present invention re paci tive vacuum neasurifig cell according
to.the generic term pg%oer\m 5claiml. It is known that prddsiyne2082
pressure differences can be neasured by applying pressure to a thin

menbr ane and measur i ngpj ction- A known and suitable nmethod for
nmeasuri ng the defl ect WMBW%Wakl gn the nenbrane 10 arrangenent as a
variabl e el ectrical capaci] ere the capacitance change which
correlates with the pressifi®2hange is eval uated by nmeasurenent el ectronics
in the known manner. The capacitance is created by arranging a thin,

fl exi bl e menbapaeitvivy vAxosm weasneihgrcsll f ace and 15 by depositing an

el ectrically conductive filmon both nmutually opposed surfaces or by
fabricati ng rhenpfegenteliaotantdanl yetanesicio ve capheitale VWhewurpr essure i s
applied to t ne. q4h | i .he . di.st apc en the two
el ectrodes fg%%?]?%g%s ?lol %ﬁ%%%dgﬁ I g(ga erb%g%gg?t g%(%g gEa %tg&%%ﬂet he
arrangement . cd@H8oks of this type are mass--produced fromsilicon. The flat
basi c body as well as the nmenbrane often consist entirely of silicon. There
are al so ver $tohs kieun dihatrpdesshresnpoinessvaeediiffsrenehds agasidd con with

a glass 25 spbstiAl® byPUHbISARROhSeSair e PILUSGadmbRbYaRE ORI cal | y.

However, in vacuum applicatiQnsS pressure Sensors of,ﬁt is t re normal ly
f

pe
usabl e only FERSW YMeritst efdessirR- 1 hdnamy&nss sHphrBke Bethe to
several bar. mEhghrimsahy idutlaictppassures aeliow the' mohbrans no 30 | onger
achi eva w.th. silicqon. One_of .t r easqons. r LS:LS e silicon
surfaceb“{r(gac?gr?/\ﬁl?%“?rhe Ehvi r"gﬁﬁ%ﬁ?e ?ec Iilnc%gi F;ag?éékgrel%'%ﬁ%ﬁl%% sensor
char act eri st Fee dpacidiangs ahapggovhidatcdyredgtesr with hlee nefesgursspheric

air |eads tocﬁaﬁ@érﬁwyﬂweﬁeagtheas@é@hd e esWkbaces. idhendr obl em
beconmes even, nore seri ousgg{rr%en t he_sensor, is used |Bychem caj%ﬁgggresm ve
- 2

at nospher es_FREQY™ (PG, sepafplance s MIFETES ©Y 135

protect suchtbihj chlesibsisonerbganastveextelasd tionhhoeheesshyfgpassandat i ng t he
surfaces,. At |_.so : 0S| I Clel i.ngs on the
surfacesl? n %?ggéﬁ?%ﬂ%ﬁg\%e e{i%%%g&?%glﬁf)ifdfdg‘%&‘i&%@%%@i (grggt?é:{e}gagai nst 5
cheni cal | y aggbeskly comnmpgadbmyafaseasordac riighad cpfiipg ghemefoggy. Such

rreasuggs ar eeﬁ@éﬁi‘ﬂcal\?!fﬂ? Idbridte t§ 38 emaf e RN anneal byedgﬁeén_f@Lle parts such
as nmenbr anes e on i mted success, i articular in hi y aggressive
medi a such a%pﬁh%‘fi%‘ye,tkﬁr rﬁ@?dtgﬁad?ﬂeei%rtl(%‘nﬁl(?ﬁﬂﬁgsV\f'nmil'%h 10 are

typi cal | y usédstancedeiwestc lriheg tpe ockestasdasowhiiths leeds oo &t enpt s wer e

made to jwi | dnyfciiie JRAMHaRBeCELASGE Y BleY Ak F-AALEREAOS] EhdRS St ant
material s Suﬁ? s, A1, 03. "A known arrangepent o s ty shown in Fig.

, f.th e i
1. The vacuu rYRF A9 ME§HsPEPducrd dF o SdrtARPE- ’E’&?e?](aztO) above
whi ch a nmenbbasic (Bdjy i&s afdlangedthet hembrsird lofgep behween éeidedy of t hem
and a fusiblegseal. (21) hetween th eram.c. nl ( nd t edge of the
menbr ane. Thgfcgﬁalré%n'pl aeere( 6)8 ?gaét%egr[glvﬁrﬁ%ﬁjﬁg %rg%rb@%%ee (?%2) forms a
r ef er ence vatcompeshzgygterials such as silicon with a glass

25 substrate. Such sensors can be produced very

; e3e: 667d8@9*f:6: T: ﬂmmmulmmmm - . Capacitive vacuum neasuring cell The

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 several
bar. High resolution at pressures below 10" 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 sensor is used in chemically aggressive

atmospheres. For this reason attempts were made to



20 (25) that is evacuated down during the manufacturing process through a
punpi'ng port and which is sealed with a seal (28). The mnutual hy OEER&fd
surfaces of the ceramc plate (20) and the nenbrane (22) i nsit ydup

ref erence vacuum chanber (25) are coated with electrically 25 conductive
material and connected to insulated ext@rnal terminals on which the

capaci tance signal can be evaluated by neans of an el ectronic device (not
shown in the illustration). To achieve corrosion resi stance pl ate (20) and
menbrane (22PraFeChotichetid 16PN EPRAPES AGXISH exbezpah ARLINQTESeS This
vacuum rrEaSUbynga§§i\|ratti’hd \HHe earaaeaag@tﬂ@tp&svwenhusght‘aa@u& ng (23)
that feature QO% Zt%t ich i connecte}ij to _the nedi aorgerbetorreasured
Vi a pert (24? BP St heP 2 c%ﬁtvr?eagﬁ HRES & | TS SWFESGPE ng Weastrement vacuum
chanber (26) iinpreeal the chfradgdinygt anfietl3s meritntance( 28pibgtneans of an

el ast onersg seeheﬁzzalﬁp a&%ttestsll%epéﬁ§§i"6ﬁ§eﬁ@5 he wRasuigdar gacke opl y the
surface of the nenbrane

he purpose of sealing the entire cell is
pressed via PRe8er aeh rs*reétserezo?raneo e in Ehe(Fafe 2602 - 3 (22)
agai nst the ﬁéﬁﬁ&ﬂf@l&eaief(&ﬁ\hblblppéﬁt@@%dtﬁ@wEﬁeﬁibaitlélgngaﬁéld:rSlyOf this
type have been u le only. for PLessures |n the range of & .1 nmbar to
100 bar. In aﬁ???gng |S§lsdesl|ng ?eaﬁ RS re P’nafgﬁreg ?‘é‘?.“é a5 whi ch
at | ower preggghess fororirgpbeoni¢ apid argd gffmefllrcantﬂpyunﬁﬁawhlsch he

reproduci®i | bty efpiEasly IRl he%!ééémaé%ﬂl% peeekdki@n. The ceramc
menbr anes (22) used so far have a thickness ranging from279 umto 2540 um

Such designspgre.ped siud Igt%%gcgéggk%%émrﬁ%ebﬁqﬂ gg{lgﬂgent ranges, in

particular | ow pressures o Ition designs of
this type, a¥edpeeingpldisentiretysfsgr guxrosjon gesisyan8BA 34 > The

obj ective of mhberpieseasicH raa\éerml;@n ASkhewe! d b ditfeinelite odti sad¥anygge of the
current state of, t he art I n 1 rsI‘5art|cul ar the abject e, of the present

i nvention i s Po TAPT b At Lin teadfSt V2P Y ISR SUELENO LAl SORRIRTS Miasuri ng
cel | that5isasgéramie FlatardaOur ahgverdsistlr es nembrrade- (2Bbatst o 1000 nbar,

in particul aartaaga&%tmaarsmhml Hﬁatsetmah £ %%UBQCYh% heiter than 1%
preferably better 20 than 3s of e neasured val ue. rrgrgc?urerrent range

can be cover S84SRl yiRAY | (&’eld Pﬁt‘ﬂe@év'elF%ICWH&nPﬁé&?ur‘?ﬂb |Gy
menbr ane ver edgasofictins dieidpriatet hEhé nverimion plateaddo) i aagéhlnenc vacuum

measuring cej !'Ltﬁhehde bbeembq:%rnreos(bgr %OSI Stant C% (}en%%\/&?%l respe . have a 25

conpact desi gn, e economca Nanuf act ur e o the
generi c ¥acul?d heelas i iy evsicuatrd gewb| dming dley manufpebghinte

characteri st hgofeast UtEleﬁnﬂfh aabemblﬁt;%&st Jarﬁmmlchﬂie depeadent crpat ent
clainms relate tgnﬁ@ J&} 3 ﬁi ver si on he |n¥}e%| on. 30. The
capaci tive viEh VBT R T UT T SL‘BE &% Foﬁe’f%m]r%de
entirely outpbateetZi ;nd rthieambmbudee EI20,insldies thesukbfsreémcdi gh

corrosi on 1 eghShaRCadis:! 08) CLub! EPLOM Ll it Biky1ip the areas wher e
sealing is required, or where hroughs are provided are small_ 35 anounts

of mat erdal sCORRRFtvRMmatExdalyged, C?"F“?‘Fﬁ?%foo m.selﬁ&f—'df EEEGF R+ hout
addi tion of tbemimdik: @h RAtieh ahe éaﬁi@@iﬁﬁﬁd&@.@hbmgcﬁﬁ| beconsi sts of a

first plate- 8ggfuated by means of an electronic device (not shown in

ehe 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
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). For the purpose of sealing the entire

cell is pressed via the ceramic plate (20) and membrane



11 June 2002 - 3a Insertion on state-of-the-art followng first paragraph
on page 3 of description 5 A further nmeasuring cell of the type nentioned
is described in WD 95/28624. This nmeasuring cell |argely cordising 2802irely
of glass ceramic material. The asynmmetric construction conprises a first
housi ng body of ceram c and 10 a ceram cy nenbrane spaced fromit with a
cylindrical glass ring, whereby the nenbrane and the housi ng body are
connected in sealed formvia the glass ring acting as glass alignnent, so
t hat a seal ed228f apanaetpeRs Sel £ icdmdSeails (R0 Mg  thhawcsuvhaaes of the

membrane and usi 39,0ady, &1 8¢ 19, A Qi ded gl g, Selline Whh) EBin 9ol d
| ayers to formthe éPectroded” and t he®ef ofe the nmeasuri ng capacltance,
wher eby the duldgheri presancesi imifhe amroe ofal| brmbdrarta 38 0nbabr abe

di arretteL : Sp?xfﬁcﬁ'té;@ht e?a;b,oa?;&,t il’é‘éhtst @ot Q%ngiéefrﬂstﬂé‘ ntambiia@gi ﬂ”’ whi ch

cover e_entir.e_ di er o e system on 0 rane and housi ng

si des, i nsord"é’rlclhoagpzf?gﬁf gf?%?‘%%%acf{&aﬁé‘@’.“p A ﬁém B42 a capacitive

vacuum measurdimgicélchnt 3y désgedihed Hen naprodubdbhl idye dfoucasgramenmenbr ane

are mde 25 K2 BtaTRhe LROMALERRGRIAME QL BB i A8 ghgnce, vacuum
e aH g b5 I ch

i's provided between t menbrane and housing. i's maintained with
the aid of au§@k 6P Farehpds . a THeicnassgerpging stran AN? #mpLeyédifor the

sol ution of hendisaghabdsegns agte MAD|RITRableC OB WEHiAnY Wwhael ectrode 30
contacts, .For this B\%‘ ose at | east twq s?gar?te netallic zgn@s are to be
#h

provi ded0ab8FESKE hfAPERR pHS iR IS, U BEFHREES 85 Eapaci t ances
with respect nibart ke meitbmbae. BS Aldiddan de¥egps esSUldsseype; asth a

menbr ane and - pl at | i, or._ce .G, i s described in DE 41
36 9853, N1 %ﬁ§°§8§ S}gébgnigée é% ﬂ%@érlﬁrgﬁéﬁggﬁfng base- plate and a

simTarl'y-n Iat'ng Barallgl menbr ane spacedfromttl%b seﬁﬂql e,
mut ual 1y~ conn&&t 8§IECTEKE RbgEe MEFSEth PGB Rt os oMM A met al 1 ¢
capaci tor el étter ddssdganthee robpdosicwy rienteshate soff fdsesrtenéhose a

referencespr essWieuilamPRE : obfed Sidd QROSRE LPePLAVI dR Al ibRasSk tyo separate
base el ectrodes on the inside of the base-plate to formseries |
implement an easy-to-produce, economical vacuum measuring

cell that is suitable for measuring pressures from 107
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 vacuum
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 solved through the characteristic features of
patent claims 1 and }5. 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



10 connected capacitances with electrically connected counterel ectrodes on
the nenbrane, with connections provided on the base-plate. EP 0 701 112
describes a ceranic cell arrangenent for 15 sensor appli catitindunen2(t02i n
particular for piezoelectric, electro-strictive actuators_ In this
arrangenment blisterform ceram c nenbranesaare arranged on a ceram c base
body, which are connected to the base body by sintering. This makes it
possi ble to provide several nenbrane arrangenents 20 side-by-side. A nethod
is described of post-formng the blister-formmenbranes in a partial area
of the surface in one process stage, so that _the bulges of the nenbranes
axe aligned iR e state-gfinthemret fodloying ftrth BALAIEFBMWR ch a
nmenbrane, seghfgk A YI delser8f@eSa IS arranged so that it encloses a

ref erence vacuum chanber. On"the side pointing away fromthe reference
vacuum cha@nber there is a second housing body, also 5 sealed along its
edges, so tha{ A BASULRIRAL  KCUUM Chantgs tér?aef REABA AL & aElkSibed
measur ement vacuum chanper features a port f connecting the mediumto be
measur ed_ Thels WQ £he' 486 2¢he Thii g smeppusing dsddy langebhecansisiténe that form

the referenceyaguuy) JragheLsaEe s 6fh il AiR1aNTA £iRGidd.ad |y conductive
film for exanple, gold, and constitute the el ectrodes of the capacitance

measuri ng cel fonstHaIHiox compsiaee ¢ ebrduthoupdpgeRedplef asrPsdghatde fir st

housi ng hedy Hrcd HnBldhdmbeanakbifed! B 1t B8 RIS FONRE-i e gasential Iy
paral |l el el ectrode surfaces 15 are spaced ggli%rt from2 pmto 50 pcn.

Seal i ng of t Helfenifiaiebvn threnedheane mhddienbpusieg tRRHhAFS ngs i s
preferably ackirawadddriouglavehdidem 14 @6AgMbEs FasEracghd Bg. gthghl y
sui tabl e and sug{ﬂe to use is also a glass brazing material that |s

corrosi on redtStHMENt 0 S8 ENREr 2 pBeRI P |5RAPIERCECAT &V HE £POERRF S bond i s
to connect thforibl NPk Fadesf osi M@ Ynerf@anexan®l oudihd BRAgr eea body

state in ich the opjective is to conpletely ojd materi ot her than
A0 TS o o (g PR U dUr BRIt b E (i AR
essenti al |y adlesroiicsy @mat therdest@nidadeaaveli g eddasitase,| wheheby
housing. This .is rtigylarly inporfant in order.to achieye hi

neasur enent s'ghesiqeiq\ﬂttfﬁl‘{g‘gnﬁ%ﬁegPW’f Gt yaéﬁ‘ﬁﬁé‘éfl %%W%F%ﬁity. | t
al so al |l ows tdigametidri.z pleahadf at&et yord hish gierante tisriyarenwhiohthiss 30
essential forgLeldably NEASUCLNG, yacUUm bY eesHLes, | oven, d han, 190 bar, and
in particular Tower than 16°%bar y nmeans of capaciti Ve, A TECePani ¢
nmeasur i n@0celkd¥a:h Fembirieng podpbees ebriates .t Ancknédss e afrev@ntinstva®50 dun
are needed, £ieu.ane thicknesses of 10 umto 120 umare 35 preferred
in order to achieve a very good resol ution. Typical nmenbrane thicknesses
are, for exanple: at 1000 Torr: nenbrane thickness 760 umt 10 um

In US 5257542 a capacitive vacuum measuring 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 housing body,
which is maintained with the aid of a getter material. The
arrangement is mainly employed for the solution of bonding
and contact problems 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.



11 June 2002 - 5 at 100 Torr: nenbrane thickness 345 dun t 10 lun at 10
Torr: menbrane thickness 150 dun t 20 um at 1 Torr: nenbrane thickness 100
um 10 um at 0.1 Torr: menbrane thickness 60 umt 10 um5 ‘HkJuheD200R0rr:
menbrane thickness 40 umt 10 dun Such thin nenbranes are very difficult to
manuf acture and after the sinter step regy re at | east one additi onal
snoothing step. It is also very inportant for the nenbrane to be
sufficiently heliumtight which can be 10 achieved only if the grain size
of the menbrane material is not too large and remains within the range of
c20 pm Snuller grain sizes of <10 pmare preferred, in particularly those
<5 Wh. |n allrgsslectticaddysinsvtatorg dfagere phakbr and &iswmidagdross the

thi ckness shoyl gl iGRN AR 1261 ! f8Rbrd N0 HaWAS £rbRCe BB NS 2REE
particularly tight if nore than five grains are on top of each ot her _

Anot her i por®attalehy comngstedr ahctrewidgpsarndcwiFat BByRasectagngéel | is the
planarity of fleniTRIMMARE 198" E3B8i €O TR UHIBURRNGES ScIrci0SppblgngNt i e
surface should in all cases not exceed 30% of the el ectrode gap, preferably
not nore thaniABHnaphisUtBSRE . t ARELIPFR UTEfEAFESS REPTIYQ H’é‘a@EFFr elsurface

shoul d not excega-ddbddd tbl piev Ak Yath O HUE thBaBepardt® bHYR UNevenness is
defined here as the 25 difference between the | owest and the hi ghest point.

To achi eve t e HEHIEF PEnGRE; MestiaRy ithe PrReepbtats @ for® SPERHium oxi de

used for Ithe smi¥anel Fapakdthicas wEastel¥rivhl Dy pegiided valmesr-bei ng
above 99% To ensure,that the aé'ﬁ}lfit of the menbrane seal in the 30 edge
zone is not iSipHirEAes o1 Ehgy with cergesttonhLAvVEcer el |y

conducti ve | agtex dadea preedt hr oughs that are arranged on the first housing
body, rather than directly through the nmenbrane seal or fused joint. 11
June 2002 - 6 To ensure accurate functioning of the nmeasuring cell over a
| ong period of time, the reference vacuum chanber nust have a high-quality
vacuum wi t h [Ehdg t10te 19Rakbdiektt ybedfd ereremdcuakil bnaardBetdremtsifioul d be

provi ded qchat 18 3 R fﬁrca_@kﬁnér ranged, i, 48080 ¥9 %z%@l%aﬁ@rf rst
housi ng and comuni cg es Wt the referénce vacuum c er. I'sS Better
ensures that e¥rctisf-gtancsivacacmprassurla ithikoarrangrreindgr bhfigtey- at | east

one decade, tfﬁy%lQQﬁaﬂﬁ%sﬁgﬁﬁrggeQQ1ﬂ§QEﬂ%ﬁgedT8n95Q&ﬁ%&dc 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.



10 contam nations of the internal neasuring cell space a Better type that
IS not evaporating should be chosen. Measuring cells designeg according to
the invention can be very conpact and econoni cal to produce. Triung ter
of such a cell can be between 5 and 80 nm where the 15 neasuring cell
preferably has a dianeter of 5 to 40 omy The thickness of such a cell is
preferably in the range of 2 mmto 25 mm For nmanufacturing a functional
measuring cell that possesses the aforenentioned characteristics the 20
speci fi cat i dsu®indg HHOBOERIRORVHLEE Abhdiiacing,| Bgapedcebksndnidis be cl osel y
followed. In_particular the nuf act ure_of i.n_ceran I requires
speci al car e‘?&) e rrléénbarrarr?élgaes el Eﬁ%*é Jterheencct)l%ﬁleéstg g%lkgrgsgﬁé;éﬂl rygjlzlmenti rely
free of interhambent r €55 .the5 sSdet pbirt 49 @waenifranetharxefmaifasct ured, as is

usual in the,£QnaM GhdnilsS thérebYsf i r $dcdid Hdsang! BEAY, acy ding to a
specific reC|‘£c>aOeIjr and by thinly and evenly spreadi ng t he dougl&%/ mass on a
strip shapedeatsd el ang ditisardoesy exdiffte @ FREYEETRNE VUM t er dryi ng
t hese | ayer sclaambedd isnpaaiead therel r el rdfasiresesit Chia@sub WHamderor pits.
This mass which is naot sintered yet is.referred.tq as the green hody. The
desired rrenbfr%aneurs fape plosrrECtGJé Tout™d c€3r1neg sti%rel f)“e‘siﬁ‘élﬁ)‘ego gl?eee“grlla Sgltffgr'rat eri al
after which The smtf@delof] $het firstthekding bodyhangd| tlse irenfigiane For
cutting, toolga35 sieRiRS fotYeACar Gadlfftl cHRE®ES! APk Ycdad @B &FithCahl i ng or
scoring_of the green hody reﬂw res Partlcul ar car thatlcim di sl ocations or

war pi ng 1&gai TS PHE BN FO8QUGEIVRe 1M tAFE%88B2e: goL¢ e ceramic
menbr ane ocoonsasi tutes tales @elieptkodas st tite degpaeétahcsundaoarimgevenness. | f
a cutting kni i , Sj | can ol ':f menbr ane

si de which %ée@e'n.tsl"sﬂij’tsjﬁe t?ecq_:\fg?ﬁlgnépgf%cg odlﬁ:éegggogg. ' %u(l;%leraott} ﬁt ly the
preferably cditedigstchousdnor Bady ar ethepmbatde seahintenes [1nsthep by

drawi ng of f éci’l_fe | Aty . The' <8%anPig11 PR3 1@ gdger rdde StBy_RES are
subsequggtly sintered in a furnace. For sinteri ngﬁihe menbr anes are
I ,

pref eraBPy FiEcePAThaPITSi hreret, Wp 1R >0 "Rt 26%f HE LY HAY® can be st acked
on top of eashmintadier irandhesiedyer eodné¢ yyjecialdty tht 630 usiveyst éperature is
gradual 1y 14,5661 0,116 3041 Q%80 @hf)g\?é}gg\é%di%%?rgér 400w huties ephi ch

corresponds 'to a tenperature rise ] m nut'e._. The tenperature
i s then hel d'9¥siing ¢ dobdynsniteklatandisinpd@eflo 138 Bxai%2 6 ninutes and
t hen sl owl y dlecyeasedialg atekdh® thatthillcozCopebnntdsiecomer 210 m nutes

o 100000 2hdihdk SESADALED Mk Nt dSIRELALULE G 90, oy about 6C per

m nut e Over mnutes“to roomte ure.  Th'resu i's a ceranic
20 nmenbr ane sgringrt theomougdngt parbhe dridarsilyedy . hisr cerrmpl ouri®@ ceramic

structure, %H&%é’i‘ﬂ‘iﬁoﬁﬂ%&a% iﬂewtgf&?rt@@%j%&%éais haye evapor at ed.
After this sintering step.the nenbrane.is v%r?gl uneven and at a di aneter of
F’S‘aegtee f

40 mm has a S&F oFer BrtAT IR} mithes & fhe%nis condition the
menbrane cannot be used due_to the strong warpage and internal stress in
the mat eri altReriReARNININ & Shls P BRREHHTth&FPRIapT| BAstRS A Ve Plonal

step. Fap thssquripdss bhaokenhr aneneSriagaasipaathadt | avdids falrlnace. The
menbrane is ef ul.l ndw ched bet ween. 30 _nmssi an i.ahl anar,
hard-sintere ﬁsfz%,lp at?%sgfg 509" d’g%ic/i\g,lst I?gtrtilgfh%(g%’éeﬂ“gér’ga%e% %‘ 03) which
for a nenbr @rdeli fveehievesbigh udedmveementeisghtiblivsiew eratbingd o sever al

100 grams, QfitH) Hih @&%ﬁﬁma%yaéﬁatr?&&{mu%yar er COT s alisngl y
wei ght ed do The tenperature is 3 S|'0W|cy£ i ncreased at 4 ,pg{ .m nute over
390 minutes m’ée Ares Qf18790CY At Geremdr MaRTeng i\ r 1Sever al

m nut es 30apprspentatadl ozb reilhabiyg mdadiding exmpenat pressites tlemgeer ature i s
| overed sl Ovﬁlyari’itl(ﬁpmb%)i‘, ggdpgﬁ particular lower than 10 mbar, by
means of capacitive, all-ceramic measuring cells. For
this purpose membrane thicknesses of 10 um to 250 ym 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 pym t* 10 pm



11 June 2002 _ g _ mnute over approx. 115 mnutes until 1000C are reached.
Subséquently the tenperature is |owered at approx. 6C per m nute over about
166 m nutes until ambient tenperature is attained. After t hi 31 é‘ﬁ%?ﬁ?%g
step the 5 nenbrane has only a very small anount of residual warpage of a
fewtenths of a mllinmeter. Inportant -ig this snmoothing step is that the
tenperature is not raised as high as in the first sintering process,
preferably up to a tenperature which is at nost 100C | ower than the 10
sintering tenperatak e1ooloraxghi ememB¥ere | eicuesdl Basraqui regd whor the
measuring cell to be built, this snoothing heating step nust be perforned
at least twce. ,For, r slSH% of t SImot by S oul d be
performed in such %tm]/gd; at’ noﬁ(émfg\?gg%{%an C\‘/?'\(/o suc%ag?‘%ﬁsiiiéﬁa@g needed.
Particularly good results are achi eved when the nenbrane is careful ly
separat ed from Che?blhiet weeReMREEPAGHRYETES I 40P dBpbsiG 8 i n a
slightly offset position. Preferably the nenbrane is even placed upside
down. The utili zatator) df Torst:achewbrane erluickinesis 20 phat ek Wit h nmenbr anes
sandwi ched in between is particularly econom cal. After these steps,

menbr aneg are new &va |@bl® dhakhehByYgns eliedaidse ubi gknesseswd N the range
of 10 umto 250 ~~m preferably <120 ~im_Wth the process descri bed above

menbrane pl angth Légsh Ghd¥angs achl %@f diedi ’fie et hehufdamirkl sgn across
the entire surface, preferably even better than 5 um The nean grain size

in the menbraheeheths isinter SE6R FRARIDD 2L ARashy epgradtitiw&d than 10 dun,
and even | essmédrairy ditepn .S I&Chkeddbb everyn intioxtwAy tde tlefui renent that at
| east 2 30 grai.ns ref erabl v at, .| t five grai i s the

t hi ckness, g"é%&?e%a}srf ytqng)eqésﬁ‘?éef\%%ﬁ?gﬁyt%‘%lslu\fgfg g’?i ﬁfrgnl:é%i(gaﬁ[%sr?errbranes, as
r equi r ed Of orachyienad medsudifngheepradpptizatdfotbe pambprMederédl The

nmenbrane is powdeado QR usadrbasibyidAine the PRAGHIdN%k@ehn, 35 The
menbrane as wel]_ as a flat surface of the first housing, body made of Al zO

e
are now coat ¥R A &iEeecaf) §1 Iy %S PESERPFRF ori®r eating t he
el ectrodes. rartiexdgdly; thomet abl pm. par M1l foasesxahpl erespaenitionl]l June

2002 _ g CON Al NG ol iEQUIERLMT Gl AQEIEXAIPLRIcP DT ushed or

sprayed, preferably printed o i I's to create the
el ectri dal | ycOUridttdt & 9adfe twhy IRRERS: ofhe MePbFareeEdat i ng, preferably

by sputter oswedditglakQyS tdlghewi Ehgogeposdd ifAReOhrainacety afre tapdodef i ned
filmit is advqgt? eous if, for exanple, a gold layer that initially is

deposi ted Wi THh eldti vel y large thickness of about 1 um is subsequently

t hi nned do in the jnner area to approx. 5 nm by neans of an etching
process) 10 PrEtRFanPoLtansn CLiERE gﬂfo%ﬁﬁhﬁgﬂﬁ%?ﬁnﬁc%&t&s_ In this
way a thi ckereasigeirar ezlils isr éheedlamacityxarf ¢cbrpomashranalisunficen | osses

i f, for xexanmle, uife Rt a3k BRs| ﬁhgeéﬁﬁf@%uréa%egﬁé&f@ iR @agss that is
sinple to handle 1n practice is to rirst_deposit a thin | ayer of 15 several

| ay
nm acr oss t e it axeede 30/ dos uble RiarYrPde FRPcKRYCTeRARIYoROd0l d at
t he edge by mmensciein IGeMhpki Akhng (hdAttHes unavembsnaddsspheess and

O e LR BSSRS oA B o TS5 BISESF D o @ VoY
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
aluminum 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.



20 several 100C, preferably in the range of 650C. The second ceram c
housing which is arranged on the neasurenent side consists o£ 3 flgé
ceram c plate which on the nenbrane side can have a flat rec L dune 200%ier o
forma sufficiently | arge vacuum chanber. The connection 25 port is
connected to this ceram c housing by meéns of brazing, bonding or gluing,
preferably by nmeans of glass brazing, in such a way that the connection
openi ng can conmuni cate with the future neasurenent vacuum chanber. In the
peri pheral afe:en#ure adnursssl fupctiening ahdgomeasbrang ¢sllceedd on both

sides with a;0l&ss gasida d¥ &fifeablie bye fEANR-PivaalRCBhREHE imiGt Af ter
drying the rrenbraneh,vmth the gl ass paste is baked in an o¥en at several
t

100C, pref er@Y§ & ifhiguadisE vagRuRgekilt |3Pagd15eastaRit19e is pol i shed
on both si desftaed dveeruang odb apyet eeabsyowld bd parokvitiedetdecis ode spaci ng

is defined. W [ f sai calpg{ racess th p eram ¢ housi ng
on the elesgcté%%%lts%b?gaca%ﬁgg et%ihgnegt%rna IC{'soﬁlr ace %?_g[ ?ﬁ%se&zooz - 10
addi ti onal | yheyes matangl Waonmuad cakest vl glal Yhe aef@renceevastwhin order to

achi eve shi etgiiier A0 Yk tehechSRPES i RA e rakEntOr VRN t he
hol es for the electrical 5

housing. In an additi.onal step thg drklbi]‘lé
f eedt hr ough BFETHE et t1°8FE+c BRfEETF B @5rdeasti 988, 9958 %rabl y with
silver. |n athasttlphgsedswre itosbehoessngedd to phrevehect rode and t he

Feedt hr qughs, 4 QGGLIAT; M ¢t L&ﬂedgHé’%ﬁaﬁf’ HRIRGARG. cb$1Cheeked, for
tightness and for correct electrode I stance. Subsequently the | ower
housi ng par t9¢&tepUHRA thed fdheneht eyarasstams ywhowldohdede#8™h wei ght in
order to test the function and distances. In a nounting frame the Better

connect i on rifsesding oredlllsy desigpnedt accerdingnder thel dndemeigthtcas® about 200

grams the glgss,$8al i Pakidedondhi S£V & RlprbidEe . PERE e Allat About 630C.
Subsequent | y )fg test is perforned to check that the required distances are

mai nt ai ned. 9% Fistes£9HL FernBRbPaHEYpatiany E9nMBewheF etted t hr ough
addi ti onal weeghirimeadiald prefekabVy rgasingd dranedert b6nsl tdi40 man.process_

The seal ing MO R kness of such a cell is preferably in the range
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
the doughy mass on a strip shaped carrier material, for
example, a plastic foil. After drying these layers are

30 inspected for irregularities such as 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 foil. For cutting, tools

35 such as knives are used, preferably a laser. Cutting orxr
scoring of the green body requires particular care that

no dislocations or warping against the surfaces of the



20 nust be executed very carefully and as nentioned, no stress should occur
in the neasuring cell arrangenent. Alternatively also direct bondig% an be
used in place of glass or other sealants, preferably |aser bdAdUAg2%8%e
various features of novelty which characterize the 25 invention are pointed
out with particularity in the clains aniexed to and formng a part of this
di scl osure and are entirely based on the Swiss priority application no.
1997 2950/ 97 filed Decenber 23, 1997. The invention provides a capacitive
vacuum neasukvtHire eleragich membrane hoest s 3Milsoay spljnfbdeness Ahgy, with a

menbrane (2)q&gFanasd Sir facgMhbvahstaacer f rpWutidghRHSEadi Pahedyi th an
edge seal in such a way.that in etvveefi(a reference vacuum chanber (25) is

creat ed wher?® R¥FEEHS 3heelorapehsr arR ¥ ahenBemBEaMigSHdy (1) | ocat ed
at a snall dilstanqgereoppaes uadde eaching hef tre greahedodith an el ectrically

ducti . . , . “Cand wh
2 second o ssqlsicty, P FROERLALY LIS ITR e ARRARL BNE. BT o
edge seal issq!Rﬂ:J%Rféﬁ%/cfpf@@sit@@ feidr akeip Dy wiagingogéf heke wattesi d
nenbrane for - aiBasd, e MR s\LAGHUERGHAMRRL HcdBl-ahBsWakeh ports (5) are

provi ded for connecti the nediumto be neasured, and that the first 5
housi ng body®% Eje‘%’r?d“ggfc&’r&tﬁfiﬁgi hY Do AP -aF T s 8APEFT WY H-%he

i nt er medi at enendodsree ar2) psypifeeabilgaplycal drhdaedgeinhdréde Slatf ace

unevenn h r ( [ h 30¢ ~ t egt,gode

spaci nng)idol{‘}fpé%llgggg wg?ﬁfng%ﬂeﬁ? 2% aegﬂzgdﬁr%kt gggoggzﬁé%gﬁggjy tgl hg menbr ane
(2) 10 has SYHiuatesyvigaify pange3dC ufho t2opeitwrehi®a mean particle

size of the Jgridang FRtikdak ool 630€0owin Ankriibat odit apgdsk. tagp grains are
present in the cross-se%ti on _of thﬁ menbr ane g%)% across the_t iclEness, W th
the di amet er™gt 4% WG COTEREPPEATE"S 3 - BFMACULS THES i AL SRIWn i s

descri bed scitahgiaralilmptieas@teonenperdvhtoviisnghienl heidaféons fw ch serve as

exanpl egg Fi 'm?teﬁ‘%‘é‘? t%i%cﬁ‘%%ii,cf%oé?én&?lg,i e"nh @e&a%iékie‘he vacuum
measuring cel] according to the invention. Fi'g. 3 .shows an enl ar ged
cross- sect i cHWlgetdgaregsesr atngheoraee mig.abput 3°C per minute over

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

25 In 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 purpose 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
membrane 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 1570°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



Fig. 4 shows a cross-sectional detail of a Better arrangenent 11 June
2002 - 11 Fig. 5 shows a cross-section of another getter arrangenent
version. A capacitive neasuring cell made of A1=0 accordi ng tid June 2002
invention with a structure essentially symetrical about 5 the nenbrane is
illustrated by the cross-section in Figg 2. The first housing (1) consists
of a ceramc plate nade of Als0O3 which along its edges is tightly bonded at
a distance of 2 umto 50 umrelative to the ceram c nenbrane {2) and which
encl oses a raipueacevencCappird:2.5)L151 o hheesdi witaiic d dddCweanret heathwd sur f aces

is usually e I i l.ect [ t ey v o s pé~the sealing
material (3) §f1§§%€g§%‘?€1@?v\%}gen ét%"é’%%n%lr?grggngge%gz a_nd%t épﬁgégf ng.cl n this way
a conpl et el yPBr st seYRE piaawt (PPF manubes usddl arbigBtsane way a

measur ement  ¢omMacatiir& hpsharci2fea.i arter neghi 4 srdboieaagdshepgsiig (4) on the
opposite Er”ﬂarrb(rlelilge Si (r:}ﬁ' t his vacuum chaﬂrer i s acgessible ﬁior the media to
be measurdd VEEPRARSMRARITHY SorCr¥s FuRhf ot Hh Bpdstag th YR IHUsi ng
(4). Fig. 3 ehoasfew eethgedf o oddldmetepnalmmpttaint dh theés20 edge zone of
a measuring gﬁ!)!)thirﬁ?héé {3)erdt RAENcShdEsaQlrd NG HREDEANE§ s def i nes,

as nentioned above, T I stance of the two housings e&l and 4) _ This seal
consi sts, foPighaddl & are phigiser SEPFerdng grrreeSasPEefREAPLY WRsKP t o handl e
and can, foraexampbeatibee appldied shut2hoseansoaf 196/egehphi Bhéng. In a

typi cal asuriﬁg cell_with an ext rnalhdi anet er _qf %8 nmm Ed a free

i nt er nal* renBFARE" HIAET BT HEE -mh°t A HFLE a%cee](qﬁn i §e3Bg 9x. 2 to 50 pm
preferably 12eteiB&dufor |thde mesiserdangl eelhetd fhe $uilguskthgs(1l) has a

thi ckness of spodthiAdehSASHY! AL AUSENEe (Sdr fornfticClaRe3829E BuiER. The inner
area of the second housing (4) 1S preferable designed with an approx. 0.5

mm deep rece8er HRAZMHBPT FIEnemy2 thege of e thid% MtePge SPRBIAAS ur enent
vacuum chanbper{@fped Gn tdiecH ef elagnNehatato Uidsd dhanhewosegbchnetdy and t he

housing B, [ Heeash SOALRG MY, 8068 SELITCOLIL SORIUGLEYELL M (7).
These two fifnE are not erectrical P’y Irnterconnectéd. Fi'lTms (7) can, for
exanpl e, be pha¢membwne pis maxgfodly senavaprd dZoom theoplagpeayed on, or be
deposi t ed bypb8ERESH Ohedt MAF WHBHY %98§ed&[5@§ﬂéplm thayigheigleposited by a
vacuum proces? such as_'g,‘ly evaporation coating or spyttering. Pa‘%{)l cularly
suited as a PHFRFhERTIE O s FFOTEARL¥NERE ‘b%ﬂ%"teed,s FEPsPLEGHhl e, with a
fil mthicknespsdde ldalun. afttk ivcidibkaeduenst ya tdtiamed fdownetral aftaw

manonet i, B ELEL bl oh ifbndiHesPYaRBRISNON APHdrilech! €I NG. I N Lhis vay

the filmthickness can be defined _so that Is thin enough and is free of
stress. The BREBtPREArLE RAdAMicAd -oftEAE these steps, membranes are
now available that have selectable thicknesses in the

range of 10 um to 250 pm, preferably <120 pm. With the
process described above membrane planarities can be

25 achieved that are better than 10 pm across the entire
surface, preferably even better than 5 um. The mean grain
size in the membrane material is less than 20 um,
preferably less than 10 um, and even less than 5 pm is
achievable. In this way the requirement 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 for building the measuring cell.

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



10 nenbranes (7) are preferably established with vacuuntight, electrically
conducting feedthroughs (6), preferably through the housing (1) where they
can subsequently be connected to the eval uation el ectronics. 17dune2002 t hat
the reference vacuumin chanber (25y 15 maintains long-tinme stability, a
Better (10) is provided as illustrated gn_Fig. 4. This Better is preferably
a non-evaporating Better in order to keep the reference vacuum chanber (25)
free fromevaporating particles. On housing (1) a Better space (13) which
accommodat 6?cdrf&i2ﬁri§ebbaa,(égh bié @ﬁ&vivdﬁﬁmr/,]\hifahf eRample CafLs Vi a "
connection (;14)_.0r. an evacuation lpne wth t. r.ef erence vac anber
(25). The Beli’ esrhesdpé’ge SPf?}’e anP 5?2%&83\(’3%”@6&{1 ggdo(ﬁnt o%n%?h%rou%é@#ég( 1), but
i s preferablis receysade throsdeayridyllwwrddnglucheveelayendy weedsm chanber

(25) 1's 25 hed NGpdHARY oHOWBaViAg VBRI Y b e_sﬁ,&ew}ert&?aé%gt.errosPaC_e
(13) is also connected to the punglng devicé. This_is, achieved by lifting
the cover (HL1YA4% FhseteBPstipPraot it AGFHiateanee febinehdiddt f&ce of the
housi ng (1) Enchdvausapeousdifg A6r opeamplg:, Goyeld(Bayemdehatf nmetal or 30
ceramc is t.ed dyrisng th vacuat i Qn..process, Si t etter to
be activategﬁgﬁgagﬁ&hﬁ%aﬁggﬁgfgegéﬁggééﬁF?&Fféyg?ﬁe1%§§ et ‘é%gﬁgen
activated co¥erahog)t, lwimh- ssabihgementlvalthignegedowenie dbe in@prand

housi ng {1) arden RES Eﬂosci.gb_thm BPahdsls e JROUEERhE Usidddhe 35
evacuatlgn process e seallng ﬂaterlal &3} can, for exanple, be

di ffusi Ve, PUTEFRGYnaler PRI SHFHIREIUr AN EET gPESRIRF A UFSFat &Fi al .
Ret ai ni ng sprhireg walklp whicker é&dgdumeea2(62 credBedpwlebdlescdrhe Better agai nst
cover (8) e t o e d e Qg| nt s t he cover
(8). Anot he;}%ﬁgfezlls%%%ofi &g%ggﬁltéri%%'%sng@oﬁeﬁ%&ié [ tfjés)t 'ragtcﬁel_ﬁtfv%l%BFi g_ 5 where
a cont acti nfFtReds pezforpeds ehaprgiermdpagicags nblial iks simplel &6ed bet ween

Better (10) radieoMar pk8ktiBe0fdeko L0 AthigRyeshet & ekniderdirlr egnt act.
Excel l e t her nmal conduct|V|t€h|s requi red here sgd%gg% the Better i10) can

be t her mal | " A afBd2GFESE hERe o (B P U Het AR HReNYaldition this
Better arrandemketr dhlyewsofOgatdiaattilon eglget bg Bednsrofartragnsequent

brazing of Waauer (tRke! Aan 31 AGhS AL pEBecbs Ao 418 cagt [ vat lon

tenperature of Betfer (10) and the brazing erature of the brazing
mat eri al (9)fidfe tBdSkRerareY - (Hhemaghes or] hoygipasoprrcessLd dfmmary: The
present i nvenidoAswhgl akesstibséqiapfis tHewpey-a@uUat p@Easdddige&eblE Whi ch

essenti gl v Jos, il o6 OFP! SLekyr 31§ AThe VRhSLI 8 @lbd herefore has a
hi gh degree ot

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

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



5 corrosion resistance. For neasuring very |low pressures with high accuracy
an extrenely thin ceramic nmenbrane with a thickness of <250 uzn is used
that is free of stress and arranged symretrically i N a gga&@m@oNousi ng.

11 June 2002 - 15 Patent clains: 1.. Capacitive vacuum neasuring cell wth
a first housing body ( 1 ) nade of AL,03 w th a nenbrane ( 2 ) arranged at
a small distance from said housi ng bady%ith an edge seal 5 in such a way
that in between a reference vacuum chanber (25) is created where the

surfaces of rane_(2). and the_housi ng bqdy (1 cated.at .a small

di stance op ’ttéoé‘é‘(lfl(]lyzpﬁe?"%%d c'ﬁ’a"ﬁbtqueaﬁc&%l)é?ie&r?%‘écﬁ‘f‘i/t’cvt?nducti ve

mat eri al (7)fidmd inopsterute adkievasstriglglingpaslsanbere 1thand where a
second housi 4) B feeat UL n seal is located
opposite ne ran%(é%gg \Aﬁ?@ggt%{:—]&et_ e&uﬁ{% stgli%d%nt{}%gxrlgheﬁ?%ﬁs a measur enent
vacuum chantf¥lditienailnskapchbhpof¥ sl ¥ g10lgse forofhaedl eor I teHnect i ng t he

medi um t  befdsRrhtbadh afdth8aéléderddd sdonhechoufis ngrédaiyc{1))izdd second

housi ng bod are sealed wth the internedi ate nmenbrane (2)
symetri cal ?bf(eé%erf—’lkgyeﬂégﬁaﬁmi}'%ré'surface unevenness of the nenbrane (2) is

not nore than 30 ~ of the e]ectrpde aci.ng and. this ljes wthin the range
2 umto 50 uM a\/\ﬁé’?&b?*‘?ﬁ‘é FRfbt Bt (ﬁ'%“ % gégg %?C‘R#é%%r‘i £ R range 10
umto 250 umhs tfleedtireanghal t toedetisez aviath ithe depbsianed megdriaade,of S20 ~. un

and that at Jeasleci 968! PEeAL LoD SRNed cLPeEE O5PacERidon of the

menbrane (2)_ across the thickness, I anmeter the cell in the
range 5100 b shmnces Subgpguenthy Ehe Iloweroherfigng oP2r &i v mamded t he
el ectrodes (af)d ihat cAREr8S8sEEHIBTENGE MNARddTWE BRMPET g2 5)n asidiashiceh

constitute the n%%%u%ggggt capacifance are grran ed at a tdrla%{ ange of 12 um

to 35 Eun. FSWedShri ng c_é?? accord?.ng‘ 5 "crai i I°6F Y hnere 1 he 30
connecti on isstiteyl eppneetlioy hawi addi tihpngilflivubeonoworeld pdrunstesf ar abl y by
brazing, in R keibRE! ¥eWabbudl 266 %@@ ReBY 8L abeats ARAHHIILY Cel |
according to clains 1 to 3 where nenmbrane (2) has a thickness in the range
of 10 u t()th@eggrg}n§QO°C, 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.
Alternatively also direct bonding can be used in place of

glass or other sealants, preferably laser bonding.

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 body (1) made of Al,0, 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
(25) 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 electrically conductive
material (7) and constitute the measuring capacitance,

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



11 June 2002 - 16 5. Measuring cell according to claim4 where the nean
grain size of the nenbrane material is S10 urn, in particular <5 ~.im 6.
Measuring cell according to claim4 or 5 where in the 5 cross-section of
menbrane (2) at least five grains exist across the thickness.Juhe 2002suri ng
cell according to one of the preceding clains where the areal unevenness of
menbrane (2) is not greater than 15%1@h0- 8. Measuring cell according to one
of the preceding clains where the areal unevenness of nenbrane (2) is not

greater than 10 u preferably not. greater than 5.um 9.. Measuring cell
Sccordi ng { FNISNIt AE BRECUTAY KT AGRA LA PROPRE BURFIRFHE (7 AL20, of
menbr ane (2)~Hi$hato§5theaSWieﬂ~$am afepdatsinge doringagt m&@@Jardm®Entheasuri ng
cell aCCOfd'J&%uﬁ% QﬁfémBTeFt E'%Prf(f&%f& %Je(%lc'f@s (‘éﬁ)‘eéﬁetﬂﬁo& #Go3 o the

el ectrically conductive_ layers 73 are | out through seal ed feedthroughs

(6) on the fGPEkIng hbepBagipn)to ke measyredyr pRg Eort e sy ai ns,

charact esi zagudingebbay (19)afd Sécdit R GRNBGLHI 04 1dte RiMicded
ref erence vacuum chanber 25 seal ed th a cover %r%%{'lc:’ to one of the

precedi ng hatithy tRey dPEREMEEBS EGi BHRE GG 2 h6 %itth et ween
vol ume (13) ey ahd ¢he) sapdatdeunvdlenedslIf ithelBembbaser (219 icel |

according to ¢laim1l.whe he_Better,is of. the "non-ev rati,ng" type.
13. I\/Easgri ﬁtﬁ’%céﬂrea E‘Sf‘dir’ﬁg%t%f c‘ﬁ‘ﬁ EE G SRREHRY g2Y gl%l(sld)l%\f/i tmon
vol une (13) wikhimeshedrbygaransmofo D qpda,i ndpefreby abai matbcaneer(2()8) . 14.

Measurinpg cell according to.claiml3 where a n tin erial {12),
preferably glabsr gzi%%écsr%gtsaﬁ’i ar, é‘lil% ]E)arnoqlef gleod "ﬂ‘e't%\%eggﬁB‘e”fl?%ﬁ ﬁ%)megr?d cover
(8). 11 Jye 14002 size of the membrane material of <20 um and that

at least two grains are present in the cross-section of

the membrane (2) across the thickness, with the diameter

of the cell in the range S to 80 mm.

15 The 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

arrangement



- 17 15. Measuring cell according to one of the preceding clains where the
pressure in the reference vacuum chanber (25j is |ower than the | owest
pressure to be neasured, preferably |ower by at |east one dethdune 2003,
Measuring cell according to one of the preceding clains where the cel
dianeter is in the range of 5 to 40 mm,;,17. Measuring cell according to one
of the preceding clainms where at |east one of the surfaces of housings (1,
10 4j is coated with an electrically conductive filmfor the purpose of

shi el ding. I¥8ig Proeeswsf ar c#BBYf 36t oMb RRNRIEgoEe8e for a neasuring
cell accordlqﬂﬁio o%%_of the clains 1 to 18 which conprises the follow ng
steps: 15 NEnBPSETES ar &5F6FRBd from an Al zO- slurry, this is followed by

a first heatjng step.for sintering the ne ;&ne in a furpnace, mﬁﬁh
subsequent CdbJTERASHT VS HeaSRELBAICH tq@é? eplthed e tPstPRheat ed
and t her eby itframdeinhed thnd stubaetuest éysandladdydeymmeti exlelapoyicel di ng a
menbrane-w th at | t ins_over .the.thickness of. rane. 19.
Process gccégllkﬁm?%%%Fa?%1%gfﬂﬁ§¥%t%ét .ﬁﬁ“%é%PFﬁgsi%;E%gg I s perfornmed
for snoot hi 7y e fRrstebouséngr dlhgeonsicital mf1e eRvamie Hladienmadeng

tenperature gff Aihe, thish Heahd Nk St&RydsS il ghghciPasbridiay emper ature of the
subsequent othlngﬁizﬁp or steps, ggg,the tegBerature.dlfference IS

s
preferably ﬁﬁgﬁﬁFﬁmé aH™1 68V oM ¥ REYE L0c5PEi RGE B DOne of the cl ai ns
18 to 20 whewambremisy d2¢ @By whidbt ewdibokds @nrelierphat egadretmwd@?)snoot hi ng

st eps a@? r%ﬁﬁ?Qﬁk&%ﬂc%”b%i&éSh FﬁéiE&é”%rrfa%%sjggeugggﬁﬂf 18 .22' Process
for manufacturing a neasqung cell "according to one of the clains 1 to 17
with an Alzwtr?éit}rséﬁéi dayept beudering tthey agseabiy Bedrn Pt 6h6ne of the
leaiorrsh18 _tcse%hiir@oﬂarltiegii_amhwﬁ iﬁ&é@a@ '193|t|$»fe%ﬂst35 me_rh@i&{@f%fee((;; a first
, 0, housin te W th_an electrica onductive syrface , a
connecti ng 6%5ﬁfﬁ5’(%W%lPHatIPnF%%%dﬁﬂ%éi§x¥ﬁée§8$¥a8¥%9?ﬁhﬂﬁs&Fg (1) and
featuring twdadeedtlni cah, beassed: t Ighthd esdtchweygasmegyumdrend one
feedt hr 9ygh fhudr® HArBleClbbFat L YeSANEGLED §RcLAG ROREHES 14§ 8Hrface (7))
the opposite membrane side; 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
is easy to handle and can, for example, be applied by

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 rm the distance (3) is approx. 2
to 50 yum, preferably 12 tc 35 mm. 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,



- Manufacturing of a second Al zO, housing plate (4 wth a connecting
opening that interconnects the surfaces of plate (4) where on plate &)4) a
seal i ng connecting port (5) that comunicates with the |ine 13 Junet20Red.
15 - Coating of the one menbrane surface with an electrically conductive
film(7); - Installation of the plates {4,4) in such a way that menbrane
(2) is positioned at a certain distance between plates (1,4) and its

peri pheral edge zone is sealed 20 vacuumtight with plates (1,4) and that
t he el ectri captayyedrshictdry e Aepbsitéd Bf mdund ofsh phatem(dlossuks.t he one
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t he ref er enceuhsemuentchadidnnedbioby tone £l nanonetenst i pedfeorakdly a getter
(10) that is t ine «( r ; t gy he desired
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2002 - 19 2Bilprigridamesscsepsi kg defoned ofo thatpiscadi Hgle| engughis to 22

vvhe][e thle rrmﬂ?auf ane shap s f %t%?sAIOﬁ*her@ﬁé@ﬂ‘dagnbbhﬁeé&% ; irdne
preferahly froma ri - shape yA reen _hq upported on a carrier
Port o ad wilTPrates s B eRe Py RaPH L T SREeRoRLCh SYSCRA i 7at | on of
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pressur es STRLAL AN HARCMORhe REELELADLY SARLECENLDARaE Dar, vith a

resol ution etter “than referably better the 15
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To ensure that the reference vacuum in chamber (25)

15 maintains long-time stability, a getter (10) is provided
as illustrated in Fig. 4. This getter is preferably a
non-evaporating 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 space (13) can also be mounted
on top of housing (1), but is preferably recessed in
housing (1). While the reference vacuum chamber (25) is

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
thus 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 simultaneously
degassed. After the getter has been activated cover (8},
with-sealing material (9) between cover (8) and housing
(1), is pressed tightly against the housing during the

35 evacuation process. The sealing material (9) can, for
example, be diffusive, a brazing material or preferably a

glass brazing material. Retaining spring (11) which
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ceramic materlal and therefore has a high degree of

S corrosion resistance. For measuring very low pressures
with high accuracy an extremely thin ceramic membrane
with a thickness of <250 pum is used that is free of

stress and arranged symmetrically in a ceramic housing.
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the housing body (1)} located at a small distance opposite

each other are coated with an electrically conductive

material (7) and constitute the measuring capacitance,

10 and where a second housing body (4) made of Al,0, and
featuring an edge seal is located opposite membrane (2)
which together with said membrane forms a measurement
vacuum chamber (26) in which ports (9) are provided for
connecting the medium to be measured, and that the first

15 housing body (1) and second housing body (4) are sealed
with the intermediate membrane (2) 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 pm to 50 uym, whereby the membrane (2)

20 has a thickness in the range 10 pm to 250 pm with a mean

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

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 connection 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  pm.
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ims where the areal unevenness of membrane (2) is not

greater than 10 pm, 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 beody (1).

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

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) against 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).
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claims where the pressure in the reference vacuum chamber
{25) is lower than the lowest pressure to be measured,

preferably lower by at least one decade.

S 16. Measuring cell according to one of the preceding
claims where the cell diameter is in the range of 5 to 40

mm.

17. Measuring cell according to one of the preceding
claims where at least one of the surfaces of housings (1,
10 4) is coated with an electrically conductive film for the

purpose of shielding.

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,

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

cool-down,

e in a second heating step the membrane is reheated and thereby

20 smoothed and subsequently cooled down,

o 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.
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(1) and featuring two electrical, vacuum-tight

feedthroughs (6) where one feedthrough (6) is

10 electrically connected to the conductive surface (7);

- Manufacturing of a second Al,0, housing plate (4} with a
connecting 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
chamber (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 - Pumpdown of the reference vacuum chamber (25) by line
(14) under 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).
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23. Process according to one of the preceding claims 18
to 22 where the membrane shape is cast or pressed from
the Al,0, slurry, preferably from a ribbon-shaped Al,0,
green body supported on a carrier foil, and which is

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
0.3%.



