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METHOD AND ﬁETﬁCTO? DEVI CE FOR ELECTRONI C PCSI TI ON- REFERRED DETECTI ON

OF RADI ATION - The invention relates to a method for inage

si gnal- decoupling in position-transmtting hi gh-vacuum ~detector devices
for quanta or particle radiation in 5 accordance with the preanble of
Patent daim1l1, as well as to a detector device which operates
according to the nmet hod and i s based_og the features in accordance with
the preanble of Patent Cl aim 2 n_order to det ect i ndi vi dual
W or other 10 H 2 F%FPB@W&C FOSFYONRESERRED, he | j ke,
p05|t|on transmt systens are

N ting detector
required for various ap% Fcaﬂt‘?"o‘?&“% ngﬁge q"°t oabé"%tﬁ'?°éit5°}d'/et’e‘&?93
i ndi vi dual radi sttigoalquistdcupliinly in boghtidh+oramoitisingg sici-vedwot or
systems, multi- dla%ect%gamléﬂsecfégnq'i‘i'é!ntt'aplézergsgﬁgciQGQ'am'a@iogavﬁtO be

installed i n speci al _hi gh-vacuum gl ass di es
appl i cati on® | n26F@EA2pGe ¥WhER Ehe BrermRle| ohPatent cF’?Rf‘d‘t ity 33 well
posi tioning of &Betphal detdetert dettickt which opefiBés NBEESSHINgG tito | #lisé al |

in the conventi %@%hoﬁy%\%ﬁn%hsz%ase@%@a{ﬁe F:E%E\ﬁ% 59 'Cigon%c?g%dgrxedl_s]é 8151%1'?

anode structure have,” for eXa our
vacuum 7 whitde Rreambdet of t Fetent s‘FJeR-e"-nar?d- render possible digi taI

spatially resol vi ng det gpni Ba8esn € tdwdad a&:ldeﬁndualdeﬁectéﬁn ot he
production.of t asse nmun ].ex

tect |
anode structureief%r%%%ﬁglc rnglé%/g%%t%’c?n asgaﬁgwggst%ﬁeF%r Weh the
W re bushings positdenhtghnepbttibngy <ieptronicaddyr edefatingi deprepwse not

only signify gr%@tstfeg@h@L&@a&e%uéaum.—e%arbaﬁsa£§§11cat1&ﬁ<§l Uble $Pfer
possibility of belrlgg ablflaterdto th 3 qde .structure 1 to a
changed measur ef@nt®S a¥R¥ n*8n stect &gé‘la 5&"1 Bd FHEA N Fhe
i ndi vi dual det ettigih efflcbmnemrﬁgorauehurdetmm saatamsl,ortgettbe
separated ;g %a&%%’ig%‘ig 'Er%ﬂem%‘i'%\.{?gﬁb.‘égakrgehﬁgﬁs w%&@hd%'él%%t Yo be

devi ces. 35 t| on evacuat e | ass X
al ready nenti ond@staddeghin speriah dyeh-vasiud g esanbaélesr %??I&E%’Eﬁe 1
havi ng a downst omarahal agipldkatisnst &M vktbr to achieeet twasdilmed®iom4ll each

case four pr eamill t‘ﬂx%’ Jrorposn.tz.o%)iﬁrgrplo% LI}Qe Eiloq_ro% pc{e%se%.{:t:.olnrl tf\:e :*f own

detector system
also mnecessary to install in the conventional systems

20 {compare Figure 5) complex, resistive anode structures 1
which have, for example, four contacts in high vacuum 7
which are led to the outside and render possible digital
spatially zresolving determination of the radiation

. detection. For the production of the detector, assembling

25 and mounting the complex anode structure 1 in the
evacuated glass body 6 ﬁogether with the wire bushings
for high-frequency signals required for this purpose not
only signify great technical difficulties, but also
exclude the possibility of being able later to adapt the

30 anode structure 1 to a Ehanged measurement task in an
individually optimized fashion. The individual detector
components form a unit which can no longer be separated
or changed in the conventional methods and detector
devi&es.

35 In addition to the evacuated glass body 6,

. already mentioned, and the layer-shaped, resistive anode
structure 1 having a downstream electronic system with
connections 13 for in each case four preamplifiers, for

example, there are present in the known detector system



-2- I n accordance with Figure 5 an el ectron converter |ayer 4
(UWV quanta el ectron converter |layer), applied to the I nner side of a
radi-dtion-transparent cover substrate 10, a chevron plate system 3 as
charge multiplier having 5 high-voltage led wires 9, which.are | ed out, as
well as the resistive anode structure 1 which is applied to the
vactum si de inner surface of the counter-substrate 11. A | ocal charge
aval anche generated by an UV quantum on the anode structure 1 is
specified by reffraBeer8andf with Figurdd 5 Sad N&1dHr@e! nvih@erNU@pkhon in
t he case of 4d§ ctor devi ges of the tggg dezcribfd for qu&nta oL

o) B EHEEERRPC SPRYSEaBEL ARYPE] 1 y2PPLEER P FPEnd

particle radiatro
nore.reliabl e elisneroside pofsiat radiag) onHatansparentt cogey fuisstxage Leferred

| mage signal degoupldvia bR d9sch! 8Ctad! EhbtbLantonbRels Libough the

vacuum partition - together with the possSibrlity adagtat on to
changed nea8ur ehdgh-vadkage led wires 9, whiche azgsdegs cxtnefBRoWehdr 2Fmage

Zi gnal g d_ecoun%i BesiBtive §ﬁ6@e0§tﬁﬁﬁ:ll 'd:;?)a- Wb 'itstm}]a@@1h.ie§ht029hevaCuum
etector deviceg_for quanta,or particle r tion whi.ch inpinge gn a
apat ally resol VRRE-RAEARe e HhireacR GROMS! dmsen Midtaa 130 8 2.

as an el ectron locajvghangéacavalandhe genegated kbyicam e rdusadum ophghet he

el ectron aval anghggeegpiristsPali ald epeRlilraehetyf pbrardice short tine inside
t he vacuum gn the anode_si de %I Kﬂﬁ gftgctor de%%feég¥é%Pans of ?

hi gh-resi st8nce, conductFnd® tBe 9RIfSE Ph EBRIRTE TR € f&8PGe°Fs read
out capaci t detegtorouevitteshrafligbha tgpeuniessilibeds for | quapta orchar ge
by means of a | gt e ' 115, 4 r ,te the
 ghe rosi ot ancelRhropE| SUEaENgEces WEGTIML Tedihalen ¥ RISy ©,
fashi on suit abl 8ippler and mare rpliable electronighppghtliopinge thadeisf
prior-art radi atbOBagupdéition-refRiraRidoimdgri £bgnd 1 aleqaipldhgy wighouti ng

anode strugture .35 i rea Ln ' rio t L.ah with a
ooty BB odiacy; S1BEERLOEE Llnddfd Thilddh Al Naclll p3EdUTLY {1
downst r eam el ecwadhi c toagstheny withit the possibdddbEntofhoadaptatign oto

adj ust nent or adaphgbiORehPuremertt fdak@Nt nmeasurenent tasks, the invention
i s based on

In the case of a method for image signal

decoupling in the case of position-transmitting high-

20 vacuum detector devices for quanta or particle radiatiom

which impinge on a spatially resolving anode structure

via an electron multiplier device as an electron

avalanche, the invention is characterized in that the

electron avalanche remains spatially collected for a

25 short time inside the vacuum on the anode side of the
detector device by means of a high-resistance, conducting .

thin f£film, and the collected charge is read out

capacitively, coupled through a vacuum wall, as an image
charge by means of a low-resistance anode layer which is -

30 arranged opposite the high-resistance thin £ilm outside

the vacuum and is structured in a fashion suitable for

locating.

) Whereas in the case of prior-art radiation qgaxita

detector devices the spatially resolving anode struéture

35 is arranged in the interior of the high vacuum with a

plurality of vacuum-tight bushings for high-£frequency

signals for the downstream electronic system without a

subsequent possibility of adjustment or adaptation to

different measurement tasks, the invention is based on



-

-3- ° the concept of collecting the charge aval anches, i nduced by
the radiation quanta, in a short-termspatially bound fashion on the
i nher surface, opposite the radiation entrance, of the
counter-substrate through a continuously 5 uniform high-resistance
conducting | ayer and then of coupling them capacitively through the
vacuum wal | (substrate layer) on to_a |owresistance, structured
anode | ayer outside the vacuum " A position- transn1tt|ng

det ect or device r | 66t L HBONG d t| on,

i n which [ r?gllgdgz’gcﬁPgh ga{;:uum sp tﬂ t 2 hﬁyrggbou :g;ﬂdé%& lﬁcurﬁ%r

radi ati on-t r ansp¥r &ERe EB@E?%%S‘N%‘@@H@ & ebartekern spa l'hhoémﬁel d at
a di stance ther ehgBAohhede 8he [An@eeNisurfacd olbpngwnehanqtdaﬂraal@na

| ayer-1ike fashion_on the radi ation .nci enc: Sld
el ectron mul ti pPP&Fance: %5%?9 ﬁnﬁm%ﬁ% Eft rf’ﬁg I%\t‘{)"é’ra}" %{gﬁy
di stance, a5 unpifaemar mgide:eazst@h&aaoctmdmimcbmengamd t tieenr nwdnt i on

in that for the-BupResg OEhEﬁpa&Aﬁééﬁ%l ?“tﬂ?oﬁ&fxerﬁﬁg vacudnBGR131 gnal
readout the anode |s deéesigned a | ayer arrangenment in such a way

that there are (PBYERFaER t]f?é’er) %c&ﬁ’m%l devi- ﬁﬁél"s§ﬁPF§ce BHrrugtaired
count er - subst r ahfiode laybrgbutebdé!tie aradiminge col | ecting | ayer and,

opposite the = 1atter,on Lhgeoul el LA Of t&%e%%%te%mﬁ”%%

that is to say outside vacuum a ['OwTresistance ano
structured1Pn aelgskromagnptis|radigtiopcariparticle radlatmnB;ﬂ-‘-tmhmé?st

wi th conventi ona_hsdareeat ﬁigﬂeva@@m spacef Whlcﬁl 51 HOIRGERIHE a AGKAL, 0N
guanta or part at i org nvelp%l on chiefly grow des the

advant age ﬁéﬁ'agaﬁf}aﬁﬂ‘%ﬁ‘fﬁ% mS’I"’gerun? Rt e@‘f*gr | SRWE5r 30
nmodul es can be subétwhtscheldcat onidigragice therefidont there are premsnthed

| ndi vi dual | y_andoh Bo@ingPidsl 28l 82 &0 1ayexlifihey FL sHIEGS UbR Maple t Asks
by neans of d| fferent structurin I"ow r es] st ance anode _| ayer

si tuat ed 5 outafdgatipe %ﬁﬁﬁﬁc%#gﬁ?‘néﬂ%é‘ﬁﬂea? legtson é‘!}’é-trlé’é-ll&é's 35
in that no el ecarrangehunbi agd, alopposqtier athd Mattddre at avddsyente; a

e eauerey BURLAE! AUha S ENRLUBLAPLEeg accddiiLh L8 MF BURBHLE 1Y o
conj uncti on in that :Eor the purpose of capacitlve, pos:.t:.on referred
image signal readout the anode is designed as a layer
20 arrangement in such a way that there are present on the
vacuum-side inner surface of the counter-substrate a
high-resistance charge collecting layer and, opposite the
latter on the outer surface of the counter-substrate,
that is to say outside the vacuum, a low-resistance anode
25 layer structured in a fashion suitable for locat-ing.

By contrast with conventional detector devices
for electromagnetic radiation quanta or ©particle
radiation, the invention chiefly provides the advantage
that comparatively simple, uniform detector elements ox

30 modules can be used whose electronic position readout can
be matched individually and in an optimized fashion to
different measuremeﬁt tasks by means of different
structuring of the low-resistance anode layer situated
outside the vacuum. A further essential advantage resides

35 in that no electrical bushings are required into the
vacuum for high-frequency current pulses. Furthermore,
there is the possibility of producing the electronic
system for amplification and digitization in conjunction
with the low-resistance anode structure as a highly



with*the | owresistance anode structure as a highly

-4- integrated circuit (for exanple using SMD technol ogy, as a
hybrifd or as ASIC). It is advantageous for the | owresistance,
structured anode | ayer to be designed, for exanple, in 5 the formof a
so-cal l ed wedge and strip anode, the charge-col |l ecting regions or
busbars for reading out in a manner _pgoportional to the image charge
bei ng arranged at least two, preferably at three edge sides of the
anode I aye&ntegﬁeeéaveiycﬁtr(w giAe LeiAGeSADOt8eknoldyy Haever,

It is also posglglﬁrgg gnp YAQE@Fr arbitrary, sui tabl e structures
such as, for exa anode, a spiral structure, a delay line

| ayer or a pixel s§§teﬁﬁwhﬁéﬁansagegESou£°UigthalI&O%yr¢ﬁ§§tanﬁeaa CCD.
Furthernore, ibtkacB8EEaSARKAR 18l ekeds! b@(Qféﬂf‘dHedt 0 by Selghle,! g

I nt er nal S|s%gnce of tEe chargeeﬁglle%%%gg er, on the one hand,
and the cagam Vel 3B uffted® B°°6 ‘?a?BFl RwWASPREam the

el ectroni ¢ systbargencollethingt heyidmndhr Vibidbawgyafar txeapirngriaitngind he

spati al reso Hﬁh%@ ﬁ@ﬁ&ftééﬁ&’it LS '1¥1a%;@kbﬂgrégcﬂgﬂﬁg Oiré‘%}%e@

di el ectric provide counter - strate der to
avoi d i mage er R&r %e?ﬁ t FEe e RFE @P&N at thyee tﬁéigcﬁetsé-éﬁér oficre anqde j s
expedi ent to peagek tHespectHEdls} !t iae aigntofaﬂgfmes)uw oheW destisdance

anode | ay 0j ggt . QV Lot Depyacuum side charge
25 collegPlnngkgvgg £t18 §i5$rbﬁ$ nve %?%%pgn g%a%ta COUST Het'ai | s
are expl aFHéH%Fe ghpatiurease| guchwiasy r EPsr eerrnle hé Vernimwi ngs,

Ey rreanslof ﬁnaﬁ&aapl ary;tﬁfrbpfﬂwm&uure, a tdelay 1ihe 1Q§e£lrawa1@xe|10
I gure SNOWsS ona resentatl o rinc e
et ector  aBypsan ARG YE read ot SIS PR by | REePRasRu -

el ect romagnet i Eurgtipampue, qa&nt:as necegsgry t o | atr dedstti @xpadizatortdance

with the hBvente9Bet theFiftéfnl SMStahR RAbE ehas&afgér@@iié&ﬁi a

section of 35 _ the counter-substrate of the detector device accord| ng to
Figure 1; layer, on the one hand, and the capacitively coupled

outer anode layer and downstream electronic system, on
the other hand, with regard to optimizing the spatial
resolution, while simultaneously taking account of the

20 dielectric provided by the counter-substrate layer.

In order to avoid image errors in the edge region
of the detector device, it is expedient to permit the
sensitive area of the outer, low-resistance anode layer
to project over the image edges of the vacuum-side charge

25 collecting layer. |

The invention and advantageous deté.ils are
explained more closely below, with reference to the
drawings, by means of an exemplary embodiment.

In the drawings,

30 Figure 1 shows a sectional representation of the
principle of a detector device having position-
transmitting readout for electromagnetic radiation quanta
or particle radiation in accordance with the invention;
Figuré 2 shows the partial representation of a section of

35 the counter-substrate of the detector device according to
Figure 1;

Figure 3 shows a represéntatioﬁ of a diagrammatic top
view of a portion of a wedge and strip anode such as can

advantageously be used for position-transmitting image



Figure 3 shows a representation of a diagrammtic top view of a

portion of a wedge and strip anode such as can advant ageousl y be used
for position-transmtting i mage - 5-
si gnal decoupling in accordance with the invention; - Figure 4 shows an
exanpl e of a nmeasurenent result (bottom with the use of an _
expérinmental setup (top) havi ng a detector according to the invention
with a 5 capacitively coupled, position-transmitting anode

structure; and o3 ol 0WespiaN shnEcAbagLant™h &, TGl SpsakRlian of 2
section of a convenhtional, position-transmtting detector evice for

el ectromagneti c FE@H%R i &n §haNEa ¥ FERdice 26 2 ademsusement result |

the detector systsietwsfiorwi ey theFiHy cof, ahhexperimEn@adi rﬁéiﬁiiifi(ﬁﬁp)
(S evron

system specifiqgally the phatoel ectron ,_converter lLayer 4, th
pl ate system 3, ‘iﬁ‘f%*aq el C{]eot'?‘%é’lreb%?%ﬁ?\fd’cﬁgatﬁuI‘E}fechéﬂ BRELPR a
mul tiplier, Jand dépaaituivelgh- r exiuptledee @eedéiocnapeangmittingi nganbde t he

invention, is ingtaldids dgeviously in a high vacuum 7. I n a manner
differing fromthe prior art, however, for the purpose of electronic

posi tion readoutFtFEER onpl Thows theoftiagrapmalie oreRragentakion &fr aRged
outside the 20 aertion 6foa ddmrentdionall ,t pésilei @citfansmiaiting detaayoxrf or
exanpl e, on the f S LY Sl r 6. The r anspl Ssh of
the precise osié%caefo_ flér#o?lfrat i on o;étﬁtc q‘tgﬁégtﬁégi 9}1%%1:50%9 g%i’?élk'%g?dent
radi ation Jefgantrtﬁﬁla(wn- guantum or particle is perforned capacitively

af Le: 2t5 gpprODJ[i atgI chiatge ?Eﬂééf@iiéli;ﬂiﬁéiﬂacb?rdi.ﬁ@ tS FRfRle él. t.'p.tfa.
supstrate , prejerably consl I N 0 ass pl, | e | ensitier
Systemon to [ndise iRt AyRket: “S8e fhidnids, Tk partrelpiiarhy
outsi de the vacwenveltier layegagacithiesschevananpidstensystewssi bkétbatedse
the charge 30 cgld.Qadng,| Qe a VRl gl bRk 1TRd1 80 L4}e hidDCipPidle, Ohnfhe

base- or counter-substrate 6, that is to_say in the vacuum 1s applied
as a hi gh- riesi st e igRoFEpLp5pBFS opnode WHATRTL b ASRATPhy SPantRE 5
I nduced by a si ngiwention,adisaihstalledtagnpaeviankilel £nis hhgh eatadmand

remains 35 therg, a,f gy 10nSsPRERUAS; O LReLASSPPRS: LBD, | B¥ELver, for

the purpcose of electronic position readout the complex

anode structure 2 is applied or arranged outside the
20 vacuum 7 on the rear of the detector, that is to say, for
example, on the rear of the counter-substrate 6. The
transmission of the precise positional information for
the position of an incident radiation quantum (UV
quantum) or particle is performed capacitively after
25 appropriate charge multiplication by the counter-
substrate 6, preferably consisting of glass, of the image
intensifier system on to the Ilow-resistance anode
structure 2, which is located outside the vacuum. This
capacitive transmission  is possible because the charge
30 collecting layer which is formed on the inner side of the
base- or counter-substrate 6, that is to say in the
vacuum, is applied as a high-resistance (anode) layer on
which the electron avalanche 8 induced by a siﬁgle
radiation quantum or particle is collected and remains
35 there a few 1l0ns because of the assumed high layer
resistance (megaohm range), as illustrated in Figure 2.
This local charge avalanche 8 couples capacitively
through the glasé layer of the counter-substrate 6 and
generates an imdge charge on or in the opposite,



resi stance (nmegaohmrange), as illustrated in Figure 2. Thi s | ocal

charge aval anche 8 coupl es capacitively t hrough the glass | ayer of the
count'er-substrate 6 and generates an i nage charge on or in the

opposi te, : 6 | owr esi st ance
anode structure 2. The | owresistance anode structure 2 can, for
exanpl e, be designed as a wedge and strip anode having three contact
regions a, b and c¢c. The structure of this anode can be adapted in a 5
conparatively shppl 2eu@¥ebchNGRf t LOPRLeAASOLUL i Pl  1oW-S3AGaNRIY
required. The anode structure 2 is |ocated In this case on the outer

side of the couRBefes@fduchuge 2 ¢any H5pPT| £XpEPLgy P tdrsiMieriagi p

at m)sphea e. Thewedgephfidi gerfpsahbdd Wivide tHRGE ohtage cagibhenabebdet er-
10 mned via cgrrespogdingl ted Lck_charge-sensitive .
preanplifiers a%ﬁda%'e\%g’leu%%gﬁ%ﬁgai 8%3? enm> ﬁ% can Egp?gggﬁfegd)m Rnown
in principbe. cPmparatipeiyt isimple wiocdupl thg pesdtional hingisodmdtionl

resol ution posswlaﬁectivé@fnra&eiré@.t oFHE | ad i Hranceural 2t e hweateade
|l ayers 1, 15 2.,are optinmally ad gtedto one an tﬂaer and .t he anode
structure 2 B ERIBFBER BB FH° SRFEE(R1LY oFf itPe cpunter-ggbsiTabfdi ngly

hi ghly resol ving.f adsitonis Agar tsdy obma the nomude @bl atmopphevde The
descri bed, for s%aamlas,pbeigbsn of tﬂélbin\%fé'a{a&gle _tcahllth%dlx%zhet%&her

spatially resolVving 20, “anode structures so cole, i nto consideration
within thell mipgAevin arFssReRAirghY Fdartedan@grich chasgensensdddvean
anode of spiral pgeatiplilEfer8 de&hAy-annNeevdliitidh a Jpgiel systedySt@atwhi ch

is read out digj ans_of a ) N The principl.e.of the
capacitive, pos%r%‘g%‘r%-xegéeg?ef Zj?nroé'ﬂl sic%)al pcfe"c?&}ﬂlfﬁg f'gkr?edi gélg%glug%g'ﬁ i on
r ead- out cdmcpupdéngr inpnders & | high sphtbat weshlpbiencemessible

Figure 2: the | ggah ehal ggcelRall R HYIRRE8JoENthdCtwo anddie a3 ate 3 in
t he vacuum,i_npi nges_on t he hjgh- esi stance anode | ayer % whi cg, for
exanpl e, c&lr:f be“a 3% 3‘6"“‘?"5%\/\?‘["?\5’53‘5 h?‘ﬁ'kr‘f’é‘?s W‘g‘?evﬁ%%ot f 2&ede
remai ns there strutbnre felv 10isms. Jaometgithllyt i netrwrtumrsde dmarge i s
bul't up by capaghLibkBoRalRlLPINSENLPCr8b0EF13) fashion. ShbkpL okl 8 do
t he vacuum of the counter-3Substrate 6

: wedge and strip anode as described, for example, in the

publications Lit [1] and [2], other spatially resolving

20 anode structures also come into comsideration within the
scope of the invention, for example a Vernier anocde, an
anode of spiral structure, a delay-line layer or a pixel
system which is read out digitally by means of a CCD.

The principle of the capacitive, position-

25 referred sigmal decoupling for digital position read-out
can be described briefly as follows with reference to
Figure 2: the local charge c¢loud 8 generated in the
chevron plate 3 in the vacuum impinges on the high-
resistance anode layer 1 which, for example, can be a Ge

30 layer with a thickness of a few 100 nm, and remains there
for a few 10 ms. During this time, an image charge is
built up by capacitive coupling on the other sic_ie,
situated outside the vacuum, of the counter-substrate 6
on the low-resistance anode structure 2. Depending on the

35 geometry of this low-resistance anode structure 2, for
example as a three-part wedge strip anode (compare Figure
3), each position is uniquely determined by a specific
image charge ratio. For a low-resistance anode structure,

this image charge distribution can be determined by quick



on the | owresistance anode structure 2. Depending on the 35 geonetry of
this | owresi stance anode structure 2, for exanple as a three-part
wedge strip anode (conpare Figure 3), each position is uniquely
determ ned by a specific | mage charge ratio. For a | owresistance
anode structure, this i mage charge distribution can be determ ned by
qui Ttk I & el ectronic
conponents. It is possible, in turn, to use’ the ratios of the I mage

charges Q, @ ¢ B chlc com gﬁ%ﬁ{:ﬁ] nEtpr @C:p%%ls)ibﬁ.ge RQSithir2N ‘(1:,14; the

|nage plane I n accordance wt ow ng rel atIOHS IpS
terat:Los of theypimage Qf:har,ges s 2 2. and3Q3 to

Y deffdrmifle precisely@he poQitiok X, ¥Mln thé imagB plane,
An image charge ¢l %lé% %gawg' chif rgﬁe OPoffown.%gO% 1atioR% fugture 2 is

i ndicated in Figure reg aF8&tor device
according to the invention can be used to detect individual events with
a very highsl5 positign-referred tenporgd resolution. In the case of the
detectors currently being tested—the—spatial—resolution S

approxi mately 1/250 of Xohe det@ttor+w ditge or, 4gi veQ3 the use of suitable
| ens systens, 0.5[er]. Figure 4 shows a neasurenent setup
(top) and 20 results (botton) relating to the positional determ nation

of incident radiatiof. A radioacti 2 preparation radi ati ng al pha
articles used aS radi afi op,source radi ati on-transparent
Eover subsﬁ?ﬁte and thé% ﬁ%toeTectr%ﬁlconvertg? | ayer are eIinPnated
in the case 25 of this arrangenent, since the alpha particles can
rel ease el ectrons direc®pyinage (rhagae gioudi AP ovhinh forms on the anode

structure 2 is indicated in Pigure 3 by a shaded region.

A detector device according to the invention can

be used to detect individual events with a wvery high

15 position-referred temporal resolution. In the case of the
detectors currently being tested, the spatial resolution
is approximately 1/250 of the detector width or, given
the use of suitable lens systems, 0.5°.

Figure 4 shows a measurement setup (top) and

20 results (bottom) relating to the positional determination
of incident radiation. A radiocactive ©preparation
radiating alpha particles was used as radiation source
22. The radiation-transparent cover substrate and the
photoelectron converter layer are eliminated in the case

25 of this arrangement, =since the alpha particles can
release electrons directly at the entrance into the
chevron plate 3. A shadow mask 21 which is made from
wires 0.2 mm thick and whose image is to Dbe
electronically detected is mounted between the radiation

30 source 22 and the chevron plate 3.

The lower image of Figure 4 shows the shadow
image, picked up by the wedge and strip structure of the
low-resistance anode 2 and the downstream electronic
system, of the wires of the shadow mask 2, which are

35 tengioned at right angles to one another. The resolving
power determined in the case of these measurements was
below 0.2 mm, as a function of the selection of the anode
structure.



chevron plate 3. A shadow mask 21 which is nade from wires 0.2 mm

thick and whose inage is to be el ectronically detected is
nount'ed between the radiation 30 source 22 and the chevron plate 3.

The | ower inmage of Figure 4 shows the shadow - image, picked up by the
wedge and strip structure of the | ow-resi stance anode 2 and the
dowhst r eam el ectronic system of the wires of the shadow nmask 2, which
are 35 tensi oned at right angles to on& 8nother. The resol VI ng power
determ ned in the case Co}%‘t ESﬁ ﬁsu e ntts Wwas 8s a
function of the sel ecti ohSoP>f hS%hdtadvan a§tersu8futf’}ée 1avetelon &

The particul ar Mg:@sl as fhdlpwsenti on can be sunmari zed as

fol |l ows: The ot eObs | (RIS :ml

to the invention requi rels P%et %gﬁva%ﬁum only > sﬁrr%ggeugiﬁﬁg %ﬁ%ﬁ%ce
nonol ayer havi nfF &ﬁg%"ﬁ%ﬁ%‘?‘i‘aﬁ%’-res 1Bl tua‘ge"@GHP&an HUEHER are

required fors hi gligh-~ res‘:rssuaneacmmu:lra@mr PhiaEsg Ihlshdgaaislaéﬂearating

subst anti al d of u c ent .
> By Conpar i sort U o SoaEEs 0 el PRERENES  B3e0loqi Qe HBRTRRARSN
requi red betweerfFrasmeneyhrrRurzant pPulsesy o'ﬁhpﬁatléagsar’i@ tmesﬁbgm@sﬂstance

anode |ayer 1 |5s;mpli&'1r&(iﬂ.6?s.t 8f Vihd @&%d%ttwal &£/dne 4aCuusal &émp&{u.:m
permts t he detector, t% °m%rate abl e

manner. Consequently, tH&e ?Eﬂ‘gfﬁewf'&?e°8¥T‘BT%£1°?%Jen;g%‘f%ﬁ?ﬁ tem
i's markedl 0 edudde dybalesa¥lcthan is required deefdesest rihs mlartryellodut age

flashovers in thfevrondehateoh hﬁthﬁétﬁﬂéﬁLfaﬂiéeiﬁﬁe anode layer 13g The
spatially resol ving,_ |owresistance_anodge structure 2 |s_arranged

out si de the vacdumeReratecXr1tpgeopt %ﬁéﬁ’cé"oo\m"f’ﬁtst hwhigk gpermits shes,
be virtually thear Aeteatbky tslapiecdopatatedhdmged, siinigldheandsuhdrd hat
adaptation to t IS | o) I d ly in
a wi de range toqgeac a%ﬁ'seirngg?g%l' 430‘5%'&%@ §hQlciéﬂ(:;l]p dq1E’cth arg; s%%{:‘lg;%

resol uti on ¥ 1 the Gletpetps SYBtem is markﬁélﬁl gefpend cang sdeattaggion

anplification argk the anode structure by voltage flashovers in the
' detector is wvirtually excluded.

3. The spatially resolving, low-resistance anode

‘gtructure 2 is arranged outside the vacuum 7 and can, in

20 accordance with the user’s wishes, be wvirtually
arbitrarily adapted and exchanged, with the result that
adaptation to the precision of the locating is possible
individually in a wide range to each user problem, for
example a relative spatial resolution of 1 to 0.1%.

25 . 4. The electronic system 5 for amplification and
digitization can be mounted, using modern SMD or hybrid
technology, directly on the anode structure 2 outside the
vacuum in an integrated £fashion, thus producing a
substantially better resolution and a clear simplifi- -

30 cation of the electronic system with corresponding
savings in costs. The gspatially resolving, low-resistance
anode structure 2 can be applied either on a separate
plate or directly on to the outer side of the vacuum
partition walls of the counter-substrate 6.

35 5. The anode structure 2 outside the vacuum 7 can
be mounted with a larger sensitive area than corresponds
to the chevron oxr channel plate 3. Iﬁage errors at the
image edge can thereby be avoided.



digitization can be nmounted, using nodern SVMD or hybrid_. __technol ogy,
directly on the anode structure 2 outside the vacuumin an integrated
fashion, thus producing a substantially better resol ﬂm ﬂﬂgmml lmm
sinmplifi- 30 cation of the electronic systemwth ﬁ '
savings in costs. The spatially resolving, |owresi st ance anolie
structure 2 can be applied either on a separate plate or directly on-
to the outer side of the vacuum partit on walls of the
counter-substrate 6. 35 - LRe %nggel_?gructure 2 outside the
vacuum 7 can be nounted with a Iar er Seénsitrve area than corresponds
to the chevron &+ chann¥etppdt £03. eﬂmgeoer-eorgoataeweess irhagey) es katepel can

t hereby be aVOl@%@oupllng 1n the case of position-transmitting® high-
Patent cl ai ns for electronigc, cont actless | ge Sl gnal

decoupling in tl’f'?cc’:‘é’?e %?tﬁ‘b%??l Gﬁ"i‘?ﬁﬁs o | S HiRRagneti, et or
devi ces for 5l eciuamiagpet par il atiagdiationquhhth iorpipaye onl 2 spajt:iaainn

which | P Nge OReRoiRAbiAl ddode stb@SELKLN%1AN0LE %fg)%%}e] P A £l pt T on

mul tiplier evice (3) as an _electron ava anch aract Ized in
that the el ectr G§VaFSR & éh%s(aa) slectsPpcayaipaghe a(séhoﬁ%*arac“-eﬂ-hﬁdlﬁsl de
the vacuum (7) ehathehanelecsirés avaldiecHd (gjetiectolldeve&ecsdy answscof a

hi gh-resi st ance, 5 (;ndurg id9 e val;_u Gmflgrge , t?hr;d t he, col l(gct e(% I"harge i's

read out capacuve%y as an inmage ch ans é’f a~ 1%
resi st ance ¥noddetgpsor devige dy w@aansr aﬁgedume'eenetenee: conducting

hi gh-resi st ance thiinn fii:m (1), m&:fa dehéheouqeeuaa( Ehad'yd 1bs keadl rdret ured
in a fashion suitabl e E_Ioctl gsmlontrr%%smttinvg
detector  devi Sépacf"&rve Y e oﬁﬁ@ﬁ%t i$PARER aPY 0P Palftti cfe -°

radi ati on, in whiieshstanciensnode dayegh-(23cwhics plx ariahgeldi cpposibewited by
a pl anar, i‘ib?;t E%%i%ﬁéﬂé@aégi‘ﬂ Eﬂﬁ?r U%Ttrs%‘é &ﬂg)vﬁv@&:ﬂ €M) ana
count er - subst rat e |stance ere romt here are ‘present
fol | owi ng die addt ﬁerupﬁuaeﬁayera| faghion witable Spx: fecpkingdti on

i nci dence side a.pl at e- pypetebRctraNsmitting t i plétdoty anghiaEde ( 3)£snd,

opposi te the | alher bndametsdl SR orf of! BAAL OYS dibk1 BN AGHEI b ed N

that for
inside a high-vacuum space (7) which is bounded by a

planar, radiation-transparent cover substrate (12) and a
20 counter-substrate (6) held at a distance therefrom there
are present following one another in a layer-like fashion
on the radiation incidence side a plate-type electron
multiplier arrangement (3) and, opposite the latter at a
distance, a planar anode (1), characterized in that for
25 the purpose of capacitive, position-referred image signal
readout the anode is designed as a layer arrangement in
such a way that there are presen't on the wvacuum-side
inner surface of the counter-substrate (6) a high-
resistance charge collecting layer (1) and, opposite the
30 latter on the outer surface of the counter-~substrate (6),
a low-resistance anode layer (2) structured in a fashion
suitable for locatiné. : _
3. - Detector  device according to Claim 2,
characterized in that the wvacuum-~side, high-resistance
35 charge collecting layer (1) is designed as a uniformly
planar monolayer on the counter-substrate (6) and a high-
voltage potential can be applied to it from outside via
a vacuum-tight bushing (11).
4. Detector device according to ° Claim 3,



25 the purpose of capacitive, position-referred i mage si gnal readout
the anode is designed as a | ayer arrangenent in her e
ar'e present on the vacuum side i nner surface of ﬁ munﬂnH d rate

(6) a high- resi stance charge collecting |ayer (1) anhd.t opposl te the 3
| atter on the outer surface of the counter-substrate (6),

| ows r esi st ance anode |l ayer (2) structuredygn a fashion sui tabl e for

| ocat i ng. 3. Det ect or devi ce accordl ng to Claim 2,

characterized idnd itz e60GHBnSitd8he Nblird & HANAA 13D 126081 48) is
collecting Iayere’_g %P’l S d.e5| ned as.a u i form pl anar nonol ayer on the
count er - subst r at Y8} L S Hicsh semicoy PFE@E %%Y%]I:l'tl can be applied to
it fromoutsideéwvia Detecttyrum tdeylicebushicrgrify. to 4. cClaim De#ector

device  accor Ulhacddrizdd &Mthat: the ch llecting lay
- 10 - char actaecrl zeldz i'n that the gh%r?:jregecoﬁ ecti nlélgl a? (f i ls

hi gh-r esi stance® SISnREHHRt (§e) dpger- 5. Det ect or devi ce
according to 6 Cl ai Mpetdector dekrhtaCididrFithg Bot baé dhahehpkgeeddhgecti ng

layer (1) is %?% @Q‘ ug é%grg.@yeqlzad in éaait: tl-geDestthg[ ¢ %%.VI i

according to one he preé arac erlzegwfn t hat
t he structured, r¢dhREtance mestlaar@ éﬁédésl dgeioped in Hbsi §arE PR whe

for&nof a hvvml_:ge and Séii-ﬂa aaadaehanaﬂg:dlousbals&réa(ab B) f:grhier
readi ng ouj,charges,_in ner propgrtiona to th ge_c at
L eng: Otle S dnd Doy THIASLAR! ORA {4 ORRone? Mitpartiontd S "RRES
angl es to one armg‘%rCharge: 7at at [perett dwodedase sictam ddhgthe enedef t he

a

pr e_cefli ng LA5(D twhih @Jﬁr agt gag&e?ahgléméo tdige setrrd»ts\};éy ed, | Ovva 15
resi stance ano ayer ) ne I n erni €r anode.
8. Det ect or’ devi ce éfc')c"cﬁ §e{’ CBRETT f the‘s«""&ﬁﬁﬁéﬁgerl zed

in that the strCladime® tlooﬁhrehasaatmazed :Lanblietlﬁyierst(ﬁl)cﬂmda 3pwral

structure. 1@0 rec)sz.stanégEt Q§§ngrﬁbggg£8dogﬁ Qﬁeckghﬂsog Lo
5, characterized in that the structure | owr esi st ance anode | ayer
(2) is designed’$RELHARRAY4 ne | ayer.

8. Detector device according to one of Claime 2 to

5, characterized in that the structured, low-resistance
anode layer (2) has a spiral structure.

20 9. Detector device according to one of Claims 2 to
5, characterized in that the structured, low-resistance
anode layei (2) is designed as a delay line layer.

10. Detector device according to one of Claims 2 to
5, characterized in that the structured, low-resistance

25 anode layer (2) is designed in the form of a pixel system
which is read out digitally by means of a CCD.

11. Detector device according to one of the preceding
Claims 6 to 10, characterized in that the structured
anode layer (2) is applied to a separate plate (10) which

30 is mechanically adapted‘ to the outer surface of the

B counter-substrate (6).

12. Detector device according to one of Claims 6 to
10, gharacterized in that the structured anode layer {2)
is aﬁplied directly to the outer surface of the counter-

35 substrate (6). '

13. Detector device according to one of the preceding
Claims 2 to 12, characterized in that the internal
resistances of the charge collecting layer (1) and the

capacitively coupled outer anode layer (2) are selected



10. - Detector device according to one of Clainms 2 ta.. 5,
characterized in that the structured, |owresistance. 25 anode | ayer is
desi gned in the formof a pixel system which is remlll ﬂuulmtw””m by
means of a CCD. 11. Det ect or device according t

pr ecedi ng Clainms 6 to 10, characterized in that the struttuled *

anode layer (2) is applied to a separate ate (10) which 30 i's
mechani caIIy adapted to the out er surface f"the counter-substrate

6 4 di 0 to 10,
((:har acteri zed in t &_ﬁe stru tctgt?gggﬂﬁ Eﬂg ;’5 Ezqfesgﬁ*th? appl i ed
directly to theétbuter sQﬁ‘te&F@rofleYh%ec%ﬁﬁﬂ%}lngB5° °%‘E|l5%ft theepyefeding 13,

Det ect or devi cecianiogs d2 Ngot A2QN&Miraldterfze@cdnNGhat tHd ddwber, [ Dow2,
characterized i L a:tathe |£lrt§é nal stances of th {1‘% ge_
col lecting | ayer Na t he

© 1'—"a?fo aci tfz\sl)lel y coup"i‘ed out er anoderF%tyer
(2) are selZ®ct qu':o: ect:l.ng over the image edges of the vacuumigide.chajgéd

regard to optirdgilgedhey IR}tdAl(1)§S8LEhLI ORat lihage erPBkB8CLOE HP¥igea
according to onge of the receding Clainms 2 to 12, characterized in that the
outer, |ow resit %nd’da@ *Yayer (2) has a sensitive area

pr oj ecti ng over the |nage edges of the vacuum side charge collecting |ayer
(1), such that inage errors are avoided in the edge region.



