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(57) ABSTRACT

A covering cap, in particular for placing on a skin analyzer,
contains an end wall bounded by a circumferential edge, and
a circumferential wall adjoining the circumferential edge of
the end wall. At least one part of the covering cap has a
thickness that is less than a thickness of the circumferential
wall in a portion of the circumferential wall that lies in the
region or end of the circumferential wall remote from the end
wall. The end wall is of a gas-permeable configuration.
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COVERING CAP AND MEASURING DEVICE

[0001] The invention concerns a cap, in particular to be
placed on a skin analysis device according to the generic
terms of claim 1. The invention further concerns a measuring
device, in particular for skin analysis, according to claim 15.
Moreover, the invention concerns method for producing a cap
according to the generic terms of claim 23.

[0002] The background of the invention is the use of caps,
also known as ‘hygienic caps’, to cover sensors of a measur-
ing device. Caps are necessary for the clean—sterile or non-
sterile—measurement of persons, animals, or materials with-
out contaminating the sensor or measuring device covered by
the cap. Such caps are used in the prior art, e.g., in an infrared
thermometer, whereby the infrared sensor is covered to pro-
tect it from contamination. The use of caps serves to avoid
transmitting diseases to other persons or parts of the body.
[0003] However, caps available from the prior art have
numerous disadvantages. On the one hand, there is the prob-
lem that prior-art caps require substantial space and are dif-
ficult to fold. Additionally, there is the problem of the
hygienic handling of caps and obtaining an optimal fit, in
particular tensioning the cap in order to allow the sensitive
part of a measuring device. There is also the problem of
disposing of a cap without touching it.

[0004] It is known from the prior art that hygienic caps are
made of the most even material with the most even possible
thickness, preferably polyethylene or polypropylene,
whereby the area of the surface of the respective cap is
thinned by means of a microtone meter or laser in the frontal
wall area, which is penetrated by the infrared beam charac-
terising the respective temperature.

[0005] Additionally, the surface in the area of the frontal
wall may also be thinned by extruding a melt with subsequent
insertion of a film. The caps obtained in this manner are quite
stiff, which makes it difficult, on the one hand, to tighten the
caps around the measuring device, whilst making it impos-
sible to save space when recycling by folding or compressing
it onto a flat object.

[0006] Thus, the objective of the invention is to provide a
cap that advantageously covers the measuring device and
optimally adapts to the shape of the measuring device, and
that allows for easy, low-volume disposal. The invention
achieves this in a cap of the aforementioned type by means of
the distinguishing characteristics of claim 1.

[0007] Another objective of the invention is to provide an
advantageous method for producing a cap. The invention
achieves this in a method of the aforementioned type by
means of the distinguishing characteristic of claim 23.
[0008] Furthermore, the invention seeks to provide a mea-
suring device allowing for advantageous, no-touch disposal
with a cap according to the invention. The invention achieves
this in a measuring device of the aforementioned type by
means of the distinguishing characteristics of claim 15.
[0009] According to the invention, in a cap, in particular for
placement on a skin analysis device, comprising a lateral wall
delimited by a circumferential edge, as well as a jacket wall
attached to the circumferential edge of the front wall, it is
provided for the front wall to be gas-permeable.

[0010] A particular further development of the invention
provides for the jacket wall to have at least one circumferen-
tial section, the thickness of which is less than the thickness of
the jacket wall in the section of the end of the jacket wall
facing away from the front wall. This measure provides a
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certain degree of flexibility in the area of the circumferential
section, allowing for optimal adaptation of the cap to the
respective measuring device.

[0011] Generally, in any type of cap, in particular all afore-
mentioned further developments of the invention, it is advan-
tageous for the front wall to have a thickness, at least in one
place, of less than 100 pm, preferably between 0.1 pm and 20
wm, in particular between 5 pm and 10 um. This makes 1t
possible to provide a front wall through which gases may
diffuse and a cap is possible to protect the sensor from harm-
ful substances without compromising the overall functional-
ity of the measuring device, because the configuration of the
front wall allows the substances being measured to diffuse
through that wall.

[0012] Inparticular, it may be provided for the front wall to
have, in particular, a constant thickness. This allows for par-
ticularly exact measurements.

[0013] To increase the stability and resistance of the cap, it
may be provided for a base wall continuing the jacket wall on
the end facing away from the front wall, in particular in a
singlepiece, and preferably runs outward from the jacket wall
parallel or at an angle of no more than 10° to the front wall,
whereby the base wall is preferably radial in shape and has, in
particular, an outer radius between 2 mm and 50 mm and/or
an inner radius between 1 mm and 45 mm, and/or a width of
0.5-35 mm.

[0014] A particularly advantageous adaptation to measur-
ing devices with an ejection device or element provides that
the jacket wall in the area of the circumferential edge of the
front wall protrudes outward at an angle of 20°-95°, in par-
ticular 60°-80° to the front wall, whereby the jacket wall
expands, in particular conically.

[0015] An advantageous aspect for the connection of the
cap to a measuring device provides for the cap has locking
recesses and/or locking protrusions on the end of the jacket
wall facing away from the front wall for removable attach-
ment to a measuring device, and/or in particular the individual
locking recesses and/or protrusions each have the same nor-
mal distance from the front wall and/or are distributed evenly
in the circumferential direction of the jacket wall, and/or
whereby the total number of locking recesses and/or protru-
sions is two or four, and/or in particular the locking recesses
and/or protrusions to protrude away from the jacket wall at an
angle of 5°-40° and/or no more than 2 mm, in particular no
more than 0.3 mm or penetrate into it. This additionally
allows the cap to be simply and automatically removed from
the measuring device.

[0016] Another preferred aspect of the invention provides
for the front wall to be penetrable by radiation, vapour, mois-
ture, particles, and/or light, and/or to have a number of—in
particular vapour- or gas-permeable—microholes. This
allows the cap thus formed to be used in numerous different
measuring devices.

[0017] A particularly adaptable, robust, and resistant fur-
ther development of the invention provides for the cap to be
produced of coordinated materials and/or in one piece, in
particular of a thermoplastic or plastically deformed or
deformable polymer, preferably one of the following materi-
als or a mixture thereof:

[0018] PETG (Polyethylene terephthalate Glycol),
[0019] PP (Polypropylene),

[0020] PE (Polyethylene),

[0021] PC (Polycarbonate),

[0022] PVC (Polyvinyl chloride),
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[0023] PS (Polystyrene),

[0024] ABS (Acrylonitrile butadiene styrene),

[0025] HDPE (High Density Polyethylene),

[0026] LDPE (Low Density Polyethylene),

[0027] PET (Polyethylene terephthalate),

[0028] PMMA (Polymethyl methacrylate),

[0029] ECOTERM S 900 T1,

[0030] PETG/Copolyester 67639,

[0031] whereby the material of the cap (10), in particu-
larly additionally, contains one or more of the following
components:

[0032] Additives,

[0033] Stabilisers

[0034] Colourants

[0035] Fillers

[0036] Reinforcing materials

whereby, in particular, the material of the cap has a colourant
and the front wall is configured so as to be opaque or absor-
bent to certain, in particular visible, wavelengths.

[0037] A cap thatis particularly easy to produce and allows
for simple folding or collapsing provides for the thickness of
the jacket wall to increase from the front wall to the end of the
jacket wall that is farthest from the front wall, in particular
over part of the jacket wall, and preferably continuously.
[0038] A cap that is particularly robust in the area of the
front wall, allowing easy handling during placement on the
measuring device, provides for the jacket wall to have a first
thickening section near the front wall, in particular following
from the circumferential edge, in which the thickness of the
jacket wall exceeds the thickness of the front wall, for the
jacketwallto have an intermediate section following from the
first thickening section, whereby the thickness of the jacket
wall in the intermediate section is less than the thickness of
the jacket wall in the first thickening section, for the jacket
wall to have a second thickening section following from the
intermediate section and extending until the end of the jacket
wall that is farthest from the front wall, and

for the thickness of the jacket wall to be greater in the second
thickening section than the thickness of the jacket wall in the
intermediate section.

[0039] Simple production is made possible by the fact that
the thickness of the jacket wall, in particular in the axial or
radial direction, has a course that is continuous over the jacket
wall and free of kinks or edges, and/or its thickness is con-
sidered to be the respective average thickness in the respective
section of the jacket wall, and/or that the jacket wall, in
particular with the exception of the area of the locking pro-
trusions and/or recesses, to be rotationally symmetric.
[0040] Particularly advantageous configurations and fur-
ther developments of the invention provide for the thick-
nesses of the first thickening section, the intermediate section,
and the second thickening section to have the following ratio:
2<d,:d,<5 and/or 2<d,:d,<5 and/or 0.8<d,:d;<1.25

and/or for the thicknesses of the first thickening section, the
intermediate section, and the second thickening section to be
set as follows:

150 pm<d, <250 pm and/or 50 pm<d,<100 um and/or 150
pum<d,<250 pm. This results in a particularly advantageous
cap that is particularly stable and robust in its terminal area
farthest from the front surface, has increased stability in the
area of the front surface, and has good elasticity and com-
pressibility in the intermediate area between the two thicken-
ing areas.
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[0041] A particularly advantageous selection of the indi-
vidual heights of the thickening sections, as well as the inter-
mediate section, provides for the following ratio between the
height of the first thickening section, the height of the inter-
mediate section, and the height of the second thickening
section:

[0042] 0.2<h;:h,<0.6 and/or 0.8<h;:h,<1.25 and/or

0.2<h, :h;<0.6.

[0043] To cover typical measuring devices, it is advanta-
geous in many cases for the jacket wall to have a height of 2
mm-80 mm, and/or for the ratio between the height and the
maximum dimension, in particular the diameter or diagonal,
of the front wall (1) to be between 0.01 and 55.
[0044] Inorderto allow for particularly gentle measuring of
the object or person being measured, it may be provided for
the front wall to be circular, and in particular to be 1-50 mm
in diameter, or for the front wall to be square or rectangular
and whereby the lateral edges of the front wall are between 2
and 40 mm in length.
[0045] Additionally, the invention concerns a measuring
device, in particular for skin analysis, which can be covered
with a cap having locking recesses and/or protrusions. In
particular, the measuring device can be covered with a cap
according to the invention and locked together with it. The
measuring device comprises a housing and a sensor contained
therein, whereby the housing has a conically tapering com-
ponent with a front surface, on which a number of locking
recesses and/or protrusions is provided to lock together with
the locking recesses and/or protrusions of the cap, in particu-
lar such that, when locked, the front wall abuts the front
surface of the cap. With this measuring device, it is quite easy
to dispose of caps hygienically and simply by throwing or
shooting the cap into a dedicated container. In particular, it is
not necessary to touch the cap in the area that was in contact
with the object or life form to be measured during the mea-
surement.
[0046] According to anadvantageously structured configu-
ration for the ejection of the cap, an ejection element is
provided that is arranged in the end of the housing component
that is farthest from the front wall, and that is farther away
from the front wall than the locking recesses and/or protru-
sions, whereby the ejection element is configured to push a
locked cap by applying pressure to the cap in the direction of
the front wall, and/or whereby the ejection element is
mounted on the housing so as to be movable in the direction
of the front wall.
[0047] In order to obtain a defined ejection and disposal of
the cap with the measuring device, it may be provided for a
lever extension to be attached to the ejection element or to
depart from the ejection element, or for the ejection element
to be connected with a lever extension, whereby the lever
extension is connected pivotably with the housing in its cen-
tral area, resulting in a two-arm lever, on one end of which the
ejection element is arranged, whereby the lever extension that
hinges on the housing presses the ejection element towards
the front wall when it swivels.
[0048] In order to allow for completely contact-free
removal of the cap from the measuring device, it may be
provided for an ejection element to be arranged in the end of
the housing component that is farthest from the front wall, and
that is farther away from the front wall than the locking
recesses and/or protrusions, for the ejection element to be
configured to push a locked cap by applying pressure to the
cap in the direction of the front wall, and/or for the ejection
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element to be mounted on the housing so as to be movable in
the direction of the front wall (22). This allows the cap to be
removed from the measuring device with no hand contact at
all; rather, it can be removed by actuating the ejection ele-
ment.

[0049] The ejection can be particularly simple if the ejec-
tion element is annular, in particular radially cylindrical and
surrounds the conically tapering housing component.

[0050] A particularly advantageous actuation of the ejec-
tion element provides for a lever extension to be attached to
the ejection element or to depart from the ejection element, or
for the ejection element to be connected with a lever exten-
sion, whereby the lever extension is connected pivotably with
the housing in its central area, resulting in a two-arm lever, on
one end of which the ejection element is arranged, whereby
an actuatoris provided, in particular on its other end, whereby
the lever extension that hinges on the housing, in particular by
applying force to the actuator, presses the ejection element
towards the front wall when it swivels.

[0051] To further improve operability and usability, it may
be provided for the ejection element and/or lever extension to
be subjected to a force or bias that pushes or pulls the ejection
element away from the front wall by a spring element.
[0052] For particularly simple and effective ejection of the
cap, it is provided for the individual locking recesses and/or
protrusions each to have the same normal distance from the
front wall and/or be distributed evenly in the circumferential
direction of the jacket wall, and/or for the total number of
locking recesses and/or protrusions to be two or four, and/or
for the locking recesses and/or protrusions to protrude away
from the jacket wall at an angle of 10°-30° and/or no more
than 1 mm, in particular no more than 0.5, and/or that two
locking recesses and/or protrusions are provided at the same
distance from a point in the area in which the lever extension
1s connected to the ejection element or departs from it.
[0053] A cap with a particularly thin front wall may be
produced by the method according to the invention. In this
regard, it is provided that: a) a polymer film, in particular a
film consisting of PETG (polyethylene terephthalate glycol)
is used as the raw material for a deep-drawing process, pref-
erably having a thickness between 0.04 and 0.5 mm, b) a
stamp with a number of separately movable substamps that
abut one another is pressed on the polymer film, whereby the
individual substamps are moved normally to the level of the
polymer film, and whereby the polymer film (31) is pressed
into a countermould by the pressure of the substamps and
deformed into a cap shape, ¢) the individual substamps of the
stamp are spaced apart from one another during or after step
b), whereby each of the substamps is moved radially outward
from the position of the stamp, thus forming a front wall in the
polymer film, in particular having a thickness of less than 100
pm, preferably between 3 pm and 20 wm, in particular
between 5 um and 10 um.

[0054] The invention uses a variation of a deep-drawing
method in order to obtain particularly thin wall thicknesses of
the front wall. In particular the rotary component of the moul-
ding of the caps allows for the formation of very thin walls.
[0055] To form caps with different jacket wall thicknesses,
it may be provided that, following step c), the substamps fare
removed from the cap shape formed, and another stamp with
an even front surface and an expanding stamp body is inserted
into the volume formed in the polymer film by the substamps,
whereby the polymer film is brought into a cap shape between
the additional stamp and a second countermould, whereby
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preferably the polymer film, the additional stamp, or the
second countermould is advanced after heating the polymer
film to a temperature between 50 and 90° C.

[0056] In order to obtain different wall thicknesses, it may
be provided that, to set the respective thickness of the jacket
wall originating from the front wall, the feed speed and/or
temperature of the substamps, the additional stamp, and/or
the temperature of the polymer film and/or the temperature of
the first and second countermould is set, whereby, to reduce
the wall thickness in the marginal area of the recess formed by
the additional stamp, the aforementioned temperatures and
the feed speed are increased, and whereby, to increase the
wall thickness in the marginal area of the recess formed by the
additional stamp, the aforementioned temperatures and the
feed speed are reduced.

[0057] A particularly advantageous cap, which can be col-
lapsed after use and advantageously removed from a measur-
ing device, may be produced by setting the temperature of the
additional stamp and/or the polymer film and the feed speed
of the additional stamp such that during a first feed period of
the additional stamp, a section of the jacket wall is formed
with a specified thickness, in particular 50-100 pum, and dur-
ing a second feed period, following the first feed period, of the
additional stamp, a section of the jacket wall is formed with a
specified thickness, in particular 150-250 um, that is thicker
than the thickness of the jacket wall formed in the first feed
period.

[0058] Advantageously, it can be provided that the wall
thickness is set during the first feed period of the additional
stamp to a value corresponding to between double and five
times the wall thickness of the jacket area formed during the
moulding of the front wall by the insertion of the substamps.
[0059] To produce caps with circular front walls, it may be
provided that the substamps are rotated spirally outward
along an outward expanding curve during their movement
away from their centre in step c).

[0060] A particularly adaptable, robust, and resistant fur-
ther development of the invention provides for the polymer
film to consist of a thermoplastic or plastically deformed or
deformable polymer, preferably one of the following materi-
als or a mixture thereof:

[0061] PETG (Polyethylene terephthalate Glycol),

[0062] PP (Polypropylene),

[0063] PE (Polyethylene),

[0064] PC (Polycarbonate),

[0065] PVC (Polyvinyl chloride),

[0066] PS (Polystyrene),

[0067] ABS (Acrylonitrile butadiene styrene),

[0068] HDPE (High Density Polyethylene),

[0069] LDPE (Low Density Polyethylene),

[0070] PET (Polyethylene terephthalate),

[0071] PMMA (Polymethyl methacrylate),

[0072] ECOTERM S 900T1,

[0073] PETG/Copolyester 67639,

[0074] whereby the material of the cap, in particular
additionally, contains one or more of the following com-
ponents:

[0075] Additives,

[0076] Stabilisers

[0077] Colourants

[0078] Fillers

[0079] Reinforcing materials
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whereby, in particular, the material of the cap has a colourant
and the front wall is configured so as to be opaque or absor-
bent to certain wavelengths.

[0080] To form characteristics, in particular locking
recesses, in the inner area of the lateral surface and the front
surface, it may be provided that, after partial or complete
moulding of the jacket wall, the substamps or the additional
stamp is retracted, and the moulded volume is subjected to
compressed air—in particular hated compressed air—and, if
applicable, is then inserted into the moulded volume to carry
out the next moulding step. whereby locking recesses are
formed in the inner lining of the jacket wall, in particular by
applying compressed air.

[0081] Inorder to remove the caps produced from the body
of the polymer film, it may be provided that, after the moul-
ding of the jacket wall, the remaining polymer film bordering
on the jacket wall is separated along a cutting line that is
selected, in particular, such that a part of the excess polymer
film remaining on the jacket wall is within the cutting line and
forms a base wall.

[0082] Inorder to determine the permeability of the film, it
may be provided for the polymer film, in particular after
moulding, to be heated for a specified period, in particular at
least 3 s, to a specified temperature between 30 and 120° C,,
in particular between 50 and 90° C., and/or for the substamps
and/or the additional stamp and/or the countermoulds used to
be heated before processing the polymer film to a temperature
between 30 and 120° C., in particular 50 and 90° C., and are
kept at such a temperature during processing.

[0083] In particular, in order to allow better diffusion of
substances through the front wall, provision may be made for
holes, in particular microholes or nanoholes, to be formed in
the front wall by means of a laser or a heated microneedle or
nanoneedle or by etching.

[0084] In order to allow for better diffusion of substances
through the front wall, it may be provided for holes, in pat-
ticular microholes or nanoholes, to be formed in the front
wall, in particular by means of a laser or a heated microneedle
or nanoneedle.

[0085] Several exemplary embodiments of the invention
will be discussed by reference to the following drawings.
[0086] FIG. 1a shows a cross section of a first embodiment
of a cap according to the invention. FIG. 15 shows a side view
of the cap of FIG. 1a.

[0087] FIG. 2 shows a cross section of a cap according to a
particularly simple embodiment of the invention.

[0088] FIG. 3 shows a measuring device according to the
invention.
[0089] FIG. 4 shows a measuring device according to the

invention with a cap on. FIG. 4a shows the ejection of the cap
from the measuring device.

[0090] FIG. 5 shows a polymer film with which the cap is
formed. FIG. 5a shows the front surface of the stamp and its
substamps.

[0091] FIG. 6 shows the substamps pressing into the poly-
mer film.
[0092] FIG.7shows the expansion of the substamps and the

formation of the front surface of the cap. FIG. 7a shows the
movement of the substamps to form a rectangular front sur-
face. FIG. 7b shows the movement of the substamps to form
a circular front surface.

[0093] FIGS. 8 and 9 show the formation of jacket wall
sections of differing thicknesses in the cap.

May 7, 2015

[0094] FIG. 10 shows the finishing of the cap by separating
it from the polymer film.

[0095] FIG. 1a shows a cross section (cutting line 1a in
FIG. 1b) of a first embodiment of a cap 10 according to the
invention. This cap 10 is shown from below in FIG. 1/
according to the cutting line 12 indicated in FIG. 1a. This cap
10 has a circular front wall 1, delimited by a circumferential
edge 4. From the circumferential edge 4 of the front wall 1
follows a jacket wall 2, the end of which that faces away from
the front wall 1 is continued from a base wall 3. The jacket
wall 2 is expands nearly conically in the following exemplary
embodiment, and deviates outward in the area of the circum-
ferential edge 4 from the front wall 1 at an angle o of 75 °.
[0096] The front wall 1 has a very small thickness d of 10
wm; advantageously, this wall thickness dg may be between
0.05 um and 20 um, in particular between 3 um and 20 pum.
The front wall 1 has a diameter of 5 mm in this case. Gener-
ally, this diameter may vary widely; in particular, diameters
between 2 and 20 mm area advantageous, whereby, depend-
ing on the application, larger diameters of up to 100 mm
certainly may be used.

[0097] An alternative embodiment of the invention, not
shown, has a square front wall 1 with a substantially equal
surface area to the exemplary embodiment shown in FIG. 1,
rather than a circular front wall 1, and has an edge length of
approximately 10 mm. Alternatively, the front wall 1 may
also be rectangular, square, or elliptical in shape, whereby the
side edges of the front wall 1 may be approximately between
2 and 40 mm long, in particular between 5 and 8 mm long.
[0098] Inthe exemplary embodiment shown in FIG. 1a, the
jacket 2 of the cap 10 consists of three parts, and, near the
front wall 1, comprises a first thickening section 7, following
from the circumferential edge 4, having a thickness d, ; in this
exemplary embodiment, a thickness d, between 150 and 250
um was selected for the first thickening section. The thickness
d, of the jacket wall 2 in the first thickening section 7 exceeds
the thickness dg of the front wall, and is 5 um-8 pm in this
exemplary embodiment. The first thickening section 7 is
formed circumferentially, whereby the first thickening sec-
tion 7 is circularly delimited on the end farthest from the front
wall 1, and whereby an intermediate section 8 follows the first
thickening section 7 in this boundary area.

[0099] Inthe intermediate section 8, the jacket wall 2 has a
thickness d,, that is less than the thickness d, of the jacket wall
2 in the first thickening section 7. In this exemplary embodi-
ment, a thickness d, of the jacket wall 2 in the intermediate
section 8 of 50-150 um was selected. The intermediate sec-
tion 8 is circularly delimited at the end farthest from the first
thickening section 7, whereby this circular limit is followed
by asecond thickening section 9, in which the thickness d, of
the jacket wall 2 is greater than the thickness d, of the jacket
wall 2 in the intermediate section 8. In this exemplary
embodiment, a thickness d, between 150 and 250 um was
selected for the first thickening section. The second thicken-
ing section 9 here follows the end of the jacket wall 2 farthest
from the front wall 1, in particular, the second thickening
section 9 borders directly on the base wall 3.

[0100] This special configuration gives the jacket wall 2 a
circumferential section in the form of the intermediate section
8, in which the thickness d, s less than the thickness d, of the
jacket wall 2 in the area of the end of the jacket wall 2 facing
away from the front wall 1. The thickness of the jacket wall 2
constantly/continuously decreases in the axial or radial direc-
tion, from the thickness d, in the first thickening area 7,
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reaching a minimal level in the intermediate section 8; the
thickness of the jacket wall 2 then increases in the second
thickening area 9 up to the end of the lateral surface farthest
from the front wall 1.

[0101] The thickness of the jacket wall 2 has a continuous
course free of kinks or edges over the jacket wall 2. To the
extent necessary for the following observations, the thickness
of the jacket wall 2 in the respective section 7, 8, 9 of the
jacket wall 2 will be understood to be the average thickness in
the respective section.

[0102] In order to allow for a particularly advantageous
adaptation of the front wall 1 to the front surface 21 (FIG. 4)
of a measuring device 20, the thickness of the jacket wall 2 in
the area of the intermediate section 8 is thinner than in the
other two thickening sections 7, 9. The ratio of the thickness
d, in the intermediate section 8 to the thickness d, in the first
thickening section 7 is approximately between 2 and 5. The
ratio of the thickness d, in the intermediate section 8 to the
thickness d; in the second thickening section 9 is approxi-
mately between 2 and 5. The thickness d, ofthe lateral surface
2 in the first thickening section as well as the thickness d; of
the lateral surface 2 in the second thickening section 9 are
roughly equal. The ratio between these two thicknesses d,, d,
1s approximately between 0.8 and 1.25.

[0103] Inthisexemplary embodiment, the jacket wall 2 has
the following average thickness values in the individual sec-
tions 7, 8, 9:

[0104] d,=0.18 mm d,=0.08 mm d,=0.22 mm

[0105] The height h of the jacket wall 2 is 20 mm in this
exemplary embodiment, but, depending on the shape and
structure of the measuring device 20 to be covered, may have
different values, typically between 15 and 35 mm. The ratio
between the height h of the jacket wall 2 and the maximum
dimension of the front wall 1 is between 0.02 and 5.
[0106] The first thickening section 7 is formed in the area of
the front wall 1, and has a height of approximately 4 mm in
this exemplary embodiment. The other two sections of the
jacket wall 2, i.e., the intermediate section 8 and the second
thickening section 9, have approximately the same height, in
this case app. 10 mm each. Typically, the heighth, of the first
thickening section 7, the height h, of the intermediate section
8, and the height h, of the second thickening section 9 are in
the following ratio to one another:

[0107] 0.2<h,:h,<0.6; 0.8<h4:h,1.25; 0.2<h,:h,<0.6

[0108] A specific further configuration of the invention
allows for improved handling and less susceptibility of the
cap 20 to tears and breakage. In order to provide better han-
dling, a reinforcing element is arranged in the cap 10 in the
area of the second thickening section 9, or in its lower termi-
nal area farthest from the front wall 1. Such a reinforcing
element is connected with the inner or outer lining of the
lateral surface 2, and is in the shape of a cuff, the surface of
which corresponds to the surface of the inner or outer lining.
This cuff preferably consists of reinforced plastic or a poly-
mer having a greater rigidity than the polymer of which the
cap 10 consists.
[0109] The base wall 3, continuing the jacket wall 2 on the
end farthest from the front wall 1, runs parallel to the front
wall 1in this exemplary embodiment. Alternatively, however,
the base wall 3 could run outward at an angle of 10° to, and
away from, the front wall 1. Preferably, the base wall 3 devi-
ates outward from the jacket wall 2, whereby the normal
distance of the base wall 3 from the front wall increases with
increasing radial distance.
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[0110] The base wall 3 in this exemplary embodiment is
radial in shape and parallel to the front wall 1, and has an
external diameter of 21 mm and an internal diameter of 18
mm. The radial width in this case is 1.5 mm.

[0111] Additionally, the cap 10 has locking recesses a on
the inside of the jacket wall 2, allowing for removable attach-
ment to a measuring device 20 (FIG. 4). In this exemplary
embodiment, two locking recesses 5& are arranged such that
they are opposite one another on the jacket wall of the cap 10.
Alternatively, instead of locking recesses 5a, locking protru-
sions 56 (not shown) may be provided. Generally, the purpose
of the locking recesses 5a and protrusions 56 is to allow for
locking attachment to a measuring device 20 or with locking
recesses 25a and/or protrusions 255 arranged on the measur-
ing device.

[0112] The two locking recesses 5a are formed in this
exemplary embodiment as recesses on the inside of the jacket
wall 2 in the area of the second thickening section 9, and run
approximately at an angle f,, B, of 20° to the jacket wall 2.
The locking recesses Sa protrude approximately 60 um into
the second thickening area 9.

[0113] Alternatively, it is also possible to provide locking
protrusions 5a instead of locking recesses 55. They protrude
inward away from the jacket wall 2 at an angle ,, f, of
10°-30°, and deviate approximately 1.5 mm inward from the
jacket wall 2. The locking protrusions 5a are opposite one
another at the same height, each with the same normal dis-
tance from the front wall 1, and are distributed evenly in the
circumferential direction of the jacket wall 2, i.e., they are at
an angle of 180° to one another in this exemplary embodi-
ment.

[0114] Alternatively, it is also possible for the locking
recesses Sa or the locking protrusions 5b to be present in
greater numbers. In particular, a number of four locking pro-
trusions 5b or recesses 5a has proved advantageous; they are
spaced respectively 90° from one another in the circumferen-
tial direction.

[0115] Ina particular embodiment of the invention, it may
be provided for two each of the four locking elements to be
formed as locking recesses 5a, and the rest as locking protru-
sions 55, whereby two locking recesses 5a each are opposite
two locking protrusions 56 by 180° in the circumferential
direction. This measure allows the cap 10 to be held advan-
tageously in a position relative to the measuring device 20
(FIG. 4), where by the jacket wall 2, in particular in the area
of the intermediate section 8, is subject to elastic extension
due to the small thickness d,, thus allowing for particularly
good adaptation of the front wall 1 to a front surface 21 (FIG.
4) of the measuring device 20 to be covered. The degree of the
extension and the elasticity of the jacket wall 2 and the inter-
mediate section 8 depend on the polymer used and the thick-
ness d, of the jacket wall 2 in the area of the intermediate
section 8.

[0116] There is additionally the possibility of providing
circumferential locking elements either on the measuring
device 20 or the cap 10 in the form of locking protrusions or
grooves, whereby, advantageously, a circumferential locking
element is only either provided on the cap 10 or the measuring
device in order to allow for optimal ejection of the cap 10
from the measuring device.

[0117] In this exemplary embodiment, the entire cap 10
consists of coordinated material, specifically polymer. In this
case, PETG was used, mixed with a small quantity of colou-
rants. The use of colourants for the cap 10 allows for the
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distinction of different caps with different material proper-
ties, in particular different thicknesses dg of the front wall 1.
However, it is also possible to make the front wall opaque or
absorbent to certain wavelengths by adding colourants.
[0118] Instead of PETG (polyethylene terephthalate gly-
col), prior-art polymers, e.g., polyethylene or polypropylene,
or mixtures thereof, may be used.

[0119] Inalternative exemplary embodiments of the inven-
tion, the cap may consist of one of the following substances or
a mixture thereof: PETG (Polyethylene terephthalate Gly-
col), PP (Polypropylene), PE (Polyethylene), PC (Polycar-
bonate), PVC (Polyvinyl chloride), PS (Polystyrene), ABS
(Acrylonitrile butadiene styrene), HDPE (High Density Poly-
ethylene), LDPE (Low Density Polyethylene), PET (Polyeth-
vlene terephthalate), PMMA (Polymethyl methacrylate),
ECOTERM S 900 T1. In particular one or more of the fol-
lowing components may be added to the material of the cap
10: Additives, stabilisers, colourants, fillers, reinforcing
agents, PETG/copolyester 6763.

[0120] By the specific selection of the chain length of the
individual molecule chains of the polyethylene, polypropy-
lene, or PETG, the chemical compounds to which the front
wall 1 is permeable or impermeable may be determined.
Thus, it is possible to measure specific samples such as blood,
urine, sweat, or faeces. as well as living samples. e.g., skin,
whereby only certain substances desired for the measurement
can diffuse through the front wall 1, e.g., sodium, potassium,
chlorine, magnesium, vitamins, hormones, glucose, alcohol,
trace elements, and water vapour, whilst other components of
the sample cannot diffuse, or can only diffuse after a long
period of time in the range of hours through the front wall 1,
e.g., water, blood, urine, or faeces. By selecting shorter
chains, holes form in the respective polymer or polymer struc-
ture, such that larger molecules may diffuse through the front
wall 1. The longer the chain molecules selected, the tighter
the polymer structure and the smaller the molecules must be
in order to penetrate the front wall 1. Additionally, the thick-
ness d of the front wall 1 determines permeability, because
molecules can permeate a thinner front wall 1 more easily
than a thicker front wall 1. To the extent that specifications on
the stability of the front wall 1 require a specific thickness,
alternatively, microholes or nanoholes 6 with a diameter of
0.1 nm-5 pm, orup to 400 um, may be formed in the front wall
1, e.g., with a microneedle or laser beam.

[0121] Alternatively, chemical processes, e.g., etching,
maybe used to form holes 6 in the front surface 1. In order to
prevent further damage to the front surface 1, it is cleaned
after forming the holes to remove the respective caustic agent,
in particular rinsed.

[0122] Because the molecule size of water is 0.3 nm and the
molecule size of water vapour is 0.1 nm, the provision of
holes having a diameter of less than 0.3 nm can prevent the
penetration of the front surface by water. Starting at a hole or
pore diameter of 1 nm, water gradually comes through the
front surface 1 into the inside of the hygienic cap. For mea-
surements lasting 3 seconds, the holes or pores may also be
3-4 mm, because the water diffuses more slowly through the
front surface than vapour. If a cap 10 with holes having a
thickness of approximately 3-4 nm is immersed front surface
1 first into water, depending on the thickness of the front
surface, it will require approximately 1 min for the front
surface 1 to be penetrated.

[0123] Dueto material coordination, the individual parts of
the cap 10 have essentially the same properties. Special per-
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meabilities for specific substances or radiations can only be
obtained through the respective thickness dg of the front wall
1, the jacket wall 2, and the base wall 3. Thus, the front wall
1 may be made particularly thin during production so that it
allows the diffusion or flow of certain materials, e.g., gases,
liquids, atoms, molecules, compounds.

[0124] The exemplary embodiment shown in FIG. 2 sub-
stantially corresponds to the exemplary embodiment shown
in F1G. 1a and FIG. 1b; as such, only the differences between
the two exemplary embodiments shown will be discussed in
detail. The height h, of the section following from the front
wall 1 corresponds approximately to the height h, of the
thickening section 7 far from the front wall 1.

[0125] The jacket wall 2 is subdivided in this exemplary
embodiment into two sections 7, 8, whereby both sections 7,
8 are formed circumferentially and border on one another, and
a circular boundary line runs between these two sections 7, 8,
the points of which each are at the same normal distance from
the front wall 1. The thickness of the jacket wall 2 continu-
ously increases from the front wall 1 in to the end of the jacket
wall farthest from the front wall 1 in the axial or radial
direction.

[0126] FIG. 3 shows an embodiment of a measuring device
20 according to the invention in greater detail. This measuring
device 20 has a housing 26 comprising a conically tapered
component 21, which is subsequently to be covered by an
aforementioned cap 10 (FIG. 4). On the end of the conically
tapered component 21, a front surface 22 is arranged on or
behind which a sensor 23 is located. In this exemplary
embodiment, the conically tapered component 21 has an
opening in the area of the front surface 22, leading to the
sensor 23, such that the gases and/or substances to be mea-
sured can flow directly to the sensor 23. With a cap 10 (FIG.
4) placed on the conical component 21, the sensor 23 can be
kept free of contamination.

[0127] A number of locking protrusions 255 is arranged on
the conically tapered housing 21; alternatively or addition-
ally, a number of locking protrusions 25a¢ may also be
arranged on the lateral surface of the conically tapering com-
ponent 21. As shown in FIG. 4, the cap 10 may be placed on
the conically tapered component 21, such that the locking
protrusions 255 protruding from the conically tapered com-
ponent 21 engage with the locking recesses 5a of the cap 10.
In order to attain this covered state of the measuring device
20, the cap 10 is advantageously gripped with two fingers in
the lower thickening area 9 and placed or pressed onto the
conically tapered component 21, such that the locking pro-
trusions 255 of the conically tapered component 21 of the
measuring device engage with the locking recesses of the
jacket wall 2 of the cap 10. The cap 10 is adapted to the
conically tapered component 21 such that the locking protru-
sions or recesses 5a, 5b, 25a, 255 are at corresponding posi-
tions, such that the cap 10 or conically tapered component 21,
when locked together, are arranged such that the front surface
1 is forced over the front wall 22, and the recess on the front
surface 22 of the conically tapered component 21 in front of
the sensor 23 is completely covered by the front wall 1. This
is achieved, in particular, by subjecting the cap 10 in its
respective section 8 with low thickness d, to particularly
substantial elastic deformation, thus generating an optimal fit
for the respective measuring device or its conically tapered
component 21.

[0128] The position of the locking recesses 25a and protru-
sions 25b on the component 21 corresponds to the position of
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the locking recesses 5a and/or protrusions 56 on the cap 10a.
Inparticular, the locking recesses 25a and protrusions 255 are
each arranged at the same normal distance from the front
surface 22 on the component 21, and advantageously evenly
distributed in the circumferential direction. The total number
of locking recesses and/or protrusions 254, 255 is two in this
exemplary embodiment. Alternatively, however, three, four,
or more locking recesses and/or protrusions may be provided.
The shape of the locking recesses or protrusions 25a, 255 is
respectively adapted to the shape of the caps 10 or locking
recesses Sa or protrusions 55 of the cap 10. The locking
protrusions 25a deviate at an angle of 10-30°, no more than 1
mm, in particular no more than 0.5 mm, from the outer wall of
the conically tapered component 21.

[0129] The measuring device 20 additionally has an ejec-
tion element 24, which is arranged on the end of the conically
tapered component farthest from the front wall 22. This ejec-
tion element 24 is farther from the front wall 22 than the
locking protrusions 25 of the conically tapered component.
The ejection element 24 in this exemplary embodiment is
annular, specifically cylindrically radial, and surrounds the
component 21. As can be seen from F1G. 4, the base wall 3 of
the cap 10 lies flat on the ejection element 24. The application
of pressure to the ejection element 24 in the direction of the
front wall 22 results in pressing the cap 10 out of its locked
position, whereby the cap is subject to elastic deformation in
the area of the locking recess 5a whilst it is being pushed out
of the locked position. Due to the angled structure of the
locking recess 5a and the locking protrusion 255, the energy
expended in the elastic deformation of the cap 10 is trans-
formed into kinetic energy of the cap 10 upon leaving the
locked position, thus accelerating the cap in the direction
from the ejection element 24 to the front wall 21.

[0130] Inthisexemplary embodiment, the ejection element
24 is formed in one piece with a lever extension 27. The lever
extension 27 follows from the ejection element 24 of deviates
from it, allowing for movement or pivoting of the ejection
element 24 in the direction of the front wall 22. The lever
extension 27 is pivotably connected with the housing 26 in its
central area, whereby the lever extension 27 acts as a two-
armed lever. On one end of this two-arm lever, the ¢jection
element 24 is arranged; an actuator 28 in the form of a button
is arranged on the other end of the two-arm lever. If the button
is pressed, the end of the lever extension 27 farthest from the
ejection element 24, as shown in FIG. 4aq, is swiveled in an
anticlockwise direction, and the ejection element 24 is
pressed towards the front wall 22 due to the pivoting move-
ment. Due to this pressure on the cap 10, the locked recesses
or protrusions 25a, 5b leave the locked position, and the cap
10 is thrown away towards the front wall 22.

[0131] By the specific articulation of the ejection element
24 due to the pivoting movement, the trajectory of the cap 10
may be set with particular precision. By the specific pivotable
configuration of the ejection element 24, the combinations of
locking recesses and protrusions opposite one another and
corresponding to one another in this exemplary embodiment
are released at different times. As a result, the cap 10 is not
directly ejected, moving instead in a deviating trajectory that
is directed downward and facilitates the disposal of used caps
in normal handling.

[0132] Another advantageous arrangement of locking
recesses or protrusions 25a, 5b may, as discussed below, be
obtained by providing only two locking recesses or protru-
sions 25a, 5b at the same distance from the point at which the
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lever extension 27 connects to the ejection element 24 or
departs from it. This ensures that the locking of the cap 10
with the measuring device 20 is released at the same time for
all locked recesses and protrusions 55,254, and is not delayed
by re-locking of another locking protrusion in a locking
recess.

[0133] Thus, caps can be ejected to the greatest possible
distance from the respective measuring device 20. This has
the benefit that the cap can be disposed of at a greater distance
and the handling of the cap during disposalis improved by the
greater ejection force, thus generally improving motivation
for use and user satisfaction.

[0134] In order to prevent premature or accidental ejection
orremoval of a cap from the locked position on the measuring
device 20, in this exemplary embodiment, a spring 29 in the
form of a wire spring is provided to bias the lever extension
27, thus pushing the ejection element 24 away from the front
wall 22. Only when the pressure on the actuator 28 exceeds
the biasing force generated by the spring 29 will the cap 10 be
ejected. In any case, this prevents accidental ejection or
removal of the cap.

[0135] Alternatively, this spring 29 may also engage the
part of the lever extension 27 facing the ejection element 24,
or directly engage the ejection element 24 itself, pulling it
away from the front wall 22.

[0136] Below, an exemplary embodiment of a method
according to the invention for producing a cap 10 from a
polymer film 31 is described, whereby specifically the pro-
duction ofthe embodiment of a cap according to the invention
shown in FIGS. 1a and 15 is discussed.

[0137] FIG. 5 shows a polymer film 31 as a raw material,
with which the cap 10 is formed. The polymer film 31 origi-
nally has a thickness d,of 0.4, and consists of polyethylene
terephthalate glycol (PETG).

[0138] To form a front surface 1 with a thickness dg of
approximately 1 pm-10 pm, a stamp 32 comprising several
substamps 33 is used. In this exemplary embodiment, the
stamp 32 comprises four substamps 33. The stamp 32 is
cylindrical and has a circular front surface with a radius of 1
mm. Each substamp 33 has a front surface in the form of a
quarter-circle with a radius of 1 mm. All substamps 33 are
arranged so as to be movable and pivotable separately from
one another. FIG. 5a shows a view of the substamps 33 from
the polymer film 31, as indicated by the secant Va.

[0139] In a first moulding step, the substamps 33 abut one
another, and the quadrant-shaped front surfaces of the sub-
stamps 33 together form a circular front surface. The sub-
stamps 33 are pressed forward together into the polymer film
31 in this position. As shown in FIG. 6, this deforms the
polymer film 31. A volume 39 is formed that is delimited by
the polymer film 31 except for the side from which the sub-
stamps 33 penetrated into the film 31. The external shape of
the shape formed out of the polymer film 31 is determined by
a first countermould (not shown), abutting the outer jacket
wall 2 and the front wall 1 of the cap 10 formed from the film
31.

[0140] In the next step, shown in FIG. 7, the substamps 33
are moved radially outward. In this case, the film 31 is simul-
taneously heated to a temperature of 40° C. in the area of the
substamps 33. This causes substantial pulling and thinning of
the film 31 in the intermediate area between the substamps 33,
resulting in a front surface with a thickness d of approxi-
mately 4 um.
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[0141] Generally, it is provided that the substamps 33 first
move axially normal to the level of the film 31 (FIG. 6), and
are only moved radially (FIG. 7) to form the front surface 1
once the substamps 33 have reached a final position in this
direction.

[0142] Alternatively, of course, itis possible to combine the
axial movement normal to the level of the film 31 and the
radial outward displacement of the substamps 33, such that
the two movements of the substamps 33 overlap.

[0143] To the extent that a rectangular or square front sur-
face 1 is to be produced, it suffices for the individual sub-
stamps 33 each to be moved to a corner of the front surface 1
to be formed, as shown in FIG. 7a. However, to the extent that
a circular front surface 1 is intended, the substamps 33 may
additionally be displaced rotationally by the common axis X,
as shown in FIG. 7b. The rotation is overlapped by the radial
outward movement of the substamps 33. The individual sub-
stamps 33 thus move along a spiral path, whereby each of the
cylindrical lateral surfaces of the substamps 33 is in contact
with the film 31.

[0144] As noted above with regard to the formation of
rectangular or square front surfaces 1, a combined axial and
radial movement of the substamps 33 is also possible when
forming circular front surfaces 1. In this case, the substamps
33 execute a movement along a spiral path runs helically
downward and expands in spiral fashion, forming an overlap
of an axial and radial movement and a rotation about the axis
X.

[0145] As shown in FIG. 7, a volume 39 is formed having a
height h, relative to a notional continuation of the upper edge
of the film 31. This height is determined by the feed length of
the individual substamps 33 axially in the direction of the axis
X. The feed rate of the substamps 33 and the determination of
the temperature of the substamps 33 and the film 31 in the
axial direction, the thickness of the jacket wall 2 laterally
delimiting the volume 39 is determined, whereby, in particu-
lar, the thickness in the area in which the polymer film 31
transitions into the jacket wall 2 is particularly dependent on
the respective feed rate and temperature.

[0146] The thickness of the jacket wall 2 may be deter-
mined by the selection of the temperature of the film 31 and
the substamps 33, as well as the feed rate of the substamps 33
in the axial direction. The thickness d, of the jacket wall 2 in
the jacket wall section 7 formed may be continuously exam-
ined, whereby, if the thickness d, is too low, the feed rate of
the substamps is reduced in the axial direction, or the tem-
perature of the polymer film 31 or the substamps 33 is
reduced. If, on the other hand, the thickness d, is too great, the
feed rate of the substamps 33 in the axial direction is
increased, or the temperature of the film 31 or substamps 33
is increased.

[0147] In this exemplary embodiment, a film 31 with a
thickness of 0.4 mm is used that was heated to 40° C. during
processing. The substamps 33 have a temperature of 45° C.,
and form a volume 39 with a height h, of 4 mm. Then, the
substamps 33, as shown in FIG. 7a, are moved radially out-
ward, whereby a rectangular front surface is first formed with
a side length of approximately 4 mm. In another step, shown
in FIG. 75, the substamps 33 are caused to rotate, and rotate
about the axis X. The cylindrically radial lateral surfaces of
the substamps 33 abut the inner wall of the jacket wall
formed.

[0148] FIGS. 8 and 9 show the formation of additional
jacketwall 2 sections 8,9 of the cap with different thicknesses
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d,, d;. Instead of the substamps 33, another stamp 36, or
several additional stamps, are used, the external form of
which corresponds to the respective cap 10.

[0149] As shown in FIG. 8, the additional stamp 36 is
pressed into the volume 39 formed, whereby the respective
wall thickness d, of the area ofthe jacket wall 2 formed in this
step (“intermediate section 8”) is thinner than the wall thick-
ness d, of the area of the jacket wall 2 (“first thickening
section 7”). The thickness d, of the jacket wall 2 in the inter-
mediate section 8, as discussed with regard to the formation of
the first thickening section 7, is determined by the feed rate of
the additional stamp 36 and the temperature of the polymer
31.

[0150] The external shape of the part of the cap 10 formed
out of the polymer film 31, in particular the intermediate
section 8, is determined by a second countermould (not
shown), abutting the outer jacket wall 2 and the front wall 1 of
the cap 10 formed from the film 31.

[0151] Inthis exemplary embodiment, the polymer film 31
remains during moulding at a temperature of approximately
40-50° C.; then, the additional stamp 36 is inserted into the
second countermould. This second countermould is heated to
a temperature of approximately 40-50° C. The intermediate
area between the additional stamp 36 and the second coun-
termould corresponds to the desired shape of the cap 10 in the
first thickening section 7 and the intermediate section 8; in
this exemplary embodiment, the wall thickness in the inter-
mediate section 8 is less than in the first thickening section 7.
[0152] Then, as shown in FIG. 9, the additional stamp 36 is
moved further forward, whereby a second thickening section
9 is formed, the thickness d; of which is greater than the
thickness d, in the intermediate section.

[0153] The external shape of the section of the cap 10
formed out of the polymer film 31, in particular the second
thickening section 9 following from the intermediate section
8, is determined by a third countermould (not shown), abut-
ting the outer jacket wall 2 and the front wall 1 of the cap 10
formed from the film 31.

[0154] Inthis exemplary embodiment, the polymer film 31
remains during moulding at a temperature of approximately
40-50° C.; then, the additional stamp 36 is inserted into the
second countermould. The third countermould is heated to a
temperature of approximately 40-50° C. The intermediate
area between the additional stamp 36 and the third counter-
mould corresponds to the desired shape of the cap 10 in the
first thickening section 7, the intermediate section 8, and the
second thickening section.

[0155] FIG. 10 shows the finishing of the cap by separating
it from the polymer film. After the forming and contouring of
the entire jacket wall 2, the jacket wall remains connected to
the film 31. In a final step, the film 31 is separated along a
specified cutting line 37; in this exemplary embodiment, the
polymer film 31 is punched out along the jacket wall. This
separates the cap 10 from the rest of the polymer film 31.
[0156] In this exemplary embodiment, the cutting line 37
runs circularly and coaxially along the hollow frustoconical
lateral surface 2. By cutting along the cutting line 37, a base
wall 3 of the cap 10 is formed that runs parallel to the front
surface and radially outward from the end of the lateral sur-
face 2 farthest from the front surface 1. Alternatively, it is also
possible to form the base wall 3 facing away from the front
wall 1 and deviating radially outward from the lateral surface
2 atan angle of up to 20°, in particular up to 10°, by means of
an additional deformation process.
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[0157] After the conclusion of the moulding process, either
before or after cutting the cap 10 along the cutting line 37, the
polymer film 31 forming the cap 10 is heated for a specified
period of 3-4 s to a temperature between 50 and 120° C.
depending on the polymer used, in this case to 75° C. Over
this process, the polymer forming the polymer film 31 is
reshaped by the heating. The polymer film 31 loses its ther-
moplastic properties. By the action of heat, the molecule
chains forming the polymer film 31 are split, resulting in
greater permeability of the cap 10, in particular in the area of
the front surface 1. The longer the heat acts on the polymer
film 31, and the greater its intensity, the shorter the molecule
chains forming the film 31 and the greater the permeability of
the front surface 1 will be.

[0158] Alternatively, instead of heating the cap, holes 6
may be formed, in this case microholes or nanoholes, prefer-
ably exclusively in the front wall 1, in order to obtain a greater
permeability for molecules of a particular size. The micro-
and nanoholes can be formed using a laser beam or by perfo-
ration with a heated microneedle.

[0159] It is particularly advantageous if the cap 10 is par-
ticularly rigid in the area farthest from the circumferential
edge 4, which serves to stabilise the cap. The rigidity of the
cap 10 increases towards the centre of the jacket wall 2,
whereby the jacket wall 2 is more rigid in the area surround-
ing the front wall 1. The elasticity of the jacket wall 4 is
greatest in the area of its thinnest point or least rigid point.
[0160] Preferably, the stiffness or elasticity of the jacket
wall 4 is homogeneously distributed over the circumference,
varying only with the distance from the front wall 1.

1-32. (canceled)

33. A cap, comprising:

a front wall delimited by a circumferential edge and being

gas-permeable; and

a jacket wall attached to said circumferential edge of said

front wall, at least part of the cap having a first thickness
that is less than a second thickness of said jacket wall in
a section of said jacket wall in an area or end of said
jacket wall facing away from said front wall.

34. The cap according to claim 33, wherein said jacket wall
has at least one circumferential section, said first thickness of
said circumferential section is less than said second thickness
of said jacket wall in said section of said jacket wall in said
area or said end of'said jacket wall facing away from said front
wall.

35. The cap according to claim 33, wherein:

said front wall, at at least one point, has a thickness less

than 100 pm; and

said front wall has a constant thickness over its course.

36. The cap according to claim 33, further comprising a
base wall continuing from said jacket wall on said end facing
away from said front wall and running outward from said
jacket wall parallel or at an angle of no more than 10° to said
front wall, said base wall formed with a shape of a circular
ring and has at least one of an outer radius between 2 mm and
50 mm, an inner radius between 1 mm and 45 mm, or a
circular ring width from 0.5 to 35 mm.

37. The cap according to claim 33, wherein said jacket wall
in an area of said circumferential edge of said front wall
protrudes outward at an angle of 20°-95° to said front wall,
whereby said jacket wall expands conically.

38. The cap according to claim 33, wherein:

said cap has at least one of locking recesses formed therein

or locking protrusions on said end of said jacket wall
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facing away from said front wall for removable attach-
ment to a measuring device; or

at least one of said locking recesses or said locking protru-

sions each have at least one of a same normal distance
from said front wall, are distributed evenly in a circum-
ferential direction of said jacket wall, or whereby a total
number of said locking recesses and/or said locking
protrusions is two or four; and/or

at least one of said locking recesses or said locking protru-

sions protrude away from said jacket wall at an angle of
5°-40° and/or no more than 2 mm.

39. The cap according to claim 33, wherein:

said front wall is penetrable by at least one of radiation,

vapor, moisture, particles, or light; and/or

said front wall has a number of microholes formed therein

and selected from the group consisting of vapor-perme-
able microholes and gas-permeable microholes.
40. The cap according to claim 33, wherein:
said front wall and said jacket wall are formed as one of
coordinated parts or as a single piece unit, at least one of
said front wall and said jacket wall formed of at least one
material selected from the group consisting of a thermo-
plastic, a plastically deformed polymer, a deformable
polymer, polyethylene terephthalate glycol (PETG),
polypropylene (PP), polyethylene (PE), polycarbonate
(PC), polyvinyl chloride (PVC), polystyrene (PS), acry-
lonitrile butadiene styrene (ABS), high density polyeth-
ylene (HDPE), low density polyethylene (LDPE), poly-
ethylene terephthalate (PET), polymethyl methacrylate
(PMMA), ECOTERM S 900 T1, and PETG/Copolyes-
ter 67639;

said front wall and said jacket wall further containing at
least one further material selected from the group con-
sisting of additives, stabilisers, colorants, fillers and
reinforcing materials;

said front wall is opaque or absorbent to visible wave-

lengths.

41. The cap according to claim 33, wherein said first thick-
ness of said jacket wall increases from said front wall to said
end of said jacket wall that is farthest from said front wall over
at least part of said jacket wall.

42. The cap according to claim 33, wherein:

said jacket wall in an area near said front wall, has a first

thickening section following from the circumferential
edge, in which a thickness of said jacket wall exceeds a
thickness of said front wall;

said jacket wall has an intermediate section following from

said first thickening section, whereby said first thickness
of said jacket wall in said intermediate section is less
than said thickness of said jacket wall in said first thick-
ening section;

said jacket wall has said section, being a second thickening

section, following from said intermediate section and
extending until an end of said jacket wall that is farthest
from said front wall; and

said second thickness of said jacket wall is greater in said

second thickening section than said first thickness of
said jacket wall in said intermediate section.

43. The cap according to claim 42, wherein:

said jacket wall has a thickness being a continuous course
free of kinks or edges in an axial or radial direction;
and/or
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arespective average thickness in respective one of said first
thickening section, said second thickening section and
said intermediate section of said jacket wall is deemed to
be said thickness; and/or

said jacket wall, with an exception of an area of said lock-
ing protrusions or said recesses, is rotationally symmet-
ric.

44. The cap according to claim 42, wherein:

said thickness of said first thickening section, said first
thickness of said intermediate section, and said second
thickness of said second thickening section have the
following ratio:

2<d1:d2<5 and/or 2<d3:d2<5 and/or 0.8<d1:d3<1.25,

where d1 is said thickness of said first thickening section,
d2 is said first thickness of said intermediate section, and
d3 is said second thickness of said second thickening
section; and/or

said thickness of said first thickening section, said first
thickness of said intermediate section, and said second
thickness of said second thickening section are set as
follows:

150 um<d1<250 pm and/or 50 um<d2<100 pm and/or 150
um<d3<250 pm.

45. The cap according to claim 42, wherein:

a height h1 of said first thickening section, a height h2 of
said intermediate section, and a height h3 of said second
thickening section have the following ratio:

0.2<h1:h2<0.6 and/or 0.8<h3:h2<1.25 and/or 0.2<hl:
h3<0.6; and/or

said jacket wall has a height of 2-80 mm; and/or

a ratio between said height and a maximum dimension,
being a diameter or diagonal, of said front wall is
between 0.01 and 55.

46. The cap according to claim 33, wherein:

said front wall is circular and has a diameter of 1-50 mm; or

said front wall is square or rectangular, and whereby side
edges of said front wall have a length between 2 and 40
mm.

47. A measuring device for skin analysis and capable of
being covered with a cap, the cap having at least one of
locking recesses or protrusions, the cap further having a front
wall delimited by a circumferential edge and being gas-per-
meable and a jacket wall attached to the circumferential edge
ofthe front wall, at least part of the cap having a first thickness
being less than a second thickness of the jacket wall in a
section of the jacket wall in an area or end of the jacket wall
facing away from the front wall, the measuring device com-
prising:

a housing having a conically tapering component with a
front surface, said conically tapering component having
at least one of a number of locking recesses formed
therein or protrusions for locking together with at least
one of the locking recesses or the protrusions of the cap,
such that, when locked, the front wall of the cap abuts
said front surface; and

a sensor contained in said housing.

48. The measuring device according to claim 47, further
comprising an ejection element disposed in an end of said
housing that is farthest from said front surface, and that is
farther away from said front surface than said locking
recesses or said protrusions, said ejection element is config-
ured to push a locked cap by applying pressure to the cap in a
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direction of the front surface, and/or said ejection element is
mounted on said housing so as to be movable in a direction of
the front surface.

49. The measuring device according to claim 48, further
comprising a lever extension attached to said ejection element
or departs from said ejection element, or said ejection element
is connected with said lever extension, said lever extension is
connected pivotably with said housing in a central area,
resulting in a two-arm lever, on one end of said two-arm-lever
said ejection element is disposed, said lever extension that
hinges on said housing presses said ejection element towards
the front surface when said lever extension swivels.

50. The measuring device according to claim 49, further
comprising an actuator, said lever extension that hinges on
said housing presses said ejection element towards the front
surface when said lever extension swivels by applying force
to said actuator.

51. The measuring device according to claim 48, wherein
said ejection element is radially cylindrical and surrounds
said housing being a conically tapering housing.

52. The measuring device according to claim 50, wherein
said ejection element is disposed on a first end of said two-
arm lever and said actuator is disposed on a second end of said
two-arm lever.

53. The measuring device according to claim 52, further
comprising a spring element, wherein at least one of said
ejection element or said lever extension is subjected to a force
or bias that pushes or pulls said ejection element away from
said front surface by said spring element.

54. The measuring device according to claim 49, wherein:

atleast one of said locking recesses or said protrusions each
have at least one of a same normal distance from said
front surface or are distributed evenly in a circumferen-
tial direction of the jacket wall; and/or

a total number of said locking recesses and/or said protru-
sions is two or four; and/or

at least one of said locking recesses or said protrusions
protrude away from the jacket wall at an angle of 10°-
30° and/or no more than 1 mm; and/or

two of said locking recesses and/or said protrusions are
disposed at a same distance from a point in an area in
which said lever extension is connected to said ejection
element or departs from it.

55. A method for producing a cap, which comprises the

steps of:

a) providing a polymer film as a raw material for a deep-
drawing process having a thickness between 0.04 and
0.5 mm;

b) pressing a stamp with a number of separately movable
substamps that abut one another on the polymer film,
whereby the substamps are moved normally to a level of
the polymer film, and whereby the polymer film is
pressed into a first counter-mold by pressure of the sub-
stamps and deformed into a cap shape; and

¢) spacing the individual substamps of the stamp apart from
one another during or after step b), whereby each of the
substamps is moved radially outward from a position of
the stamp, thus forming a front wall in the polymer film
having a thickness of less than 100 um.

56. The method according to claim 55, which further com-

prises:

removing, during step ¢), the substamps from the cap shape
formed, and inserting additional stamp with an even
front surface and an expanding stamp body into a vol-
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ume formed in the polymer film by the substamps,
whereby the polymer film is brought into the cap shape
between the additional stamp and a second counter-
mold; and
advancing the polymer film, the additional stamp, or the
second counter-mold after heating the polymer film to a
temperature between 50 and 90°.
57. The method according to claim 56, which further com-
prises:
setting at least one of a feed rate, a temperature of the
substamps, a temperature of the additional stamp, a tem-
perature of the polymer film or a temperature of the first
and second counter-molds for defining a respective
thickness of a jacket wall originating from the front wall,
whereby, to reduce a wall thickness in a marginal area of
a recess formed by the additional stamp, the aforemen-
tioned temperatures and the feed rate are increased, and
whereby, to increase the wall thickness in the marginal
area of the recess formed by the additional stamp, the
aforementioned temperatures and the feed rate are
reduced.
58. The method according to claim 57, which further com-
prises:
setting at least one of the temperature of the additional
stamp, the temperature of the polymer film and the feed
rate of the additional stamp such that during a first feed
period of the additional stamp, a section of the jacket
wall is formed with a specified thickness of 50-100 pum;
and
during a second feed period of the additional stamp follow-
ing the first feed period, a section of the jacket wall with
a specified thickness of 150 um and 250 pm is formed
that is thicker than the thickness of the jacket wall
formed in the first feed period, whereby, the wall thick-
ness is set during the first feed period of the additional
stamp to a value corresponding to between double and
five times the wall thickness of a lateral area formed
during the molding of the front wall by inserting the
substamps.
59. The method according to claim 55, which further com-
prises:
forming the polymer film from a material selected from the
group consisting of a thermoplastic, a plastically
deformed or deformable polymer, polyethylene tereph-
thalate glycol (PETG), polypropylene (PP), polyethyl-
ene (PE), polycarbonate (PC), polyvinyl chloride
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(PVC), polystyrene (PS), acrylonitrile butadiene styrene
(ABS), high density polyethylene (HDPE), low density
polyethylene (LDPE), polyethylene terephthalate
(PET), polymethyl methacrylate (PMMA), ECOTERM
S 900 T1, and PETG/Copolyester 67639;

adding a further material selected from the group consist-
ing of additives, stabilizers. colorants, fillers, and rein-
forcing materials, whereby the material of the cap has a
colorant and the front wall is configured so as to be
opaque or absorbent to certain wavelengths.

60. The method according to claim 55, which further com-
prises rotating the substamps spirally outward along an out-
ward expanding curve around a central axis during a radial
movement away from the center in step c).

61. The method according to claim 57, wherein after partial
or complete molding of the jacket wall, retracting the sub-
stamps or the additional stamp, and the molded volume is
subjected to compressed air and is then inserted into the
molded volume to carry out a next molding step, whereby
locking recesses are formed in an inner lining of the jacket
wall by applying compressed air.

62. The method according to claim 57, which further com-
prises, after the molding of the jacket wall, separating a
remaining polymer film bordering on the jacket wall along a
cutting line that is selected, such that a part of excess polymer
film remaining on the jacket wall is within a cutting line and
forms a base wall.

63. The method according to claim 55, which further com-
prises:

heating the polymer film after molding for a specified

period of at least 3 seconds, to a specified temperature
between 30 and 120° C.; and/or

heating at least one of the substamps, the additional stamp

or the counter-molds used before processing the poly-
mer film to a temperature between 30 and 120° C. and
are kept at such a temperature during processing.

64. The method according to claim 55, which further com-
prises forming holes in the front wall.

65. The method according to claim 64, which further com-
prises forming the holes as microholes or nanoholes by means
of a laser, a heated microneedle, a heated nanoneedle or by
etching.

66. The method according to claim 55, wherein the poly-
mer film is a film formed form of polyethylene terephthalate

glycol.
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