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DOMSLUT

1. Patent- och marknadsdverdomstolen andrar Patent- och marknadsdomstolens dom,
punkterna 1 och 2 i domslutet, samt

a) faststéller att C-Rad Imaging AB har béttre rétt &n Beamocular AB i konkurstill
hélften av den eller de uppfinningar som specificeras i patentkraven i den amerikanska
patentansdkan med publiceringsnummer US 2016/0259065 Al i dess lydelse vid
tidpunkten nér det sokta patentet beviljades och patentkraven i den europeiska
patentanstkan med publiceringsnummer EP 3265852 i dess lydelse efter den éndring

som gjordes ndr ansdkan fullfoljdes hos det europeiska patentverket, och

b) befriar Beamocular AB i konkurs frén skyldigheten att ersétta C-Rad Imaging AB
for réttegangskostnad i Patent- och marknadsdomstolen och forordnar att vardera
parten ska svara for sin rattegangskostnad dar.

2. Vardera parten ska svara for sin rattegangskostnad i Patent- och marknadsover-
domstolen.

3. Patent- och marknadsdomstolens sekretessférordnande, punkten 3 i domslutet, ska

inte langre besta
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YRKANDEN M .M.

Beamocular AB i konkurs (Beamocular) har yrkat att Patent- och marknadsdverdom-
stolen ska ogilla C-Rad Imaging AB:s (C-Rad) talan i dess helhet. Beamocular har
vidare yrkat att Patent- och marknadsdverdomstolen ska befria bolaget fran skyldig-
heten att ersétta C-Rad for dess réttegangskostnad i Patent- och marknadsdomstolen
och i stéllet forplikta C-Rad att ersétta Beamocular for réttegangskostnad dér.

C-Rad har motsatt sig att Patent- och marknadsdomstolens dom andras. C-Rad har
dock i Patent- och marknadsdverdomstolen éndrat bade férstahands- och andrahands-
yrkandet pa s sétt att ” och samtliga patentansokningar och patent dessa ma resulterai”
har franfallits. Vidare har C-Rad fortydligat att yrkandena avser att bolaget har béttre

rétt an Beamocular till den eller de uppfinningar som framgér av yrkandena.

Parterna har yrkat ersattning for réttegangskostnader i Patent- och marknadsover-
domstolen.

PARTERNASTALAN

Parterna har beropat samma grunder och utvecklat sin talan pa i huvudsak samma satt

som i Patent- och marknadsdomstolen.

UTREDNINGEN

Utredningen & densamma som i Patent- och marknadsdomstolen. Parterna har dbe-
ropat samma skriftliga och muntliga bevisning som aberopades dar. Den muntliga
bevisningen har lagts fram genom uppspelning av de férhor som holls i Patent- och
marknadsdomstolen.
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DOMSKAL

Inledning

C-Rads talan avser béttreréit, helt eller delvis, till den uppfinning eller de uppfinningar
som specificeras i patentkraven i en amerikansk patentanstkan och i en europeisk
patentansokan. Den europeiska anstkan har vilandeforklarats i avvaktan pa utgangen i
detta mal, medan behandlingen av den amerikanska ansdkan fortsatt och sedermera lett
till att patent meddelats i USA. Patentkraven i det beviljade patentet skiljer sig fran

dem som fanns i patentansbkan ndr den gavsin.

Patent- och marknadsdverdomstolen redogér inledningsvis for ramen for provningen
hér med hansyn till den justering som gjorts av C-Rads yrkanden och for de réttsliga
utgangspunkterna for domstolens provning. Darefter foljer domstolens bedomning i
sak och slutligen domstolens stéllningstagande i fraga om erséttningsskyldigheten for
réttegangskostnader i malet.

Ramen for Patent- och marknadstverdomstolens prévning

Patent- och marknadsdomstolens provning har utgatt frén patentkraven i det beviljade
amerikanska patentet. C-Rad har i Patent- och marknadsdverdomstolen andrat sina
yrkanden sa att de inte langre omfattar beviljade patent. Hanvisningen i yrkandenatill
patentkraven i den amerikanska patentansokan maste emellertid anses avse patent-
kraven sasom de slutligt kom att formuleras under handlaggningen av anstkan innan
patentet meddel ades. En sadan tolkning & ocksa forenlig med det sétt pa vilket
C-Rad hér har fort sin talan. Pa motsvarande sétt forhaller det sig med hanvisningen
till patentkraven i den europeiska patentansokan, bilaga 5 i den 6verklagade domen.
Som framgar av C.D.:s sakkunnigutl&ande dndrades patentkraven nér

ansbkan fullfoljdes hos det europeiska patentverket sa att de kom att dverensstamma
med patentkraven for det amerikanska patentet, varefter drendet pa C-Rads begéaran
vilandeforklarades. Det nu anfordainnebéar att det sakligt sett inte blir nagon skillnad
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mellan den prévning som ska goras i Patent- och marknadsdverdomstolen och den som
gjordesi Patent- och marknadsdomstolen.

Provningen far alltsa dven i Patent- och marknadsoverdomstolen gorasi forhallande till
Beamoculars lonizing Radiation Detecting Device (IRDD) sadan den kommer till
uttryck i patentkraven i den amerikanska patentanstkan sdsom de slutligen kom att
utformas innan patent beviljades och i patentkraven i den europeiska patentansdkan
med publiceringsnummer EP 3265852 i dess |lydelse efter andringen av ansdkan den
27 september 2017, dar dessa patentkrav alltsd motsvarar patentkraven i det beviljade
amerikanska patentet (se bilaga4 i den 6verklagade domen).

| det foljande talas for enkelhets skull om uppfinningen IRDD. Med detta avses alltsa

de uppfinningar som omfattas av C-Rads yrkanden.

Rattsliga utgangspunkter

Som Patent- och marknadsdomstolen redovisat tillkommer rétten till en patentsokt
uppfinning uppfinnaren eller den till vilken uppfinnarens rétt Gvergétt (jfr 1 § forsta
stycket patentlagen, 1967:837, och artikel 60 (1) i den europeiska patentkonventionen
EPC). Om en patentansdkan avseende uppfinningen har gjorts av nagon annan, kan
den som har rétten till uppfinningen fa ansokan dverford pa sig (se 18 § forsta stycket
och 53 § forsta stycket patentlagen). Av 18 § framgar att om ndgon infor patentmyn-
digheten visar att han eller hon har béttre rétt till en uppfinning som &r féremal for
patentansdkan, ska patentansokan pa yrkande 6verforas pa honom eller henne. For den
som anser sig ha béttre rétt till en patentsokt uppfinning star ocksa mojligheten till
buds att i stéllet vackatalan om dettavid domstol.

Béttre rétt till en patentsokt uppfinning kan, som Patent- och marknadsdomstolen
ocksa redovisat, bero t.ex. paat den som sokt patentet fatt kdnnedom om upp-
finningen, eller de idéer pa vilka den vasentligen bygger, genom att missbruka
uppgifter som uppfinnaren eller dennes réttsinnehavare ldmnat i fortroende (se NU
1963:6 s. 219f., prop. 1966:40 s. 116 f. och RA 82 2:69). Det krévs att det finns en
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Overensstammelse mellan den patentsokta uppfinningen och idéer tillhériga den som
for talan om béttre rétt, at den patentsokta uppfinningen inte har gjorts eller kan ha
gjorts oberoende av dessa idéer och att patentsbkanden pa ett orattmétigt sétt tillgodo-
gjort sig uppfinningen (se Jonshammar, Patentlag, 1967:837, 18 §, Karnov
2020-10-01, JUNO). Den som havdar béttre rétt till en patentsokt uppfinning har
aberopshbdrdan for dessa omstandigheter.

En sérskild fraga ar vad som ska anses innefattasi uttrycket idé i detta sammanhang.
Forarbetena ger inte nagon narmare ledning i denna fraga. Enligt Patent- och mark-
nadsoverdomstolen méaste idén ha utvecklats och konkretiserats pa ett sadant st att
den utan storre svarighet kan identifieras. Samtidigt kan det inte stallas alltfor hoga
krav i detta avseende. Det kan exempelvis inte kravas att det maste vara fraga om en
idé som har 6vervagts eller utvarderats narmare. Vidare bor aven en idé, som upp-
finnaren i sitt utvecklingsarbete av nagot skal valt att inte ga vidare med, kunna
dberopastill grund for béttre rétt.

Nér det sedan géller var bevisbordan bor placerasi ett mal om béttre rétt till patentsokt
uppfinning & den naturliga placeringen, enligt Patent- och marknadsdverdomstolen, att
|ata bevisbdrdan vila pa den som pastar sig ha battre rétt till uppfinningen. En sddan
placering & i Overensstammelse med ordalydelsen i 18 § patentlagen, enligt vilken den
som infor patentmyndigheten visar sig ha béttre rétt till patentsokt uppfinning har rétt
att f& ansokningen 6verford pa sig. (Se &ven Domeij, Patent och foretagshemligheter,
2019, s. 38.)

Som framgatt ovan, och som ocksa Patent- och marknadsdomstolen konstaterat, ar
grunden for talan om béttre rétt till en patentsokt uppfinning sasmmansatt av flera olika
omstandigheter av omedel bar betydelse for réttsfoljden, dvs. réttsfakta. Patent- och
marknadsdomstolen har bedomt att bevisbdrdan for omsténdigheten att den patent-
sokta uppfinningen utvecklats oberoende av idéer fran den som héavdar béttre rét till
uppfinningen bor vila pa patentstkanden eftersom denne har bast mojligheter att sékra
bevisning om omstandigheten. Patent- och marknadsdverdomstolen konstaterar dock
att, om den som pastar sig ha béttre rétt till uppfinningen lyckas visa att uppfinningen
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motsvarar idéer som tillhér honom eller henne, talar redan detta forhallande starkt for
att uppfinningen inte har gjorts oberoende av dessaidéer. Dértill kommer att den som
pastar sig harétt till idéerna maste anses ha béast majligheter att sdkerstalla och lagga
fram bevisning om hur motparten har fatt eller kan ha fatt del av idéerna pa sadant sétt
att uppfinningen inte kan anses ha utvecklats oberoende av dessa. En annan sak &r att
patentsbkanden da givetvis har mojlighet att forringa vardet av denna bevisning genom
att lagga fram egen bevisning om det utvecklingsarbete som har bedrivits av denne.
Vid sddant forhallande saknas det, enligt Patent- och marknadsoverdomstolen, skél till
en omkastad bevishtrda for ndgon av de omstandigheter som dberopastill grund for en
talan om béattre rétt till patentsokt uppfinning. En placering av bevisbérdan pa den som
havdar battre ratt till uppfinningen stammer ocksa val Gverens med regleringeni 7 §

forsta stycket lagen (1949:345) om rétten till arbetstagares uppfinningar, LAU.

Till skillnad fran vad som géller i forhallandet mellan arbetsgivare och arbetstagare
enligt 7 § forsta stycket LAU beddmer Patent- och marknadsoverdomstolen att det for
en talan om béttre rétt till patentsokt uppfinning inte finns nagot férhallande som
motiverar att beviskravet skavara ett annat an vad som géller inom civilrétten i
allmanhet. Den som pastar sig ha battre rétt till en patentsokt uppfinning ska darmed
visa att det finns en 6verensstammel se mellan den patentsdkta uppfinningen och idéer
tillhdriga den som for talan om béttre rétt, att den patentsdkta uppfinningen inte har
gjorts eller kan ha gjorts oberoende av dessa idéer och att patentstkanden pa ett
oréttmétigt sétt tillgodogjort sig uppfinningen. Patent- och marknadsdverdomstolen
provar fragorna i den ordningen.

Patent- och marknadsoverdomstolens bedomning i frdga om C-Rad har battre

ratt an Beamocular till uppfinningen

Hur forhaller sig IRDD till idéerna hos C-Rad?

Inledningsvis konstaterar Patent- och marknadsdverdomstolen att IRDD utgér en
vidareutveckling av tekniken i C-Rads patenterade uppfinning X-Ray Detector (bilaga
2 i den 6verklagade domen) och att det pa ett Overgripande plan finns stora likheter
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mellan X-Ray Detector och IRDD. Vissa skillnader finns dock, vilket parterna ocksa ar
ense om. De skillnader som & aktuella hér, liksom i Patent- och marknadsdomstolen,
& detekniska srdrag som i korthet kan benédmnas konverter med flerlagerstruktur
(S1), belaggning av blindhdlens yta med ett isolerande material (S2), placeringen av
GEM-hdlen (S3) och segmenteringen av GEM-folien (S4).

Nér det géller sérdragen S1, S3 och $4 gor Patent- och marknadsdverdomstolen inte
nagra andra beddmningar &n de som Patent- och marknadsdomstolen har gjort i fraga
om att sérdragen har sin motsvarighet i idéer som tagits fram inom C-Rad. | fragan om
sardraget S2 uppvisar en sadan motsvarighet gor Patent- och marknadsdverdomstolen

dock foljande bedémning.

Av patentkrav 1 i IRDD framgar att ett isolerande materiallager, som enligt beskriv-
ningen kan vara exempelvis parylene, anvands for att téckainsidan av blindhalen
forutom ett omrade som lamnas frilagt. Det frilagda omradet har till funktion att kunna
attrahera och neutralisera positiva joner och kan exempelvis placeras pa botten av varje
blindhdl (se bilaga 4 till den 6verklagade domen, kolumn 4, rad 37-50 respektive
kolumn 8, rad 40-42). Som Patent- och marknadsdomstolen funnit har detta sérdrag
inte ndgon motsvarighet i X-Ray Detector. | X-Ray Detector &r blindhadlens vaggar
eller botten belagda med ett fotoel ektriskt material. Alternativt kan bade véaggar och
botten vara belagda (se bilaga 2 till den 6verklagade domen, kolumn 8, rad 26-50). Ett
sadant lager & inget isolerande lager i patentkravets mening, i synnerhet som ett
fotoelektriskt material definieras genom sin egenskap att vid fotoninfall avge fria
elektroner, varvid det blir elektriskt ledande.

C-Rad har i detta sammanhang hévdat att syftena med det isolerande materialet i IRDD
och det fotoelektriska lagret i X-Ray Detector ar vasentligen desamma, vilket
Beamocular har bestritt. Patent- och marknadstverdomstolen gor bedémningen att
oavsett om syftena & lika eller inte, s representerar IRDD i detta avseende en annan

teknisk 16sning.
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Frégan & daom sardraget S2 vasentligen uppvisar nagon motsvarighet i idéer som
fanns hos C-Rad. | ett e-postmeddelande till G.N. den 25 januari 2014 har K.M.
namnt bl.a. att det enligt tvaartiklar & mgjligt att astadkommaen

selektiv belaggning med parylene, och att det i princip borde vara mdjligt at undvika
att parylene hamnar painsidan av halen pa konvertern. Frégan omen i viss mening
selektiv beldggning med parylene har alltsd, som Patent- och marknadsdomstolen
funnit, diskuterats inom C-Rad. Daremot har det inte genom utredningen framkommit
att det inom C-Rad diskuterats eller pa annat sétt aktualiserats en specifik selektiv
belaggning som &r lamplig for att atrahera och neutralisera joner. Till skillnad fran
Patent- och marknadsdomstolen gér Patent- och marknadsdverdomstolen darfor
bedémningen att detta sirdrag inte kan anses vasentligen bygga pa nagon idé som
fanns hos C-Rad.

Sammanfattningsvis & Patent- och marknadstverdomstolens slutsats att srdragen S1,
S3 och $4 har sin motsvarighet i idéer som tagits fram hos C-Rad, men att s inte ar
fallet betréffande sardraget S2.

Ar IRDD resultatet av en oberoende uppfinnarinsats?

Den patentsokta uppfinningen IRDD utgors alltsa forenklat uttryckt vasentligen av X-
Ray Detector med tillagg for de fyra tekniska sérdragen som redovisats tidigare.
Patent- och marknadstverdomstolen har i det foregaende kommit till Slutsatsen att ett
av dessa, S2, inte har nagon motsvarighet i X-Ray Detector eller i nagon idé hos C-
Rad. Redan vid detta férhdllande far S2 bedomas vara resultatet av en uppfinnarinsats

som oberoende utforts av Beamocular.

De dvrigatre sérdragen — S1, S3 och $4 — har sin motsvarighet i idéer som tagits fram
inom C-Rad och det saknar hér, enligt Patent- och marknadsdverdomstolen, betydelse
att C-Rad, i vart fall savitt framkommit i malet, inte salvt gatt vidare med
utvecklingsarbetet med en eller flera av dessa idéer. Som angettstidigare & det C-Rad
som har att visaatt IRDD betréffande dessatre sérdrag inte &r resultatet av en
oberoende uppfinnarinsats.
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Redan det forhallandet att namnda sérdrag motsvarar utvecklade och konkretiserade id
éer som togs fram inom C-Rad under den tid som K.M. arbetade dér talar for att sardra
gen inte & resultatet av en oberoende uppfinnarinsats. Detta géller sarskilt med beakta
nde av att C-Rad hade endast ett fatal anstéllda, att verksamheten i bolaget var helt
inriktad pa att utveckla X-Ray Detector och att K.M. hade en ledande position i
bolaget. Av utredningen framgar dessutom att K.M. var involverad i utvecklingsarbete
t och att han hade goda kunskaper i tekniska fragor. Det framgar

aven att K.M. faktiskt hade tillgang till teknisk information rérande bl.a. de nu
aktuella sardragen. Darutover framgar det av utredningen att framtagandet av IRDD
gjordes med ambitionen att fa fram en produkt som fungerade béttre an X- Ray
Detector och att komma tillr&tta med vissa problem som X-Ray Detector var

behaftad med. Sammantaget talar det som nu anforts med styrka for att sérdragen S1,
S3och $4i IRDD inte & resultatet av en oberoende uppfinnarinsats hos Beamocular.

Det som talar for att Beamocular har tagit fram IRDD med de tre sérdragen S1, S3 och
4 oberoende av C-Rad & framfor allt de uppgifter som lamnats av K.M. och M.A..
De har bada tva beskrivit att M.A. bedrev ett

arbete for at utveckla IRDD, vilket det enligt Patent- och marknadsdverdomstolen inte
finns skdl att ifrégasitta. Att det i vart fall under borjan av 2015 utforts ett sadant
arbete far ocksa stod av de anteckningar som M.A. gjort under arbetets gang och det
rader inte heller ndgon tvekan om att M.A. i och for sig

hade tillracklig teknisk kompentens for att utfora det beskrivna utvecklingsarbetet.
Som Patent- och marknadsdomstolen har redovisat ger emellertid utredningen inte
nagon tydlig bild av hur framtagandet av IRDD gick till, bl.a. med avseende pa vilken
information som K.M. lamnadetill M.A. i samband med detta. Uppgiften att K.M.
inte skulle ha deltagit i M.A.:s arbete motségs dessutom av det forhallandet att K.M.
ensam hade kontakten med Beamoculars patentombud da bol agets patentansokan
utarbetades och att han inledningsvis var angiven som ensam uppfinnaretill IRDD.
Med hansyn till detta beddmer Patent- och marknadsoverdomstolen att det som K.M.
och M.A. beréttat inte fortar styrkan av den bevisning som C-Rad har dberopat.
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Vid en sammantagen beddmning finner Patent- och marknadsoverdomstolen att C-Rad
har visat at IRDD nér det galler sérdragen S1, S3 och $4 inte &r resultatet av en obero-
ende uppfinnarinsats hos Beamocular.

Har Beamocular orattmétigt tillgodogjort sig uppfinningen IRDD?

Nér det sedan géller fragan om Beamocular har tillgodogjort sig uppfinningen IRDD
paett ordttmétigt sétt ar det, som angetts tidigare, C-Rad som ska visa att sa ar fallet.
Eftersom sardraget S2 inte motsvarar nagon idé som fanns hos C-Rad har Beamocular
inte tillgodogjort sig den delen av uppfinningen pa ett orattmétigt sétt. | fraga om
sardragen S1, S3 och $4 &r det klarlagt att de motsvarar idéer som utvecklatsi C-Rad
under den tid som K.M. arbetade dér och som han senare tog med sig till

Beamocular.

Det har visserligen inte lagts fram nagot sekretessavtal eller motsvarande for K.M.:s
anstallning som &r aktuell i dettamal. Enligt Patent- och marknadsdverdom- stolen sa
knas det emellertid skdl att ifragasétta T.T.:s uppgift om att kéndiga

uppgifter rorande forsknings- och utvecklingsarbete skulle hallas inom foretaget. E.H.
redogorelse for hur sekretess tillampades inom C-Rad féranleder inte ndgon annan

bedbmning.

Av utredningen framgar att det inom C-Rad har funnits en 6ppenhet satill vida att X -
Ray Detector — efter det att patentansokan getts in — presenterats pa en bransch- méassa
och i kontakter med externa aktGrer utan att det da stéllts krav pa sekretess. Dessa
presentationer har emellertid, sdvitt framkommit, rért produkten som sadan. Det finns
inte ndgot s6d i utredningen for att C-Rad skulle ha offentliggjort uppgifter i
patentansokan eller uppgifter om nagon av de idéer hos bolaget pa vilka sardragen S1,
S3 och $4 vésentligen byggt. Inte heller ger utredningen stod for att K.M. skulle haft
rétt att anvanda sddana uppgifter pa nagot annat sétt an vad som féljde av hans

anstalning.
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Mot denna bakgrund finner Patent- och marknadsdverdomstolen att sdrdragen S1, S3
och 4 i uppfinningen IRDD har tillkommit genom information som K.M. fick del av
inom ramen for sin anstélining i C-Rad och som han inte fick spridatill

utomstaende. Beamocular har darmed tillgodogjort sig den del av uppfinningen IRDD
som utgors av sardrag S1, S3 och $4 pa ett orattméatigt satt.

Har C-Rad helt eller delvis réatt till uppfinningen?

Patent- och marknadsdverdomstolen har alltsa kommit fram till att uppfinningen IRDD
delvis vasentligen bygger pa idéer som héarror fran C-Rad och delvis & resultatet av
arbete hos Beamocular som utforts oberoende av C-Rad. Den del som tagits fram av
Beamocular, dvs. S2, kan enligt Patent- och marknadsdverdomstolen inte ses som en
ovasentlig del i IRDD.

Uppfinningen som specificeras i patentkraven i patentansokningarna for IRDD &
sdledes delvis ett resultat av arbete som utforts hos Beamocular. En konsekvens av
detta & att C-Rad inte kan tillerkénnas béttre rétt till hela uppfinningen eftersom det
skulle medféra att C-Rad fick béttre rétt till en uppfinning trots att bolaget inte ensamt
tagit fram den och att Beamocular helt utesluts fran rétten till en uppfinning som man
delvis star bakom.

Enligt Patent- och marknadsoverdomstolen gar det utifran utredningen i dettafall inte
att med tillrécklig sékerhet géra ndgon bedémning av hur stor del av den patentsokta

uppfinningen som vardera parten kan anses ha bidragit med och dérmed bor ha rétt till.
En rimlig utgangspunkt bor i ett sadant fall vara att parterna har rétt till lika stor del av
uppfinningen, dvs. hdlften var (jfr 1 8 lagen, 1904:48 s. 1, om saméganderétt). Det har
enligt Patent- och marknadsdverdomstolen inte framkommit skal att avvika fran detta.

Patent- och marknadstverdomstolens slutsats &r altsi C-Rad och Beamocular har réatt

till hélften varderaav uppfinningen IRDD.
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Sammanfattande bedémning

Patent- och marknadsdverdomstolens bedémningar och ovan redovisade slutsatser
innebér att C-Rads férstahandsyrkande inte ska bifallas, men att andrahandsyrkandet
ska bifallas pa det séttet att C-Rad forklaras ha béttre rétt an Beamocular till hédlften av
uppfinningen IRDD.

Av domslutet maste tydligt framga vilken eller vilka uppfinningar som C-Rad far
béttre rétt till. Som tidigare redovisats far C-Rads andrahandsyrkande anses avse den
eller de uppfinningar som specificeras i den amerikanska patentansokan med
publiceringsnummer US 2016/0259065 A1 med den slutliga lydel se som kraven getts
nér patentet beviljades samt, nér det géller den europei ska patentansokan med
publiceringsnummer EP 3265852, i dess lydelse nér rendet vilandeftrklarades hos det
europeiska patentverket efter att ansokan fullfoljts dar. Dessa forhallanden ska

aterspeglas i domslutet.

Patent- och marknadsdomstolens dom, punkten 1 i domslutet, ska @ndras i enlighet
med detta

Rattegangskostnader

Patent- och marknadstverdomstolens stéllningstagande i huvudsaken innebér att C-
Rad och Beamocular & 6msom vinnande, dmsom forlorande i saval Patent- och
marknadsdomstolen som Patent- och marknadsdverdomstolen. Vad Beamocular har
anfort om att C-Rads andring av yrkandena ska paverka fordelningen av réattegangs-
kostnadsansvaret foranleder inte ndgon annan beddmning. Vardera parten ska dérmed

svara for sina réttegangskostnader i bada instanserna.
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Sekretess

Ingen av parterna har langre begart att sekretess ska gélla for nagon handling som
dberopatsi malet. Det finns darfor inte skal att 1&ta Patent- och marknadsdomstolens
sekretessforordnande besta.

Overklagande

Det saknas skd att gora undantag frén huvudregeln att Patent- och marknadstverdom-
stolens domar inte far 6verklagas (se 1 kap. 3 § tredje stycket lagen, 2016:188, om

patent- och marknadsdomstolar). Denna dom far darfor inte Gverklagas.

| avgorandet har deltagit hovréttsraden Ulrika Beergrehn och Goran Soderstrom,
referent, tf. hovréttsassessorn Viktor Kamlin och de tekniska experterna Hakan Sandh
och Anders Hansson.
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STOCKHOLMS TINGSRATT DOM Mal nr

Patent- och marknadsdomstolen 2019-07-26 PMT 6829-17
Medddad i
Stockholm

PARTER

Karande

C-Rad Imaging AB, 556643-6043

Bredgrénd 18

753 20 Uppsala

Ombud: Advokaterna P.O. och C.I
Baker & McKenzie Advokatbyrda KB
Box 180

101 23 Stockholm

Svarande
Beamocular AB i konkurs, 556976-7972
c/oK. M.

Ombud: Advokat M.T. och Jur. kand. F.E.
Next Advokater KB

Box 7641

103 94 Stockholm

DOMSLUT

1. Patent- och marknadsdomstolen faststéller att C-Rad &ger béttre rétt till den eller de
uppfinningar som specificeras i patentkraven i den amerikanska patentansokan med
publiceringsnummer US 2016/0259065 A1 samt i den europeiska patentansokan med
publiceringsnummer EP 3265852 och samtliga patentansokningar och patent dessa ma

resulterai.
2. Beamocular AB i konkurs ska ersitta C-Rad Imaging AB for rattegangskostnader

med 1 530 128 kr, varav 1 418 783 kr utgér ombudsarvode jamte réntaenligt 6 8§ rante-
lagen fran denna dag till dess betalning sker.

Dok.ld 2026099

Postadress Bestksadr ess Telefon Telefax Expeditionstid

Box 8367 Rédhuset;

104 20 Stockholm Scheelegatan 7 BsPegi g‘%ﬁlﬂpl ms.tingsratt@dom.se %Qggég%ag
www.stockholmstingsratt.se
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3. Sekretessen enligt 36 kap. 2 § offentlighets- och sekretesslagen (2009:400) ska, i
den man uppgifternainte tagitsin i denna dom, besta for uppgifternai Patent- och

marknadsdomstolens aktbilaga 41, 42 och 124 med undantag fér uppgifterna pa sidan
8.
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BAKGRUND

C-Rad AB med dotterbolag bedriver forskning, utveckling, tillverkning och forsajning
av l6sningar och utrustning inom omradet avancerad stralterapi. All forskning och ut-
veckling bedrivsi dotterbolagen, bl.a. i C-Rad Imaging AB (C-Rad). Dotterbolagen in-
nehar ett antal patent och patentansokningar pa det aktuella omrédet, bl.a. uppfin-
ningen X-Ray Detector som C-Rad patentsokte den 4 september 2013 (US
2015/0060685 A1 fortséttningsvis bendmnd ’ 685), domsbilaga 1. Patent beviljades pa
X-Ray Detector i USA den 26 december 2017 (US 9851452 B2 fortséttningsvis be-
namnt ’ 452), domsbilaga 2. C-Rads registrerade verksamhetsandamal &r att bedriva ut-
veckling, tillverkning och forséljning av utrustning och system for anvandning inom

diagnostik och strélterapi.

Beamocular AB i konkurs (Beamocular) ar ett bolag vars registrerade verksamhetsan-
damdl &r att bedriva utveckling och marknadsforing av utrustning for anvandning inom
det medicinsktekniska omradet. Verksamheten bestér mer precist i att utveckla och

marknadsfora losningar inom omradet avancerad stralterapi.

K. M. anstélldes inom C-Rad-koncernen under 2005. | mars 2013 blev han
verkstéllande direktor for C-Rad. K. M. sade den 29 augusti 2014 upp sig fran C-
Rad med sista arbetsdag den 29 september 2014. Bekréftel se pa uppsagningen
ingicks mellan K. M. och C-Rad den 3 september 2014.

K. M. & sedan oktober 2014 styrel seledamot och verkstallande direktor i
Beamocular. Bolaget hade under 2015 tre anstéllda, bl.a. K. M. och M. A.
Beamocular patentsokte den 2 mars 2015 uppfinningen lonizing Radiation Detecting
Device (IRDD) med K. M. som angiven uppfinnare (US

2016/0259065 A1 fortsattningsvis benamnt * 065), domsbilaga 3. Patent beviljades for
IRDD i USA den 30 januari 2018 (US 9880291 B2 fortséttningsvis bendmnt ’ 291),
domshilaga 4. Ansokan om patent for IRDD har, med ' 065 som prioritetsgrundande
dokument, &en lamnatsin till den europeiska patentmyndigheten EPO som PCT/EP
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2016/054429 och fullfoljts som EP 3265852 (fortséttningsvis bendmnt ’ 852), domsbi-

laga 5. Ansokan har forklarats vilande i avvaktan pa utgangen av forevarande tvist.

Beamocular forsattes den 8 januari 2018 i konkurs. Konkursboet har inte intrétt i rétte-

gangen.

YRKANDEN OCH INSTALLNING

C-Rad har i forsta hand yrkat att Patent- och marknadsdomstolen faststéller att C-Rad
ager béttre rétt till den eller de uppfinningar som specificeras i patentkraven i den
amerikanska patentansokan med publiceringsnummer US 2016/0259065 A1 samt i den
europeiska patentansokan med publiceringsnummer EP 3265852 och samtliga patent-
ansokningar och patent dessa ma resulterai.

C-Rad har i andra hand yrkat att Patent- och marknadsdomstolen faststéller att C-Rad
ager béttre rétt till en andel uppgdendetill 9/10 — eller den mindre andel som domsto-
len ma finna— av den eller de uppfinningar som specificeras i patentkraven i den ame-
rikanska patentansokan med publiceringsnummer US 2016/0259065 Al samt i den
europeiska patentansokan med publiceringsnummer EP 3265852 och samtliga patent-
ansokningar och patent dessa ma resulterai.

Beamocular har bestritt kdroméalet i dess helhet.

Parterna har yrkat erséttning for sina réttegangskostnader.
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GRUNDER

C-Rad

Forstahandsyrkandet

K. M. var verkstallande direktor for C-Rad, tillika projektledare for GEMini-projektet
fran mars 2013. K. M. sade upp sig fran sin anstallning, som under inga forhallanden

avslutades fore den 3 september 2014.

K. M. har inom ramen for sin anstéllning égnat sig a utvecklingen av det sk.

GEM ini-projektet som bedrivits av C-Rad och han star tillsammans med den hos C-
Rad anstéllde G. N. som uppfinnare av den av C-Rad den 4 september 2013
patentsokta uppfinningen X-Ray Detector. Bade K. M. och G. N. har 6verlétit sina
réttigheter till X-Ray Detector till C-Rad.

| tiden efter patentansokan av X-Ray Detector har bade G. N. och K. M. &gnat sig at
vidareutvecklingen av X-Ray Detector och GEMini-projektet hos C-Rad.

Beamocular, ett bolag som K. M. & delégare i samt verkstallande direktor for, har

den 2 mars 2015 patentsokt uppfinningen IRDD.

Uppfinningstanken i X-Ray Detector utgor en konverterenhet och detektor som redu-
cerar elektron- och fotonspridning och som maéjliggér hog skérpai bilder av inkom-
mande stralning. | IRDD utgdr uppfinningstanken en konverterenhet och detektor som
reducerar spridda (laterala) elektroner och som mojliggor en 6kad noggrannhet och

upplosning i bilder av inkommande stralning.

Mellan X-Ray Detector och IRDD foreligger mycket storalikheter. Patentansokan
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avseende uppfinningen IRDD uppvisar i huvudsak foljande tre tillagg i forhdllandetill
X-Ray Detector.

1. Konverterstrukturen kan vara uppbyggd av fleralager som &r isolerade fran
varandra. De olika lagren kan ha olika potentialer (spanningsséttning). Flerlagerstruk-
turen utvecklades av C-Rad — frdmst av G. N. —under tid som K. M. var anstélld hos
C-Rad. Att de olika lagren kan ha olika potential konstaterades av C-Rad redan 2013.
Detaljen om spanningssattning i tilldgget & hur som helst sa be-gransad att vasentlig

identitet mellan uppfinningarna under alla forhallanden foreligger.

2. Metallytor kan belédggas med Parylene. Dettatillégg definierar att ytan for varje
blindhdl &r tackt med en isolator forutom en del som &r exponerad for att kunna attra-
hera och neutraliserajoner. Att anvanda Parylene som isolator & en idé som togs
fram hos C-Rad av G. N. under den tid som K. M. var anstdlld hos C-Rad. Detajen i
tillagget — att endast delar av blindhalet isoleras for att paverka méng-

den elektroner som lamnar blindhalet — tjanar samma syfte som den princip som kom-
mer till uttryck i X-Ray Detector (se krav 4 och sid. 11 rad 241 WO 2015/034419 A1,
vilket motsvarar krav 4 och stycke [0073] i *685, domshilaga 2); dér det fotoelektriska
konverterlagrets syfte ar att styra konverteringseffektivitet for valda fotonenergier, vil-
ket betyder att belaggning, helt eller delvis, kommer at paverka mangden elektroner
som lamnar konverterenhetens blindhdl. Med andra ord & syftena med isolator i IRDD
och det fotoelektriska konverterlagret i X-Ray Detector vasentligen desamma, dvs. att
helt eller delvis belagga blindhalet for att paverka méangden elektroner som lamnar
konverterenhetens blindhal, &ven om det sker via olika mekanismer. Detaljen i tillagget
om att endast isoleradelar & hur som helst sa begransad att vasentlig identitet mellan

uppfinningarna under ala forhallanden foreligger.

3. Gem-hdl kan placeras s att grupperna centreras mot det storre konverterhdlet. Detta

tillagg framgar av X-Ray Detector och motsvarar vasentligen sérdraget i
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patentkrav 1’452 (domsbilaga 2), som anger att &minstone en del av de genomgéa
ende hdlen &r upplinjerade med blindhden. Detta framgar aven fran beskrivningen.
Upplinjeringen & en idé som togs fram hos C-Rad — framst av G. N. —under tid
som K. M. var anstélld hos C-Rad. Detaljen i tilldgget som endast framgar i krav 5 i
'065 (domshilaga 3) & ovasentligt och hur som helst sa begransad att vasentlig
identitet mellan uppfinningarna under alla forhallanden foreligger.

Detillagg som IRDD uppvisar i forhallande till X-Ray Detector bygger paidéer och
tekniska lGsningar som tagits fram hos C-Rad, framst av G. N., under vida-
reutvecklingen av X-Ray Detector. Mellan X-Ray Detector och de idéer och tekniska
|6sningar som tagits fram hos C-Rad a ena sidan och uppfinningen IRDD aden andra
foreligger i allt vasentligt uppfinningsidentitet. Om ansokan for IRDD skulle beviljas
skulle patentet komma att utgdra ett beroendepatent under kraven i X-Ray Detector.

K. M. har erhdllit information om dessa idéer och tekniska losningar i fortroende
inom ramen for sin anstéllning som verkstéllande direktér hos C-Rad. Beamocular
har inte oberoende av den information om X-Ray Detector, och de idéer som tagits
fram av C-Rad under vidareutvecklingen av X-Ray Detector, gjort eller kunnat géra
uppfinningen IRDD och patentstka denna med K. M. som angiven uppfinnare. IRDD
&r altsd inte resultatet av ndgon fran X-Ray Detector, och de idéer som tagits fram hos
C-Rad under vidareutvecklingen av X-Ray Detector, oberoende eller fristaende

uppfinningsverksamhet.

K. M. har agerat illojalt eller i vart fall missbrukat den information han i fortroende
erhdllit i sin tidigare anstallning genom att Beamocular, i vilket bolag K. M. &r
verkstallande direktor, oréttmétigt har kunnat tillgodogora sig uppfinningen genom att
patentsdka IRDD.

Beamocular, genom K. M., har kant till att informationen om X-Ray Detector och
vidareutvecklingen av X-Ray Detector harrorde fran C-Rad samt att patentansokan

avseende X-Ray Detector inte var offentlig vid tidpunkten for Beamoculars
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patentanstkan av IRDD samtidigt som K. M. hade éverlétit sin andel av X-Ray
Detector till C-Rad.

Om K. M. skulle anses vara uppfinnare av IRDD, har Beamocular patentsokt
uppfinningen med K. M. som angiven uppfinnare inom sex manader fran det att K.
M. slutade sin anstallning hos C-Rad.

Nyttjandet av uppfinningen IRDD faller inom C-Rads verksamhetsomrade och ager
samband med sadan forsknings- och uppfinnarverksamhet som varit K. M:s
huvudsakliga uppgift i anstéliningen. Alternativt innefattar uppfinning IRDD |6s-
ningen av K. M. i tjansten forelagd n&rmare angiven uppgift.

Det rader presumtion for att uppfinningen IRDD har tillkommit under K. M:s
anstallning.

C-Rad intrader som réttighetshavare med avseende pa uppfinningen IRDD i férhal-
lande till K. M. och &ger darmed béttre rétt till uppfinningen an Beamocular.

Andrahandsyrkandet

Grunden fér andrahandsyrkandet & densamma som for forstahandsyrkandet, dvs. att
C-Rad har forvarvat X-Ray Detector i sin helhet samt resultaten av G. N:s
intellektuella prestationer som resulterat i IRDD, vilkaenligt C-Rad i vart fall utgér en
andel av 9/10 av IRDD. | sistahand far domstolen préva hur stor andel som rétteligen
tillkommer C-Rad genom C-Rads férvarv av X-Ray Detector fran K. M. och G. N.
samt forvérvet av G. N:sdel i utvecklingen av de tre sardragen.



Sid9

STOCKHOLMS TINGSRATT DOM PMT 6829-17
Patent- och marknadsdomstolen 2019-07-26
Beamocular

Med start i april 2013 anstélldes K. M. som verkstédlande direktor i C-Rad; en tjanst
som inbegrep sedvanliga arbetsuppgifter for en verkstédlande direktér i ett
dotterbolag till ett borsnoterat foretag.

Inom ramen for C-Rad koncernens verksamhetsomrade kom dock K. M. att pa eget
initiativ och utan samband med hans huvudsakliga arbetsuppgifter att uppfinna X-Ray
Detector vilken patentsoktes i september 2013. K. M. var den huvudsaklige
upphovsmannen till aktuell uppfinning, medan G. N. bidrog som meduppfinnare i

begransad omfattning.

Det bestrids att C-Rad, genom G. N. eller annan anstélld, under tiden som K. M. var
anstalld i bolaget eller darefter, kom att uppfinna de sérdrag i forhalandetill X-Ray
Detector som IRDD uppvisar. Foljaktligen bestrids saval att sirdragen utgjort C-Rads
foretagshemliga information, som att C-Rad genom avtal eller med stod av lagen om
rétten till arbetstagares uppfinningar av G. N. eller annan har forvéarvat réttigheternatill

de idéer och tillagg som sérskiljer IRDD fran X-Ray De-tector.

Det bestrids &ven att K. M. bedrev med C-Rad konkurrerande verksamhet under sin
anstallning i bolaget eller att han vidtog atgarder i syfte att bedriva med C-Rad
konkurrerande verksamhet. Det bestrids sdledes ocksa att K. M. i sin roll som
verkstdllande direktor for C-Rad 14t en konsult analysera harddiskar med information
fran GEMini-projektet i syfte att kunna 6verblicka vilken information han behGvde ta
med sig till Beamocular. Analyser av harddiskar gjordesi syfte att underlétta for C-
Rad.
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Den 29 augusti 2014 valde K. M. att sdga upp sin anstédllning i C-Rad. K. M. tog
anstallning som verkstallande direktor i Beamocular med start den 1 ok-

tober 2014. M. A. rekryterades under senhtsten som forskningsansvarig med start
den 1 januari 2015.

Aven om domstolen mot férmodan skulle finnaatt G. N. eller annan anstélld, under
tiden som K. M. var anstélld i C-Rad eller dérefter kom att uppfinnadetillagg i
forhallande till X-Ray Detector som IRDD uppvisar, vilket som namnts bestrids,
uppfann M. A. under alla omstandigheter tre av de fyra specifika egenskaper som
sarpraglar IRDD oberoende hérav utifran kunskap om teknikens standpunkt och
almant kand forskning. Detta utan att ta del av konfidentiell information tillhérig C-
Rad. IRDD é&r sdledes resultatet av en till C-Rad oberoende upp-finningsverksamhet.

IRDD har vidare en annan uppfinningstanke, och saval uppfinningshéjd som nyhets-
varde i forhdllande till X-Ray Detector. Denna omstandighet bekréftas dven av att det
amerikanska patentverket har ansett att IRDD &r patenterbar 6ver X-Ray Detector och
andra kénda uppfinningar. Att det skulle foreligga vasentlig identitet mellan uppfin-
ningarna &r saledes dven det felaktigt i sak och bestrids foljaktligen. IRDD uppvisar i
huvudsak fyra sérskiljande drag i forhallande till tidigare patenterade uppfinningar:

1. En konverter med en flerlagerstruktur. Dennateknik anvandes regelmassigt av krets-
kortstillverkare sedan 1960-talet, och féreslogs C-Rad av underleveranttren tillika
kretskortgtillverkaren ELTOS av rent tillverkningstekniska skal. Aktuell teknik var
aven kand inom rontgendetektoromradet redan genom US-patentet 3 971 942 fran
1970-talet. M. A:stekniskaidé att lagren isolerades i forhadlandetill varandra med
hjélp av Parylene for att mojliggora en separat spanning med olika elekt-riska
potential mellan desamma motiverade dock patenterbarhet. Den tekniken finnsinte i
t.ex. X-Ray Detector och diskuterades inte heller inom C-Rad som ett intressant och
utvecklingsbart alternativ. Tvartom avfardade G. N. och C-Rad en |6sning med olika
spanningar for X-Ray Detector.
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2. Tekniken att belagga metallytor med Parylene som isolator kom fram redan pa
1940-talet. Pa rontgendetektoromradet var det dessutom redan allmant kant genom ex-
empelvis US-patentansokan 2009/0142227 att Parylene & en lamplig isolator. Syftet
med anvandandet av Parylene inom X-Ray Detector var endast att elektriskt isolera
konvertern fran GEM-folien. M. A. kom dock ensam till insikten att Parylene som
ovan namnts dels kunde anvandas for att isolera lagren i konvertern i for-hallande till
varandra, dels att det i en och samma konverterstruktur behévdes bade oisolerade och
isolerade metallytor for att fangain och neutralisera joner samtidigt som
elektrontransporten sékerstélldes i och med att det isolerade ytskiktet i IRDD placera-
des painsidan av konverterhdlen. Parylene anvands sdledes for olika syften i X-Ray
Detector respektive IRDD. Det fotoelektriskt konverterande ytskiktet i X-Ray Detector

gor i sig ingen nytta och har inte Parylene.

3. GEM-halens placering. |déen att upplinjera grupper av flera GEM-hd mot varje
konverterhdl har aldrig diskuterats mellan K. M. och G. N. eller annan inom C-
Rad. M. A. & ensam upphovsman till dennaidé. | patentanstkan for IRDD ingar
aven att ett visst stkerhetsavstand kravs mellan GEM-hdlens och

konverterhdlens kanter, vilket inteingdr i X-Ray Detector.

4. Uppdelning av GEM-folien i olika delomréden (segment). Segmentering av GEM -
folier & i sig allmant kand teknik, och var sa &ven langt innan korrespondensen mellan
K. M. och CERN (Europeiska organisationen for kérnforskning). C-Rad medger
galvt, att segmenteringstekniken var kénd genom korrespondens med CERN. Den
allmént kénda segmenteringen tar inte hansyn till en utformning av GEM-folien dér
GEM-hdlen & upplinjerade mot varje konverterhd. K. M:s framsta bidrag till IRDD
var att anpassa segmenteringen till bade grupperna av GEM-hd samt dven de grévre

halmonstren i konvertern.

Det bestrids att IRDD utgor ett beroendepatent under kraven i X-Ray Detector. Det
be-strids vidare att K. M. har agerat illojalt eller att han i ndgot sammanhang
obehdrigen har missbrukat information han erhdll under sin anstéllningstid i C-Rad.
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M. A. @ uppfinnaretill de centraladelarnaav IRDD och hans uppfinningsarbete
har bedrivits utan att tadel av konfidentiell information fran C-Rad.

| K. M:s anstélIningsavtal hos C-Rad har vidare varken funnits ndgon sekretess- eller
konkurrensklausul, och inom C-Rad-koncernen har praxis genomgéaende varit att
patentsokta uppfinningar inte har hallits hemliga, X-Ray Detector inkluderat. Den
information som K. M. haft om X-Ray Detector har darfor inte utgjort
foretagshemligheter. Beamocular har inte pa et oréttmétigt sétt tillgodogjort sig IRDD.

| den utstrackning domstolen eventuellt skulle finna att K. M. & uppfinnaretill IRDD
gorsfoljande géllande. K. M. hade inte forsknings- eller uppfinnarverksamhet som sin
huvudsakliga arbetsuppgift i sin egenskap av verkstallande direktér for C-Rad, och
inte heller var han i tjansten forelagd en narmare angiven uppgift bestdende i att |0sa
de problem som IRDD utgor ett svar pa. Det foreligger darfor inte en presumtion for
att uppfinningen IRDD har tillkommit under K. M:s anstélining i C-Rad.

Det bestrids att 8 § lagen (1949:345) om rétten till arbetstagares uppfinningar ("LAU”)
direkt eller analogt kan tillampas pa uppfinnaren élv. Arbetstagaruppfinnares skyl-
dighet att iaktta sekretess enligt LAU framgér av 5 § andra stycket och géller endast
under fyramanadersfristeni 5 § forsta stycket.

Uppfinningen IRDD har inte med stod av lag 6vergétt fran K. M. till C-Rad, och inte
heller har aktuella rattigheter Gvergatt fran K. M. till C-Rad genom avtal. Det bestrids
darmed att C-Rad skulle ha béttre rétt till IRDD.

OMSTANDIGHETER

Parterna har utvecklat sin respektive talan i skriftliga sakframstéllningar.
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UTREDNINGEN

Pa C-Rads begéaran har forhor under sanningsforsakring hallits med verkstallande di-
rektoren T. T. Vidare har vittnesforhor pa bolagets begaran halits med G. N. och
patentombudet H. S.

Pa Beamoculars begéran har forhor under sanningsforsakran hallits med K. M.
Vidare har pa bolagets begaran vittnesforhor hallitsmed M. A., L. J., E. H., C. K.
och R. F. och patentombudet C. D.

Parterna har dberopat omfattande skriftlig bevisning.

DOMSKAL

I nledande anmérkningar

Ett grundldggande inslag inom patentrétten ar att ratten till en patentsokt uppfinning
(uppfinnarrétten) tillkommer uppfinnaren eller den till vilken uppfinnarens rétt over-
gatt (jfr 1 § forsta stycket patentlagen och artikel 60 (1) i den europeiska patentkon-
ventionen EPC).

Om ett patent har sokts eller beviljats for annan @ den som &r beréttigad till uppfin-
narrétten kan denne for svenskt vidkommande — efter begéran om detta hos Patent- och
registreringsverket eller efter talan vid domstol — fa patentansokningen eller patentet
overfort pasig (se 18 § forsta stycket och 53 § forsta stycket patentlagen). Innehavaren
av uppfinnarrétten kan éven efter talan vid domstol enligt allmanna férmogenhetsréatts-

liga principer fa faststalt att denne ager béttre rétt till den patentsokta uppfinningen.

Ett av de fall som far anses kunna grunda ett ansprak pa béttre rétt till en patentsokt
uppfinning & om sokanden fatt kannedom om uppfinningen, eller de idéer pavilka den
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vasentligen bygger, genom att pa ett oréttmétigt sétt anvanda uppgifter som uppfinna-
ren eller dennes réttsinnehavare delat med sig av (se NU 1963:6 s. 219 och RA 82 2:69
samt jfr &ven den skiljaktiga meningen i NJA 2009 s. 695 sérskilt s. 712).

En dlutats som enligt domstolen kan dras av det ovan anforda & att bifall till entalan
om béttre rétt till en patentsokt uppfinning far anses forutsétta att det finns en dverens-
stammelse mellan idéer och tekniska ldsningar till vilka kéranden har en rétt och den
patentsokta uppfinningen, att uppfinnaren till den patentsokta uppfinningen inte obero-
ende av idéerna och de tekniska |6sningarna har gjort eller kan ha gjort den patentsokta
uppfinningen och att sdkanden av patentet missbrukat uppgifternai forhallande till k&
randen (jfr Stockholms tingsratts dom den 30 januari 2004 i mal T 6718-00 och T
18975-01, s. 32 samt Patent- och marknadsdomstolens dom den 2 maj 2018 i ma PMT
14315-15, s. 24).

Den civilréttsiga regleringen kring ansprék pa béttre rétt till en patentsokt uppfinning
skiljer sig fran det skydd som uppstélls for foretagshemligheter i lagen (2018:558) om
skydd for foretagshemligheter ("FHL”) och tidigare lydelser av lagen. Syftena bakom
regleringarna skiljer sig ocksa ét. For att det ska vara fréga om en orétmétig anvand-
ning av uppgifter framtagna av den som framstallt ett ansprak pa béttre rétt kan det inte
anses nodvandigt att karanden visar att svaranden gjort sig skyldig till ett angrepp pa
foretagshemlig information enligt FHL.

Som framhallitsi juridisk doktrin (se Domeij, B., Patentavtalsrétt, andra uppl., s. 111)
far bevisfrégor ofta en framtradande plats i en talan som innefattar en provning av vem
som har rétten till en patentsokt uppfinning. Bevisfragorna, som inte uttryckligen re-
glerasi ndgon nu relevant civilréttslig regel, kan avse sdval vem av parterna som har
bevisbodrdan for en viss omstandighet och vilka beviskrav som ska gadlla. Som angetts
ovan & det i forvarande mal inte fraga om en tillampning av FHL och de principer for

bevisbdrda och beviskrav som kan gélla enligt den lagstiftningen.
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Grunden for ett ansprék pa béttre rétt till en patentsokt uppfinning & sammansatt av
flera omstandigheter av omedel bar relevans for malets utgang (réttsfaktum). For en ci-
vilréttslig regel som innehdller flera réttsfaktum kan bevisbordan vara delad, dvs. den
ena parten har bevisbordan for vissa rattsfaktum medan den andra parten har det for
andra réattsfaktum (se Ekelof m.fl., hafte IV, 7:e uppl., s. 81).

Enligt domstolen ter det sig i forevarande fall som naturligt att C-Rad visar att deidéer
och tekniska l6sningar IRDD bygger pa framtagits inom bolaget och att Beamocular
haft tillgang till dem nér patent pa IRDD soktes den 2 mars 2015. Om C-Rad formétt
visa nu redovisade omstandigheter bor det ankomma pa Beamocular att visa hur den
patentsokta uppfinningen, dvs. IRDD, utvecklats och att detta skett oberoende av upp-
gifter om idéer och tekniska Iosningar framtagna inom C-Rad. Att bevisbdrdan for sist-
namnda omsténdighet avilar Beamocular framstar for domstolen som rimligt bade med
hansyn till att C-Rad i annat fall skulle behtva visa pa icke-existensen av en omstan-
dighet och att Beamocular &r i en béttre position att sékra bevisning avseende den aktu-
ellaomstéandigheten.

En annan central fraga i ett mal av forevarande slag &r vilket krav palikhet som ska
stéllas vid prévningen av om IRDD uppvisar likhet med de idéer och tekniska 16s-
ningar C-Rads ansprak grundas pa. Harvidlag kan konstateras att de bedomningskrite-
rier som har till andamal att liggatill grund for prévningen av patenterbarhet och
skyddsomfang saknar omedelbar relevans fér en prévning av ett ansprak pa béttre rétt
(jfr NJA 2009 s. 695). Att patent beviljats for IRDD i USA saknar sdledes omedelbar
relevans for provningen i malet. Likasa saknar fragan om ett patent avseende IRDD ut-
gor et beroendepatent under ett patent pa X-Ray Detector omedelbar relevans.

Prévningen &r, till skillnad mot bedomningar av intréngs- och ogiltighetsfragor, sdle-
des inriktad pa en bedomning av om idéer och tekniska losningar framtagna av karan-

den har ett innehdll som Gverensstammer med svarandens patentsokta uppfinning.
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Domstolen prévning kommer ske med utgangspunkt i ovan redovisade stéllningstagan-
den vad avser fordelning av bevisborda och vilken likhet som krévs mellan de idéer
och tekniska l6sningar C-Rads ansprak grundar sig pa och IRDD.

Domstolen bedomer forst vilka skillnader som féreligger mellan X-Ray Detector och
IRDD for att darefter ga vidare till att préva om eventuella skillnader har sin motsva-
righet i idéer och tekniska ldsningar som framtagits inom C-Rad innan IRDD patent-
sbktes av Beamocular i USA den 2 mars 2015 samt om K. M. hade vetskap

om dem. Blir svaret pa denna fraga positivt foljer en beddmning av om IRDD &r ett re-
sultat av oberoende uppfinnarverksamhet i forhallande till hos C-Rad férekommande
uppgifter. Om domstolen kommer till slutsatsen att det inte & fraga om en oberoende
uppfinnarverksamhet provas om det férekommit en oréttmétig anvandning av uppgif-
terna som framtagits inom C-Rad.

Skillnaderna mellan X-Ray Detector och IRDD

Parterna har redovisat skillnaderna utifran de i USA beviljade patenten for X-Ray De-
tector respektive IRDD, dvs. patenten 452 och’ 291 (domsbilaga 2 och 4). Domstolen
har funnit det andamalsenligt att gora pa motsvarande sétt. Det beviljade patentet for

IRDD ska for dvrigt inte rymma ndgon uppfinning utéver den som redan innefattades i

den patentanstkan avseende USA som &r foremdl for C-Rads talan.

Enligt Beamocular finns det vasentligen fyra sérskiljande sérdrag mellan IRDD och X-
Ray Detector. Sérdragen i 291 (domsbilaga 4) som utgér skillnaderna har angettstill
foljande av Beamocular.

Sirdrag Sl:
" each perforated accelerator plate provided with an insulating layer to insulate each

perforated accelerator plate from one another in order to be able to provide separate

potential to each perforated accelerator plate” (patentkrav 1)
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Sirdrag S2:

“asurface of each blind hole is covered with an insulator except for a portion which is
exposed in order to be able to attract and neutralize ions’ (patentkrav 1)

Sirdrag S3:

“wherein a longitudinal axis of the center of each of said groups of GEM through holes
is aligned with alongitudinal axis of arespective one of said blind holes’ (patentkrav
1)

Sardraget kan, enligt domstolen, dven delas upp i tva sérdrag dar det forsta anger att
grupperna av GEM-hdl har en mittpunkt och det andra att mittpunktens langdaxel ar i
linje med respektive blindhals langdaxel. Antalet GEM-hal i en grupp kan enligt pa-
tentkrav 1 vara 1-20.

Sirdrag $4:

“Inafurther embodiment of a GEM in accordance with the invention both the con-
ducting coating of the upper major surface of the GEM is divided into a number of
electrically-unconnected regions in order to achieve the effect of alower capacitance.”

(spalt 8 rad 1-5)

Sardragen S1-S4 i forhdllandettill X-Ray Detector

Domstolen kan konstatera att de tva uppfinningarna X-Ray Detector och IRDD ror
samma teknikomrade och att dei fréga om sérdrag uppvisar betydande likheter. Det
foreligger emellertid, vilket & ogtridigt i malet, de skillnader mellan IRDD och X-Ray

Detector som har redovisats ovan.
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C-Rad har vidare gjort gallande att de skillnader Beamocular pekat pa &r idéer och tek-
niska losningar som framtagits inom C-Rad av i forsta hand G. N. ensam al-
ternativt i forening med K. M. Enligt domstolen gar det inte heller i denna del att
dra ndgra sakra slutsatser pa grundval av den utredning som lagts fram i malet kring
vem —G. N. dler K. M. —som star bakom de idéer och tekniska [6sningar C-Rad gor
gdlande har framtagits hos C-Rad under den tid den K. M. var anstélld vid bolaget.

Vad géller fragan om S1-S4 har en motsvarighet i X-Ray Detector gor domstolen fol-
jande beddmning.

X-Ray Detector som den beskrivs i *452 (domshilaga 2) kan innehdlla flera lager acce-
leratorplattor, som &ven kan vara av olika metallmaterial, men dessa &r inte isolerade
frén varandra. Sardraget S1i IRDD har sdledes inte en direkt motsvarighet i X-Ray
Detector. Sardraget S1 mojliggor ocksa en potentialskillnad mellan de olika accelera-

torplattorna.

Vad gdller sérdrag S2 sa utnyttjar X-Ray Detector inte ett isolerande lager i blindhdlen
for att attrahera och neutralisera joner. | X-Ray Detector anvands ett fotoelektriskt
material, som kan laggas pa respektive blindhals botten. Det fotoelektriska lager som
anvands i X-Ray Detector utgors typiskt av metall, se spalt 8, rad 46 i’ 452 (domshi-
laga 2) och ndgot isolerande alternativ anges inte. Sardraget S2i IRDD har sdledes inte
en direkt motsvarighet i X-Ray Detector.

| X-Ray Detector anges att flertalet GEM-hal kan vara upplinjerade med flertalet
blindhal. Det framgar dock inte av X-Ray Detector vad som avses exakt med sagda
upplinjering. Inte heller & GEM-hdlen enligt X-Ray Detector grupperade, vilket spelar
mindre roll eftersom en " grupp” enligt IRDD kan innebéra endast ett hdl. Det framgar
emellertid inte av X-Ray Detector att mittpunktens langdaxel i varje grupp av GEM-
hal & i linje med respektive blindhdls langdaxel. Detta géller oavsett om antalet i en
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grupp utgor 1, 3 eler fler hdl. Sardraget S3i IRDD har sdledes inte en direkt motsva-
righet i X-Ray Detector.

Segmentering beskrivs inte i X-Ray Detector och sérdraget S4 i IRDD har sdledes inte
en direkt motsvarighet. C-Rad namner att CERN stéller krav pa segmentering, vilket
skulle kunna betyda att C-Rad anser att detta sérdrag ar underforstatt i X-Ray Detector.
C-Rad har dock inte narmare utvecklat pastaendet eller lagt fram nagon utredning till
stod for varfor sardraget skulle anses vara underforstétt med hanvisning till vilka krav
CERN stédller. Vad C-Rad anfort i denna del medfor darfor inte att skillnaden mellan
IRDD och X-ray detector kan bortses fran.

Skillnaderna mellan X-Ray Detector och IRDD i férhallande till idéer och tek-
niska lésningar hos C-Rad

Domstolen har i foregdende avsnitt konstaterat att det foreligger vissa skillnader mel-
lan X-Ray Detector och IRDD. Likheterna mellan patentdokumenten avseende X-Ray
Detector och IRDD (domshilaga 1-4) &r dock betydande. C-Rad har gjort géllande att
skillnaderna som IRDD uppvisar i forhdlande till X-Ray Detector bygger paidéer
och tekniska |6sningar som framtagits inom C-Rad, och da framst av G. N., vid

vidareutvecklingen av X-Ray Detector.

Det foreligger sdledes enligt C-Rad en likhet mellan hos bolaget férekommande idéer
och tekniska losningar, vilka K. M. fatt vetskap om under sin tid som anstalld hos C-
Rad, och sardragen S1-S4 i IRDD. Domstolen gor i denna fraga f6ljande bedémning.

Vad forst géller sirdrag S1 framgér av en rapport uppréttad av M. P. den 31 mars 2014
att det inom C-Rad har gjorts simuleringar for att utreda om en flerlager-struktur med
alternerande koppar och dielektriskt material var acceptabel eller gav negativa effekter.
G. N. har aven vittnat om att det forekommit gemensamma diskussioner inom C-Rad

om flerlagerstrukturer. Vidare sa visar ett e-postmeddelande
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av den 15 oktober 2013 fran G. N. till K. M. att simuleringar med flera lager med
olika spanning gjordes inom C-Rad. Utredningen visar enligt domstolen att sirdraget
S1 har sin motsvarighet i en teknisk 16sning, som var framtagen hos C-Rad i tiden
innan den 2 mars 2015. Utredningen visar ocksa att K. M. fatt vetskap om den
tekniska |6sningen med flerlagerstruktur med olika spanning.

| ett e-postmeddelande fran K. M. till bl.a. G. N. den 25 januari 2014 namns att det &r
mojligt med selektiv belaggning av Parylene och att det i princip gar att undvika att
beldggainsidornaav konverterarens hal. Detta far enligt domstolen forstas som att det
vid normal beldggning med Parylene &ven kommer att ske obnskad bel&ggning, men
att detta gar att undvika. Det namnda e-postmeddelandet eller annan

av C-Rad anford bevisning namner inte att det genom selektiv belaggning (dvs. att be-
lagga blindhden med en isolator forutom pa en del) gar att atadkomma attraktion och
neutralisering av joner. Av utredningen kan enligt domstolen inte anses framga att sér-
drag S2 har en direkt motsvarighet i ndgon teknisk l16sning framtagen inom C-Rad.
Déaremot kan konstateras att diskussioner forekommit inom C-Rad om selektiv bel égg-
ning med Parylene, vilkaK. M. haft vetskap om. Denne har ocksa omvittnat att man
inom C-Rad sett det som ett problem att insidan pa blindhden blev isolerade nér
Parylene anvandes och att man ville undvika detta. IRDD utgér ifran att det sker en
selektiv belaggning med Parylene varfor det sdledes finns ett visst, om an forsvagat,
samband med uppgifterna som férekom hos C-Rad och den vetskap K. M. hade om
dem.

Den presentation G. N. redovisade for styrelsen i C-Rad den 26 september 2014 visar
en upplinjering mellan blindhd och GEM-ha som motsvarar vad som anges i sérdrag
S3. | presentationen visas den variant som anges i X-Ray Detector, en variant dar
GEM-hdlen och blindhalen &r upplinjerade ett till ett, samt en variant dar grupper om
tre GEM-hd &r i linje med blindhden. Mittpunkternas langdaxlar &r sa vitt det gar att
utlasai linje med blindhdlens langdaxlar.
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Vad sedan géller K. M:s vetskap om l6sningen med upplinjering av GEM-hal i
forhadllande till blindnhdl har G. N. beréttat att det under sommaren 2014 férdes
diskussioner inom C-Rad om att centrera hdlen och att K. M. var involverad i dessa
diskussioner. Att fragan om att forstka optimera antal GEM-hal inom blindhalen har
varit aktuell inom C-Rad framgér av vad som anges pasidan 12 i M. P. rapport fran
den 31 mars 2014. K. M. har bestritt att han med G. N. diskuterat att man behdver
tre GEM-hd per blindhal, men forklarat att han ar oséker pa om de diskuterat
anvandningen av ett GEM-hal per blindhal.

Uppgifternalamnade av G. N., och M. P. rapport, & altfor allmant hdllna for att det
mot K. M:s uppgifter kan anses klarlagt att denne under sin tid som anstélld hos C-Rad
fatt del av nagon idé eller teknisk |6sning innefat-tande just tre GEM-hal per blindhal.
Déaremot ger uppgifterna stod for att diskussioner forekommit om ett GEM-hal per
blindhdl och att centrera GEM-hdlen. Det far mot den bakgrunden anses utrett att K.
M. under sin tid som anstélld hos C-Rad haft vetskap om att en foredragen |6sning ar
att mittpunkternas langdaxlar for GEM-hden &r i linje med blindhdens langdaxlar,
vilket far anses vara den vasentliga bestdmningen i sérdraget S3 da grupp av GEM-hal
kan betyda allt mellan 1-20 hal.

Vad géller sardraget S4 om segmentering sa visar ett e-postmeddelande den 2 juni
2014 med rubriken "New segmented GEM geometry” fran K. M. till Rui De Oliveira
en speciellt anpassad segmentering for att undvika urladdningar. Sardrag $4 syftar
visserligen till att uppna effekten av |agre kapacitans. Emellertid sa framgar det av
IRDD att en stor GEM utgdr en kondensator med risk for farliga laddningar. IRDD
formulerar ocksa att segmenteringen resulterar i reduktion av risk for urladdningar.
Sérdrag $4 far darfor enligt domstolen anses ha sin motsvarighet i en teknisk |6sning
som framtagits inom C-Rad och att K. M. fatt vetskap om |6sningen under sin tid
som anstalld pa C-Rad.
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Sammantaget kan sdledes konstateras att de skillnader IRDD uppvisar i forhdllande till
X-Ray Detector till helt dvervagande del har en direkt motsvarighet i idéer och tek-
niska ldsningar som forelegat hos C-Rad i tiden fore den 2 mars 2015, dvs. det datum
da patentanstkan for IRDD lamnadesin i USA. Den enda avvikelsen fran en fullstan-
dig dverensstammelse ar sardrag S2, dvs. att det genom att belagga blindhalen med en
isolator forutom paen del gar att astadkomma attraktion och neutralisering av joner.
Likheterna &r, trots detta, enligt domstolen betydande och tillréckliga for att det ska an-
ses foreligga en Overensstammel se mellan X-Ray Detector i férening med de idéer och
tekniska l6sningar som var framtagna inom C-Rad och den patentsokta uppfinningen
IRDD.

Har IRDD tillkommit oberoende av uppgifter fran C-Rad?

Utredningen i malet har visat att det foreligger en vasentlig Gverensstammelse mellan
idéer och tekniska l6sningar framtagna inom C-Rad och den patentsokta
uppfinningen IRDD. Beamocular, som genom K. M. haft tillgang till uppgifterna nar
pa-tentansdkan pa IRDD lamnadesin i USA den 2 mars 2015, har darmed att visa att
IRDD ér ett resultat av en oberoende uppfinnarinsats.

En omstandighet parterna har uppehdllit sig vid i samband med fragan om IRDD till-
kommit genom en oberoende uppfinnarinsats eller inte & om patentansdkan avseende
X-Ray Detector fore den 2 mars 2015 varit allméant tillganglig. Beamocular har i denna
del gjort gallande att C-Rad haft som praxis att inte hemlighdlla patentsokta uppfin-
ningar och att information om X-Ray Detector lamnats till utomstaende i tiden fore den
2 mars 2015 utan krav pa sekretess.

| malet & ogtridigt att deni USA inlamnade patentansokan avseende X-Ray Detector
inte var offentliggjord av patentverket i USA, eller nagon annan patentmyndighet, nér
patent soktes pa IRDD i USA den 2 mars 2015. Att C-Rad inte begért en tidigarel agg-

ning av publiceringen av bolagets ansdkan ter sig ocksa enligt domstolen naturligt mot
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bakgrund av de nackdelar det innebédr for en patentsbkande att gora detta (se t.ex. Sten-
vik, A., Patentrett, tredje uppl., s. 78).

Vad K. M., E. H. och L. J. beré&ttat ger visst stod foér vad Beamocular gjort géllande
om att C-Rad inte holl sina patentsokta uppfinningar hem-liga utan i
marknadsfdringssyfte dppet redovisade information om dem. Detta gor &ven vad R.
F. beréttat om att han i C-Rads monter pA ESTRO-massan i april 2014, utan krav pa
sekretess, tog del av en folder med information om X-Ray Detector. PAsidan 8 i den
namnda foldern forekommer en bild som enligt domstolen &terger vissa
grundldggande element i X-Ray Detector. Bilden, och évrigt innehdl i den aktuella
foldern, motsvarar emellertid enligt domstolen inte ett offentliggérande av patent-
ansokningen avseende X-Ray Detector. Uppfinningen i hela sitt omfang kan t.ex. inte
utl&sas ur foldern och den avslgjar inte heller samtliga sérdrag i patentkraven eller
nagra andra detaljer i anstkan.

K. M., E. H., och R. F. har inte heller beréttat att patent-anstkan for X-Ray Detector
som sadan forevisats i ndgot publikt sammanhang eller att ansokan Gverlamnats till
tredje man utan krav pa sekretess. | stéllet har de lamnat allméant hallna uppgifter om
att det radde en praxis pa C-Rad att det gick bra att prataom uppfinningar med
personer utanfor bolaget sa snart en patentansokan var inlamnad och att sa ocksa
skedde. Nar det géller R. F. kan ocksa konstateras att han 2011 |amnade sitt arbete
inom C-Rad koncernen och att patentansokan avseende X-Ray De-tector |amnades in
2013.

Domstolen finner ssmmantaget att Beamocular visserligen formétt visa att det inom C-
Rad funnits en praxis att tala 0ppet om patentsdkta uppfinningar, men inte att patentan-
sbkan avseende X-Ray Detector offentliggjorts innan den publicerades av patentmyn-
digheten i USA.

M. A. och K. M., som bada var delégare i Beamocular under den i mdlet relevanta

tidsperioden, anges i patent ' 291 (domsbilaga 4) som uppfinnare
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till IRDD. Enligt Beamocular & det M. A. som stér for den helt 6vervagande delen av
uppfinnarinsatsen. Fragan i malet blir darfér om Beamocular har styrkt att dessatva,
oberoende av innehdllet i de idéer och tekniska lGsningar som var fram-tagnainom C-

Rad fore det att K. M. lamnade sin anstdlning hos bolaget, gjort uppfinningen.

Vad Beamocular anfort att IRDD &r resultatet av en oberoende uppfinnarinsats stods
framst av vad M. A. och K. M. uppgett. Deras beréttel ser vinner visst stéd av de
anteckningar M. A. gjort under sitt arbete pa Beamocular under januari-februari
2015. Vad C. D. omvittnat om forekomsten av detektorer av det slag som beskrivsi
'452 och ' 291, dvs. teknikens standpunkt, far ocksa an-ses ge visst stod for
Beamoculars standpunkt. Det finns emellertid ett antal omstandigheter som talar i en
annan riktning, dvs. att uppfinningen inte tillkommit oberoende av uppgifter som var
framtagna inom C-Rad.

Inledningsvis kan konstateras att de inom C-Rad férekommande idéerna och tekniska
|6sningarna, som lagts till grund for bolagets ansprak pa béttre rétt, far vasentligen an-
ses innehdlla en teknisk beskrivning av den uppfinning som avses med den av Bea-
mocular sedermera gjorda patentansokan. | malet & klarlagt att K. M. hade tagit del
av ndmnda idéer och tekniska lgsningar innan patentansokningen av IRDD gjordes
samt att han hade tillgang till utkast till patentansokningen pa X-Ray Detector.

Beamocular har framhallit M. A:s insatser for tillkomsten av IRDD och anfort att han
star bakom merparten av uppfinnarinsatsen. Trots detta & det forst efter drygt tvaar
fran det att ansokan lamnades in, och efter det att denna réttegang inletts, som
Beamocular ser till att han antecknas som uppfinnare till IRDD. Orsaken till detta var,
enligt vad K. M. beréttat, att det var forst efter patentmyndigheten i USA granskat

ansokan som det blev klarlagt vad som var patenterbart.
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Ett beviljat patent far inte avse nagon annan uppfinning an den som redan finns angi-
ven i patentansokan. Detta, liksom vikten av att samtliga uppfinnare anges i en paten-
tansokan, maste Beamocular ha varit inforstétt med. K. M:sforklaring till varfor inte
M. A. angavs som uppfinnare av Beamocular nér patentansokan l&amnadesin

framstar mot denna bakgrund som mindre trolig.

En annan omstandighet som inte &r forenlig med vad Beamocular gjort gallande om
M. A:s uppfinnarinsats & att han inte involverades i arbetet med en patentansokan.
Bade M. A. och K. M. har beréttat att den forst-namnde inte ens kande till att en
patentansokan tagits fram och l&mnatsin till patent-myndigheten i USA. Det trots
att K. M. beréttat att grunden for patentanstkan var de insikter han fétt av rapporter

l[&mnade av M. A.

M. A. har med hanvisning till av honom férda anteckningar under tiden januari och
februari 2015 utvecklat hur han gétt tillvaga for att komma fram till uppfinningen.
Harvidlag kan noteras att den forsta anteckningen &r inford den 12 januari 2015 och
den sista anteckningen den 4 februari 2015. Ur anteckningarna framtrader enligt
domstolen inte vad som kan anses utgbra en mer detaljerad beskrivning av upp-
finningens faktiska tillkomst. Den 2 mars 2015 |amnas sedan ansdkan om patent pa
IRDD ini USA. Pamindretid en &n manad tar alltsd Beamocular fram en patentanso-
kan genom K. M. och detta sker utan att denne 6verhuvudtaget har nagon kontakt med
M. A. angdende anstkan. Givet forutsittningarna framstar denna tidsrymd for
domstolen som ytterst kort. Nagon utredning om hur arbetet med patentanstkan
avseende IRDD framskred, som kunde ha kastat ett ljus dver uppfinningens tillkomst,

har inte heller lagts fram av Beamocular.

Det rér sig ocksa om en forhallandevis kort tid fran det att M. A. inleder sitt arbete
hos Beamocular till nar en patentansokan lamnas in. Tiden far anses som kort &ven
om hansyn tastill att M. A., som han uppgivit, "tjuvstartade” sitt arbete under
oktober 2014 och att han far anses tekniskt kompetent for att gora uppfinningen.
Nagra detaljer om det nérmare innehdllet i det arbete som bedrevs fore
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arsskiftet har M. A. inte heller 1amnat och den av Beamocular aberopade

anteckningsboken omfattar inte heller denna tidsperiod.

Vad géller vilken information som M. A. fatt infor starten pa sitt arbete hos
Beamocular har K. M. beréttat att han pratat allmént med M. A. om problemen med
jonkammare, GEM och konverterare, men daremot inte gett honom nagra direktiv.
M. A. har asin sidaomvittnat att han fatt upp-gifter fran K. M. om att C-Rad inte fatt
det att fungera. Bade K. M.

och M. A. medger sdledes, i vart fall pa ett mer allmant plan, att de haft diskussioner
av en natur som synes nara anknytatill det arbete som bedrevs inom C-Rad, de idéer
och tekniska |sningar som forekom dér samt att de inte fatt ndgon |6s-ning att
fungera. Det kan ocksa noteras att M. A. vittnat om att han, sdvitt han & medveten
om, inte fatt nagra konfidentiella uppgifter fran C-Rad. Det kan sdle-des inte uteslutas
att M. A. fétt sadana uppgifter fran K. M. utan att vara medveten om att det var fraga
om just konfidentiella uppgifter.

Mot bakgrund av vad som anforts ovan far det anses féreligga en viss osakerhet kring
om IRDD tillkommit oberoende av idéer och tekniska l6sningar framtagna hos C-Rad.
Den av Beamocular framlagda bevisningen ar enligt domstolen inte tillracklig for un-

danr6ja osékerheten varfor bolaget inte kan anses ha styrkt att IRDD tillkommit obero-
ende av uppgifter om idéer och tekniska l6sningar framtagna hos C-Rad.

Har Beamocular orattmatigt tillgodogjort sig idéer och tekniska lésningar som
tillkommer C-Rad?

Parterna har haft olika uppfattningar om vem det & av G. N. och K. M. som statt for
den huvudsakliga uppfinnarinsatsen vad avser X-Ray Detector. Den utredning som
lagts fram i malet ger enligt domstolen inte nagon narmare vagled-ning for att
beddma omfattningen av deras respektive uppfinnarinsatser varfér domstolen tar sin

utgangspunkt i att de varit jambordiga.
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Vad géller patentansokan pa IRDD sa lamnades den in till patentmyndigheten i USA
den 2 mars 2015 med K. M. som uppgiven uppfinnare. Ansokan |&g sedan till grund
for den patentanstkan (domsbilaga 5) som ldmnades in till det europeiska pa-
tentverket. Dennes anstéllning hos C-Rad upphoérde den 29 september 2014. Patent
soktes sdledes pa IRDD inom sex manader fran det att K. M. slutade sin an-stélIning
hos C-Rad.

For s.k. tjansteuppfinningar enligt 3 § forsta stycket LAU géller enligt 7 8 forsta
stycket i samma lag under vissa forutséttningar en presumtion for att en patentanstkan
som |amnas in inom sex manader fran det en arbetstagare slutat sin anstéllning tillkom-

mit under anstallningen.

For att en uppfinning ska ha karaktéren av en s.k. tjansteuppfinning krévs enligt 3 8
forsta stycket LAU att forsknings- eller uppfinnarverksamhet &r arbetstagarens huvud-
sakliga arbetsuppgift och att uppfinningen tillkommit vasentligen som ett resultat av
denna verksamhet. Under begreppet forsknings- eller uppfinnarverksamhet faller enligt
forarbetenatill LAU allt konstruktions- och utvecklingsarbete dér man kan tanka sig
att uppfinningar framkommer (se Dennemark, S., Om rétten till arbetstagares uppfin-

ningar, s. 32 ff.).

C-Rad har i malet gjort gallande att K. M:s huvudsakliga arbetsuppgift hos C-Rad var
forsknings- och uppfinnarverksamhet varfér uppfinningar han gjorde kunde tas i
ansprak av bolaget enligt 3 § forsta stycket LAU.

Beamocular har & sin sida hévdat att K. M:s arbetsuppgifter hos C-Rad var
sedvanliga uppgifter som ankommer pa en verkstdllande direktor och att de inte hu-

vudsakligen involverade forsknings- och utvecklingsarbete.

For Beamocular standpunkt talar de uppgifter som K. M. har [amnat och som har
bekréftats av E. H.. Bade K. M. och E. H. har emellertid agarintressen i Beamocular
varfor deras utsagor maste bedémas med viss forsiktighet.
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Vidare har det av forhtren med T. T. och E. H. framgatt att den sistnamnde, i
forening med vissa partners, under sommaren 2014 ville forvarva GEMini-

projektet och att de la ett indikativt bud pa projektet. Budet innefattade aven att vissa
av nyckelpersonernai projektet skulle Gvertas.

Inom C-Rad hade GEMini-projektet, dvs. det projekt som lett fram till uppfinningen
X-Ray Detector och vidareutvecklingen av uppfinningen, pagatt under G. N:s
ledning sedan 2005. Projektet var det enda projektet som bedrevs inom bolaget och
det bedrevs med endast ett fatal anstallda. Under april 2012 gick K. M., som arbetat
inom C-Rad koncernen anda sedan 2005, in som projektledare fér GEMini-
projektet for att sedan axla rollen som verkstéllande direktor.

Det gar inte att hamta ledning fran nagot skriftligt anstallningsavtal eftersom ett sddant
inte funnits avseende tjansten som verkstéllande direktor i C-Rad, som K. M. tilltrédde
under 2013. Det har emellertid varit fréga om ett bolag med ett fatal anstéllda och vars
verksamhet varit helt inriktat pa att utveckla GEMini-projektet, som K. M. varit
projektledare for innan han tilltréade tjansten som verkstallande direktor.

Den utredning som lagts fram i malet i form av dokumentation Gver tekniska diskuss-
ioner mellan K. M. och G. N. visar paatt K. M:s arbetsuppgifter innefattat forsknings-
och uppfinningsinriktad verksamhet. Detta & ocksa ndgot som G. N. bekréftat i forhor.

Det finns sammantaget saledes ett antal omstandigheter som talar for att K. M:s
forandrade roll fran projektledare till verkstallande direktor inte medfort nagra
betydande forandringar i inriktningen pa hans arbetsuppgifter. Som projektledare for
det enda utvecklingsprojekt ett bolag med ett fatal anstéllda bedriver far han anses haft
som huvudsaklig arbetsuppgift att syssla med forsknings- eller uppfinnarverksamhet.
Nagon férandring av betydelse kan inte anses haintrétt i K. M:s arbetsuppgif-ter nar
han blev verkstéllande direktér i C-Rad varfor han aven dérefter far anses ha haft

forsknings- och uppfinnarverksamhet som huvudsaklig arbetsuppgift i det bolaget.
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Domstolen bedémer vidare att hans del i uppfinningen IRDD har tillkommit vasentli-

gen som ett resultat av denna verksamhet.

Patentansokan avseende IRDD &r inldmnad inom sex manader fran det att K. M:s
anstalning upphorde. Beamocular har, vilket foljer av den slutsats domstolen kommit
till vad géller tillkomsten av IRDD, inte visat att uppfinningen tillkommit efter K. M:s
anstallning upphorde. C-Rad har altsd enligt 3 § forsta stycket LAU en rétt att
forvarvaK. M:srétt till IRDD. Mot denna bakgrund far Beamocu-lar orattmatigt
anses ha anvant uppgifter om idéer och tekniska l6sningar som framta-gits inom C-
Rad.

Sammanfattande slutsats

Patent- och marknadsdomstolen har kommit fram till att det finns en Gverensstam-
melse mellan idéer och tekniska losningar till vilka C-Rad har en rétt och den patent-
sbkta uppfinningen IRDD, att uppfinnarnatill den patentsdkta uppfinningen inte obe-
roende av dessa idéer och tekniska I6sningar har gjort eller kan ha gjort den patent-
sokta uppfinningen och att Beamocular av patentet missbrukat uppgifternai forhal-
lande till C-Rad. Karomalet ska sdledes bifallas i enlighet med det i forsta hand fram-
stéllda yrkandet av C-Rad.

Rattegangskostnader

Beamocular ska ersitta C-Rads réttegangskostnader.

Enligt 18 kap. 8 § forsta stycket réttegangsbalken ska erséttning for réattegangskostnad
fullt ut motsvara kostnaden for réttegangens forberedande och talans utférande jamte

arvode till ombud eller bitrade, savitt kostnaden skaligen varit pakallad for tillvarata-

gande av partens rétt.
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C-Rad har begért erséttning med 1 530 128 kr, varav 1 418 783 kr for ombudskostna-
der. Beamocular har ifragasatt skaligheten av kostnaderna for en I T-forensisk under-
sokning som uppgar till 80 250 kr. | Gvrigt har bolaget 6verlamnat till domstolen att
beddoma skéligheten av C-Rad yrkad erséttning. Domstolen bedomer att C-Rads kost-
nader varit skaligen pakallade for tillvaratagandet av bolagets rétt. Beamocular ska
déarfor ersitta kostnaderna fullt ut.

Sekretess

Bestdmmelsen i 36 kap. 2 8 offentlighets och sekretesslagen (2009:400) bor fortsatt
varatillamplig pa uppgifter som har lagts fram vid under syn och férhandling inom
sténgda dorrar i den man uppgifternainte har tagits in i denna dom (se domslutet).
Uppgiften pa sidan 8 i akthilaga 124, som &r intagen i C. D:s sakkunnigutla-tande,
har lagts fram vid offentlig forhandling i samband med forhoret med C. D. varfér
bestdmmelsen i 36 kap. 2 8§ offentlighet- och sekretesslagen inte fort-satt kan vara
tillamplig pa denna uppgift.

For uppgifter i handlingar som inte har lagts fram vid offentlig férhandling eller tagits
ini dom eller beslut géller sekretessregleringen fortsatt utan nagot sarskilt forordnande
om detta ska goras i domslutet.

HUR MAN OVERKLAGAR, sehilaga6 (PMT-02)

Overklagande stéllt till Patent- och marknadsdverdomstolen, ska ha kommit in till Pa-

tent- och marknadsdomstolen senast den 16 augusti 2019.

Rétten har bestétt av radménnen Peter Adamsson och Ulrika Persson samt patentraden
Patrik Rydman och Kerstin Roselinger. Avgorandet &r enhdligt.

Peter Adamsson Ulrika Persson

Patrik Rydman Kerstin Roselinger
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CONVERTERUNI T

TECHNI CAL FI ELD

[0001] The present enbodi nents general |y relateto acon
verter unit adaptedto convert incident photons into el ectrons,
and to a detector conprising such a converter unit.

BACKGROUND

[0002] X-ray detectors areusedto detect radiationandpro
vi de spatial mappi ng of radiationintensityinradiation-based

i mgi ng systems. Such systens involve detection of i ncom
ing radiation, such as X-rays and ganma photons, inaw de
range of different applications, including medical applica
tions.

[0003]  Basically, aradiationsource generates a beaminthe
direction of an obj ect to be exam ned and a det ect or measur es
theintensity of the beamafter it has passedt hrought he obj ect.
The detector outputs information required to produce an
i mage representing attenuation of the radiationresulting from
absorption and scattering by the structure through whi ch the
beamtraveled. Apart fromforning an X-ray transmission
i mage of an object an X-ray detector coul d also be used for
measuri ng radiation doses.

[0004]  Many radiation systems involve radiation sources,
such as X-ray tubes or radiationtreatment machines, associ
ated with a very high MeV photon ?ow during the output
pulse. The chal I enge is to convert as many as possi bl e of the
i nci dent hi gh ener gy phot ons, while at the sane tine preserv
ing their spatial information, with a high precision. This
makes it very dif?cult to achieve su?icient i mage quality.
[0005]  Acdetector unit for detecting photons inthe energy
range | keVto 100 MeV is disclosed ina document [1]. The
detector unit includes at Ieast two converter |ayers adaptedto
interact withincident X-ray photons andto cause el ectrons to
be emtted therefrom At least one anpli?er is adapted to
interact withthe enittedelectrons and produce amiltiplicity
of secondary electrons and photons representing a signal
proportional to theincident 2uence of X-ray photons.

[0006) Adocument [2] isdirectedtowards reducing spread
of el ectrons as conpar ed to conventional radiation detectors.
The radiation detector conprises a gas electron nultiplier
( GEM using interaction bet ween radiation and gas t hrough
photoel ectric effects. The GEMIs arranged in a chanber
?l1edwithgas and has a singl e gas el ectronnul tiplicationfoil
arranged inthe chanber. This gas el ectronnultiplicationfoil
is made of aplate-like miltilayer body conposed by having a
plate-like insulation layer made of a macromol ecul ar poly
mer material having athickness of 100-300 umand ?at netal
l'ayers overlaid on both surfaces of the insulation layer. The
plate-like mltilayer body is provided with a through-hole

structure.

SUMVARY
[0007) It is a general objective to provide an inproved
converter unit.
[0008] Itisaparticular objectivetoprovide aconverter unit

reducing el ectron and phot on scattering.

[0009]  These and other objectives are et by enbodi nent s
as de?ned herein.

[0010]  An aspect of the embodi ments relates to a converter
unit con?gured to convert incident photons into electrons.
The converter unit conprises mltiple blind holes fornng
respective ionization chanbers.

Mar. 5, 2015

[0011] Another aspect of the enbodi ments relates to a
det ector conpri si ngaconverter unit accordingtothe embodi

ments and an electron anpli?cation device con?gured to
produce further electrons fromelectrons formedinthe con
verter unit. The electron anpli ?cation device is attached to
the converter unit with anelectrically isolating connection.

[0012] A further aspect of the embodi ments relates to a
det ector conpri si ngaconverter unit accordingtothe enbodi

ments and a readout device con?gured to generate a signal

representative of incident photons.

BRI EF DESCRI PTI ON OF THE DRAW NGS

[0013]  The enbodi ment s, together withfurther objects and

advant ages thereof, may best be understood by maki ng ref

erence to the fol | owing description taken together with the

acconpanyi ng drawi ngs, inwhich:;

[0014] FIG 1is across-sectional viewof a converter unit
accordi ng to an enbodi nent ;

[0015] FIG 2isanillustrationof aconverter unit according
to an enbodi nent ;

[0016] FIG 3isanillustrationof aconverter unit accordi ng
to anot her embodi nent ;

[0017] FIG 4 is a cross-sectional viewof a converter unit
accordi ng to anot her enbodi nent ;

[0018] FIG 5is a cross-sectional view of a converter unit
accordingto afurther enbodi nent;

[0019] FIG 6 is a cross-sectional viewof a converter unit
according toyet another embodi ment ;

[0020] FIG 7isacross-sectional viewof adetector accord
ing to an enbodi nent;

[0021] FIG 8 schematically illustrates alignment of blind
hol es and t hrough hol es according to an enbodi ment ;

[0022] FIG 9isacross-sectional viewof adetector accord
ing to anot her enbodi nent ;

[0023] FIG 10 is a cross-sectional view of a detector
according to a further enbodi nent; and

[0024] FIG 11 is a cross-sectional view of a detector
according to yet anot her enbodi ment .

DETAI LED DESCRI PTI ON

[0025]  Throughout the drawings, the sane reference num
bers are used for simlar or corresponding el enents.

[0026] The present enbodi ments general |y relateto acon
verter unit adapt edto convert inci dent phot ons into el ectrons,
sonetines denoted primary electronsinthe art. The enbodi
ments further relateto a detector conprising such a converter
unit.

[0027]  The converter unit of the enbodi nents enables,
when i npl enent ed as a part of a detector, such as an X-ray
detector, high sharpness inthe captured picture. Such high
sharpness and resol ution in the picture is possible even for
incident hi gh energy phot ons.

[0028]  Cenerally, there is a big challenge within X-ray
detectors to convert as many as possible of incident high
ener gy photons, while at the same time preservingtheir spa
tial infornation, withahighprecision. Apriorart solutionhas
typically been to use several separate equidistant converter
layers and el ectron anpl i ?cation devices that anplify elec
trons converted fromincident photons. However, such an
approach generally leads to | ow sharpness in the forned
picture due to open gas layers bet ween the converter |ayers
and el ectron anpli?cation devices, causing scattering and
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lateral electron and photon distribution. This inturn leads to
bl urriness inthe captured i mge.

[0029] The present enbodi ments have taken a radically
different approach as conpared to the prior art when con
structing the converter unit. The present enbodi nents there
forerelatetoaconverter unit conprisingnultipleblindholes,
sonetinmes referred to as bottomholes in the art, formng
respective ionization chanbers inthe converter unit.

[0030]  Accordingly, an aspect of the embodi ments relates
to a converter unit adapted to convert incident photons into
electrons. The converter unit conprises multiple blind hol es
forming respective ionization chanbers.

[0031]  This means that the blind holes 16 inthe converter
unit 1extendthroughaportionl, see FIG 1, of athickness T
of the converter unit 1 but do not extend through the whol e
thickness T of the converter unit 1. This means that thereisa
por ti on VS the thi ckness T of the converter unit 1intowhich
the blindhol es 16 do not extend.

[0032] Various inplenentation enbodi ments of the gen
eral aspect will now be further described herein with refer
ence to the drawi ngs.

[0033] FIG 1lisacross-sectional viewof aconverter unit 1
according to an enbodi nent. Inthis embodi ment, the con
verterunit 1isinaformof asingle unitaryconverter plate 10
conprising nul tipleblindholes 16 extendingthrough a por
tion L of the thickness T of the converter plate 10 but do not
extend t hrough the whol e thi ckness T of the converter plate
10.

[0034] Themiltiplehlindholes 16 are preferably arranged
sothat they are substantiallyparallel intheconverterplate 10.
Hence, the longitudinal axes 17 of the blind holes 16 are
preferably substantially parallel with each other,

[0035]  Inaparticular enbodi ment, the mltipleblindholes
16 are arranged in the converter unit 1 to have a respective
longitudinal axis 17 substantially parallel to anormal 18 of a
main side 12, 14 of said converter unit 1. CGenerally, this
means that the longitudinal axis 17 is at least substantially
parallel to a mai n beamdirection of the incident photons 100
hitting the converter unit L Inatypical approach, the photons
100 are generated by a radiation source, which could be
regarded, as seen fromthe converter unit 1, to be a point
source due to that the extension of the radiation source is
general Iy much smal | er than the distance bet ween the radia
tion source and the converter unit 1. Accordingly, the main
beamdirectionwill hit the converter unit 1 with an angle of

i nci dence of closetozerorelativetothenormal 18 of themain
side 12 of the converter unit 1. However, sone of the phot ons
100 may infact hit the converter unit 1 withanon-zeroangle
of incidence due to radiation distribution and that the radia
tion source does not have non-zero extension.

[0036) The converter plate 10 generally conprises a ?rst
mai n side 12 adapted to face the incident photons 100 and a
second rmai n side 14 opposite to the ?rst main side 12. Ina
preferred enbodi nent, the second mai n side 14 facing away
fromthe incident phot ons 100 compri ses the entrances of the
blind holes 16. Hence the blind holes 16 extend fromthe
second mai n side 14 towards, but not reaching, the ?rst main
side 12 of the converter plate 10.

[0037)  The converter plate 10, whi chinthe embodi ment as
showninFIG 1, isintheformof asingle, unitary piece of the
converter unit 1 is preferably nmade of a netal mterial
capabl e of convertinginci dent phot ons 100 into el ectrons 110
through el ectromagnetic interaction. El ectromagnetic inter
action enconpasses all physical interactions between pho
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tons 100 and the netal material that causes generation of
electrons 110, such as through Conpt on effect, pair-produc
tion or photo electric effect.

[0038] Exanples of suitable metal materials for the con
verter plate 10 incl ude tungsten, tungsten alloys, copper, cop
per alloys, rhenium rheni umalloys, mol ybdenum nol ybde
numalloys, tantalum tantalumalloy, chromum chronium
alloys, ironandironalloys. Particularly, suitablemterials are
tungst en and tungst en all oys.

[0039]  The incident photons 100 will hit the metal material
of the solid portion of the converter plate 10 and are there,
through the el ectromagnetic interaction, convertedinto elec
trons 110. The design of the converter unit 1 of the enbodi
ment s wi thblindholes 16 extending nerely aportionL of the
thickness T of the converter unit 1 will be very ef?cient in
stopping lateral electrons and photons, i.e. traveling in a
direction perpendi cul ar to the thickness T of the converter
unit 1 and perpendicul ar to the longitudinal axes 17 of the
blindhol es 16. The reasonbei ngthat these scatteredel ectrons
and phot ons wi || be stoppedinthewalls of the blindholes 16.
Consequent |y, the particular design of the converter unit 1 of
the enbodi nents will reduce the amount of lateral or scat
tered el ectrons and phot ons exiting the converter unit 1, i.e.
exiting fromthe second mai n side 14. This reductioninelec
tron and phot on scattering will inturnreduce blurring of a
signal representing detected electrons, whichis further dis
cussed herein. This means that the converter unit 1 of the
enbodi ments is designed to pronote delivery of electrons
110 that are parallel or at least substantially parallel to the
longi tudinal axes 17 of the blind hol es 16 and parallel to the
normal s of the ?rst and second mai n sides 12, 14.

[0040] Not only the particular mterial of the converter
plate 10 but also the thickness Wof the solid part of the
converter plate 10, i.e. the portion between the bottomof the
blindhol es 16 and the ?rst mai n side 12 of the converter plate
10 facing the inci dent phot ons 100, affects the attenuation of
inci dent | owenergy photons, so called beamhardening. This
is useful in high energy applications in order to reduce the
detection of scattered photons, which generally have | ower
energy, such as up to approxi mately 300 keV.

[0041] Each blind hole 16 will operate as an ionization
chanber inwhich energetic electrons ejected fromthe con
verter plate 10 create alarge nunber of ionpairs, i.e. ions and
free electrons. This means that if the blindhol es 16 are nade
deeper, i.e larger LinFIG 1 thenthe availablegasvol unein
the blindholes 16 will increase. Accordingly, asignal, repre
sentingfreeelectrons, wll increaseproportionally. The avail
able gas vol une is also dependent on the open area, e.g.
di ameter, of the blindholes 16.

[0042]) FIG 2 schematically illustrates the converter unit 1
of FIG 1 as seen fromthe second mai n side 14, i.e. the main
side conprising the entrances to the blind holes 16. In this
enbodi ment, the blindholes 16 are arrangedinamtrix of a
nunber of rows and col ums. Inan alternative enbodi ment,
whi ch general |y enabl es smal | er distances bet ween adj acent
blind holes, the blind holes 16 can be arranged staggered
relativetoeachother asindicatedinFl G 3. Thi s embodi ment
general |y has a denser arrangement of blind holes 16 and
thereby a | ower portion of metal material inthe portionof the
converterplate 10 occupi ed by the bl i ndhol es 16 as conpar ed
to the enbodi ment of FIG 2.

[0043]  The choice of hol e pattern is generally a conpro
ni se bet ween open area (active gas vol ume) andthe abilityto
stop lateral el ectrons andphotons. The hol e patterncoul dal so
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be i n?uenced by the available manuf act uring net hods avail
abl e for the various metal mterials.

[0044] The blind holes 16 advantageously have circular
cross-sectional area as shown in FIGS. 2 and 3. However,
other cross-sectional con?gurations are also possible and
enconpassed by the enbodi ment s, such as quadratic, rectan
gular, pentagon, hexagon, octagon, elliptic, etc.

[0045] Eachblind hole 16 inthe converter plate 10 can be
seen as a gas cylinder havi ng a cl osed end facingthe ?rst mai n
side 12 and an open end at the second mai n side 14.

[0046] Anon-limting but illustrative exanple of a con
verter unit designisto manufacture the converter plate 10 to
have thi ckness T of about 2.5 mmwi thablindhole length L
of 2 mmandt her eby aremai ni ng sol i dthi ckness por t i onWof
0.5 nm The size of t he converter plate 10, see FI GS. 2 and 3,
could, for instance, be 500x500 nmmfor hei ght><width. Ina
particular embodi nent, the area of the second mai n surface
14 occupi ed by the matrix or pattern of blind hol es 16 coul d
be around 400x400 mm Each blind hol e 16 coul d have an
average di aneter of about 0.3 mmwith aninter-hole distance
of about 0.45 nmmfromcenter to center (hole pitch). If the
embodi ment of FIG 3 isused, i.e. staggeredblind holes 16,
then a 60° staggered geometry could be used. The above
presented nunbers shoul d nerely been seen as illustrative
exanpl e of atypical sizefor aconverter unit 1. The enbodi
ments are, however, not |initedthereto and other di nensi ons
of the converter plate 10 and the blind hol es 16 are possibl e
and wi thi n the scope of the enbodi nent s.

[0047) FIG 4isacross-sectional viewof another enbodi
ment of a converter unit 2 according to the enbodi ments
conprising nultiple blind holes. In this enbodiment, the
converterunit 2isnot made of asingle, unitaryconverter plate
but rather conprises a converter plate 20 with miltiple
through hol es 26 and a solid converter plate 21.

[0048]  The through holes 26 in the converter plate 20 are
preferably true through holes 26 and thereby preferably
extendt hrough the whol e thi ckness of the converter plate 20.
The solid converter plate 21 isthen attachedto the converter
plate 20 wi t hthroughhol es 26 asalidfor themltiplethrough
hol es 26 to t hereby f or ma converter unit 2withmultipleblind
hol es. Hence, inthis enbodi ment the portion of the converter
unit 2 that contains solidconverter mterial is made up of the
solid converter plate 21. The solid converter plate 21 coul d
therefore be regarded as a lid to the through holes 26. The
conbi nati on of the solid converter plate 21 and t he converter
plate 20 with through holes 26 will thereby constitute the
converter unit 2 with blind hol es.

[0049]  The solid converter plate 21 comprises a ?rst main
side 23 adapted to face the incident photons 100. A second
mai n side 25 of the solid converter plate 21 opposite to the
?rst mai nside 23 is attachedtothe converter plate 21 withthe
throughhol es 26. Thi s means that the second mai n side 25 of
the solidconverter plate 21 is attachedto a ?rst mai n side 22
of the converter plate 20 wi ththe t hrough hol es 26. El ectrons
110 f or med by the converter unit 2 exit froma second, oppo
site mai n side 24 of the converter plate 20 with the through
hol es 26.

[0050]  The solid converter plate 21 is preferably attached
with an airtight and electrically conducting connection or
bond to the converter plate 20 wi ththe through hol es 26. The
connection is preferably electrically conducting so that the
two converter plates 20, 21 together forman el ectrically con
ducting structure, towhi ch avoltage source can be connect ed,
whi ch is further di scussed herein.
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[0051]  The connectionis furthernore airtight or, nore cor
rectly, preferably gas tight. This means that gas present in
through holes 26 is prevented fromtraveling laterally inthe
interface between the converter plates 20, 21. This in turn
reduces therisk of lateral photons and el ectrons fromnovi ng
within the converter unit 2 and between adjacent through
hol es 26. The connection preferably also prevents formtion
of any gas pockets bet ween the two converter plates 20, 21.
[0052]  There are various alternatives and variants that can
be used in order to achieve an airtight or gastight but still
electrically conducting connection between the converter
plates 20, 21. Non-limting but preferred exampl es include
using a conduct i ve glue, wel di ng and diffusionbonding. Itis
al so possibl e to use external mechanical ?xtures that tightly
interconnect the converter plates 20, 21 and keep themcon
nected inanairtight and electrically conductive manner.
[0053] The two converter plates 20, 21 can be nade of a
same netal material or different netal materials. The con
verter plate 20 wi ththet hroughhol es 26is pref erabl y made of
a metal material as previously discussed for the converter
plate 10 of FIG 1, i.e tungsten, tungsten alloys, copper,
copper alloys, rhenium rhenium alloys, molybdenum
nol ybdenum alloys, tantalum tantalumalloy, chromum
chrom umalloys, ironandironalloys. Particularly, suitable
mterials are tungsten and tungsten alloys. The solid con
verter plate 21 coul dal so be made of ametal material selected
fromthis group of metals and netal alloys. However, it is
alternatively possibletomanufacturethe solidconverter plate
21 froma material selected anong al uni num an al um num
alloy and stainless steel.

[0054] The converter plate 10withblindholes 16 inFIG 1
andthe converter plate 20 wi ththroughholes 26 inFI G 2 can
be manuf act ured wi th conventional machining, for instance,
using drills and nills. This productionmnet hodis particularly
suitablefor standardnetals, e g. copper, al um numand stain
l'ess steel. H gh aspect ratio holes 16, 26 can be achi eved as
wel | as blind hol es 16 and t hrough hol es 26. U trasonic acti
vation of the tools can increase the processing speed and
extend the tool life.

[0055]  Hectro Discharge Machi ning (EDM can be used as
an alternative to conventional machining. EDM generally
have sinlar advantages and constrains but typically some
what | ower processing speed.

[0056]  Particle beamdrilling, e.g. using electrons, isalsoan
optionfor the metal mterials.

[0057]  Additive layer manufacturing, using metal powder
and a laser or an electron beamto formthe convert plate
structure by precisely, layer by layer, neltingthe metal pow
der according tothe desired geometry is also possible.

[0058] Laser drilling is also feasible for some of the pre
ferredmetal materials. Apreferred metal mterial, i.e tung
sten, is typically difficult to laser drill and suf?cient hole
depth may be hard to achi eve using a single converter plate
10, 20. One solution is to drill thinner sheets or plates of
tungsten and then alignand bond the plates together, such as
using a diffusion bondi ng process. Such an approachwill be
further di scussed bel owin connectionwithFIG 5.

[0059]  Anot her manufacture technique that can be applied
if using multiple thinner sheets or plates is chemical etching.
In order to i nprove the aspect ratio of the blind or through
hol es 16, 26 anisotropic etching, e.g. spray etching, coul d be
utilized.

[0060] Inthe enbodi ment shown in FIG 5 the converter
unit 2 comprises nultiple, i.e at least two, converter plates
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20A, 20B, each of which has multiple through holes 26
extending through the whol e thickness of respective con
verter plate 20A, 20B. These multiple converter plates 20A,
20B are attached together to form a layered structure as
shown inthe ?gure. The nultiple converter plates 20A, 20B
are preferably arranged inthe resulting | ayered structure so
that themultiplethroughhol es 26 of the converter plates 20A,
20B are aligned.

[0061]  This means that the ?nal blindhol es of the converter
unit 2 are formed by aligned and corresponding t hrough hol es
26 ineachconverter plate 20A, 20B oncetheseareattachedto
each other inthe layered structure as showninFIG 5 and the
layered structureis attached to the solid converter plate 21.
[0062] AsisshowninFIG 5 the secondmai nside 25 ofthe
solid converter plate 21 faces a ?rst mai n side 22 of a ?rst
converter plate 20Awith through hol es 26. A second, oppo
site mai n side 24 of the ?rst converter plate 20Binturnfaces
a 7rst mai n side of second converter plate 20B wi ththrough
hol es 26 and so onuntil reachi ngthe ?nal converter platewith
through hol es 26 inthe stacked or | ayered structure.

[0063] The different converter plates 20A, 20B with
through hol es 26 can be attached to each ot her using sinilar
techni ques that have been di scussed inthe foregoingin con
nectionwith FIG 4 andattachingthe converter plate 20 wi th
through hol es 26 to the solid converter plate 20. This means
that the connections between the multiple converter plates
20A, 20B with through hol es 26 and between the ?rst con
verter plate 20Awi ththroughhol es 26 andt he sol i d converter
plate 21 are preferably airtight and electrically conducting
connections or bonds. Preferred exanples, thus, include
usi ng a conductive glue, wel di ng and diffusionbonding. Itis
al so possi bl e to use external mechanical ?xtures.

[0064] The miltiple converter plates 20A, 20B with
through hol es 26 coul d all be made of a sane netal material.
However, itisinfact possibletousedifferent netal materials
for different converterplates 20A, 20Bwi t ht hroughhol es 26.
The netal material (s) for the converter plates 20A, 20Bwith
through hol es 26 is(are) preferably selected fromthe group
previously di scussed hereinin connectionwithFIG 4

[0065] The enbodi nent s of the converter unit 1, 2 shownin
FIGS. 1, 4and5 havevarious degrees of freedomwithregard
toaffectingthe formationof el ectrons andreduci ngtherisk of
electron and photon scattering. For instance, the converter
unit 1 of FIG 1 can be designed to be adapted to various
appl i cations, suchas ranging fromMeVtokeVapplications,
by the selection of, for instance, the metal material of the
converter plate 10; the geonetry of the blindhol es 16, such as
shape, cross-sectional area, length L and overall pattern,
i ncluding hol e pitch (conpare FI GS. 2 and 3); and the thi ck
ness \ADf the solid portion of the converter plate 10.

[0066] The converter unit 2 of FIG 4 has one additional
degree of freedominaffectingthe operationcharacteristics of
the converter unit 2 since it can use different metal materials
for the solidconverter plate 21 andthe converter plate 20 wi th
through hol es 26. The converter unit 2 of FIG 5 provides
further degrees of freedomsince it is possibletouse different
metal materials for different converter plates 20A, 20B with
t hrough hol es 26.

[0067]  Thus, the converter unit 1, 2 of the enbodi nents can
easi |y be designed to be adapted to the particular character
istics that are want ed for a particular applicationor use of the
converter unit 1, 2

[0068] FIG 6illustrates yet another enbodi ment of a con
verter unit 3 accordingtothe embodi ments. This enbodi nent
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is simlar to FIG 4 but with the difference that the solid
converterplate of FIG 4isreplacedby ananti-scatter grid 31.
Hence, the converter unit 3 conprises a converter plate 30
with mltiple through holes 36 and an anti-scatter grid 31
attachedto the converterplate 30 as alidfor the throughhol es
36 to thereby formmultiple blindhol es of the converter unit
3.

[0069] An anti-scatter grid 31 is a device adaptedto linit
the amount of radiation scatter. It is generally constructed of
aseries of alternatingparallel stripsof |ead, or another attenu
ating metal material, and a radiolucent substance, such as a
plastic. Aprimary X-ray beamof phot ons 100 passes t hrough
the radiol ucent strips as it travels roughly parallel to them
Scattered radiation, which has deviated fromthe primry
X-ray beam cannot easily pass through the anti-scatter grid
3l asitencounters theleadstripsat anangleandis attenuated
or lost fromthe primary X-ray beam

[0070) The anti-scatter grid 31 has a ?rst main side 33
adaptedto face the incident photons 100 and a second nai n
side 35 oppositetothe ?rst mai nside 33 and attachedto a ?rst
mai n side 32 of the converter plate 30. A second mai n side 34
of the converter plate opposite to the ?rst main side 32 is
facing the directioninwhichelectrons 110 exit the converter
unit 3.

[0071]  The anti-scatter grid 31 ispreferably attachedtothe
converter plate 30withanairtight andelectrically conducting
connection. This connection can be inthe formof any the
enbodi nent s di scussed inthe foregoing with regard to the
connecti on between the solid converter plate and a converter
plate wi ththrough hol es.

[0072]  Awvariant of the converter unit 3 of FIG 6 isto have
the anti-scatter grid 31 and a layered structure of nultiple
converter plates 30 wi ththroughhol es 36 as showninFI G 5.
[0073] Inanenbodiment, at least aportion of the walls of
the blindholes 16 inthe converter unit 1, 2, 3 of the enbodi
ments can be coated with a photoel ectric converting layer. In
addition, or alternatively, at least a portion of the ?rst main
side 23 or the second mai n side 25 of the solid converter plate
21inFIG 4 or 5 could be coated with a photoel ectric con
verting layer. Inthis latter case, it is generally preferredto
provi de the phot oel ectric convertinglayer onat | east aportion
of the second mai n side 25 and in particular to at least the
portion of the second mai n side 25 aligned withthe through
hol es 26. Thi s means that the phot oel ectric converting | ayer is
preferably provided at the bottomof the blind holes. This
approachisal so possibl ewi ththe converter unit 1as shownin
FIG 1 where the photoelectric converting layer can be
appliedto the bottomof the blindholes 16 in additionto, or
alternatively to, onthe walls of the blind holes 16.

[0074] The photoelectric converting layer(s) can be
includedinthe converter unit 1, 2, 3 inorder to custonizethe
conver si on ef 2ci ency for selected phot on energies.

[0075]  The photoelectric converting layer(s) is(are) typi
cally made of a netal selected anong alkali, bi-alkali and
mitialkali metals. Non-linmting, but preferred exanples,
include Csil, CsiTe, Nai Ki Shi Cs, ShiK4GCs,
Sbi n4Cs and Sb4Cs.

[0076]  The converter unit of the enbodi nents is preferably
included as apart of a detector. Various detector enbodi nents
incorporating a converter unit will nowbe further described
herein.

[0077]  An aspect of the embodi ments relates to a detector
conprising aconverter unit of the enbodi ments, such as any
of the converter units 1, 2, 3 discussed inthe foregoing in
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connectionwith FIGS. 1-6. Inthis aspect, the detector also
conprises anel ectronanpl i ?cation devi ce con?guredtopro
duce further el ectrons f romthe el ectrons exitingthe converter
unit. The electron anpli?cation device is attached to the
converter unit with anelectrically isolating connection.
[0078] FIG 7 is a cross-sectional view of a detector 4
according to an enbodi ment. Inthe ?gure, the converter unit
1 has been exenpl i ?ed by the enbodi ment as showninFI G
1. Thi's should, however, nerely be seenas anillustrative but
non-liniting exanple. Any of the other converter unit
enbodi ments, such as shown in FIGS. 4-6 coul d instead be
arranged inthe detector 4.

[0079]  As is shown inthe ?gure the electron anpli?cation
device 40 is preferably arranged attached to the mai n side 14
of the converter unit 1 conprising the entrances of the blind
hol es 16. Thus, the second mai n side 14 of the converter unit
1, being oppositetothe ?rst main side 12 facing the incident
phot ons 100, is attachedto a ?rst mai n side 42 of the el ectron
anpli 2cation device 40. Electrons 120, sonetines denot ed
secondary electrons inthe art, formedinthe electron anpli
?2cation device 40 exit a second, opposite mai n side 44 of the
el ectron anpli ?cati on devi ce 40.

[0080] As stated inthe foregoing, the converter unit 1 and
the electron anpli?cation device 40 are electrically isolated
fromeach ot her by an el ectrically isolating connection, bond
or | ayer 50 bet ween these two units. The electricallyisolating
connection 50 could, for instance, be inthe formof an el ec
tricallyisolating gl ue or aphotopattemabledry ?2Im Further
variants include using pol yimi des, such as Kapton (4,4 -oxy
di phenyl amine), or FR-4, whichis a conposite mterial com
posed of woven ?her gl ass clothwi th an epoxy resin binder.
[0081] The electrical isolation 50 between the converter
unit 1 andthe electron anpli?cation device 40 inpliesthat a
vol tage sour ce 52 can be connectedto the converter unit 1 and
the el ectron anpli ?cati on devi ce 40. The vol tage source 52 is
t hereby adapt ed to apply a vol tage and el ectric ?el d across the
electrical isolationlayer 50 that forces el ectrons present inthe
blind hol es 16 t owards the el ectron anpli ?cation devi ce 40.
[0082] Thus, the voltage source 52 provides the driving
force (electric ?eld) that directs electrons converted in the
converter unit 1 fromthe incident photons 100 towards the
el ectron anpli ?cati on devi ce 40.

[0083]  The purpose of the el ectron anpl i ?cati on devi ce 40
is, asits nane indicates, to amplifytheelectronsignal exiting
the converter unit 1. Thus, the electron anpli?cation device
40 produces amultiplicity of el ectrons 120 f romt he el ectrons
emtted fromthe converter unit 1 This miltiplicity of elec
trons 120 thenrepresents a signal proportional tothe incident
?uence of phot ons 100.

[0084] Asuitable voltage applied by the vol tage source 52
coul d be about 50 V between the converting unit 1 and the
el ectronanpli ?cation devi ce 40. However, theactual voltage
val ue depends onvari ous desi gn aspects, such as the dept h of
the blindhol es 16 inthe converter unit L

[0085] Therearevariousinplenentationexanples of el ec
tronanpli ?cation devices 40 that can be used ina detector 4
inorder to anplify an input electron signal and output an
anpli?edelectronsignal. Apreferred exanpl eisa Gas El ec
tronMitiplier (GEM.

[0086) A GEMA40 is, inits nost basic design, athinstruc
ture of two metal electrodes with aninsulating foil inserted
between. The structure is perforated with through holes 46
wher e the electron multiplication can occur. In a preferred
enbodi ment, a voltage source 54 is connected to the two
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netal electrodes of the GEM40 and is adapted to apply a
vol tage across the metal electrodes. This appliedvoltage will
create large electric ?el ds inthe through hol es 46.

[0087]  Intypical inplementations, the voltage source 54
coul d provi de avol tage wi thi n the range of 150- 400 V across
the two metal electrodes. This should, however, nerely be
seenas anillustrative but non-1initing exanple.

[0088] InFIG 7thedetector 4 has beenillustratedw thtwo
vol tage sour ces 52, 54, one for providing avol t age across the
electrically isolating connection 50, preferably between the
converter unit 1 and the netal el ectrode facing the converter
unit 1 andtheelectricallyisolating connectionb50, and one for
providing avoltage across the netal electrodes of the GEM
40. In an alternative enbodi nent, a single voltage source is
used to provide both these vol tages, possible in connection
with one or nore resistors to get the correct voltage val ues.
[0089]  Inan enbodiment, the mltiplethrough holes 46 of
the GEMA4O0 are al i gnedwi t hthe nul ti pl e blindhol es 16 of t he
converter unit 1 as schematicallyindicatedinFIG 8. Insuch
an enbodi ment, the di ameter or the cross-sectional area of the
through hol es 46 inthe GEMA4O0 is typical Iy smal | er thanthe
correspondi ng diameter or cross-sectional area of the blind
hol es 16 in the converter unit 1.

[0090] Itis, however, generally not necessary to alignthe
through holes 46 with the blind holes 16. For instance, by
having a GEM40 with a smaller pitch for the pattern of
throughhol es 46 inthe GEMA40 as conpar ed to the converter
unit 1 thena certainnunber of throughholes 46 will al ways
mat ch a blind hole 16 in the converter unit 1 This approach
thereby reduces the need for any alignnent.

[009]] GEMs 40 are well known inthe art and there are
various document s disclosi ng GEMexanpl es [1-4].

[0092] In some prior art detectors, a stack of nmultiple
GEMs 40 coul d be used to even further anplify the electron
signal. Such an approach is al so possi bl e for detector 4 of the
embodi ments. Insuchacase, themltiple GEMs 40 coul d be
separated fromeach other by a respective electrically insu
lating layer, similar to the electrically insulating Iayer 50
bet ween the converter unit andthe GEM40inFIG 7. Alter
natively, a small gas gap coul d be present between adjacent
GEMs 40.

[0093]  Qther non-liniting exanples of electronanpli?ca
tion devices 40 that can be used in the detector 4 include
M cro Channel Plate (MCP), Capillary Plate (CP) andM cro
Mesh Gaseous Structure (M croMegas).

[0094] Generally, a MCPis a slab made fromhighly resis
tivematerial witharegular array of tubes or slots (m crochan
nels) Ieading fromone face to the opposite. These tubes or
slots are typically densely distributed over the whol e struc
ture. Inoperation, eachnicrochannel isacontinuous-dynode
electronmultiplier, inwhi chmltiplicationof electrons takes
pl ace under the presence of a strong electric ?eld. An electron
or photon entering a mcrochannel througha small ori?ceis
guaranteedtohit the channel wal | sincethen crochannels are
angled to the plate and, thus, angled relative to the angle of
inpact. The inmpact between the electron or photon and the
channel wall starts a cascade of electrons that propagate
through the microchannel . Accordingly, an anpli?cation of
theoriginal signal by several orders of magnitude is possible
dependi ng on the electric ?el d strength and the geometry of
the MCP.

[0095]  There arevariants of MCP inthe art that can al so be
used according to the enbodinents, such as chevron MCP
and Z stack MCP.
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[0096] An exanpl e of a MCP designis di scl osedin a docu
ment [5].
[0097] ACPishasicallyathinplate-likemenber, inwhich

aplurality of lead glass capillaries constituting ahol | owlike
shape is integrated. Thin ?I melectrodes are f ormed on oppo
site surfaces of the CP. Mor e information of CP design canbe
foundina docunent [7].

[0098] InaM croMegas a gas vol umeis divided intwo by
ametallic mcro-nmesh. An electronor photon passingthrough
the M croMegas will ionize gas atoms by puling up an elec
tron creating an electron-ion pair. By applying an electric
?eldtheelectronwill drift towardthe m cro-nesh operating
as anpl i ?cation electrode. When the electron enters close to
the mi cro-neshit enters anintense electric ?eld. Accel erated
by this highelectric %eld, the el ectronreaches enough ener gy
produce el ectron-ion pairs that will also ionize the gas caus
ing an aval anche effect.

[0099]  Inoperation, electrons formed inthe converter unit
1 and having suf ?cient | owenergy will directly be captured
by the electric ?eld and transported towards the electron
anpl i ?cationdevi ce 40. Anoptional photoel ectric converting
| ayer onthe surfaces de?ningthe blindholes 16 increases the
amount of such | ow energy electrons since the preferred
alkali, bi-alkali andmiltialkali metals of the phot oconverting
layer are ionized at | ower energies as conpared to the pre
ferred mterials of the converter plate(s).

[0100] Electrons with higher energy and photons will typi
cally not followthe electric ?eld but will instead formion
tracks inthe gas present inthe blindholes form ng electron
ionpairs. The free electrons of the electron-ion pairs gener
ally have | owenergy and will therefore be transported by the
electric ?el d t owards the el ectron anpli ?cati on device 40. In
this case, the blindholes 16 will operate as ionization cham
bers and the amount of formedelectrons will be substantially
proportional tothetotal gas vol ume inthe blind holes.

[0101] The sumof the | ow energy electrons generated as
described above will be anpl i ?ed by the el ectron anpli ?ca
tion devi ce 40.

[0102] Inan enmbodi ment, the detector 5 also conprises a
readout device 60 adaptedto generate a signal representative
of the incident photons 100 in addition to the previously
described converter unit 1 having nultipleblindholes 16 and
the el ectron anpl i ?cati on devi ce 40 as showninFIG 9.
[0103]  Thereadout device 60 is preferably arrangedwitha
smal | gas gap 58 bet weenthe el ectron anpl i ?cation devi ce 40
and the readout device 40. It is, however, also possible to
attach the readout device 60 to the main side of the electron
anpl i ?cati ondevi ce 40 faci ng away f r omthe converter unit 1.
In such a case, an electrically isolating connection is
enpl oyed, sinilar to the electrically isolating connection 50
bet ween the converter unit 1 and the electron anpli?cation
devi ce 40.

[0104] The small gas gap 58 coul d be inthe range of about
oneor afewnillineters for most practical inplenentations.
[0105] Inapreferred enbodi ment, a voltage source 56 is
connected to the electron anpli?cation device 40 and the
readout device 60. This vol tage source 56 is adaptedto apply
a voltage and thereby generate an electric ?el d across the gas
gap 58 to force electrons 120 exiting the el ectron anpli?ca
tiontowards the readout device 60 for detection therein.
[0106] If the electron anpli?cation device 40 is inple
ment ed by a GEMA40, the voltage source 56 is preferably
connect ed bet ween the netal |ayer of the GEMA4O facing the
readout device 60 and the readout device 60.
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[0107) InFIG 9three separate vol tage sources 52, 54, 56
have beenillustrated. Inalternative enbodi nents, it coul d be
suf?cient to only use one or two voltage sources, possible
together with one or nore resistors, to provide the correct
vol tages and electric el ds across the electrically isolating
layer 50, across the electron anpli?cation device 40 and
across the gas gap 58.

[0108]  In an enbodi ment, the readout device 60 is con?g
uredto generate asignal representative of an X-ray transnis
sioni mage of an obj ect based on det ectionof el ectrons 120. In
this enbodi ment, the detector 5 is preferably inthe forman
X-ray detector 5that can be used to generate an i mage of an
object, suchas apatient or aportion of a patient's body. The
input photons 100 coul d then be froma diagnostic X-ray
source or indeed froma therapeutic radiation source to be
used to irradiate the patient, e.g. irradiate a tumor in the
patient's body. This latter case is generally referred to as
portal imaginginthe art.

[0109]  An exanpl e of a readout device 60 that can be used
according to the enbodi nents is a two-dinmensional (2D)
charge sensitive device. There are various such 2D charge
sensitive devices availableinthe art including, forinstance, a
thin-?Imtransistor (TFT) panel.

[0110) Q@ herpossi bl ereadout devices 60 that canbe usedin
the detector 5 include direct readout, for instance, through
metal lized pixel's and stacked printed circuit boards (PCBs)
with edge patterned pixels [6]. Further exanples are also
discussed in docunent [4], see for instance section 2.1.4
El ectroni ¢ readout system

[0111]  Inan enbodiment, the pattern formed by the blind
hol es 16 inthe converter unit 1, see FI GS. 2 and 3, preferably
has at least substantially a same resolution as the readout
devi ce 60.

[0112]  Inthe above described embodi ment, the detector 5is
preferably in the formof an X-ray detector con?gured to
generate a signal representative of an X-ray transmission
i mage based on the incident X-ray bean{s) of photons 100.
The enbodi ment's are, however, not linited thereto but can
alternatively be used for other detection purposes and det ec
tor inplenentations. For instance, in an enbodi ment the
readout devi ce 60 of the detector 5iscon?guredto generatea
signal representative of an absolute radiation dose of the
inci dent phot ons 100 by det ection of el ectrons 120 exitingthe
converter unit 1 and the electron anpli?cation device 40.
Hence, in this enbodi ment the detector 5 is enpl oyed for
neasuring radiation doses. The detector 5 coul d then, for
instance, be enpl oyed for radiation machi ne quality assur
ance as wel | as veri?cation of treatnent plans.

[0113]  The detector 6 preferably conprises a detector
housi ng 70 as shown in FI G 10. In such a case, the detector
housi ng 70 conpri ses the converter unit 1, the el ectronanpl i
?2cation device 40 and preferably also the readout device 60.
These units 1, 40, 60 coul d be fully enconpassed withinthe
detector housing 70 as shown in FIG 10. In an alternative
approach as showninFIG 11, the detector housing 80 of the
detector 7 at least partly encloses the converter unit 1, the
el ectron anpli?cation device 40 and preferably the readout
device 60. For instance, the ?rst main side of the converter
unit 1 facing the incident photons coul d extend outside of the
detector housi ng 80, whi chisthen typically connectedtothe
end side(s) of the converter unit 1. Correspondingly or alter
natively, the main side of the readout device 60 facing away
fromthe incident photons and electrons coul d be present
out si de of the detector housing 80.
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[0114] It is, however, generally preferred if the detector
housing 70, 80 at | east encl oses portions of the converter unit
1 and the readout device 60 so that the blind holes, the elec
tronanpl i ?cation devi ce 40 andthe gap bet weenthe el ectron
anpl i ?cation device 40 and the readout device 60 will be
present within the detector housing 70, 80.

[0115]  The detector housing 70, 80 is preferably 2 ledwith
a gas. This neans that this gas will be present inthe blind
hol es of the converter unit 1 and preferably alsowithinthe
through hol es of the el ectron anpli ?cation device 40 and in
the gap bet ween the el ectron anpli ?cati on device 40 and the
readout devi ce 60.

[0116]  Various gases, including gas mixtures, are possible
and can be used accordi ng to the embodi ments. Non-liniting
exanpl es include argon, xenon, carbon dioxide, dinethyl
ether ( DME) andmi xtures thereof. However, other quenchi ng
gases or penning mxtures are possible.

[0117) InFIGS. 7, 9-10the detector 4-7 has beenillustrated
as conprising the converter unit 1 and an el ectron anpli ?ca
tiondevice 40 inadditionto apreferredreadout device 60. In
anot her approach, the electron anpli?cation device 40 coul d
be entted. Hence, another aspect of the enbodi ments relates
to a detector conprising a converter unit according to the
enbodi nents and a readout device con?gured to generate a
signal representative of the incident photons. In such an
enbodi ment, the converter unit and the readout device are
preferably arrangedinadetector, suchas at |east partlywithin
a detector housing, with a small gas gap between the con
verter unit and the readout device. Avoltage source is pref
erably connectedtothe converter unit andthe readout device
across the gas gap inorder to force electrons formed inthe
converter unit towards the readout device for detection
therein.

[0118]  Though, this aspect of the detector works it is gen
erallypreferredtoinclude anelectronanpli?cation device as
di scussedinthe foregoi ng inordertoachieve an anpli ?cation
of the electrons prior to detection thereof by the readout
devi ce.

[0119]  The drawi ngs of the converter unit and detector of
the embodi ment s shoul d be regar ded as schematic represen
tations of various inpl ementation embodi ments. Hence, the
drawi ngs are not intended to showthe including units and
devices inany particular scal es or relative sizes.

[0120] The enbodi ment s described above are to be under
stood as a fewillustrative exanpl es of the present invention.

[t will be understood by those skilledinthe art that various
nodi ?cations, conbinations and changes may be made to the
enbodi ment's without departing fromthe scope of the present
invention. Inparticular, different part solutionsinthe differ
ent embodi ments can be conbi ned in other con?gurations,
wher e technical |y possible. The scope of the present inven
tionis, however, de?ned by the appended cl aims.
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1. Aconverter unit adaptedto convert incident photons into
electrons, wherein said converter unit conprises mltiple
blind hol es forni ng respective i onization chanbers.

2. The converter unit according to claiml, wherein said
mul tipleblindhol es extendt hroughaportionof athickness of
said converter unit but do not extendthrough a whol e thick
ness of said converter unit.

3. The converter unit according to claiml, wherein said
nultiple blind holes are arranged in said converter unit to
have a respective | ongitudinal axis substantially parallel to a
normal of a mai ns side of said converter unit.

4. The converter unit accordingto clai ml, whereinat |east
aportion of walls of saidnultipleblindholesis coatedwth
a phot oel ectric converting |ayer.

5 The converter unit according to claim4, wherein said
photoel ectric converting layer is a made of ametal selected
froma group consisting of an alkali metal, abi-alkali metal
and anultialkali nmetal.

6. The converter unit according to claimd, wherein said
photoel ectric converting layer is a made of a metal selected
fromagroup consisting of Csil, Csi Te, Nai Ki Sb4Cs,
Shi K4Cs, Sbi ni Cs and Shi Cs.

7. The converter unit according to claiml, wherein said
converter unit isinaformof asingle unitary converter plate
comprising said mltiple blind holes extending through a
portionof athickness of sai d converter platebut do not extend
through a whol e thi ckness of said converter plate.

8. The converter unit according to claim7, wherein said
converter plate conpri ses:

a 7rst mai n side adaptedto face saidincident photons; and

a second nai n side opposite to said ?rst main side and

conprising entrances of saidmltipleblindholes.

9. The converter unit according to claim7, wherein said
converter plate is made of a netal material selected froma
group consi sting of tungsten, atungstenalloy, copper, acop
per alloy, rhenium arheniumalloy, nol ybdenum a nol yb
denumalloy, tantalum a tantalumalloy, chromum chro
m umal loys, ironandiron alloys.

10. The converter unit according to claiml, further com
prising:

aconverter platew thmltiplethrough holes; and

asolidconverter plate, wherein saidsolidconverterplateis

attached to said converter plate with said multiple
through hol es as a lid for said nultiple throughholes to
formsaid nultipleblind holes.

11. The converter unit accordingto claim10, wherein said
solid converter plate conprises:

a 7rst mai n side adaptedto face said incident photons; and

a second nai n side opposite to said ?rst main side and

attached to said converter plate with multiple through
hol es.

12. The converter unit according to claimll, wherein at
least a portion of at |east one of said ?rst main side and said
isecond main side is coated with a photoel ectric converting
ayer.

13. The converter unit according to claim12, wherein at
least a portion of said second main side aligned with said
through holes is coated with said photoelectric converting
layer.

14. The converter unit accordingto clai m12, wherein said
photoel ectric converting layer is a made of a metal selected
froma group consisting of an alkali metal, a bi-alkali metal
and anmultialkali nmetal.
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15. The converter unit accordingto claiml4, wherein said
photoel ectric converting layer is a made of a netal selected
froma group consisting of Csil, CsiTe, Nai Ki Sb4Cs,
Shi K4Cs, Sbi ni Cs and Shi Cs.

16. The converter unit accordingto claim10, wherein said
solid converter plate is attached with an airtight and electri
cal Iy conducting connectionto said converter plate with mul
tiple through holes.

17. The converter unit accordingto claim16, wherein said
solid converter plate is attached to said converter plate with
mul tiple through holes by means of at least one of a group
consisting of a conductive glue, welding and a diffusion
bondi ng.

18. The converter unit accordingto claim10, wherein

said converter plate with nultiple through holes is made

fromanetal material selected froma group consisting
of tungsten, a tungsten alloy, copper, a copper alloy,
rheni um arheni umalloy, mol ybdenum anol ybdenum
alloy, tantalum atantalumalloy, chromium chronium
alloys, ironandironalloys; and

said solid converter plate is made froma metal material

sel ected f roma group consisting of tungsten, atungsten
allaoy, copper, a copper alloy, rhenium arheni umalloy,
mol ybdenum a nol ybdenumalloy, tantalum a tanta
| 'umal loy, chroni um chroni umalloys, iron, ironalloys,
al uni ni um an al uni ni umal l oy and stainless steel.

19. The converter unit accordingto claiml0, further com
prising multipleconverter plates, each converter plate of said
mul tiple converter plates has miltiplethroughholes, wherein

saidmltipleconverter plates are attachedtogether toform

alayeredstructureinwhich saidnultiplethroughhol es
of saidnultiple converter plates are aligned, and

said solid converter plateis attachedto said|ayered struc

ture as alidfor saidmultiplethroughholestoformsaid
mul tiple blindholes.

20. The converter unit according to claiml, further com
prising:

aconverter platewi thnultiple through holes; and

an anti-scatter grid, wherein said anti-scatter grid is
attached to saidconverter plateas alidfor saidnultiple
through hol es to f ormsaid nul tiple blind holes.

21. The converter unit accordingto clai m20, wherein said
anti-scatter grid comprises:

a 7rst mai n side adaptedto face saidincident photons; and

a second mai n side opposite to said ?rst main side and

attached to said converter plate.

22. The converter unit according to clai m20, wherein said
anti-scatter gridis attached with an airtight and electrically
conduct i ng connectionto said converter plate.

23. The converter unit accordingto clai m22, wherein said
anti-scatter gridisattachedto sai d converterpl ate by means of
at least one of a group consisting of a conductive glue and a
di f fusi on bond.

24. The converter unit according to clai m20, wherein said
converter plateis made froma metal material selected froma
group consisting of tungsten, atungstenalloy, copper, acop
per alloy, rhenium arheniumalloy, nol ybdenum anol yb
denumalloy, tantalum a tantalumalloy, chromum chro
m umalloys, ironandironalloys.

25. Adetector conprising:

aconverter unit accordingtoclaiml and

anelectronanpli ?cati ondevi ce adapt edto produce further

electrons from said electrons, wherein said electron
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anpl i ?cation device is attached to said converter unit
withanelectricallyisolating connection.

26. The detector according to claim25, wherein said con
verter unit conprises:

a 7rst mai n side adaptedto face saidincident photons; and

a second nai n side opposite to said ?rst main side and

conprising entrances of sard multiple blind holes,
whereinsaidelectronanpli?cationdeviceisattachedto
sai d second mai n side.

27. The detector accordingto clai m25, further conprising
a vol tage source connected to said converter unit and said
electron anpli?cation device and adapted to force electrons
present in said mitiple blind holes towards said electron
anpl i ?cati on devi ce.

28. The detector according to claim25 wherein saidelec
tricallyisolating connectionis selectedfroma group consist
ing of an electrically isolating glue, aphoto patternable dry
?l mand a pol yi mi de.

29. The detector accordingto clai m25, wherein saidelec
tronanpl i ?cation device is sel ected f roma group consisting
of a Gas Electron Mitiplier, GEM a Mcro Channel Plate,
MCP; a Capillary Plate, CP; and a M cro- Mesh Gaseous
Structure, Mcrohegas.

30. The detector accordingto claim29, wherein saidelec
tron anpli?cation device is a GEM conprising mltiple
throughholes, at Ieast aportionof saidnultiplethroughhol es
are aligned with saidmultipleblind holes.

3L. The detector accordingto clai m25, further conprising
areadout device adaptedto generate a signal representative of
sai d incident phot ons.

32. The detector accordingto cl aim31, further conprising
a voltage source connected to said electron anpli?cation
devi ce and sai d readout device and adapt edto force el ectrons
exiting saidelectronanpli?cation device towards saidread
out device.

33. The detector accordingto clai m3l, whereinsaidread
out device is arranged with a gas gap between said el ectron
anmpl i ?cation devi ce and sai d readout devi ce.

34. The detector accordingto claim3l, whereinsaidread
out device isadaptedto generate a signal representative of an
X-ray transni ssioninmage of an object based on det ection of
el ectrons.

35. The detector according to clai m34, wherein saidread
out device is atwo-di mensional charge sensitive device.

36. The detector accordingto clai m35, wherein saidtwo
di mensi onal charge sensitive device is a thin-?l mtransistor,
TFT, panel.

37. The detector accordingto clai m3l, wherein saidread
out device is adaptedto generate a signal representative of an
absol ut e radi ation dose of sai d phot ons based on det ecti on of
electrons.

38. The detector according to claim3l, wherein apattern
formed by saidblindholesin saidconverter unit has at |east
substantially a same resol ution as saidreadout device.

39. The detector accordingto clai m25, further conprising
a detector housing conprising said electron anpli?cation
device and at least a portion of said converter unit, wherein
sai d detector housing is ?lled with a gas and said gas is
present in saidblind holes.

40. The detector accordingto claim39, wherein saidgasis
selected froma group consisting of argon, xenon, carbon
di oxi de, dimethyl ether or mixtures thereof.
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41. Adetector conprising:

aconverter unit accordingtoclaiml and

areadout devi ce adapt edto generate asignal representative
of saidincident photons.
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1
CONVERTER UNIT

TECHNICAL FIELD

The present embodiments generally relate to a converter
unit adapted to convert incident photons into electrons, and
to a detector comprising such a converter unit.

BACKGROUND

X-ray detectors are used to detect radiation and provide
spatial mapping of radiation intensity in radiation-based
imaging systems. Such systems involve detection of incom-
ing radiation, such as X-rays and gamma photons, in a wide
range of different applications, including medical applica-
tions.

Basically, a radiation source generates a beam in the
direction of an object to be examined and a detector mea-
sures the intensity of the beam after it has passed through the
object. The detector outputs information required to produce
an image representing attenuation of the radiation resulting
from absorption and scattering by the structure through
which the beam traveled. Apart from forming an X-ray
transmission image of an object an X-ray detector could also
be used for measuring radiation doses.

Many radiation systems involve radiation sources, such as
X-ray tubes or radiation treatment machines, associated with
a very high MeV photon flow during the output pulse. The
challenge is to convert as many as possible of the incident
high energy photons, while at the same time preserving their
spatial information, with a high precision. This makes it very
difficult to achieve sufficient image quality.

A detector unit for detecting photons in the energy range
1 keV to 100 MeV is disclosed in a document [1]. The
detector unit includes at least two converter layers adapted
to interact with incident X-ray photons and to cause elec-
trons to be emitted therefrom. At least one amplifier is
adapted to interact with the emitted electrons and produce a
multiplicity of secondary electrons and photons representing
a signal proportional to the incident fluence of X-ray pho-
tons.

A document {2] is directed towards reducing spread of
electrons as compared to conventional radiation detectors.
The radiation detector comprises a gas electron multiplier
(GEM) using interaction between radiation and gas through
photoelectric effects. The GEM is arranged in a chamber
filled with gas and has a single gas electron multiplication
foil arranged in the chamber. This gas electron multiplica-
tion foil is made of a plate-like multilayer body composed by
having a plate-like insulation layer made of a macromolecu-
lar polymer material having a thickness of 100-300 jun and
flat metal layers overlaid on both surfaces of the insulation
layer. The plate-like multilayer body is provided with a
through-hole structure.

SUMMARY

It is a general objective to provide an improved converter
unit.

It is a particular objective to provide a converter unit
reducing electron and photon scattering.

These and other objectives are met by embodiments as
defined herein.

An aspect of the embodiments relates to a converter unit
configured to convert incident photons into electrons. The
converter unit comprises multiple blind holes forming
respective jonization chambers.
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Another aspect of the embodiments relates to a detector
comprising a converter unit according to the embodiments
and an electron amplification device configured to produce
further electrons from electrons formed in the converter unit.
The electron amplification device is attached to the con-
verter unit with an electrically isolating connection.

A further aspect of the embodiments relates to a detector
comprising a converter unit according to the embodiments
and a readout device configured to generate a signal repre-
sentative of incident photons.

BRIEF DESCRIPTION OF THE DRAWINGS

The embodiments, together with further objects and
advantages thereof, may best be understood by making
reference to the following description taken together with
the accompanying drawings, in which:

FIG. 1 is a cross-sectional view of a converter unit
according to an embodiment;

FIG. 2 is an illustration of a converter unit according to an
embodiment;

FIG. 3 is an illustration of a converter unit according to
another embodiment;

FIG. 4 is a cross-sectional view of a converter unit
according to another embodiment;

FIG. 5§ is a cross-sectional view of a converter unit
according to a further embodiment;

FIG. 6 is a cross-sectional view of a converter unit
according to yet another embodiment;

FIG. 7 is a cross-sectional view of a detector according to
an embodiment;

FIG. 8 schematically illustrates alignment of blind holes
and through holes according to an embodiment;

FIG. 9 is a cross-sectional view of a detector according to
another embodiment;

FIG. 10 is a cross-sectional view of a detector according
to a further embodiment; and

FIG. 11 is a cross-sectional view of a detector according
to yet another embodiment.

DETAILED DESCRIPTION

Throughout the drawings, the same reference numbers are
used for similar or corresponding elements.

The present embodiments generally relate to a converter
unit adapted to convert incident photons into electrons,
sometimes denoted primary electrons in the art. The embodi-
ments further relate to a detector comprising such a con-
verter unit.

The converter unit of the embodiments enables, when
implemented as a part of a detector, such as an X-ray
detector, high sharpness in the captured picture. Such high
sharpness and resolution in the picture is possible even for
incident high energy photons.

Generally, there is a big challenge within X-ray detectors
to convert as many as possible of incident high energy
photons, while at the same time preserving their spatial
information, with a high precision. A prior art solution has
typically been to use several separate equidistant converter
layers and electron amplification devices that amplify elec-
trons converted from incident photons. However, such an
approach generally leads to low sharpness in the formed
picture due to open gas layers between the converter layers
and electron amplification devices, causing scattering and
lateral electron and photon distribution. This in turn leads to
blurriness in the captured image.
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The present embodiments have taken a radically different
approach as compared to the prior art when constructing the
converter unit. The present embodiments therefore relate to
a converter unit comprising multiple blind holes, sometimes
referred to as bottom holes in the art, forming respective
ionization chambers in the converter unit.

Accordingly, an aspect of the embodiments relates to a
converter unit adapted to convert incident photons into
electrons. The converter unit comprises multiple blind holes
forming respective ionization chambers.

This means that the blind holes 16 in the converter unit 1
extend through a portion L, see FIG. 1, of a thickness T of
the converter unit 1 but do not extend through the whole
thickness T of the converter unit 1. This means that there is
a portion W of the thickness T of the converter unit 1 into
which the blind holes 16 do not extend.

Various implementation embodiments of the general
aspect will now be further described herein with reference to
the drawings.

FIG. 1 is a cross-sectional view of a converter unit 1
according to an embodiment. In this embodiment, the con-
verter nnit 1 is in a form of a single, unitary converter plate
10 comprising multiple blind holes 16 extending through a
portion L of the thickness T of the converter plate 10 but do
not extend through the whole thickness T of the converter
plate 10.

The multiple blind holes 16 are preferably arranged so
that they are substantially parallel in the converter plate 10.
Hence, the longitudinal axes 17 of the blind holes 16 are
preferably substantially parallel with each other.

In a particular embodiment, the multiple blind holes 16
are arranged in the converter unit 1 to have a respective
longitudinal axis 17 substantially parallel to a normal 18 of
a main side 12, 14 of said converter unit 1. Generally, this
means that the longitudinal axis 17 is at least substantially
parallel to a main beam direction of the incident photons 100
hitting the converter unit 1. In a typical approach, the
photons 100 are generated by a radiation sowrce, which
could be regarded, as seen from the converter unit 1, to be
a point source due to that the extension of the radiation
source is generally much smaller than the distance between
the radiation source and the converter unit 1. Accordingly,
the main beam direction will hit the converter unit 1 with an
angle of incidence of close to zero relative to the normal 18
of the main side 12 of the converter unit 1. However, some
of the photons 100 may in fact hit the converter unit 1 with
a non-zero angle of incidence due to radiation distribution
and that the radiation source does not have non-zero exten-
sion.

The converter plate 10 generally comprises a first main
side 12 adapted to face the incident photons 106 and a
second main side 14 opposite to the first main side 12. In a
preferred embodiment, the second main side 14 facing away
from the incident photons 100 comprises the entrances of the
blind holes 16. Hence the blind holes 16 extend from the
second main side 14 towards, but not reaching, the first main
side 12 of the converter plate 10.

The converter plate 10, which in the embodiment as
shown in FIG, 1, is in the form of a single, unitary piece of
the converter unit 1, is preferably made of a metal material
capable of converting incident photons 100 into electrons
110 fhrough electromagnetic interaction. Electromagnetic
interaction encompasses all physical interactions between
photons 100 and the metal material that causes generation of
electrons 110, such as through Compton effect, pair-produc-
tion or photo electric effect.
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Examples of suitable metal materials for the converter
plate 10 include tungsten, tungsten alloys, copper, copper
alloys, rhenium, thenium alloys, molybdenum, molybdenum
alloys, tantalum, tantalum alloy, chromium, chromium
alloys, iron and iron alloys. Particularly, suitable materials
are tungsten and tungsten alloys.

The incident photons 100 will hit the metal material of the
solid portion of the converter plate 10 and are there, through
the electromagnetic interaction, converted into electrons
110. The design of the converter unit 1 of the embodiments
with blind holes 16 extending merely a portion L of the
thickness T of the converter unit 1 will be very efficient in
stopping lateral electrons and photons, ie. traveling in a
direction perpendicular to the thickness T of the converter
unit 1 and perpendicular to the longitudinal axes 17 of the
blind holes 16. The reason being that these scattered elec-
trons and photons will be stopped in the walls of the blind
holes 16. Consequently, the particular design of the con-
verter unit 1 of the embodiments will reduce the amount of
lateral or scattered electrons and photons exiting the con-
verter unit 1, i.e. exiting from the second main side 14. This
reduction in electron and photon scattering will in turn
reduce blurring of a signal representing detected electrons,
which is further discussed herein. This means that the
converter unit 1 of the embodiments is designed to promote
delivery of electrons 110 that are parallel or at least sub-
stantially parallel to the longitudinal axes 17 of the blind
holes 16 and parallel to the normals of the first and second
main sides 12, 14.

Not only the particular material of the converter plate 10
but also the thickness W of the solid part of the converter
plate 10, i.e. the portion between the bottom of the blind
holes 16 and the first main side 12 of the converter plate 10
facing the incident photons 100, affects the attenuation of
incident low energy photons, so called beam hardening. This
is useful in high energy applications in order to reduce the
detection of scattered photons, which generaily have lower
energy, such as up to approximately 300 keV.,

Each blind hole 16 will operate as an ionization chamber
in which energetic electrons ejected from the converter plate
10 create a large number of ion pairs, i.e. ions and free
electrons. This means that if the blind holes 16 are made
deeper, i.e. larger L in FIG. 1, then the available gas volume
in the blind holes 16 will increase. Accordingly, a signal,
representing free electrons, will increase proportionally. The
available gas volume is also dependent on the open area, e.g.
diameter, of the blind holes 16.

FIG. 2 schematically illustrates the converter unit 1 of
FIG. 1 as seen from the second main side 14, i.e. the main
side comprising the entrances to the blind holes 16. In this
embodiment, the blind holes 16 are arranged in a matrix of
a number of rows and columns. In an alternative embodi-
ment, which generally enables smaller distances between
adjacent blind holes, the blind holes 16 can be arranged
staggered relative to each other as indicated in FIG. 3. This
embodiment generally has a denser arrangement of blind
holes 16 and thereby a lower portion of metal material in the
portion of the converter plate 10 occupied by the blind holes
16 as compared to the embodiment of FIG. 2.

The choice of hole pattern is generally a compromise
between open area (active gas volume) and the ability to stop
lateral electrons and photons. The hole pattern conld also be
influenced by the available manufacturing methods avail-
able for the various metal materials.

The blind holes 16 advantageously have circular cross-
sectional area as shown in FIGS. 2 and 3. However, other
cross-sectional configurations are also possible and encom-
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passed by the embodiments, such as quadratic, rectangular,
pentagon, hexagon, octagon, elliptic, etc.

Each blind hole 16 in the converter plate 10 can be seen
as a gas cylinder having a closed end facing the first main
side 12 and an open end at the second main side 14.

A non-limiting but illustrative example of a converter unit
design is to manufacture the converter plate 10 to have
thickness T of about 2.5 mm with a blind hole length L of
2 mm and thereby a remaining solid thickness portion W of
0.5 mm. The size of the converter plate 10, see FIGS. 2 and
3, could, for instance, be 500x500 mm for heightxwidth. In
a particular embodiment, the area of the second main surface
14 occupied by the matrix or pattern of blind holes 16 could
be around 400x400 mm. Each blind hole 16 could have an
average diameter of about 0.3 mm with an inter-hole dis-
tance of about 0.45 mm from center to center (hole pitch).
If the embodiment of FIG. 3 is used, i.e. staggered blind
holes 16, then a 60° staggered geometry could be used. The
above presented numbers should merely been seen as illus-
trative example of a typical size for a converter unit 1. The
embodiments are, however, not limited thereto and other
dimensions of the converter plate 10 and the blind holes 16
are possible and within the scope of the embodiments.

FIG. 4 is a cross-sectional view of another embodiment of
a converter unit 2 according to the embodiments comprising
multiple blind holes. In this embodiment, the converter unit
2 is not made of a single, unitary converter plate but rather
comprises a converter plate 20 with multiple through holes
26 and a solid converter plate 21.

The through holes 26 in the converter plate 20 are
preferably true through holes 26 and thereby preferably
extend through the whole thickness of the converter plate 20.
The solid converter plate 21 is then attached to the converter
plate 20 with through holes 26 as a lid for the multiple
through holes 26 to thereby form a converter unit 2 with
multiple blind holes. Hence, in this embodiment the portion
of the converter unit 2 that contains solid converter material
is made up of the solid converter plate 21. The solid
converter plate 21 could therefore be regarded as a lid to the
through holes 26. The combination of the solid converter
plate 21 and the converter plate 20 with through holes 26
will thereby constitute the converter unit 2 with blind holes.

The solid converter plate 21 comprises a first main side 23
adapted to face the incident photons 100. A second main side
25 of the solid converter plate 21 opposite to the first main
side 23 is attached to the converter plate 21 with the through
holes 26. This means that the second main side 25 of the
solid converter plate 21 is attached to a first main side 22 of
the converter plate 20 with the through holes 26. Electrons
110 formed by the converter unit 2 exit from a second,
opposite main side 24 of the converter plate 20 with the
through holes 26.

The solid converter plate 21 is preferably attached with an
airtight and electrically conducting connection or bond to
the converter plate 20 with the through holes 26. The
connection is preferably electrically conducting so that the
two converter plates 20, 21 together form an electrically
conducting structure, to which a voltage source can be
connected, which is further discussed herein.

The connection is furthermore airtight or, more correctly,
preferably gas tight. This means that gas present in through
holes 26 is prevented from traveling laterally in the interface
between the converter plates 20, 21. This in turn reduces the
risk of lateral photons and electrons from moving within the
converter unit 2 and between adjacent through holes 26. The
connection preferably also prevents formation of any gas
pockets between the two converter plates 20, 21.
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There are various alternatives and variants that can be
used in order to achieve an airtight or gastight but still
electrically conducting connection between the converter
plates 20, 21. Non-limiting but preferred examples include
using a conductive glue, welding and diffasion bonding. It is
also possible to use external mechanical fixtures that tightly
interconnect the converter plates 20, 21 and keep them
connected in an airtight and electrically conductive manner.

The two converter plates 20, 21 can be made of a same
metal material or different metal materials. The converter
plate 20 with the through holes 26 is preferably made of a
metal material as previously discussed for the converter
plate 10 of FIG. 1, i.e. tungsten, tungsten alloys, copper,
copper alloys, rhenium, rhenium alloys, molybdenum,
molybdenum alloys, tantalum, tantalum alloy, chromium,
chromium alloys, iron and iron alloys. Particularly, suitable
materials are tungsten and tungsten alloys. The solid con-
verter plate 21 could also be made of a metal material
selected from this group of metals and metal alloys. How-
ever, it is alternatively possible to manufacture the solid
converter plate 21 from a material selected among alumi-
num, an aluminum alloy and stainless steel.

The converter plate 10 with blind holes 16 in FIG. 1 and
the converter plate 20 with through holes 26 in FIG. 2 can
be manufactured with conventional machining, for instance,
using drills and mills. This production method is particularly
suitable for standard metals, e.g. copper, aluminum and
stainless steel. High aspect ratio holes 16, 26 can be
achieved as well as blind holes 16 and through holes 26.
Ultrasonic activation of the tools can increase the processing
speed and extend the too} life.

Electro Discharge Machining (EDM) can be used as an
alternative to conventional machining. EDM generally have
similar advantages and constrains but typically somewhat
lower processing speed.

Particle beam drilling, e.g. using electrons, is also an
option for the metal materials.

Additive layer manufacturing, using metal powder and a
laser or an electron beam to form the convert plate structure
by precisely, layer by layer, melting the metal powder
according to the desired geometry is also possible.

Laser drilling is also feasible for some of the preferred
metal materials. A preferred metal material, i.e. tungsten, is
typically difficult to laser drill and sufficient hole depth may
be hard to achieve using a single converter plate 10, 20. One
solution is to drill thinner sheets or plates of tungsten and
then align and bond the plates together, such as using a
diffusion bonding process. Such an approach will be further
discussed below in connection with FIG. §.

Another manufacture technique that can be applied if
using multiple thinner sheets or plates is chemical etching,.
In order to improve the aspect ratio of the blind or through
holes 16, 26 anisotropic etching, e.g. spray etching, could be
utilized.

In the embodiment shown in FIG. 5 the converter unit 2
comprises multiple, i.e. at least two, converter plates 20A,
20B, each of which has multiple through holes 26 extending
through the whole thickness of respective converter plate
204, 20B. These multiple converter plates 20A, 20B are
attached together to form a layered structure as shown in the
figure. The multiple converter plates 20A, 20B are prefer-
ably arranged in the resulting layered structure so that the
multiple through holes 26 of the converter plates 20A, 20B
are aligned.

This means that the final blind holes of the converter unit
2 are formed by aligned and corresponding through holes 26
in each converter plate 20A, 20B once these are attached to
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each other in the layered structure as shown in FIG. 5 and
the layered structure is attached to the solid converter plate
21.

As is shown in FIG. 5, the second main side 25 of the solid
converter plate 21 faces a first main side 22 of a first
converter plate 20A with through holes 26. A second,
opposite main side 24 of the first converter plate 20B in turn
faces a first main side of second converter plate 20B with
through holes 26 and so on until reaching the final converter
plate with through holes 26 in the stacked or layered
structure.

The different converter plates 20A, 20B with through
holes 26 can be attached to each other using similar tech-
niques that have been discussed in the foregoing in connec-
tion with FIG. 4 and attaching the converter plate 20 with
through holes 26 to the solid converter plate 20. This means
that the connections between the multiple converter plates
204, 20B with through holes 26 and between the first
converter plate 20A with through holes 26 and the solid

converter plate 21 are preferably airtight and electrically 2

conducting connections or bonds. Preferred examples, thus,
include using a conductive glue, welding and diffusion
bonding. It is also possible to use external mechanical
fixtures.

The multiple converter plates 20A, 20B with through
holes 26 could all be made of a same metal material.
However, it is in fact possible to use different metal mate-
rials for different converter plates 20A, 20B with through
holes 26. The metal material(s) for the converter plates 20A,
20B with through holes 26 is(are) preferably selected from
the group previously discussed herein in connection with
FIG. 4.

The embodiments of the converter unit 1, 2 shown in
FIGS. 1, 4 and 5 have various degrees of freedom with
regard to affecting the formation of electrons and reducing
the risk of electron and photon scattering. For instance, the
converter unit 1 of FIG. 1 can be designed to be adapted to
various applications, such as ranging from MeV to keV
applications, by the selection of, for instance, the metal
material of the converter plate 10; the geometry of the blind
holes 16, such as shape, cross-sectional area, length L and
overall pattern, including hole pitch (compare FIGS. 2 and
3); and the thickness W of the solid portion of the converter
plate 10,

The converter unit 2 of FIG. 4 has one additional degree
of freedom in affecting the operation characteristics of the
converter unit 2 since it can use different metal materials for
the solid converter plate 21 and the converter plate 20 with
through holes 26. The converter unit 2 of FIG. 5 provides
further degrees of freedom since it is possible to use different
metal materials for different converter plates 204, 20B with
through holes 26.

Thus, the converter unit 1, 2 of the embodiments can
easily be designed to be adapted to the particular character-
istics that are wanted for a particular application or use of the
converter unit 1, 2.

FIG. 6 illustrates yet another embodiment of a converter
unit 3 according to the embodiments. This embodiment is
similar to.FIG. 4 but with the difference that the solid
converter plate of FIG. 4 is replaced by an anti-scatter grid
31. Hence, the converter unit 3 comprises a converter plate
30 with multiple through holes 36 and an anti-scatter grid 31
attached to the converter plate 30 as a lid for the through
holes 36 to thereby form multiple blind holes of the con-
verter unit 3.

An anti-scatter grid 31 is a device adapted to limit the
amount of radiation scatter. It is generally constructed of a
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series of alternating parallel strips of lead, or another attenu-
ating metal material, and a radiolucent substance, such as a
plastic. A primary X-ray beam of photons 100 passes
through the radiolucent strips as it travels roughly parallel to
them. Scattered radiation, which has deviated from the
primary X-ray beam, cannot easily pass through the anti-
scatter grid 31 as it encounters the lead strips at an angle and
is attenuated or lost from the primary X-ray beam.

The anti-scatter grid 31 has a first main side 33 adapted to
face the incident photons 100 and a second main side 35
opposite to the first main side 33 and attached to a first main
side 32 of the converter plate 30. A second main side 34 of
the converter plate opposite to the first main side 32 is facing
the direction in which electrons 110 exit the converter unit
3.

The anti-scatter grid 31 is preferably attached to the
converter plate 30 with an airtight and electrically conduct-
ing connection. This connection can be in the form of any
the embodiments discussed in the foregoing with regard to
the connection between the solid converter plate and a
converter plate with through holes.

A variant of the converter unit 3 of FIG. 6 is to have the
anti-scatter grid 31 and a layered structure of multiple
converter plates 30 with through holes 36 as shown in FIG.
5.

In an embodiment, at least a portion of the walls of the
blind holes 16 in the converter unit 1, 2, 3 of the embodi-
ments can be coated with a photoelectric converting layer. In
addition, or alternatively, at least a portion of the first main
side 23 or the second main side 25 of the solid converter
plate 21 in FIG. 4 or 5 could be coated with a photoelectric
converting layer. In this Jatter case, it is generally preferred
to provide the photoelectric converting layer on at least a
portion of the second main side 25 and in particular to at
least the portion of the second main side 25 aligned with the
through holes 26. This means that the photoelectric convert-
ing layer is preferably provided at the bottom of the blind
holes. This approach is also possible with the converter unit
1 as shown in FIG. 1 where the photoelectric converting
layer can be applied to the bottom of the blind holes 16 in
addition to, or alternatively to, on the walls of the blind holes
16.

The photoelectric converting layer(s) can be included in
the converter unit 1, 2, 3 in order to customize the conver-
sion efficiency for selected photon energies.

The photoelectric converting layer(s) is(are) typically
made of a metal selected among alkali, bi-alkali and mul-
tialkali metals. Non-limiting, but preferred examples,
include Cs—I, Cs—Te, Na—K—8b—Cs, Sb—K—C s,
Sb—Rb—Cs and Sb—Cs.

The converter unit of the embodiments is preferably
included as a part of a detector. Various detector embodi-
ments incorporating a converter unit will now be further
described herein.

An aspect of the embodiments relates to a detector
comprising a converter unit of the embodiments, such as any
of the converter units 1, 2, 3 discussed in the foregoing in
connection with FIGS. 1-6. In this aspect, the detector also
comprises an electron amplification device configured to
produce further electrons from the electrons exiting the
converter unit. The electron amplification device is attached
to the converter unit with an electrically isolating connec-
tion.

FIG. 7 is a cross-sectional view of a detector 4 according
to an embodiment. In the figure, the converter unit 1 has
been exemplified by the embodiment as shown in FIG. 1.
This should, however, merely be seen as an illustrative but
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non-limiting example. Any of the other converter unit
embodiments, such as shown in FIGS. 4-6 could instead be
arranged in the detector 4.

As is shown in the figure the electron amplification device
40 is preferably arranged attached to the main side 14 of the
converter unit 1 comprising the entrances of the blind holes
16. Thus, the second main side 14 of the converter unit 1,
being opposite to the first main side 12 facing the incident
photons 100, is attached to a first main side 42 of the electron
amplification device 40. Electrons 120, sometimes denoted
secondary electrons in the art, formed in the electron ampli-
fication device 40 exit a second, opposite main side 44 of the
electron amplification device 40.

As stated in the foregoing, the converter unit 1 and the
electron amplification device 40 are electrically isolated
from each other by an electrically isolating connection, bond
or layer 50 between these two units. The electrically isolat-
ing connection 50 could, for instance, be in the form of an
electrically isolating glue or a photo patternable dry film.
Further variants include using polyimides, such as Kapton
(4,4'-oxydiphenylamine), or FR-4, which is a composite
material composed of woven fiberglass cloth with an epoxy
resin binder.

The electrical isolation 50 between the converter unit 1
and the electron amplification device 40 implies that a
voltage source 52 can be connected to the converter unit 1
and the electron amplification device 40. The voltage source
52 is thereby adapted to apply a voltage and electric field
across the electrical isolation layer 50 that forces electrons
present in the blind holes 16 towards the electron amplifi-
cation device 40.

Thus, the voltage source 52 provides the driving force
(electric field) that directs electrons converted in the con-
verter unit 1 from the incident photons 100 towards the
electron amplification device 40.

The purpose of the electron amplification device 40 is, as
its name indicates, to amplify the electron signal exiting the
converter unit 1. Thus, the electron amplification device 40
produces a multiplicity of electrons 120 from the electrons
emitted from the converter unit 1. This multiplicity of
electrons 120 then represents a signal proportional to the
incident fluence of photons 160.

A suitable voltage applied by the voltage source 52 could
be about 50 V between the converting unit 1 and the electron
amplification device 40. However, the actual voltage value
depends on various design aspects, such as the depth of the
blind holes 16 in the converter unit 1.

There are various implementation examples of electron
amplification devices 40 that can be used in a detector 4 in
order to amplify an input electron signal and output an
amplified electron signal. A preferred example is a Gas
Electron Multiplier (GEM).

A GEM 40 is, in its most basic design, a thin structure of
two metal electrodes with an insulating foil inserted
between. The structure is perforated with through holes 46
where the electron multiplication can occur. In a preferred
embodiment, a voltage source 54 is connected to the two
metal electrodes of the GEM 40 and is adapted to apply a
voltage across the metal electrodes. This applied voltage will
create large electric fields in the through holes 46.

In typical implementations, the voltage source 54 could
provide a voltage within the range of 150-400 V across the
two metal electrodes. This should, however, merely be seen
as an illustrative but non-limiting example.

In FIG. 7 the detector 4 has been illustrated with two
voltage sources 52, 54, one for providing a voltage across
the electrically isolating connection 50, preferably between
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the converter unit 1 and the metal electrode facing the
converter unit 1 and the electrically isolating connection 50,
and one for providing a voltage across the metal electrodes
of the GEM 40. In an alternative embodiment, a single
voltage source is used to provide both these voltages,
possible in connection with one or more resistors to get the
correct voltage values.

In an embodiment, the multiple throngh holes 46 of the
GEM 40 are aligned with the multiple blind holes 16 of the
converter unit 1 as schematically indicated in FIG. 8. In such
an embodiment, the diameter or the cross-sectional area of
the through holes 46 in the GEM 40 is typically smaller than
the corresponding diameter or cross-sectional area of the
blind holes 16 in the converter unit 1.

It is, however, generally not necessary to align the through
loles 46 with the blind holes 16. For instance, by having a
GEM 40 with a smaller pitch for the pattern of through holes
46 in the GEM 40 as compared to the converter unit 1 then
a certain number of through holes 46 will always match a
blind hole 16 in the converter unit 1. This approach thereby
reduces the need for any alignment.

GEM:s 40 are well known in the art and there are various
documents disclosing GEM examples [1-4].

In some prior art detectors, a stack of multiple GEMs 40
could be used to even further amplify the electron signal.
Such an approach is also possible for detector 4 of the
embodiments. In such a case, the multiple GEMSs 40 could
be separated from each other by a respective electrically
insulating layer, similar to the electrically insulating layer 50
between the converter unit and the GEM 40 in FIG. 7.
Alternatively, a small gas gap could be present between
adjacent GEMs 40.

Other non-limiting examples of electron amplification
devices 40 that can be used in the detector 4 include Micro
Channel Plate (MCP), Capillary Plate (CP) and Micro-Mesh
Gaseous Structure (MicroMegas).

Generally, a MCP is a slab made from highly resistive
material with a regular array of tubes or slots (microchan-
nels) leading from one face to the opposite. These tubes or
slots are typically densely distributed over the whole struc-
ture. In operation, each microchannel is a continuous-dyn-
ode electron multiplier, in which multiplication of electrons
takes place under the presence of a strong electric field. An
electron or photon entering a microchanne] through a small
orifice is guaranteed to hit the channel wall since the
microchannels are angled to the plate and, thus, angled
relative to the angle of impact. The impact between the
electron or photon and the channel wall starts a cascade of
electrons that propagate through the microchannel. Accord-
ingly, an amplification of the original signal by several
orders of magnitude is possible depending on the electric
field strength and the geometry of the MCP.

There are variants of MCP in the art that can also be used
according to the embodiments, such as chevron MCP and Z
stack MCP.

An example of a MCP design is disclosed in a document
{51.

A CP is basically a thin plate-like member, in which a
plurality of lead glass capillaries constituting a hollow-like
shape is integrated. Thin film electrodes are formed on
opposite surfaces of the CP. More information of CP design
can be found in a document [7].

In a MicroMegas a gas volume is divided in two by a
metallic micro-mesh. An electron or photon passing through
the MicroMegas will ionize gas atoms by puling up an
electron creating an electron-ion pair. By applying an elec-
tric field the electron will drift toward the micro-mesh
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operating as amplification electrode. When the electron
enters close 1o the micro-mesh it enters an intense electric
field. Accelerated by this high electric field, the electron
reaches enough energy produce electron-ion pairs that will
also ionize the gas causing an avalanche effect.

In operation, electrons formed in the converter unit 1 and
having sufficient low energy will directly be captured by the
electric field and transported towards the electron amplifi-
cation device 40. An optional photoelectric converting layer
on the surfaces defining the blind holes 16 increases the
amount of such low energy electrons since the preferred
alkali, bi-alkali and multialkali metals of the photoconvert-
ing layer are ionized at lower energies as compared to the
preferred materials of the converter plate(s).

Electrons with higher energy and photons will typically
not follow the electric field but will instead form ion tracks
in the gas present in the blind holes forming electron-ion
pairs. The free electrons of the electron-ion pairs generally
have low energy and will therefore be transported by the
electric field towards the electron amplification device 40. In
this case, the blind holes 16 will operate as ionization
chambers and the amount of formed electrons will be
substantially proportional to the total gas volume in the blind
holes.

The sum of the low energy electrons generated as
described above will be amplified by the electron amplifi-
cation device 40.

In an embodiment, the detector 5 also comprises a readout
device 60 adapted to generate a signal representative of the
incident photons 100 in addition to the previously described
converter unit 1 having multiple blind holes 16 and the
electron amplification device 40 as shown in FIG. 9.

The readout device 60 is preferably arranged with a small
gas gap 58 between the electron amplification device 40 and
the readout device 40. It is, however, also possible to attach
the readout device 60 to the main side of the electron
amplification device 40 facing away from the converter unit
1. In such a case, an electrically isolating connection is
employed, similar to the electrically isolating connection 50
between the converter unit 1 and the electron amplification
device 40.

The small gas gap 58 could be in the range of about one
or a few millimeters for most practical implementations.

In a preferred embodiment, a voltage source 56 is con-
nected to the electron amplification device 40 and the
readout device 60. This voltage source 56 is adapted to apply
a voltage and thereby generate an electric field across the gas
gap 58 to force electrons 120 exiting the electron amplifi-
cation towards the readout device 60 for detection therein.

If the electron amplification device 40 is implemented by
a GEM 40, the voltage source 56 is preferably connected
between the metal layer of the GEM 40 facing the readout
device 60 and the readout device 60.

In FIG. 9 three separate voltage sources 52, 54, 56 have
been illustrated. In alternative embodiments, it could be
sufficient to only use one or two voltage sources, possible
together with one or more resistors, to provide the correct
voltages and electric fields across the electrically isolating
layer 50, across the electron amplification device 40 and
across the gas gap 58.

In an embodiment, the readout device 60 is configured to
generate a signal representative of an X-ray transmission
image of an object based on detection of electrons 120. In
this embodiment, the detector 5 is preferably in the form an
X-ray detector 5 that can be used to generate an image of an
object, such as a patient or a portion of a patient’s body. The
input photons 100 could then be from a diagnostic X-ray
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source or indeed from a therapeutic radiation source to be
used to irradiate the patient, e.g. irradiate a tumor in the
patient’s body. This latter case is generally referred to as
portal imaging in the art.

An example of a readout device 60 that can be used
according to the embodiments is a two-dimensional (2D)
charge sensitive device. There are various such 2D charge
sensitive devices available in the art including, for instance,
a thin-film transistor (TFT) panel.

Other possible readout devices 60 that can be used in the
detector 5 include direct readout, for instance, through
metallized pixels and stacked printed circuit boards (PCBs)
with edge patterned pixels [6]. Further examples are also
discussed in document [4], see for instance section 2.1.4
Electronic readout system.

In an embodiment, the pattern formed by the blind holes
16 in the converter unit 1, see FIGS. 2 and 3, preferably has
at least substantially a same resolution as the readout device
60.

In the above described embodiment, the detector 5 is
preferably in the form of an X-ray detector configured to
generate a signal representative of an X-ray transmission
image based on the incident X-ray beam(s) of photons 100.
The embodiments are, however, not limited thereto but can
alternatively be used for other detection purposes and detec-
tor implementations. For instance, in an embodiment the
readout device 60 of the detector 5 is configured to generate
a signal representative of an absolute radiation dose of the
incident photons 100 by detection of electrons 120 exiting
the converter unit 1 and the electron amplification device 40.
Hence, in this embodiment the detector 5 is employed for
measuring radiation doses. The detector 5 could then, for
instance, be employed for radiation machine quality assur-
ance as well as verification of treatment plans.

The detector 6 preferably comprises a detector housing 70
as shown in FIG. 10. In such a case, the detector housing 70
comprises the converter unit 1, the electron amplification
device 40 and preferably also the readout device 60. These
units 1, 40, 60 could be fully encompassed within the
detector housing 70 as shown in FIG. 10. In an alternative
approach as shown in FIG. 11, the detector housing 80 of the
detector 7 at least partly encloses the converter unit 1, the
electron amplification device 40 and preferably the readout
device 60. For instance, the first main side of the converter
unit 1 facing the incident photons could extend outside of the
detector housing 80, which is then typically connected to the
end side(s) of the converter mpit 1. Correspondingly or
alternatively, the main side of the readout device 60 facing
away from the incident photons and electrons could be
present outside of the detector housing 80.

1t is, however, generally preferred if the detector housing
70, 80 at least encloses portions of the converter unit 1 and
the readout device 60 so that the blind holes, the electron
amplification device 40 and the gap between the electron
amplification device 40 and the readout device 60 will be
present within the detector housing 70, 80.

The detector housing 70, 80 is preferably filled with a gas.
This means that this gas will be present in the blind holes of
the converter unit 1 and preferably also within the throngh
holes of the electron amplification device 40 and in the gap
between the electron amplification device 40 and the readout
device 60.

Various gases, including gas mixtures, are possible and
can be used according to the embodiments. Non-limiting
examples include argon, xenon, carbon dioxide, dimethyl
ether (DME) and mixtures thereof. However, other quench-
ing gases or penning mixtures are possible.
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In FIGS. 7, 9-10 the detector 4-7 has been illustrated as
comprising the converter unit 1 and an electron amplifica-
tion device 40 in addition to a preferred readout device 60.
In another approach, the electron amplification device 40
could be emitted. Hence, another aspect of the embodiments
relates to a detector comprising a converter unit according to
the embodiments and a readout device configured to gener-
ate a signal representative of the incident photons. In such an
embodiment, the converter unit and the readout device are
preferably arranged in a detector, such as at least partly
within a detector housing, with a small gas gap between the
converter unit and the readout device. A voltage source is
preferably connected to the converter unit and the readout
device across the gas gap in order to force electrons formed
in the converter unit towards the readout device for detection
therein.

Though, this aspect of the detector works it is generally
preferred to include an electron amplification device as
discussed in the foregoing in order to achieve an amplifi-
cation of the electrons prior to detection thereof by the
readout device.

The drawings of the converter unit and detector of the
embodiments should be regarded as schematic representa-
tions of various implementation embodiments. Hence, the
drawings are not intended to show the inchuding units and
devices in any particular scales or relative sizes.

The embodiments described above are to be understood as
a few illustrative examples of the present invention. It will
be understood by those skilled in the art that various
modifications, combinations and changes may be made to
the embodiments without departing from the scope of the
present invention. In particular, different part solutions in the
different embodiments can be combined in other configura-
tions, where technically possible. The scope of the present
invention is, however, defined by the appended claims.
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The invention claimed is:

1. A detector comprising:

a metal converter unit adapted to convert incident photons
into electrons and comprising multiple blind holes
forming respective jonization chambers,

wherein said multiple blind holes extend from a surface of
the converter unit through a portion of a thickness of
said converter unit but do not extend through a whole
thickness of said converter unit,

wherein said multiple blind holes have a cross-sectional
configuration selected from a group consisting of cir-
cular, quadratic, pentagon, hexagon, octagon and ellip-
tic cross-sectional configurations, and

wherein said multiple blind holes are filled with gas; and

an electron amplification device adapted to produce fur-
ther electrons from said electrons and comprising mul-
tiple through holes,

wherein at least a portion of said multiple through holes
are aligned with said multiple blind holes, and
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wherein said electron amplification device is attached to
said converter unit with an electrically isolating con-
nection,

2. The detector according to claim 1, wherein said mul-
tiple blind holes are arranged in said converter unit to have
a respective longitudinal axis substantially parallel to a
normal of a main side of said converter unit.

3. The detector according to claim 1, wherein at least a
portion of walls of said multiple blind holes is coated with
a photoelectric converting layer.

4. The detector according to claim 3, wherein said pho-
toelectric converting layer is a made of a metal selected from
a group consisting of an alkali metal, a bi-alkali metal and
a multialkali metal.

5. The detector according to claim 3, wherein said pho-
toelectric converting layer is made of a metal selected from
a group consisting of Cs—I, Cs—Te, Na—K—Sb—Cs,
Sb—K—Cs, Sb—Rb-—Cs and Sb—Cs.

6. The detector according to claim 1, wherein said con-
verter unit is in a form of a single, unitary converter plate
comprising said multiple blind holes extending through a
portion of a thickness of said converter plate but not extend-
ing through a whole thickness of said converter plate.

7. The detector according to claim 6, wherein said con-
verter plate comprises:

a first main side adapted to face said incident photons; and

a second main side opposite to said first main side and

comprising entrances of said multiple blind holes.

8. The detector according to claim 6, wherein said con-
verter plate is made of a metal material selected from a
group consisting of tungsten, a tungsten alloy, copper, a
copper alloy, rhenjum, a rhemium alloy, molybdenum, a
molybdenum alloy, tantalum, a tantalum alloy, chromium,
chromium alloys, iron and iron alloys.

9. The detector according to claim 1, wherein the con-
verter unit comprises:

a converter plate with multiple through holes; and

a solid converter plate, wherein said solid converter plate

is attached to said converter plate with said multiple
through holes as a lid for said multiple through holes to
form said multiple blind holes.

10. The detector according to claim 9, wherein said solid
converter plate comprises:

a first main side adapted to face said incident photons; and

a second main side opposite to said first main side and

attached to said converter plate with multiple through
holes.

11. The detector according to claim 10, wherein at least a
portion of at least one of said first main side and said second
main side is coated with a photoelectric converting layer.

12. The detector according to claim 11, wherein at least a
portion of said second main side aligned with said through
holes is coated with said photoelectric converting layer.

13. The detector according to claim 11, wherein said
photoelectric converting layer is a made of a metal selected
from a group consisting of an alkali metal, a bi-alkali metal
and a multialkali metal.

14. The detector according to claim 13, wherein said
photoelectric converting layer is made of a metal selected
from a group consisting of Cs—I, Cs—Te, Na—K—Sb—
Cs, Sb—K—Cs, Sb—Rb—Cs and Sb—Cs.

15. The detector according to claim 9, wherein said solid
converter plate is attached with an airtight and electrically
conducting connection to said converter plate with multiple
through holes.

16. The detector according to claim 15, wherein said solid
converter plate is attached to said converter plate with
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multiple through holes by means of at least one of a group
consisting of a conductive glue, welding and a diffusion
bonding.
17. The detector according to claim 9, wherein
said converter plate with multiple through holes is made
from a metal material selected from a group consisting
of tungsten, a tungsten alloy, copper, a copper alloy,
rhenium, a rhenium alloy, molybdenum, a molybdenum
alloy, tantalum, a tantalum alloy, chromium, chromium
alloys, iron and iron alloys; and
said solid converter plate is made from a metal material
selected from a group consisting of fungsten, a tungsten
alloy, copper, a copper alloy, rhenium, a rhenium alloy,
molybdenum, a molybdenum alloy, tantalum, a tanta-
lum alloy, chromium, chromium atloys, iron, iron
alloys, aluminium, an aluminium alloy and stainless
steel.
18. The deteclor according to claim 9, wherein the con-
verter unit comprises multiple converter plates, wherein
each converter plate of said multiple converter plates has
multiple through holes, wherein
said multiple converter plates are attached together to
form a layered structure in which said multiple through
holes of said multiple converter plates are aligned, and

said solid converter plate is attached to said layered
structure as a lid for said multiple through holes to form
said multiple blind holes.

19. The detector according to claim 1, wherein the con-
verter unit comprises:

a converter plate with multiple through holes; and

an anti-scatter grid, wherein said anti-scatter grid is

attached to said converter plate as a 1id for said multiple
through holes to form said multiple blind holes.

20. The detector according to claim 19, wherein said
anti-scatter grid comprises:

a first main side adapted to face said incident photons; and

a second main side opposite to said first main side and

attached to said converter plate.

21. The detector according to claim 19, wherein said
anti-scatter grid is attached with an airtight and electrically
conducting connection to said converter plate.

22. The detector according to claim 21, wherein said
anti-scatter grid is attached to said converter plate by means
of at least one of a group consisting of a conductive glue and
a diffusion bond.

23. The detector according to claim 19, wherein said
converter plate is made from a metal material selected from
a group consisting of tungsten, a tungsten alloy, copper, a
copper alloy, rhenium, a rhenium alloy, molybdenum, a
molybdenum alloy, tantalum, a tantalum alloy, cliromium,
chromium alloys, iron and iron alloys.

24, The detector according to claim 1, wherein said
converter unit comprises:

a first main side adapted to face said incident photons; and

a second main side opposite to said first main side and

comprising entrances of said multiple blind holes,
wherein said electron amplification device is attached
to said second main side.

25. The detector according to claim 1, further comprising
a voltage source connected to said converter unit and said
electron amplification device and adapted to force electrons
present in said multiple blind holes towards said electron
amplification device.

26. The detector according to claim 1, wherein said
electrically isolating connection is selected from a group
consisting of an electrically isolating glue, a photo pattem-
able dry film and a polyimide.
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27. The detector according to claim 1, wherein said
electron amplification device is selected from a group con-
sisting of a Gas Electron Multiplier, GEM; a Micro Channel
Plate, MCP; a Capillary Plate, CP; and a Micro-Mesh
Gaseous Structure, MicroMegas.

28. The detector according to claim 27, wherein said
electron amplification device is a GEM.

29. The detector according to claim 1, further comprising
a readout device adapted to generate a signal representative
of said incident photons.

30. The detector according to claim 29, further compris-
ing a voltage source connected to said electron amplification
device and said readout device and adapted to force elec-
trons exiting said electron amplification device towards said
readout device.

31. The detector according to claim 29, wherein said
readout device is arranged with a gas gap between said
electron amplification device and said readout device.

32. The detector according to claim 29, wherein said
readout device is adapted to generate a signal representative
of an X-ray transmission image of an object based on
detection of electrons.

33. The detector according to claim 32, wherein said
readout device is a two-dimensional charge sensitive device.

34. The detector according to claim 33, wherein said
two-dimensional charge sensitive device is a thin-film tran-
sistor, TFT, panel.

35, The detector according to claim 29, wherein said
readout device is adapted to generate a signal representative
of an absolute radiation dose of said photons based on
detection of electrons.

36. The detector according to claim 29, wherein a pattern
formed by said blind holes in said converter unit has at least
substantially a same resolution as said readout device.

37. The detector according to claim 1, further comprising
a detector housing comprising said electron amplification
device and at least a portion of said converter unit, wherein
said detector housing is filled with a gas and said gas is
present in said blind holes.

38. The detector according to claim 37, wherein said gas
is selected from a group consisting of argon, xenon, carbon
dioxide, dimethy] ether or mixtures thereof.

39, The detector according to claim 1, wherein said
multiple blind holes have a circular cross-sectional configu-
ration.

40. The detector according to claim 1, wherein said
multiple blind holes have a hexagonal cross-sectional con-
figuration.

41. The detector according to claim 1, wherein each of
said multiple blind holes has a length through the portion of
the thickness of said converter unit which is greater than any
width dimension of the blind hole.

42. A detector comprising:

a metal converter unit adapted to convert incident photons
into electrons, the metal converter unit comprising a
first metal converter plate with multiple through holes
and a second metal converter plate closing the multiple
through holes at a photon-receiving end of the con-
verter unit to form multiple blind holes serving as
respective ionization chambers,

wherein said multiple blind holes extend from a surface of
the converter unit through a portion of a thickness of
said converter unit but do not extend through a whole
thickness of said converter unit,

wherein said multiple blind holes have a cross-sectional
configuration selected from a group consisting of cir-
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cular, quadratic, pentagon, hexagon, octagon and ellip-
tic cross-sectional configurations, and

wherein said multiple blind holes are filled with gas; and

an electron amplification device adapted to produce fur-

ther electrons from said electrons and comprising mul-
tiple through holes,

wherein at least a portion of said multiple through holes

of the electron amplification device are aligned with
said multiple blind holes, and

wherein said electron amplification device is attached to

said converter unit with an electrically isolating con-
nection.

43, The detector according, to claim 42, wherein the first
meta] converter plate and the second metal converter plate
are formed as a single unitary piece.

44. The detector according to claim 42, wherein the first
metal converter plate and the second metal converter plate
are formed as separate pieces and are attached with an
airtight and electrically conducting connection.

45, The detector according to claim 42, wherein the
electrically isolating connection comprises an electrically
isolating layer arranged between the second plate of the
converter unit and a surface of the electron amplification
device.

46. The detector according to claim 7, wherein the elec-
trically isolating connection comprises an electrically iso-
lating layer arranged between the second main side of the
converter unit and a surface of the electron amplification
device.
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IONIZING RADIATION DETECTING DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a detecting device
for ionizing radiation, converter units for such devices, as
weil as converters and gas electron multipliers for such con-
verter units.

BACKGROUND OF THE INVENTION

[0002] Inthe medical field ionizing radiation has many
diagnostic and therapeutic uses . It can be used for imaging the
body of a patient for example to detect tumorsand it can also
be used for the treatment of a patient for exampleto irradiate
detected tumors. In order to obtain good resolution images
and accurately placed treatment it is necessary to detect the
ionizing radiation after it has passed through the body being
examined or treated and then process the signals obtained for
the detecting means. The signals can be proces sed to obtain an
image which represents the body through which it has passed
and/or which represents the distribution of the ionizing radia-
tion. In general the term "imaging” means forming an image
of the measured data, and the term "dosimetry" measurement
of the absorbed dose due to incident ionizing radiation.
[0003] In order to detect in real time the intensity and spa-
tial distribution of incoming ionizing radiation such as high
energy photons generated in X-ray imaging or treatment
devices, digital detecting units have been developed which
convert the incoming radiation, for example photons, into
electrons. This can be achieved by electromagnetic interac-
tion with the photons and maner which can cause some of the
energy of the photon to be transferred to the maner anda free
electron to be excited. Devices within a detecting unit which
achieve this effect are called converters. Solid convertersrely
on the interaction of the incident photons with a solid sheet of
material to generate electrons by the Compton Effect or pair
production. Gas convertersrely on the interaction of incident
photons with a gas in a chamber to generate electrons. An
example of a prior art unit is known from PCT patent appli-
cation W02007/061235. A simplified example of a digital
detecting unit (1) is shown in FIGS. 1a) to 1d). This device
comprises a housing (3) (shown in dashed lines) filled with a
gas (16). The housing contains a converter (5), aGEM (7)
separated from the converter by agasfilled gap of depth G,
and aread-out unit (9). The converter isformed from a sub-
strate of metal (11). The substrate has a first major face (13)
which faces incident ionizing radiation I. This incident radia-
tion causes the formation of electrons in the substrate and
these electrons travel through the substrate towards the sec-
ond magjor face (15) of the substrate. Electrons which pass
through the substrate and impact with the gas moleculesin the
gasfilled gap cause ionization of the gas molecules and the
production of secondary electrons. These electrons need to be
multiplied in order to achieve a detectable signal. One way of
performing electron multiplication is by providing a micro-
pattem gas amplification device (MPGAD) such a gas-elec-
tron multiplier (GEM) (7) of the type developed by CERN,
separated from the second major face of the converter by the
gasfilled gap of depth G. The GEM compri ses a thin, insu-
lating, perforated gas electron multiplication foil (17). Typi-
cally the foil is made of an insulating substrate (19) of poly-
imide polymer poly-oxydiphenylene-pyromellitimide,
usually called "Kapton®", that is coated on both major sides
(21,23) with a coating (25,27) made of a conducting material
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such as copper. The perforations in the foil form aregular
matrix (29) of GEM through holes (31) which extend between
the major sides (21, 23) and which form a grid of equidis-
tantly-spaced GEM through holes over substantially the
whole of the major surfaces. A potential difference can be
placed across the coatings (25, 27) thereby generating an
electric field in the GEM through holes which electrical field
guides electrons from the converter into the GEM through
holes (19). The electrical field generated in the gasin the
through holes initiates electron avalanches which increase the
munber of electrons leaving each through hole. The number
of electrons generated in the avalanche can be in the range of
100-1000 per incoming electron. These electrons can be col-
lected and the position and intensity of the incident radiation
determined by processing signals generated in the read-out
unit which could be, for example athin film transistor. The
electrical fields necessary to ensure the electrons are guided
to the read-out unit can be achieved by connecting the con-
verter to a high negative potentia, for example —700 V, the
upper surface of the GEM to amedium negative potential, for
example —600 V, the lower surface of the GEM to alower
negative potential e.9. —300V and the read-out unit to ground.
In order to achieve alarge amplification of the electrons
leaving the converter it is necessary to have alarge potential
difference between the converter and the GEM. However if
the potential difference istoo high then thereisarisk of
electrical dischargesin the form of sparking between the
converter and the GEM.
[0004] A problem with the prior art devicesisthat high
energy €lectrons which leave the electron-emitting face of the
converter with alarge lateral vector will collide with many gas
molecules as they travel |aterally in the gas gap between the
converter and the GEM. These gas molecules will generate
electrons, some of which will travel to the GEM and be
multiplied by the GEM in athrough hole which is not directly
under the arrive point of the incident ionizing radiation on the
first major face of the substrate which gaverise to the high
energy electron and thus will an erroneous position of the
incident ionizing radiation when they are detected by the
read-out unit. These giveriseto errorsin the signals produced
by the rad-out unit and lead to decreased accuracy and reso-
Iution in images of the incident radiation
[0005] Another problem which can occur is that alarge
GEM acts as a capacitor which leads to unwanted electrical
fields and the possibility of dangerous charges becoming
stored in the device.

BRIEF DESCRIPTION OF THE INVENTION

[0006] The present invention relates to detecting devices
which comprise a converter unit which overcomes one or
more of the problemsin the prior art by providing a new type
of converter and a GEM matched to the converter. in one
embodiment of the invention this is achieved by matching the
position of the through holes in the GEM with the positions of
the blind holes in the converter to reduce the risk of electrical
discharges between these two components. In a further
embodiment of the invention a reduction in the risk of dis-
charges between the two components is achieved by dividing
the copper coatings on the GEM into segments.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG, la) shows schematically aview from above of
adetecting unit according to the prior art.
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[0008] FIG. 1b) shows schematically a section through line
A-A of the unit of FIG. |a).

[0009] FIG, le) shows schematically an enlargement of
part of the section of FIG. ib).

[0010] FIG. 1d) shows schematically the view from line
B-B of FIG. 1c).

[0011] FIG. 24) shows schematically a view from above of
an embodiment of an detecting unit according to the present
invention.

[0012] FIG. 2b) shows schematically a section through line
C-C of the unit of FIG. 2a).

[0013] FIG. 2c) shows schematically an enlargement of
part of the section of FIG. 2b).

[0014] FIG. 2d) shows schematically the view from line
D-D of FIG. le).

[0015] FIG. 3 shows schematically a view corresponding to
that of FIG. 2c) for another embodiment of adigital detecting
unit in accordance with the present invention.

[0016] FIG. 4 shows aview from below of afurther
embodiment of a GEM according to the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0017] An example of a detecting unit (39) in accordance
with an embodiment of the present invention is shown in
FIGS. 24) to 2d). This detecting unit (39) comprises a housing
(41), shown by dashed lines, containing a converter unit
(comprising a converter (43), a gas-electron multiplier
(GEM) (45)), anda read-out unit (47) which generates signals
relating to the position and intensity of electrons which inter-
act with it. Signals generated in the read-out unit can be
collected by a signal processing system (not shown) which
may convert the signals into images. The housing is filled by
agas (49). Preferably the gasis a mixture of gases, preferably
a Penning gas mixture, for example a mixture of argon-xenon
Or neon-argon.

[0018] The converter (43) isformed of a solid substrate (51)
anda stack (53) formed of a plurality of perforated accelerator
plates (55-55"), which have their perforations (57) aligned to
forma regular matrix (59) of gas-filled blind holes (61). The
solid substrate is made of a suitable metal, for example tung-
sten, chromium, copper, rhenium, molybdenum, tantalum,
iron, steel, or made of an aloy of such metals. It has a height
h, width w and length 1, and has an ionizing radiation-receiv-
ing major surface (63) upon which ionizing radiation | may be
incident, and an electron-emitting major surface (65) from
which electrons may be emitted.

[0019] In the embodiment of a converter shown in FIGS.
2a) to 2d) the electron-emitting major surface (65) of the
converter isin electrically-insulated contact with the stack
(53) of perforated accelerator plates (55-55). FIG. 3 shows
an aternative arrangement of a converter according to the
present invention in which a non-perforated plate (55), pref-
erably made of the same material as the accelerator plates or
amaterial with asimilar coefficient of expansion as the accel-
erator plates, is provided between the electron-emitting major
surface (65) of the substrate and the stack of accelerator
plates. This non-perforated plate isin electrical contact with
the substrate and is electrically insulated from the stack and
serves to reduce mechanical stress at the interface between
the bulk of the converter and the stack when the device heats
up during use. In dl other respects the converter shown in
FIG. 3isidentical to that of FIG. 2 and the same references
number are used to represent identical features in both
embodiments.
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[0020] Preferably in al embodiments of a converter
according to the present invention the number n of accelerator
platesis greater than or equal to 2 and less than or equal to
100. More preferably the number n of accelerator platesis
greater or equal to 10 and less than or equal to 50. Most
preferably the number n of accelerator platesis greater or
equal to 15 and less than or equal to 30. The accelerator plates
are made of conducting material, preferably a metat such as
stainless steel, which is sufficiently dense and thick enough to
attenuate and/or absorb scattered electrons which have asig-
nificant lateral vector. The individua accelerator plates that
form the stack may be joined together by electrostatic forces
of attraction and/or by an adhesive which may be provided
completely or partly over the contact area between adjacent
plates. The stack may be connected to the el ectron-emitting
major surface of the substrate by any of the methods used to
join the accelerator plates together. Mechanical fasteners or
clamps may aso be used to hold the accelerator plates
together and/or the accelerator plates to the substrate.

[0021] The arrangement of the blind holes in the matrix
may be quadratic (as shown in the figures)—where each hole
(except of course the holes nearest the edges of the plates) is
surrounded by four equally spaced holes, or staggered—
where each blind holeis surrounded by six equally spaced

blind holes. Preferably the blind holes have a diameter DI
which isequal to or greater than 0.3 mm and less than or equal
to 0.5 mm. The distance between centers CC1 of the blind
holesis preferably equd to or greater than 0.45 mm and equal
to or less than 0.65 mm, while at the same time the minimum
wall thickness Tmin between the blind holes should be equal
to or greater than 0.1 mm to ensure attenuation of laterally

moving high energy electrons. Thickness Tmin should be less

lan or equal to 0.5 mm to ensure that the resolution of the
deviceis adequate. Preferably Tminis equal to or greater than
0.15 and equal to or less than 0.25 mm.

[0022] Insulation (67) in the form of a conformal insulating
coating, e.g. vapor deposited poly(p-xylylene) polymer such
as "Parylene"0, or an insulating film or insulating layer is
provided on the accelerator plates to insulate them from one
another. Insulation further covers the longitudinally-extend-
ing cylindrical surfaces (69) of the blind holes and reflects low
energy electrons which contact the cylindrical surfaces back
into the through holes. The exposed portion (71) of the elec-
tron-emitting major surface which forms the closed end (73)
of each blind holeis not electricaly insulated and, when
connected to a negative potentia, serves to attract and neu-
tralize the positive ions formed in the through holes thus
preventing these ions from reacting with and neutralizing the
electrons leaving the substrate. Other arrangement to attract
and neutralize positive ions are also possible, for examplea
portion of the longitudinally extending wall of each blind hole
may be uninsulated, thereby providing a portion of the sur-
face which can attract and neutralize positiveions.

[0023] Preferably each accelerator plate has a thickness p
which is equal to or greater than 0.05 mm and equal to or less
than 0.2 mm. More preferably each plate has a thickness of
0.1 mm+/-0.01 mm. The substrate and each acceleration
plate are provided with a respective electrical contact (not
shown). These are connectable to an electrical supply (not
shown) which is arranged to form an electrical field which
increases from negative to positive in the direction from the
substrate to the distal accelerator plate (55") in order to accel-
erate electrons toward the open ends of the blind holes. Pref-
erably the electrical field strength along the blind holesis
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equal to or greater than 0.5 kV/cm and is less than or equal to
2 kV/em. More preferably the field strength is 1 kV/em+/-0.1
kV/cm. For example, if the stack of thickness 2 min is made
of 20 accelerator plates and 20 layers of insulation, then the
average thickness per layer of the stack is 0.1 mm and the
potential difference between each adjacent accelerator plate
of the stack should bein the order of 10 V. For exampleif the
converter is held at avoltage of —800 Y then the first accel-
erator plate (551) would be at avoltage of —790 V and the last
accelerator plate at a voltage of —600V. The use of a plurality
of accelerator plates permits the establishment of a powerful
electrical field though substantially the whole length of each
blind hole.

[0024] The electrical field in the blind holes can be shaped
by adjusting the potential difference between each pair of
accelerator plates. In one example of adapting the electrical
field in converters according to the invention the potential
difference between each pair of accelerator plates is the same,
i.e. the potential difference drops linearly along the length of
ablind hole from the do sed end to the open end.

[0025] In another example of adapting the electrical field in
converters according to the invention the potential difference
between each pair of accelerator plates is not the same. e.g.
the potential difference drops non-linearly along the length of
ablind hole from the closed end to the open end. This non-
linearity could be in the form of a small voltage drop between
arranged between the first accelerator plate (551) and the
second accelerator plate (552), alarger voltage drop between
the second accelerator plate (552) and the third accelerator
plate (553), and so on, wherein the voltage drop between each
pair of accelerator plates reaches a maximum between the
penultimate accelerator plate (55"-1) and the last accelerator
plate (55").

[0026] In yet another example of adapting the electrical
field in converters according to the invention the potential
difference between each pair of accelerator plates is the oppo-
site, i.e. the voltage drop is arranged to be largest between the
first accelerator plate (551) and the second accelerator plate
(552), and smallest between the penultimate accelerator plate
(55"-") and the | ast accelerator plate (55").

[0027] In afurther example of adapting the electrical field
in converters according to the invention the potential differ-
ence between each pair of accelerator platesis arranged to be
how between the first accelerator plate (551) and the second
accelerator plate (552), raising to a peak between two inter-
mediate accelerator plates and then falling to a lower potential
difference between the penultimate accelerator plate (55"1)
and the last accelerator plate (55").

[0028] Incident ionizing radiation, for example photons, is
directed to the radiation-receiving major surface of the sub-
strate and generates electrons which enter the closed ends
(73) of the blind holes. Electrons which are travelling sub-
stantialy paralldl to the axis of the holes pass though the blind
holes and cause ionization of the gas molecules thereby pro-
ducing secondary electrons. High energy electrons which
have significant lateral vectors will pass through the insula-
tion of the cylindrical surfaces of the blind holes and will be
absorbed or attenuated by the materia of the accelerator
plates thus reducing the erroneous effects of these electrons.
The electrons leaving the gas-filled blind holes in the direc-
tion towards the GEM need to be multiplied in order to
achieve a detectable signal. Thisis achieved by providing a
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potential difference across the GEM. Preferably this potential
difference is equal to or greater than 40 kV/cm and equal to or
less than 80 kV/cm.

[0029] Any prior art GEM of appropriate size and perfor-
mance may be used with the converter but in the embodiment
of adigital detecting unit according to the invention shown in
FIGS. 23) to 2d) a new type of GEM may be used. An example
of such anew GEM (45) comprises a thin, insulating, perfo-
rated gas electron multiplication foil (77). The foil is made of
an insulating core substrate (78) of, for example, polyimide
polymer poly-oxydiphenylene-pyromellitimide, usualy
called "Kaptong", and is coated on both magjor sides (79, 81)
with a coating (83, 85) made of a conducting material such as
copper. The perforationsin the foil form GEM through holes
(87) which extend between the major sides (79, 81). Prefer-
ably the GEM substrate has a thickness k equal to or greater
than 40 gm and equal to or lessthan 60 gm and preferably is
50 gm+/-2 gm. Preferably the conducting materia has a
thickness ¢ equal to or greater than 3 gm and equal to or less
than 7 gm and preferably is 5 gm+/-1 gm. The GEM through
holes (87) extend between the mgjor sides of the GEM and
have their longitudinal axis parallel with the longitudina axis
of the blind holesin the accelerator plates.

[0030] Contrary to the prior art wherein the GEM through
holes are evenly distributed, the GEM through holes are
arranged as regularly spaced-apart groups (89) of GEM
through holes wherein each group compri ses anumber M, for
example, M=3 as shown in FIGS. 2a)-2d), of GEM through
holes, wherein M preferably is greater or equal to 1 and less
than or equal to 20. Preferably the groups of GEM through
holes are arranged in amatrix at a centre-to-centre distance
CC2 which corresponds to the centre-to-centre distance CC1
between the blind holes and each group of GEM through
holesis arranged aligned with arespective blind hole. Such
groups of GEM through holes, called "active GEM through
holes" in the following, act to multiply incoming electrons. It
is possible that for production reasons additional groups of
GEM through holes may be provided which are not aligned
with the blind holes. Such GEM through holes are not
intended to multiply incoming electrons and are called "sur-
plus GEM through holes" in the following. Preferably the
GEM through holes have anominal diameter Di greater or
equal to 10 gm and less than or equal to 100 gm. More
preferably the GEM through holes have a nominal diameter
greater than or equal to 30 gm and less than or equal to 90 pm.
Even more preferably the GEM through holes have a nominal
diameter greater than or equal to 50 gm and less than or equal
to 70 gm. Preferably the GEM through holes comprisesin a
group of GEM through holes have a centre-to-centre spacing
CC3 equal to or greater than 20 pm and less than or equal to
200 gm. More preferably the GEM through holesin agroup
have a centre-to-centre spacing equal to or greater than 50 gm
and less than or equal to 180 gm. Most preferably the GEM
throughholes in a group haven centre-to-centre spacing CC3
which isequal to or greater than 100 gm and less than or equal
to 160 gm. Even more preferably the centre-to-centre spacing
CC3is 140 gm+/-2 pm. Preferably every blind holein the
converter leads to a respective group of active GEM through
holes.
[0031] When apotential differenceis provided between the
coatings (83, 85) of the GEM by means of the power supply
an electric field is generated in the GEM through holes. In
order to prevent unwanted di scharges between the edge of any
GEM through hole and the edge of the open end of ablind
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hole in an accelerator plate of the converter, the groups of
GEM through holes are arranged so that the minimum radia
distance R between the circumference of ablind hole in the
distal accelerator plate (55") and the closest point of the
circumference of a GEM through hole is preferably equal to
or greater than 20 gm. More preferably the minimum radial
distance between the circumference of ablind holein the
distal accelerator plate (55") and the closest point of the
circumference of a GEM through hole is equal to or greater
than 40 gm. Even more preferably the minimum radial dis-
tance between the circumference of a blind hole in the distal
accelerator plate (55") and the closest point of the circumfer-
ence of a GEM throughholeis equal to or greater than 50 gm.
The use of aannular region of radial width R in which no
GEM through holes are permitted means that in comparison
to aprior art GEM with equally distributed GEM blind holes
the voltage difference between the converter and the GEM
can be increased compared to that used in the prior art. This
increase in potentia difference may alow a greater electrical
field strength and better multiplication of the electrons enter-
ing the electrical field.

[0032] As an illustrative example of an embodiment of the
invention, blind holes of diameter 0.4 min in a converter are
arranged at a centre to centre distance CC1 of 0.5 mm, i.e. the
minimum wall thickness between the blind holes would be
0.1 mm. Each group of GEM through holes contains a plu-
rality of GEM through holes of diameter 50 gm. The centre to
centre distance of the groups of GEM through holes would be
the same as CC1 i.e. it would be 0.5 mm. If the minimum
radial distance R between the circumference of a blind hole in
the distal accelerator plate and the closest point of the circum-
ference of a GEM through hole is made equal to 50 gm then
the centers of the GEM through holes may not be doser than
75 gm to the circumference of the nearest blind hole in the
distal accelerator plate. This means that the diameter of the
group of GEM through holes, i.e. the diameter of acircle
enclosing the group of GEM through holes, would be equal to
0.4 mm—(2x50 gm)=0.3 mm. In the case of a matrix in which
the groups of through holes are aligned in a quadratic forma-
tion this would mean that each group of GEM through holes
would be separated from the nearest neighboring group of
GEM through holes by aregion devoid of through holes
which isaminimum of 0.2 mm wide. Preferably the diameter
of agroup of GEN through holes is |ess than or equal to 0.6
mm and greater than or equal to 0.2 mm. More preferably the
diameter of agroup of GEN through holesis|ess than or equal

to 0.4 mm and greater than or equa to 0.25 mm.

[0033] The electrica field generated in the gasin the GEM
through holes initiates electron avalanches which increases
the number of electrons leaving each hole. The number of
electrons generated in an electron avalanche can be in the
range of 100-1000 per incoming electron. These electrons can
be collected and the position and intensity of the incident
radiation determined by the read-out unit (47) which is of
conventional design and not described further. Signals
regarding the position and intensity of the incident radiation

generated in the read-out unit can be collected by a signa

processing system (not shown) which converts the signals
into images.

[0034] FIG. 4 shows a view from below of further GEM

(359) in accordance with the invention. The conducting coat-
ing (373) of thisvisible lower major surface of the GEM is
divided into a number Q of electrically-unconnected regions
(3751-375€) by aplurality of grooves (377'-377(")) each of
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which extend from edge to edge across the surface and which
extend through the surface to the underlying electrically insu-
lating substrate. The grooves may be formed by removing
conducting coating from the respective surface or, when
applying the coating, by preventing coating from being
appliecl where the grooves are to be positioned. These elec-
trically-unconnected regions may each form a capacitor but
the total capacitance of the GEM is less than that which would
be formed if the conducting coating covered the mgj or surface
as a continuous coating.

[0035] In afurther embodiment of a GEM in accordance
with the invention the conducting coating of the upper major
surface of the GEM is divided into a number of electrically-
unconnected regions in order to achieve the effect of alower
capacitance.

[0036] In aanother further embodiment of a GEM in accor-
dance with the invention both the conducting coating of the
upper major surface and the lower major surface of the GEM
are divided into a number of electrically-unconnected regions
in order to achieve the effect of alower capacitance.

[0037] The invention is not to be seen as limited by the
preferred embodiments described above, but may be varied
within the scope of the appended claims as is readily apparent
to the person skilled in the art. The various embodiments can
be combined with each other in any suitable manner.

What isclaimed is:

1. Detecting device for detecting ionizing radiation com-
pri sing a converter unit for amplifying ionizing radiation and
aread-out unit, wherein the converter unit comprises a con-
verter and a gas-electron multiplier, wherein said converter
comprises a substrate with an ionizing radiation-receiving
major surface and an electron-emitting major surface and a
stack of accelerator platesin contact with the electron-emit-
ting major surface, wherein said stack comprises a plurality of
perforated accelerator plates wherein perforations of the per-
forated accelerator plates are aligned with each other and are
distributed to formamatrix of blind holes.

2. Detecting device according to claim 1 wherein said
gas-electron multiplier comprises a matrix formed of a plu-
rality of groups of GEM through holes wherein said groups
are aligned with arespective blind hole.

3. Detecting device according to claim 1 wherein the gas-
electron multiplier comprises afirst mgjor surface and a see-
ond major surface made of a conducting material and wherein
at least one of said first and second major surfaces is formed
asaplurdlity of electrically unconnected regions.

4. Detecting device according to claim 1 wherein the gas-
electron multiplier comprises afirst major surface and a sec-
ond major surface made of a conducting material and wherein
both of said first and second major surfacesis formed as a
plurality of electrically unconnected regions.

5. Detecting device according to claim 1 wherein said
gas-electron multiplier comprises a matrix formed of a plu-
rality of groups of GEM through holes wherein aminimum
radial distance between a circumference of a blind hole anda
closest point of the circumference of a GEM through holeis
equal to or greater than 40 gm.

6. Detecting device according to claim 1 wherein the diam-
eter of each blind holeis equal to or greater than 0.3 mm and
less than or equal to 0.5 mm.

6-17. (canceled)

18. Detecting device according to claim 2 wherein the
gas-electron multiplier comprises afirst magjor surface and a
second major surface made of a conducting material and
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wherein a least one of said first and second major surfacesis
formed as a plurality of electrically unconnected regions.

19. Detecting device according to claim 2 wherein the
gas-electron multiplier comprises afirst major surface and a
second major surface made of a conducting material and
wherein both of said first and second maj or surfacesis formed
asaplurality of electrically unconnected regions.

20. Detecting device according to clam 2 wherein said
gas-electron multiplier comprises a matrix formed of a plu-
rality of groups of GEM through holes wherein a minimum
radial distance between a circumference of ablind hole and a
closest point of the circumference of a GEM through holeis
equd to or greater than 40 gm.

21. Detecting device according to claim 2 wherein the
diameter of each blind hole is equa to or greater than 0.3 mm
and less than or equal to 0.5 mm.

22. Converter unit comprising a converter anda gas-elec-
tron multiplier, wherein said converter comprises a substrate
with an ionizing radiation-receiving major surface and an
electron-emitting major surface and a stack of accelerator
plates in contact with the electron-emitting major surface,
wherein said stack comprises a plurality of perforated accel-
erator plates, wherein perforations of the perforated accelera-
tor plates are aligned to form amatrix of blind holes.

23. Converter unit according to claim 22 wherein a surface
of each blind hole is covered with an insulator except for a
portion which is exposed in order to be able to attract and
neutralize ions.

24. Converter unit according to claim 22 wherein said
gas-electron multiplier comprises amatrix formed of a plu-
rality of groups of GEM through holes wherein a minimum
radial distance between a circumference of ablind hole and a
closest point of a circumference of a GEM through hole is
equd to or greater than 20 gm.

25. Converter unit according to claim 22 wherein said
gas -electron multiplier comprises a matrix formed of a plu-
rality of groups of GEM through holes wherein a minimum
radial distance between a circumference of ablind hole and a
closest point of acircumference of a GEM through hole is
equd to or greater than 40 gm.

26. Converter unit according to claim 22 wherein said
gas-electron multiplier comprises a matrix formed of aplu-
rality of groups of GEM through holes wherein a minimum
radial distance between a circumference of a blind hole anda
closest point of a circumference of a GEM through hole is
equd to or greater than 50 gm.

27. Converter for converting ionizing radiation wherein
said converter comprises a substrate with an ionizing radia-
tion-receiving major surface and an € ectron-emitting major
surface and a stack of accelerator plates in contact with the
electron-emitting major surface, wherein said stack com-
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prises a plurality of perforated accelerator plates wherein
perforations of the perforated accelerator plates are digned to
formamatrix of blind holes.

28. Converter according to claim 27 wherein a surface of
each blind hole is covered with an insulator except for a
portion which is exposed in order to be able to attract and
neutralize ions.

29. Converter unit according to claim 23 wherein said
gas-electron multiplier comprises a matrix formed of a plu-
rality of groups of GEM through holes wherein a minimum
radiad distance between a circumference of a blind hole anda
closest point of a circumference of a GEM through hole is
equal to or greater than 20 gm.

30. Converter unit according to claim 23 wherein said
gas-electron multiplier comprises a matrix formed of a plu-
rality of groups of GEM through holes wherein a minimum
radial distance between a circumference of a blind hole anda
closest point of a circumference of a GEM through holeis
equal to or greater than 40 gm.

31. Converter unit according to claim 23 wherein said
gas-electron multiplier comprises a matrix formed of a plu-
rality of groups of GEM through holes wherein aminimum
radial distance between a circumference of ablind hole anda
closest point of a circumference of a GEM through holeis
equal to or greater than 50 gm.

32. Detecting device according to claim 1 wherein said
gas-electron multiplier comprises a matrix formed of a plu-
rality of groups of GEM through holes wherein each of said
groups of GEM through holes are aligned with a respective
blind hole; wherein the gas-€lectron multiplier comprises a
first major surface and a second major surface made of a
conducting material; wherein at least one of said first and
second major surfaces is formed as a plurdlity of electrically
unconnected regions compri sing pairs of adjacent electrically
unconnected regions with a groove between each pair of
adjacent electrically unconnected regions; and wherein said
grooves are not in contact with any GEM through holes.

33. Converter unit according to claim 22 wherein said
gas-electron multiplier comprises a matrix formed of a plu-
rality of group s of GEM through holes wherein each of said
groups of GEM through holes are aligned with a respective
blind hole; wherein the gas-electron multiplier comprises a
first major surface and a second major surface made of a
conducting material; wherein at least one of said first and
second major surfacesis formed as a plurdity of electrically
unconnected regions compri sing pairs of adjacent electrically
unconnected regions with a groove between each pair of
adjacent electricaly unconnected regions; and wherein said
grooves are not in contact with any GEM through holes.

* K* K *x
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1
IONIZING RADIATION DETECTING
DEVICE

TECHNICAL FIELD

The present invention relates to a detecting device for
ionizing radiation, converter units for such devices, as well
as converters and gas electron multipliers for such converter
units.

BACKGROUND OF THE INVENTION

In the medical field ionizing radiation has many diagnos-
tic and therapeutic uses. It can be used for imaging the body
of a patient for example to detect tumors and it can also be
used for the treatment of a patient for example to irradiate
detected tumors. In order to obtain good resolution images
and accurately placed treatment it is necessary to detect the
ionizing radiation after it has passed through the body being

examined or treated and then process the signals obtained 2

for the detecting means. The signals can be processed to
obtain an image which represents the body through which it
has passed and/or which represents the distribution of the
ionizing radiation. In general the term “imaging” means
forming an image of the measured data, and the term
“dosimetry” measurement of the absorbed dose due to
incident ionizing radiation.

In order to detect in real time the intensity and spatial
distribution of incoming ionizing radiation such as high
energy photons generated in X-ray imaging or treatment
devices, digital detecting units have been developed which
convert the incoming radiation, for example photons, into
electrons. This can be achieved by electromagnetic interac-
tion with the photons and matter which can cause some of
the energy of the photon to be transferred to the matter and
a free electron to be excited. Devices within a detecting unit
which achieve this effect are called converters. Solid con-
verters rely on the interaction of the incident photons with a
solid sheet of material to generate electrons by the Compton
Effect or pair production. Gas converters rely on the inter-
action of incident photons with a gas in a chamber to
generate electrons. An example of a prior art unit is known
from PCT patent application W02007/061235. A simplified
example of a digital detecting unit (1) is shown in FIGS. 1a)
to 1d). This device comprises a housing (3) (shown in
dashed lines) filled with a gas (16). The housing contains a
converter (5), a GEM (7) separated from the converter by a
gas filled gap of depth G, and a read-out unit (9). The
converter is formed from a substrate of metal (11). The
substrate has a first major face (13) which faces incident
ionizing radiation 1. This incident radiation causes the for-
mation of electrons in the substrate and these electrons travel
through the substrate towards the second major face (15) of
the substrate. Electrons which pass through the substrate and
impact with the gas molecules in the gas-filled gap cause
jonization of the gas molecules and the production of
secondary electrons. These electrons need to be multiplied in
order to achieve a detectable signal. One way of performing
electron multiplication is by providing a micropattern gas
amplification device (MPGAD) such as a gas-electron mul-
tiplier (GEM) (7) of the type developed by CERN, separated
from the second major face of the converter by the gas-filled
gap of depth G. The GEM comprises a thin, insulating,
perforated gas electron multiplication foil (17). Typically the
foil is made of an insulating substrate (19) of polyimide
polymer poly-oxydiphenylene-pyromellitimide, usually
called “Kapton®™, that is coated on both major sides (21.
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23) with a coating (25, 27) made of a conducting material
such as copper. The perforations in the foil form a regular
matrix (29) of GEM through holes (31) which extend
between the major sides (21, 23) and which form a grid of
equidistantly-spaced GEM through holes over substantially
the whole of the major surfaces. A potential difference can
be placed across the coatings (25, 27) thereby generating an
electric field in the GEM through holes which electrical field
guides electrons from the converter into the GEM through
holes (19). The electrical field generated m the gas in the
through holes initiates electron avalanches which increase
the number of electrons leaving each through hole. The
number of electrons generated in the avalanche can be in the
range of 100-1000 per incoming electron. These electrons
can be collected and the position and intensity of the incident
radiation determined by processing signals generated in the
read-out unit which could be, for example a thin film
transistor. The electrical fields necessary to ensure the elec-
trons are guided to the read-out unit can be achieved by
connecting the converter to a high negative potential, for
example ~700 V, the upper surface of the GEM to a medium
negative potential, for example 600 V, the lower surface of
the GEM to a lower negative potential e.g. =300 V and the
read-out unit to ground. In order to achieve a large ampli-
fication of the electrons leaving the converter it is necessary
to have a large potential difference between the converter
and the GEM. However, if the potential difference is too
high then there is a risk of electrical discharges in the form
of sparking between the converter and the GEM.

A problem with the prior art devices is that high energy
electrons which leave the electron-emitting face of the
converter with a large lateral vector will collide with many
gas molecules as they travel laterally in the gas gap between
the converter and the GEM. These gas molecules will
generate electrons. some of which will travel to the GEM
and be multiplied by the GEM in a through hole which is not
directly under the arrive point of the incident ionizing
radiation on the first major face of the substrate which gave
rise to the high energy electron and thus will an erroneous
position of the incident jonizing radiation when they are
detected by the read-out unit. These give rise to errors in the
signals produced by the rad-out unit and lead to decreased
accuracy and resolution in images of the incident radiation

Another problem which can occur is that a large GEM
acts as a capacitor which leads to unwanted electrical fields
and the possibility of dangerous charges becoming stored in
the device.

BRIEF DESCRIPTION OF THE INVENTION

The present invention relates to detecting devices which
comprise a converter unit which overcomes one or more of
the problems in the prior art by providing a new type of
converter and a GEM matched to the converter. In one
embodiment of the invention this is achieved by matching
the position of the through holes in the GEM with the
positions of the blind holes in the converter to reduce the risk
of electrical discharges between these two components. In a
further embodiment of the invention a reduction in the risk
of discharges between the two components is achieved by
dividing the copper coatings on the GEM into segments.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1a) shows schematically a view from above of a
detecting unit according to the prior art.
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FIG. 1b) shows schematically a section through line A-A
of the unit of FIG. 1a).

FIG. 1¢) shows schematically an enlargement of part of
the section of FIG. 15).

FIG. 1d) shows schematically the view from line B-B of
FIG. 1¢).

FIG. 24) shows schematically a view from above of an
embodiment of an detecting unit according to the present
invention.

FIG. 2b) shows schematically a section through line C-C
of the unit of FIG. 2a).

FIG. 2¢) shows schematically an enlargement of part of
the section of FIG. 2b).

FIG. 2d) shows schematically the view from line D-D of
FIG. 1¢).

FIG. 3 shows schematically a view corresponding to that
of FIG. 2¢) for another embodiment of a digital detecting
unit in accordance with the present invention.

FIG. 4 shows a view from below of a further embodiment >

of a GEM according to the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

An example of a detecting unit (39) in accordance with an
embodiment of the present invention is shown in FIGS. 24)
to 2d). This detecting unit (39) comprises a housing (41),
shown by dashed lines, containing a converter unit (com-
prising a converter (43), a gas-electron multiplier (GEM)
(45)). and a read-out unit (47) which generates signals
relating to the position and intensity of electrons which
interact with it. Signals generated in the read-out unit can be
collected by a signal processing system (not shown) which

may convert the signals into images. The housing is filled by :

a gas (49). Preferably the gas is a mixture of gases, prefer-
ably a Penning gas mixture, for example a mixture of
argon-xenon oOr Neon-argon.

The converter (43) is formed of a solid substrate (51) and
a stack (53) formed of a plurality of perforated accelerator
plates (55'-55"), which have their perforations (57) aligned
to form a regular matrix (59) of gas-filled blind holes (61).
The solid substrate is made of a suitable metal, for example
tungsten, chromium, copper, rhenium, molybdenum, tanta-
lum, iron, steel. or made of an alloy of such metals. It has a
height h, width w and length 1, and has an ionizing radiation-
receiving major surface (63) upon which ionizing radiation
I may be incident, and an electron-emitting major surface
(65) from which electrons may be emitted.

In the embodiment of a converter shown in FIGS. 2q) to :

2d) the electron-emitting major surface (65) of the converter
is in electrically-insulated contact with the stack (53) of
perforated accelerator plates (55'-55"). FIG. 3 shows an
alternative arrangement of a converter according to the
present invention in which a non-perforated plate (55).
preferably made of the same material as the accelerator
plates or a material with a similar coeflicient of expansion as
the accelerator plates, is provided between the electron-
emitting major surface (65) of the substrate and the stack of
accelerator plates. This non-perforated plate is in electrical
contact with the substrate and is electrically insulated from
the stack and serves to reduce mechanical stress at the
interface between the bulk of the converter and the stack
when the device heats up during use. In all other respects the
converter shown in FI1G. 3 is identical to that of FIG. 2 and
the same references number are used to represent identical
features in both embodiments.
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Preferably in all embodiments of a converter according to
the present invention the number n of accelerator plates is
greater than or equal to 2 and less than or equal to 100. More
preferably the number n of accelerator plates is greater or
equal to 10 and less than or equal to 50. Most preferably the
number n of accelerator plates is greater or equal to 15 and
less than or equal to 30. The accelerator plates are made of
conducting material, preferably a metal such as stainless
steel, which is sufliciently dense and thick enough to attenu-
ate and/or absorb scattered electrons which have a signifi-
cant latera] vector. The individual accelerator plates that
form the stack may be joined together by electrostatic forces
of attraction and/or by an adhesive which may be provided
completely or partly over the contact area between adjacent
plates. The stack may be connected to the electron-emitting
major surface of the substrate by any of the methods used to
join the accelerator plates together. Mechanical fasteners or
clamps may also be used to hold the accelerator plates
together and/or the accelerator plates to the substrate.

The arrangement of the blind holes in the matrix may be
quadratic (as shown in the figures)—where each hole (ex-
cept of course the holes nearest the edges of the plates) is
surrounded by four equally spaced holes, or staggered—
where each blind hole is surrounded by six equally spaced
blind holes. Preferably the blind holes have a diameter D1
which is equal to or greater than 0.3 mm and less than or
equal to 0.5 mm. The distance between centers CC1 of the
blind holes is preferably equal to or greater than 0.45 mm
and equal to or less than 0.65 mm, while at the same time the
minimum wall thickness Tmin between the blind holes
should be equal to or greater than 0.1 mm to ensure
attenuation of laterally moving high energy electrons. Thick-
ness Tmin should be less than or equal to 0.5 mm to ensure
that the resolution of the device is adequate. Preferably Tmin
is equal to or greater than 0.15 and equal to or less than 0.25
mm.

Insulation (67) in the form of a conformal insulating
coating, e.g. vapor deposited poly(p-xylylene) polymer such
as “Parylene”®, or an insulating film or insulating layer is
provided on the accelerator plates to insulate them from one
another. Insulation further covers the longitudinally-extend-
ing cylindrical surfaces (69) of the blind holes and reflects
low energy electrons which contact the cylindrical surfaces
back into the through holes. The exposed portion (71) of the

5 electron-emitting major surface which forms the closed end

(73) of each blind hole is not electrically insulated and, when
connected to a negative potential, serves to attract and
neutralize the positive jons formed in the through holes thus
preventing these ions from reacting with and neutralizing the
electrons leaving the substrate. Other arrangement to attract
and neutralize positive ions are also possible, for example a
portion of the longitudinally extending wall of each blind
hole may be uninsulated, thereby providing a portion of the
surface which can attract and neutralize positive ions.
Preferably each accelerator plate has a thickness p which
is equal to or greater than 0.05 mum and equal to or less than
0.2 mm. More preferably each plate has a thickness of 0.1
mm+/-0.01 mm. The substrate and each acceleration plate
are provided with a respective electrical contact (not shown).
These are connectable to an clectrical supply (not shown)
which is arranged to form an electrical field which increases
from negative to positive in the direction from the substrate
to the distal accelerator plate (55”) in order to accelerate
electrons toward the open ends of the blind holes. Preferably
the electrical field strength along the blind holes is equal to
or greater than 0.5 kV/cm and is less than or equal to 2
kV/em. More preferably the field strength is 1 kV/em+/-0.1
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kV/em. For example, if the stack of thickness 2 mm is made
of 20 accelerator plates and 20 layers of insulation, then the
average thickness per layer of the stack is 0.1 mm and the
potential difference between each adjacent accelerator plate
of the stack should be in the order of 10 V. For example if
the converter is held at a voltage of -800 V, then the first
accelerator plate (55') would be at a voltage of =790 V and
the last accelerator plate at a voltage of -600V. The use of
a plurality of accelerator plates permits the establishment of
a powerful electrical field though substantially the whole
length of each blind hole.

The electrical field in the blind holes can be shaped by
adjusting the potential difference between each pair of
accelerator plates. In one example of adapting the electrical
field in converters according to the invention the potential
difference between each pair of accelerator plates is the
same. i.e. the potential difference drops linearly along the
length of a blind hole from the closed end to the open end.

In another example of adapting the electrical field in
converters according to the invention the potential difference
between each pair of accelerator plates is not the same, e.g.
the potential difference drops non-linearly along the length
of a blind hole from the closed end to the open end. This
non-linearity could be in the form of a small voltage drop
between arranged between the first accelerator plate (55')
and the second accelerator plate (55%), a larger voltage drop
between the second accelerator plate (55%) and the third
accelerator plate (55%), and so on, wherein the voltage drop
between each pair of accelerator plates reaches a maximum

between the penultimate accelerator plate (55”~!) and the last 3

accelerator plate (557).

In yet another example of adapting the electrical field in
converters according to the invention the potential difference
between each pair of accelerator plates is the opposite, i.e.

the voltage drop is arranged to be largest between the first :

accelerator plate (55') and the second accelerator plate
(557). and smallest between the penultimate accelerator
plate (55”") and the last accelerator plate (557).

In a further example of adapting the electrical field in
converters according to the invention the potential difference
between each pair of accelerator plates is arranged to be low
between the first accelerator plate (55') and the second
accelerator plate (55%), raising to a peak between two
intermediate accelerator plates and then falling to a lower
potential difference between the penultimate accelerator
plate (55"') and the last accelerator plate (55”).

Incident ionizing radiation, for example photons, is
directed to the radiation-receiving major surface of the
substrate and generates electrons which enter the closed

ends (73) of the blind holes. Electrons which are travelling 3

substantially parallel to the axis of the holes pass though the
blind holes and cause ionization of the gas molecules
thereby producing secondary electrons. High energy elec-
trons which have significant lateral vectors will pass through
the insulation of the cylindrical surfaces of the blind holes
and will be absorbed or attenuated by the material of the
accelerator plates thus reducing the erroneous effects of
these electrons. The electrons leaving the gas-filled blind
holes in the direction towards the GEM need to be multiplied
in order to achieve a detectable signal. This is achieved by
providing a potential difference across the GEM. Preferably
this potential difference is equal to or greater than 40 kV/em
and equal to or less than 80 kV/em.

Any prior art GEM of appropriate size and performance
may be used with the converter but in the embodiment of a
digital detecting unit according to the invention shown in
FIGS. 2a) to 2d) a new type of GEM may be used. An
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example of such a new GEM (45) comprises a thin, insu-
lating, perforated gas electron multiplication foil (77). The
foil is made of an insulating core substrate (78) of, for
example, polyimide polymer poly-oxydiphenylene-pyrom-
ellitimide, usually called “Kapton®”, and is coated on both
major sides (79, 81) with a coating (83, 85) made of a
conducting material such as copper. The perforations in the
foil form GEM through holes (87) which extend between the
major sides (79, 81). Preferably the GEM substrate has a
thickness k equal to or greater than 40 pum and equal to or
less than 60 um and preferably is 50 pm+/-2 um. Preferably
the conducting material has a thickness ¢ equal to or greater
than 3 pum and equal to or less than 7 pm and preferably is
5 pm+/-1 um. The GEM through holes (87) extend between
the major sides of the GEM and have their longitudinal axis
parallel with the longitudinal axis of the blind holes in the
accelerator plates.

Contrary to the prior art wherein the GEM through holes
are evenly distributed, the GEM through holes are arranged
as regularly spaced-apart groups (89) of GEM through holes
wherein each group comprises a number M, for example,
M=3 as shown in FIGS. 2a)-2d), of GEM through holes,
wherein M preferably is greater or equal to 1 and less than
or equal to 20. Preferably the groups of GEM through holes
are arranged in a matrix at a centre-to-centre distance CC2
which corresponds to the centre-to-centre distance CC1
between the blind holes and each group of GEM through
holes is arranged aligned with a respective blind hole. Such
groups of GEM through holes, called “active GEM through
holes” in the following, act to multiply incoming electrons.
Tt is possible that for production reasons additional groups of
GEM through holes may be provided which are not aligned
with the blind holes. Such GEM through holes are not
intended to multiply incoming electrons and are called
“surplus GEM through holes™ in the following. Preferably
the GEM through holes have a nominal diameter Di greater
or equal to 10 pm and less than or equal to 100 pm. More
preferably the GEM through holes have a nominal diameter
greater than or equal to 30 um and less than or equal to 90
pum. Even more preferably the GEM through holes have a
nominal diameter greater than or equal to 50 wm and less
than or equal to 70 um. Preferably the GEM through holes
comprises in a group of GEM through holes have a centre-
to-centre spacing CC3 equal to or greater than 20 um and

5 less than or equal to 200 pum. More preferably the GEM

through holes in a group have a centre-to-centre spacing
equal to or greater than 50 pm and less than or equal to 180
wm. Most preferably the GEM through holes in a group have
a centre-to-centre spacing CC3 which is equal to or greater
than 100 pm and less than or equal to 160 um. Even more
preferably the centre-to-centre spacing CC3 is 140 pm+/-2
wm. Preferably every blind hole in the converter leads to a
respective group of active GEM through holes.

When a potential difference is provided between the
coatings (83. 85) of the GEM by means of the power supply
an electric field is generated in the GEM through holes. In
order to prevent unwanted discharges between the edge of
any GEM through hole and the edge of the open end of a
blind hole in an accelerator plate of the converter. the groups
of GEM through holes are arranged so that the minimum
radial distance R between the circumference of a blind hole
in the distal accelerator plate (55”) and the closest point of
the circumference of a GEM through hole is preferably
equal to or greater than 20 pm. More preferably the mini-
mum radial distance between the circumference of a blind
hole in the distal accelerator plate (55”) and the closest point
of the circumference of a GEM through hole is equal to or
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greater than 40 pum. Even more preferably the minimum
radial distance between the circumference of a blind hole in
the distal accelerator plate (55”) and the closest point of the
circumference of a GEM through hole is equal to or greater
than 50 wm. The use of a annular region of radial width R in
which no GEM through holes are permitted means that in
comparison to a prior art GEM with equally distributed
GEM blind holes the voltage difference between the con-
verter and the GEM can be increased compared to that used
in the prior art. This increase in potential difference may
allow a greater electrical field strength and better multipli-
cation of the electrons entering the electrical field.

As an illustrative example of an embodiment of the
invention, blind holes of diameter 0.4 mm in a converter are
arranged at a centre to centre distance CC1 of 0.5 mm. i.e.
the minimum wall thickness between the blind holes would
be 0.1 mm. Each group of GEM through holes contains a
plurality of GEM through holes of diameter 50 um. The
centre to centre distance of the groups of GEM through holes
would be the same as CC1 i.e. it would be 0.5 mm. If the
minimum radial distance R between the circumference of a
blind hole in the distal accelerator plate and the closest point
of the circumference of a GEM through hole is made equal
to 50 um then the centers of the GEM through holes may not
be closer than 75 um to the circumference of the nearest
blind hole in the distal accelerator plate. This means that the
diameter of the group of GEM through holes, ie. the
diameter of a circle enclosing the group of GEM through
holes, would be equal to 0.4 mm—(2x50 pm)=0.3 mm. In the
case of a matrix in which the groups of through holes are
aligned in a quadratic formation this would mean that each
group of GEM through holes would be separated from the
nearest neighboring group of GEM through holes by a
region devoid of through holes which is a minimum of 0.2
mm wide. Preferably the diameter of a group of GEN
through holes is less than or equal to 0.6 mm and greater
than or equal to 0.2 mm. More preferably the diameter of a
group of GEN through holes is less than or equal to 0.4 mm
and greater than or equal to 0.25 mm.

The electrical field generated in the gas in the GEM
through holes initiates electron avalanches which increases
the number of electrons leaving each hole. The number of
electrons generated in an electron avalanche can be in the
range of 100-1000 per incoming electron. These electrons
can be collected and the position and intensity of the incident
radiation determined by the read-out unit (47) which is of
conventional design and not described further. Signals
regarding the position and intensity of the incident radiation
generated in the read-out unit can be collected by a signal
processing system (not shown) which converts the signals
into images.

FIG. 4 shows a view from below of further GEM (359) in
accordance with the invention. The conducting coating
(373) of this visible lower major surface of the GEM is
divided into a number Q of electrically-unconnected regions
(375'-3759) by a plurality of grooves (377'-377'9"") each
of which extend from edge to edge across the surface and
which extend through the surface to the underlying electri-
cally insulating substrate. The grooves may be formed by
removing conducting coating from the respective surface or.
when applying the coating, by preventing coating from
being applied where the grooves are to be positioned. These
electrically-unconnected regions may each form a capacitor
but the total capacitance of the GEM is less than that which
would be formed if the conducting coating covered the
major surface as a continuous coating.
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In a further embodiment of a GEM in accordance with the
invention the conducting coating of the upper major surface
of the GEM is divided into a number of electrically-uncon-
nected regions in order to achieve the effect of a lower
capacitance.

In a another further embodiment of a GEM in accordance
with the invention both the conducting coating of the upper
major surface and the lower major surface of the GEM are
divided into a number of electrically-unconnected regions in
order to achieve the effect of a lower capacitance.

The invention is not to be seen as limited by the preferred
embodiments described above, but may be varied within the
scope of the appended claims as is readily apparent to the
person skilled in the art. The various embodiments can be
combined with each other in any suitable manner.

What is claimed is:

1. Detecting device for detecting ionizing radiation com-
prising a converter unit for amplifying electrons emitted due
to the ionizing radiation and a read-out unit, wherein the
converter unit comprises a converter and a gas-electron
multiplier, wherein said converter comprises a substrate with
an ionizing radiation-receiving major surface and an elec-
tron-emitting major surface and a stack of accelerator plates
in contact with the electron-emitting major surface, wherein
said stack comprises a plurality of perforated accelerator
plates, each perforated accelerator plate provided with an
insulating layer to insulate each perforated accelerator plate
from one another in order to be able to provide separate
potential to each perforated accelerator plate, wherein per-
forations of the perforated accelerator plates are aligned with
each other and are distributed to form a matrix of blind
holes; and

wherein said gas-electron multiplier comprises a matrix

formed of a plurality of regularly spaced apart groups
of GEM through holes wherein each group comprises
between one and twenty GEM through holes and
wherein a longitudinal axis of the center of each of said
groups of GEM through holes is aligned with a longi-
tudinal axis of a respective one of said blind holes, and
a surface of each blind hole is covered with an insulator
except for a portion which is exposed in order to be able
to attract and neutralize ions.

2. Detecting device according to claim 1 wherein the
gas-electron multiplier comprises a first major surface and a
second major surface made of a conducting material and
wherein at least one of said first and second major surfaces
is formed as a plurality of electrically unconnected regions.

3. Detecting device according to claim 1 wherein the
gas-electron multiplier comprises a first major surface and a
second major surface made of a conducting material and
wherein both of said first and second major surfaces are
formed as a plurality of electrically unconnected regions.

4. Detecting device according to claim 1 wherein a
minimum radial distance between a circumference of a blind
hole and a closest point of the circumference of the nearest
GEM through hole is equal to or greater than 40 um.

5. Detecting device according to claim 1 wherein the
diameter of each blind hole is equal to or greater than 0.3
mm and less than or equal to 0.5 mm.

6. Detecting device according to claim 1, wherein the
gas-electron multiplier comprises a first major surface and a
second major surface made of a conducting material and
wherein at least one of said first and second major surfaces
is formed as a plurality of electrically unconnected regions.

7. Detecting device according to claim 1, wherein the
gas-electron multiplier comprises a first major surface and a
second major surface made of a conducting material and
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wherein both of said first and second major surfaces are
formed as a plurality of electrically unconnected regions.

8. Detecting device according to claim 1, wherein said
gas-electron multiplier comprises a matrix formed of a
plurality of groups of GEM through holes wherein a mini-
mum radial distance between a circumference of a blind hole
and a closest point of the circumference of the nearest GEM
through hole is equal to or greater than 40 pm.

9. Detecting device according to claim 1. wherein the
diameter of each blind hole is equal to or greater than 0.3
mm and less than or equal to 0.5 mm.

10. Detecting device according to claim 1 each of said
groups of GEM through holes are aligned with a respective
blind hole; wherein the gas-electron multiplier comprises a
first major surface and a second major surface made of a
conducting material;

wherein at least one of said first and second major

surfaces is formed as a plurality of electrically uncon-
nected regions comprising pairs of adjacent electrically
unconnected regions with a groove between each pair
of adjacent electrically unconnected regions: and
wherein said grooves are not in contact with any GEM
through holes.

11. Detecting device according to claim 1, wherein every
blind hole is aligned with a group of GEM through holes.

12. Detecting device according to claim 1, wherein a
diameter of each group of GEM through holes is less than or
equal to 0.4 mm and greater than or equal to 0.25 mm.

13. Detecting device according to claim 1, wherein a
diameter of each group of GEM through holes is less than or
equal to 0.4 mm and greater than or equal to 0.25 mm and
a diameter of each blind hole is equal to or greater than 0.3
mm and equal to or less than 0.5 mm.

14. Detecting device according to claim 13, wherein a

centre-to-centre distance between adjacent groups of GEM 3

through holes is equal to or greater than 0.45 mm and less
than or equal to 0.65 mm.

15. Detecting device according to claim 1, wherein a
centre-to-centre distance between adjacent blind holes is the
same as the centre-to-centre distance between adjacent
groups of GEM through holes.

16. Detecting device according to claim 1, wherein a
minimum radial distance between a circumference of a blind
hole and a closest point of a circumference of the nearest
GEM through hole is equal to or greater than 20 pm.

17. Detecting device according to claim 1, wherein a
minimum radial distance between a circumference of a blind
hole and a closest point of a circumference of the nearest
GEM through hole is equal to or greater than 50 pm.

18. The detecting device of claim 1, wherein each GEM s

through hole in each of the plurality of regularly spaced
apart groups of GEM through holes is aligned with a
respective one of said blind holes.

19. Converter unit comprising a converter and a gas-
electron multiplier, wherein said converter comprises a
substrate with an ionizing radiation-receiving major surface
and an electron-emitting major surface and a stack of
accelerator plates in contact with the electron-emitting major

10

surface, wherein said stack comprises a plurality of perfo-
rated accelerator plates, each perforated accelerator plate
provided with an insulating layer to insulate each perforated
accelerator plate from one another in order to be able to
5 provide separate potential to each perforated accelerator
plate, wherein perforations of the perforated accelerator
plates are aligned to form a matrix of blind holes, wherein

said gas-electron multiplier comprises a matrix formed of a

plurality of regularly spaced-apart groups of GEM through

holes wherein each group comprises between one and

twenty GEM through holes and wherein a longitudinal axis

of the center of each of said groups of GEM through holes

is aligned with a longitudinal axis of a respective blind hole,
15 wherein a surface of each blind hole is covered with an
" insulator except for a portion which is exposed in order to be
able to attract and neutralize jons.

20. Converter unit according to claim 19 wherein a
minimum radial distance between a circumference of a blind
hole and a closest point of a circumference of the nearest
GEM through hole is equal to or greater than 20 pm.

21. Converter unit according to claim 19 wherein a
minimum radial distance between a circumference of a blind
hole and a closest point of a circumference of a GEM
through hole is equal to or greater than 40 pm.

22. Converter unit according to claim 19 wherein a
minimum radial distance between a circumference of a blind
hole and a closest point of a circumference of the nearest
GEM through hole is equal to or greater than 50 pum.

23. Converter unit according to claim 19 wherein a
minimum radial distance between a circumference of a blind
hole and a closest point of a circumference of the nearest
GEM through hole is equal to or greater than 20 um.

24. Converter unit according to claim 19 wherein a
minimum radial distance between a circumference of a blind
hole and a closest point of a circumference of the nearest
GEM through hole is equal to or greater than 40 pm.

25. Converter unit according to claim 19 wherein a
minimum radial distance between a circumference of a blind
hole and a closest point of a circumference of the nearest
GEM through hole is equal to or greater than 50 um.

26. Converter unit according to claim 19 wherein each of
said groups of GEM through holes are aligned with a
respective blind hole: wherein the gas-electron multiplier
comprises a first major surface and a second major surface
made of a conducting material;

wherein at least one of said first and second major

surfaces is formed as a plurality of electrically uncon-
nected regions comprising pairs of adjacent electrically
unconnected regions with a groove between each pair
of adjacent electrically unconnected regions: and
wherein said grooves are not in contact with any GEM
through holes.

27. The converter unit of claim 19, wherein each GEM
through hole in each of the plurality of regularly spaced
apart groups of GEM through holes is aligned with a
respective one of said blind holes.
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Title of the Invention

Ionizing radiation detecting device

Technical field

The present invention relates to a detecting device for ionizing radiation, converter units for

such devices, as well as converters and gas electron multipliers for such converter units.

Background of the Invention

In the medical field ionizing radiation has many diagnostic and therapeutic uses. It can be
used for imaging the body of a patient for example to detect tumors and it can also be used for
the treatment of a patient for example to irradiate detected tumors. In order to obtain good
resolution images and accurately placed treatment it is necessary to detect the ionizing
radiation after it has passed through the body being examined or treated and then process the
signals obtained for the detecting means. The signals can be processed to obtain an image
which represents the body through which it has passed and/or which represents the
distribution of the ionizing radiation. In general the term “imaging” means forming an image
of the measured data, and the term “dosimetry” measurement of the absorbed dose due to

incident ionizing radiation.

In order to detect in real time the intensity and spatial distribution of incoming ionizing
radiation such as high energy photons generated in X-ray imaging or treatment devices,
digital detecting units have been developed which convert the incoming radiation, for
example photons, into electrons. This can be achieved by electromagnetic interaction with the
photons and matter which can cause some of the energy of the photon to be transferred to the
matter and a free electron to be excited. Devices within a detecting unit which achieve this
effect are called converters. Solid converters rely on the interaction of the incident photons
with a solid sheet of material to generate electrons by the Compton Effect or pair production.
Gas converters rely on the interaction of incident photons with a gas in a chamber to generate
electrons. An example of a prior art unit is known from PCT patent application
W02007/061235. A simplified example of a digital detecting unit (1) is shown in figures 1a)
to 1d). This device comprises a housing (3) (shown in dashed lines) filled with a gas (16). The
housing contains a converter (5), a GEM (7) separated from the converter by a gas filled gap
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of depth G, and a read-out unit (9). The converter is formed from a substrate of metal (11).
The substrate has a first major face (13) which faces incident ionizing radiation I. This
incident radiation causes the formation of electrons in the substrate and these electrons travel
through the substrate towards the second major face (15) of the substrate. Electrons which
pass through the substrate and impact with the gas molecules in the gas-filled gap cause
ionization of the gas molecules and the production of secondary electrons. These electrons
need to be multiplied in order to achieve a detectable signal. One way of performing electron
multiplication is by providing a micro-pattern gas amplification device (MPGAD) such a gas-
electron multiplier (GEM) (7) of the type developed by CERN, separated from the second
major face of the converter by the gas-filled gap of depth G. The GEM comprises a thin,
insulating, perforated gas electron multiplication foil (17). Typically the foil is made of an
insulating substrate (19) of polyimide polymer poly-oxydiphenylene-pyromellitimide, usually
called “Kapton®”, that is coated on both major sides (21, 23) with a coating (25, 27) made of
a conducting material such as copper. The perforations in the foil form a regular matrix (29)
of GEM through holes (31) which extend between the major sides (21, 23) and which form a
grid of equidistantly-spaced GEM through holes over substantially the whole of the major
surfaces. A potential difference can be placed across the coatings (27, 29) thereby generating
an electric field in the GEM through holes which electrical field guides electrons from the
converter into the GEM through holes (19). The electrical field generated in the gas in the
through holes initiates electron avalanches which increase the number of electrons leaving
each through hole. The number of electrons generated in the avalanche can be in the range of
100-1000 per incoming electron. These electrons can be collected and the position and
intensity of the incident radiation determined by processing signals generated in the read-out
unit which could be, for example a thin film transistor. The electrical fields necessary to
ensure the electrons are guided to the read-out unit can be achieved by connecting the
converter to a high negative potential, for example -700 V, the upper surface of the GEM to a
medium negative potential, for example - 600 V, the lower surface of the GEM to a lower
negative potential e.g. - 300 V and the read-out unit to ground. In order to achieve a large
amplification of the electrons leaving the converter it is necessary to have a large potential
difference between the converter and the GEM. However if the potential difference is too high
then there is a risk of electrical discharges in the form of sparking between the converter and
the GEM.
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A problem with the prior art devices is that high energy electrons which leave the electron-
emitting face of the converter with a large lateral vector will collide with many gas molecules
as they travel laterally in the gas gap between the converter and the GEM. These gas
molecules will generate electrons, some of which will travel to the GEM and be multiplied by
the GEM in a through hole which is not directly under the arrive point of the incident ionizing
radiation on the first major face of the substrate which gave rise to the high energy electron
and thus will an erroneous position of the incident ionizing radiation when they are detected
by the read-out unit. These give rise to errors in the signals produced by the rad-out unit and

lead to decreased accuracy and resolution in images of the incident radiation

Another problem which can occur is that a large GEM acts as a capacitor which leads to
unwanted electrical fields and the possibility of dangerous charges becoming stored in the

device.

Brief Description of the Invention

The present invention relates to detecting devices which comprise a converter unit which
overcomes one or more of the problems in the prior art by providing a new type of converter
and a GEM matched to the converter. In one embodiment of the invention this is achieved by
matching the position of the through holes in the GEM with the positions of the blind holes in
the converter to reduce the risk of electrical discharges between these two components. In a
further embodiment of the invention a reduction in the risk of discharges between the two
components is achieved by dividing the copper coatings on the GEM into segments.

Brief Description of the Drawings

Figure 1a) shows schematically a view from above of a detecting unit according to the prior

art.

Figure 1b) shows schematically a section through line A-A of the unit of figure 1a).

Figure 1c) shows schematically an enlargement of part of the section of figure 1b).

Figure 1d) shows schematically the view from line B-B of figure 1c).
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Figure 2a) shows schematically a view from above of an embodiment of an detecting unit

according to the present invention.

Figure 2b) shows schematically a section through line C-C of the unit of figure 2a).
Figure 2c) shows schematically an enlargement of part of the section of figure 2b).
Figure 2d) shows schematically the view from line D-D of figure 1c).

Figure 3 shows schematically a view corresponding to that of figure 2¢) for another

embodiment of a digital detecting unit in accordance with the present invention.

Figure 4 shows a view from below of a further embodiment of a GEM according to the

present invention.
Detailed Description of the Invention

An example of a detecting unit (39) in accordance with an embodiment of the present
invention is shown in figures 2a) to 2d). This detecting unit (39) comprises a housing (41),
shown by dashed lines, containing a converter unit (comprising a converter (43), a gas-
electron multiplier (GEM) (45)), and a read-out unit (47) which generates signals relating to
the position and intensity of electrons which interact with it. Signals generated in the read-out
unit can be collected by a signal processing system (not shown) which may convert the
signals into images. The housing is filled by a gas (49). Preferably the gas is a mixture of
gases, preferably a Penning gas mixture, for example a mixture of argon-xenon or neon-

argon.

The converter (43) is formed of a solid substrate (51) and a stack (53) formed of a plurality of
perforated accelerator plates (55'-55), which have their perforations (57) aligned to form a
regular matrix (59) of gas-filled blind holes (61). The solid substrate is made of a suitable

metal, for example tungsten, chromium, copper, thenium, molybdenum, tantalum, iron, steel,

or made of an alloy of such metals. It has a height h, width w and length 1, and has an ionizing
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radiation-receiving major surface (63) upon which ionizing radiation I may be incident, and

an electron-emitting major surface (65) from which electrons may be emitted.

In the embodiment of a converter shown in figures 2a) to 2d) the electron-emitting major
surface (65) of the converter is in electrically-insulated contact with the stack (53) of
perforated accelerator plates (55'-55"). Figure 3 shows an alternative arrangement of a
converter according to the present invention in which a non-perforated plate (55), preferably
made of the same material as the accelerator plates or a material with a similar coefficient of
expansion as the accelerator plates, is provided between the electron-emitting major surface
(65) of the substrate and the stack of accelerator plates. This non-perforated plate is in
electrical contact with the substrate and is electrically insulated from the stack and serves to
reduce mechanical stress at the interface between the bulk of the converter and the stack when
the device heats up during use. In all other respects the converter shown in figure 3 is
identical to that of figure 2 and the same references number are used to represent identical

features in both embodiments.

Preferably in all embodiments of a converter according to the present invention the number n
of accelerator plates is greater than or equal to 2 and less than or equal to 100. More
preferably the number n of accelerator plates is greater or equal to 10 and less than or equal to
50. Most preferably the number n of accelerator plates is greater or equal to 15 and less than
or equal to 30. The accelerator plates are made of conducting material, preferably a metal
such as stainless steel, which is sufficiently dense and thick enough to attenuate and/or absorb
scattered electrons which have a significant lateral vector. The individual accelerator plates
that form the stack may be joined together by electrostatic forces of attraction and/or by an
adhesive which may be provided completely or partly over the contact area between adjacent
plates. The stack may be connected to the electron-emitting major surface of the substrate by
any of the methods used to join the accelerator plates together. Mechanical fasteners or
clamps may also be used to hold the accelerator plates together and/or the accelerator plates to

the substrate.

The arrangement of the blind holes in the matrix may be quadratic (as shown in the figures) -
where each hole (except of course the holes nearest the edges of the plates) is surrounded by
four equally spaced holes, or staggered - where each blind hole is surrounded by six equally

spaced blind holes. Preferably the blind holes have a diameter D1 which is equal to or greater
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than 0.3 mm and less than or equal to 0.5 mm. The distance between centers CC1 of the blind
holes is preferably equal to or greater than 0.45 mm and equal to or less than 0.65 mm, while
at the same time the minimum wall thickness Tmin between the blind holes should be equal to
or greater than 0.1mm to ensure attenuation of laterally moving high energy electrons.
Thickness Tmin should be less than or equal to 0.5 mm to ensure that the resolution of the
device is adequate. Preferably Tmin is equal to or greater than 0.15 and equal to or less than
0.25mm.

Insulation (67) in the form of a conformal insulating coating, e.g. vapor deposited poly(p-
xylylene) polymer such as “Parylene”®, or an insulating film or insulating layer is provided
on the accelerator plates to insulate them from one another. Insulation further covers the
longitudinally-extending cylindrical surfaces (69) of the blind holes and reflects low energy
electrons which contact the cylindrical surfaces back into the through holes. The exposed
portion (71) of the electron-emitting major surface which forms the closed end (73) of each
blind hole is not electrically insulated and, when connected to a negative potential, serves to
attract and neutralize the positive ions formed in the through holes thus preventing these ions
from reacting with and neutralizing the electrons leaving the substrate. Other arrangement to
attract and neutralize positive ions are also possible, for example a portion of the
longitudinally extending wall of each blind hole may be uninsulated, thereby providing a

portion of the surface which can attract and neutralize positive ions.

Preferably each accelerator plate has a thickness p which is equal to or greater than 0.05 mm
and equal to or less than 0.2 mm. More preferably each plate has a thickness of 0.1 mm +/-
0.01 mm. The substrate and each acceleration plate are provided with a respective electrical
contact (not shown). These are conneétable to an electrical supply (not shown) which is
arranged to form an electrical field which increases from negative to positive in the direction
from the substrate to the distal accelerator plate (55 in order to accelerate electrons toward
the open ends of the blind holes. Preferably the electrical field strength along the blind holes
is equal to or greater than 0.5 kV/cm and is less than or equal to 2 kV/cm. More preferably the
field strength is 1 kV/em +/- 0.1 kV/em. For example, if the stack of thickness 2 mm is made
of 20 accelerator plates and 20 layers of insulation, then the average thickness per layer of the
stack is 0.1 mm and the potential difference between each adjacent accelerator plate of the
stack should be in the order of 10 V. For example if the converter is held at a voltage of -800
V, then the first accelerator plate (55') would be at a voltage of -790 V and the last accelerator
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plate at a voltage of -600V. The use of a plurality of accelerator plates permits the
establishment of a powerful electrical field though substantially the whole length of each
blind hole.

The electrical field in the blind holes can be shaped by adjusting the potential difference
between each pair of accelerator plates. In one example of adapting the electrical field in
converters according to the invention the potential difference between each pair of accelerator
plates is the same, i.e. the potential difference drops linearly along the length of a blind hole

from the closed end to the open end.

In another example of adapting the electrical field in converters according to the invention the
potential difference between each pair of accelerator plates is not the same, e.g. the potential
difference drops non-linearly along the length of a blind hole from the closed end to the open
end. This non-linearity could be in the form of a small voltage drop between arranged
between the first accelerator plate (55') and the second accelerator plate (5 5%), a larger voltage
drop between the second accelerator plate (55%) and the third accelerator plate (55%), and so
on, wherein the voltage drop between each pair of accelerator plates reaches a maximum

between the penultimate accelerator plate (55™) and the last accelerator plate (55°).

In yet another example of adapting the electrical field in converters according to the invention
the potential difference between each pair of accelerator plates is the opposite, i.e. the voltage
drop is arranged to be largest between the first accelerator plate (55') and the second
accelerator plate (55%), and smallest between the penultimate accelerator plate (5 5™1) and the

last accelerator plate (557).

In a further example of adapting the electrical field in converters according to the invention
the potential difference between each pair of accelerator plates is arranged to be low between
the first accelerator plate (55') and the second accelerator plate (55%), raising to a peak
between two intermediate accelerator plates and then falling to a lower potential difference

between the penultimate accelerator plate (55™) and the last accelerator plate (55%).

Incident fonizing radiation, for example photons, is directed to the radiation-receiving major
surface of the substrate and generates electrons which enter the closed ends (73) of the blind

holes. Electrons which are travelling substantially parallel to the axis of the holes pass though
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the blind holes and cause ionization of the gas molecules thereby producing secondary
electrons. High energy electrons which have significant lateral vectors will pass through the
insulation of the cylindrical surfaces of the blind holes and will be absorbed or attenuated by
the material of the accelerator plates thus reducing the erroneous effects of these electrons.
The electrons leaving the gas-filled blind holes in the direction towards the GEM need to be
multiplied in order to achieve a detectable signal. This is achieved by providing a potential
difference across the GEM. Preferably this potential difference is equal to or greater than 40
kV/em and equal to or less than 80 kV/em.

Any prior art GEM of appropriate size and performance may be used with the converter but in
the embodiment of a digital detecting unit according to the invention shown in figure 2a) to
2d) a new type of GEM may be used. An example of such a new GEM (45) comprises a thin,
insulating, perforated gas electron multiplication foil (77). The foil is made of an insulating
core substrate (78) of, for example, polyimide polymer poly-oxydiphenylene-pyromellitimide,
usually called “Kapton®”, and is coated on both major sides (79, 81) with a coating (83, 85)
made of a conducting material such as copper. The perforations in the foil form GEM through
holes (87) which extend between the major sides (79, 81). Preferably the GEM substrate has a
thickness k equal to or greater than 40 pm and equal to or less than 60 um and preferably is
50 um +/- 2 um. Preferably the conducting material has a thickness ¢ equal to or greater than
3 pm and equal to or less than 7 um and preferably is 5 pm +/- 1 um. The GEM through holes
(87) extend between the major sides of the GEM and have their longitudinal axis parallel with

the longitudinal axis of the blind holes in the accelerator plates.

Contrary to the prior art wherein the GEM through holes are evenly distributed, the GEM
through holes are arranged as regularly spaced-apart groups (89) of GEM through holes. A
“group” of GEM through holes comprises a number M, for example, M= 3 as shown in
figures 2a)-2d), of GEM through holes, wherein M preferably is greater than or equal to 1 and
less than or equal to 20. Preferably the groups of GEM through holes are arranged in a matrix
at a centre-to-centre distance CC2 which corresponds to the centre-to-centre distance CC1
between the blind holes and each group of GEM through holes is arranged aligned with a
respective blind hole. Preferably the centre of the group of active through holes is aligned
with the centre of the respective blind hole. Such groups of GEM through holes, called
“active GEM through holes” in the following, act to multiply incoming electrons. It is

possible that for production reasons additional individual blind holes or groups of GEM

8
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through holes may be provided which are not aligned with the blind holes. Such GEM
through holes are not intended to multiply incoming electrons and are called “surplus GEM
through holes” in the following. Preferably the GEM through holes have a nominal diameter
Di greater or equal to 10 pm and less than or equal to 100 pm. More preferably the GEM
through holes have a nominal diameter greater than or equal to 30 um and less than or equal
to 90 pm. Even more preferably the GEM through holes have a nominal diameter greater than
or equal to 50 um and less than or equal to 70 um. Preferably the GEM through holes
comprises in a group of GEM through holes have a centre-to-centre spacing CC3 equal to or
greater than 20 pm and less than or equal to 200 pm. More preferably the GEM through holes
in a group have a centre-to-centre spacing equal to or greater than 50 pum and less than or
equal to 180 um. Most preferably the GEM through holes in a group have a centre-to-centre
spacing CC3 which is equal to or greater than 100 um and less than or equal to 160 pm. Even
more preferably the centre-to-centre spacing CC3 is 140 pum +/- 2 pm. Preferably every blind

hole in the converter leads to a respective group of active GEM through holes.

When a potential difference is provided between the coatings (83, 85) of the GEM by means
of the power supply an electric field is generated in the GEM through holes. In order to
prevent unwanted discharges between the edge of any GEM through hole and the edge of the
open end of a blind hole in an accelerator plate of the converter, the groups of GEM through
holes are arranged so that the minimum radial distance R between the circumference of a
blind hole in the distal accelerator plate (55n) and the closest point of the circumference of a
GEM through hole is preferably equal to or greater than 20 pm. More preferably the
minimum radial distance between the circumference of a blind hole in the distal accelerator
plate (55n) and the closest point of the circumference of a GEM through hole is equal to or
greater than 40 um. Even more preferably the minimum radial distance between the
circumference of a blind hole in the distal accelerator plate (55n) and the closest point of the
circumference of a GEM through hole is equal to or greater than 50 pm. The use of a annular
region of radial width R in which no GEM through holes are permitted means that in
comparison to a prior art GEM with equally distributed GEM blind holes the voltage
difference between the converter and the GEM can be increased compared to that used in the
prior art. This increase in potential difference may allow a greater electrical field strength and
better multiplication of the electrons entering the electrical field.

As an illustrative example of an embodiment of the invention, blind holes of diameter 0.4 mm

in a converter are arranged at a centre to centre distance CC1 of 0.5 mm, ie. the minimum
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wall thickness between the blind holes would be 0.1 mm. Each group of active GEM through
holes contains a plurality of GEM through holes of diameter 50 um. The centre to centre
distance between adjacent groups of active GEM through holes would be the same as CCl i.e.
it would be 0.5 mm. If the minimum radial distance R between the circumference of a blind
hole in the distal accelerator plate and the closest point of the circumference of a GEM
through hole is made equal to 50 pm then the centers of the active GEM through holes with a
diameter of 50 um may not be closer than 75 pm to the circumference of the nearest blind
hole in the distal accelerator plate. This means that in this example the diameter Dg of a group
of active GEM through holes, which is defined as the diameter of a circle enclosing the group
of GEM through holes, would be equal to 0.4 mm —~ (2 x 50 pm) = 0.3 mm. In the case of a
matrix in which the groups of through holes are aligned in a quadratic formation this would
mean that each group of active GEM through holes would have a diameter Dg of 0.3 mm and
the circumference of a circle with diameter Dg representing the boundary of the group would
be separated from the circumference of a circle with diameter Dg representing the boundary
of the nearest neighboring group of active GEM through holes by a region S devoid of active
through holes which is a minimum of 0.2 mm wide. Preferably the diameter Dg of a group of
active GEM through holes is less than or equal to 0.6 mm and greater than or equal to 0.2
mm. More preferably the diameter of a group of active GEM through holes is less than or
equal to 0.4 mm and greater than or equal to 0.25 mm. The minimum length L of the region S
devoid of active GEM through holes (i.e. the minimum distance between the circumferences
of the circles of diameter Dg of adjacent active GEM through holes) is given by the formula L
= CC1 — Dg. Preferably the region R is completely devoid of any GEM through holes but it is
conceivable that for production reasons one or more surplus GEM through holes may be

present in the region.

The electrical field generated in the gas in the active GEM through holes initiates electron
avalanches which increases the number of electrons leaving each hole. The number of
electrons generated in an electron avalanche can be in the range of 100-1000 per incoming
electron. These electrons can be collected and the position and intensity of the incident
radiation determined by the read-out unit (47) which is of conventional design and not
described further. Signals regarding the position and intensity of the incident radiation
generated in the read-out unit can be collected by a signal processing system (not shown)

which converts the signals into images.

10
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Figure 4 shows a view from below of further GEM (359) in accordance with the invention
which comprises groups of active through holes aligned with the blind holes as described
above. The conducting coating (373) of this visible lower major surface of the GEM is
divided into a number Q of electrically-unconnected regions (375'-375%) by a plurality of
grooves (377'-377%Y) each of which extend from edge to edge across the surface and which
extend through the surface to the underlying electrically insulating substrate. The grooves
may be formed by removing conducting coating from the respective surface or, when
applying the coating, by preventing coating from being applied where the grooves are to be
positioned. These electrically-unconnected regions may each form a capacitor but the total
capacitance of the GEM is less than that which would be formed if the conducting coating

covered the major surface as a continuous coating.

In a further embodiment of a GEM in accordance with the invention which comprises groups
of active through holes aligned with the blind holes as described above, the conducting
coating of the upper major surface of the GEM is divided into a number of electrically-

unconnected regions in order to achieve the effect of a lower capacitance..

In another further embodiment of a GEM in accordance with the invention which comprises
groups of active through holes aligned with the blind holes as described above, both the
conducting coating of the upper major surface and the lower major surface of the GEM are
divided into a number of electrically-unconnected regions in order to achieve the effect of a

lower capacitance.

The invention is not to be seen as limited by the preferred embodiments described above, but
may be varied within the scope of the appended claims as is readily apparent to the person
skilled in the art. The various embodiments can be combined with each other in any suitable

manner.

11
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Claims:

1. Detecting device for detecting ionizing radiation comprising a converter unit for the
amplifying ionizing radiation and a read-out unit, wherein the converter unit comprises a
converter (41) and a gas-electron multiplier (GEM) (45), wherein said converter comprises a
substrate (51) with an ionizing radiation-receiving major surface (63) and an electron-emitting
major surface (65) and a stack (53) of accelerator plates (55'-55%) in contact with the electron-
emitting major side, wherein said stack comprises a plurality of perforated accelerator plates
wherein the perforations (57) of the perforated accelerator plates are aligned with each other
and are distributed to form a matrix of blind holes (61) characterized in that said gas-clectron
multiplier comprises a matrix formed of a plurality of groups (89) of active GEM through
holes (87) wherein each of said groups is aligned with a respective blind hole.

2. Detecting device according to claim 1 wherein the gas-electron multiplier comprises a first
major surface (79) and a second major surface (81) made of a conducting material and
wherein at least one of said first and second major surfaces is formed as a plurality of

electrically unconnected regions (375'-3759).

3. Detecting device according to claim 1 wherein the gas-electron multiplier comprises a first
major surface and a second major surface made of a conducting material and wherein both of
said first and second major surfaces is formed as a plurality of electrically unconnected

regions.

4. Detecting device according to any of the previous claim wherein wherein the minimum
radial distance R between the circumference of a blind hole and the closest point of the

circumference of an active GEM through hole is equal to or greater than 40 pm.

5. Detecting device according to any of the previous claims wherein the diameter of each

blind hole is equal to or greater than 0.3 mm and less than or equal to 0.5 mm.

6. Converter unit comprising a converter and a gas-electron multiplier, wherein said
converter comprises a substrate with an ionizing radiation-receiving major surface and an
electron-emitting major surface and a stack of accelerator plates in contact with the electron-
emitting major surface, wherein said stack comprises a plurality of perforated accelerator

plates, wherein the perforations of the perforated accelerator plates are aligned to form an

12
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matrix of blind holes wherein the blind holes each have a diameter D1 and are arranged with a

center-to center spacing CCI.

7. Converter unit according to claim 6 wherein the surface of each blind hole is covered with
an insulator except for a portion which is exposed in order to be able to attract and neutralize

ions.

8. Converter unit according to claim 6 or claim 7 wherein said gas-electron multiplier
comprises a matrix formed of a plurality of groups of active GEM through holes wherein the
minimum radial distance (R) between the circumference of a blind hole and the closest point

of the circumference of a GEM through hole is equal to or greater than 20 ym.

9. Converter unit according to claim 6 or 7 wherein said gas-electron multiplier comprises a
matrix formed of a plurality of groups of active GEM through holes wherein the minimum
radial distance R between the circumference of a blind hole and the closest point of the

circumference of a GEM through hole is equal to or greater than 40 pum.

10. Converter unit according to claims 6 or 7 wherein said gas-clectron multiplier comprises a
matrix formed of a plurality of groups of active GEM through holes wherein the minimum
radial distance R between the circumference of a blind hole and the closest point of the

circumference of a GEM through hole is equal to or greater than 50 pm.

11. Converter unit according to claims 6 or 7 wherein each of said groups of active GEM
through holes is aligned with a respective blind hole, wherein the gas-electron multiplier
comprises a first major surface and a second major surface made of a conducting material;
wherein at least one of said first and second major surfaces is formed as a plurality of
electrically unconnected regions comprising pairs of adjacent electrically unconnected regions
with a groove between each pair of adjacent electrically unconnected regions; and wherein

said grooves are not in contact with any GEM through holes.

12. Gas-electron multiplier comprising an insulating core substrate and a first major surface
and a second major surface covered by a conducting material wherein it comprises a matrix

formed of a plurality of groups of active GEM through holes wherein each group is separated

13
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from each adjacent group of active GEM through holes by a region devoid of active GEM
through holes.

13. Gas-electron multiplier according to claim 12 wherein only one of said first and second

major surfaces is divided into a number of electrically unconnected regions.

14. Gas-electron multiplier according to claim 12 wherein both of said first and second major

surfaces are each divided into a number of electrically unconnected regions.

15. Gas-electron multiplier according to any of claims 12 to 14 wherein each group in the
matrix of active GEM through holes has a diameter of less than or equal to 0.6 mm and

greater than or equal to 0.2 mm.
16. Gas-electron multiplier according to any of claims claim 12 to 17 wherein the diameter of

each active GEM through hole is greater than or equal to 10 pm and less than or equal to 100

pm.

14
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Hur man dverklagar

Dom i tvistemal, Patent- och marknadsdomstolen PMD-02

Vill du att domen ska &ndras i nagon del kan
du 6verklaga. Har far du veta hur det gar till.

Overklaga skriftligt inom 3 veckor

Ditt 6verklagande ska ha kommit in till
domstolen inom 3 veckor fran domens datum.
Sista datum for overklagande finns pa sista
sidan i domen.

Overklaga efter att motparten éverklagat

Om ena parten har 6verklagat i ratt tid, har den
andra parten ocksa ratt att dverklaga dven om
tiden har gatt ut. Det kallas att anslutnings-
overklaga.

En part kan anslutningsoverklaga inom en
extra vecka fran det att 6verklagandetiden har
gatt ut. Ett anslutningséverklagande maste
alltsa komma in inom 4 veckor fran domens
datum.

Ett anslutningsdverklagande upphor att galla
om det forsta 6verklagandet dras tillbaka eller
av nagot annat skal inte gar vidare.

Sa har gor du

1. Skriv Patent- och marknadsdomstolens
namn och malnummer.

2. Forklara varfor du tycker att domen ska
andras. Tala om vilken andring du vill ha
och varfor du tycker att Patent- och
marknadséverdomstolen ska ta upp ditt
Overklagande (I&s mer om prévnings-
tillstand langre ner).

3. Tala om vilka bevis du vill hanvisa till.
Forklara vad du vill visa med varje bevis.
Skicka med skriftliga bevis som inte redan
finns i malet.

Det &r inte sékert att du kan lagga fram nya
bevis. Vill du gora det ska du forklara varfor
du inte lagt fram bevisen tidigare.

Vill du ha nya forhér med ndgon som redan
forhorts eller en ny syn (till exempel besok
pa en plats), ska du berétta det och forklara
varfor.

Tala ocksa om ifall du vill att motparten ska
komma personligen vid en huvudforhand-
ling.

4. Lamna namn och personnummer eller
organisationsnummer.

Lamna aktuella och fullstdndiga uppgifter
om var domstolen kan na dig: postadresser,
e-postadresser och telefonnummer.

Om du har ett ombud, lamna ocksa ombud
ets kontaktuppgifter.

5. Skriv under dverklagandet sjalv eller lat ditt
ombud gora det.

6. Skicka eller [amna in 6verklagandet till
Patent- och marknadsdomstolen. Du hittar
adressen i domen.

Vad hander sedan?

Patent- och marknadsdomstolen kontrollerar
att verklagandet kommit in i rétt tid. Har det
kommit in for sent avvisar domstolen Gver-
klagandet. Det innebdr att domen géller.
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Om o6verklagandet kommit in i tid, skickar
domstolen 6verklagandet och alla handlingar
i malet vidare till Patent- och marknads-
overdomstolen.

Har du tidigare fatt brev genom férenklad
delgivning, kan &ven Patent- och marknads-
overdomstolen skicka brev pa detta sétt.

Provningstillstand i Patent- och marknads-
overdomstolen

Nar overklagandet kommer in till Patent- och
marknadsoverdomstolen tar domstolen forst
stallning till om malet ska tas upp till prévning.

Patent- och marknadsGverdomstolen ger
provningstillstand i fyra olika fall.

Domstolen bedémer att det finns anledning
att tvivla pa att Patent- och marknads-
domstolen domt ratt.

Domstolen anser att det inte gar att bedéma
om Patent- och marknadsdomstolen har
domt rétt utan att ta upp malet.

Domstolen behdver ta upp malet for att ge
andra domstolar vagledning i ratts-
tillampningen.

Domstolen bedémer att det finns synnerliga
skal att ta upp malet av ndgon annan
anledning.

Om du inte far provningstillstand galler den
overklagade domen. Darfor ar det viktigt att i
overklagandet ta med allt du vill fora fram.

Vill du veta mer?

Ta kontakt med Patent- och marknads-
domstolen om du har fragor. Adress och
telefonnummer finns pa forsta sidan i domen.

Mer information finns pa www.domstol.se.

Sida 2 av 2



www.domstol.se





