11 -June 2002 - 1 Capacitive vacuum neasuring cell The present invention
relates to a capacitive vacuum neasuring cell according to tfjejgrRroRC
termof patent 5 claiml1l. It is known that pressures or pressure

di fferences can be nmneasured by applying pressure to a thin nenbrane and
measuring. its deflection- A known and'gurtable met hod for neasuring the
deflection. is to design the nenbrane 10 arrangenent as a vari able

el ectrical capacitance where the capacitance change which correlates with
the pressure change is evaluated by neasurement electronics in the known
manner. The capaci.tance is created hy arranging a thin, flexible nenbrane

very close t& Ve sUPFRER P58y “8eposi ting an electrically

conductive filmon both .nutually opposed surfaces .or. by fahricating them
from el ectri@® PyegsRbLERTSR" éFgéF?smﬁ%ﬁiﬁFE§§ﬁréVFsvaSBBFied to the
menbr ane t he neefsuedhiyonethangesrdiig tdi shangmdstovdent bé pabert ect r odes
which leads tg_ap 40 anal yzabl e capacitance change of the arrangenment.
Sensors oOf this type are nass-produced fromsilicon. The flat basic body

as well as the TRTDRANS AlIELAANNAL 8 LE &l Ll Tl EARes TRSE Bar e al s
versions that"aré nmade o c&hp05| e materrals such as silicon with a glass
25 subst r at e meSguled ehs orep kyimb Pressdue et e ripite msabrregl fYd However, in

vacuum appl i ¢aLARSnH’ £65 Wer1TeNSA. S A0knddht Sy R®i268180MEBhOY £RADl e only
for higher pressures in the range of agggign_-lo-l ng%% to several bar.
Hi gh resol ut PEASHEIRY SRR rdat IsatdRm1651 SEm fGe3BPERGEF achi evabl e
with siligonareaagetetteas easaindabie elbctricalt kapatcheascei ebarsurface
CFact w0, HIB GBML ORI B 5B T EnsepEBicure
change is evaluated by measurement electronics in the
known manner. The capacitance is created by arranging a
thin, flexible membrane very close to another surface and
15 by depositing an electrically conductive film on both
mutually opposed surfaces or by fabricating them from
electrically conductive material. When pressure is
applied to the membrane the deflection changes the
distance between the two electrodes which leads to an
20 analyzable capécitance change of the arrangemeﬁt. Sensors
of this type are mass-produced from silicon. The flat
basic body as well as the membrane often consist entirely
- of silicon. There are also versions that are made of
?:) : composite materials such as silicon with a glass
25 substrate. Such sensors can be produced very
economically. However, in vacuum applications pressure
sensors of this type are normally usable only for higher
pressures in the range of approx. 107 mbar to sgveral
bar. High resolution at pressures below 107 mbar is no
30 longer achievable with silicon. One of the reasons for
this is that the silicon surface reacts with the
environment which impairs the sensitive sensor
characteristic. Already water vapor that forms part of
normal atmospheric air leads to a corresponding reaction
35 on the surfaces. The problem becomes even more serious
when the gensor is used in chemically aggressive

atmospheres. For this reason attempts were made to




normal atnospheric air leads to a correspondi ng reaction 35 on the
surfaces. The probl em becones even nore serious when the seridaune2002ed in
chem cal ly aggressive atnospheres. For this reason attenpts were nmade to
11 June 2002 -- 2 protect such silicon-.sensors against external influences
by passivating the surfaces. Attenpts were also nmade to deposit protective
coatings on the surfaces in order to inprove the durability and the
resistance agatdisdctd stkBMEERL &dn ARGIRSSI ¥GaBAYE IONEHL anfdeeaceded in DE

41 36 987. Such neasures are cost and_in the case of, mnmechanjcally
def or mabl e p}raf ?assﬁ&ﬁ’agénﬁe%‘?a%?sg%gfe éhpﬁfﬂpﬁ M ted aslff‘(?cggs,g {I:(?l -
particul ar i rddnqgilty paggeretive ecomddings suchhassiffimrasmdn lprdetctaci d and

their conmpoungs, WyeChnlOaatgnt ¥iEalnd thaefes MsAriImRLGRENG processes.
For this reasqQn attenpts were made tqQ build vacuum . measuri ng cejbjlwrs1

entirely ProfRELlgnagesestif enydEerrants it ifescrabedgin Pk
arrangenent @6 td87S SypR nSaSHAW dre Ebgtly. addeiry atidivazeassri ng cel |

consists of _15.a ceramc at e .(,20) _abagve ich a nbr an 2) 4
arranged it A epi Tk aBESiialre et PR Sl il R Rk Sy (2
bet ween the deéwdvied phates$20in awd tiitkelaedye lofgitlhe avavissanes Medizer ani ¢
plate (20) togeihgk £hbPihde BRIR-2A8:1E22)a AR L drPlBh8BCEY@EUUM

chanber 8 (25) that 'i evacuat.ed down during the manufacturing process
through &’pufBenGYBoFELENdSR At vecuBm sbCHit PYOSSE&®S(28) . The nutual |y
opposed surfaces of the ceramic plate (20)_ and the _nmenbrane (22) inside

t he ref er enc&0ry&BiEnFeRsPd AL EPPSarere crd 9 tividide¥RFPRE| |y 25

- scgnduct i ve mMaleBkuehngnde LDONARLI0E 14,0 £iH8 UbsitaskiH eeRalstaher minal s on which
d by neans of .an el gctronl c device

(ngt C?Eg\(/:v:wt ?ﬁ%?ﬁ%hgighﬁlg? ntfil‘oﬁe)rﬁlg ’?’og‘gi‘ﬁPWeaWW%ﬁ Pes BNt Pl at e
is shown in Fig. 1. The vacuum measuring cell consists of
15 a ceramic plate (20} above which a membrane (22} is
arranged with a small gap between the two of them and a
fusible seal (21) between the ceramic plate (20} and the
edge of the membrane. The ceramic plate (20) together
with the membrane {22} forms a reference Vacuum.chamber
20 (25} that is evacuated down during the manufacturing
process through a pumping port and which is sealed with a
seal (28). The mutually opposed surfaces of the ceramic
plate (20) and the membrane (22) inside the reference
vacuum chamber (25) are coated with electrically
f{:) 25 conductive material and connected to insulated external
- terminals on which the capacitance signal can be
evaluated by means of an electronic device (not shown in
@Ee'illustration). To achieve corrosion resistance plate
(20) and membrane (22) are both made of ceramic material
30 such as Al,0,. This vacuum measuring cell in turn is
o arranged in a vacuum-tight housing (23) that features a
port (24) which is connected to the media to be measured.
Via port {24} of the vacuum measuring cell the resulting
measurement vacuum chamber (26) is sealed off against the
35 membrane (22) by means of an elastomer seal (27) so that
the pressures to be measured reach only the surface of
the membrane (22}.iFor the purpose of sealing the entire
cell is pressed via the ceramic plate (20) and membrane




(20) and nenbrane (22) are both nmade of ceramic material 30 such as

Ale(c),_ This vacuum neasuring cell in turn is arranged in a4 ﬁﬁwﬁgght
housing (23) that features a port (24) which is connected to the la to
be neasured. Via port (24) of the vacuu? measuring cell the resulting
measur enent vacuum chanber (26) is sealed off against the 35 nmenbrane (22)
by nmeans of an el astonmer seal (27) so that the pressures to be neasured

reach only thngyrji&ggngé 3{41%1%%&39%4%2)(% egor %2 Q5g..of, sealing

the entire cell pressed via the ceram<¢ nd rrer?brane 11 June
2002 (22) agar“ﬁstsu?h%gefr%%lt%@r thasl tmer)ha‘{gp hegnngfpbbe RIY F8&suri ng
cell's of thi shtgherhprveshean ysakhe Béhhg)’e for 0.hi ghatr s esmUnRS i Int he range
of 0.1 nbar t . bar addi th|s de5|gnl ds to stressmthe
materials 5 mﬁd&%&?&l %I\R%e% dere ;L Sl WSS &°< Eﬁ S e Sgni fi cant |y

i npai rs the repisbluet bloway mfesmasar efmntexam@ésl kslamht.he resol ution. The

cerani ¢_nenbr agai £ 22t P AR LALKDAYE AGIIBIITES ERAMIAG LRGN 279 pm to

2540 pm Such signs are not suit I eving w measur ement
- ranges, in paFEFehFarandhs essolution. Fhe cemapicoraPmassark22)n additi on
desi gns of thuseaym £aS HivaChosREckh&Ss lzran'g&inﬁ 5bSmSHA @l @ocastdy. The

obj ective of e | nvention m_nat e ., t he di sadvant age of the
current state of iﬁééar‘? B E ol epré? [ cull%a‘li’lt goﬁb?cé%ﬁ‘\r/l ofﬂgﬁe pr esent

i nvent i ontl s PeesYTENente MENgRSeady - Paripivdase lowcpnesswals wécgur‘tn measuri ng
cell that is guhiall qdormbﬁeatswﬁlggdb 1%§§lﬂregzg£§0gf 10yis Ypar Lo 1000 nbar,

in particul ar ;from 10 nbar an accuracy of better t han

11j/ gre.% $ekessd adgor hanUS. 305t 107 AEEsEPEElXal ue. The neasur enent
ang e covered or subdivided into several vacuum nmeasuring cells or
menbr ane ver stRChi@sdrigiengft bhe heredenrednventiom imidia iedAmihpkevacuum

measuring celdnhshfildadvantage of the current state of the art. In
15 particular the objective of the present invention is to
implement an easy—to;produce, economical vacuum measuring
cell that is suitable for measuring pressures from 10°
mbar to 1000 mbar, in particular from 10° mbar to 1 mbar,
with an accuracy of better than 1%, preferably better
.20 than 0.3% of the measured value. The measurement range

can be covered or subdivided .into several wvacuum

measuring cells or membrane versions according to the

invention. In addition this vacuum measuring cell shall

be corrosion resistant to aggressive media, have a

\;) 25 compact design, and be economical to manufacture.

With respect to the generic vacuum measuring cell the
problem is sclved through the characteristic features of
patent claims 1 and yg. The dependent patent claims

relate to preferable other versions of the invention.

30 The capacitive vacuum measuring cell according to the
_invention is made entirely out of ceramic, in particular
Al.0;. This results in high corrosion resistance and long-
term reproducibility. Only in the areas where sealing is
required or where feedthroughs are provided are small

35 amounts of materials other than Al,0, used, if the Al,0, is
not fused without addition of the foreign material. A

vacuum measuring cell consists of a first plate-shaped



be corrosion.resistant to aggressive nedia, have a 25 conpact design, and
be econom cal to manufacture. Wth respect to the generic vatulwae®@2uri ng
cell the problemis solved through the characteristic features of patent
clainms 1 and X. The dependent patent claiqgp . relate to preferable other
versions of the invention. 30 The capacitive vacuum neasuring cell
according to the invention is nmade entirely out of ceramic, in particular
A1203. This results in high corrosion resistance and |long- term
reproducibility. Only in the areas where sealing is required or where

f eedt hr oughs Znreeptim dud shadkesofit-Eh8Sashvinilowahgndii v paragraph ehan

Al1203 used, iéaé e3Agg0€§a_Jc§ri +129t fused without addition of the foreign
material . A Vaduummeasuring cel'l consists of a first pl at e-. shaped |1
June 2002 S- 3a - Insertion on state-of-the-art follow ng first paragraph

on page 3 of _descr.iption 5 A further suring cel].of the t nt i oned
'S doaaribed A RICEEE SR tng b feab g e Fepkidied b, (e IR
entirely of gliassocesAf624ratrht saleadinei rap \yardt Lacgewnsiaicttison conpri ses
a first housi QHtPO am c_and. 10 cer menbr an paced fromit

of . cer am
with a cylindri ca?g]y s gp,l Fﬁg?em%%@%%éaﬁ’é }r’%n%slgﬁnc?ettlﬁe housi ng body
are connect edonstsedliash fonprisast deftsts housngg detdingrasegiags and

al i gnnent,, so_t fe re. J fannged- . The
surfaces }6(% t%e@%e ri%%@%ahﬁogéggnégb%&%éﬁegigﬂﬁﬁl&ﬁr at gtl Egg%%snt re
wi th thin goldinayertsredyf 6hm naebratecnrddés bodsivetafdyr @rehe neasuri ng

~ capaci tance, wherely.q e a9 dsfELaR & t?ieggig'é&a{‘}hﬂg}’ adBhehst fad he
jmpnbrane dianeter. Special attention is givén to the screens inthis
“desi gn, whi chekiooragentthe senthak @i sewlet wiferhaceyrresmure 2bapben Henbr ane

and housi ng Sf&%ﬁéd]'%H%rgﬁEféeegr§EQle%&Q@%ane and housing body are
15 provided at the centre with thin gold layefs to form the
electrodes and therefore the measuring capacitance, whereby
the gold films are significantly smaller than the membrane
diameter. Special attention is given to the screens in this
design, which cover the entire diameter of the system on
20 both membrane and housing sides, in order to prevent stray

capacitance.

In US 5257542 a capacitive vacuum meaguring cell is
described in which both the housing and membrane are made
{;) 25 for example from glass ceramic or plastic. A reference

vacuum is provided between the membrane and hdusing body,
which is maintained with the aid of a getter material. The
arrangement is mainly employed for the solution of bonding
and contact preoblems in conjunction with electrode

30 contacts. For this purpose at least two separate metallic
zones are to be provided, above all within the basic disc,
which form series capacitances with respect to the

membrane.

35 A capacitive pressure sensor with a membrane and base-plate

- of plastic, glass or ceramic is described in DE 41 36 995.




capacitance. In US 5257542 a capacitive vacuum neasuring cell is described
in which both the housing and nenbrane are nade 25 for exanphg thgﬁ%iass
ceramic or plastic.. Areference vacuumis provided between tH rane
~and housing body, which is maintained with the aid of a getter material.
The arrangement is mainly enployed for "t B® solution of bonding and
contact problens in conjunction with electrode 30 contacts. For this
purpose at | east two separate netallic zones are to be provided, above al
within the basic disc, which formseries capacitances with respect to the
menbrane 35 Apﬁ@gngtkysaﬁfMtﬁa%ﬁ%%a%%gogalé%%ﬁgggesﬁpﬂléﬁ%pl ate of

plastic,. glass or ceramc 1S describéd in D . June 2002 -
3h An el ect rilegPLyting upaka Hg basubrangt spaee £romithgr Pgseim@ieat i ng

paral | el nMBMbLARGaIRFCELndeRd he Rase=BbaL Cand WiHHUAL ¥y cCORNEGRd at the
edges and with |ayer sections formng netallic capacitor electrodes on

thei r opposi ndorParer RaFa kvt seeacidng) siechrodae CdnbBehF cIRAE Whanber . 1t

i's proposed tQnpe¥hdes@trdQAS! & o38PA! AL RARR pek8ShiQUafnbRet Ner i nNsi de
of the base-plate to formseries 10 connected capacitances with

“electrical ly d8nREEPRECL dthiRFOVisieedtr dHREL o FEPRERBRARSC Wi t h

connecti ons pkovtdedadd ot Mhdbaseipkeabe. 1 &P Khsip1htd desedibesraeseranc .
cel | arrag&enent for &5 sensor applicatiog;, but _in particul ar fOE
pi ezoel ectfi c COPBPEEET CHRATIEARTES HethatbretriSt 1K SORPTTRIE RO BT T ster -

form cerani c eRebtaddss it e aRGBFana, awlEd albrhicbasendoshoviddd eh are
connected to %ﬂe gase_ ody by sintering. This nakes it possible to provide
several nenbr JHE BPYR ts 20 side-by-side. A nethod is described of
‘gzst-forning the Dblister-formnenbranes in a partial area of the surface
in '
EP 0 701 112 describes a ceramic cell arrangement for
15 sensor applications, but in particular for piezcelectric,
electro—strictivé actuators. In this arrangement blister-
form ceramic membranes are arranged on a ceramic base body,
which are connected to the base body by sintering. This
makes it possible to provide several membrane arrangements
20 side-by-side. A method is described of post-forming the
blister-form membranes in a partial area of the surface in

‘one process stage, so that the bulges of the membranes are

aligned in one plane.




one process stage, so that the bulges of the nenbranes are aligned in one
pl ane. 11 June 2002 - 4 housing body above which a nenbranejisrae@doal ong
its edges, is arranged so that it encloses a reference vacuum chanber. On
the side pointing away fromthe reference vacuum chanber there is a second
housi ng body, also 5 sealed along its edgés, so that a measurement vacuum
chanber is forned there. This neasurenent vacuum chanber features a port

for connecting. the d|un1 0 be sured-, The surf the I rst housing
body and thehr%r'er%r"‘gneo‘i?'h OY%r“FH’tc%'eaTE‘FaE‘P’éﬂ%% \%%q.lalt?% 5‘&8&%& #re coated
with an 10 elegslgesi.cabl prrendedtsodtatl it énclesenp eefgrkdceavmcuwbnst it ut e

the el ectrodesiagbethechapasi LEAC HITRAIHG Bifay CPLm cHiexekeLodes are | ead
out, for exanple, through the first housmg%l lll%]linor through the sealing

area in the éﬁﬁémZSH PehEhesd éift PaPPyopar AP Ein®ehocr oBeSSur f aces 15 are
spaced apﬁrtebad&dZamahgolﬁﬁ $ddes, Seal tAgrod hdesuraphtanacudnmt he edge zone

agai nst the #5|ng§o|se pgeferaQ%ggachleved t rough melg rfor
a

heré el
exanpl e, Iaser din Iy Sul't AT TETe £6°use T also a gl ass

brazi ng mat elfﬁaturﬁatal Bocbrf@smnmeesllsgahhe Iﬂeﬁmthebem@@wﬂ ty of

achi evi ng. a ggal k0grheadok Setd fl%@nﬁeﬁsiw M'a&‘ﬁ RAE! febt{usi vel y, for
exanpl e, #aB reen body state in which objective is to. conpletely
t

avoi d naterlﬁ EFmthgﬁ ?@Eﬁf?nc?h§aﬁﬁ%§Lﬁ#ﬁﬂf?ﬁﬂqreaFPﬁﬁﬂéﬁﬁHi &Ccor di ng
to the |Iﬂ/eneieotrﬂaalbﬁsmﬁdlaiﬂlwealfhm ansymmtplllec gesd grarichat avoi ds al |

Stress In Nechousiige ML ] & BRRLECHE LY LIBOLLANL falldsly Lo achi eve

hi gh nmeasurenent séensit accuracy an
\ﬁzprodu0|bll¢?¥1 ITh%J%kﬁQ#ﬂQﬂﬂ§ arﬁela@¢|¢q§u|ﬁﬂx skampler ythigughcer ani ¢

nbrane whi ghei £i 39 a8S@MAR LY ok ethARlgh MBRS YehNohy ASLUHN R @BUr €S

| ower
edge zones. The essentially parallel electrode surfaces

15 are spaced apart from 2 pm to 50 um. Sealing of the
membrane in the edge zone against the two housings is
preferably achieved through welding, for example, laser
welding. Highly suitable and simple to use is also a

_ glass brazing material that is corrosion resistant.

20 Another possibility of achieving a sealing bond is to
comnect the housing parts diffusively, for example, in
the green body state in which the objective is to
completely avoid material other than Al1l,0,.

B The measuring cell arrangement according to the invention
{;) 25 essentially allows a symmetric design that avoids all
stress in the housing. This is particularly important in
order to achieve high measurement sénsitivity combined
with high accuracy and reproducibility. It also allows
the utilization of a very thin ceramic membrane which is
30 = essential for reliably measuring vacuum pressures lower
than 100 mbar, and in particular lower than 10 mbar, by
means of capacitive, all-ceramic measuring cells. For
. this purpose membrane thicknessés of 10 pm to 250 pm are
needed, where membrane thicknesses of 10 pm to 120 pm are
35 preferred in order to achieve a very good resolution.

~ Typical membrane thicknesses are, for example:

* at 1000 Torr: membrane thickness 760 pm + 10 pum




than 100 nbar, and in particular |ower than 10 nbar, by neans of
capacitive, all-ceramc neasuring cells, For this purpose niniuase0o2

t hi cknesses of 10 pmto 250 pm are needed, where nenbrane thicknesses of
10 pmto 120 pmare 35 preferred in order to achieve a very good
resolution. Typical nenbrane thicknessés are, for exanple: at 1000 Tarr:
menbr ane thickness 760 pm 10 pm 11 June 2002 5 at 100 Torr: nenbrane

t hi ckness 345 d 1 at r: ra i cknes pm 10 pm
at 1 Torr: rrenb?{;lnnt‘eatt ngﬁn‘%?é' 16‘%39"6)%%%‘:%% %%];éé% ﬁ%‘rrg:f?re rane
t hi ckness 60 pm 10 um5 at 0.61 Torr: nenbrane thickness 40 pm 10 urn
Such thin nenbrahe&tatl Very: di Ferbypee: bhiskuesttimleP8nd 14M%r the sinter
step require at |east one additional snoothing step. It is also very

i nportant for tie ateibTane: t 0 bherbuthectbitkyedse!liodmetni ght0wimch can be 10
achieved only if the grain size of the nenbrane material 1is.not too |arge

and renmai ns Wi t hi nathe, { an@e- Of ned-AME ciSi@hb&ls Goahn $i Z@Suef <10 pmare
preferred, in particularly those <56 pm In all cases the cross-section of

the nmenbrane vi gwed. acr the thickness shauld 15 contain, at |east two
grains; the rrenbra%tésaaggsr%rarr't Fearart'y F]?]gﬁfm?sfs r 8™t ago H%e grains are

on top of each, other. Another inportant_criterion for achievin n
accurgte me3S 0P %ﬁ“& ?’%@ar{eﬁeag}%aﬁﬁﬁ O THE FenBRRR %Wa%@% 20 The

Ii
unevenness agfbers the mmier stepf aequisheulitd leasal bnecaddéstivotalexceed 30% of

the el ect 1 odgngap, ot elerably. Hal o1 B Selkha ko, [NEs, m@ans that the
[ I

unevenness across the entire surface shoul'd™not exceed 10m preferably no
t han SOPRAPTaRR mdvremvdddciently hrlkiwetdohs whichsangbef er ence

i re

"\‘E)gt ween tthe deNBSted@nshihe MicgBeghapQi Mze UF the membrane material
is not too large and remains within the range of <20 pm.
Smaller grain sizes of <10 um are preferred, in
-particularly those <5 pm. In all cases the cross-section
of the membrane viewed across the thickness should

15 contain at least two grains; the membranes are

pérticularly tight if more than five grains are on top of

each other.

Another important criterion for achieving an accurate
measuring cell is the planarity of the membrane surface.
20 The unevenness across the entire surface should in all
B cases not exceed 30% of the electrode gap, preferably not
é:) more than 15%. This means that the unevenness across the
entire surface should not exceed 10pm, preferably no more
than 5 pm. The unevenness is defined here as the
25. difference between the lowest and the highest point. To
' achieve the desired long-time stability the purity of the
alumigum.oxide used for the membrane should be at least

94%, with preferred values being above 99%.

To ensure that the quality of the membrane seal in the
30 edge zone is not impaired, it is advantageous to lead out
the electrically conductive layers via feedthroughs that
- are arranged on the first housing body, rather than
directly through the membrane seal or fused joint.




achieve the desired long-tinme stability the purity of the alum num oxide
used for the nmenbrane should be at least 94% with preferredivaine@80®ei ng
above 99% To ensure that the quality of the nenbrane seal in the 30 edge
zone is not inpaired, it is advantageous,to lead out the electrically
conductive layers via feedthroughs that "are arranged on the first housing
body, rather than directly through the nenbrane seal or fused joint. 11

June 2002 - 6rol @n@Rsd BcBGeHfal AuddtiTiQy BE BhelH&adBASYY CBY1CEVSr OVer a
| ong period of .tinme, the ref;erence t;‘%(r:uum chanmber nust _haye a high-quality

vacuum wi th [Fon§™8i RETEPELPFi time artihsr *&FSEERFT oY P PEMPER T be
provi ded t hathavee aShpgbfgnabi vy aracangeadiich aosgatime cltnld ldhyt he fir st

housi ng and GQIXINLEALES LA, LAG T SHBISE HACHUN; ARATREE. s INi s get ter

ensures that the reference vacuum pressure Ts Tower, preferably by at
| east one’de®&@éerabhrnarrangrdsisure sralbevabume red thpo faretent 10

cont-am nat i okguefingheniinéehmahi FRATUKIRE €BE| réPActhcr vaeuLLAr type that is
not evaporati %gg%houl @hbe chosen. Measuriﬁgg cells Si glned according to the
“invention caf P er YRLBNPRCTC IR RE S Eal C1 If &€ YRE" Yl aneter  of
such a cell paesberbeiseckowsr amrferabilywhby eat hbeddk mmasderadecel |
preferably haga.ga gh@r@{,ggs,?}e 34 240, gghre(‘{heré ckness of such a cell is
2 Tm to 25 mm - For

' preferabla/ in the range o 0. mnuf acturing a functional
neasur i n§? ceFPREARIna bR e dhehd nfrsrabeher ST K8 4c FBRFRtR cs the 20

speci fi cati ogeteért 8o OftiAas BN GioRd etBpIt AEinY | 1D UIGOBESEhoss! be closely
followed. In particular the manufacture of thin ceram c nenbranes requires

speci al car eyedberiAPrEE NS ASiWakh 88coPgiAP W &R YAkbnshon shbe entirely
ce Of-lnteggaLe§§r§§§§act and economical to produce. The diameter '
of such a cell can be between 5 and 80 mm where the
15 measuring cell preferably has a diameter of 5 to 40 mm.
The thickness of such a cell is preferably in the raﬂge

of 2 mm to 25 mm.

For manufacturing a functional measuring cell that
possesses the aforementioned characteristics the

20 specifications of the corresponding manufacturing process

must be closely followed. In particular the manufacture

of thin ceramic membranes requires special care. The
membrane as well as the complete unit should be entirely

free of internal stress.

25 Suitable Al O;membranes are manufactured, as is usual in
the ceramic industry, by first mixing a slurry according ;
to a specific recipe, and by thinly and evenly spreading 5
the doughy mass on a strip shaped carrier material, for
example, a plastic foil. After drying these layers are
30 inspected for irregularities such ag bubbles or pits.
This mass which is not sintered yet is referred to as the
green body. The desired membrane shape is cut out of the
strip shaped green body material after which the material
is still sticking to the plastic feoil. For cutting, tools
35 such as knives are used, prefefably a laser. Cutting or
scoring of the green body requires particular care that

no dislocations or warping against the surfaces of the



25 Suitable Al 2G3nmenbranes are manufactured, as is usual in the ceramc
industry, by first mxing a slurry according to a specific ridclune2082d by
thinly and evenly spreading the doughy mass on a strip shaped carrier
material, for exanple, a plastic foil. ;After drying these |ayers are 30
I nspected for irregularities such as bubbles or pits. This mass which is
not sintered yet is referred to as the green body. The desired nenbrane
shape i Is cut fﬁﬂihrler céhamkcstxﬁémmr%hﬁph %dlcgf:e@@ &fmcbly dlgbein@huahtes am;l ch3t he
materi a | tjicking to the ast o] For . cu tln s 35
such as knlves%%re %ge f eravenngsfasgg & GHYRY 5P scorﬂﬁ%ggf t he
green body réqarﬁéslmrwh@aﬂl aqamé;reeaph&iedrml dibed @@mblr@ns stdevar pi ng

agai nst the gHEERCESeRln NGl \AEp2A0%r the ldfcliCreqyaM o MemDr ane ocour

as this also influences ee of “surface "unevenness. |f a cutting

knife is useJubsgapericky @W%eéféﬁlbech’fﬁﬂ]@éd PREDEBRBT AHE si de whi ch
prevent s undeepafspédgfadm e @odan sbhedy. b GuhEequert! yhe heagreaf,er abl y
circular cut cpenran acrossparatgd fr£g1the f0|LSstr|p by draw ng off
the latter, or exa acros§ an gﬁge %he nenbranés are subsequently

~sintered in ﬁﬂbﬁ?@ﬁﬁﬂtlxﬁﬂinﬂanﬁérnngatfmwnanﬁﬂofaweglaterpm@f%heﬂoly pl aced
on hard-si Nt ReRErarkddlark) pALdR3aBh tgﬁaé&?torp@l@trges§£€8¥§&1 o dtop of each

~ other, tered typjcall e tenperature i gradyal | y
rai sed ?]3916’3%% Ri&-es 5@?7508;61?13%@?‘??3%8‘1489 taP et e sthiti <Tor F‘Eéponds to
a tenperaturelmtémedﬁtﬁﬁmmﬂ&1y4€tpe630?¢unmhe'Eh&péEﬁpﬁfatﬂwe is tthen held

for a fem/15 o nggghen slowy
\azcreased at ?%e EE§%§£?' out ;E#OO cgvnute o%%?g gﬁd%§? esopo 1000C,
d in a secehtasphiichh Céll’rleéppéﬂﬁtm & ﬁ@d‘@@tﬁ@ﬁréfrh%mf 6&agEr ninute

over about - 490 gErulie®te? TABMERPELIAIN 8s ThehCBYlE £Sr & GRRAM C
15 minutes at this level, for example, 6 minutes and then
slowly decreased at the rate of about 3°C per minute over

210 minutes to 1000°C, and in a second step with a

pLe e

temperature reduction of about 6°C per minute over about
170 minutes to room temperature. Th result is a ceramic
‘20 membrane which in contrast to the green body has a hard
pure ceramic structure, and the additives of the green
body material have evaporated. After this sintering step
the membrane is very uneven and at a diameter of 40 mm

‘has a warpage of several millimeters.

yé) 25 1In this condition the membrane cannot be used due to the
) -strong warpage and internal stress in the material. The
~membrane must be smoothed in at least one additional
step. For this burpose the membrane is again heated in
the furnace. The membrane is carefully sandwiched between
30 -massive and highly planar, hard-sintered Al,0, plates
{also *dead™, that is, -large-grained Al,0,) which for a
-merbrane diameter of 40 mm have a weight of several 10 to
several 100 grams, or in the example about 60 grams, or
are correspondingly weighted down. The temperature is
'35 slowly increased at 4°C per minute over 390 minutes to
approximately 15790°C. After a short dwell time of several
minutes, approximately 25 minutes at this temperature,
the temperature is lowered slowly at approx. 5°C per




20 nmenbrane which in contrast to the green body has a hard pure ceramc
structure, and the additives of the green. body material haveliehapo2tiiZed.
After this sintering step the nenbrane is very uneven and at a dianeter of
40 mm has a warpage of several mllinetgrs. 25 in this condition the
menbr ane cannot be used due to the strong warpage and internal stress in
the material. The nenbrane nust be snoothed in at | east one additional
step. For thirsimutepesert RppieAbr HIE isagal nbedt POD0IT alrkerbachede. The

menbrane is full ngwi. ¢ tween. 3 Y Lghky~pl anar,

har d- si nt er-eﬁk%,egu%tégegwfagg‘gpg%etél ﬁ 1th?‘glgé?é-% %:2) é’ﬁ?)?grgi (r:led A1203)
which for a BfEnBramsedoyret apoef UG minhaes wnwel ghtbishtseveral 10 to
several 100 ®ediPera®iurknikhgcexaidd e raewt ths 0sRiBshi¥ly s@ef the

correspon |ngf!%\}7_,wel hged doywn- The terrpgrature i s 35. sld)(;\g@y I ncreased at
AC per mi Rut éT’“%9 Af AHE (YA 5ROk ABPERY A57GEL ef2aPfort dwel |
time of severd a Wewutesthappf oxinndldimet2b . nTmpdesarstt imhithisenper at ure,

t he tenperat I, 3 o} a f J 02.8 mnute
over approx. %?Ln%g t%l!ﬁgrgésgn%% I wi%to_%%ea?gﬁg éﬁ‘—:’lcg'eg‘#d‘%p elSSt%stegggﬁtgﬁy% he
tenperature td9boder é8 hheapbreix sigterpes Rrocees ogeigsshlyY 188 ¥R nut es
unm) | anbi ent tbﬁiﬁﬁ@é&hk‘éewhfcl:lﬁtitsaia%eﬂlosé\fi@(!)‘a(ﬁ h%éﬂes_mmahi ag?ste]p the 5 ]
menbrane, has only a very snall anount of .residual warpage a few tenths
of ' T e eaPtEringr FEmRERe i 1o, A AT AR L FRRLPRe ¢ cnper at ur o
i's not 'raisedqasredi fhrashe mddmmrfingste’l nterbedruiridcesbispreferably up to
a tenperatur gt f0nl, Snalc (05 ls HA0GubOVEL SO, Ly 10 SLOLET Lpe.

' 0
;\t nperature. 10 acﬂ?gve exce Ien?J results “required for t]%le nmeasuring cell
0 be built, FPRi 5eagppst Af rieComoay feseeproridtinge sfeProfhrBldiP¢ east twi ce.
For reasons pkre6pnedyihhesehr ARlNtAgt ShE&Rfo N AUH6h BRo such steps

15 are needed. Particularly good results are achieved when

the membrane is carefully separated from the plate
- between heating steps and redeposited in a slightly
offset position. Preferably the membrane is even placed
‘upside down. The utilization of a stack of several flat
20 plates with membranes sandwiched in between is
particularly economical. After these steps, membranes are
. now available that have selectable thicknesses in the
range of 10 um. to 250 pm, preferably <120 pum. With the
pfocess described above membrane planarities can be
. 25 achievéd that are better than 10 um:across the entire
:;) _ surface, preferébly even better than 5 pm. The mean grain
size in the membrane material is less than 20 um,
. preferably less than 10 pm, and even less than S pm is
- achievable. In this way the reguirement that at least 2

30  grains, preferably at least five grains exist across the
~thickness, can easily be achieved. In this way helium-
tight membranes, as required for vacuum measuring cell
applications, can be produced. The membrane is now ready

to be used Ffor building the measuring céll.

35 The membrane as well as a flat surface of the first
housing body made of Al,0, are now coated with an

electrically conductive film for creating the electrodes.

For example, a metallic paint, for example a paint



‘performed in such a way that no nore than two such steps 15 are needed.
Particularly good results are achi eved when the nenbrane is cegirhing 2002
separated fromthe plate between heating steps and redeposited in a
slightly offset position. Preferably the nenbrane is even placed upside
down. The utilization of a stack of sevéral flat 20 plates with nmenbranes
sandwi ched in between is particularly econom cal. After these steps,

menbr anes ar e,-on@a%gﬁgl @me éé}@%éﬁ%\é@ds%%ﬂabé@r tdicigiesses in the range
of 10 pmto h,t process. descri bed above

%? -erab <120 pm Wt
nmenbr ane pl a F‘?Qs Eaﬁp{@’ %ﬁ%@ﬁllfha’t’l%?eéi l%’t t &Pothgh M9 acr oss
the entire gur tacere@tefﬂ[eitﬁ];ece:\ténameyt esndinarn v pmye"fhbynﬁaamsgr ain size

inth nbr ape h h 10 pm
ond even | asort poabgrablod Sdfiing "Rl MLy B BB o BB [3% 10 PM
| east 2 39 gPalAY, tb?éi@%ﬁswoal dfeast af:f:weaigeamfsd@imﬁda tbasit he

thi ckness, cag Qaﬁaﬂl&’aé@o@&mfeV%r bRakpi S, VR d1® '1!-&%1- thaht m?nbraQﬁS as
e

required for va measu tiaons, uced. -
menbr ane is ﬁB&vg d{ %}st&:il Y’b%ﬁbﬁl’F Hg- Ve ﬁé‘&gﬁrﬁﬁf 55 35 The
menbr ane as wél hbcalstalfmvat isushbeegoénthe tfh:rrsied dowsi thg bbelylrrrmie of A1203

are now coat gd wi ¢ b é’aﬁlircﬁé et anﬂll P eto]a %tchh% g{,mgéggt ing the

el ectrodes. For exa a neta pal n exa a paint 11 June
2002 é%on?ﬁ?%ﬁ?lf@blgbladl l@anelséhw@dov\mm#tqrouetéiaaﬁgl@-W@s bAGshed or

slora%/ed lolref:m@g.&aﬁgl%r 'ﬂl‘illeﬂteQnedé@Oéf‘@é i@td’i%tekis?rhﬁ?cﬁr@é%? t he f o
@eilefZ‘r AR P 4 ERERP: hEHER Ot (1 BRBRI S0t I df  ned
IImit is a@l&&arntsag:emfyrmiad f arpesbapted] mrogeksd I:hy'eriﬁ haimplienitbi al |y is
deposi ted Wi d ahahuehy chatgecd @M%%po‘sit a thin layer of

15 several nm across the entire surface and subseguently a
thicker layer of gold at the edge by means of screen
printing (that is, a combination process and different
film thicknesses). Membranes or housings processed in
such a way are subsegquently tempered at temperatures of
20 several 100°C, preferably in the range of 650°C.

The second ceramic housing which is arranged on the
measurement side consists of a flat ceramic plate which
on the membrane side can have a flat recess in order to
form a sufficiently large vacuum chamber. The connection
Q:) 25 port is connected to this ceramic housing by means of
brazing, bonding or gluing, preferably by means of glass
brazing, in such a way that the connection opening can

communicate with the future measurement vacuum chamber.

In the peripheral area where the seal is created the

30 membrane is coated on both sides with a glass paste,
preferably by means of screen printing. After drying the
membrane with the glass paste is baked in an oven at
several 100°C, preferably at about 670°C. Subsequently

_ the glass surface is polished on both sides and thereby

35 preferably also the future electrode spacing is defined.

With the aid of said coating process the upper ceramic

housing on the electrode side can on the external surface




of about 1 um is subsequently thinned down in the inner area to approx. 5

nm by neans of an etching process, 10 preferably an igna‘%ggi or sputter

etching process. In this way a thicker edge area is create I ch can

conpensate diffusion |l osses if, for exanple, a brazing step is perforned.
A preferred process that is sinple to- Hardle in practice is to first
deposit a thin layer of 15 several run across the entire surface and

subsequently a_ thicker |ayer of gold at the edge bi. means of. screen
printing (theddittionaldynbengerbad prcesn slecyricel bht <OrMGRIMR cknesses) .

Menbranes or e GNSIN@Sde0€8S56H Ve SHIIENGRY AREE HBebsegnent |y tenpered at
tenperatures_of 20 .several 100Cé refe ablry%: I n the.rangfnog 650C. The
second ceranf dORgPRAPER PECaf PERFE P Hen B Rk ur gt si de consi sts

of a flat cexdditiopladt stwhi the dnilheaimshifametbedeleedrivale a flat recess
in order f 0 £ LOf M JuIHl HIFCLAB! bYelBFf NREMEDEBRAEDE e ddig1GQRact i ON 25

port is connected to this ceramc housing by neans of brazing, bonding or
gl ui ng, prefRFAREY WasHsSb1veFass brazing, in such a way that the
connecti on opening can comuni cate with the future neasurenent vacuum
chanber. |n ¥he& festprbrae theaf kel fqusd ngeyri thstie catetbiade 286 nenbr ane

i s coated onotfRcditdesuyht Boghassr REHIE thePaSHEE BDEY nb¥Res of screen

printing. After drying.the rane W t he gl as ste is baked in an
oven at seVdt é"lhei%ﬁ% fBFe?gﬁ?‘é Al Lo | %ﬁ’tr 598&%@“ s%%tureoﬁ% y the glass
surfacelils ptistsinee.ofubsequantds G licherebypusStngrisder sl yogingedt he future
electrode spagy Rge anémngﬁsm}ﬁﬁ}h itmo%gdo&iéﬁ'@ef@% |70 Rlaecess the
{upper cerami ¢ housing on the el ectrode side can on the external surface 11

une 2002 - tErt &h&i E1BRELPY P HattERSHst hTan® ey it irp™eofbtict i ve
filmin ordgfetteracbhaiver sbm ahdlr ngidiAlisnalefebé hftounted and under a

load weight of about 200 grams the glass seals are baked

15. at several 1009C, preferably about 630°C, Subsequently a
test is performed to check that the required distances
are maintained. If necessary the membrane spacing can be
corrected through additional weight loading or relieving
and an additional firing process. The sealing process

20 must be executed very carefully and as mentioned. no
stress should occur in the measuring cell arrangement.
Altermatively also direct bonding can be used in place of

glass or other sealants, preferably laser bonding.

g:) The various features of novelty which characterize the
25 invention are pointed out with particularity in the
. claims annexed to and forming a part of this disclosure
and are entirely based on the Swiss priority application
no. 1997 2950/97 filed December 23, 1997.

The invention provides a capacitive vacuum measuring cell with a first housing
30 hoay (1) made 6flA1{h with a membrane (2) arranged at a
small distance from said housing body with an edge seal
in such a way that in between a reference vacuum chamber
{258} is created where the surfaces of membrane (2) and,
the housing body (1} located at a small distance opposite
35 each other are coated with an électrically conductive
material (7) and constitute the measuring capacitance,

and where a second housing body (4) made of Al;0; and




connection points are forned on the housing. In an additional step the
~drill holes for the éelectrical 5 feedthrough of the electrode connections
are netallized, preferably with silver. In a test phase the¢ Jidessgg2ousi ng
with the el ectrode and the feedthroughs, together with the deposited
menbrane, is checked for tightness g for correct electrode 10 di stance.
Subsequently the | ower housing part is nounted and the entire assenbly is
| oaded with weight in order to- test the function and distances. In a
mount i ng fr afeatihringent edgeonanatt ionlongtadd dppositipl pewaramrint2dd and under
a |oad weight;of RRIhe20Q; 8halE; 4 NRedhas® TS ar Rchakfshdix at . several

1000C, preferably about 6300C,  Subsequently a test is perfo d to check -
that the reqTEE dihs?'f“ﬁ’ﬁ&‘eézsérénrfﬁli”rﬁ%hiﬁ?éés i(ﬁ}néﬁgsgﬁg ‘{kﬁ% nmbr ane

spacing can demeaiingCtbe tbddughtadsk tnerairedei ghtl kbadi tige drivsél i evi ng
and an_addi i anal, f 00 (B5 00855, 106, 8§ NG PLRES 370 P Sheditgexecut ed

very car 150 oned, "ho. sITess-s occur € neasuring
cel | arrangemenit .theAlingematilvety mémworalia @) bymoehgicahlbheatudde i n pl ace
of glass or_other Lant se RLef.eLabl v. opdi dhgyvargd ous
features of %%/ee%ﬁfs\%ﬁ?cﬁugﬁgggcﬁél zZe %%sg%%;gh?n@g}ﬁitg?%%-a@ poi nted out
with particuldr itorel thahe36l &i of b exdettrodendpfointngnd Jum laest hi s

di sclosure ang,;af enantLhehysbaredh b Le PMesenh’ ERL! h¥waRRId q@i on  no.
1997 2950/ 97 fi 'ed I_Decenggr_Zg@ﬁwQ?. #g' inventlpon provides a capacitive
vacuum ffasdidshg EBirkaesa #nfihetranasilfigum3gopdd) ) whidhe 53R 208 with
a nmenbrane ( arranged_a | ] .distanc : i i with an
;€fge seal inrstulg%eag\l/‘vgﬁ %ﬁ:?ﬁgﬁm%@fmaélgnmaa%?yé%g]réﬁc%z@%f?ﬁ%cﬁg%%er (25)
S creat ed whierleakhe tedr fasbss ddragiwseme (7) thaderdhe-heuisiong olfody (1)

| ocated at g,small.distan opposi te 35.each other.are coaf. i.th an

el oct 11 cal | FIEORRIRIRYS  Chh errar (B 3h klader t i 6P ohEe RS Retel

capaci tance,of the cell in the range 5 to 80 mm.

15 f‘he invention is described schematically based on the

following illustrations which serve as examples: -

‘Fig. 2 shows a schematic cross-section of a capacitive

vacuum measuring cell according to the invention.

Fig. 3 shows an enlarged cross-sectional detail according
20 to Fig. 2.

Fig. 4 shows a cross-sectional detail of a getter

r&) arrangement




and where a second housi ng body (4) nmade O Al.03 and 11 June 2002 -10a 5
+ 10 featuring an edge seal is |ocated opposite nmenbrane (2) viMi.xmet20§2t her
with said nmenbrane forns a nmeasurenment vacuum chanber (26) in which ports
(5) are provided for connecting the mediumto be nmeasured, and that the
first housing body (1) and second hoﬁs'ﬁg“body (4) are sealed wth the

I nternmedi ate nmenbrane (2) symetrically at the edge and the surface

unevenness o%%%geﬁngﬁg&%n‘%hélﬁ)ﬁ%%e@&ogoé%p%;%%g g/éJtQ:fert he el ectrode

0,
spaci ng and i es ] € range pm whereby the nenbrane
(2) has a t AFERAGSEERR Y#IS¥ahge 10 pin to 250 dun with a mean particle
size of the menbrane material of _520 pmand that at |east two grains are
present in thecepasitieetnerswfing feldempdanef (2):.0a8Fr685diE thité¥ness,

with the di agRbehti6h #ieh GBlderddchle L8BERLPally 8ririsal@ddvention is
descri bed schematically based on the follow n%él lustrati onsae(\hi ch serve
as exanples: thej gembrage, s i iduskrgted by otle S&@9%Fe6t 8 cHpdcidi ve
vacuum nmeasugi. ngheefiree dosuliing t(a)t benchyestodHa dergmid phavs maveen! ar ged
cross-secti onal ai,l. accqrdin 20.t0 Fig., .24, +Fi h%szmsc a

Cross-secti oﬂgl Ag% ar lcg'f a;ioagt 5? e% ?San:b%r%r%htfg 98’%%““39 -11- Fig. 5
shows a crosdigbanieonobHf2 amottive POgem selabivanted®t CFERBL®N. A capacitive

neasuring cehbmBRage 0f2 A28 AG Rl BhBUok8s therefidPeplel QAcHinhh(ZE)structure

~essentially s rical about 5 the nmenbrane is illustrated by the
Cross-séélyoﬂﬁgﬂgiﬁgﬁnce etween the two surfaces is usua?iy y

- established directly during the assembly by means of the
\;): sealing material (3) located between the membrane edge
and the housing. In this way a completely plane housing
plate {1) can be used. In the same way a mceasurement
15 wvacuum chamber (26) is formed in a second housing (4) on
the opposite membrane gide; this vacuum chamber is
accessible for the media to be measured via a connecting

port (5) through an opening in the housing (4}.

Fig. 3 shows an enlarged cross-sectional detail of the
20 edge zone of a measuring cell. The seal (3} on both sides
of the membrane (2) defines, as mentioned above, the
distance of the two housings (1 and 4). This seal
consists, for example and preferably, of glass paSte that
;i) is easy to handle and can, for example, be applied by
N 25 means of screen printing. In a typical measuring cell
with an external diameter of 38 mm and a free internal
membrane diameter of 30 mm the distance (3) is approx. 2
to 50 um, preferably 12 to 35 pm. In this example the
first housing (1) has a thickness of 5 mm, the second
30 housing (4) a thickness of 3 mm., The inner area of the
second housing (4} is preferable designed with an approx.
0.5 mm deep recess, as shown in Fig. 2, in order to
enlarge the measurement vacuum chamber (26}. On the
reference vacuum side the membrane (2) and the housing
35 (1) are each coated with an electrically conductive film
{(7) . These two films are not electrically interconnected.
Films (7) can, for example, be painted on, printed on, -




2. The first housing (1) consists of a ceramc- plate made of A1203 which
along its edges is tightly bonded at a distance of 2 pmto 59 .amerd@oat i ve
to the ceramic nenbrane (2) and which encl oses a reference vacuum (25). 10
The di stance between the two surfaces Ii usually established directly
during the assenbly by neans of the Flng material (3) |ocated between
the nmenbrane edge and the housing. In this way a conpl etely plane housing

plate (1) canehe daedn 'artﬂ;'@(f 1R By RASHE W vheuuAcHHRshanber (26)

is formed in housi ng opposi te nmenbrane side; this
vacuum chanb&relf§ra§ét'e§§ﬂbl@fq R‘Wét@édba 2 VAU REQFEES VFUCH at:"‘onnectl ng

port (5) EhFWPI&vaﬁoﬁaeﬂbﬂ%dd’titﬁbe oh:o@;%hﬁﬁefﬂﬂg I'—E'eg."tl%uiﬁﬁmﬁ T@\FhﬁTﬂhargedl
cross-sectiona 0 0 uring ce e sea
(3) on both §Fd8s™% imtﬂﬁzﬁﬁﬁéi q%;% Hﬁf ﬁe%s %FlOnga *above, the

di stance »f ehlemphe, h@ushnggh@htamdc&pesihoﬁ kawml angonsi sts, for exanple
and preferabgﬁbse&uehéfg fiihde Q%Rm (53 safé(wtr%rﬂﬁié%%sangr@@&aﬁﬁ;

exanpl e, be appliéd screen printing yplcal neasuri ng
cell  with af®eXtBMnaPy dreais &f SPUSSemMPRARLRY f fde tRAECYREI PPSrenbr ane

.giSarretelr of hﬁﬂlmhhiekﬂéﬁ aﬁﬁf k(eS}ielfin_aaprs@)l(t}&t tie Sghﬁﬁinpélﬁihe_{tﬂ? y 12 L 0
pm In this.exanple t i rst usi ) a _thickness mm the
second 30 hou5|ng ( 56%.q§|éﬁﬁ?§s @%e3@ﬂ§$éﬁ%ﬁ? ere S#é%?%f°§(£h‘ second
housi ng ¥¥) fembranes abl ke adesipgederably entappsived woth vaswgep recess, as
shown In Fi Oesdnt| Nebicleri 1,2 RbABdEL G FESAMBIEAL Yapuum chamber (26).

Cn the reference vacuum-side'the nmbrane (2) and the housing 35 (1) are
ejch coated Bf?#@%ﬁp¥ﬂeﬁﬁqqq%% FPecBﬂHﬁé?gvﬁik|Wh%?e(7¥eYTW@§e two films are
t el ectri catbyedqudret oM Cotdecteli LoBtd )evedBation exesptaidie painted
on, printed on,. 11 June 2002 - 12 ,

To ensure that the reference vacuum in chamber (25)
15 maintains long-time stability, a getter (i0} is provided
as illustrated in Fig. 4. This getter is preferably a
non—évaporating getter in order to keep the reference
vacuum chamber (25) free from evaporating particles. On
housing (1) a getter space (13) which accommodates the
20 getter (10) is provided which communicates via connection
(14) or an evacuation line with the reference vacuum
chamber (25). The getter épace {13) can alsc be mounted
on top of housing (1), but is preferably recessed in
) housing (1}. While the reference vacuum chamber (25) 1is
ﬁ;) 25 Dbeing pumped down via evacuation line (14), the getter
; space (13} is also connected to the pumping device. This
is achieved by lifting the cover (8) with getter (10) a
certain distance from the surface of the housing (1} and
thu¥ providing an opening. Cover (8) made of metal or
30  ceramic is heated up during the evacuation process,.
causing the getter to be activated and simultanecusly
degassed. After the getter has been activated cover {8},
with.sealing material (9) between cover'(B) and housing
(1), is pressed tightly against the housing during the
'35 . evacuation process. The sealing material (9) can, for
example, he diffusive,'a-brazing material or preferably a

glass brazing material. Retaining spring (11) which




sprayed on, or be deposited by nmeans of a vacuum process. Preferably they
are deposited by a vacuum process such as by evaporation codatti Jupedid002
Sputtering. Particularly suited as a filmmaterial is gold which is
deposited, for 5 exanple, with a filmthickness of 1 pmand is

subsequently thinned down to a few nanoneters, preferably to 5 nm by
means of sputter etching. In this way the filmthickness can be defined so

~that it is t@r@s%laguaﬂe §ofcdts {4, Blkesss) Thesetastiiagalkheonnect i ons
of the 10 nenbranes f(A? ar ref erabl establlshelé with vg@ um tight,
p ¥ b J

el ectrical | y €&h&tc ﬁgg? dtrrothe ct Breker2®I5 Y 0ddh the housi ng
(1) where they can subsequently be connected to the evaluatio

el ectroni cs. GtEREUVErEhae the (EHtdiean 8E TGRS TNm Y nlst:h‘aﬁ't'féslL ’z’%ji 1y

mai nt ai ns -|-omggt.i B‘Bwﬁéﬁblél&dnt&tgﬁigt agentO)12 5, mmfﬂedablyaa illustrated in
F9 4 Tnbs $5LLeha! SaPLELEl A1y 8o IO 2YAROL AL OSHAT AL BEdEE Lo keep
the referéncé- vacgum ¢ 237 Ee rome pora|ng particle

housi ng (1) dBQeuneﬂr@%ceo (éﬂ_@)m}\tﬂ (h@ta@mmmkscqrﬁé% @eceeéielef;m) is

provi ded whi %Be%ﬁgﬂu&ﬁ&&%u)’i@ Cﬂs”'i%&hh?@d hdAd & tﬁf&te\tﬁ%uébt@élﬂ ine with
the reference. vacuum chanber (25). getter }geace (13) g}a% al so be-

mounted on t&B}of3R |’F593(“1"‘)11Ybl§‘Ft|1§a5F€fE%%th EELs 4§ “Rousing (1).
Wil e the retheeatesideuum chimiiidion 2hjsi gePbebaimgmuenpad ddhowsi a

evacuat i I Ln 14) , t etter, a ecte o the

‘punpi ng %@w cegl‘gﬁ idnl - aeh é{/Etd‘e%p ?’?‘f %‘.%f% ﬁeé?ucé)(}g%q%g s g}ﬁé etter (10)
'-a'_ certain desvancé8frioma hi,irglref a@e’koﬁt@he prousidegl (the &ﬁ’&l"ﬁﬁ’c@n provi di ng
ay openi ng. EoMBEr4Blrdasie gqs.ftﬁ@?xt 109" 238 €6 WL iy RRabedauprdwss ng the

acuation process, . causing the getter to be activa ed and si mul t aneously
degassed. Af FRf ??ﬁ?tﬂﬂt%ﬁt gd 85?|9§f%ﬁf¥éiﬁ¥ aMChi th. sealing
material (9) between cover (8) and housing (1), is pressed tightly agai nst
t he housing during the ‘




35 evacuation process. The sealing material (9) can, for exanple, be

di ffusive, a-brazing material or preferably a glass brazi ng tfatune 2002
Ret ai ning spring (11) which 11 June 2002 13 presses the getter agai nst
cover (8) -ensures that the getter has ggod thernal contact with the cover
(8). Another. version of a getter arrangenent is illustrated in Fig 5
where a contacting agent (12), preferably a 5 brazing material, is placed
bet ween gett gunknd@):and cover (8) in order to achieve better thernal
contact. Excellent thermal conductivity is required here so that the

getter- (10) qganphesther ibdnit @etd Val1ede¥ fot BecsON&I iR vhEaln the
outside. In addition this getter arrangenent _al]ows 10 aﬁtl V?tl OE of the

getter and s{GSEHGENT BFuLiHY St Fwertigdeyr 1egPuiht FEPUGEE NPk step,
provi ded t hecastniat materislhpaiditheseGbrgehber a(ADjh atwdyxickeolfr azi ng
tenperatuge razi erial [ S i .11 June
2002 - 14§ S%%ﬁg%gs?gTﬁ%#%ré%g%' Fﬁﬁén%%8§§§?§|§§€i3?%J§“%§§ggggfve vacuum
measuri ng ceWithhiégh cacamacy lap iextemeilyc bhph cteamist megbraRfc materi al

~and t her ef or §i BRSa athi Al &RYFe Q051G E0EAA FI8St SilAFe@e bOr measuring
very Iom1pres§ures &gth hi Qgﬁccurac%:an gxtrenel t hi,n geranic menbr ane
with a thi ckiEE§5912 S?Flparﬂ% SYEPSLRAFal LY 1R ST Ce 28 S hE ar r anged
symmetrically in a ceramic housing. D 11 June 2002 -- 15 Patent clains: 1.

" Capacitive vacuum neasuring cell with a first housing body (1) nade of
Al2G3 with a nenbrane (2) arranged at a ‘




snmal | di stance from said housing body with an edge seal 5 in such a way
that in between a reference vacuum chanber (25) is created Wghﬁeﬁf?@
surfaces of nenbrane (2) and the housing body (1) located at a sma

di stance opposite each other are coated with an electrically conductive
material (7) and constitute the neasurin c‘apaci tance, 10 and where a
second housi ng body (4) nmade of A1203 and featuring an edge seal is

| ocat ed opposipglgeggr’@% (2) which together with said menbrane forns a
measur enent vacuum chanber (26) in which ports (5) are provi ded for

connecti ng thg nggbggﬂ:gvg%% %&SQSu alt]t %Hfl rg rs1t5 %lé%_ngg body

(1) and second housin are sea errre at e “nenbr ane
(2) symmetric&PRy é@)tlﬁ@de eafy & 1aPd Wikl sumelalc@nméﬁénnesgn@ﬁd te‘ﬁearrenbrane

(2) is not nemallhaiséinde erdnh%a@lieﬁtt)u%w ﬁn&intéﬂg% ldegg Wi thin
t he range % pun to 0 j am v}\%%{ t he nmenbrane ( 2) 20 has a_thickness in
the range 10 pfn°tS Z%OW%t e bﬁ’é‘ﬁﬁen parisfarense s s g Wé‘ar‘i‘é’ﬁﬁr ane
mat eri al of <285punsardedttat whatrel EBGtsﬁmgersaldemamqu&ﬁses(ent aind t he

cross-sectiongpf h&%ﬁ@@qgéqo@%‘?fé estmai_c[kggé %8?) ecdi aneter

of the cell in the range asurlng ce ing to
clai m1 wher eStRl OEheEtIRICoaLR vhik @h@lﬁr@rﬂeﬁéhendeUm chanber

Sndtvvhl ch conﬁatéﬂ%@. g tSnea RRS ebagB Mty EaRad E@&%ﬁlr?ﬁﬁ cé}f&iéﬁﬁ:ﬁ%?eat | a .

i stance m.t o suring cell according to claim1l or
2 where the 36“‘20‘?1‘?1%%%60%?%#%%3& %&sf“ﬁﬂ? ‘b’igl APy Lg?§idon bondi ng
or preferabl yfégtrar gy aedgepaecsdl cig drdaatsid bpgbadse nnawiang WAl erial . 35
@] Measuri ng &ﬁiébaﬁfg%f e'}ggﬁ%%éi%&r%n% PRELS o TRINANGLE) has a

ickness in the ran
vacuum ¢ amber (26) in which ports (5) are provided for

connecting the medium to be neasured, and that the first
15 housing body (1) and second housing body (4} are sealed
with the intermediate membrane (Z) symmetrically at the
edge and the surface unevenness of the membrane (2) is
not more than 30 % of the electrode spacing and this lies
within the range 2 um to 50 pm, whereby the membrane (2)
20 has a thickness in the range 10 um to 250 um with a mean

- particle size of the membrane material of <20 ym and that
at least two grains are present in the cross-section of
the membrane (2) across the thickness, with the diameter

;f) . of the cell in the range 5 to 80 mm.

25 - 2. Measuring cell according to claim 1 where the
electrodes (7) that enclose reference vacuum chamber (25)
-and which constitute the measurement capacitance are

~arranged at a distance of 12 pm to 35 pm.

3. Measuring cell according to claim 1 or 2 where the
30 . comnection is implemented by fusion, by diffusion bonding
- or preferably by brazing, in particularly with glass

brazing material.

. 4. Measuring cell according to claims 1 to 3 where
_ membrane (2) has a thickness in the range of 10 um to 120
35  qm. '




11 June 2002 - 16 5. Measuring cell according to clai.m4 where the nean
grain size of the nenbrane material is cl0 pm particul ar 5%1 Dihe 2B05-
Measuring cell according to claim4 or 5 where in the 5 cross-section of
menbrane (2) at |east five grains exist cross the thickness. 7. Measuring
cell according to one of the preceding <Tlainms where the areal unevenness
of nmenbrane (2) is not greater than 15% 10 8. Measuring cell according

to one of the preeadipn C&éﬂi“%d@&%@ﬁngh@oqEQszMn%ﬁ§98€§§eQ&xH?”brane (2)
is not greater than 10 preferably not greater than 5 }i .
Measuri ng ceIKﬂa@@oﬁéFﬁgofdﬂﬁh@E@ﬁﬂﬁné prieenidiings gLEI ns. mhére the purity

of the A120, rq? dgﬁL“IS at 15 least 94% preferably at | east 99%
10. Measuring-cél accor to one of the preceding clains where the

contacts to t% electrlcagﬁg conductive |ayers é?) are | ead out  through
seal ed feedt hiPoulfR8SEEINY gifth@ocoreing otk H@iBody©F 11) Whekre 211 Heasur i ng
cel | accorﬁin@rbeseaect&oﬁfuf[mh&mﬁdhag(zpléﬂlm@asehﬂiaétgfaiﬁxidx¢shaving a

volunme (13) w EQon ‘%&Q%;on or in the first housing (1), with a
connecti on (1 prOV| ween ‘vol une (13) and the reference vacuum

chanber (25) nd volune 25 seal ed a cove ) 12.
Measuring cel | ac%%gﬁrl%?t e%% g%ﬁ?fflﬂﬁe$ Snﬁgﬁrpr?%s
"non- evapor at chgims yyeerd TheMeasaii ngewhieawco@rmemlgrmrme cl 2 msl.i_mbr 12

wher e getterggggiervtggﬂr1g@olune (13) is pressed by means of 30 spring
(11) against cover (8). :

- 16, 8. Measuring cell according to one of the preceding
I . .
i») : - claims where the areal unevenness of membrane {2) is not

greater than 10 pym, preferably not greater than 5 pm.

9. Measuring cell according to one of the preceding
claims where the purity of the Al,0, of membrane (2) is at
15 least 94%, preferably at least 99%.

10. Measuring cell according to one of the preceding
.claims where the contacts to the electrically conductive
layers (7) are lead out through sealed feedthroughs (6)
on the first housing body (1).

20 11. Measuring cell according to one of the preceding
' claims, characterized by having a volume (13) with a
_f:) getter (10) on or in the first housing (1), with a
commection (14) provided between volume (13) and the
reference vacuum chamber (25} and the volume (13) is

25 sealed with a cover (8).

12.‘Measuring cell according to claim 11 where the getter

is of the "non-evaporating* type.

13. Measuring cell according to claim 11 or 12 where
getter (10) within volume (13} is pressed by means of

30 'spring {11) égainst cover (8).

14. Measuring cell according to claim 13 where a
contacting material (12}, preferably a brazing material,

_is provided between getter (13) and cover (8).




14. Measuring cell according to claim13 where a contacting material (12),
~preferably a brazing material, 1is provided between geita&anél3po2and cover
(8).. 11 June 2002 - 17 15. Measuring cell according to one of the
preceding clainms where the pressure in_the reference vacuum chanber (25)
is lower than the | owest pressure t o betEasured, preferably | ower by at

| east one decade. 5 16. Measuring cell according to one of the preceding

cl aims wherejd h .q] r_i.s in the range of to 40 ..MM 17.

Measuri ng ceﬁ‘g{cec%?r"! |lgi3ag%tlgngc% r@hneg Stroeé) % ﬁ’% tg?a?lf%c%lélrge at | east one
of the surf &SN Wheis hfe presgwre)in shoaefdrancd wruwectembat| y :
conductive f{dgp fier 1hRr RULAOEEe Of ovidlte|ficRGurdBro B5OGRS SR,

manuf act ur i nig?aafr(la g&ﬁ%lmanbr ne fgéea nmeasuy i na cell according to one of
the clains Pto 1 i@ﬂ’egoﬁiﬁr?% e WS C6FPHAG- steps: 15 . Menbranes
‘are forned f]#on}a%n Al203 sIErry, this is followed by a first heating step
for sinferitfy MFESHEBLaREL! nPeCitingedo RPehoEube RIediBgol - dovin, 20 in
a second heatliarigiss whpriehehaeabl Andi dnsetegheat ¢d and tdheyely ssevoitmed and
subsequent | ool ed down, thereby yielding a nenbrane with at |east two

grains over the thickness of the nenbrane 19.. Process according to claim
18 where a irg _heatin 25 step is perfornmed for. snoothing. 20. Process
accor di ng ttollaél‘glle%gf§ln e?‘g?{ haeccgqrrﬁslé’lgl g Oflﬁr’r%%r%tf%rxﬂfeﬁfedtlﬁg first heating
step is higifdrimsanhehe atebpestatamee off theessubseguent omsdngEngistep or
steps, 1wheug §RecbePRE" iUk euflidici8qe811y PLEIEEARIY A9 BEE the

= purpose of shielding.
9,

18. Process for manufacturing an Al,0, membrane for a
measuring cell according to one of the claims 1 to 18

which comprises the following steps:
.15 ¢ Membranes are formed from an Al,0;, slurry,

e this is followed by a first heating step for
sintering the membrane in a furnace, with subsequent

cool-down,

« in a second heating step the membrane is reheated and thereby
20 7 smoothed and subsequently cooled down,

_) e thereby yielding a membrane with at least two grains over the
thickness of the membrane.

19. Process according to claim 18 where a third heating

25 step is performed for smoothing.

20. Process according to claim 19 where the sintering

temperature of the first heating step is higher than the

temperature of the subsequent smoothing step or steps,

where the temperature difference is preferably no more
30 than 100°cC.

21. Process according to one of the claims 18 to 20 where
membrane (2) is detached from the plates between

smoothing steps and redeposited in offset position.




30 than 100c. 21. Process according to one of the clains 18 to 20 where
menbrane (2) is detached fromthe plates between snoothing g J?ﬁe%ﬂz
redeposited in offset position. 11 June 2002 - 18 22. Process

manuf acturing a measuring cell according, to one-of the clains 1 to 17 with
an A1203 nmenbrane (2) produced with a p?gcess according to one of the
clainms 18 to 21, conprising the following steps: 5 - Manufacture of a

first A103 hoysl ngeeldbechniidi A i6hea! fLEabl o adcLENs: sird ace (7).

a connecting opening (14) that Interconnects faces o e (1)

and featuring ¥u®n& @&t Fhearlaimt durket ﬂ@hﬁlthe@@tﬂﬁegmgﬁ"t(wwg e one

feedt hrough (@rdductad ﬁh@ﬁtélﬁﬁddééscgﬂ’:%%&@ﬂgtQGté}% oFnguet Lygisyrifsaace (7);
- Manufacturing of a second A1203 housing plate (4)-with a connecting

openi ng that i elcoRRBETLStME et foddewdpa prere (4) where on plate (4) a
seal ing connecting port (5) that conmmunicates with the line is installed.
15 - Coati Rg of asHawee o anéissl fAke; itausiamg plater (Thlwith eonducti ve

film(7); Instabl&ddminAahyt Benghét e (shf¥add (FYCha dcdRyeddiad %—1 nenbrane (2)
is positioned at a certqég di st apce between pI ates (1,4) and. its

peripheral edge®R2THEY S 1ddatbat 2t trrGRmaGtghthsi R %ﬁ%?f( Plafeand t hat
the-el ectrical | 1) comtlfelitveihayers 416ctafidane fracaimpliafta (1) and the one

of the merrbranefé%;l I'ﬁ:ro%g@i'ét x%‘yé{h&peoooﬂet Gfe%ﬁ%ﬁrﬁgéﬂ é@S) t he neasuring

capaci tance by d ni ng rence vacuum C where | ayer (7)

~on menbr ah@ (2)el;eg:tzace41ém eprRetied dndddlel vendndt tonrmautfedet 671 he ot her .
feedt hrough (6) of the first plate (1) and the surface (7) which points
\rzay f rom conné&tivdacporting59f of gdmends ddedyd hpuaieg (Fatteodettheithi &h

nbrane (2) defdi@s-tdng opening that interconnects the surfaces of
plate (4) where on plate (4) a sealing connecting port

(5} that communicates with the line is installed.

15 - Coating of the one membrane surface with an electrically

conductive film (7);

Installation of the plates {(1,4) in such a way that
membrane {2) is positioned at a certain distance between

‘ plates (1,4) and its peripheral edge zone is sealed

20 vacuum tight with plates (1,4) and that the-electrically
conductive layers {7} of the first plate (1) and the one
of the membrane (2) are mutually opposite and constitute

{:) the measuring capacitance by defining a reference vacuum

chanber (25), where layer (7) on membrane (2) is

25 electrically conductive and connected to the other .
feedthrough (6) of the first plate (1) and the surface
{7} which points away from connection port (5) of the
second plate {4} together with membrane (2) defines a

measurement vacuum chamber (26);

30 - Punpdown of the reference vacuum chamber {25) by line
{14} undexr activation of a getter (10) that is connected
to line {14) where after attainment of the desired
vacuum the line (14) with getter (10} is closed vacuum
tight {8}. " |




measur enent vacuum chanber (26); 30 - Punpdown of the reference vacuum
chanber (25) by line (14) under activation of a getter (10) ,wat g@a
~connected to line (14) where after attai nment of the desi redl JUBR t he
line (14) with getter (10) is closed vacyum tight (8). 11 June 2002 19

23. Process according to one of the precle‘dl ng clains 18 to 22 where the
menbr ane shape is cast or pressed from the AL, O3 slurry, preferably froma
ri bbon- shapedyAl2 gg,?qj, upRo, L 0 gWhich is 5
subsequent |y uI Igﬁo%%gte%e Xfla g.g 5%%%;9;}%% g'% %S{I”ﬁ% érriéaég%;]grrent cel |
according to 2 giherRe Y seHbrgne| share s sast porppresslifaemsnal | er

t han 1000 nbathepmabgr@hhyrysmﬁﬂeebrbbw ﬂré’fb%g ridbbh-8hap&s Aiydj on of
better than 149:1381{ Egoe abl pt?)?: tgl’ oghaa'ncail'nprloers /01.}5 and which is

5 subsequently pulled off the foil.

24. Utilization of the measurement cell according to one
of the preceding claims 1 to 17 for pressures smaller
than 1000 mbar, preferably smaller than 1 mbar, with a
resolution of better than 1%, preferably better than

10 0.3%.

15






