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(57) ABSTRACT

A ntethod for manufacturina a sensor I'he sensor mcludes a
sensing element and a housin „ the housing tncludin an
interior space. which is accessible through a housing open-
ing, and thc sensutg clmuent being situated tn thc interior
space and beutg designed to dctcct a property mxgor a
composition ol't ambient medium of the sensor. Thc
method includes filling the interior space with a protective
medium through the housin opening, the protective
medium being desicned to transfer the property and/or the
composition of the ambient medium to the sensin element;
fitong a preferably fiextblc diapludgm at or ut the housutg
opening prcfi:rdbly for sealing thc housing opening, the
dltlpllrdglll tllchaltllg dt bslst olla dlapllraglll opcillllg, dlld
sealing the at least one diaphraam opening. A sensor, which
is manufactured accordina to this method, is also described
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METHOD FOR MANUFACTURING A
SENSOR AND SENSOR

CROSS REFERENCE

[0001] The present application claims the benefit under 35
U.S.C. Sx I II) of German Patcni Applmation No. DE
1020202143S4.6 lilcd ou Nov 17, 2020, whwh is cxprcssly
incorporated herein by reference in its entirety

iiil!I.D

[0002] The present invention relates to a metlmd for
IlldlulfdCIUllllg a SCilsor. IIIC SCIISOI IIIChldlllg a SCIISlllg

CICIllt:lit dlld a 11OUslllg, Illc 11OUSlllg 111CIUdlllg all llltCIlor
space. v hich is accessible through a housing opeiung. and
the sensing element heing situated in the interior space. and
being designed to detect a pmperty aod/or a composition of
an ambient medium of the sensor.
[0003] The present invenuon fiirther relates Io a sensor.

BACKGROUND INFORMATION

[0004] Although the present invention is applicable in
geneml to arbitrary sensors. with which it is possible to
detect a property and/or a composition of an ambient
medium, thc prcscnt invenuon Is explained with respect to
prt:settle scllsol's.
[00051 Pressure sensors have been introduced on a bmad
scale in consumer electronic devices such as. for exainple,
amer/phones and amer/watches. Duvmi by ncv, applications
such as, for cx unple, indoor navigation or Iraciong of litncss
cxcrclst:s. Ihc ih:lllallds placix! Cll Illc lllcdsurlllg acclll'acy'f
pressure sensors contimie to increase. At the same time, nev
device generations are designed to be inedia-tight and dirt-
repelhant. so that high-precision and media-tight pressure
sensors are called for. It is etiualiy necessary that over the
course of Ihc service lifi: thc pressure sensors become
contamurdtcd as liulc as possible in order to ensure a
trouble-Ibec functionality. Thc surfaces of the sensor
exposed to an anlbient medium necessary for the sensor
system should therefore exhibit a preferably minimal ten-
dency to become contaminated.
[0006] To aclueve lugh-precision mid yct readily nunia-
turizdblc SCIISOIS, lt IS COIIVClltlollal ltl dCSlgll Iilc SCIISlllg

element ofthe sensor as a Ml !MS (microelectromechanical
system) I'o achieve a media-tight sensor. the sensing ele-
ment may be embedded into a protective medium and be
thereby protected against a direct contact with an ambient
medium. Convcnuonal protimuvc media are formed by gals
or olid. The protcctivc medium has Ihc additiolrdl !ask of
conductuig a properly and/or a composition of Ihe mnbimlt
medium to the sensing element aod of enabling a detection
of the pmperty and/or the composition by the sensing
elenlent. It is conventional to protect the surface of the
protective medium, which is in contact with the ambient
mcdnun, with a duiphragm. In thc case ol' lluid as the
pro)CCIII C IIICdllllll. tilts illiiphrdglll alstt prCSCllm a ICal iigC
ol'he protective medium.
[0007] When using a diaphragm, it should be ensured tlmt
preferably no air pockets remain between the protective
mcdnun and thc diapludgm. Accorduig Io one convmltioiml
approach. thc sensor housing includes a liller opening and a
suction opening. Thc interior space is tilled with Ihc pro-
tective medium through the filler opening and excess air ls
suctioned out through the suction opetli ug Once the interior

space Is filled v, ith the protective medium. the filler openin
and Ihc suction opcnmg dre sealed, for example, by a plug.
The disadvantage herc is that tlm manufacture ol'hc sensor
housmg becomes complex as a result of the additional
opculllgs.

SUMMARY

[UU()SJ In one speciiic embodiment, the present invention
pmvides a inethod for manufacturing a sensor, the sensor
includes a sensing eleinent and a housing. the housin
including an interior space. which is accessible through a
housin openin . and the seming element bein situated in
the iutcuor space and being designed Io dctimt a properly
and/or a composition ol mi ambient medium of Ihc sensor,
IIICIUdlllg:

[0000J filling the interior space with a protective
medium tluough the housin opening. the protective
medium being designed to tmnsfer the property and/or
the composition of the ambient medium to the censing
elmncnt,

[0010] lixing a prcfcrably fiexiblc diapludgm at or ui thc
housing opening preferably for sealing the housing,
opening, the diaphragnl including at least one dia-
pluagm opening, and

[0011] sealing the at least one diaphra m opening.
[0012] In one further specific embodiment. the present
invention provides d sensor. preferably a prcssure sensor,
mauul'ectured usui a method according to Ihe aforemen-
tioned specific embodiment
[0013] Prior to the filling with a pmtective medium, the
fixing of a diapiua~t and the sealing of the at least one
duipluagm opening, a smlsor Is provided as a type ol'sensor
bliutk" Tlus sensor includes a housing, which includes an
interior space and a housing openin A sensing element is
situated in the interior space 'I he housing opening enables
an access to the interior space. On the one hand, this means
that a property and/or a composition of an ambient medium
is able to reach directly or inihrectly the sensing element
from outside Ihe sensor IIUough thc opcnuig. On thc other
hand, the access mlables the interior space Io bc lillcd with
the protective medium.
[0014] With respect to a a~uence of fillin with the
protectw e medium and of fixing the diaphragm. it is noted
that ui one specilic cmbodnnent thc lilling with the protec-
tive medium may take place prior Io the lixuig of thc
diaphragm. 1'his alloivs for a particularly good access fbr
filling with the protective mediunl In another specific
embodiment. the fixing of the diaphragm takes place prior to
the lillin with the protective medium. In this case. the at
least one diapluagm opening may be utilized for filling with
the protective medium.
[UU15J the diaphragnl may be filrnled fmm different
materials. In one specific embodiment, the diaphragm is
formed from a metal. In another specilic embodiment, the
illilphrdglll IS ftlmlCil llt1111 II plaSIIC lllatcilal. Ill Illc CdSC Ol

a prcssure sensor. in parucular. It is useful if thc diapludgm
is as llcxible as possible. In tlus case, the diaphragm may
include a small E-nlodule. may be thin for exaiupie. one to
a few ten inicrometeis thick and/or may be structmed tilr
example. v, ith an undulating prolile.
[0016] The "at least one diaplud m opm»ng" Is already
prcscut at Ihc diaphragm. This may mean Ihat Ilm diapludgm
opening(s) is/are genenlied already during the manufacture
of the diapluagm. 'I'he number of diaphragm openings may
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be a function of the respective specific application. A single
diaphragm opmiing may bc uscfiil if file protccuvc mcdnim
is Iilltxl auough thc diapluagm opening with ale md of a
cmlnnla lwo diaphragnl openings may be useiul it the
pmtective medium is filled through a diaphragm openiag
ivith the aid of a cannula, wlfile as, for example air, is
draivn from the interior space through another diaphragm
opening. A plurality of diaplua m openings may be useful if
the sensor Is degassed pnor to sealuig, Ibr example, by
dpphcauon of a negative prcssure. On ale whole, the number
of diaphrayn openings niay thus be a function of the
respective application and/or nlay be utilized for a variety of
purposes.
[00)7J 'the diaphragm opening(s) itself'themselves may
be ditferently shaped. as long as the diapluagm opening Is
able to fulfill a function in terms of the present description.
The boundary of the dmphragm opening(s) may. in prin-
ciple, be arbitrarily formed. In one specific embodiment. the
diagraph opening(s) have a contuluous boundary. Such
illdphldgul openings illav, fol cxdulplc, have B lollud or
elliptical shape In this way. the stability of the diaphragm Is

mininlally affected
[0018] A **Iixing oi' diaphragm at or in ale housing
openin " may take place in various ways. In this case, a
fixina area may be finned at or in the housing opening. liow
the fixing area is designed is a function, in particuhlr. of the
type of fixmg and of the positioning of the fixing area
rclativc to thc housing opmung.
[0019] The diaphmgm may be welded to. or be othelwise
materially inte rated with. the fixiiig area and/or may be
clamped at the Iixuig area or held ul some other mcchiuucal
miulncr. In this case, It may bc useful if aficr thc Iixin, a
nledia-tight connection is formed between the diaphragnl
and the housiim opening
[00ZOJ 'the "sealing of the at least one diapluagm open-
ing" may take place in various ways. In tlfis case, the
diapluagni operung is sealed preferably in such a way that
the protective medium is no lon er able to exit the interior
space. A sealed diaphragm opeiung ul I)us case may bc
ilt:slgncd 10 bc Blr-tight Blld/or liquid-ught or generally
media-tight Moreover, a diaphragm opening sealed bv a
filling nlay be lust as stable, or even more stable. than a
full-surface diapltlagm without a diapiuagdn openin or
without diap)tla m openin s. Which material is used for the
sealing, niay be a function, in particular, of the material of
thc diaphragm Thc spixiiic process steps oi'the sealuig will
be a Iiinction oi'he ma)coal of thc Iilling used filr scaling the
at least one diaphragnt openuso In this case, a tilling of the
diaphragm opening niay be thin. In one specitic embodi-
ment, the filling is betv een 5 micrometers and 50 microm-
eters. for example, IO micrometers or 20 micrometers in
thickness.
[0021] The "smlsuig clcmcnt" may bc implemental In
1 ario us ways, as long as It Is able 10 del oct a properly and/or
d Conlposltloll Of Bll iiulblCIlt BICdlilul. SllC11 propcl11CS
andior compositions niay. for example, be a pressure, a
tenlpemture. a gas content, for example, carbon dioxide or
carbon monoxide. and/or a moisture. to name just soine
conceivable specific embodiments. The sensing element
may bc correspondingly diverse, the sensor also capable of
includmg multiple, also diilbrcnt sensulg elements. The
sensing element may bc dcsigncx) as a MEMS (micro-
electro-nlechanical systeni), as a result of which a particu-
larly compact sensor may be implemented

[00Z2] Further features. advantages and further specific
embodiments oi'he present uivenuon arc dcscnbcd below
and thereby become apparmit.

[0023J In oae specific embodiment of the present inven-
tion. a degassin of the protective medium is carried out
prior to the sealing of the at least one diaphragm opening, the
degassing oi thc protective medium taking place prcibrably
by apphcation oi a ncgativc pressure to thc at )cast one
duipluagm opcnuig. In this way, gas bubbles. which may
form when the interior space Is filled with the protective
medium, may be renloved fmm the protective medium

[00Z4] In one specific embodiment of the present inven-
tlou, Ihc scdllng of tht: dl icdst olu: dldphrBglu opening ls
cerned out by dispemmg a preferably hquid monomer onto
the diaphrag/n in the area of the at least one diaphragnl
opening and by subsequently curiim the nionomer to forin a
polymer. In one specific embodnnent„ the dispensing or the
delivery of the monomer takes place with the aid of a
canmda In another specific embodiment. the dispensing
takes place 111th Ihc aid of a spray coating. as a result of
which cvcn thulner and more homogmious layers arc Ibrm-
able 1)ie curing nlay take place by Irradiation. for example,
v ith ultraviolet light On the v hole, thin and siniultaneously
stable filling may be generated in tins manner
[0025] In one spccilic cmbodinu:nt of the prcscnt invcn-
tloll, Ihe scaling oi thc dt ltxlsl olu: dlaphragul opening Is
carried out by dispensing a preferably liquid polymer onto
the diaphragin in the area of Ihe at least one diaphragm
opening and by subsequently curing the polymer In the
process. difi'erent polymers may be used, for example, also
a stmdard poiymer adhesive. By utilizing a polymer for
scaling thc at least onc didpluagm opening. it w possible to
resort to methods that arc conunon In a scnuconductor
assembly. This simplilics thc nuinufacture of tlm sensor.

[0026] In one spccilic cmbodinu:nt of the prcscnt inven-
tion, thc sealing oi thc at least onc diaphragm opening takes
place in Ihc presence oi excess protective medium present al
the at least one diaphraglu openiim In this way. it is not
necessary to ensure that the diaphragm and/or the diaphragm
opening is/are free of excess protective medium. This may
facilitate the manufacturing process.

[IN)27J In one specific embodiment of the present inven-
tion. excess protective medium present at the diaphragm is
removed before the at least one diaphra m opening is sealed.
In this way. a good adhesion of a sea)in material and/or a
wide range of usable scaling matenals nuiy bc aclucved.

[00Z8] In one specific embodiment of the present inven-
tion. the diaplua m is fixed at an intermediate carrier and in
Iixing thc diapludgm at 01 Iu thc llouslllg opcuulg, lhc
intcnncdiatc earner Is lixed at or ui Ihc housing opciung.
Such an intermediate carrier also referred to as an inter-
poser nmy simplify the nlamifacture of the sensor or the
fixiag of the diaphragtu at or in Ihe housing opening. ) Ior this
purpose. the diaphragm is connected to the mtermediate
carrier in an upstream manufacnirin step. The intermediate
carrier together ttith the diapluagm may then bc uisertcd
11110 thC httllSlng OpCIllllg Or Iixtxl lit thc Iloilslllg OpCnlug.
'I'he manufacturing steps are tlnis parallelizable

[0029] In onc specilic embodiment of thc present inven-
tion, Ihe housulg mid thc uitenncdiatc carncr and/or thc
intcnncdiatc camcr mid the diapluugm arc lixed next 10 one
another with the aid of a clip connection and/or with the aid
of press-fitting. In this way. a stable and/or media-tight
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fixing of the diapluagm in or at the housing openiitg may be
implmncntcd in a particularly simple mmuicr.

[t)t)3U] In one specihc embodiment of the present inven-
tion, the housing and the interniediate carrier are fixed to one
another with the aid of a materially-integrated bonding
process, preferably with the aid of welding. In this way, a
particuffirly high media impermeability and/or particularly
stable coiuiections may bc achicvcd.

[t)t)3)] In one specihc embodiment of the present inven-
tion, the at least one diaphragm opening has a dimension of
a few miilimeters or less, preferably smaller than or equal to
I millimeter, particularly preferably of less than or equal to
0.5 millimeters. the at least one diap)urn opening having
a duncuston ofmorc than 10 nucromctcrs, preferably grcatcr
than or equal to 100 nucrometcrs. A size ol thc diapluagm
openin s of a few millimeters or smaller allov s for a
diaphragm opening that is sufficiently large and yet influ-
ences barely or at most minimally the stability of the
diapluagni. A size of the diaphragm opening(s] of less than
or equal to 0 5 millimeters influences the diaphragm less. so
)liat tile nlauuthctullng process up to tile scalilig iif tile
diapluagm openuig may be snap)dies). Such a smail dia-
phragtu openin is useful, in particular, when using nniltiple
diaphragm openings A size of the diaphmagtn opening(s) of
more than 10 micrometers allows for a reliable handling in
the manufacturin process. At a size of Irreater than or equal
to 100 niicrometers„a potential plu ging of the diaphragm
opeiung(s] may beavoidcd, depending on thc protcxttvc
mcdnun used.

[t)t)32] In one specihc embodiment of the present inven-
tion, the protective medium is formed by a non-compress-
ible fluid. preferably. an oil. In this way a protective medium
may be provided in a simple manner.

[0033] Further features and advamagcs of thc presmit
invention result front the figures and froin the associated
fi ure description with reference to the figures it is under-
stood that the features mentioned above and those still to be
explained below are usable not only in the respectively
indicated combination. but also in other combinations or
alone, without departing Irom thc scope of the present
invention.

[t)t)34] Preferred enibodiments and specific embodinients
ofthe present invention are represented in the h urea and are
explained in greater detail in the followin description,
identical reference numemsls referring to identical or sinuffir
or funciioiially nlenucal components or clemcnts.

BRIEF DESCRIPTION OF THE DRAVVINCIS

[0035] FIG. 1 shows an obhquc view of one spccilic
embodiment of a sensor according to the present invention.

[0036] FIC). 2 shows a side view of the sensor according
to FKI. 1.

[0037] FIG. 3 shows a top view of the scnsoraccordin to
FIG. 1.

[t)t)38] I'IG. 4 shows an oblique view of a section tlirough
the sensor according to FICi. 3 along line A-A.

[0039] FIG. 5 shows a sale view of a section through tile
smisor according to FIG. 3 along linc A-A.

[0040J )'IG. 6 shows a flowchart of one specific embodi-
nient of a method according to the present invention

DETAILED DESCRIPTION OF EXAMPLE
EMBODIMENTS

[0041] FIGS. 1 through 5 show various vwws of onc
specific example embodiment of a sensor, which has been
manufactured by a method according to the present inven-
tti111.

[0042] FICI. I shows an oblique view of sensor 1. A
housuig 2 of sensor I is fomicd by a rcwiruig substrate 3 and
a slccvc 4. A housuig opening 5 is fortncx) in thc upper arcs,
into which an intenncdiatc camcr 6 also rcfcrrcd to as an
interposer is press-fitted intermediate earner 6 includes an
intermediate carrier opening 7, through which a fifling 8 is
apparent.
[0043] FIC). 2 shows a side view of sensor I including
rewiring substrate 3 anil slccve 4.
[0044] FIG. 3 shows a top view of sensor 1 uicluiiuig
rewiring substrate 3. slecvc 4, uitenncdiate corner 6 and
filling 8.
[t)U45J ii)(i 4 shoivs an oblique view of a section through
sensor 1. An ASIC (application-specific integmsted circuit) 9
is situated on rewiring substrate 3 and a sensing element 10
is situatixl on ASIC 9. Sensing clement 10 ui tlus case is
situated in an interior space 20. which w fiinncd in housuig
2. Interior space 20 is lilled at least parually by a protective
medium 11 which, on the one hand, shields sensing element
it) from an ambient medium )2 and, on the other hand,
transfers a property and/or a composition of the mnbient
medium to sensin element 10„ for example, the pressure in
ambient medium 12. Intcnnixliatc currier 6, at thc undcrsidc
of wluch a diapluagm 13 is situated, is situated ui hmisuig
opening 5. Diapluagm 13 includes a diaphragm opening 14.
v hich has been sealed by a fillin 15 The intermediate
carrier is press-fitted into sleeve 4, as a result of which
diaphra m 13 is fixed in housing openin 5.
[0046] These elements are apparent once a ain in FICI. 5
from a somewhat different vice angle.
[t)U47J lii(i 6 shows a flowchart of one specific embodi-
ment of a method according to the present descnption In

step SI, a sensor I is provided, which includes a sensin
element 10 and a lu&using 2, an intenor space 20 bein
fiirnuxl in housing 2. which is accessible tluough a housuig
opening 5, and ui wiuch scnsuig element 10 w situated.
Procccding from su:p S1, two altcrnauvcs are represcntixh In
a first alternative, interior space 20 is initially filled in step
S2 with a protective medium 1), and subsequently in step
S3, a diapluagm 13 is fixed at or in housin opening 5. In a
second alternative, diapiuugm 13 is initially hxed in step S3
and subscx)ucntly in stcxt S2 intcnor space 20 is )i)lcd with
protcctivc medium 11 for example tluough diapluagm
opening 14. Thc lilhng ol'iterior space 20 with protcxttvc
medium I I may take place under atmospheric pressure 'I he
diaphragm may be fixed by press-fitting the intermediate
carrier into sleeve 4 (with an optional materiafly-intetrrated
bond) or by insening intermediate carrier 6 and subsequent
materially-uttegratcd bonding. Thc ma)anally-integrated
bonduig in tlus case may take place by way ol' wclduig
proci:ss.
[0048] In an optional step S4. a de assin of protective
medium 11 is carried out. for example. by application of a
ncgativc pressure to the smisor. In a further optional step S5,
excess protcctivc medium 11 located in the arcs ol'ia-
pluagm opmung 14, in parutnilar, on thc upper side of
diaphragm 13. is removed. In this way, a contact surface tiir
a filling 8 for sealing diaphragni opening 14 may be pre-
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pared. Tlfis excess protective medium 11 may be formed
duruig boih albrcmentioncd scxlucnccs of steps S2 and S3.
In step S6. the diaphragm opcmng Is smiled by a fiilmg 8 In
this step S6. a hquid monomer may be applied in the area of
the diaphragm opening and subsequently cross-linked to
form a polymer. for example, by irradiation usia uluavfolet
li ht.
100491 Although the present invention has been descnbed
based on prcfierred exemplary embodiments. it is nol
rcslmclcd thcrcio, but is modifiable m B vancly oi ways

Pfhat is claimed is
I A method for manufacturing a sensor, the sensor

including a sensing element and a housing, the lmusing
including an interior space wlfich is accessible tluou h a
housing opening, and the sensing element being, situated in
thc inicrior space and being conligurrxl lo detect a property
and/or a composition ol mi iunbienl mcdnun of lhc sensor,
the method comprising the folkiwing steps:

fillin the interior space with a protective medium through
the housing opening, the protective inedium being
configured to transfer the property and/or the compo-
sition of the ambient medium to the sensiltg element:

fixuig a diapludgm at or in Ihe housing opemng, lhc
iliiiplirdgiil IIICludiiig Bl ICdSl Otic'. dlaphrB iii Opcillilg,
and

sealing the at least one diaphragni opening.
2 'I'he method as recited in claim I, ivherein the dia-

pluagm is flexible and seals the housin. openin .

3. The method as recited in clmm 1, wherein prior to thc
sealin of the at least one diaphragni opening, a degassing
of the pmtective medium is carried out.

4. The method as recited in claim 3, v:herein the degassing
of ihe prolixuvc medium lakes place by apphcauon uf a
negative pressure to the at least onc didpludgm opening.

5. The method as recited in claim 1. wherein the sealing
of the at least one diapluagm opening is carried out by
dispensing a liquid monomer onto the dfaphra~ in Bn area
of lhc at least one diaplmigun opmiing and by subscqucntly
ciiriiig lllc iliiiiioilicr 10 forili a poiviiicr.

6. The method as recited in claim 1. wherein the sealing
of the at least one diapluagm opening is carried out by
dispcnsuig a hquid polymer onto thc didphmgm ui an arcs
of lhc at least one diaplmigun opmiing and by subscqucntly
curing lhe polymer.

7 The method as recited in claim 1. wherein the sealin
of the at least one diapluagm opening takes place in a
presence of excess protective medium present at the at least
one diaplulgm opening

8 The method as recited in clmm I, wherein pnor to
sealing the at least one diaphracm opening, excess protec-
tive medium present at diaphragm is removed.

9 The method as recited in claun 1. wherem the dia-
phragm is fixed at an intermediate earner and in fixing the
iliiiphrdgiil Bi Or Ill flic liouSiiig Opciuilg, lllc Iiilc'IiiicxliinC
carncr is fixed al or ui thc housing opm»ng

10. Thc method as rccitcd in claim 9, whereui lhc housuig
and the intermediate carrier and,'or the internlediate carrier
and the diaphragm are fixed to one another using a clip
connection and/or using a press-fit to one another.

11. The method as recited in cLaim 9, wherein the housing
and intcnncdiatc carrier are lixed to onc another using a
materially-uitcgraled bondmg process using welding.

12. A sciisor, contpnsing:
a sensing elenient: and
a housing, the housin including an interior space which

is accessible tluough a housing openin, and the sens-
ing element bein situated in the interior space and
bcuig configured lo dctcct a property mid/or a compo-
sition ol'n ambient medium ol'hc sensor,

whcrcui lhc uitcnor space Is Iillcd with a prolixlive
medium through the housing opening, the protective
medium being conhgured to transfer the property and/
or the composition of the ambient medium to the
sensing element, a diaphragni is fixed at or in the
housin opening, the diaphragm includin at least one
diaplmigm opening, dnd the at least one diapluagm
opening is sealed.

13 I'he sensor as recited in claim 12, wherein the sensor
is a pressure sensor

14. The sensor as recited in cLaim 12. v herein the at least
one diapluagm opening has a ihmension smaller than or
equal to I miilimeter, and the at least one diaphragm openin
has a dimension of greater tlum or equal to 100 micmmciers.

15. Thc sensor as rccitcd in claim 12. whcrcui thc pro-
tective nledium is a non-conlpressible tluid

16. I'he sensor as recited in claim 15, wherein the non-
compressibie fiuid is an oil.

s r r s
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