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(54) Title: AN OPTICAL PROXIMITY SENSOR FOR A LIQUID-JET INSTRUMENT, AND A LIQUID-JET INSTRUMENT

EQUIPPED WITH SUCH A SENSOR

& (57) Abstract: An optical proximity sensor (5) adapted to be mounted in a liquid-jet instrument. The sensor comprises: a printed
& circuit (12) on which light-emitting and light-receiving elements (14, 15) are positioned to make it possible to evaluate the distance

between them and a given surface; an intermediate part (16) in which the light-emitting and the light-receiving elements (14, 15)
are received; and protective means (17) that cover the intermediate part. The printed circuit (12) and the intermediate part (16) are
provided with through holes (18, 19) which are mutually superposed to form a passageway serving to enable the liquid to be sprayed
from a liquid spray head.
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AN OPTICAL PROXIMITY SENSOR FOR A LIQUID-JET INSTRUMENT,
AND A LIQUID-JET INSTRUMENT EQUIPPED WITH SUCH A SENSOR

The present invention relates to optical proximity
sensors for 1liquid-jet instruments that spray Jjets of
liquid, and also to liguid-jet instruments equipped with
such optical sensors.

More particularly, the invention relates to an
optical proximity sensor adapted to be mounted in a
liquid-jet instrument having a spray head for spraying a
jet of liquid, said optical sensor serving to evaluate a
distance between it and a given surface onto which the
liquid is to be sprayed.

French Patent Application FR 2 841 498 describes, in
particular, a writing instrument that includes such an
optical sensor which can, for example, be formed by an
infrared light-emitting diode (LED) which sends an
incident 1light beam towards the given sur face so as to
form a light spot on said given surface and a reflected
light beam which 1is then received, for example, by a
photodiode which then issues a signal representing the
reflected 1light beam. The signal representing the
reflected light beam is then analyzed by a processor unit
in order to evaluate the distance between the optical
sensor and the given surface in order to trigger or not
to trigger activation of the liquid spray head so as to
spray or not spray a certain quantity of liquid onto the
given surface, such as a writing surface.

In known writing instruments, the light-emitting
element of the optical sensor can be mounted in the
writing instrument anywhere that is in the vicinity of
the spray head, and the light—_receiving element is also
mounted on any support that can be different while also
being situated in the vicinity of the spray head. It can
thus be understood that mounting the wvarious 1light-
emitting and light-receiving elements one after another
complicates mounting the optical sensor as a whole on the
liquid-jet instrument without being certain that the
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light-emitting and of the light-receiving elements can give
rise to errors in evaluating the distance between the
optical sensor and the given surface, which also modifies
the sensitivity of the optical sensor from one liquid-jet
instrument to another.

In an embodiment, the present invention seeks to
mitigate the above-mentioned technical problems by
proposing an optical sensor and a 1liquid-jet instrument,
the optical sensor being more reliable, simple, and
guaranteeing that the distance between the given surface
and the optical sensor is always evaluated in the same
manner from one optical sensor to another and thus from one
liquid-jet instrument to another.

To this end, the invention provides an optical
proximity sensor characterized in that it comprises:

a printed circuit having a first face and a second
face on which at least one 1light-emitting element and at
least one light-receiving element are positioned, the
light-emitting and the 1light-receiving elements being
adapted to make it possible to evaluate the distance
between them and the given surface;

an intermediate part that is mounted on the second
face of the printed circuit, and that is provided with at
least two through recesses in which the light-emitting and
the 1light-receiving elements of the printed circuit are
received; and

protective means that cover at least one of the two
through recesses, the protective means presenting optical
properties adapted to the wavelength of the light used by
the light-emitting and the light-receiving elements so as
to enable the light to be focused;

the printed circuit and the intermediate part are

provided with through holes which are mutually superposed
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to form a passageway servimng to enable the liquid to be
sprayed from the liquid spray head.

By means of these provisions, the light-emitting and
the light-receiving elements forming the optical sensor
are systematically disposed on the same printed circuit
disposed against a part, thereby making it possible to
define their relative positions in advance because of the
rigidity of the printed circuit and/or of the
intermediate part. The sensitivity of the sensor is thus
improved, while using a conventional technique of
assembling electrical elements on a printed circuit board
or strip, thereby also making it possible to reduce the
cost of manufacturing the optical sensor. In addition,
the presence of the intermediate part and of the
protective means also makes it ©possible to offer a
protective function for protecting the light-emitting and
the light-receiving elements which are relatively
fragile, in order to avoid them being irreparably damaged
while the sensor is in use, while also offering an
optical function by means of the optical properties of
the protective means, which properties are adapted to the
wavelength of the light used, in particular to enable the
light to be focused onto the given surface, such as a
writing medium, for example. Finally, by means of these
provisions, the printed circuit, the intermediate part,
and the protective means can be assembled and fastened
together in order to obtain an optical sensor forming a
pre-assembled unit serving to be placed directly in the
writing instrument, and offering a passageway serving to
enable the 1liquid to be sprayed through the optical
Sensor. In addition, the liquid spray head of the
liquid-jet instrument can also be disposed on the second
face of the printed circuit and immediately facing the
passageway or even 1inside the ©passageway, thereby
enabling the various 1light-emitting and light-receiving
elements to be disposed very close to the liquid spray
head 1in order to evaluate exactly the conditions
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determining whether or not liquid is to be sprayed, as a
function of the distance between the spray head and the
giwven writing surface.

In preferred embodiments of the invention, use is
further made of one or more of the following provisions:

- the printed circuit comprises a rigid board
disposed against the intermediate part, and conductive
tracks preferably formed on the first face of the printed
circuit:;

- the printed circuit is a flexible strip that is
secured to the intermediate part, and that is provided
with conductive tracks preferably formed on the second
face of the printed circuit:;

- the conductive tracks are adapted to power the
light-emitting and the 1light-receiving elements, and to
convey the signals from said at least one light-receiving
element to a processor unit;

- the printed circuit and the dntermediate part are
fastened together by adhesive bonding:

- the intermediate part and the protective means are
fastened together by adhesive bonding;

- the second face of the printed circuit is provided
with a plurality of light-emitting and 1light-receiving
elements, the intermediate part is provided with a
plurality of through recesses in which the plurality of
light-emitting and light-receiving e lements are received,
and the ©protective means cover said plurality of
recesses;

- the protective means are in the form of a
transparent plate;

- the transparent plate 1is obtained directly by
overmolding a transparent material on the intermediate
paxrt:;

- a refractive matching material is disposed between
the protective means and the light-emitting and light-

receiving elements, in order to minimize refractive index

discontinuities;
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- the refractive index matching material is made of
a rubber silicone;

- the protective means cover said at least one
through recess in which said at least one light-emitting
element is received, said protective means presenting
optical properties adapted to tthe wavelength of the light
used in order to enable the emitted light to be focused
onto the given surface;

- the protective means cover said at least one
recess in which said at least one light-receiving element
is received, said protective means having optical
properties adapted to the wavelength of the light used im
order to enable the received light to be focused towards
said at least one light-receiving element;

- the sensor has at Jleast two light-receiving
elements, and the protective means have a first zone
adapted to focus the received 1ight towards said at least
two light-receiving elements in a first manner, and a
second zone adapted to focus the received light towards
the other of said at least two light-receiving elements
in a manner different from the first manner;

- the first and second zomnes of the protective means
are respectively first and second facets presenting
profiles that are different;

- a light barrier is arranged between said at least
one light-emitting element and said at least one light-—
receiving element, thereby preventing the light emitted
by the light-emitting element and diffused or reflected
in the sensor from reaching the light-receiving elemen+t
and from disturbing the distance evaluation;

- the intermediate part has a front face which is omn
the opposite side from its face facing the printed
circuit and in which the through recesses open out, and
the light barrier comprises a projection arranged on the
front face of the intermediate part between the outlet of
a recess in which said at least one light-emitting
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element is received and the outlet of a recess in which
said at least one light-receiving element is received;

- the projection, which is preferably formed
integrally with the intermediate part, extends across the
front face and subdivides said face into a first portion
in which all of the recesses receiving light-emitting
elements open out, and a second portion in which all of
the recesses receiving light-receiwving elements open out;

- the protective means comprise at least one one-
piece part, said one-piece part covering only those
recesses which receive light-emitting elements, or only
those recesses which receive light-receiving elements,
thereby preventing transmission of 1light from the light-
emitting element to the light-receiving element upon
multiple reflections within the protective means;

- the protective means are provided with a through
hole superposed on the through holes in the printed
circuit and in the intermediate paxt; and

- the recesses in the intermediate part have walls
shaped to optimize the guiding oXf the light emitted by
said at least one light-emitting element and/or received
by said at least one light-receivimng element.

In addition, the invention also provides a liquid-
jet instrument comprising a liquid spray head, a
processor unit, and an optical proximity sensor as
defined above.

Other characteristics and advantages of the
invention appear from the following description of
embodixﬁents given by way of non-limiting example and with
reference to the accompanying drawings.

In the drawings:

Figure 1 is a diagrammatic section view of a liquid-
jet instrument equipped with an optical proximity sensor
of the invention;

Figure 2 1is an exploded perspective view of the

various component elements of a first variant of a first

embodiment of the optical proximity sensor;
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Figure 3 is a view in section and in perspective of
a second variant of the firstt embodiment of the optical
proximity sensor when it 1s disposed on or in the
vicinity of a liquid spray head of the instrument;

Figure 4 1is an exploded perspective view of the
component elements of a second embodiment of the optical
proximity sensor; and

Figure 5 is a cutaway view of the second embodiment
of the optical sensor when it is disposed on or in the
vicinity of a liquid spray head of the instrument.

In the various figures, 1like references designate
elements that are identical or similar.

Figure 1 shows a liquid—jet instrument 1 which, in
the example considered heredin, 1is in the form of a
writing instrument 1 that includes a substantially
tubular element 2 which extemnds between a first end 2a
and a second end 2b. Said tubular element 2 has an
inside wall 23 defining a hollow inside space, and an
outside wall 22 designed to be held by a user.

The hollow inside space defined by the inside wall
23 of the tubular element 2 contains a reservoir of
liquid 3 and a spray system 4 for spraying said liquid,
said spray system being associated directly with the
reservoir 3. The reservoir of liquid 3 is removably
mounted in the hollow inside space in the tubular element
2 so as to be replaced with another reservoir after said

" liquid has been used up. Depending on the use to be made

of the instrument, the liquid contained in said reservoir
can be formed of ink, or of am ink-erasing or ink-masking
liquid when the instrument is used as a corrector, or
even of adhesive when said instrument is used as an
adhesive - applicator or spray. The spray system 4 is
formed by a liquid feed channel 41 connected directly to
the reservoir of 1liquid 3 via a channel 31, and by an
electrical signal generator 42 designed to control
activation and deactivation of a spray head 43 situated
at the end of the feed channel 41 of the spray system.
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In the example considered herein, the spray head 43
is a thermal-effect spray head that has at lea st one
spray nozzle disposed at the end 2a of the +tubular
element 2. It could be constituted by any other type of
spray head, and in particular by an electrostatic head
offering higher efficiency. Said end 2a of the <Ttubular
element can be constituted by an end-piece fitted
directly into the central portion of the tubular element
2 over the inside wall 23 of said central portion- Said
end-piece 2a presents an end orifice 2c¢ via which
provision is made for the spray head 43 to spray dxoplets
of liquid 7 onto a given surface 8 which, in the example
considered herein, is formed by a writing surface such as
a sheet of paper.

The liquid-jet instrument also includes a processor
unit 6 designed to activate the generator 42 for
generating electrical signals (or electrical pulses) in
order to enable the spray nozzle 43 of the spray system
to spray the droplets 7 onto the medium 8 from a
distance. At its end 2b, the hollow inside space of the
tubular element 2 also contains an electrical power
source 10 formed, for example by a battery, or ewven two
batteries, rechargeable or otherwise, making it possible,
by means of a switch 11 to switch on the ~arious
electrical elements forming the writing instrument-. The
end 2b of the tubular element 2 can, for example, be in
the form of a cap removably mounted on the <entral
portion of said tubular element 2 in order to enable two
worn batteries 10 to be replaced with new batteries.

At its end 2a, the tubular element 2 1is also
provided with an optical proximity sensor 5 adapted to be
mounted in the through orifice 2c of the end 2a of the
tubular element. Said optical proximity sensor 5 serves
to evaluate the distance between it and the ~writing
medium 8 on which the droplets of 1ligquid 7 are to be

sprayed.
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The optical proximity sensor 5 of the invention is
described in more detail below with reference to Figures
2 and 3 whichh show two variants of a first embodiment of
the optical proximity sensor 5.

As can be seen in Figure 2 which shows a first
variant embodiment of the optical proximity sensor 35,
said sensor includes a printed circuit 12. In known
manner, the printed circuit 12 comprises a rigid board 12
presenting a first face 12a facing towards the inside of
the tubular element 2, and a second face 12b which 1is
provided withh a plurality of conductive tracks 13 to
which light-emitting elements 14 and light-receiving
elements 15 are electrically connected, said 1light-
emitting elements and said 1light-receiving elements
serving to be directed towards the writing medium 8 when
the liquid-jet instrument is in the in-use position.

In the example considered herein, the printed
circuit board 12, or more exactly its second face 12b,
has two light-emitting elements 14 and four 1light-
receiving elements 15. Naturally, the second face 12b of
the printed circuit board 12 could have a single light-
emitting element 14 and a single light-receiving element
15. The first face 12a of the printed circuit board 12
is also provided with conductive tracks (not shown in the
drawings) fox powering the 1light-emitting and 1light-
receiving elerments (14, 15) and for conveying the signals
from the light-receiving elements 15 to a processor unit
6 as described in detail below. A

The optical sensor 5 also includes an intermediate
part 16 serving to be mounted in fixed manner on the
second face 12b of the printed circuit board. For
example, said intermediate part 16 is provided with two
through recesses 16a which pass through its entire
thickness and which serve to receive the two light-
emitting elements 14, and with two recesses 16b, each of
which serves to receive a pair of 1light-receiving
elements 15. The intermediate part 16 1s preferably
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rigid, e.g. made of a plastics material. However, in
this embodiment in which the printed circuit 12 is a
rigid board, it can be imagimed for the intermediate part
to be made of elastomer.

The optical sensor 5 al so includes protective means
17 which, in the example considered herein, cover'the
entire intermediate part 16 so as to protect the light-
emitting and the light-recei ving elements (14, 15) from
the outside. Said protective means 17 also have optical
properties adapted to the wawelength of the light used by
the light-emitting and the 1 ight-receiving elements (14,
15) for enabling the light to be focused onto the writing
medium 8 and more exactly onto zones that can be more or
less point-like on the writing medium 8 onto which the
droplets 7 are to be sprayed.

As can also be seen in Figure 2, the printed circuit
board 12, the intermediate part 16, and the protective
means 17 are respectively provided with through holes
(18, 19, 20) that are mutually superposed in order to
form a passageway for enabling the liquid to be sprayed
from the spray head 43 which 1is disposed immediately
behind the first face 12a of the printed circuit board
12. The passageway formed by the through holes (18, 19,
20) can also receive the spray head 43 of the 1liquid
spray system 4 in full or in part.

In the example shown in Figure 2, the protective
means 17 are in the form of a transparent plate or patch
21 that ©presents a face 2la that is of shape
complementary to the shape of the face 16c of the
intermediate part 16 on which it 1is designed to be
mounted in fixed manner, i.e . the face opposite from the
printed circuit 12 and facing the orifice 2c. Said
transparent plate 21 has zomes that can be machined or
treated specifically and that are in register with the
recesses l6a and 16b in the intermediate part 16 so as to
make it possible to focus the light emitted from the two
light-emitting elements 14 t.owards the writing medium 8
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and to maximize reception of the light reflected by the
medium 8 towards the light-receiving elements 15.

The protective means 17 can also be formed by a
plurality of small transparent patches, each of which is
disposed in a corresponding recess 1l6a or 16b in the
intermediate part 16.

By way of example, the light-emitting means 14 can
be formed by laser diodes of the Vertical Cavity Surface
Emitting Laser (VCSEL) type or by infrared LEDs that send
an incident 1light beam FI (see Figure 1) towards the
writing medium 8 so as to form a light spot on said
medium 8 and a reflected light eam FR that is received
by the light-receiving elements 15 formed, for example,
by receiver phototransistors or photodiodes. The light-
receiving elements 15 then send electrical signals that
are representative of the received light to the processor
unit so as to evaluate the distamce between the proximity
sensor 5 and the writing medium 8.

In addition, according to another characteristic of
the invention, the intermediate part 16 can be made of a
plastics material covered by a surface layer of metal so
that, at the walls of the recesses 16a and 16b,
reflective surfaces are formed axound the light-receiving
and the light-emitting elements 14, 15 so as to guide and
to optimize light emission and light reception.

In addition, as can be seen in Figure 2, the walls
of the recesses 16a and/or 16b can be shaped, e.g. by
having a substantially conical shape, in order to make it
possible to optimize guiding the 1light emitted and
received by the light-emitting and the 1light-receiving
elements 14, 15. ,

In addition, prior +to fastening the transparent
plate 21 onto the intermediate part 16, a refractive
matching material can be disposed inside the recesses 16a
and 16b so as to avoid or reduce the refractive index
discontinuities between the light-receiving and 1light-
emitting elements 14, 15 and the outside of the writing
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instrument. Said refractive index matching material can
be made, for example from silicone-based rubber.

The printed circuit board 12, the intermediate part
16, and the transparent plate or patch 21 can be fastened
together by adhesive bonding.

In another variant embodiment, the plate or patc‘h 21
can be obtained directly by overmolding a transpaxent
material having suitable optical properties onto the
intermediate part 16.

Thus, the optical proximity sensor 5 forms a pre-
assembled unit that is designed to be mounted in the
opening 2c provided in the end 2a of the writing
instrument (see Figure 1). When the printed circuit
board, the intermediate part 16, and the transpaxent
plate 21 are circular in shape, the resulting optdcal
proximity sensor 5 can be fastened directly by adhesive
bonding or by any other suitable means into the opening
2c provided in the end 2a of the writing instrument.

The optical proximity sensor, or more exactly the
printed circuit board, the intermediate part 16 and the
transparent plate 21 can, for example, present an outside
diameter of about 3 millimeters (mm) while the passageway
formed by the through holes 18, 19, 20 can present a
diameter of about 0.6 mm in order to enable the ink to
pass from the ink spray head 43. The total thickness of
the resulting optical sensor 5 can be about 1 mm. In
addition, when the spray head 43 1is provided with a
plurality of spray nozzles, the passageway delimited by
the thfough holes (18, 19, 20) can have some other, non-
circular shape, e.g. oblong or rectangular.

Figure 3 shows- a second variant of the first
embodiment of the optical proximity sensor 5. In this
variant embodiment, the face 12b of the printed circuit
board 12 has a single light-emitting element 14 and two
light-receiving elements 15 which are mounted and
connected via suitable electrical connections such as

wires onto the conductive tracks 13 which are connected
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to the other conductive tracks formed directly on the
first face 12a of the printed circuit board 12. The
functions of the conductive tracks on the first face 12a
of the first printed circuit board 12 are to power the
light-emitting and the 1light-receiving elements 14, 1.5,
and to convey signals from the light-receiving elemenats
15 to the processor unit 6.

In this second variant embodiment, the intermediate
part 16 is thus provided with a single through recess 1 6a
for receiving the 1light-emitting element 14 and two
through recesses 16b which serve to receive the light-
receiving elements 15 of the printed circuit board 12.

In this example, the protective means 17 are also
formed by a transparent plate or patch 21 mounted
directly on the intermediate part 16, e.g. by adhesive
bonding. As can be seen in Figure 3, in register with
the recesses 16a and 16b in the intermediate part 16, the
patch 21, or more exactly its face 21b that is designed
to face towards the writing medium 8, is provided wi th
zones 2lc that can be machined or treated specifically to
enable the light emitted from the light-emitting element
15 to be focused optimally towards the writing medium 8,
and to enable reception of the light reflected by the
support 8 to be maximized by focusing towards the light-
receiving elements 15.

In addition, as can be seen in Figure 3, the liquid
spray head 43 of the liquid spray system 4 is disposed
directly against or in the vicinity of the first face 1 2a
of the printed circuit board 12. For example, said spray
head 43 can be provided with four spray nozzles 43a whi ch
are disposed directly facing the passageway formed by t he
through holes 18, 19, 20 forméd in the printed circuit
board 12, in the intermediate element 16 and in the
transparent plate or patch 21. Naturally, the spray he ad
4 can be provided with a single spray nozzle 43a or with

a plurality of spray nozzles 43a.
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Figures 4 and 5 show a second embodiment o©f the
optical proximity sensor 5 of the dnvention. This
embodiment essentially uses the same elements as the
preceding embodiment, and therefore only the differences
are described in detail below. .

In this example, the printed circuit 12 has as its
backing a flexible backing strip that can be in form of a
flexible sheet of a plastics material with the conductive
tracks 13 formed on the second face 12b.

Light-emitting and light-receiving elements (14, 15)
are fastened to the printed circuit backing strip 12 and
are electrically connected to the conductive tracks 13.
As in the preceding embodiment, the second face 12b is
positioned against the intermediate part 16, and more
precisely fastened by adhesive bonding against the rear
face (not referenced) thereof. Mounting the 1light-
emitting and the light-receiving elements (14, 15) on the
printed circuit strip 12 guarantees that said elements
are positioned properly relative to one another, and
fastening the printed circuit strip against the
intermediate part 16 guarantees that the directions of
said elements are fixed, due to the rigidity of said
intermediate part. Like the first embodiment, the second
empbodiment thus makes it possible =£or the distance
relative to the given medium 8 to e evaluated with
precision. In addition, the strip forxrming the backing
for the printed circuit 12 is small in thickness, and the
spray head 43, also mounted against the first face 12a,
is closer to the outlet of the spray channel formed by
the holes (18, 19, 20) through the parts of the sensor 5.
The use of a printed circuit strip 12 also offers the
advantage of Dbeing able to establish an electrical
connection between the sensor and the processor unit 6,
by means of a tab 12c integrally formed with the printed

circuit, and which can be curved back along the inside

wall 23 of the tubular body of the instrument towards the

rear end 2b thereof.
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The light-emitting element 14 is analogous to the
light-emitting elements of the first embodiment, but it
presents the property of emitting a directional infrared
beam, so that it is not necessary to dispose optical
means facing said element 14 in order to focus the 1light
onto the given medium 8.

It should be noted that, in this embodimemt, no
protective means cover the recess 16a in which the 1light-
emitting element 14 1is received, since the depth o©f the
recess and the directional nature of the diode used limit
the risks of said diode being damaged. But, it is
naturally possible to provide an optical part for f£orming
protective means for protecting the light-emitting
element 14.

For this second embodiment, two light-receiving
elements 15 are prowvided on the printed circuit strip 12,
and are disposed substantially opposite each other about
the hole 18 so as to space apart the light-receiving
elements 15. The <xrecesses 16b, each of which receives
one of the two light-receiving elements 15, are covered
by a one-piece optical part 21. The one-piece part 21
forms protective means for all of the light-receiving
elements 15 of the sensor. In this way, it is possible
to avoid one of the 1light-receiving elements being
damaged or having its frequency disturbed by any debris
that might become lodged in the recesses 16b, and thus to
avoid the electrical signal transmitted by the 1light-
receiving means to the processor unit 6 not matchimng the
light reflectedvby the given medium 8. As 'Lh the
preceding embodiment, the protective means 17 have
optical properties adapted to the wavelength of the 1light
emitted by the light-emitting element 14 in order to
focus the reflected 1light towards the corresponding
light-receiving element. More particularly, in said
second embodiment, the one-~piece part 21 forming the
protective means 17 1is made of a transparent rigid
plastics material, and it has facets (2le, 21f), each of
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which covers a respective one of the recesses 16b
receiving respective ones of the light-receiving el ements
15. Each of the facets (2le; 21f), which are plane in
this example, acts as a prism. But said facets cowuld be
concave or convex. The facets (2le, 21f) can be of equal
focal length corresponding substantially to the distance
at which the liguid is to be sprayed. But prefezrably,
the focal length f1 of facet 2le is slightly dif ferent
from the focal length f2 of facet 21f. The signals sent
to the processoxr wunit by each of the 1light-receiving
elements are thus different for the same received
reflected beam. The difference between said signals can
be used advantageously by the processor unit 6 in order
to increase the precision of the distance evaluation over
a given distance range, and 1in particular ovex the
distance range within which it 1s desirable to cause
liquid to be sprayed onto the given medium 8. For
example, it is possible to choose the first focal Idength
fl to be close to the minimum distance at which the
liquid is sprayed and to choose the focal distance £f2 to
be close to the maximum distance beyond which no diquid
must be caused to be sprayed. The processor unit 6 is
then adapted, by addition and/or subtraction o®£ the
signals received from each of the 1light-receiving
elements 15, to ewvaluate whether the distance between the
given medium 8 and the spray head 43 corresponds to the
center of the desired range, or whether said distamnce is
close to the allowed maximum distance or to the allowed
minimum distance. Determined precision is thus obtained
over a relatively wide distance range, and not merely
around a single nominal distance as is obtained when
protective means are used that focus the light
identically for each of the light-receiving elements 15.
It should be noted that, for the second embodiment,
the intermediate part 16 is provided with a projection 25
projecting from the front surface 16c of said part. Said

.projection 25 is formed integrally with the part 16 and
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it forms a 1light barrier between the light-emitting
element 14 and the 1light-receiving elements 15.
Anomalies have been observed in distance evalua tion when
the dimensions of the optical sensor are so smmall that
the spacing between the 1light-emitting and the 1light-
receiving elements (14, 15) is about one millimeter. By
forming a light barrier by means of the projection 25,
such anomalies are considerably reduced. In addition to
the walls of the recesses (l16a, 16b), the proj ection 25
forms a light barrier that prevents a fraction of the
light emitted by the light-emitting element(s) 14 from
being received by the 1light-receiving elements 15 in
almost direct manner by diffusion and/or reflection
inside the optical sensor 5 itself, and in part icular in
the protective means 17. The fact that the proj ection 25
is formed integrally with the intermediate part 16
reduces the number of components of the sensor. But, it
can be advantageous, in a variant embodiment (not shown),
to form the barrier 25 by means of a separate part,
optionally made of material different from the material
of the intermediate part, in order to improve the extent
to which the light diffusion is stopped.

The light barrier formed by the projection 25
extends along a chord of the optical sensor that is
substantially disk-shaped, and thus subdivides the front
face 1l6c of the intermediate part 16 into a first zone
into which the recess 16a that receives thie 1light-
emitting element 14 opens out, and a second zone into
which the recesses 16b that receive light—receiving
elements 15 open out. The projection 25 thus forms
single barrier between the two types of element, namely
the light-emitting type and ﬁhe light-receiving type.
But, in a variant, it is quite possible to provi.de one or
more barriers that extend to greater or lessexr extents
between the outlet of a recess 1l6a receiving a light-
emitting element 14 and the outlet of one or more
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recesses 1l6b, each of which receives a light-receiving
element 15.

For the same reason, it is also preferadble for the
one-piece part 21 that constitutes the protective means
17 to cover the 1light-receiving elements 15 only, or
alternatively, to cover the light-emitting elements only.
In the embodiment shown, the one-piece part 21 covers all
of the light-receiving elements 15, but, in a variant, it
could cover some of them only. Naturally, the protective
means 17 can comprise a plurality of one-piece optical
parts, but, it is then preferable for one of said parts
that covers the light-emitting element(s) 14 mot to cover
one of the light-receiving elements 15 as well, and vice
versa.

The optical proximity sensor 5, as imp lemented in
one of the above-described embodiments, 1is disposed at
the end 2a of the liquid-jet instrument, and said sensor
is connected via the first or the second face (12a, 12b)
of the printed circuit to the processor unit & which, for
example, is adapted to activate the spray head 43 of the
spray system 4 when the distance between +the optical
proximity sensor 5 and the medium is evaluated as being a
suitable distance for enabling droplets of liguid 7 to be
sprayed onto the writing medium 8. Conversely, if the
distance evaluated by the optical sensor does not lie
within a range of predetermined distances, the processor
unit 6 can then be adapted not to activate or to stop
spraying of droplets 7. "

As can be seen in Figure 1, the tubulax element 2
can also be provided with movement or displacement
detector means 40 for detecting movement or displacement
of the 1liquid-jet instrument. Such movement or
displacement detector means 40 for detecting movement or
displacement of the liquid-jet instrument can, by way of
example be formed by an accelerometer 40 connected
directly to the processor unit 6 and that can be disposed

’anywhere inside said tubular element 2. By way of
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example, the accelerometer can be disposed at the end 2b
of the tulbular element so as to be subjected +to the
movements tthat have the largest amplitude when the user
is using the liquid-jet implement.

When the 1liquid-jet or writing instrument 1 is
provided with displacement or movement detector means 40,
the processor unit 6 can then be adapted to activate the
liquid spray head 43 firstly when the optical proximity
sensor 5 evaluates or determines that the ddistance
between it and the writing medium 8 1lies within a
suitable distance range, and secondly when the
accelerometer 14 detects movement of the <ubular
element 2.

In which case, the writing instrument can opexate in
the same way as described in French Patent Application
FR 2 841 498, which also corresponds to International
Application WO 2004/002751 or to US Patent Application
US 2004/052569.

In addition, the optical proximity sensor 5 and the
processor unit 6 of the writing instrument 1 can be
adapted such that the processor unit 6 stores in a memory
the various measurements taken by the optical proximity
sensor 5. The processor unit 6 can, for example, be
adapted to cause the optical proximity sensor 5 to
perform distance evaluation or measurement opezrations
that are repeated at predetermined time intervals. For
example, said time intervals could 1lie in the range
1 millisecond to 0.1 milliseconds so that the processor
unit 6 can compare the various measured distance values
in order to determine whether a difference in distance is
representative of the writing instrument being moved or
displaced xelative to the writing medium 8. In which
case, when the processor unit 6 determines that the
distance ewvaluated by means of the optical sensor 5 lies
within a suitable range, and that the writing ins trument
is being moved, by means of non-zero difference in

measured distances, the ©processor unit 6 can then
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activate and/or influence operation of the spray head 43,
e.g. by modulating the frequency and/or the amplitude of
the control signals sent to the spray head 43.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. An optical proximity sensor adapted to be mounted in
a liquid-jet instrument having a spray head for spraying a
jet of 1liquid, said optical sensor serving to evaluate a
distance between it and a given surface onto which the
liquid is to be sprayed; said optical proximity sensor
being characterized in that it comprises:

a printed circuit having a first face and a second
face on which at least one 1light-emitting element and at
least one 1light-receiving element are positioned, the
light-emitting and the 1light-receiving elements being
adapted to make it possible to evaluate the distance
between them and the given surface;

an intermediate part that is mounted on the second
face of the printed circuit, and that is provided with at
least two through recesses in which the light-emitting and
the 1light-receiving elements of the printed circuit are
received; and

protective means that cover at least one of the two
through recesses, the protective means presenting optical
properties adapted to the wavelength of the light used by
the light-emitting and the light-receiving elements so as
to enable the light to be focused; and

in that the printed circuit and the intermediate part
are provided with through holes which are mutually
superposed to form a passageway serving to enable the

liquid to be sprayed from the liquid spray head.

2. An optical sensor according to Claim 1, in which the

printed circuit comprises a rigid board disposed against
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the intermediate part, and conductive tracks preferably

formed on the first face of the printed circuit.

3. A sensor according to Claim 1, in which the printed
circuit 1is a flexible strip that 1is secured ¢to the
intermediate part, and that is provided with conductive
tracks preferably formed on the second face of the printed

circuit.

4. A sensor according to Claim 2 or Claim 3, in which
the conductive tracks are adapted to power the
light-emitting and the 1light-receiving elements, and to
convey the signals from said at least one light-receiving

element to a processor unit.

5. A sensor according to any one of the preceding
claims, in which the printed circuit and the intermediate

part are fastened together by adhesive bonding.

6. A sensor according to any one of the preceding
claims, in which the intermediate part and the protective

means are fastened together by adhesive bonding.

7. An optical sensor according to any preceding clainm,
in which the second face of the printed circuit is provided
with a plurality of 1light-emitting and 1light-receiving
elements, in which sensor the intermediate part is provided
with a plurality of through recesses in which the plurality
of light-emitting and light-receiving elements are
received, and in which the protective means cover said

plurality of recesses.
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8. A sensor according to any one of the preceding
claims, in which the protective means are in the form of a

transparent plate.

9. A sensor according to Claim 8, in which the
transparent plate is obtained directly by overmolding a

transparent material on the intermediate part.

10. A sensor according to any one of the preceding
claims, in which a refractive matching material is disposed
between the protective means and the light-emitting and
light-receiving elements, in order to minimize refractive

index discontinuities.

11. A sensor according to Claim 10, in which the
refractive index matching material is made of a rubber

based on silicone.

12. A sensor according to any one of the preceding
claims, in which the protective means cover said at least
one through recess in which said at least one
light-emitting element is received, said protective means
presenting optical properties adapted to the wavelength of
the light used in order to enable the emitted light to be

focused onto the given surface.

13. A sensor according to any preceding claim, in which
the protective means cover said at least one recess in
which said at 1least one 1light-receiving element is
received, said protective means having optical properties

adapted to the wavelength of the light used in order to
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enable the received, light to be focused towards said at

least one light-receiving element.

14. A sensor according to Claim 13, having at least two
light-receiving elements, in which the protective means
have a first zone adapted to focus the received 1light
towards said at least two light-receiving elements in a
first manner, and a second zone adapted to focus the
received 1light towards the other of said at least two
light-receiving elements in a manner different £from the
first manner, and so that the light received by each of

said at least two elements has different characteristics.

15. A sensor according to Claim 14, in which the first
and second zones of the protective means are respectively
first and second facets presenting profiles that are

different.

16. A sensor according to any one of the preceding
claims, in which a light barrier is arranged between said
at least one light-emitting element and said at least one

light-receiving element.

17. A sensor according to Claim 16, in which the
intermediate part has a front face which is on the opposite
side from its face facing the printed circuit and in which
the through recesses open out, and in which sensor the
light barrier comprises a projection arranged on the front
face of the intermediate part between the outlet of a
recess in which said at least one light-emitting element is
received and the outlet of a recess in which said at least

one light-receiving element is received.
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18. A sensor according to Claim 17, in which the
projection extends across the front face and subdivides
said face into a first portion in which all of the recesses
receiving light-emitting elements open out, and a second
portion in which all of the recesses receiving

light-receiving elements open out.

19. A sensor according to any one of the preceding
claims, in which the protective means comprise at least one
one-piece part, said one-piece part covering only those
recesses which receive 1light-emitting elements, or only

those recesses which receive light-receiving elements.

20. A sensor according to any one of the preceding
claims, in which the protective means are provided with a
through hole superposed on the through holes in the printed

circuit and in the intermediate part.

21. A sensor according to any one of the preceding
claims, in which the recesses in the intermediate part have
walls shaped to optimize the guiding of the light emitted
by said at least one light-emitting element and/or received

by said at least one light-receiving element.

22. A liquid-jet instrument comprising:
a liquid spray head;
a processor unit; and
an optical proximity sensor according to any

preceding claim.
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