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Description

BACKGROUND OF THE INVENTION
I ion

. The present invention relates in general to an ink jet
" print head, and more particularly to such an ink jet print
head which has a novel structure that assures improved
and stable ink-jetting characteristics or capability, and
which is available at a reduced cost.

In the recent market of printers used as an output
device of a computer or others, there is a rapidly
increasing demand for an ink jet printer which operates
quietly at a relatively low cost. The ink jet printer
includes an ink jet print head which is generally adapted
to raise the pressure in an ink chamber filled with a
mass of ink, to thereby jet or discharge fine ink particles
from nozzles so as to effect printing.

There is known one type of the ink jet print head
which has a piezoelectric/electrostrictive element dis-
posed on a wall of the ink chamber, as means for raising
the pressure in the ink chamber as described above. in
this type of print head, a volume of the ink chamber is
changed upon energization and displacement of the
piezoelectric/electrostrictive element. The ink jet print
head of this type is advantageous in reduced consump-
tion of electric power, as compared with another type of
ink jet print head which is adapted to heat the ink by a
heater disposed in the ink chamber, to generate minute
bubbles used for jetting the fine ink particles.

Referring to Figs. 5§ and 6 showing an example of
the above type of the ink jet print head, a metallic nozzle
plate 4 having a plurality of nozzles 2, a metaliic orifice
plate 8 having a plurality of orifices 6, and a channel
plate 10 are superposed on each other such that the
channel plate 10 is interposed between the plates 4, 8,
and these plates 4, 8, 10 are bonded together into an
ink nozzle member 16. In this ink nozzle member 16,
there are formed a plurality of ink discharge channels 12
for leading or guiding an ink matarial to the respective
nozzles 2, and at least one ink supply channel 14 for
leading or supplying the ink material to the orifices 6.
The ink jet print head further includes an ink pump
member 24 which consists of two plates 18, 20 made of
metal or synthetic resin and formed in lamination cn the
ink nozzle member 16. The ink pump member 24 has a
plurality of voids 22 which correspond to the nozzles 2
and orifices 6. With this ink pump member 24 super-
posed on and bonded to the ink nozzle member 16,
each of the voids 22 provides an ink chamber 26 formed
behind the corresponding nozzle and orifice 2, 6. The
ink jet print head also includes a plurality of piezoelec-
tric/electrostrictive elements 28 each of which is
securad to a wall of the corresponding ink chamber 26
remote from the ink nozzle member 16.
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In producing the above type of ink jet print head,
however, small pieces of the piezoelectric/electrostric-
tive elements 28 must be bonded to the walls of the
respective ink chambers 26, which makes it exiremely
difficult to render the resuling print head sufficiently
small-sized. Further, the bonding of the piezoselec-
tric/electrostrictive elements 28 ingvitably pushes up the
cost of manufacture of the print head, and makes it diffi-
cult for the elements 28 to maintain sufficiently high reli-
ability.

In the production of the above-described ink jet
print head, another problem arises when the ink nozzle
member 16 and the ink pump member 24 are bonded
together. Namely, the spacing between the adjacent
voids 22, 22 formed in the print head, that is, the thick-
ness "" of a partition wall 30 which separates the adja-
cent voids from each other, is considerably small, more
precisely, about Imm or smaller. Such a small spacing
between the voids 22 makes it extremely difficult to
bond the ink nozzle member 16 and the ink pump mem-
ber 24 to each other.

More specifically, an adhesive used for bonding the
ink nozzle member 16 and the ink pump member 24 is
likely to overflow onto the opposite surfaces of the parti-
tion wall 30. Therefore, the ink chambers 26 and/or ink
flow channels including the ink supply and discharge
channels 12, 14 and orifices 6 may be deformed,
whereby the ink-jetting characteristics of the print head
may deteriorate, resulting in reduced quality and vield of
the products (print heads).

If the amount of the adhesive applied is reduced to
avoid its overflow as described above, itis likely that the
ink nozzle member 16 and ink pump member 24 are
insufficiently or poorly bonded together at some por-
tions of the interface of the members 16, 24. This may
result in incomplete sealing between the adjacent ink
chambers 26, 26, causing leakage of the pressures of
the ink chambers 26, 26 and consequent crosstalk, for
example. The partial or insufficient bonding may also
leave gaps between the bonding surfaces of the mem-
bers 16, 24, resulling in pressure loss upon pressurizing
of the ink chambers 26 due to the air remaining in the
gaps. Consequently, the ink-jetting characteristics of the
print head may be lowered.

SUMMARY OF THE INVENTION

it is therefore an object of the present invention to
provide an ink jet print head in which an ink nozzle
member and an ink pump member can be easily
bonded to each other, to alleviate or eliminate the above
problems due to incomplete bonding of the members or
overflow of an adhesive from their bonding surfaces,
thereby assuring excellent ink-jetting characteristics
with high stability. It is also an object of the invention to
provide such an ink jet print head which can be easily
procluced with improved efficiency, and which is suffi-
ciently small-sized.
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According to the principle of the present invention,
there is provided an ink jet print head comprising: an ink
nozzle member having a plurality of nozzles through
which fine particles of an ink are jetted; an ink pump
member disposed on and bonded to the ink nozzle
member, the ink pump member having a plurality of ink
chambers formed behind the respective nozzies of the
ink nozzie member, the ink pump member comprising at
least a spacer plate having a plurality of windows which
provide the ink chambers, respectively, a closure plate
disposed on one of opposite major surlaces of the
spacer plate remote from the ink nozzle mamber, for
closing one of opposite openings of each of the win-
dows, and a connecting plate disposed on the other
major surface of the spacer plate, for closing the cther
opening of each window, the connecting plate having a
plurality of first communication holes located behind the
respective nozzles of the ink nozzle member, for com-
municating the ink chambers with the respective noz-
Zles, the spacer plate, the closure plate and the
connecting plate being formed from respective ceramic
green sheets which are laminated on each other and
fired into an integral ceramic structure as the ink pump
member; and a plurality of piezoelectric/electrostrictive
elements each disposed on a wall partially defining the
corresponding one of the ink chambers, for deforming
the wall so as to change a pressure of the correspond-
ing ink chamber, whereby the ink in the ink chamber is
jetted through the corresponding one of the plurality of
nozzles, each of the piezoelectric/electrostrictive ele-
ments comprising a piezoelectric/electrostrictive portion
consisting of a pair of electrodes and a piezoelec-
tric/electrostrictive layer, which are formed by a film-
forming method on an outer surface of the closure plate
of the ink pump member, such that the piezoelec-
tric/electrostrictive layer is interposed between the pair
of electrodes.

In the ink jet print head constructed according to the
present invention, an ink flow channel through which the
ink flows through the print head is provided with a
remarkably improved seal at an interface between the
ink pump member and the ink nozzle member. This
leads to an effectively improved and stable quality of the
print heads produced.

Further, according to the present invention, the pie-
2oelectric/electrostrictive  elements can be easily
formed by a film-forming method with considerably high
efficiency. Therefore, the present print head can be pro-
duced with further improved quality and improved pro-
duction efficiency, while permitting reduction of the size
thereof.

In a preferred form of the present invention, the ink
nozzle member has an ink supply channel through
which the ink is fed to the ink chambers of the ink pump
member, and a plurality of orifices for guiding the ink
from the ink supply channel to the respective ink cham-
bers. The orifices are open on an outer surface of the
ink nozzle member on which the ink pump member is
superposed. Further, the connecting plate of the ink
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pump member has a plurality of second communication
holes located adjacent the respective orifices of the ink
nozzle member, for communicating the ink chambers
with the respective orifices.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and optional objects, features and
advantages of the present invention will be better under-
stood by reading the following detailed description of
presently preferred embodiments of the invention, when
considered in connection with the accompanying draw-
ings, in which:

Fig. 1 is a vertical cross sectional view showing one
embodiment of an ink jet print head cf the present
invention;

Fig. 2 is a cross sectional view taken along line 2-2
of Fig. 1;

Fig. 3 is an exploded perspective view explaining
the construction of the ink jet print head of Fig. 1;
Fig. 4 is a vertical cross sectional view correspond-
ing to that of Fig. 1, showing another embodiment
of an ink jet print head of the present invention;
Fig. S is a vertical cross sectional view showing one
example of conventional ink jet print head;

Fig. 6 is a cross sectional view taken along line 6-6
of Fig. 5; and

Fig. 7 is a cross sectional view corresponding to
that of Fig. 2, showing a modification of first and
second communication holes of the ink jet print
head of Fig. 1.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring to Figs. 1 and 2 schematically showing an
ink jet print head 40 as one preferred embodiment of the
present invention, and to Fig. 3 which is an exploded
perspective view of the print head 40, an ink nozzle
member 42 and an ink pump member 44 are bonded
together to form an integral structure of the ink jet print
head 40. In this print head 40, an ink material is sup-
plied to & plurality of ink chambers 46 formed in the ink
pump member 44, and is jetted or discharged from a
plurality of nozzles 54 formed through the ink nozzle
member 42,

More specifically, the ink nozzle member 42 con-
sists of a nozzle plate 48 and an orifice plate 50 having
a relatively small thickness, and a channel plate 52
interposed between these plates 48, 50. The nozzle
plate 48 and the orifice plate 50 are integrally bonded to
the channel plate 52 by means of an adhesive.

The nozzle piate 48 has a plurality of nozzles 54
(three in this embodiment} formed therethrough, for per-
mitting jets of fine ink particles, while the orifice plate 50
and the channel plate 52 have respective through-holes
56, 57 formed through the thicknesses thereof. These
through-holes 56, 57 are aligned with the respective



nozzles 54 as viewed in the direction of the thickness of

the plates 48, 50, 52, and have a diameter which is
larger by a given value than that of the nozzles 54.

The orifice plate 50 further has a plurality of orffices
58 (three in this embodiment) formed therethrough, for
permitting flow of the ink intc to the respective ink cham-

~-2ers 46. The channel plate 52 is formed with & window

60 which is closed at its opposite openings by the noz-
Zle plate 48 and orifice plate 50, respectively, whereby
an ink supply channel 62 communicating with the ori-
fices 58 is defined by the channel plate 52, the nozzle
plate 48 and the orifice plate 50. The orifice plate 50 fur-
ther has a supply port 64 through which the ink is fed
from an ink reservoir into the ink supply channel 62.

While the material used for the plates 48, 50, 52 of
the ink nozzle member 42 is not particularly limited,
these plates 48, 50, 52 are preferably made of a plastic,
or a metal such as nickel or stainless steel, which ena-
bles the nozzles 54 and orifices 58 to be formed in the
respective plates 48, 50 with high accuracy. Each of the
orifices 58 is desirably formed in tapered shape such
that the diameter of the orifice 58 is reduced in the
direction of flow of the ink (i.e., the direction from the ink
supply channel 62 toward the ink chambers 46), as
shown in Fig. 1 by way of example, so as to function as
& check valve for inhibiting the ink from flowing in the
reverse direction.

The ink pump member 44 consists of a closure
plate 66 and a connecting plate 68 having a relatively
small thickness, and a spacer plate 70 interposed
between these plates 66, 58. These plates 66, 68, 70
are superposed on each other and formed integrally into
the ink pump member 44 in a manner as described
later,

The connecting plate 68 has first communication
holes 72 and second communication holes 74 formed
therethrough, which are respectively aligned with the
through-holes 56 and orifices 58 formed in the orifice
plate 50, as viewed in the direction of thickness of the
plates 68, 50. The diameter of the first communication
holes 72 is substantially equal to or slightly larger than
that of the through-holes 56, while the diameter of the
second communication holes 74 is larger by a given
value than that of the orifices 58.

The spacer plate 70 has a plurality of rectangular
windows 76 formed therethrough. The spacer plate 70
is superposed on the connecting plate 68 such that
each of the windows 76 communicates with the corre-
sponding first and second communication holes 72, 74
formed in the connecting plate 68.

On one of the opposite major surfaces of the spacer
plate 70 remote from the connecting plate 68 is super-
posed the above-indicated closure plate 66 for closing
cpenings of the windows 76. In this arrangement, the
ink chambers 46 are formed within the ink pump mem-
ber 44, such that the chambers 46 communicate with an
axterior space through the first and second communica-
tion holes 72, 74.
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The ink pump member 44 is formed as an integrally
formed fired ceramic structure. Thatis, in the process of
producing the ink pump member 44, green sheets are
initially formed by using a slurry that is prepared from
ceramic materials, binders, liquid solvents and others,
by means of a generally used device such as a doctor
blade device or a reverse roll coater. Then, the green
sheets are subjected to suitable processing such as ¢ut-
ting, machining or punching, as needed, 50 as o form
the windows 76 and the first and second communicaticn
holes 72, 74. Thus, there are formed precursors for the
plates 66, 68, 70. These precursors are then laminated
on each other and fired into an integral ceramic body as
the ink pump member 44.

While the ceramic material used for forming the ink
pump member 44 is not particularly limited, alumina, zir-
conia or the like may be favorably employed in view of its
formability and other properties. The closure plate 88
preferably has a thickness of 50um or smaller, more
preferably, within a range of about 3 o 12um. The con-
necting plate 68 preferably has a thickness of 10um or
larger, more preferably, 50um or larger. The spacer
plate 70 preferably has a thickness of 50um or larger,
more preferably, 100um or larger.

The above-described ink pump member 44, which
is formed as an integral fired ceramic structure, does
not require any particular adhesive treatment for bond-
ing the plates 66, 68, 70 together. Accordingly, complete
and secure sealing can be achleved &t the interfaces
between the closure plate 66 and spacer plate 70 and
between the connecting plate 68 and spacer plate 70.

In addition, the ink pump member 44 can be pro-
duced with improved efficiency, due to the presence of
the connecting plate 68. Namely, it is generally difficult
to handle a laminar structure consisting of thin, flexible
green sheets, and fracture of the laminar structure and
abnormal deformation of a resultant fired body tend to
occur due to strains induced in the laminar structure
when it is inadvertently supported upon its setting ona
furnace. In the instant embodiment, however, the lami-
nar structure including the connecting plate 68 exhibits
an enhanced rigidity due to the presence of the plate
68, asswring improved handling ease thersof, while
reducing the possibility of occurrence of defectives dus
to handling failure, as compared with when the structure
does not include the connecting plate 68. Further, it is
normally impossible to handle a laminar structure con-
sisting only of the closure plate 66 and spacer plate 70
where the ink chambers 46 are formed with high density
in the ink pump member 44, that is, where the ink pump
member 44 includes & comparatively large number of
ini chambers 46. In the instant embodiment, however,
the connecting plate 68 makes it possible to handle the
laminar structure even in the above-described situation.

While the configuration of the ink pump member 44
varies depending upon various factors relating to pro-
duction of this member 44, it is desirable that the sur-
face of the ink pump member 44 which is to be bonded
to the ink nozzle member 42, that is, the outer surface of
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the connecting plate 68, is made even or smocth. The
evenness of the relevant surface of the ink pump mem-
ber 44 is suitably controlled so that the surface has the
maximum waviness of not larger than 50um as meas-
ured along a reference length of 8mm, by means of a
roughness measuring system. Desirably, the maximum
waviness of the relevant surface is not larger than
25um, more desirably, not larger than 10um. As a
means for achieving the above degree of surface even-
ness, the fired ceramic body which gives the ink pump
member 44 may be subjected to machining such as lap-
ping or surface grinding.

On the ink pump member 44, more precisely, on the
outer surface of the closure plate 66, there are formed
piezoelectric/electrostrictive elements 78 which corre-
spond to the respective ink chambers 46 formed in the
member 44. Each of the piezoslectric/electrostrictive
elements 78 has a piezoelectric/electrostrictive unit
consisting of & lower electrode 77, a piezoelectric/elec-
trostrictive layer 79, and an upper electrode 75, which
are formed in lamination on the closure plate 66, by a
suitable film-forming method. As the piezoelectric/elec-
trostrictive element 78 of the instant embodiment, it is
particularly preferable to employ a piezoelectric/elec-
trostrictive element as proposed in EP-A-Q 526 048 A1.

More specifically, the closure plate 66, which
serves as a substrate for the piezoelectric/electrostric-
tive elements 78, is suitably formed by a ceramic sub-
strate made of a material whose major component is
zirconia having a crystal phase that is partially or fully
stabilized by & suitable compound or compounds. The
term “partially or fully stabilized zirconia” used herein
should be interpreted to mean zirconia whose crystal
phase is partially or fully stabilized, so that the crystal
phase partially undergoes or does not undergo phase
transformations, respectively, upon application of heat,
stress or the like thereto.

The above-indicated compound or compounds for
stabilizing the zirconia is selected from the group con-
sisting of. yttrium oxide; cerium oxide; magnesium
oxide; and calcium oxide. The zirconia is partially or fully
stabilized as desired, by addition of at least one of these
compounds, that is, a selected one of the above-indi-
cated oxides or a selected combination of two or more
of these oxides. It is desirable to stabilize the zirconia by
adding 2 to 7 mole % of ytirium oxide, or 6to 15 mole %
of cerium oxide, or 5 to 12 mole % of magnesium oxide
or calgium oxide. It is particularly recommended to use
yttrium oxide in an amount of 2 to 7 mole %, more pref-
erably, 2 to 4 mole %, so as to partially stabilize the zir-
conia. With the addition of the yttrium oxide in the above
range, the zirconia has a primary crystal phase which is
partially stabilized as a tetragonal phase or a combina-
tion of a cubic phase and the tetragonal phase, 1o pro-
vide the ceramic substrate (closure plate 66) having
excellent properties. Further, the average crystal grain
size of the ceramic substrate is preferably controlled to
within a range of 0.05um - 2um, more preferably, to 1um
or smaller, $0 as 1o ensure the presence of the tetrago-
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nal phase and assure a sufficiently large mechanical
strength of the ceramic substrate.

On the outer surface of the closure plate 66 are
formed suitable films of the upper and lower electrodes
75, 77 and the piezoelectric/electrostrictive layers 79, by
any ons of various known methods which include thick-
film forming process such as screen printing, spraying,
dipping and coating, and thin-film forming process such
as ion-beam method, sputtering, vacuum vapor deposi-
tion, ion plating, CVD and plating. These layers 75, 77,
79 may be formed sither before or after firing of the clo-
sure plate 66 (the ink pump member 44). Then, the
electrode films 75, 77 and piezoelectric/electrostrictive
layar 79 thus formed on the closure plate 66 may be
heat-treated as needed, either in different steps follow-
ing formation of the respective layers 75, 77, 79, or in
one step following formation of all of the layer 75, 77, 79.
To assure improved religbility of insulation between the
electrode films 75, 77, there may be formed as needed
an insulating resin layer between the adjacent piezoe-
lectric/electrostrictive layers 79, 79.

The electrode fims 75, 77 of each piezoelec-
tric/electrostrictive unit may be formed of any electrically
conductive material which can withstand a high-temper-
ature oxidizing atmosphere generated upon the heat-
treatment or firing as described above. For instance, the
electrode films 75, 77 may be formed of a single metal,
an alloy of metals, a mixture of a metal or alloy and an
elactrically insulating ceramic or glass, or an electrically
conductive ceramic. Preferably, the electrode material
has as a major component a noble metal having a high
melting point, such as platinum, palladium or rhodium,
or an alloy such as silver-palladium alloy, silver-platinum
alloy or platinum-palladium alloy.

The piezoelectric/electrostrictive layer 79 of each
piezoelectric/electrostrictive unit may be formed of any
piezoelectric or electrostrictive material which produces
a relatively large amount of strain or displacement due
to the converse or reverse piezoelectric effect or the
electrostrictive effect. The piezoelectric/slectrostrictive
material may be either a crystalline material or an amor-
phous material, and may be a semi-conductor material
or a dielectric or ferroelectric caramic material. Further,
the piezoelectric/electrostrictive material may either
require a treatment for initial polarization or poling, or
may not require such a polarization treatment.

The piezoelectric/electrostrictive material used for
the piezoelectric/electrostrictive layer 79 preferably con-
tains as a major component lead zirconate titanate
{PZT), lead magnesium niobate {PMN), lead nickel nio-
bate (PNN), lead manganese nichate, lead antimony
stannate, [ead zinc niobate, lead titanate, or a mixiure
thereof. The piezoelectric/electrostrictive material hav-
ing the above major component may further contain as
an additive an oxide or other compound of lanthanum,
barium, niobium, zing, cerium, cadnium, chromium,
cobalt, strontium, antimony, iron, yitrium, tantalum,
tungsten, nickel, and/or manganess, so as to provide a
material containing PLZT, for example.
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The piezoelectric/electrostrictive unit consisting of
the electrode films 75, 77 and the piezoelectric/electros-
trictive layer 79 generally has a thickness of not larger
than 100um. The thickness of each of the electrode
films 75, 77 is generally 20um or smaller, preferably
Sum or smaller. To assure a relatively large amount of
displacement by application of a relatively iow voltage,
the thickness of the piezcelectric/electrostrictive layer
79 is preferably 50um or smaller, more preferabily, within
a range of 3um to 40pum.

Since the substrate of the piezoelectric/electrostric-
tive element 78 is constituted by the closure plate 66
formed of & material having partially stabilized zirconia
as a major component, the element 78 exhibits suffi-
ciently high degrees of mechanical strength and tough-
ness even though the plate 66 has a relatively small
thickness. At the same time, the thus formed piezoelec-
tric/electrostrictive element 78 can provide a relatively
large amount of displacement by application of a rela-
tively low operating voltage, with a relatively large mag-
nitude of force or electric potential generated, and has
an improved operating response.

In addition, the film-forming method used for form-
ing the electrode films 75, 77 and the piezoelectric/olec-
trostrictive layer 79 permits a relatively large number of
the piezoelectric/electrostrictive elements 78 to be
formed on the closure plate 66 of the ink pump member
44, That is, in the film-forming process as described
above, the elements 78 can be concurrently and easily
formed with a minute spacing left between the adjacent
ones, without using an adhesive or the like. Accordingly,
a plurality of piezoelectric/electrostrictive elements 78
can be easily formed on appropriation portions of the
ink pump member 44 which correspond to the respec-
tive ink chambers 46 formed therein.

After firing the above-described ink pump member
44 on which the piezoelectric/electrostrictive elements
78 are Integrally formed, the ink pump member 44 is
superposed on the above-described ink nozzle member
42, and these members 42, 44 are bonded together by
a suitable adhesive, into an integral structure of the ink
jet print head 40, as shown in Fig. 1. In the thus jormed
ink jet print head 40, the ink material which is led
through the ink supply channel 62 is supplied to the ink
chambers 46 through the respective orifices 58, and is
passed through the through-holes 56, 57 and jetted out-
wards from the nozzles 54, based on the operation of
the piezoelectric/electrostrictive elements 78 formed
integrally on the ink pump member 44.

The adhesive used for bonding the ink pump mem-
ber 44 and ink nozzle member 42 may be selected from
various known adhesives containing any one of vinyl,
acryl, polyamide, phenol, resorcinol, urea, melamine,
polyester, epoxy, furan, polyurethane, silicone, rubber,
polyimide and polyolefin, provided the selected adhe-
sive is resistant to the ink material.

It is desirable in terms of production efficiency that
the adhesive is in the form of a highly viscous paste
which can be applied by coating using a dispenser, or
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by screen-printing, or is in the form of a sheet which per-
mits punching thereof. It is more desirable to use a hot-
melt type adhesive which requires a relatively short
heating time, or an adhesive which is curable at room
temperature. The adhesive in the form of a highly vis-
cous paste may be obtained by mixing an adhesive
material with a filler so as to increase the viscosity of the
resulting adhesive.

In view of the durability with respect to an aqueous
ink material, it is particularly preferable to use an elastic
epoxy adhesive or silicone-contained adhesive which
can be applied by screen-printing, or sheet-like, hot-
melt type adhesive containing polyolefin or polyester,
which permits punching thereof. It is also possible to
apply various adhesives as indicated above to different
portions of the bonding surfaces of the ink pump mem-
ber 44 and/or the ink nozzle member 42.

Upon bonding of the ink pump member 44 and ink
nozzle member 42 as described above, the ink cham-
bers 46 formed in the ink pump member 44 are suitably
held in communication with the nozzles 54 and the ink
supply channel 62 formed in the ink nozzle member 42,
with the first and second communication holes 72, 74
being in communication with the through-holes 56 and
orifices 58 formed through the orifice plate 50 of the ink
nozzle member 42, respectively.

To achieve sufficient fluid-tightness of the ink flow
channel through which the ink flows in the print head 40,
the seal between the bonding surfaces of the ink pump
member 44 and the ink nozzle member 42 needs to be
well established only at around the first and second
communication holes 72, 74. This leads to a signifi-
cantly reduced area of bonded portions which must pro-
vide a complete seal, permitting the ink flow channel to
easily and surely assure excellent fluid-tightness.

In this particular embodiment, the diameters of the
first and second communication holes 72, 74 are set to
be smaller than the width dimension of the ink chamber
46 (the width dimension of the window 76 formed in the
spacer plate 70). Therefore, the adjacent ones of the
first communication holes 72 and those of the second
communication holes 74 are spaced apart from each
other by a sufficiently large distance (indicated by "L" in
Fig. 2).

The above arrangement assures a sufficiently large
area of bonding between the ink pump member 44 and
the ink nozzle member 42, at around the respective first
and second communication holes 72, 74. Accordingly, a
further improved seal can be cbtained at the bonding
surfaces of the members 42, 44 even if these members
42, 44 are made of different kinds of materials.

Depending upon the kind of the adhesive used or
the method of application of the adhesive, there is a
possibility that the adhesive overflows into the first and
second communication holes 72, 74 to thereby close
the openings of these holes 72, 74. In this case, it is
desirable that the diameter of the first and second com-
munication holes 72, 74 be set to be substantially equal
to the width dimension of the comresponding ink cham-
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ber 46, so as to avoid the closure of the openings of the
holes 72, 74. It is also desirable to form one or both of
the first and second communication holes 72 in teardrop
shape as shown in Fig. 7, or elliptic shape.

It will ba easily understood by comparing the
shapes of the bonding surfaces of the ink nozzle mem-
ber 42 and the ink pump member 44 of the ink jet print
head 40 of the instant embodiment, with those of the ink
nozzle member 16 and the ink pump member 24 of the
conventional ink jet print head as shown in Figs. 5and 6
that the print head 40 of the instant embodiment can
achieve a significantly improved seal at the bonding sur-
faces of the members 42, 44, as compared with the con-
ventional counterpart as shown in Figs. 5 and 6.

Accordingly, the ink jet print head 40 can easily and
stably assure sufficient sealing or fluid-tightness of the
ink flow channel through which the ink flows, without
suffering from the overflow of the adhesive into the ink
chambers 46, and otherwise possible gaps formed
between the bonding surfaces. Thus, the ink jet print
head 40 axhibits significantly improved ink-jetting char-
acteristics.

in producing the ink jet print head 40 as described
above, a suitable film-forming method is employed to
form the piezoelectric/electrostrictive alements 78 each
of which is adapted to deform a portion of the closure
member 66 which defines the corresponding ink cham-
ber 46 to thereby change the internal pressure of the ink
chamber 46. Therefore, the piezoelectric/electrostrictive
elements 78 can be easily formed on the portions of the
closure member 66 which correspond to the respective
ink chambers 48, with high production efficiency, assur-
ing excellent ink-jetting characteristics of the print head
with high stability.

While the present invention has been described in
its presently preferred embodiment with a certain
degree of particularity, it is to be understood that the
invention is not limited to the details of the illustrated
embodiment, but may be otherwise embodied.

While the ink supply channel 62 through which the
ink is fed into the ink chambers 48 is formed within the
ink nozzle member 42 in the illustrated embodiment, the
ink supply channel 62 may be formed within the ink
pump member 44, as shown in Fig. 4 by way of axam-
ple. In this figure, the same numerals as used in Fig. 1
showing the first embodiment are used for identifying
structurally or functionally corresponding elements, so
as to facilitate understanding of the embodiment of Fig.
4,

The structure and material of the ink nozzle mem-
ber 42 are by no means limited to those of the illustrated
embodiment. For instance, it is possible to form the
whole or & part of the ink nozzle member 42 gs an inte-
gral body, by injection mokding using a synthetic resin
material or the like, or any other molding technique.

Further, the position and number of the nozzles 54
and orifices 58 formed in the ink nozzle member 42, and
the position and number of the ink chambers 46 formed
in the ink pump member 44 are never limited to those of
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the illustrated embodiment, but may be suitably
selected.

Moreover, the principle of the present invention is
applicable to ink jet print heads of on-demand type or
continuous jet type, and to these types of ink jet print
heads having various structures.

Claims

1. Anink jet print haad including: an ink nozzle mem-
ber (42) having a plurality of nozzles (54) through
which fine particles of ink are jetted; an ink pump
member (44) disposed (superposed) on and
bonded to the ink nozzle member, said ink pump
member having a plurality of ink chambers (46)
formed behind the respective nozzles of said ink
nozzle member; and a plurality of piezoelec-
tric/electrostrictive elements (78) each disposed on
a wall partially defining the comresponding one of
said ink chambers, for deforming said wall so as to
change a pressure of the corresponding ink cham-
ber, whereby the ink in the ink chamber is jetted
through the corresponding one of said plurality of
nozzles, characterized in that:

said ink pump member consists of a spacer
plate (70) having a plurality of windows (76)
which provide said ink chambers, respectively,
a closure plate (66) disposed on one of oppo-
site major surfaces of said spacer plate remote
from said ink nozzle member, for closing ona of
opposite openings of each of said windows,
and a connecting plate (68) disposed on the
other major surface of said spacer plate, for
closing the other opening of said each window,
said connecting plate having a plurality of first
communication holes (72) located behind the
respective nozzles of said ink nozzle member,
for communicating said ink chambers with the
nozzles, said spacer plate, said closure plate
and said connecting plate being formed from
respective ceramic green sheets, which are
laminated on each other and fired into an inte-
gral ceramic structure as said ink pump mem-
ber; and that

each of said piezoelectric/electrostrictive ele-
ments comprises a piezoelectric/electrostric-
tive unit consisting of a pair of electrodes (75,
77) and a piezoelectric/electrostrictive layer,
which are formed by a film-forming method on
an outer surface of said closure plate of said
ink pump member, such that sakl piezoelec-
tric/electrostrictive layer is interposed betwean
said pair of slectrodes.

2. Anink jet print head as defined in claim 1, wherein
said ink nozzle member has an ink supply channel
(62) through which the ink is fed to said ink cham-
bers of said ink pump member, and a plurality of ori-
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fices (58) for guiding the ink from said ink supply
channel o the respective ink chambers, said ori-
fices being open on an outer surface of the ink noz-
zle member on which the ink pump member is
superposed, said connecting plate of the ink pump
member having a plurality of second communica-
tion holes (74) located adjacent the respective ori-
fices of the ink nozzle member, said second
communication holes communicating the ink cham-
bers with the respective orifices.

An ink jet print head as defined in claim 2, wherein
said first and second communication holes have a
diameter which is smaller than a-width dimension of
each of said ink chambers.

An ink jet print head as defined in claim 2 or 3,
wherein said ink nozzle member consists of a noz-
zle plate (48) having said plurality of nozzles, a
channel plate (52) having a window (60) formed
therethrough, and an orifice plate (50) having said
plurality of orifices, said window of said channel
plate being closed by said nozzle plate and said ori-
fice plate so as to form said ink supply channel
within said ink nozzle member.

An ink jet print head as defined in claim 4, wherein
said orifice plate further has a supply port (64)
through which the ink is supplied to said ink supply
channel.

An ink jet print head as defined in claim 4 or 5,
wherein said orifice plate has a plurality of first
through-holes (56) communicating with said first
communication holes of said connecting plate,
respectively, and said channel plate has a plurality
of second through-holes (57) communicating with
said nozzles of said nozzle plate, respectively, said
first through-holes being held in communication
with said second through-holes, said ink chambers
communicating with the respective nozzles through
the first communication holes and the first and sec-
ond through-holes.

An ink jet print head as defined in claim 8, wherein
said first and second through-holes have a diame-
ter which is larger than that of said nozzles.

An ink jet print head as defined in any one of claims
1-7, wherein said ink pump mamber is formed of
alumina or zirconia.

An ink jet print head as defined in any one of claims
1-8, wherein said closure plate of said ink pump
member has a thickness of not larger than 50pm.

An ink jet print head as defined in any one of claims
1-8, wherein said connecting plate of said ink pump
member has a thickness of not smaller than 10um.
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Anink jet print head as defined in any one of claims
1-10, wherein said spacer plate of said ink pump
member has a thickness of not smaller than 50um.

An ink jet print head as defined in any one of claims
1-11, wherein an outer surface of saki connecting
plate to which said ink nozzle member is bonded
has the maximum waviness of not larger than 50pm
as measured along a reference length of 8mm.

An ink jet print head as defined in any one of claims
1-14, wherein said closure plate is formed of a
ceramic material containing partially or fully stabi-
lized zirconia as a major component.

An ink jet print head as defined in any one of claims
1-13, wherein said film-forming method for forming
said electrodes and saki piezoelectric/electrostric-
tive layer is selected from the group consisting of:
screen printing, spraying, dipping, coating, ion-
beam method, sputtering, vacuum vapor deposi-
tion, ion plating, CVD and plating.

An ink jet print head as defined in claim 2, wherein
said ink supply channel is formed in said ink pump
member.

Patentanspriiche

1.

Tintenstrahidrucklopf, umfassend: ein Tintendd-
senelement (42) mit einer Vielzahl von Diisen (54),
durch die feine Tintenteiichen als Strahi ausgesto-
Ben werden; ein Tintenpumpelement (44), das auf
dem Dulsenelement angeordnet (daribergelegt)
und damit verbunden ist, wobei das Tintenpump-
element eine Vielzahl von Tintenkammern (46) aut-
weist, die hinter den jeweiligen DOsen des
Tintenddsenelements ausgebildet sind; und eine
Vielzahl piezoelektrischer/elektrostriktiver Ele-
mente (78), die jeweils an einer Wand angeordnet
sind, die teilweise die entsprechende der Tinten-
kammern definiert, um die Wand zu verformen, um
einen Druck in der entsprechenden Tintenkarmmer
zu &ndern, wodurch die Tinte in der Tintenkammer
durch die entsprechende der Vielzahl von Dasen
hindurch ausgestoBen wird, dadurch gekennzeich-
net, daB:

das Tintenpumpelement aus einer Distanz-
platte (70) mit einer Vielzahl von Fenstern (76)
besteht, die jeweils die Tintenkammern bilden,
sowie aus einer VerschluBplatte (86), die auf
einer der einander gegeniberliegenden Haupt-
fiachen der Distanzplatte, entfernt vom Tinten-
ditsenelement, angeordnet ist, um eine der
einander  gegeniberliegenden  Offnungen
jedes Fensters zu verschlieBen, und einer Ver-
bindungsplatte (68), die an der anderen Haupt-
fiache der Distanzplatte angeordnet ist, uni die
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andere Offnung jedes Fensters zu verschiie-
Ben, wobei die Verbindungsplatte eine Vielzahl
erster Kommunikationsldcher (72) aufweist, die
sich hinter den jeweiligen Dilsen des Tintendi-
senelements befinden, um die Tintenkammern
mit den Disen in Kommunikation zu bringen,
wobei die Distanzplatte, die VerschluBplatte
und die Verbindungsplatte aus jeweiligen gro-
nen Keramikplatten geformt, aufeinander lami-
hiert und zu einer einstiickigen Keramikstruktur
als Tintenpumpelement gebrannt wurden, die
das Tintenpumpelement darstellt, und daB

jedes piezoelektrische/elektrostriktive Element
eine piezoelekirische/elekirostriktive Einheit
umfaBt, die aus einem Elektrodenpaar (75, 77)
und einer piezoelekirischen/elektrostriktiven
Schicht besteht, die nach einem Filmbildungs-
verfahren an einer AuBenflache der VerschluB-
platte das Tintenpumpelements so ausgebildet
sind, daB die piezoelekirische/elektrostriktive
Schicht zwischen dem Eleldrodenpaar ange-
ordnet ist.

Tintenstrahidruckdopf nach Anspruch 1, worin das
Tintenddsenelement einen Tintenzufuhrkanal (62)
aufweist, durch den die Tinte den Tintenkammern
des Tintenpumpelements zugefilhrt wird, sowie
eine Vielzah! von Mindungen (58), um die Tinte
vom Tintenzufuhrkanal zu den jeweiligen Tinten-
kammern zu leiten, wobei die Mindungen an einer
AuBenflache des Tintendisenalements offen sind,
auf der das Tintenpumpelement daribergelegt ist,
wobei die Verbindungsplatte des Tintenpumpele-
ments éine Vielzahl zweiter Kommunikationsldcher
{74) aufweist, die an die jeweiligen Mindungen des
Tintendlisenelements angrenzend angeordnet
sind, wobei die zweiten Kommunikationsidcher die
Tintenkammern mit den jeweiligen Mandungen in
Kommunikation bringen.

Tintenstrahldruckkopf nach Anspruch 2, worin die
ersten und zweiten Kommunikationsldcher einen
Durchmesser aufweisen, der ldeiner als eine Brei-
tenabmessung jeder Tintenkammer ist.

Tintenstrahldruckkopf nach Anspruch 2 oder 3,
worin das Tintendiisenelement aus einer Disen-
platte (48) mit einer Vielzahl von Dasen, einer
Kanalplatte (52) mit einem durchgehenden Fenster
(60) und eine Mindungsplatte (50) mit der Vielzahl
von Mandungen besteht, wobei das Fenster der
Kanalplatte durch die Dlsenplatte und die Min-
dungsplatte verschlossen ist, um den Tintenzufuhr-
kanal im Tintendiisenelement zu bilden.

Tintenstrahidruckkopf nach Anspruch 4, worin die
Lochplatte weiters eine Zufuhréffnung (64) auf-
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weist, durch die die Tinte dem Tintenzufuhrkanal
zugeflbrt wird.

Tintenstrahldruckikopf nach Anspruch 4 oder 5,
worin die Mindungsplatte eine Vielzahl von ersten
Durchgangsidchern (56) aufweist, die jeweils mit
den ersten Kommunikationsldchern der Verbin-
dungsplatte kommunizieren, und die Kanalpiatte
eine Vielzahl zweiter Durchgangslocher (57) auf-
weist, die jeweils mit den Disen der Dilsenplatte
kommunizieren, wobei die ersten Durchgangsld-
cher In Kommunikation mit den zweiten Durch-
gangsldchern gehalten werden, wobei die
Tintenkammern tber die ersten Kommunikationsl®-
cher und die ersten und zweiten Durchgangsidcher
mit den jewelligen Ddsen kommunizieren.

Tintenstrahldruckkopf nach Anspruch 8, worin die
ersten und zweiten Durchgangsiécher einen Durch-
messer autweisen, der groBer ist als jener der
Dasen.

Tintenstrahidruckkopf nach einem der Anspriche 1
bis 7, worin das Tintsnpumpelement aus Alumini-
umexid oder Zirkondioxid gebildet ist.

Tintenstrahidruckkopf nach einem der Ansprache 1
bis 8, worin die VerschluBplatte des Tintenpump-
elements eine Dicke von nicht mehr als 50 um auf-
weist,

Tintenstrahldruckkopf nach einem der Anspriche 1
bis 9, worin die Verbindungsplatte des Tintenpump-
elements eine Dicke von nicht weniger als 10 pym
aufweist,

Tintenstrahidruckiopf nach einem der Anspriiche 1
bis 10, worin die Distanzplatte des Tintenpumpele-
ments eine Dicke von nicht weniger als 50 um auf-
weist.

Tintenstrahidruckkopf nach einem der Anspriche 1
bis 11, worin eine AuBenflache der Verbindungs-
platte, mit der das TintendOsenelement verbunden
ist, eine maximale Welligkeit, wie entlang einer
Bezugslénge von 8 mm gemessen, von nicht mehr
als 50 um aufweist,

Tintenstrahldrucidaopf nach einem der Anspriiche 1
bis 12, worin die VerschiuBplatie aus einem Kera-
mikmaterial gebildet ist, das teilweise oder vollstan-
dig stabilisiertes Zirkondioxid als  sine
Hauptikomponente enthalt.

Tintenstrahldruckkopf nach einem der Ansprache 1
bis 13, worin das Filmbildungsveriahren zum Aus-
bilden der Elekiroden und der piezoelektri-
schen/eleldrostriktiven Schicht aus der Gruppe
ausgewahit ist, die aus Siebdruck, Sprithen, Tau-
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chen, Beschichten, lonenstrahlverfahren, Sputtern,
Vakuumdampfablagerung, lonenplattieren, CVD
und Plattieren besteht.

15. Tintenstrahidruckiopf nach Anspruch 2, worin der

b’-‘-

Tintenzufuhrkanal im Tintenpumpelement ausge-
bildet ist.

Revendications

1.

Téte d'impression & jet d'encre incluant : un mem-
bre (42) & buses d'encre ayant une pluralité de
buses (54) & travers lesquelies de fines particules
d'ancre sont é&jectées ; un membre (44) de pompe
d'encre disposé (superposé) sur et lié au membre &
buses d'encre, ledit membre de pompe d'encre
ayant une pluralité de chambres (46) d'encre for-
mées derriére les buses respectives dudit membrea
4 buses d'encre ; et une pluralité d'éléments (78)
piézoélectriques/électrostrictifs chacun disposé sur
une paroi définissant partiellement celle correspon-
dante desdites chambres d'encre, pour déformer
ladite paroi de fagon & changer la pression de la
chambre d'encre correspondante, ce par quoi
Fencre dans la chambre d'encre est &ectée a tra-
vers celfle correspondante de ladite pluralité de
buses, caractérisée en ce que :

ledit membre de pompe d'encre consiste d'une
plague espaceur {70) ayant une pluralité de
fenétres (76) qui procurent lesdites chambres
d'encre, respectivement, une plaque de ferme-
ture (66) disposée sur une des surfaces princi-
pales opposées de ladite plaque espaceur prés
dudit membre & buses d'encre, pour farmer
une des ouvertures opposées de chacune des-
dites fenstres, et une plaque (68) de connexion
disposée sur {'autre surface principale de ladite
plaque espaceur, pour former l'autre ouverture
de chacune desdites fendtres, ladite plaque de
connexion ayant une pluralité de premiers
trous (72) de communication situés derriére les
buses respectives dudit membre & buses
d'encre, pour faire communiquer lesdites
chambres d'encre avec les buses, ladite plaque
espaceur, ladite plaque de fermeture et ladite
plaque de connexion étant formées de feuilles
crues de céramigue respectives, qui sont lami-
nées 'une sur l'autre et calcinédes en une struc-
ture de céramique intégrale en tant que ledit
membre de pompe & encre ; et en ce que

chacun desdits éléments piézoélectri-
ques/électrostrictifs comprend une unité pié-
zoélectriqua/électrostrictive consistant d'une
paire d'électrodes (75, 77), et d'une couche
piézoélectrique/électrostrictive, qui sont for-
mées par une méthode de formation de film sur
une surface externe de ladite plaque de ferme-
ture dudit membre de pompe & encre, de sorte
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que ladite couche piézoélectrique/électrostric-
tive est interposée entre ladite paire d'électro-
des.

2. Téte dimpression & jet d'encre telle que définie en

revendication 1, ou ledit membre & buses d'encre a
un canal (62) d'alimentation en encre & travers
lequel I'encre est alimentée auxdites chambres
d'encre dudit membre de pompe d'encre, et une
piuralité d'orifices (58) pour guider I'encre a partir
dudit canal d'alimentation d'encre vers des cham-
bres d'encre respectives, lesdits orifices étant
ouverts sur une surface externe du membre a
buses d'encre sur laquelle le membre de pompe
d'encre est superposé, ladite plague de connexion
dudit membre de pompe d'encre ayant une pluralité
de seconds trous (74} situés adjacents aux orifices
respectifs du membre & buses d'encre, lesdits
seconds trous de communication faisant communi-
quer les chambres d'encre avec les orifices respec-
tifs.

Téte d'impression & jet d'encre telle que définie en
revendication 2, ol lesdits premiers et seconds
trous de communication ont un diamétre qui est
inférieur & la dimension en largeur de chacune des-
dites chambres d'encre.

Téte d'impression & jet d'encre telle que définie aux
revendications 2 ou 3, ol ledit membre & buses
d'encre consiste d'une plaque (48) & buses ayant
ladite pluralité de buses, d'une plaque de canal (52)
ayant une fenéire (60) formée & travers elle, et
d'une plaque dorifices (50) ayant ladite pluralité
d'orifices, ladite fendtre de ladite plaque de canal
étant fermée par ladite plaque de buses et ladite
plague d'orifices de fagon & former ledit canal d'ali-
mentation d'encre dans ledit membre &4 buses
d'encre.

Téte dimpression & jet d'encre telle que définie en
revendication 4, oli ladite plaque d'orifices a de plus
un orifice d'alimentation (64) & travers lequel I'encre
est alimentée audit canal d'alimentation d'encre.

Téte d'impression & jet d'encre telle que définie aux
revendications 4 ou 5, ol1 ladite plaque d'orifices a
une pluralité de premier trous traversants (56) com-
muniquant avec lesdits premiers trous de communi-
cation de ladite plaque de connexion,
respactivement, et ladite plaque de canal a une plu-
ralité de second trous traversants (57) communi-
quant avec lesdites buses de ladite plaque & buses,
respectivement, lesdits premiers frous traversants
étant maintenus en communication avec lesdits
second frous {iraversants, lesdites chambres
d'encre communiquant avec les buses respectives
& fravers les premiers trous de communication et
les premiers et seconds trous traversants.
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Téte d'impression & jet d'encre telle que définie & la
revendication 6, ou lesdils premiers et seconds
trous traversants ont un diamétre qui est supérieur
a celui desdites buses.

Téte d'impression a jet d'encre telle que définie
dans l'une quelconque des revendications 1 4 7, ol
ledit membre de pompe d'encre est formé d'alu-
mine cu de zircone.

Téte dimpression & jet d'encre telle que définie
dans I'une quslconque des revendications 1 & 8, o1
ladite plaque de fermeture dudit membre de pompe
d'encre a une épaisseur non supérieura & 50 pm.

Téte dimpression & jet d'encre telle que définie
dans {'une quelconque des revendications 1 & 9, oll
ladite plaque de connexion dudit membre de
pompe d'encre a une &paisseur non inférieure & 10

pm.

Téte dimprassion & jet d'encre telle que définie
dans I'une quelconque des revendications 1 & 10,
ol ladite plague espaceur dudit membre de pompe
d'encre a une épaisseur non inférieure & 50 pm.

Téte d'impression & jet d'encre telle que définie
dans l'une quelconque des revendications 1 a 11,
ol une surface extérieure de ladite plague de con-
nexion & laguelle ladit membre & buses d'encre est
lié a une ondulation maximale non supérieure & 50
pm comme mesurée le long d’une longueur de réfé-
rence de 8 mm.

Téte d'impression & jet d'encre telle que définie
dans I'une quelconque des revendications 1 & 14,
ol ladite plaque de fermeture est formée d'un
matériau céramique contenant de la zircone partiel-
lement ou compidtement stabilisée en tant que
composant majoritaire.

Téte dimpression & jet d'encre telle que définie
dans ['une quelconque des revendications 1 & 13,
ol ladite méthode de formation de film pour former
lesdites électrodes et ladite couche piézoélectri-
que/électrostrictive est choisie dans le groupe con-
sistant de : sérigraphie, vaporisation, trempage,
rev8tement, méthode & faisceaux d'ions, étince-
lage, dépdt en phase vapeur sous vide, placage
d'ions, CVD et placage.

Téte d'impression & jet d'encre telle que définie en
revendication 2, ol ledit canal dalimentation
d'encre est formé dans ledit membre de pompe
d'encre.
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18.08.1995 Notification from EPO of change of EPO Representative details from

18.08.1985

HUGH CHARLES EDWARD PAGET, MEWBURN ELLIS 2 Cursitor Street, London

EC4A 1BQ, United Kingdom [ADP No. 50046069001]
to

HUGH CHARLES EDWARD PAGET, MEWBURN ELLIS York House 23 Kingsway,
Londen WC2B 6HP, United Kingdom [ADP No. 50046069001]

Entry Type 25.14 Staff ID. RDO6 Auth ID. EPT

Notification from EPO of change of Applicant/Proprietor details
from

NGK INSULATORS, LTD., 2-56, Suda-cho, Mizuho-ku, Nagoya City Aichi
Pref., Japan [ADP No. 50094101001]
to

/27NGK INSULATORS, LTP/{ 2-56, Suda-cho, Mizuho-ku, Nagoya City Aichi

Pref., Japaeyf [ADP No. 50094101001]

SEIKO EPSON CORPORATIO@//4-1, Nishishinjuku 2-chome, Shinjuku-ku
Tokyo, Japag// [ADP No. 50309772003)
Entry Type 25.14 Staff ID. RDO6 Auth ID. EPT

**%* END OF REGISTER ENTRY **%#




OABO-01 OPTICS - PATENTS 23/10/96 11:01:14

EP PAGE :

RENEWAL DETAILS

PUBLICATION NUMBER EP05722%?’
PROPRIETOR (S)

NGK INSULATORS, LTD.f 2-56, Suda-cho, Mizuho-ku, Nagoya City Aichi
Pref ., Japaﬁ//

SEIKO EPSON CORPORATION/ 4-1, Nisghishinjuku 2-chome, Shinjuku-ku
Tokyo, Japan//

DATE FILED 26.05.199%/
DATE GRANTED 09.10.199§//
DATE NEXT RENEWAL DUE 26.05.1997

DATE NOT IN FORCE

DATE OF LAST RENEWAL

YERR COF LAST RENEWAL 00

STATUS PATENT IN FORCE
**%x% END OF REPORT ***%*
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