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(57) Abstract: Process for protec-
tively coating against aggressive
liquids hydraulic microcircuits made
in a resin (32), particularly for an
ink jet printhead, consisting of: a9
disposing of a silicon substrate (20)
comprising a sacrificial layer (26)

of copper, deposited on the substrate
and defining the inner shape of the
hydraulic microcircuits (35, 36, 37);
b) depositing on top of the outer
surface of the sacrificial layer (26),
by means of an -electrochemical
process, at least one protective,

metallic coating layer (30); c¢)

applying on the sacrificial layer
(26) a non-photosensitive epoxy
or polyamide resin (32), having

20

a predetermined thickness and
suitable for completely covering the
sacrificial layer (26); d) effecting a
polymerization of the resin (32) to
increase its mechanical resistance
to mechanical and thermal stresses
and performing a planarization of
the outer surface (33) of the resin
(32), by means of a mechanical
lapping and simultaneous chemical
treatment; e) removing the sacrificial

layer (26) through a chemical etching, in a highly acid bath; f) depositing a metallic, protective layer (39) on the outer surface

(33) of the resin (32), through vacuum evaporation.
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PROCESS FOR PROTECTIVELY COATING HYDRAULIC MICROCIRCUITS AGAINST

AGGRESSIVE LIQUIDS, PARTICULARLY FOR AN INK JET PRINTHEAD

Technological area of the invention

This invention relates to a process for pi'otective|y coating hydfaulic microcircuits
against aggressive liquids, such as for example microcircuits for biomedical uses, MEMS,
drinks dispensers, and microcircuits employed in various types of ink jet prihtheads.

More in particular this invent.iqn' is intended for a process for producing a protective

coating of the inner walls of the ink ejection chambers of an ink jet printhead, to reduce the

‘damaging effects on the resin layers in which the ejection chambers are built, caused by the

corrosive action of particularly ag'gressive inks. In addition, the inyention relates to the |
process of protectively coating not only the inner walls of the ejection chambers, put also and
at tt;e same time the inner walls of the feeding ducts, bydraulically connected to the
chambers and the inner walls of the nozzles ejecting the droplets of ink.

Brief description of the current state of the art

Ink jet printheads are known in the current state of the art, for whfch measures have
been taken to limit thel corrosive action of the inks on the strucfural layers, inside which the
ejection chambers, feeding ducts,anq also any injection nozzles are made.

In the current state of the art, an ink jet printhead is known in which the structural

-layer encapsulating the ejection chambers, feeding ducts and injection nozzles is produced

by way of the depositioh of a layer of metal, for instance nickel, itself already very resistant to
the aggressive agents of the inks. However this solution has the drawback of having
considerable complications during its manufacturing process; for example, one difficulty is

that of growing a metal uniformly starting from a substrate with existing sacrificial metallic or



10

15

WO 2004/056573 PCT/IT2003/000843

3

dielectric microstructures, which, in the case of the former, would create surface
protuberances and, in the latter case, depressions in the structural layer.

In addition, the deposition .of a metallic layer of relatively significant thickness, in the
order of approximately 60 - 70 um, produces strong mechanical stresses ln the zones where
the metallic structural layer is soldered to the layers underneath.

What's more, the process of making chambers and relative feeding ducts in a
completely metallic structural layer, requires extremely high work times, with consequent
repercussions on the final costs of a pri.nthead obtained in this way.

Summary description of the invention

‘The object of this invention is to present a process of coating hydraulic microcircuits
to protect them frqm aggfessive liquids, minus the drawbacks outlined above, and more in
particular, ‘to simply and effectively produce 'a protection for the hydraulic microcircuits
against the damaging effects of the inks, fo’r' an ink jet printhead.

Another object of the invention is to present a manufacturing ‘process for an ink jet
printhead in which the inaer walls of the chambers, feeding ducts and nozzles, mada in a
structural layer of dielectric material, such as non-photosensitive epo*y or polyamide resin,
are treated in such a way as toA offer hig’h resistance to the aggressive agents of the inks
employed.

Another object of the invention is to treat the inner walls of the hydraulic microcircuits
of an ink jet printhead, to render thfam particularly insensitive to the damaging effects of the
aggressive agents contained in the inks used.

In accordance with this invention, the process for protectively coating hydraulic

microcircuits of an ink jet printhead, particularly resistant to aggressive inks and the printhead
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thus obtained are presented, being characterized as defined in the respective main claims.

This and other characteristics of the invention will appear more clearly from the

_following description of a preferred embodiment of an ink jet printhead and of the relative

manufacturing process, provided as a non-restrictive example, with reference to the figures
in fche accompanying drawings.

Brief description of the drawings

Figure 1 represents a perspective view of a silicon wafer, on which a plurality of “die”
not yet separated is indicated,;

figure 2 represents a plan view of a portion of a die of fig. 1 for an ink jet printhead,
after a first manufacturing step and before building the chambers, relative feeding ducts and
nozzles, using the process proposed fn accordance with this invention,

figure 3 represents a section, taken according to the line I11-1il in figure 2;

figure 4 shows a flow diagram of the manufacturing process of the chambers, feeding
ducts and nozzles é)f the ink jet printhead, according to thé invention;

fiéures 5 to 8 illustrate the successive steps in manufacture of the chambers, feeding
ducts and nozzles of the printhead of fig. 3, according to this invention.

| Dgtailed description of a preferred embodiment

Although the main object of this invention is that of producing a protective coating for-
hydraulic microcircuits against aggressive liquids, the following description will refer
parﬁcularly to an ink jet printhead, in simplified, non-restrictive form and for reasons of
simplicity and clarity of the description, it being understood in any case that this invention has
a much wider relevance and is in general intended, as already said, for producing a

protective coating for hydraulic microcircuits againsf aggressive liquids.
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As anticipated, this description refers to a process relating to an ink jet printhead for

treating the inner walls of the chambers, feeding ducts and nozzles of said head, in such a

‘way as to offer high resistance against the aggressive agents of the inks employed; it is clear

that the process mainly, though not exclusively, concerns the final part of manufacture of the
head.

~In the description that follows, jtherefore, the initial steps of manufacture of the
printhead will not be deécribed in detail, as these belong to the state of the art,' well-known to
those acquainted with the sector art, but the process of manufacturing the chambers, relative
feeding ducts and injection nozzles, according to the invention, may vbe ‘considered as
applying to a conventional ink jet printhead, made in a first step in a way known in the state
of the art.

Depicted in figure 1 by way of an ‘example is a wafer 10 of crystalline silicon, §n which
die 12 are indicated, constituting a like number of conventiéhal type ink jet printheads, not yet
separated; the figure represents one of the die, in enlarged view, in which two zones 13 are
indicated in which the driving microcircuits are arranged' and .the‘ zbne 14 enclosing the
nozzles 15. -

n figqre é, represented by way of non-restrictive example is the section of a
conventionai ink jet printhead, in the state it is in after a first manufacturing phase, known in
itself, in which the manufacturing process has come to the deposition of a sacrificial layer of
copper in the zone where the chambers, relative feeding ducts and nozzjes will be made; in
particular, fig. 2 shows this printhead, in which a die 20 can be seen which is made up of a
substrate of‘silicon 21 covered by a plurality of me';allic and dielectric Iayefs, in which an

array of microcircuits has been made for driving thermal elements 22, or resistors, for
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expulsion of said ink. This plurality of layers, known in themselves in the sector art, is
represented for simplicity of the description, by a single layer 23, on top of the silicon layer
21.

The thermal elements 22 are covered by a protective layer 24, consisting of a deposit
of silicon nitride and. carbide (SizN, , SiC), which is in turn covered by a layer 25 made of
tantalum and gold, forming ’;hé sﬁ-called "seed layer’. Deposited on' the layer 25 is a
sacrificial metallic layer 26, provided with a protuberance 27, constituti’ng the cast of at least
one ejection nozzle, not depicted.

Also visible in figs. 2 and 3 are two feeding holes 28, suitable for bringing the ink into

the ejection chambers, not shown in the figures, as they are the object of this invention and

'vare described later; the holes 28 will subsequently be put in hydraulic communication with a

slot’29, not shown in the figures, as it is made later in a step of this process and also

described later.
The object of this invention, as stated in the early part of the description, consists in

coating the inner walls of the chambers, of the relative feeding ducts connected to them and

of the nozzles, with one or more protective layers of noble fnetals, for the purpose of

eliminating the damaging effects produced by particularly aggressive inks.

AII this is obtai’ned by 'aepositing on the outer surface of the sacrificial layer, alkeady
present, one or more layers of nobie metals, such as for example nickel-gold, palladium-gold,
rutenium, eté. Said layers, after the removal of the sacrificial layer, will remain adhering to the
inner walls of the chambers and of the other adjacent compartments, created in a structural

layer of resin deposited previously.
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- At the end of this operation, chambers, feeding channels and nozzles are obtairped
with inner walls completely coated by the layer of noble metals, and therefore effectively
protected from the aggressive action of the inks employed.

Naturally the inner shape of the chambers, feeding ducts and nozzles represents the

true impression of the sacrificial layer, because the upper surface of the chambers and the

ducts connected to them faithfully reproduce the outer surface of the sacrificial layer. .
~ In particular, where the ink jet printhead used is that described in the Italian patent
application entitled "Optimized ink jet printhead and relative manufacturing process", filed by
the Tsame applicant, and the manufacturing process that this invention refers to is applied,
concave-shaped upper inner walls of the chambers and of the feeding duoté connected to
them would be obtained, a faithful copy of the corresponding shape of the sacrificial layer
made using the process déscribed in the already cited ltalian patent application.
In the latter case, tHe twin advantage would be obtained of great resistance of the
chambers and feeding dﬁcts to the aggressive agents in the inks and a more effective

prevention of air bubbles becoming attached to particular points of the walls, with

voptimization of the phase in which the expulsion bubble is developed.

Accordingly the process for producing chambers, relative feeding ducts and protected
nozzles, according to this invention, continues starting from the state of progress of

manufacture of a printhead, by way of non-restrictive example, of the type described in the

cited Italian patent application, shown in fig. 2, and'proceeds in the steps described in the

flow diagram of fig. 4, integrated with the explanatory drawings in figures 5 to 8.
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In step 40, a wafer 10 (fig. 1) is made available, comprising a plurality of partially

constructed die 12, up to the stage depicted in fig. 2, in which, és already recalled, a still

- uncovered sacrificial layer 26, 27 of copper is present.

In step 41, illustrated in fig. 5, a coating layer 30 of noble metals, such as for example
nickel-gold is- depoéifed on the sacrificial layer 26 and on the cast 27 of the nozzle.
Alternatively, the coéting layer 30 may be of palladium-gold, or of rutenium, etc.; the
deposition is performed vthrough an electrochemical process, of a type known to those
acquainted with the sector art.

Ih step 42, an adhesion layer 31 is 'applied on the layer 30 of noble metals to promote
perfect adhesion, through molecular bonds, of the layer of resin, which will be applied in the
next step.

In step 43, a structurél layer 32 (fig. 6), made of a film of non-photosensitive epoxy or

polyamide resin, is deposited thrdugh' lamination on the coating layer 30, covered by the

“adhesion layer 31; this type of material is used to advantage to offer greater resistance to the

aggressive environment created by particularly aggressive inks.
In step 44, polymeriz_ation:is performed of the structural layer 32 to increase its resistance to
the mechanical and thermal stresses, that develop during operation of the head.

in ‘step 45, llustrated in fig. 7, lapping is performed of the outer surface 33 of the
structural layer 32 so as to completely uncover the upper cap 34 of the cast of copper 27 of
the nozzles and to produce a perfectly flat surface of the structural layer 32. This is done by
means of a mechanical lapping and simultaneous CMP type chemical treatment (Chemical-
Mechanical-Polishing), or other similar process, known to those acquainted with the sector

art.
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In step 46, anisotropic éfching of the slot 29 is performed in the bottom part of the
layer of silicon 30 (fig. 7), by means of a "wet" type technology that uses for instance KOH, or
TMHA. Etching of the silicon continues right up to the aperture of the holes 28, so that the
thickness of the remaining layer 38 of silicon, in correspondence with the slot 48, is of
approximately 10 um.

~In step 47, the sacrificial layer 26, 27 is rerﬁoved with a chemical etching, conducted
by means of a highly acid bath, for example made of a mix of HCI and ﬁNOB in a solution.
Composition of the bath is prepared in such a way as not to attack the metallic layer 30,
which adhefes tightly to the resin of the structural. layer 32. At the end of this operation,
illuétrated in fig. 8, chambers 35, ducts 36 and nozzles 37 are obtained with their inner walls
completely coated by the layer 30 of noble metals, and thus effectively protected against the
aggressive action of the inks employed.

In step 48, illustrated in fig. 8, a metallic layer 39 to protect the resin, consisting of a

noble metal, preferably chromium, and having a thickness of approximately 1000A°, is

deposited on the outer surface of the structural layer 32 by means of vacuum evaporation. lts

function is to create a water-repellent outer surface (anti-wétting), offering the resin scratch-
broofing and corrosion-proofing properties. |

In step 49, the final operations, known to those acquainted with the sector art, are
conducted, these are:

-- dicing of the "wafer" 10 into the single die 12;

-- soldering of a flat cable, not shown, to the pads on each die 12, through the known
TAB process;

-- mounting of the die with relative flat cable on the container-tank of the head;
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-- filling of the tank with ink and final testing.

It is important to observe that the presence of a layer of noble metal, such as for
instance nickel-gold on the copper surface of the sacrificial layer, facilitates \its etching by
electrochemical means as well, since it forms a céntinuous electrode inside the chambers
and the feeding ducts, preventing'the creation of "dead zones" that are isolated from the
electrical connection with the "seed layer".

, It remains understood that changes, additions, or part substitutions may be made to
the ‘ink jet printhead and to the relative manufécturing process, or variants of the
manufa'cturing process, according to this invention, without departing from the scope of the
invention.

For instance the protective layer 39, deposited on the structural layer 32 in step 49,
may chsist of, instead of chromium, magnesium fluoride and oxygen (MgF; + Oy), or of
silicon dioxide and chromium (éiog + Cr).

Also, according to another embodifnent, the protective layer 39 may bg formed of two

overlapping deposits, made of the coinponents indicated above.
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CLAIMS

1. Process for protectively coating an ejection chamber (35) of an ink jet pﬁntheéd, to
redupe damaging effects of aggressive inks, comprising the follgwing steps:

| step a): digposing of a die (20) compriéing a silicon §ubstrate (21)_covered by a
plﬁrality of metallic and dielectric layers (23, 24, 25) in which is made an array of
microcircuits for driving of thermal elements (22) for ejection of said ink, and also compfising
a saérificial metallic layer (26), provided with a cast (27) for at least one ejection nozzie (37),
said sacrificial layer (26) and said cast (27) defining the inner shape of a chamber (35), of a
feéding duct (36) connected to it and of said at least one nozzle (37);

step b): depositing on the outer surface of said sacrificial layer (26), through an

“electrochemical process, at least one metallic, protective coating layer (30);

step c): applying on said coating layer (30) a layer, the adhesion layer, (31) having a

thickness preferably of about 1000 A°, to promote the adhesion of resins 'on said protective

metals (30);

step d): depositing on said adhesion layer (31) a structural layer (32) of non-
phdtosensitive epoxy or polyamide resin, having a thickness preferably between 20 and 60
um, so as to completely cover said sacrificial layer (26), including the cast (27) of the nozzle
(57);

step e): performing a polymerization of said structural layer (32) to increase its
mechanical resistance to mechani;:al and thermal stresses;

step f): performing a planarization of the outer surface (33) of said structural layer
(52), by way of a mechanical lapping and simultaheous CMP type chemical treatment

(Chemical-Mechanical-Polishing), or other similar process, to uncover the upper cap (34) of
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the cast (27) of copper;

step g): removing said sacrificial layer (26) and said cast (27) by means of a
chemical etching, using a highly acid bath, formed for instance of a mix of HCI and HNO3 in
a solution;

step h): depositing on the outer surface (33) of said structural layer (32), in a vacuum

evaporation operation, a protective layer (39) of thickness preferably of approximately 1000

A°.

.2. Process according tg claim 1, wherein said rhetalliq coating layer (30) is made of
nickel-gold;

3. Process éccording to claim 1, wherein said metallic coating layer (30) is made of

palladium-gold.

q, Process according to claim 1, wherein said metallic coating layer (30) is made of
rutenium.

5. Process according to claim 1, wherein said protective layer (39) is made of a noble
metal..

6. - Process according to claim 5, wherein said protective layer (39) is fnade of chromium.
7. Process according to claim 8, wherein said protective layer (39) is made of

magnesium fluoride and oxygen (MgF; + O,).

8. 1Process according to claim 1, wherein said protective layer (39) is made of silica and
chromium (SiO, + Cr).

9. Ink jet printhead, made of a silicon substrate (21) and a plurality of metallic and
dieleptric layers (23, 24, 25) deposited on said substrate (21), wherein a plurality of

chambers (35) for ejection of ink droplets and of corresponding feeding ducts (36),
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connected to the former, is produced in one of said dieiectric layers (32), said chambers (35)
and said ducts (36) being delimited by at least one upper wall (35a), said upper wall (35a)
communicating with at least ohe nozzle (37) for ejection of said ink droplets , Characterized
in that said upper wall (35a) énd anvinner wall (37a) pf said nozzle (37) are coated with at
kleast one metallic coating layer (30), suitable for incre'asing the resistance of said walls (35a,
37a) té) chemical|y aggressive liquids, in contact with said walls.

10.  Printhead as in claim 9, characterized in that said upper wall (35a) communicates'
continuously with said inner wall (37a) of said nozzles (37).

11. Printhead aé in9, or 10, charactefized in that said upper wall (35a) is delimited by a>
concave surface.

12. Printhéad as in 10, characterized ‘in that said inner wall (37a) of the nozzles (37) is
delimited by a truncated cone shaped surface having its greater base disbosed towards said
upper wall (35a§.

13. Priﬁthead aé in oﬁe of the claims from 9 fo 12, characterized iﬁ that said metallic
coating I‘ayer (80) is made via a depositioh of nickel and gold.

14.  Printhead as in one of the claims from 9 to 12, characterized in that said metallic
coating Iayer‘ (30) is made via a deposition of palladium and gold.

15.  Printhead as in one of the claims from 9 to 12, characterized in that said metallic
cdating layer (30) is made via a deposition of rutenium.

16.  Ink jet printhead, made of a silicon subsirate (20) and a plurality of metallic and
dielectric layers (23, 24, 25) deposited on said substrate (20), wherein ? plurality of
chambers (35) for ejection of ink droplets and corresponding feeding ducts (36), connected

to the former, are made in one (32) of said dielectric layers, said chambers (35) and said
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ducts (36) being delimited by at least one upper wall (35a), said upper wall (35a)

.communicating with at least one ejection nozzle (37) of said ink droplets, characterized in

that said chamfﬁers (85), said feeding ducts (36) connected to them and said at least one
gjection nozzle (37) are made in the process according to claims from 1 td 8.
17.  Process of protectively coating against aggressive liquids hydraulic microcircuits (35,
36, 37) made in a resin (32), comprising the following steps:
~ step a): disposing of a die (20) comprising a silicon substrate (21) coyered by a

plurality of metéllic and dieléotric layers (23, 24, 25), and also comprising a sacriﬁqial metallic A
layer (26) defining the inner shape of said hydraulic microcircuits (35, 36, 37);

step b): depositing on the outer surface of said sacrificial layer (26), in an
electrochemical process, ét least one metallic, protective coating layer (30);

step c): applying on said coating layer (30) a layer, the adhesion layer, (31) having a
thickness preferably of approximately 1060 A°, to promote the adhesion of resins on said
prot“ective metals (30);

step d): depositing on said adhesion layer (31) a non-photosensitive epoxy or
polyémide resin (32), having a _predetermined thickness and completely covering said
sacrificial layer (26);

step e): performing a polymerizatiqn of said resin (32) to increase its mechanical
resistance to mechanical and thermal stresses;

.step f). performing a planarization of the outer surface (33) of said resin (32), through
a mechanical lapping and ~simultaneous CMP typé chefnicél treatment (Cherﬁical-
Mechanical-Polishing), or other similar prooess;:

step g): removing said sacrificial layer (26) via a chemical etching, by means of a
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highly acid bath, formed for instance of a mix of HCI ?nd HNO3 ina solution;
step h): depositing on the outer surface (33) of said resih (82), in a vacuum

evaporation operation, a protective layer (39).
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