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(57) ABSTRACT

A sensor. The sensor include a sensing element for detecting
a property and/or a composition of a surrounding medium of
thc scnsol, il ti'iulsnllssloll lneihunl lor lransnntnng a plop-
criy and/or a composiuon of ihc surroundings mcxbum onto
the senslllg elenlent, tbe tl'arlsnlhsslon nledhlm belflg slnlatcd
in such a svay that the transmission medium is applied to the
sensing element: and a cover, slhich distances the transmis-
sion medium from the surrounding medium. the cover bein
manufactured from a self-healing material. in particular. the
cover being designed as a Ilctoblc membrane.
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SENSOR AND METHOD FOR
MANUFACTURING A SENSOR

FIELD

[0001] qhe present invention relates to a sensor. in par-
ticuhsr, a pressure sensor. including a sensing element for
detecting a property and/or a composition of a surrounding
mcdnun of thc smlsor.
[0002] qhe present mvention furthermore relates to a
method for manufacturing a sensor. in particular a pressure
sensor, including the steps:

[0003] providing a housuig including an opeiun .

[00041 introducmg the sensing eieinent into the hmis-
ing: and

[0005] closing thc opmung of thc housuig with the md
of a cover.

HA('K(il(O(/ND IN) 'O)(MAI ION

[0006] Although the present invention may. in general, be
applied lo arbitrary sensors, thc present uivenlion is
descnbcd with respect to sensors in (hefiinn of mcdut-
robust. encapsulated prcssure sensors.
[0007] Media-robusi, ughily cncapsulaicd prcssure sen-
sors or packages, Ior cxmnplc according lo lhe oil lank
principie. are used ivhen pressures have to be measured in
cormsive surroundings, such as filr example in hydraulic
systenis In the process, the nledia-robust, cmnpieteiy sealed
package protects the sensing and evaluation electronics
present in its intenor fmm the corrosive surroundings, and
nonethcicss allows thc cxtcmal prcssure lo bc dctcrnunixk In
thc cdst: of this pBcktigc lvpc, lhc lrdllsnlission of lhc
pressure sianal from the package outer side to the inside
sensing eiement takes place via a flexible membrane. which
is desi ned as part of the packsge outer surface, and via an
inconlpressible fluid, which completely fills the interior of
the package.
[0008] The two goals of "transmitting the external pres-
sure to the sensing element*'nd "protecting ihe electronic
components from the surroundhtgs'* conflict with one
another ui lhc process. Two design approaches fiir resolving
tins conflict arc convcnuonal ui this re ard.
[0009] In the first approach, the package interior space is
completely floodcx) with Incompressible fluul prior to )oin-
ing lhc flexible membrmlc. In tius slate. lhc flexible mmn-
brane is then joined onto the housing. 'I'n ensure that the
entire package intenor space is flooded with incompressible
fluid, the housing/membrane joint site has to be siniated
below the fluid level of the incompressible fluid. To ensure
that the entire packa e interior space is filled with the
incompressible fluid, i.c. no air bubbles remaui m the
package, thc Iilling usually takes place ui d sealed chmnbcr
under a vacuuni
[0010] In the second approach. (iihng openings for thc
incompressible fluul and the jouil for the flcxible mcmbranc
are spatially separated the assembiv is initially ciuupietely
created in the dry state In the process, the flexibie men&-

brune may be joined onto the housinv. for example by
welding. Only thereafter is the filling of the packa e interior
space with incomprcssibic fluul through onc or multiple
(i)ling opening(s) under a vacuum camcx! oul. Thc subse-
quent closing oi'hc Iilling opciungs also takes place under
a vacuum and may take place, fiir example, by pressiag in
suitable piuas.

[0011] Ho~ever, the fact that the filing under a vacuum is
complex and cost-Intensive Is problematm, as is lhe
incrcascd space requiremcnl and thc linuted flexibihly with
respect to the electricai sianal conduction through the filling
openings spatially separated from the housing/nlembrane
I 0

litt .

SUMMA)(Y

[0012] In onc sptxiiic example mnboduncnl, thc present
lnvenlloll proviiics 9 9t:Ilstir, Ill pdrllcuhir, II priwsUIc scilsol;
IIIC)Udillg:

[0013] a sensing element for detecting a property and/or
a composiuon oi'a surrounduig medium of thc sensor,

[UU14J a transmission medium fiir transniitting a property
and/or a coinposition of the surrounding medium onto the
sensing element, the transmission medium being situated in
such a way that the transmission medium is applied to the
scllslllg clclncnl: Bnii ii cuter. which ih9(dllccs fllc ndllsinls-
sion mcdnim from lhc surroundulg meth um, thc cover beuig
manufactured from a self-heaiing material. in particular, the
cover beino designed as a flexibl menibrane
[0015] In one further specific example embodiment. the
prCSClll IUVCII(loll plot lies d nit:lilod Ior lndllilfaC(U11ng 9

SCIISOI, ill piir(ICiiiBI; ii prt:99illc 9t:IISOI; ilu:hldlllg IIIC S(CpS.

[0016] providing a housing includin an opening:
[0017J introducin the sensing elenlent into the hous-

ing;
[0018] closing thc opening oi'hc housing with lhe aid

of a cover, in particular, desi ned as a flexible mem-
brane, the cover being mmnifactured front a self-heal-
ing materiai. and an interior space being formed in the
hoUShlg:

[0019J creating at least one temponsry opening in the
cover;

[0020J introducing the transmission medimn into the
interior space through the at least one temporary open-
ing in the cover; and

[002)J closing the tempomry opening
[UU22J One possibie advantage m the process may be that
a filling of the sensor with the inconipressible fluid is made
possible in a simple and cost-etfective manner. One possible
further advantage may be the high flexibliity since no fillin
openings impair or limit the electrical signal conduction for
the sensor. Onc possible further advantage may be that lhe
space rcquirmncnl duruig thc Inalm facturc lna)'e rcducixb
[0023] The expression "self-heahng material" shall be
understood to mean all materials which, lhcmseivcs (ac-
tively) or through nuuaiion (passively). al least partially
compensate for at least physical dmnage Iixainpies of
self-healing inateriais are listed in literature by (ihosh 8
"Self-healing Materia)a I'undiunentai. Design Strategies,
and Applications,'* WILEY-VCH Verlag CimbH 8: Co.
KC(aA. Weinheim. ISBN: 978-3-327-31829-2. and in litera-
ture by Bartlett M. et ai. "Self-hcalulg materials for sofl-
mauer machines and elccuonics," NPC) Asia hiatcnais
(2019) 11:21, https iqdoi orgi10.1038/s41427-019-0122-1,
which are hereby incorporated by reference
[0024] Further fcauircs. adtantagcs and further speci(ic
embodiments of the present invention are described hereaf-
ter or become apparent thereby.
[0025] According to one refinement of thc present inven-
tion, the transmission medium is an incompressible fluid, in
particuhsr, an oil in this way, a transmission medium may be
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provided in a simple and cost-eflbctive manner to transmit,
hi pdt ticU)ar, propi:rtii:s ol thc sUIToiuldul UILdiU«1 onto fllc
si:nsulg clcnicnt.
[0026] According to one further rclinemcnt, a protective
layer. ui particular, In the firm of a metal layer, is s«usted
on Ihe cover. Thc advantage of a protccuvc layer is that thc
cover, in particular. in the fiirm of a flexible membrane, Is
pmtected from envimnniental influences, such as the sur-
rounding medium. or also electromagnetic radiation, such as
light, or the like. Overall, the service life ofthe sensor is thus
uicrt:dst:il.

[0027] According to one hnther refinement of the present
invention, the sensor includes a housing in wl»ch the sensing
clcmcnt and thc trmismission mcdnun arc s«usted, )hc cLIYL'.I

cltising Ihc hoUsulg towdrd iit leiist Linc stile, iitxl Iin, ul
paruculdr, ctrcumfi:reunal, seal being situs)LTI on mi outer
side of the housing ]he advantage of this is an easier
integration of the sensor into an end product
[0020J According to one further refineinent of the method
of the present invention, the closing of the at least one
temporary opening occurs automatically and/or only after an
appropriate initiation using initiation means. The advantage
of an automatic closin is the simplicity of the process.
Nothing further has to bc dont: to clLisi: thc opcnhig. Thc
advantage ui thc case of a closing of the opmung v,luch is to
be initiated is that this niay be carried out at an appropriate
tinie and in a controlled manner
[0029] According to onc further rclinemmit ol'thc method
of the present invention. the creation of the at least one
temporary opening in the cover takes place by piercing the
cover with the aid of a pointy and/or narrow object. in
particular. m the form of a cannula. The advanmge of this is
a particularly simple and rapid creation of a temporary
opcnmg. "Narrow" and "pouity." in parncular. mean Iha! thc
"scllihcaluig property" of thc material of thc membrane Is
not impaired by the design of the object, since the "self-
healing pniperty" is usually lost in the case of excessive
damage. In this regard, "narrow'* and "pointy" shall be
understood with respect to the self-healin materiah a mate-
rial having low self-healin properties, for example. requires
d ndITowct dnd/or pout)let erin«UIB than a nlau:Ilal havulg
great self-healing propcrncs.
[0030] According to one fitrther refinement of the method
of thc pi est:nt invention, thc ulirodLI ction of thc tt itnsnlls sion

medium takes place through thc pou«y and/or narrow object
in the form of a canmtla 1 he advantage of this is that the
transmission mediuni may be particularly easily introduced
into the interior space. A complex insertion of the pointy
and/or narroiv object and introduction of the transmission
medium via a further feed unit is dispensed with.
[0031] According to one fitrther refinement of the method
of the present invention. Bt least two temporary openings are
formtx) in thc cover, and thc introduction of the transmission
medium takes place via onc of the at least two temporary
opcnmgs, and Ihc Intcnor space is vented. in particular,
actively. via the second of the at least nvo temporary
openinns. ]he advantage of this is that. in this ivay. a nspid
and simultaneously bubble-free filling of the interior space
with incompressible fluid is made possible. Active venting
«UIy'iiki: place ul that Undi:Ipti:ssUIL'. Is apphLL) vlB fllc
second opening to thc Interior space, for example with the
md ol' second cannula. Fillui then takes place until
incompressible fluid exits the opening or collects in the
second canmda outside the interior space

[0032] According to one luther refinement of the method
of thc prcscnt invention, thc uutiation takes plime with the
d iil of opt icii1 itnd't thcrnlii I itpp1 1ciI)lou of thc co vi:n hl this
way, a closing of the openings may be initiated in a simple
and simultaneously reliable nianner
[0033] According to one Ihrther rcliucmmi) ol'the method
of the present invention. a protective layer, in particular, a
tlun metal Lsyer. is applied onto the cover, pieferably ivith
the aid ofphysical vapor phase deposition. The advantage of
a protectit e layer is that the cover. in particular. in the fomi
of a flexiblc membrane. Is protcmted from cnvironmcntal
influmiccs. such as Ihc surrounduig nuxhum, or also light, or
the like Overall, die service hl'c of thc sensor is tlnis
increased.
[0034] According to one Ihrther rcliucmmi) ol'the method
of thc present invcnuon, a seal is provuled on Ihc outcr side
of the housing, in particular, in a first step, the housing being,
manufactured with the aid of a «vo-coniponent injection
moldin process and. in a second step, the cover and the seal
bein jointly manufactured. The advantages of this are, on
the onc hand, an easier integration ol'hc scttsor into mi end
product and, on thc other hmid, a simpler and laster mmiu-
lacIurc ol thc sensor includuig tlu: seal.
[0035] Further imporiant features and advantages ol'hc
present invention arc dcnvcd from thc ligures. and from thc
associated description of the figures
[0036] It shall bc understood that ihc above-mcntio«LTI
fi:aIurcs and those still to be dcscribcd hcrcaftcr may bc USLTI

not only in the particular described combination, but also in
other combinations, or alone, without departmg fmm the
scope of the present invention.
[l)037J Preferred embodiments and specific embodiments
of the present invention are shoivn In the dmswings and are
described in greater detail in the following description,
identical reference numerals referring to identical or similar
or functionally cqun slant componmits or elcmculs.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] FIG. 1 shows a sensor according to onc specific
embodiment of Ihc prcscnt uivenuou in Ihc cross-sccnon
prior to filling
[0039] FIG. 2 shows thc sensor according to FIG. 2

including ciuuuilas pushcx) Qmtugh thc membrmic.
[0040] FIG. 3 shows the smisor according io FIG. 2

iucluduig canmilas pushed tluough tlm membrane al'ier
complctc lilluig.
[IN)4IJ FI(i 4 shows the sensor according to lil(i 3 in the
final state.
[IN)42J FI(i 5 shoivs a sensor according to one specific
embodiment of the present invention in the final state.

[0043] FIG). 6 slmivs steps of a method for mamifacturing
a sensor according to one specific embodiment of the present
iuvmilion.

DETAILED DESCRIPTION OF EXAMPLE
EMBODIMENTS

[0044] FILI. 2 shows a sensor accordin to one specific
embodiment of Ihc prcscnt uivenuou in Ihc cross-sccnon
poor to lilling,
[0045] FIG. 2 shows the smisor according io FIG. 2

including cannulas pushed through the nienibrane: I'l(i 3

shows the sensor according to lil(i. 2 including cannulas
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pushed through the membmlne ai'ter complete filling: and
FIG. 4 show s thc sensor accorduig to FIG. 3 ui the linal state.

[0046] In detail, FIGS. I tluough 4 each show a sensor 1,
winch includes a substrate 2 and a rewiring phmc (not
sholvni situated in substnlte 2 A chipset 4 including at least
one sensing element 4a is situated in a housing. in the fornl
of a sleeve 6. situated on substrate 2. Chipset 4 includes. for
example, an evaluation electronics Iilr sensing element 4a.
Scnsuig clcmmit 4B may bc designed as a MEMS sensing
CICnlcllt 411.

[0047] Sleeve 6 is thus closed on thc one side by substrate
2. and on Ihe other side sleeve 6 is closed with the aid of a
flexible membrane 7 made up of self-healing, material In
diis way. an intenor space 5 is formed Self-healing meni-
brane 7 may be joined in the process with the aid ofweldin,
or housing 6 and membmlne 7 may be jointly manufactured
by two-component intimuon molding.
[0048] For lilhng intcnor space 5. Iwo narrow caiunilas 8
arc now pushed at a suflicicnt distance from onc another
through flexible membrane 7 In this way, two temporary
openin 1 12 are formed 1 his step may optionally be carried
out under a vacuum.
[00491 An incompressible fluid 9 is now filled into interior
space 5 via the one of the tv o cannulas 8. the left cannula
in FIG. 3. In thc process, the intenor space may be mtivcly
1 en(ed via second carulula 8 and,'or bc subtimted to under-
pressure Interior space 5 is completely filled when the level
in the right canmila 8 is above the plane of tiexible mens-
brane 7. 'I'hereafter. the two cannulas 8 are removed.
[0050] After cannulas 8 have been removed. the self-
healing of flexible membmlne 7 occurs either withont further
intervention or supported by a suitable stimulus. for exainple
with the md of opucal and/or tlmnnal irradiauon or, in
gCIICI'ill. bv il Hu:rlual rcorgaluZB(1011 Of HIC luclublilllC Colll-
ponents 'I'enlporary openings 12 are closed thereby.

[0051J In one further optional pmcess step, the application
of a thin metal layer 10 takes pLlce. for example, with the aid
of physical vapor phase deposition, to suppress diflusiou
processes tiuough flexible membrane 7. and to protect
Hcxiblc membrane 7 from environmental uifluences, such as
fol cxillnplc UV light.
[0052] FIG. 5 shows a sensor according to onc spccilic
embodiment of the present 1m ention in the tinal state.
[0053] I'l(i. 5 essentially shows a sensor I accordmg to
ill(i. 4. In contrast to sensor I according to ill(i 4. nietal
layer 10 is missing in sensor I according to FIG. 5 Fur-
themlore„a circumferential seal 11 is situated on the outer
side of sleeve 6. Seal 11 may be used. dunn futshcr
insiaflation. i.c.. dunng thc system uitegration ol'ensor 1

llllo. fol cxulnplc, B collsiilncr electronics ploducl, SUch iis
for example a smart phone. to seal the joint benveen housing
6 of sensor I and the housing of the higher-level system. filr
example of a smart phone or the like. The two-component
injection moidin manufactunng method may be used for
this purpose; in the first molding shot, housiiig 6 of sensor
1 is gcnemtcd as a hard component. Thereafter. m Ihc second
molduig shot. Hcxiblc mcmbrmie 7 as wcfl as outer swil 11
are jointly Benerated

[0054] FIG. 6 shows steps of a method for manufacturing
a sensor according to one speciiic embodiment of the present
lllvclltloll.

[0055J I'l(i. 6 sholvs steps of a method for manufacturing
a sensor, in particular. a pressure sensor. in detail.

[0056] It includes the steps:
[0057] providin S I a housin including an opening;
[0058J introducing 82 the sensing elenient into the

housing;
[0059] closing S3 thc opening ol'hc housing with thc

aid of a cover, ui parlicular. designed as a tlcxible
membrane. the cover bein manufactured from a self-
healin material. and an interior space bein formed in
Ihc Ilousing;

[0060] creating S4 at least one temporary opemng in the
cover;

[0061[ introducing S5 the transmission medium uito thc
inlcnor space tluough Ihc al least onc tmnpomry open-
ing in the cover; and

[0062J closing S6 the temponlry opening.
[0063J In sunuuary, at least one of the specific embodi-
ments of the present invention may provide at least one of
the folloiving features and/or one of the following advan-
tagCS

[0064] simple manufacture, ui parucular. of a plurality
of sensors. in particular, of media-resistant sealed pres-
sure sensors

[0065J small instaflation space
[0066] reliable and rapid tilling with the incompressible

fluid
[0067] low manulbcturuig costs

[0068] Although thc prcscnt invention has been described
based on preferred exemplary enlbodinlents. It is not limited
thereto, but is nlodifiable in a variety of ways

1-12. (canceled]
13. A sensor. comprising:
a sensin element configured to detect a property and/or

a composiuon ol'a surrounduig medium of thc sensor,
a trmlsmission medium lbr umlsmitting a property and/or

a composition of Ihc surrounding medium onlo Ihe
sensing element, Ihe transmission mediunl bemg situ-
ated in such a way that the transmission niedium is
applied to the sensing elenient, and

a cover which distances the tmlnsmission medium from
thc surrounihng mmlium, the cover beulg manufactured
from a self-healing material and bculg a Hcxiblc mem-
brane.

14 I'he sensor as recited in claim 13, wherein the sensor
is a pressure sensor

15. The sensor as recited in cLaim 13, wherein the trans-
mission medium is an inconlpressible Ihiid

16. Thc sensor as rcmtuxl in clmm 15. whcrcin thc uicom-
prcssiblc fluid is an oil.

17. Thc sensor as remi uxl ul cl aun 13, wherein a prot iw tive
layer is situated on the cover.

18. I'he sensor as recited in clainl 17. wherein the pnl-
tective layer is a metal layer.

19. The sensor as recited in claim 13, wherein the sensor
111Chides ii hollSlllg 111 whiCH Hu: Scilslllg CIClncilt Bnd Hu:

transmission medium arc situated. thc cover closui thc
housing toward at least one side, and a circumferenual seal
situated on an outer side of the housing

20 A method for manufacturing a sensor. comprising the
Ioilowul steps;

providing a housing including an opening:
introducing the sensing clement into the housuig.
closing Ihe opeiung ol'hc housing usuig a cover. Ihe

cover being a Hexiblc membrane and being manulhc-
tured from a self-healin material. and an intenor space
being fomled in the housin:
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creating at least one temporary opening in the cover,
ullroducing Ihe trmlsmlssion medium ulto Ihe ulteuor

space through Ihc at least onc temporary opelun ul the
cover, and

closing the at least one tenlporary opening,
Zl. 'I'he method as recited in claim 20, wherein the sensor

is a pressure sensor
ZZ. The method as recited in claim 20, wherein the closiag

of the at least one temporary openin occurs automatically
and/or only after an appropriate initiation usin initiation
cleans.

23. The method as rccltcd in elena 20. v,hcrem thc
crention of Ihc at least onc temporary opemng ul Ihc cover
takes place by piercing the cover using a pointy and/or
narmiv object, in the fornl of a cannula

24. 'I he nlethod as iecited in cLSim 23, wherein the
introduction of the transmission medium takes pLsce tluough
the pointy and/or narrow object in the fomi of the cannula.

25. The method as recited in claim 24, v herein at least
two temporary openings are formed In the mlver. and the
introduction of the transmission medium takes place via one
of the at least uvo temporary openings. and the interior space
Is vcnlcd vul a second ol thc ilt least Iwo opcnnlgs.

26. Thc method as rccltcd in claim 22, wherein Ihe
initiation takes place using optical and/or thermal applica-
tion of the cover.

27. 'l'be method as recited in claim 20, wherein a protec-
tive layer is applied onto the cover

20. Thc method as rccltcd in claim 26, wherein Ihe
pmtective layer is a thin metal layer which ls applied using
physical vapor phase deposition

29. The method as recited in claim 20. wherein a seal is
provided on an outer side of the housing in a first step. the
housing being manufactured usulg a Iwo-component injec-
tion moldulg process and, ln a second step. Ihe cover and thc
seal ilrc loaltll'lanufacuucd.


	Abstract
	Biblio
	Claims
	Descriptions
	Drawings

