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er is exposed to extreme environments and/or wear, these polymer materials
have been known to Technical Field                                    swell
and lift from the underlying substrate support and thereby render the print
head assembly inop- This invention relates generally to thermal ink   5
erative. jet printing and more particularly to an ink jet print
DE-A-3225578 discloses an ink jet head having head barrier layer and
orifice plate of improved    an outlet, a curved ink channel, an excitation
part geometry for extending the print head lifetime. This  and a heater for
the formation of ink droplets for invention is also directed to a novel
method of     transfer to the excitation part. The ink channel has
fabricating this barrier layer and orifice plate.  10   members which serve
as barriers to lessen the influence of the pressure wave generated during
Background Art                                     ejection of ink.
US-A-3211088 relates to an exponential horn In the art of thermal ink jet
printing, it is known  printer in which each print element has an aperture
to provide controlled and localized heat transfer to  15  in the form of an
exponential horn with the small a defined volume of ink which is located
adjacent   end placed closest to the printing surface. to an ink jet
orifice. This heat transfer is sufficent to  US-A-4513298 discloses a
thermal ink jet prin- vaporize the ink in such volume and cause it to
thead having a protective passivation structure [err] thereby ejecting ink
from the orifice during  which includes a layer of silicon nitride and a
layer [err] printing of characters on a print medium. The   20  of silicon
carbide. The silicon carbide has good above predefined volume of ink is
customarily pro-  wear and hardness qualities against ink bubble vided in a
so-called barrier layer which is con-    cavitation. structed to have a
plurality of ink reserv`oirs therein.  According to the invention, there is
provided a These reservoirs are located between  a  corre-     thermal ink
jet print head assembly including a sponding plurality of heater resistor
elements and a   25  plurality of resistive heater elements located on a
corresponding plurality of orifice segments for ejec   thin film resistor
structure; a plurality of individual ting ink therefrom.
ink reservoirs constructed on top of the plurality of One purpose of these
reservoirs is to contain   resistive heater elements; a barrier layer
including the expanding ink bubble and pressure wave and      a
discontinuous layer of metal having a plurality of make ink ejection more
efficient. Additionally, the   30  interrupted sections therein defining a
correspond- reservoir wall is used to slow down cavitation pro-  ing
plurality of cavity regions axially aligned with duced by the collapsing
ink bubble. For a further   said heater elements and with respect to the
direc- discussion of this pressure wave phenomena, refer-  tion of ink
flow; each of said cavity regions being ence may be made to a book by F. G.
Hammitt         connected to constricted ink flow ports having entitled
Cavitation and Multiphase Flow Phenom-   35   widths substantially smaller
than the diameters of ena, McGraw-Hill 1980, page 167 et seq. incor-
said cavities; and an orifice layer including a con- porated herein by
reference.                        tinuous layer of metal joining said
discontinuous The useful life of these prior art ink jet print  layer and
having a plurality of output orifices axially [err]  assemblies  has  been
limited  by  the         aligned with said cavities and having output open-
cavitation-produced wear from the pressure wave   40  ings smaller than the
diameters of said cavities; created in the assembly when an ink bubble col-
characterised in that: said output orifices further lapses upon ejection
from an orifice. This pressure  include smooth contoured walls extending
from the wave produces a significant and repeated force at   peripheries of
said cavities to said output openings; the individual heater resistor
elements and thus    and produces wear and ultimate failure of one or more
45  said discontinuous layer has scalloped outer of these resistor elements
after a repeated number  walls which serve to reduce cross-talk and reflec-
of ink jet operations. In addition to the above prob-  tive acoustic waves.
lem of resistor  wear and failure, prior art ink jet   According to the
invention, there is further pro- head assemblies of the above type have
been         vided a process for fabricating a barrier layer and
constructed using polymer materials, such as those   50  orifice plate
structure for a thermal ink jet print known in the art by the trade names
RISTON and      head comprising: (a) forming a mask of a predeter- VACREL.
CP4 Whereas these polymer materials        mined limited thickness on a
selected metallic sub- have proven satisfactory in many respects, they
strate, (b) electroforming a first layer of nickel on have on occasion
exhibited unacceptably high fail-  said substrate and extending in a
contoured sur- ure rates when subjected to substantial wear pro-  55  face
geometry into contact with said mask and duced by pressure waves from the
collapsing ink     defining an orifice output opening, (c) forming a
bubbles during ink jet printing operations. Addition-  second mask atop
said first mask and substantially ally, in some printing applications
wherein the print-  thicker than said first mask, and having vertical 2 



3                  EP 0 249 625 B1                       4 walls extending
substantially above the surface of     extending from  the cavities defined
by the dis- said first layer of nickel, (d) electroforming a sec-
continuous metal layer, the resistance to pressure ond layer of nickel on
said first layer and adjacent   wave forces within the assembly is
increased. This said vertical walls of said second mask so as to
feature reduces and minimizes the amount of define an ink reservoir cavity
bounded by vertical   5   "gulping" and cavitation (and thus
cavitation-pro- walls extending from edges of said contoured sur-
duced wear) upon the individual heater resistor face geometry of said first
layer, and (e) removing    elements in the assembly. Additionally, the
limited said first and second masks and said selected          width of
these ink flow ports serves to increase the metallic substrate, thereby
leaving intact said first  efficiency of ink ejection and limits the
refill-time and second nickel layers in a composite layered   10  for the
ink reservoirs, further reducing cavitation configuration where said
vertical walls of said sec-   damage. Furthermore, by using a layered
nickel ond layer defined boundaries of ink reservoirs of      barrier
structure instead of polymer materials, the said structure.
overall strength and integrity of the print head The general purpose of
this invention is to        assembly is substantially increased. increase
the useful lifetime of these types of ink jet   15  Accordingly, it is an
object of the present in- print head assemblies. This purpose is accom-
vention to increase the lifetime of thermal ink jet plished by reducing the
intensity of the pressure      print head assemblies by reducing
cavitation-pro- wave created by collapsing ink bubbles, while si-
duced wear on the individual resistive heater ele- multaneously improving
the structural integrity of     ments therein. the barrier layer and
orifice plate and strength of   20    Another object is to increase the
lifetime of materials comprising same. Additionally, the novel     such
assemblies by increasing the strength and smoothly contoured geometry of
the exit orifice        integrity of the barrier layer and orifice plate
portion increases the maximum  achievable frequency of         of the ink
jet print head assembly. operation, [err]
A further object is to increase the maximum The reduction in pressure wave
intensity, the   25   achievable operating frequency, [err] of the ink jet
increase in barrier layer strength and integrity, and  print head assembly.
the increase of [err] are provided by a novel barrier       A feature of
this invention is the provision of a layer and orifice plate geometry which
includes a      smoothly contoured wall extending between the discontinuous
layer of metal having a plurality of     individual ink reservoirs in the
barrier layer and the distinct sections. These sections are contoured to
30   output exit orifices of the orifice plate. This con- define a
corresponding plurality of central cavity     toured wall defines a
convergent orifice opening regions which are axially aligned with respect
to      and serves to reduce the rate of ink bubble col- the direction of
ink flow ejected from a print head    lapse and reduce the interference
with the next assembly. Each of these central cavity regions
succeeding ink jet operation. connect with a pair of constricted ink flow
ports   35     Another feature of this invention is the provi- having a
width dimension substantially smaller than    sion of a economical and
reliable fabrication pro- the diameter of the central cavity regions. In
addi-   cess used in construction of the nickel barrier layer tion, these
sections have outer walls of a scalloped   and orifice plate assembly which
requires a rela- configuration which serve to reduce the, reflective
tively small number of individual processing steps. acoustic waves in the
assembly, to reduce cross-   40      Another feature of this invention is
the precise talk between adjacent orifices, and to thereby in-     control
of barrier layer and orifice plate thickness crease the maximum operating
frequency and the         by use of the electroforming process described
quality of print produced.                             herein. A continuous
layer of metal adjoins the layer of       These and other objects and
features of this discontinuous metal sections and includes a plural-  45
invention will become more readily apparent in the ity of output orifices
which are axially aligned with  following description of the accompanying
draw- the cavities in the discontinous metal layer. These    ings. orifices
have diameters smaller than the diameters of the cavities in the
discontinuous layer and fur-    Brief Description of Drawings ther include
contoured walls which define a conver-  so gent output orifice and which
extend to the periph-        Figures 1A through 1H are schematic cross-
eries of the cavities. This convergent output orifice  sectional diagrams
illustrating the sequence of pro- geometry serves to reduce air "gulping"
which          cess steps used in the fabrication of the barrier interfers
with the continuous smooth operation of      layer and orifice plate
assembly according to the the ink jet printhead. Gulping is the phenomenon
of   55  invention. induced air bubbles during the process of bubble
Figure 2 is an isometric view of the barrier 



collapsing.                                            layer and orifice
plate assembly of the invention, By limiting the width of the ink flow
ports        including two adjacent ink reservoir cavities and 3    5
EP 0 249 625 B1                     6 exit orifices.
and go into the plating solution as cations. At the Figure 3 is a sectioned
isometric view illustrat-  cathode, the reverse happens, the metal ions in
the ing how the barrier layer and orifice plate assembly  plating solution
pick  up electrons from the cathode mounted on a thin-film resistor
structure of a   and deposit themselves there as a metallic coating.
thermal ink jet print head assembly.           5   The chemical reactions
at the anode and cathode, where M represents the metal being plated, are:
Best Mode for Carrying out The Invention Anode: M M  + [err] Referring now
to Figure 1, there is shown in    Cathode: M  + [err] M Figure 1A a
stainless steel substrate 10 which is  10 typically 0.762 to 1.524 mm (30
to 60 mils) in         Electroforming is similar to electroplating, but
thickness and has been polished on the upper        in the electroforming
process an object is elec- surface thereof in preparation for the
deposition of  troplated with a metal, but the plating is then sepa- a
positive photoresist layer 12 as shown in Figure  rated from the object.
The plating itself is the 1 B. The positive photoresist layer 12 is treated
15  finished product and in most cases, the object, or using conventional
masking, etching and related     substrate 10 in the present process, can
be reused photolithographic processing steps known to those   many times.
As will be seen in the following de- skilled in the art in order to form a
photoresist   scription, the removed plating retains the basic mask 14 as
shown in Figure 1 C. Using a positive   shape of the substrate surface and
masks thereon. [err] and conventional photolithography, the   20  In the
next step shown in Figure 1 E, a thick mask portion 14 is exposed to
ultraviolet light and  layer of laminated photoresist 20, typically 76.2
[err] thereupon is polymerized to remain intact on the   (3 mils) in
thickness, is deposited on the upper surface of the stainless steel
substrate 10 as shown  surface of the first layer 16 of nickel and
thereafter in Figure 1 C. The remaining unexposed portions of  the coated
structure is transferred to a photolithog- the photoresist layer 12 are
developed using a   25  raphic masking and developing station where a
conventional photoresist chemical developer.        second photoresist mask
22 is formed as shown on Next, the structure of Figure 1C is transferred
top of the first photoresist mask 14 and covers the to an electroforming
metal deposition station where  contoured wall section 18 of the first
nickel layer a first, continuous layer 16 of nickel is deposited as  16.
This second photoresist mask 22 includes verti- shown in Figure 1 D and
forms smoothly contoured   30  cal side walls 24 of substantial vertical
thickness, walls 18 which project downwardly toward what       and these
steep walls prevent any electroforming eventually becomes the output
orifice 19 of the     beyond these vertical boundaries in the next elec-
orifice plate. This contour 18 is achieved by the  troforming step
illustrated in Figure 1G. fact that the electroformed first nickel layer 16
In the second plating or electroforming step overlaps the outer edges of
the photoresist mask   35  shown in Figure 1G, a second, discontinuous
layer 14, and this occurs because there will be some     26 of nickel is
formed as shown on the upper electroforming reaction through the outer
edges of  surface of the first nickel layer 16, and the first and the
photoresist mask 14. This occurs due to the    second layers 16 and 26 of
nickel are approxi- [err] 3 [err] (micron) thickness of the photoresist
mately a combined thickness of 102 [err] (4 mils). mask 14 and the fact
that the electroforming pro-  40   The thickness of layer 16 will be about
63.5 [err] cess will penetrate the thin mask 14 at least around  (.0025
inches) and the thickness of layer 26 will be its outer edge and form the
convergent contour as   about 38.1 to 50.8 [err] (.0015 to .0020 inches).
The shown.                                              second photoresist
mask 22 is shaped to provide Electroforming is more commonly known as an
the resultant discontinuous and scalloped layer ge- adaptation of
electroplating. The electroplating is  45  ometry shown in Figure 1H,
including the arcuate accomplished by placing the part to be plated in a
cavity walls 31 and 33 extending as shown be- tank (not shown) that
contains the plating solution  tween the ink flow ports 35 and 37
respectively. and an anode. The plating solution contains ions of  The
scalloped wall portions 30 of the discontinuous the metal to be plated on
the part and the anode is  second layer of metal 26 serve to reduce
acoustic a piece of that same metal. The part being plated   50  reflective
waves and thus reduce cross-talk be- is called the cathode. Direct current
is then applied  tween adjacent orifices 32. between the anode and cathode,
which causes the        A significant advantage of using the above metal
ions in the solution to move toward the       electroforming process lies
in the fact that the 



cathode and deposit on it. The anode dissolves at   nickel layer thickness
may be carefully controlled the same rate that the metal is being deposited
on   55  to any desired measure. This feature is in contrast the cathode.
This system (also not shown) is called  to the use of VACREL and RISTON
polymers an electroplating cell.                             which are
currently available from certain vendors At the anode, the metal atoms lose
electrons    in only selectively spaced thicknesses. 4    7
EP 0 249 625 B1                     8 Once the barrier layer and orifice
plate-com-       Referring now to Figure 3, the composite bar- posite
structure 28 is completed as shown in Fig    rier layer and orifice plate
28 is mounted atop a ure 1 G, the structure of Figure 1 G is transferred to
thin film resistor structure 38 which includes an a chemical stripping
station where the structure is  underlying silicon substrate 40 typically
0.5 mm immersed in a suitable photoresist stripper which   5   (20 mils) in
thickness and having a thin surface will remove both the first and second
photoresist   passivation layer 42 of silicon dioxide thereon. A masks 22
and 24, carrying with them the stainless  layer of electrically resistive
material 44 is depos- steel substrate 10. Advantageously this substrate
ited on the surface of the [err] layer 42, and this 10 has been used as a
carrier or "handle" through-  resistive material will typically be
tantalum-alumi- out the first and second electroforming steps de-  10  num
or tantalum nitride. Next, using known metal scribed above and may be
reused in subsequent       conductor deposition and masking techniques, a
electroforming processes. Thus, the completed       conductive pattern 46
of aluminum is formed as barrier layer and orifice plate assembly 28 is now
shown on top of the resistive layer 44 and includes, ready for transfer to
a gold plating bath where it is  for example, a pair of openings 47 and 49
therein immersed in the bath for a time of approximately  15  which in turn
define a pair of electrically active one minute in order to form a thin
coating of gold  resistive heater elements (resistors) indicated as 50 over
the nickel surface of about 20 micrometers in  and 52 in Figure 3.
thickness.                                             An upper surface
passivation layer 53 is pro- This gold plating step per se is known in the
vided atop the conductive trace pattern 46 and is art and is advantageously
used to provide an inert  20  preferably a highly inert material such as
silicon coating to prevent corrosion from the ink and also  carbide, SiC,
or silicon nitride, [err] and thereby to provide an excellent bonding
material for the    serves to provide good physical isolation between
subsequent thermosonic (heat and ultrasonic en-     the heater resistors 50
and 52 and the ink located ergy) bonding to solder pads formed on the
under-  in the reservoirs above these resistors. lying and supporting thin
film resistor substrate.  25  Next, a layer (or pads) 55 of solder is
disposed Thus, the fact that the metal orifice plate and     between the
top surface of the passivation layer 53 barrier layer may be gold plated to
produce an      and the bottom surface of the nickel barrier layer inert
coating thereon makes this structure highly   26, and as previously
Indicated provides an ex- compatible with the soldering process which is
cellent bond to the gold plated surfaces of the subsequently used to bond
the barrier layer to the   30  underlying passivation layer 53 and the
overlying underlying passivation top layer of the thin film   nickle
barrier layer 26. resistor substrate. That is, nickel which has not      As
is well known in the art of thermal ink jet been gold plated is subject to
surface oxidation    printing, electrical pulses applied to the aluminum
which prevents the making of good strong solder     conductor 46 will
provide resistance heating of the bonds. Also, the use of polymer barrier
materials of  35  heater elements 50 and 52 and thus provide a the prior
art prevents the gold plating thereof and  transfer of thermal energy from
these heater ele- renders it incompatible with solder bonding.        ments
50 and 52 through the surface passivation Referring now to Figure 2, there
is shown an    layer 53 and to the ink in the reservoirs in the isometric
view looking upward through the exit      nickel layer 26. orifices of the
composite barrier layer and orifice   40  The silicon substrate 40 is
bonded to a mani- plate assembly 28. The contoured walls 18 extend    fold
header (not shown) using conventional silicon between the output orifice
opening and the second   die bonding techniques known in the art. Advanta-
nickel layer 26 and serve to increase the maximum   geously, this header
may be of a chosen plastic achievable operating frequency, [err] of the ink
jet  material which is preformed to receive the conduc- print head when
compared to prior art barrier plate  45  tive leads 46 which have been
previously stamped configurations having no such contour. In addition,
from a lead frame (also not shown). This lead this nickel-nickel barrier
layer and orifice plate and  frame is known in the art as a tape automated
bond geometry thereof serves to prevent gulping, to re-  (TAB) flexible
circuit of the type disclosed in duce cavitation, and to facilitate high
yield manu-  copending  application  US-A-4635073  (EP-A- facturing with
excellent solder bonding properties   so  0249626) of Gary Hanson and
assigned to the 



as previously desired.                              present assignee. The
width of the constricted ink flow port 58       In operation, heat is
transmitted through the will be approximately 38.1 [err] (.0015 inches), or
passivation layer 53 and provides rapid heating of about one-half or less
than the diameter of ink    the ink stored within the cavities of the
barrier layer reservoir 59. This diameter will typically range from   55
and orifice plate structure 28. When this happens, 76.2 to 127 [err] (.003
to .005 inches). The diameter  the ink stored in these cavities is rapidly
heated to of the output ink ejection orifice 32 will be about  boiling and
expands through the exit orifices 32. 63.5 [err] (.0025 inches).
However, when the expanding ink bubble subse- 5    9                  EP 0
249 625 B1                     10 quently collapses during cavitation at
the ink jet       ily lend themselves to good strong solder orifices 32,
the contour of the convergent output        bonds with an underlying thin
film resistor sub- orifices and the reduced width of the constricted
strate (40, 42, 44). nk flow ports 58 serve to slow down the collapse of
the ink bubble and thereby reduce cavitation    5   4. A process for
fabricating a barrier layer and intensity and the damage caused thereby.
This            orifice plate structure (28) for a thermal ink jet latter
feature results in a significant resistance to    print head comprising:
this cavitation-produced downward pressure toward           (a) forming a
mask (14) of a predetermined the resistive heater elements 50 and 52.
limited thickness on a selected metallic sub- Thus, there has been
described a novel barrier  10      strate (10), layer and orifice plate
assembly for thermal ink jet        (b) electroforming a first layer (16)
of nickel print heads and a novel manufacturing process               on
said substrate (10) and extending in a therefor. Various modifications may
be made to              contoured surface geometry (18) into con- these
above described embodiments of the inven-             tact with said mask
and defining an orifice tion without departing from the scope of the appen-
15   output opening (19), ded claims.
(c) forming a second mask (22) atop said first mask (14) and substantially
thicker than Claims
said first mask, and having vertical walls (24) extending substantially
above the sur- A thermal ink jet print head assembly including   20    face
of said first layer (16) of nickel, a plurality of resistive heater
elements (50,        (d) electroforming a second layer (26) of 52) located
on a thin film resistor structure (40,      nickel on said first layer (16)
and adjacent 42, 44):                                                said
vertical walls (24) of said second mask a plurality of individual ink
reservoirs (59)       (22) so as to define an ink reservoir cavity
constructed on top of the plurality of resistive   25   bounded by vertical
walls extending from heater elements;
edges of said contoured surface geometry a barrier layer including a
discontinuous           of said first layer, and layer (26) of metal having
a plurality of inter-        (e) removing said first and second masks
rupted sections (58) therein defining a cor-            (14, 22) and said
selected metallic substrate responding plurality of cavity regions (59) ax-
30    (10), thereby leaving intact said first and ially aligned with said
heater elements (50, 52)        second nickel layers (16, 26) in a
composite and with respect to the direction of ink flow;          layered
configuration (28) where said verti- each of said cavity regions (59) being
con-         cal walls of said second layer (26) defined nected to
constricted ink flow ports (58) having        boundaries of ink reservoirs
of said struc- widths substantially smaller than the diameters   35
ture. of said cavities, and an orifice layer including a continuous lay-
5. A process according to claim 4 wherein said er (16) of metal joining
said discontinuous lay-      second mask (22) is configured to have dis- er
and having a plurality of output orifices (32)     continuous arcuate side
wall sections (31, 33) axially aligned with said cavities (59) and hav-
40  defining openings (37) which function as ink ing output openings
smaller than the diameters       flow ports for passing ink from the
exterior of of said cavities;                                    said
second nickel layer (26) to said orifice characterised in that:
output openings (32). said output orifices (32) further include smooth
contoured walls (18) extending from    45  6. A process according to claim
4 or claim 5, the peripheries of said cavities (59) to said        wherein
said first mask (14) is of contoured output openings (32); and
geometry and provides a cylindrical output ori- 



said discontinuous layer (26) has scalloped       fice opening, and said
second mask (22) is outer walls (30) which serve to reduce cross-
configured to have a scalloped wall geometry talk and reflective acoustic
waves.          50       which is replicated in the outer wall geometry
(30) of said second nickel layer (26). 2. An assembly according to claim
1, wherein said continuous and discontinuous layers (16,     7. A process
according to claim 4, wherein said 26) are electroformed of nickel.
barrier layer and orifice plate structure (28) is 55      aligned and
mounted on a thin film resistor 3. An assembly according to claim 1 or
claim 2,          structure including an array of resistive heater wherein
said continuous and discontinuous lay-        elements (50, 52), with said
elements axially ers (16, 26) are gold plated nickel which read-
aligned with the ink reservoirs (59) in said 6    9                  EP
0249 625 B1                       10 quently collapses during cavitation at
the ink jet        ily lend themselves to good strong solder orifices 32,
the contour of the convergent output         bonds with an underlying thin
film resistor sub- orifices and the reduced width of the constricted
strate (40, 42, 44). nk flow ports 58 serve to slow down the collapse of
the ink  bubble and thereby reduce cavitation    5   4. A process for
fabricating a barrier layer and intensity and the damage caused thereby.
This             orifice plate structure (28) for a thermal ink jet latter
feature results in a significant resistance to     print head comprising:
this cavitation-produced downward pressure toward           (a) forming a
mask (14) of a predetermined the resistive heater elements 50 and 52.
limited thickness on a selected metallic sub- Thus, there has been
described a novel barrier   10      strate (10), layer and orifice plate
assembly for thermal ink jet         (b) electroforming a first layer (16)
of nickel print heads and a novel manufacturing process                on
said substrate (10) and extending in a therefor. Various modifications may
be made to               contoured surface geometry (18) into con- these
above described embodiments of the inven-              tact with said mask
and defining an orifice tion without departing from the scope of the appen-
15     output opening (19), ded claims.
(c) forming a second mask (22) atop said first mask (14) and substantially
thicker than Claims
said first mask, and having vertical walls (24) extending substantially
above the sur- A thermal ink jet print head assembly including   20
face of said first layer (16) of nickel, a plurality of resistive heater
elements (50,        (d) electroforming a second layer (26) of 52) located
on a thin film resistor structure (40,       nickel on said first layer
(16) and adjacent 42, 44);
said vertical walls (24) of said second mask a plurality of individual ink
reservoirs (59)        (22) so as to define an ink reservoir cavity
constructed on top of the plurality of resistive   25    bounded by
vertical walls extending from heater elements;
edges of said contoured surface geometry a barrier layer including a
discontinuous            of said first layer, and layer (26) of metal
having a plurality of inter-         (e) removing said first and second
masks rupted. sections (58) therein defining a cor-            (14, 22) and
said selected metallic substrate responding plurality of cavity regions
(59) ax-   30     (10), thereby leaving intact said first and ially aligned
with said heater elements (50, 52)         second nickel layers (16, 26) in
a composite and with respect to the direction of ink flow;          layered
configuration (28) where said verti- each of said cavity regions (59) being
con-          cal walls of said second layer (26) defined nected to
constricted ink flow ports (58) having         boundaries of ink reservoirs
of said struc- widths substantially smaller than the diameters   35
ture. of said cavities; and an orifice layer including a continuous lay-
5. A process according to claim 4 wherein said er (16) of metal joining
said discontinuous lay-     second mask (22) is configured to have dis- er
and having a plurality of output orifices (32)     continuous arcuate side
wall sections (31, 33) axially aligned with said cavities (59) and hav-
40  defining openings (37) which function as ink ing output openings
smaller than the diameters        flow ports for passing ink from the
exterior of of said cavities;                                     said
second nickel layer (26) to said orifice characterised in that:
output openings (32). said output orifices (32) further include 



smooth contoured walls (18) extending from    45   6. A process according
to claim 4 or claim 5, the peripheries of said cavities (59) to said
wherein said first mask (14) is of contoured output openings (32); and
geometry and provides a cylindrical output ori- said discontinuous layer
(26) has scalloped        fice opening, and said second mask (22) is outer
walls (30) which serve to reduce cross-         configured to have a
scalloped wall geometry talk and reflective acoustic waves.          50
which is replicated in the outer wall geometry (30) of said second nickel
layer (26). 2. An assembly according to claim  1, wherein said continuous
and discontinuous layers (16,     7. A process according to claim 4,
wherein said 26) are electroformed of nickel.                      barrier
layer and orifice plate structure (28) is 55      aligned and mounted on a
thin film resistor 3. An assembly according to claim 1 or claim 2,
structure including an array of resistive heater wherein said continuous
and discontinuous lay-        elements (50, 52), with said elements axially
ers (16, 26) are gold plated nickel which read-       aligned with the ink
reservoirs (59) in said 6    11                 EP 0 249 625 81
12 barrier layer and orifice plate structure (28).      continue et
discontinue (16, 26) sont formees de nickel plaqu6 d'or et elles se prOtent
corn- 8  A process according to claim 7 which further          mod6ment par
elles-mgmes a la r6alisation de includes die bonding said thin film
resistor         liaisons soudees et bien rdsistantes avec un structure
(40, 42, 44) to a header which is also    5  substrat r6sistif sous-jacent
sous forme de film functional to receive conductive leads extend-
mince (40, 42, 44). ing from resistive heater elements (50, 52) in said
thin film resistor structure.               4. Un procdde de fabrication
d'une structure for- mant couche-barriere et plaque a orifice (28)
Revendications                                 10      pour une tote
d'impression thermique a jet d'encre, compronant les dtapes consistant a:
1. Un ensemble a tete dOimpression thermique b             a) former un
masque (14) d'une 6paisseur jet d'encre comprenant:
limite et predeterminee sur un substrat md- - une pluralite d'4l6ments
resistifs de              tallique s6lectionn6 (10), chauffage (50, 52)
situds sur une structu-   15   b) 6lectroformer sur ledit substrat (10) une
re r6sistive a film mince (40, 42, 44);           premiere couche (16) de
nickel, qui s'4tend - une pluralit6 de reservoirs individuels
graco A un profil geom6trique (18) de sa d'encre (59) form6s en haut de la
plurali-        surface jusqu'au contact avec ledit masque te d'6l6ments
rdsistifs de chauffage;              et qui definit une ouverture (19) de
sortie - une couche-barribre comportant une cou-   20       d'orifice, che
discontinue (26) de metal contenant            c) former sur ledit premier
masque (14) un une pluralite de sections interrompues             second
masque (22) sensiblement plus (58) d6finissant une pluralite correspon-
6pais quo ledit premier masque, et compor- dante de cavites (59) align6es
axialement         tant des parois verticales (24) s'etendant avec lesdits
6lments chauffants (50, 52)   25     sensiblement au-dessus de la surface
de ot par rapport a la direction d'ecoulement         ladite promiere
couche (16) de nickel, de I'encre;
d) 4lectroformer sur ladite premibre couche - chacune desdites cavitds (59)
6tant reli6e         (16) une seconde couche (26) de nickel qui a des
orifices 6trangl~s d'4coulement             est adjacente auxdites parois
verticales (24) d'encre (58) ayant des largeurs sensible-  3s      dudit
second masque (22) de fagon a defi- ment plus petites quo les diametres
des-          nir une cavite formant reservoir d'encre et dites cavit6s ;
et                                d6limitee par des parois lat6rales
partant de - une couche a orifices comportant une               bords dudit
profil gdometrique de surface couche continue (16) de m6tal joignant
de ladite premiere couche, et ladite couche discontinue et comportant   35
e) enlever lesdits premier ot second mas- une pluralit6 d'orifices de
sortie (32) axia-     ques (14, 22) et ledit substrat m6tallique lement
align6s avec lesdites cavites (59)         s6lectionne (10), en laissant
ainsi intactes et comportant des ouvertures de sortie            lesdites
premibre et seconde couches de qui sont plus petites quo les diambtres
nickel (16, 26) dans une configuration strati- desdites cavites;
40         fiWe composite (28) ob lesdites parois verti- - caract6ris6 en
ce quo:                             cales de ladite seconde couche (26)
d6finis- 



- lesdits orifices de sortie (32) comportent         sent des limites de
reservoirs d'encre de en outre des parois de profils uniformes
ladite structure. (18) s'6tendant depuis les p~ripheries desdites cavitds
(59) jusqu'auxdites ou-  45  5. Un procdd6 selon la revendication 4, dans
vertures de sortie (32) : et                    lequel ledit second masque
(22) est configur6 - ladite couche discontinue (26) comporte          de
fagon & comporter des sections de parois des parois extedrieures denteldes
(30) qui      laterales discontinues et incurv6es (31, 33) d6- servent a
r6duire la diaphonie et des           finissant des ouvertures (37) qui
fonctionnent ondes acoustiques reflechies.          s0       commo des
passages d'ecoulement d'encre pour permettre a l'encre de s'ecouler de
l'exte- 2. Un ensemble selon la revendication 1, dans           rieur de
ladite secondo couche de nickel (26) lequel lesdites couches continue et
discontinue     jusqu'auxdites ouvertures (32) de sortie d'orifi- (16, 26)
sont rdalis6es en nickel par 6lectrofor-    ce . mage.
56 6. Un proc6d6 selon la revendication 4 ou la 3. Un ensemble selon la
revendication 1 ou la           revendication 5, ob ledit premier masque
(14) revendication 2, dans loquel lesdites couches        a un certain
profil g6omrtrique et forme une 7 * c   L   n   s *    13
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sortie, et ledit  dern von Kreuzkopplung und reflektierenden second masque
(22) est configur6 de fagon a          akustischen Well~n dient. avoir un
profil gdometrique de parol qui est dentel6 et qui reproduit le profil
geometrique   2. Anordnung nach Anspruch 1, bei der die konti- (30) de la
paroi ext6rieure de ladite seconde   5    nuierlichen und
diskontinuierlichen Schichten couche de nickel (26).
(16,26) aus Nickel elektrogeformt sind. 7. Un proced6 selon la
revendication 4, oO ladite    3  Anordnung nach Anspruch 1 oder 2, bei der
structure (28) formant couche-barribre et pla-       die  kontinuierlichen
und diskontinuierlichen que a orifice est align6e et montee sur une   70
Schichten (16,26) aus goldplattiertem  Nickel structure r6sistive a film
mince comprenant un       bestehen, was sie unmittelbar zu einer guten,
ensemble d'6l6ments resistifs chauffants (50,        festen Lothaftung mit
einem darunterliegenden 52), lesdits 6lements 6tant alignes axialement
DUnnschicht-Widerstandssubstrat  (40,42,44) avec les reservoirs d'encre
(59) dans ladite         befahigt. structure (28) formant couche-barriere
et pla-  15 que a orifice.                                   4. Verfahren
zum  Herstellen einer Sperrschicht und einer Disenplattenstruktur (28) far
einen 8  Un procede selon la revendication 7, caracteri-       thermischen
Tintenstrahldruckkopf, umfassend: se en outre en ce qu'il consiste a lier
par             (a) Formen einer Maske (14) einer vorbe- moulage ladite
structure resistive a film mince   20   stimmten begrenzten Dicke auf einem
aus- (40, 42, 44) avec un collecteur qui sert egale-        gewAhlten
metallischen Substrat (10), ment a recevoir des fils conducteurs partant
(b) Elektroformen einer ersten Schicht (16) des 6l6ments resistifs
chauffants (50, 52) pre-        aus Nickel auf dem Substrat (10) und Aus-
vus dans ladite structure r6sistive a film mince.      formen in eine
konturierte Oberflachengeo- 25         metrie (18) in Kontakt mit der Maske
und Patentanspriche                                            Bilden einer
DUsen-AuslaltmUndung (19), (c) Formen einer zweiten Maske (22) auf 1.
Thermische  Tintenstrahidruckkopf-Anordnung             der ersten Maske
(14), wobei die zweite mit mehreren Widerstandsheizelementen (50
Maske wesentlich dicker als die erste Mas- 52), die auf einer
D~nnschicht-Widerstands-  30        ke ist und vertikale Wande (24)
aufweist, die struktur (40,42,44) aufgebracht sind;                  sich
im wesentlichen oberhalb der Oberfla- mehreren Tinten-Reservoiren (59). die
auf den          che der ersten Schicht (16) aus Nickel er-
Widerstandsheizelementen ausgebildet sind;             strecken, einer
Sperrschicht umfassend eine diskontinu-          (d) Elektroformen einer
zweiten Schicht (26) ierliche Schicht (26) aus Metall mit mehreren   35
aus Nickel auf der ersten Schicht (16) und unterbrochenen Abschnitten (58),
welche ent-           benachbart der vertikalen Wgnde (24) der sprechende
Hohiraume (59) bilden, die axial            zweiten  Maske (22), um  einen
Tinten- bezUglich der Heizelemente (50,52) und be-
Reservoir-Hohiraum zu bilden, der durch die 



. zlglich der Richtung des Tintenflusses ausge-         von den Randern der
konturierten Oberfla- richtet sind;                               40
chengeometrie der ersten Schicht aufragen- wobei jeder Hohlraum  (59) mit
eingeengten             de vertikale Wande begrenzt ist, und
TintenfluB6ffnungen (58) verbunden ist, welche         (e) Entfernen der
ersten und der zweiten wesentlich kleinere Weiten als die Durchmes-
Masken (14,22) und des ausgewhlIten me- ser der Hohlrdume haben; und
tallischen Substrates (10), wodurch die er- einer DUsenschicht umfassend
eine kontinuier-  45      sten und zweiten Nickel-Schichten (16,26) liche
Schicht (16) aus Metall, welche an die           intakt in einer
zusammengesetzten Schicht- diskontinuierliche Schicht angrenzt und mehre-
Konfiguration (28) zurUckbleiben, in der die re AuslaRdUsen (32) aufweist,
die axial mit den        vertikalen W~nde der zweiten Schicht (26)
Hohlrgumen (59) ausgerichtet sind und AuslaR-          die Begrenzungen der
Tinten-Reservoire mUndungen kleinerer Durchmesser als diejeni-  50
der Struktur bilden. gen der Hohlrdume haben; dadurch gekennzeichnet, daI
5. Verfahren nach Anspruch 4, bei dem die zwei- die AuslafldUsen (32)
ferner sanft konturierte      te Maske (22) mit diskontinuierlich gekrtmm-
Wande (18) haben, die sich von den Umfan-            ten
Seitenwandabschnitten (31,33) ausgebildet gen der Hohlrdume (59) zu den
AuslalimUn-   55       ist, welche Offnungen (37) bilden, die als Tin-
dungen (32) erstrecken; und                          tenflulBoffnungen  zum
Passierenlassen  von die diskontinuierliche Schicht (26) gezahnte
Tinte von der Aulenseite der zweiten Nickel- Au~enw~nde (30) aufweist, was
zum Vermin-            schicht (26) zu den besagten AuslamlmUndun- 8
I ll~~~~~~~l~~ll li11l1 ill ll 1111     11    15
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nach Anspruch 4 oder 5, bei dem die erste Maske (14) eine konturierte
Geome- trie hat und eine zylindrische AuslafldUsenoff-   5 nung bildet und
bei der die zweite Maske (22) eine gezahnte Wandgeometrie aufweist, wel-
che sich negativ dazu in der AuBeren Wand- geometrie (30) der zweiten
Nickelschicht (26) wiederholt.                                 70 7.
Verfahren nach Anspruch 4, bei dem  die Sperrschicht und die
DUsenplattenstruktur (28) ausgerichtet und auf einer DOnnschicht-Wider-
standsstruktur umfassend ein Feld von Wider-  i8 standsheizelementen
(50,52) montiert wird, wo- bei die genannten Elemente axial auf die
Tinten-Reservoire (59) in der Sperrschicht und auf die Dusenplattenstruktur
(28) ausgerichtet \WY    werden.                                      20 8.
Verfahren nach Anspruch 7, das ferner das Form-Bonden    der
Dlnnschicht-Widerst- randsstruktur (40,42,44) an einen Kopf umfait, wobei
auch elektrische LeitungsanschlUsse, die  25 sich  von  den
Widerstandsheizelementen (50,52) in der Dunnschicht-Widerstandsstruktur
erstrecken, eingebettet werden. 30 35 40 45 50 55    


