PROXIMITY SENSOR The present invention relates to an electronic proximity sensor. Electronic
proximity sensors with electric or electronic circuits that can be influenced capacitively from outside,
such as for example oscillators, have been known for a long time (see DE 2744785). Generally
speaking, by moving an object close to the surface of the sensor, the capacitance of at least one
element of the circuit is changed. This causes changes in the electric behavior of the circuit. For
example, in an oscillating circuit, the frequency can be changed. Such a change of frequency can be
detected and interpreted as a switching signal. In particular, the modern automotive industry
increasingly makes use of multifunctional surfaces that can also be used as sensor surfaces. The
trend in this respect is moving away from classical switches or pushbuttons for controlling functions
towardsFdeRedMelenerteéRat are directly integrated into synthetic surfaces. The latter can, as
described by way of example above, detect by means of capacitive evaluation whether a finger is
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tn particular, the modern auiomaotive industry increasingly makes use of multfunctiona
surfaces that can also be used as sensor surfaces. The trend In this respect is moving
away from classical switchas or pushbuttons for controliing funclions lowards sansor
elemeants thal are directly integrated into synthetic surfaces. The latler can, as described by
way of exampie above, detect by means of capacitive evaluation whether a finger is moving
closer to the sensor surface and thus whether swiiching functions must be executed. The
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retevant technology of sensor query is well known and also technically developed.

The sensor elements in such cases He below the decorative surfaces and can thus quile
easily be integrated for example in the synihelic surfaces of an automobile interior. A
considerable problem is however currently that the decorative surfaces over the sensor-

active surfaces should mostly have a metallic appearance.

The metallic costing of synthelic surfaces is a known technigue that howeaver has the great
disadvantage of the metallic coatings in the surface being conductive and thus, under the

decorative surfacs, of capacitive sensing of the signal being no longer possibia.

The problem can thus be described as follows: on the one hand, there is a reguest for
synthetic surfaces with a meatallic gloss, which on the other hand do not shield the

capacitive sensors lying undermneath. The nature of the problem poses particular challenges



in that the metallic surfaces are characterized both by their degree of gloss and by their shade of color
(iCiEr lab values). It is thus the aim of the present invention to overcome or at least alleviate the
problem described above. According to the invention, the aim is achieved in that the decorative
surface of a capacitive proximity sensor is coated with a thin semiconductor layer, the thickness of
which is preferably between 10nrn and 100nm. Silicdn is particularly suited for this purpose. This
coating can be applied by means of physical vapor deposition (PVD), Tightness, and thus preferred
layers, can be achieved by means of a magnetron sputtering process. The invention will now be
described in more detail on the basis of examples. According to a first embodiment of the present
invention, a silicon layer with a thickness of 35nrn (Le. within the IOnm to 100nrn thickness range) is
depositéd B semicsnalietoriages sifothe stitace oFdlcdpatifiie prosimity ders e diP8rdét to smooth
any potential-surtage structies..a pamer (UV acryl lacquer) is first applied onto the surface. After
applying the Si-layer by means of magnetron sputtering, a top layer (UV acryl lacquer) is applied in the
presentggxa{ggle?;or addit;,qp_gl é)_rot.ecgii_on, é)f_;g[lg ;Qipéi;lggg(;l;hi&&sglg Eiq{ .%t%héi}sh to gﬁﬁlg!gwish
metallica}‘IfS“/Q’ shlr%rﬁgr?ﬁ%’; SUrthes THARKS B the low Slectric confucﬁvﬁy ofsilicon, the €ensor is not
shieldedietectrieallyoresp. capacitively. According to a second embodiment of the present invention,
the semiconductor layer is executed as a layer system. This can for example be structured as

alternating layen system with-a SemiconAuCior: 68,31 andA dielectic.e.g. S102.1he totahthickness of

the Si-layers should in this case again be in the range between IOnm and 100nm. In order to achieve
the desiFEerFaRSiSSion aradEfettibrP i aGE Rt R Vikibld Tange'sTthe Ypectrir of
electromagnrelic (aysy.performance-enhancedptimizationprogramsifor eptical thinfikas ane
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therefore"Gsietat iR the freseit €488, 93 Iechraing'to S thircPEmbodiment 6F the preséft ifivention,
Germaniupfcis used,as: semicanductoranateriat fortbecoaling:tthis:coating.camalsa be executed as
an individual thin monolayer with a thickness of IOnm to 100nm or as an alternating layer system with
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order to achieve the desired effects.
Agcording fo a first embodiment of the present invention, a silicon layer with a thickness of
35nm {i.e. within the 10nm to 100nm thickness range) Is deposited as samiconducior layer
onto the surface of & capacitive proximity sensor. In order 1o smooth any potential surface
structures, a orimer (UV acryl izcouer) is first applied onlo the surface. After applying the
Si-layer by means of magnetron sputtering, a top layer (UV acryl lacquer) is applied in the
present example for additional protection of the thin Si-laver. This resulis in a bluish o
veliowish metallically shimmering surface. Thanks o the low eleclric conductivity of silicon,

the sensor is not shielded electrically resp. capacitively.

Agcording to a second embodiment of the present invention, the semiconductor layer is
exacuted as a laver system. This can for example be structured as alternating layer system
with & semiconductor, e.g. 8i and a dielectric, e.g. Si02. The total thickness of the Si-Hayers
should in this case again be in the range belwean 10nm and 100nm. In order to achisve
the desired transmission and reflection characteristic in the visible range of the spectrum of
alectromagnetic rays, performance-aenhanced optimization programs for optical thin-films
are nowadays avaliable to the one skilled in the art. A mors in-depth explanation in this

respect is therefore eschewed In the present case.



The three embodiments have been described in the present case \Nith primer. Such a lacquer layer,
which is placed between the PVD layer and the substrate, can be called a hasecoat. If desired, it is
possible to do without this basecoat. An electronic proximity sensor with a sensor element placed
below a decorative surface has been described, whose decorative surface is coated with a thin
semiconductor layer. In the frame of this description? a semiconductor layer designates a layer
comprising at least one semiconductor. The semiconductor layer preferably has a thickness between
10nm and 100nm. Preferably, the semiconductor layer comprises silicon as semiconductor material.
Even more preferably, the semiconductor layer consists of silicon. The semiconductor layer can be a
component of a layer system comprising at least one further layer, which is preferably an interference
layer syStemiihe atfeastionsloiendayer dan besesio2/ayer Thelaysr systenteartpreferably be an

alternating layer system. Between #he componentforming the. deconative surfage.and, theyiq z)

g

semiconductor layer, it is possible to proﬁvide an intermediary layer comprising a polyrrJer layer that
preferabiy coisists GF AV hEFGEREEH &EqUEF it §s POSSTbIE ﬁﬁﬁ%@@@“@%ﬁ%gﬁrﬂ” OSEyEF agEhst the
environment,a polymer ceatings which prefarably.gopsists, of-addVrhardened-Hower, The electronic

proximity sensor can constitute a proximity circuit. A method for producing an electronic proximity
sensor RAS B&ER de8eribdd CRaRifg The' §tps 6f- SHBRAdMG Af-electronic proximity sensor having a
decorative surface coating the decorative surface with a semiconductor layer, the thickness of which
is betweéer: 10rrd and:d00meniawhereinethe coatifigeis iachieved:byimeansvafiavasum prosess. The
vacuum, pragese s preferably BEND AR A YR DEOLRRS o CIAMS. pof-uHleclionic pLguimily sensor
with a sensor element place élow a decorative sur ace, characterized in that the decorative surface
is coatebasithca thin‘semicondadtorfayeric co without this basecoal.

Arn electronic proximity sensor with a sensor element placed below g decorative surface
has been dascribed, whose decorative surface is coated with g thin semiconductor layer. In
the frame of this description, a semiconductor layer designates a layer comprising at lsast
one semiconductor. The semiconducior layer oreferably has a thickness betwaen 10nm
and 100nm, Preferably, the semiconductor layer comprises silicon as semiconducior

matertal. Even more preferably, the semiconductor layer consists of silicon.

The semiconductor faver can be a component of a layer sysiem comprising at least one
further layer, which is preferably an interference layer sysiem. The at least one other layer

can be a 310, laver. The layer systern can preferably ba an allernating layer system.

Betwesn the component forming the decorgtive surface and the sericonductor layer, itis

i

possible to provide an intermediary layer comprising a polymer layer that preferably
consists of a UV-hardenead lacquer. [t is possible 1o provide as a sealing layer against the
environment a polymer coating, which preferably consists of a UV-hardenad lacquer. The

slectronic praximity sensor can constitute a proximity circuit.

A method for producing an electronic proximity sensor has been described, having the
steps of:

- providing an electronic proximity sensor having a decorative surface

- coating the decorative surface with a semiconductor layer, the thickness of which is
between 10nm and 100nm, wherain the coating is achisved by means of a vacuum

process. The vacuum process is preferably a PVD andfor a CVD process,



2. Electronic proximity sensor according to claim 1, characterized in that the thickness of the
semiconductor layer is between IOrrim and 100nm. 3. Electronic proximity sensor according to one
of the claims 1 and 2, characterized in that the semiconductor layer comprises silicon as
semiconductor material, 4. Electronic proximity sensor according to claim 3, characterized in that
the semiconductor layer consists of silicon. 5. EKectronic proximity sensor according to one of the
preceding claims, characterized in that the semiconductor layer is a component of a layer system
comprisii at least one further layer, which is preferably an interference layer system. 6. Electronic
proximity sensor according to claim 5, characterized in that the at least one other layer is a Si02 layer.
7. Electronic proximity sensor according to claim 5 or 6, characterized in that the layer system is an
alternating:lagfer system. 8. Electronic proximity sensor according to one of the preceding claims,
characterized in that between the component forming the decorative surface and t be semiconductor

layer, an intermediary bayesisprovided whichiconaprises @-polmerlayerthatpreferabhyiconsists of a

uV- hardened Iacguer
surface, characterized in that the dacorative surface is coated with a thin semiconductor

2. Electronic proximity sensor according to claim 1, characterized in that the

thickness of the semiconductor laver is between 10nm and 100nm.

3. Electronic proximity sensor according to one of the claims 1 and 2, characterized

in that the semiconductor layer comprises silicon as semiconducior material,

4, Electronic proximity sensor according to claim 3, characterized in that the

semiconductor layer consists of siiicon.

5. Electronic proximity sensor according to one of the preceding claims,
characterized in that the semiconducior layer is a component of 2 laver system comprising

at least one further layer, which is preferably an interference layer system.

6. Electronic proximity sensar according to claim §, characierized in that the at least

one other layer is a SI02 |aver

7. Electronic proximity sensor according to claim 5 or 6, characterized in that the

layer system is an allernating layer system.

8. Flectronic proximity sensor according fo one of the preceding claims,
characierizad in that between the compenent forming the decorative surface and the
semiconductor laver, an intermadiary layer s provided which comprises a polymer layer

that preferably consists of a UV-hardened lacquer.

9. Electronic proximity sensor according to one of the preceding claims,
characterized in thatl as a sealing laver against the environment a polymer coaiing is

orovided which preferably consists of & UV-hardened lacquer.



9. Electronic proximity sensor according to one of the preceding claims, characterized in that as a
sealing layer against the environment a polymer coating is provided which preferably consists of a
UV-hardened lac 5  10. Proximity circuit with: an eiectronic proximity sensor according to one of the
preceding claims,  11. Method for producing an electronic proximity sensor, having the steps of:
providing an electronic proximity sensor having a detorative surface coating the decorative surface
with a semiconductor layer, the thickness of which is between |IOnm and 100mm, wherein the coating
is achieved by means of a vacuum process.  12. Method according to claim 11, characterized in that
he vacuum process is preferably a PVD and/or a CVD process.

10, Froximily circult with an electronic proximity sensor according to one of the

preceding claims.

11, Method for producing an slectronic proximity sensor, having the sieps of:
- providing an electronic proximity sensor having a decorative surface
- coating the decorative surface with g semiconducior layer, the thickness of which is
hetween 10nm and 100nm, wheraln the coating is achieved by means of a vaouum

DrOCess.

12. Method according io claim 11, characierized in that he vacuum process s

preferably a PVD andfor a CVD process.



