of the nozzle plate. To achieve this aspect, the invention is
applied to a method comprising the steps of: providing a 40  coating on the
rear surface of a nozzle plate with a coating material excluding each
nozzle hole and a portion around such nozzle hole to thereby form a uniform
water-repellent coating on the front surface of the nozzle plate, the inner
surface of each nozzle hole contiguous with the front surface, and the
portion around the nozzle hole contiguous with the rear surface of the
nozzle plate. Figure 1 is an enlarged sectional diagram showing a main
portion of a nozzle plate, which is an 45    embodiment of the invention;
Figure 2 (a) to (e) are diagrams showing processes for providing a
water-repellent coating onto surfaces of the nozzle plate; and Figure 3 (a)
to (c) are diagrams showing a masking process. Figure 1 shows a nozzle
plate, which is an embodiment of the invention, and Figures 2 (a) to (e)
show 50  its preparing processes. The processes for preparing the nozzle
plate will be described first with reference to Figures 2 (a) to (e). In
Figures 2 (a) to (e), a nozzle plate 1 is made of such a material as metal,
ceramic, silicon, glass, or plastic, and preferably of a single metal such
as titanium, chromium, iron, cobalt, nickel, copper, zinc, tin, 



55  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 polycarbonate, polysulfone, an ABS resin (acrylonitrile
butadiene- styrene copolymer), polyethylene terephthalate, polyacetal; and
various photosensitive resins. This nozzle plate has a plurality of nozzle
holes 4, each consisting of an inverted funnel-like portion on a rear
surface 2 3    EP 0 506 128 B1 and a thinly opened orifice portion on a
front surface 3. In this nozzle plate 1 a resist tape 8 is stuck onto the
rear surface 2 as appropriate excluding the nozzle holes 4 and their
peripheral portions 6 (Figure 2 (b)). That is, on the rear surface 2 of the
nozzle plate 1 is the resist tape 8 bonded, the resist tape 8 having 5  a
multiplicity of such large-diameter holes 7 as to allow the funnel-like
portions and its peripheral portions 6 to be exposed toward the flat rear
surface 2. Each hole 7 may be formed by punching after the resist tape 8
has been bonded onto the nozzle plate 1. The nozzle plate 1 with the resist
tape 8 bonded thereon is cleaned with an acid, and then dipped into an
electrolytic solution in which nickel ions and particles of a
water-repellent high molecular resin such as 10 polytetrafluoroethylene are
dispersed by electric charges to be eutectoid plated on the front surface
while stirring the electrolytic solution (Figure 2 (c)). A
fluorine-containing high molecule to be used for the eutectoid plating
includes: poly- tetrafluoroethylene, polyperfluoroalkoxybutadiene,
polyfluorovinylidene, polyfluorovinyl, polydiperfluoroalkyl fumarate, and
resins shown by the following chemical formulas 1, 2, 3, 4, and 5, used
singly or in mixture. 15 F  F              F  F [err] [err] 20
[err] \~~~~~~~~~~~.. . *-(1) [err] 30 [err] [err] [err]
(2) 35            [err] 40 where at least two of X1 to X4 are fluorine or
perfluoroalkyl group, and R1 to R4 are hydrocarbon substituent (including
hydrogen and halogen. X  H   H  H 45           1    1       1     1 [err]
... (3) [err] 50 55 4    EP 0 506 128 B1 where R is [err](m = 1-20) [err]
[err]                                                . ..  *   (4) 10 where
R is alkyl group. [err] 



15               [err] ......(5) 20 where R is alkyl group. There is no
particular limit on the matrix for a coating layer, allowing a metal to be
selected from the group consisting of nickel, copper, silver, zinc, tin,
and the like. Preferably, however, nickel, a nickel-cobalt alloy, a
nickel-phosphor alloy, a nickel-boron alloy, and the like, having good
surface hardness and high 25  wear resistance, should be selected.
Accordingly, the particles of polytetrafluoroethylene form a uniform
plating on the front surface 3 of the nozzle plate 1, the inner surface 5
of each nozzle hole 4, and the rear surface 2 portion exposed from the hole
7 of the resist tape 8 by means of the nickel ions. Then, while suppressing
warpage of the nozzle plate 1 by applying a load to the nozzle plate 1, the
nozzle plate 1 in the electrolytic solution is heated to a 30  temperature
over the melting point of polytetrafluoroethylene, i.e., 350 * C. As a
result, the particles of polytetrafluoroethylene are fused on the front
surface 3 of the nozzle plate 1, the inner surface 5 of each nozzle hole 4,
and the peripheral portion 6 of the nozzle hole 4, forming there an
ink-repellent plating layer 10 that is smooth and hard. The
fluorine-containing high molecule eutectoid plating layer 10, if too thin,
exhibits inadequate ink 35  repellency on the surface having an ink jetting
outlets, while if too thick, it affects accuracy in the diameter of each
ink jetting outlet. Therefore, the thickness of the plating 10 on the
surface is designed to be controlled in the order of 1 to 10 um. Further,
it is preferable that the eutectoid amount of fluorine-containing high
molecule in the plating layer 10 be up to 60 vol.%, more particularly, from
10 to 50 vol.%. 40     An eutectoid plating method may include electroless
plating and electroplating. From the consideration that an ink including an
ink jet recording ink is used and that ions such as [err] [err] are mixed
therein as impurities, it is desirable to employ the electroplating method
that is less affected by ionic products and provides highly durable
plating. Further, to prevent warpage of the nozzle plate 1 caused when the
fluorine-containing high molecule 45  eutectoid plated nozzle plate 1 is
heated to a temperature over the melting point of the fluorine-containing
high molecule, it is proposed that a pressure of 100 gf/[err] or more,
preferably, a pressure of 500 gf/cm2, be applied onto the nozzle plate 1.
The ink-repellent plating layer 10 formed on the front surface 3 of the
nozzle plate 1 and the inner surface 5 of each nozzle hole 4 in this way
further reaches the rear surface 2 of the nozzle plate 1, where it 50  is
spread over the peripheral portion 6 of each nozzle hole 4. As a result,
the entire part of a portion extending from the periphery to the inner
portion of each nozzle hole 4 exhibits a uniform surface condition, so that
the meniscus M oscillates largely by, e.g., a variation in the pressure
within an ink chamber, and even if this causes the meniscus M to retreat
toward the ink chamber in the vicinity of the funnel-like portion as shown
in Figure 1, the stable spherical surface of the 55  meniscus M is
maintained, allowing a high-frequency recording and writing to be made
without causing deviation in the passage of ink droplets nor omission of
dots. Therefore, as the resist tape 8 is removed from the rear surface 2 of
the nozzle plate 1 thereafter and the nozzle plate 1 is adhesively fixed on
a substrate 12 while applying an adhesive 11 on the portion from 5    EP 0
506 128 B1 which the tape was removed, so that an ink jet recording head is
implemented. Figures 3 (a) to (c) show another means for coating the rear
surface 2 of the nozzle plate 1. As in the ordinary masking method, this
coating means involves the steps of applying a liquid resist material 18
over the entire part of the rear surface 2 of the nozzle plate 1 (Figure 3
(a)), then exposing the 5 peripheral portion 6 (Figure 3 (b)), and removing
by fusion the exposed portion. As a result, as shown In Figure 3 (c), only
the portion to which the adhesive was applied can be coated. While this
coating means is employed to provide the above-mentioned eutectoid plating
layer 10 on the nozzle plate 1, ink-repellent coating forming means other
than this can, of course, be used. 



Specifically, ink-repellent coating forming means other than the above
includes a method of applying a 10 fluororesin by dipping. While this
ink-repellent coating has a shortcoming that it is weak to externally
applied mechanical action such as wiping compared with the eutectoid
plating, this coating with its low melting point allows the nozzle plate 1
to be made from a material that is comparatively less heat-resistant such
as a synthetic resin. 15 Claims 1. A nozzle plate (1) for an ink jet
recording apparatus, comprising: a nozzle plate (1) having front (3) and
rear (2) surfaces; a nozzle hole (4) having an inner surface (5) which is
contiguous with said front surface (3) of said 20    nozzle plate (1); and
an ink-repellant coating film (10) of a fluorine-containing high molecule
eutectoid plating provided uniformly on said front surface (3) of said
nozzle plate (1), said inner surface (5) of said nozzle hole (4), and a
portion (6) around said nozzle hole (4) contiguous with said rear surface
(2) of said nozzle plate (1). 25 2. A method of preparing a nozzle plate
(1) for an ink jet recording apparatus, comprising the steps of: coating a
rear surface (2) of a nozzle plate (1) with a coating material (8: 18)
excluding both a nozzle hole (4) thereof and a portion around said nozzle
hole; and providing an ink-repellent coating film (10) uniformly on a front
surface (3) of said nozzle plate, an 30     inner surface (5) of said
nozzle hole contiguous to said front surface, and said portion (6) around
said nozzle hole contiguous to a rear surface of said nozzle plate. 3. A
method of preparing a nozzle plate for an ink jet recording apparatus
according to claim 2, further comprising the steps of dipping said nozzle
plate coated with said coating material in a fluorine- 35     containing
high molecular solution and/or a fluorine-containing high molecule
dispersed solution; and forming a fluorine-containing high molecular
coating on said surfaces and portion of said nozzle plate. 4. A method of
preparing a nozzle plate for an ink jet recording apparatus according to
claim 2, further comprising the steps of first immersing said nozzle plate
coated with said coating material in an 40     electrolytic solution in
which ions of a metal and particles of a fluorine-containing high molecule
are dispersed; and then heating said electrolytic solution to a temperature
being equal to or higher than a melting point of said fluorine-containing
high molecule to form a fluorine-containing high molecule eutectoid plating
on said surfaces and portion of said nozzle plate. 45  Patentansprche 1.
DUsenplatte (1) far eine Tintenstrahlaufzeichnungsvorrichtung, umfassend:
eine DUsenplatte (1) mit VorderflAche (3) und RUckflache (2); eine
DUsendffnung (4) mit einer Innenfllche (5), die an die VorderflAche (3) der
DUsenplatte (1) 50     angrenzt; und einen tintenabweisenden
Beschichtungsfilm (10) aus einem fluorhaltigen hochmolekularen Eutek-
toidUberzug, der gleichmABig auf der VorderflAche (3) der DUsenplatte (1),
der Innenfllche (5) der DUsendffnung (4) und einem Teil (6) urn die
Dasen6ffnung (4), der an die RUckflAche (2) der DUsenplatte (1) angrenzt,
aufgebracht ist. 55 2. Verfahren zur Herstellung einer DUsenplatte (1) fUr
sine Tintenstrahlaufzeichnungsvorrichtung, welches folgende Schritte
umfaft: Beschichten einer RUckflache (2) einer DUsenplatte (1) mit einem
Beschichtungsmaterial (8; 18), 6    which the tape was removed, so that an
ink jet recording head is implemented. Figures 3 (a) to (c) show another
means for coating the rear surface 2 of the nozzle plate 1. As in the
ordinary masking method, this coating means involves the steps  of applying
a liquid resist material 18 over the entire part of the rear surface 2 of
the nozzle plate 1 (Figure 3 (a)), then exposing the 5  peripheral portion
6 (Figure 3 (b)), and removing by fusion the exposed portion. As a result,
as shown in Figure 3 (c), only the portion to which the adhesive was
applied can be coated. 



While this coating means is employed to provide the above-mentioned
eutectoid plating layer 10 on the nozzle plate 1, ink-repellent coating
forming means other than this can, of course, be used. Specifically,
ink-repellent coating forming means other than the above includes a method
of applying a 10 fluororesin by dipping. While this ink-repellent coating
has a shortcoming that it is weak to externally applied mechanical action
such as wiping compared with the eutectoid plating, this coating with its
low melting point allows the nozzle plate 1 to be made from a material that
is comparatively less heat-resistant such as a synthetic resin. 15 Claims
1. A nozzle plate (1) for an ink jet recording apparatus, comprising: a
nozzle plate (1) having front (3) and rear (2) surfaces; a nozzle hole (4)
having an inner surface (5) which is contiguous with said front surface (3)
of said 20     nozzle plate (1); and an ink-repellant coating film (10) of
a fluorine-containing high molecule eutectoid plating provided uniformly on
said front surface (3) of said nozzle plate (1), said inner surface (5) of
said nozzle hole (4), and a portion (6) around said nozzle hole (4)
contiguous with said rear surface (2) of said nozzle plate (1). 25 2. A
method of preparing a nozzle plate (1) for an ink jet recording apparatus,
comprising the steps of: coating a rear surface (2) of a nozzle plate (1)
with a coating material (8: 18) excluding both a nozzle hole (4) thereof
and a portion around said nozzle hole; and providing an ink-repellent
coating film (10) uniformly on a front surface (3) of said nozzle plate, an
30     inner surface (5) of said nozzle hole contiguous to said front
surface, and said portion (6) around said nozzle hole contiguous to a rear
surface of said nozzle plate. 3. A method of preparing a nozzle plate for
an ink jet recording apparatus according to claim 2, further comprising the
steps of dipping said nozzle plate coated with said coating material in a
fluorine- 35     containing high molecular solution and/or a
fluorine-containing high molecule dispersed solution; and forming a
fluorine-containing high molecular coating on said surfaces and portion of
said nozzle plate. 4. A method of preparing a nozzle plate for an ink jet
recording apparatus according to claim 2, further comprising the steps of
first immersing said nozzle plate coated with said coating material in an
40     electrolytic solution in which ions of a metal and particles of a
fluorine-containing high molecule are dispersed: and then heating said
electrolytic solution to a temperature being equal to or higher than a
melting point of said fluorine-containing high molecule to form a
fluorine-containing high molecule eutectoid plating on said surfaces and
portion of said nozzle plate. 45 PatentansprUche 1. DUsenplatte (1) fOr
eine Tintenstrahlaufzeichnungsvorrichtung, umfassend: eine DUsenplatte (1)
mit VorderflAche (3) und ROckflAche (2); eine DUsen6ffnung (4) mit einer
InnenflAche (5), die an die VorderflAche (3) der DUsenplatte (1) 50
angrenzt; und einen tintenabweisenden Beschichtungsfilm (10) aus einem
fluorhaltigen hochmolekularen Eutek- toidlberzug, der gleichmal3ig auf der
Vorderfl~che (3) der DUsenplatte (1), der Innenflache (5) der DUsendffnung
(4) und einem Teil (6) urn die DUsendffnung (4), der an die ROckfllche (2)
der DUsenplatte (1) angrenzt, aufgebracht ist. 55 2. Verfahren zur
Herstellung einer DUsenplatte (1) fOr eine
Tintenstrahlaufzeichnungsvorrichtung, welches folgende Schritte umfaBt:
Beschichten einer RUckfliche (2) einer DUsenplatte (1) mit einem
Beschichtungsmaterial (8; 18), 6    EP 0 506 128 B1                  11111
11111 111111111  11 I!II wobel sowohl eine Dtsen8ffnung (4) als auch ein
Teil um die DUsenoffnung ausgespart werden; und gleichmaBiges Aufbringen
eines tintenabweisenden Beschichtungsfilmes (10) auf einer Vorderfla- che
(3) der DUsenplatte, einer Innenflache (5) der DUsen8ffnung, die an die
Vorderfliche angrenzt, und 



einem Teil (6) um die DUsenoffnung, der an die RUckflche der DUsenplatte
angrenzt. 5 3. Verfahren zur Herstellung einer DUsenplatte (1) fMr eine
Tintenstrahlaufzeichnungsvorrichtung nach Anspruch 2, welches ferner die
Schritte des Eintauchens der mit dem Beschichtungsmaterial beschich- teten
DUsenplatte in eine fluorhaltige hochmolekulare Losung und/oder eine
fluorhaltige hochmolekulare dispergierte Losung umfaft; sowie des Bildens
einer fluorhaltigen hochmolekularen Beschichtung auf 10     den Flachen und
dem Tell der DUsenplatte. 4. Verfahren zur Herstellung elner DUsenplatte
(1) fMr eine Tintenstrahlaufzeichnungsvorrichtung nach Anspruch 2, welches
ferner die Schritte des zunlchst Eintauchens der mit dem
Beschichtungsmaterial beschichteten DUsenplatte in eine elektrolytische
Losung umfaRt, in der lonen eines Metalls und 15     Tellchen eines
fluorhaltigen HochmolekUls dispergiert sind; und dann des Erwarmens der
elektrolyti- schen Losung auf eine Temperatur gleich oder h8her als ein
Schmelzpunkt des fluorhaltigen Hochmo- lekOls zur Bildung elnes
fluorhaltigen hochmolekularen Eutektoid~berzugs auf den Flachen und dem
Tell der DUsenplatte. 20 Revendlcatlons 1. Plaque d'injecteur (1) pour un
appareil d'enregistrement a jet d'encre, comprenant: une plaque d'injecteur
(1) comportant des surfaces avant (3) et ambre (2); un trou d'injecteur (4)
comportant une surface interne (5) qui est contigud a ladite surface avant
(3) 25     de ladite plaque d'injecteur (1); et un film de rev8tement
repoussant l'encre (10) constitu6 par un placage eutectoTde de mol6cules a
poids mol6culaire 6levd contenant du fluor forms uniformdment sur ladite
surface avant (3) de ladite plaque d'injecteur (1), sur ladite surface
interne (5) dudit trou dinjecteur (4) et sur une partie (6) entourant ledit
trou d'injecteur (4) contigug a ladite surface arribre (2) de ladite plaque
d'injecteur (1). 30 2. Proc~dd de preparation d'une plaque d'injecteur (1)
pour un appareil d'enregistrement a jet d'encre, comprenant les dtapes de:
rev~tement d'une surface arribre (2) d'une plaque d'injecteur (1) A I'aide
d'un matdriau de rev8tement (8; 18) a l'exclusion de son trou d'injecteur
(4) et d'une partie entourant ledit trou d'injecteur 35     ;et formation
uniforme d'un film de revgtement repoussant l'encre (10) sur une surface
avant (3) de ladite plaque d'injecteur, sur une surface interne (5) dudit
trou d'injecteur contigud a ladite surface avant et sur ladite partie (6)
qui entoure ledit trou d'injecteur contigug A une surface arribre de ladite
plaque d'injecteur. 40 3. Proc~dd de preparation d'une plaque d'injecteur
pour un appareil d'enregistrement A jet d'encre selon la revendication 2,
comprenant en outre les dtapes d'immersion de ladite plaque d'injecteur
recouverte dudit materiau de rev~tement dans une solution de mol~cules a
poids mol6culaire 61ev4 contenant du fluor et/ou dans une solution
dispersde de molecules a poids moldculaire 61ev6 contenant du fluor ; et 45
de formation d'un rev~tement de molecules A poids moldculaire 61evd
contenant du fluor sur lesdites surfaces et sur une partie de ladite plaque
d'injecteur. 4. Procede de preparation d'une plaque d'injecteur pour un
appareil d'enregistrement A jet d'encre selon la revendication 2,
comprenant en outre les dtapes d'immersion tout d'abord de ladite plaque 50
d'injecteur rev8tue dudit matdriau de rev~tement dans une solution
dlectrolytique dans laquelle des ions d'un m~tal et des particules de
moldcules & poids moldculaire 6lev4 contenant du fluor sont dispers6s ;
puis de chauffage de ladite solution electrolytique jusqu'a une tempdrature
qui est dgale ou supdrieure A un point de fusion desdites moldcules A poids
moldculaire olevd contenant du fluor afin de former un placage eutectoTde
de mol6cules a poids moldculaire MMev4 contenant du fluor sur lesdites 55
surfaces et sur ladite partie de ladite plaque d'injecteur. 7    


