; €3e] g4(6HTI O 1 n1259DE Descri ption

arrangement for detecting radiation, corrpumm

t onograph having this sensor arrangenent |||m\llll““““\mm“\
assanmilats=@dBranuf act uri ng net hod The inventi on rnelates

to a sensor arrangenent for detecting radiation,

particularly X-ray radiation. The 10 senso

ar r gngenEs tains a | arge nunber of det emm”"mm
el enent s. Sugcﬁpsensor arrangenments are used, by uay. of
exanpl e, in conputer tonographs or devices for

| 11 aghredding alrd@eR@meriteMeorN d8Ce@tiRO! tr £BHOIon, computer
hro hto |rra§?at|n containers or entire HGVs at

BR15 adi SPPBAT sengFrppgement,  and
sensacgsaociattﬂe@mtaszﬁtmgagrmmtmmn ains a pin diode,
for exanple. A pin diode is a diode with a |ayer
sequence p, i and n, where p denotes a highly p-doped
regiBre iimerdtiesn oCrelmtian ritesi @l Iserepiuerinangsment  for
| nt rddisd & g e£§81a9§5nwngs'r>el%ulgrrle, depesy I eghelicion. The

and n denotes a hi regi on ng
lpuncsteffbﬁP’ﬂlfﬁ’é?%g?fP%Thtr ac%t?h?ﬂ%t Poﬁaﬁﬁﬁt f S Vfbyfietecuon

Vi r taleedntde swehi sengoer aveaklgendoped drd elsed) a1>9 way Of
regi on. e 25 fact that the reve

% accqount of th K é . for

cur rEtft ™R 1 ough™t heSHREbFDde CERHERRT | n8Fi |y OR TR
chariger aybireer iig olugqlagdﬂeltem@nen thesadirpde—:ti setq:$@at ahrough
a p'tr? PRALQY %ﬁﬁ ﬁl all'?@r%t' gy dSﬁ@ff?“H(&\% at border
exanpl e i n nuclear techno In

LPonupmptnl t HROSES ay Aadi &8 éﬁtﬂgnséeﬁéh%v{?edsﬁﬁﬁ@rqf the
r adi g g0y Vi Edh S@ieDe @iesied N9 dIea®] NEeh Oample.

for exanple |nto visible I'ight, part| cul arly into

light in a wavel ength range of between five hundred

and Asejym timndeedsnmomacb@eswﬁhr aeXayre sec'mmgl@e p, i and
sci t| r hi s V. .

rangrg can %8 Ee?ééec Otae% 4k &’ é%%ee\gnp%ép th & genotes

2Ri gterdegnbeintichlépt MWNQ @s antobnsdc cﬂrteihee just
I nVedd1on, 1 8-SReET by dobely tHegPen POs@fn d@e%‘btﬂé},g a highly

radi ation, _a sensor arrangepent, of I n1259DE
Si nﬁ!éic?fé%@ gﬁf%oé’n cgﬁebeph%nﬂlﬁlﬁw Qé-lfl#&rﬁ aﬁHﬁWd a pn
sem panekicdor pa&ttlmﬂﬂ.aﬁlry paptlxﬁi&me Wi chheanimMerinsic or
manuf act ure%g? ow ﬁost an whi ch can be manuf act redf th
wi t iV CIPRCABERHLAGH, TFR9t et ORCFEURS 5° ©
28pechidgt athartrputlee trevegrssphchaveny stithpuglsender pin diode
arr S ct 0
%ﬁ g?atl %‘11?72 ?ﬁeq;l‘f‘éj 8RauLE é‘gﬂé%f%rtﬂ q.n the 1

The Sensor arrangenent
achiZ3R8) b?hassé]ﬁ-é?@re aky angefe®s MavPAB tpﬁ’é’th@dtQ%sor as a
10 shezidtash i Aepatedt, C|f@|rme1xan£§b@|9ﬂn’ﬁﬁb§eafre technology.

|f| inth | a i
sPecll!ef 1 BohpieRE”®! Bbyraph, the X-ray radiation is

30 converted into radiation which can be detected using
the pin diode, for example into visible 1light,
particularly into 1light in a wavelength range of
between five hundred and seven hundred nanometers, for
example using a “scintillator layer”. Light in this

35 wavelength range can be detected by silicon, for
exarple, with a high degree of effectiveness.

It is an object of the invention to specify, £for the
purpose of detecting radiation, a sensor arrangemenc ot



The inventive sensor arrangenent contains the
followng in the stated order, for exanple fromtop to
bottom 15 - a hol ding substrate which is perneable to
t he IndR&OD&bI e radi ation, at least in regions, or
produces detectabl e radlatlon w@en radi ati on i npi nges
and which holds a plurallty of detection 20 el enent s

I ayé?ﬁlﬂil‘%{:‘ﬁﬂs agé{er nea ?n tb%t Adaqﬁ%%éqﬂﬁeeadrjgﬁ ]?éyStandard

and sextieotsucHo nml@loﬁsoveﬂna paatacuilprof woiebti ean be
el eﬁ%ﬂh%a‘&rtu\i@dcrht?%@' 8§s§eaﬁﬁatv\§1f&9'@éﬁ§ MBI RAndk8ctured

respectlve 25 associ at ed det ecti on elenent -
a d®iéEt i dn igherYheld- séﬁ’ar%@@leé%ctlw régFgREion is to
svhi ebea:rﬁycoet aicoeguitera demegtradh ehemmg aBdch a sensor

respect ivel gont ad; at _| east. %ns%m UCLOr athod.
Bl ASE05 1T Sh SR A B
radi at| on, - and an insulating |ayer with separate

| nsyhati ng, r & o'}:%faq{' eGly | Cé#éy s Jt)?t ! QQrSHSement is

det ect’ o egl ons froma point 0O con havi

el e@chiieanedy }ébn@cﬁﬁvéoﬁorﬂ@’@mwntSShWéngn i gatures
1605 hawed fakd g, %H\?érﬂ:er@.'ﬁaﬂﬁ‘ ihapeRePOPROAts are s ecified
arrang&&;m a |n | ayer sequences can be I n1259

3 ease. In particular, the

manuf act uri ng process can be in a formsuch that the

d I
sopars an R SURGE QR AR TEEERLEE, e follouing
si giinf itdgntsibatiest @xgie i eﬁsnrt Q@MI@OWW@mm%b@—tom

psubstrate and the auxiliary layer ensure that the
detection elenents renmain mechanjcally, connected to

one —anot Fer NEALSBGhoBEPERE2RROI ¥R U bt ReTFRpable to the

process. detectaylld amadidtdlorachiagved caliits Qb ee_»tegg@ns, or
to the 10 a Iicatl nof tgg hoId| substra .
the hol dFf 2EEEREE=REEN PPTTRE ST he |.§F€la ton

| ayer canrgliswgetse ambaw}aiebl hbiddsne rrelfmraahetrnt of hdet&ction
261 Pl ane il Al A5 Wen A - igldlidndet ect i on

ayers an areas to be u arrang enment d Ia ers in
t he -1 aye@tsdfasitc Ong et biaey %@Yeﬁewleh@hhes quﬁmsa@le to

substrat @he agxtdd@ay1éayansathibaulaid Naxt 88 S cWhUinuously
pl anar for manufacturing the_sepsor In one_devel opnent
of the s&VEH Ar BHHIEHERY She JRIGHPRUBLEREPES OF which
cont ai NS deetiadnss Wbéphrate pergieaty ewhdnchheamlet eebapkkeively
adi atio rd e d C and
et ween {ghS%Sofgtaaec d|Pon € eam(i'{@nq-’ééztgl Jlet r%ﬂgn €,
radi-at i o absoedtenr égivens withi sSenarate dateetiorhaegions

the deteghablie padi atdRPaifaghes, obl YaoPe-de58Ctd1hent and
el ement. I n another, devel opnent, the hol ding substrate

cont ai ns TRFPEGHEVE YAl SRREEATC oAb ert@@$ar (4N e Semiconductor
radi ati ordrdngtngwhi chheigat @shéd tOver ath atthen Geiceltable

s high in gner.gy as conpared with the detectable
{)adl ati oﬁaidﬁ‘tag: g%é detectabl e radi ati on. Thus, in

par t4 cul &nd Xan ayinsadiadatingonl #per bevichnveepadatat dnsulating
radi atiorfé’c_\ﬁioqﬁ C%rbglectrically insulating the detection
regions from a point of contact having
electrically conductive connections.
35
The invention is based on the consideration that a
sensor arrangement having layer sequences can be



35 detected. with a high degree of effectiveness using
a sem conduct or conponent. Such materials are al so

cal |l ed In1259DE - 4 scintillators. One suitable

mat 8nllab9DE Ga0 sul fide, for exanple. In another

devel opment of the sensor arr angenent, 5 regi ons of
the auxiliary |ayer axe separated’by a filling

:rggr%” aI ﬁcl%%gmeas‘%_ hI ' keélggg ensyres tg%EtE%?}ar, the

es only on one det e¢ |on
Cr opshafRciturang decbdnssreans dfe ainuiat afpem choicbe tdfat the

f1 io | Ebggcrﬂbﬁrl agdle erldnddhe féddi nongs o 't%' adéo RELRARScally

etween t he tection regi ons an i nsul atlng
r egF6R3ratRen £KEMeeRgni BBPtREBust weéghofWPHédenmkg them

§eB§Q§n§EEL%g.ﬂ@I§'ntmb§eSi@:foi@@I\t' Y d n:rfae@.[eﬂ Irnea holding
supse n ev I N materl a used

o RRPAERLG nEnd NERR GBURLLiBFYT SAAORE] oEnsHREY ERaf  che
exadpltectubametlrmrd:nma cdeemaim anesthizseiqpehty deomheppedt fo one
the, g’éh'eka%ﬁo%% 55 thd! éaﬁ(ﬁ{uf# ﬂ?g?'ﬁ!%aeé’é The

in Sddition, thensu atln
| ayauxitharyse kEvem gﬁ@bseﬁﬁﬁoméihtlﬁe n@hm%’ét uPng to  the

107 oagﬁilbat%ncaff | €l OHE 1WA RY %ﬁ%@trﬁ%@austﬁucﬂi agi%e | Bolding
erial which has simlar material properties to

theSHEtséFla5les Bagd BeF e APRIAGSCt oF PEe bipry | faver can

par tiledl de, skbartitedal coefficient of expansion can

be matched to that of 25 silicon or of other

sem conductors. In a subsequent devel opnent, the

det ot iooe Irasf.émemmtai then lsardonductioe Sappor sequence are

Egmt ‘.3..5' ablaﬁgé phe 281 I 00n et erdpl Ry ?Q’ﬁlﬁtﬂ@r This
| e, 30 sem conductor support material 1s a

t h| ﬁlﬁé&um i 8bhopPatkolding Subgfrates | nayxddissyuehtyers,

devekepEeibn t hayeeat aahdpouﬁtsu@.ara&agns 1a91ei:ser w1th planar

mat eri al . }-Esnce to bri ,%% sensor ar g

i nt 8X&8%t a~ oF an' UF Rt e ed IB?’F‘&E?F bhtdi nlrﬁbe a Sensor

sel ectradgementi.t, a board qui ck-fitting techni que"
INn1259DE - 5 be used, which is al so call ed

(?:I i p-chip technol ogy. Other ways of making contact can
al sénbeonseddenehepaent| nod stbseq@ensodevarsppepRment, the

t heh@@h‘i?ﬁg’ %]:?srt?laatcg tber2iAst %‘éb'l@ﬁsavﬁm{ Saté& permeable

respectlve ler than_five square m| getd_Tekg 8

snal Pertrl‘?laﬁe(’iﬁé:té&l}ér Fafiatinn ePS RALE m@ etection

i nCi‘e&@mﬂshe r entd ut i batwéehhe ithagi Nngstysd eimn elements
?Ieg %ﬁ?{ %%E‘EQE %PGX#QOQE§Xbou§éé{1§H§t OMR% measure
ensures that the detectable radiation reaches only one
detection element. '

In another development, the holding substrate contains
30 a material which converts particle radiation impinging
on the material or radiation which is high in energy as
compared with the detectable radiation into the
.detectable radiation. Thus, in particular, X-ray
radiation can be converted into radiation which can be
35 detected with a high degree of effectiveness using a
semiconductor component. Such materials are also called



10 resolution is understood to nmean the nunber of
pixels in relation to a particular reference unit. The
reference unit normally used internationally is one

i ncan@2590EM [ lineters). In one refinenent, the sensor
arrangement contains nore than wo hundred detection

15 el enents, for exanple for note than five hundred.
Inaother op g |t|v :
SR Rt t%dﬂf‘é BR5EE1RL L8a 990 epptide:

seni@m eixempdte. The di ode contalns a p|n Iayer 20
sequence. The connections of the diode are routed, as

one alternative,éiust to one side of a support
sub3ty aEothekey develapnenty| sof nalee of SRACH| odszangement,

ghi Cfla_-gﬁ@h% C@'ﬁneﬁhéonéuﬁﬂlp@ﬂﬁ sl gipsr ofaddie Wﬂed by a
subg r:-aL 25 In |i th anot her as e]gt of the h

i nveritildRo aMBbRhueLr r IFASUE Ss pet ‘F‘f’%ﬁemﬁr’cﬁPres that
conn:amensradtteat:tmemimpéngessmn]ax rangemwtde)tre@u:momf element.

SRR RIS ISt A seREor UAMNENTce of

exam ni
ti si@élamgo\msawem@h fIf:aﬁhel rﬁp;ldamgematiemaﬂe also extends

10€r iigRRee ofnd hegeeapel 6n t%’é%%%%h a&ﬁit'@Héar hﬁsumatmg
respect, of the resolution. 35 'hhP inven'

al s
r el FE8LONG a HRehod ﬁormmléiﬁ]urf'ﬂﬁuﬁt§§ﬁ§or°f the entire

ar r RPNt artandeslntheis I@ﬂ&éﬂf&anﬁlyfqlﬂmmd In a
steps ar erfgéms Wi t hout gﬁ% Iii tation
n e

or d&MBS SVeLoRUe e ing: S a%éelaa € used is a

r admttlecmaéenshamm 5 senmibgindudeareeonpbneneslergion, for
granléf ﬁgﬂreq:l anitdnT‘Q}fd':?L & support substrate made of
a

sem conduct or nateri an initial thickness, - the
support substrate and an auxiliary substrate are 10

ﬂecfiaﬁléabhbseaﬁaﬁet v ferit derigé bORi3HBRY tlayer is a
substrat e, ch side contains ‘adi at i on- sensi
ar e&-85 t h a¥@ﬁ1 corfttc¥Rah ens, -iPhe as‘{féplp qn, the

subitrrmil%'dmg hnapem‘ otstlddeara salesd olbyex. The use of

@h' Cgﬁnesfgss%g ﬂeesﬁaﬁﬁggctcngsbgl tﬂr.acgcég]é CkRESSe <arried

e suppor mechanical Iy
conmsadt edl tlo msms@@scam@esgﬁgssatnes Qom’:mifdélar‘éthh has

pUtéyﬁfﬂgifﬁ§€e§hg§‘ﬁréﬂ@%ﬂﬂ&#lﬂU'Ehéuhék%%ﬁﬁls used in
the insulating substrate_is separated at t

bouREAHICEDR B RTen EEFANPLAGY- sEft RATtE a’boar"d'%e ofhermal
haVidQ:gaﬂiE:Jcﬁ!éJﬁ: n@rf_beéxpénswncmcw nagpaednt o that of

nd/ ar, .at _the bg i es between individual
emiScondifet & oﬁj‘pod%é Ss’e%qorpcﬂhcet YiXkiliary substrate
not bei ng separated, 30 - the pads are electrically

Con&%{ctgpﬁi teuseag;gghlcng RYdpmdicCh 1830 t8etBetion 1ayer
sem conduct or conmponent
contains a semiconductor support material, for example

a silicon material. By way of example, the
30 semiconductor support material is a thinned silicon
plate, i.e. a “wafer”.

In a subsequent development, the contact point contains
solder material. Hence, to bring the sensor arrangement
35 into c¢ontact with an integrated circuit containing a
selected circuit, a “board quick-fitting technigque” can



- the auxiliary substrate and a hol ding substrate are
nmechani cally co~inected on the bare side of the 35

auxi liary sub~trate, In1259DE - the auxiliary
subsirlA5ON® separated at the boundaries between

I ndi vi dual sem conduct or boards.and/ or individua

sem conduct or conponents, with ?hé auxiliary substrate

not .hei epar .8l e | pement.t e

vd UReRet e i o' BEE SR BRI i ey cecnnoloay.
sensdthexr meantre mehteakoiorg adontrac i cenli obes heiuged however.
manuf acturing met hod which is considerably sinpler

t han previ ous manufacturing 10 net hods. Exenpl ary

embdd menf4bseANARL| ARNRLOBRSETe &R AR bR wrtipehof the
sef et ich t Be capeBdeds APt i vl yWs®B1182 than five
figure 1 shows.g.sensor chip containing t hundr ed

and STHASE of Podaridt Eiemehts, Prahie s SHIR apne  square
enl arigddindtderst r Fhien méasudet dilcrefas® t hbesensowlution of

chi [ ho . Se . 51| |,t h ;
sci mrﬁ I _g#l(qafg%f%c kg\(jig&ﬁ g u?éﬂﬁlégg%}gﬂ’heag enso }.npg ﬁﬁ? with
at tAREWRIDYY t heusEenantt urepglublipes; afd f tdses BRtext,

100 Hesd1a 38l ech ednRdfaciurd Ndmebadend Hudder of Pixels
sensor Chlﬂé 30 Figure 1 shows, a basic illustration,o

a sefsorfHRPia® cbRt alni MPEME HATIr cBCERECREEt yUgik- The

Zen_&wff}mt méﬁ%, iha_amam? V\bisléh atzeT@Eﬂ;a@ioszlﬁam one

esl.gn u a . er n elr at er | MeNS] on

The Heot2€rd 811 theteds)1o0h (SIS fee (HIRIRL A Ehe sensor
mat raprdngenent sicenéan nusowsoza ttdlazn6}:zaznd hundeed detection

180l ;g}ﬂgén&éﬁ 0 5. exardild mollge _tHA U Byl BH00Ee@n

enl ‘ustration of a detail 20 of the sensor
chip 10 with two sensor elenents 12a and 12b. The

sensi el aptherl2a aadeldbmane, hel dh by Fa@iags dl-dledsitive
Zz'égﬁiégﬁﬁ é%ég gbﬁﬁgégﬁtek n%nkfﬁ;diode is used in each
sensor element. The diode contains a pin layer
20 sequence. The connections of the diode are routed, as
one alternative, just to one side of a support
substrate. However, use is also made of pin diodes
which have connections on both sides of the support
substrate.
25
In line with another aspect of the invention, a
computer tomograph is specified which contains the
inventive sensor arrangement or one of its
developments. The use of the sensor arrangement in a
30 computer tomograph for examining human or animal tissue
allows a significant improvement in the performance of
the computer tomograph, particularly in respect cf the
resolution.

35 The inven'.ion also relates to a method for
manufacturing a sensor arrangement in which the



5 expl ained below with reference to the sensor el enent
12b. In a wafer |layer 24, the sensor elenent 12b
contains a wafer region 24b which is bonded on the

gl agalpbapE 22 10 using an adhesive | ayer 26, e.g.
conprising epoxy resin. The wafer regi on 24b contains
silicon and doped regions of'hfgrh di ode 28. An

| nt ggggg@gg&agqa ?,%]{1 %mg#@nargyflmftauon by

24bthAnOGdﬁérlmdﬂ@ﬁG@ﬁnect 34b 15 produces an
el ectrically conductive connection between the pad 32b

and a solder pellet 36 on_a contact area 38, That side
of theawaf@rgeegnbmbes wAfchintegeabed fFafi2bippesensitive

gl a%&nﬁb@h@u%&o%%o@n;ﬂirﬁé?&@'ﬁ@_Iﬁ&mmtﬂ&:é@l @barslng from

bonded on the g 4 glng an _adhesi ve qy 1 of
42 2 AFRROYY ofitt ﬁEr§8 d&P ‘%e t SEBpCOpRucgnsflarerial o
eleaanun251h2bthankaems anot her sol der pellet 44

conprising a soft solder on a contact area 46b. There

are thus two connections for the sensor e|lenent 12b,

f or ~ex&lgl SUPPOTE gruRstratenmnd |Hh awel Fbrry Sppphrate are

1¢0NAREHaAN ca3l ! N chhfexerP! ahy enBodisABEt , ofhetBeNS8ipport
el ement 12b and al so the . qther sensor elenents,12, 12a.

conERPS ERG teur t HEM L Reni SABUCIT I bnehfdiation-sensitive
par aredlsapblfy the aeEniidondug teaneonginentsesi des the pi n

di ode. 35 Method steps for manufa.ccuring the sensor

chip 10 shown in fig~.ire;~ 1 and 2 are explained in

nmor e -déhai Isupgicow wiuls tnefte el echigifeduerstlbE barsl side to

14N L Q%l\@khlés%h%hléhmlésqggs— than fﬂHeStlrﬁ)‘ce.L'mJ 3c_rl'M.ckness,
enbodi nent expl ai ned, the sensor chips 10 on a wafer

are separated before a "scintillator block™ is nounted

on the t&@wsozréai p sfﬂé:i gwite 3tﬁBOV\/Ssﬁ§1§oﬂ1§t aigupdtrefte is
the_se or CHH& Eig% C|nt|IIat hl ock 50 whi.ch
is o PrREhh: 1 Fhd U VG EETF R g
an adhe3|ve | ayer 52. The adhesive Iayer 52 is an
poxy N er Ol neX he. ex a
2§I’Tb0dl E%?ts %ﬁé Cltfntl ?HB eﬁ- él{ Eg {caon gl ﬁ:rsﬂgre%%%ﬁ%atlng
54a salps t34Fenhi ch convert X-ray radiation into visible

l'ight and which are respectively associated with a
sensor element 12a or 12b. _.Between 15 the re on 54a

54b t i atRSHERFLRT| vEUPSHEGHE 565 t 0SER the
r ef beeindardidd e begheen nt dnﬁhelﬂﬁgllonSséﬂﬁcoﬂﬁdtbctdﬂr boards
rder 19 |ncre I VIEY
th %fﬁ At | 1%t or Eﬁocﬁaégaﬁés %%eng%%%ggﬁé o the ggonents
gl agaqdloat e 22% th@hﬁEwsbpuadQIQQSstHbeﬁﬂﬂﬂnnueenleldual

bet ween RHRLEYr SENRIMSnELEIENLS th2a Nty 2Pl PR substrate
sensor chip 10. Figure 4 shows the detail 20 after

sawRf BRSSP PFEDH Yl ass plate 22 in regions
bet ween the sensor el enents 12a and 12b. SaMAng has
| ate.22 into ions

urned the gl as gle
3 B PRAE A o S1EE5CheAM i PRESREEEEndst “GoRiReting
el emerimntE2avhdrehl 2eadurd e rsesmmn@cttdm components,
scintillator block 50 has been only
- the auxiliary substrate and a holding substrate are
mechanically connected on the bare side of the

35 auxiliary sub.trate,



30 partially sawed, but not severed. Foll ow ng saw ng,
the regi ons between the glass plate regions 22a and
22b and between the wafer regions 24a and 24b have
beennfidlbloed with a filling material 80, 35 for exanple
with an Epoxy resin, which has been m xed wth

titani um di oxi de. I n1259DE - 10 Figure 5A shows a

ranit a0l o GERLASSRYn o RS Dk, 28b oncheidted at che

s enboumdacties vvalbetwael@ wWAnghvidaad t semirerdumter boards
GSOF%t/ZéO ghg ﬁua Orséﬁﬁgahﬁucggklch fbAeRd actlith the

50 e pi n , assi vation Iayer 102

has ayesdsd i @@%tet H@’-’elhqlr@ FHRRTF R exanpl e a

gilicon nitrite layer. For pads 32a and 32b, a

phot ol i t hogr aphi,c net hod has then been us t 0, pr.oduc

cut didt s OPR tﬁ@gb§§gﬁ95tloﬁg?ayE?VQEEF ﬁo‘%ﬂ%&%huéﬂSF?% t?e
a mmaﬂdﬂahﬁuﬂﬁ1dﬁwxyr&@4sessapphredngeﬂestsucbntadning pin

Thi s,.has resul e el e uc hich i
conﬁleco}l ons best wg;en the ?n%ﬁu%%ég&roﬁgxt@g airi#(?%%gd whe e
reglmloienateL}Sensﬁ;ﬂnEéI@rent@aIQa preyiops | nmﬁF’g‘l#laé?é'rurlng

@ od dash-dot line illustrates a boundary 106
etmeen the sensor elenents 12a and 12b. As figure 5B

shows, the glass plate 22 has then been 20 bonded on.
I'n tﬂaaen@qemq} a"e)vﬁb@ﬁlfiméinltentoft hheg! aasentabe 22rdaexplained

t hi ckness of, 400 microns e I .
tha(tzbef °Y s "o arreﬁ%feq ero%t?s )%l%’nrg)rre S5 021 n}?ﬂc@ai}lr?ir%r"slngs’ n
25 Higiete: 5C shows the sensor chip 10 after a
lgrindingthin process or an etching process, in which
he thickness D1 of the sem conductor wafer 100 has
beerf @t cd $ows 2 cBSRSAE| FRiReCPRLBRARE BYor Hugdred and
t hi cky 42 &by i S1dhdhdtysmcrons in the exenplary
30 enbodi nment. Foll ow ng thinning, the individua
chips 10 and al so the individual wafer regions 24a,
24b Biguisepar eheds uann@rdrretechi gl ystocesion fof a detail of
xanpl e usin chem cal etching process. Etching
2|Ss p ?o%%sagrse(fﬂféi vely with r.espzct to the
passi vation |layer 102, 35 for eXanple. , I Nn1259DE -
11 Hygwe HD shays tdie seesbrChinip0 Riter 4 hesdlmsSllator
pl at e 40 has been bonded usi ng the adhesive | ayer 42.
As & y mentioned, the adhesive |layer 40 |ikew se
conpri ses epoxy resin or anot her suitabl e adhesive. 5

25 figure 4 shows the sensor chip at the end of the

manufacturing method, and

figures 5A to 5I show selected manufacturing stages for
the sensor chip.
30
Figure 1 shows a basic illustration of a sensor chip 10
containing two hundred and fifty-six sensor elements
12, 12a, 12b which are all of the same design but can
differ in their iateral dimensions. The sensor elements
35 12, 12a, 12b are arranged in matrix form in sixteen

rows Z1 to Z1l6 and sixteen colunns S1 to S16.



Fi gure 5E shows the sensor chip 10 after sol der pads

108 to 114 have been applied to the glass plate 40,

for exanple the solder pads 112 and 114 bear the
conffad258D&as 38 and 40. 10 As figure 5F shows, the

glass plate 40 is then sawn up,,using a V-shaped cut

120, at the boundary 106, wth %he gl ass pl ate regions

40a 0 pr.od t te :

cut THR0 e e P BB gl B 1R R R B pdoair 20
sev@rfsu&zﬁrs¢rt\%onpa§§mat-pow1|t§yetrw01cszersﬁmrt ments 12a and

et ablj zathen dawir 184emBnthe 1291 apof12he heundaly by a
106. Betmee t he y@fer reglons 24apﬁnd 24b and between

t he SH&ASS aP fhBes?of tTRE c e er® rIFREF r &GN 1S

522 eapd ai2edvhbebowr aviftitl | edferthcepey tkei Efs@ndelement
ﬁg sinplify the production of a conductive

con |on to the solder pads 108, 110 and 112, 114,

inter alia. As figure 5G shows, a netallization |ayer

130 75 4 hpegp aRpLiedqto tthlée sré?ﬁsrox‘)fe]!éiﬁe&@n§@}5 ebhPains a
10 and Is structured, thu pr o u0|n%bthe out er

| nt SRS A% @ o HRWBABD B8 BORRETION Helg @kess plate 22
10nt etsa@tytetatrﬁ &@le%ridze%hawi ag@l nse. bhe &bd@r\t@lltn@; epoxy
of the .cut ? t hat cont # EE? e]1 doped
i nt &SHhec ‘ﬁa fe 369MBParF Pz 49 ﬁ%e?l bﬁo%?gﬂ ope
ext extyiznd aof as phe dibde2@8 .Fizgurentétrctimesc 30b extends
pro f u f e .se hi gy, 1

ol 'guthg i der n "EpY Bk 0ol 2t AFENHad 14 e che
t he adsr off the t@t@@rr%mt@nlmbt nAR 9ubgéqaéﬁerﬁ@m@§t 34b

15t eprddiRipssh Vatikerrhaneny dcma%m&re éannééelbﬁ between
stru%ggred in hh%EEf gi on gf t he %t der ads 108 t
114 th& B3t 3¢ dRr SpaHET1GE ‘31131 aPd &p’ﬁ%ﬁa‘:t area
As figgure 51 shows, the solder pellets 36a, 44a, 36b 5
and 44b are then applied to the solder pads 108 to
114, with the passivation layer 140 acting as a nask.
Af t dthatthes i ubac ttdne rvgafsetrageeghonn 2¢én whigly el S| rempge from
ir Sp s chipp
Zq S%tegéqrggsaglar s B %‘gonlél?éﬁg %QEe £839bn rll'O t°ﬂh1ch is

el ng connected
t he bg;tdfﬂdlqnat §hebl“@cfl@§ sroegls% %e%%rﬁ&t.éﬁ@emve layer
rel atg ng to figures 3 and 4. During separation of the
sensor chips 10, the glass plate 22 is separated at
the chip boundaries, but not between the sensor
eIem@ant1iaomlaﬂ$2bsoldars@@iﬁemﬂéﬁbntthm $emsor element

t
Boare bonde ont&ﬁﬁﬂgg*rggéde%h§e§gée %o?gﬁpﬁ@EQEQSa soft
ar e ssdsiaTat & ahecgnéégtm ar@a22461@ t HEREDR) @@raﬁw two

bet V&ﬁﬁaééao%ﬁstswr e&t@@ﬁ@éﬁséﬁaeléﬁénef 18bSEeRser c&BiPle for
10, durin mhlch rocess t$e SCIntIJ ator bl ocks, 50

are & -1Q5h13P4 f SRR SRR FO Lt ep

are both t he glass plate 22 and the scintillator

Sl 0ok S SeAgBEER Sl gble, oBhB, ZBREHGSEER 1 anc

depa&ltsmeuheorrpttherseqaaﬁ@@ otlemenbd si2eps l2a contain no
T ugty t?H@:d | B ehliGeneRcedL O SbmpBieMBY, Of Sa@ ¥ €larly no

t he cut can
~amp11fy1ng components, besides the pin diode.

35 Method steps for manufacturing the sensor chip 10 shown
in figures 1 and 2 are explained in more detail below
with reference to figures S5E to 5I. In line with the



30 be made before the sol der pads 108 to 114 are
applied. The cut 120 can al so be nmade deeper or w der
t han expl ai ned, which neans that the adhesive nateri al
is dAEl@5%ved in the regions 122, 124. 35 If the
sez~sc~~r el enments each containgjust one pin diode,
then there are no technol ogy dl?ferences such as arise

whe e Seus :
hi £ 17 Bty £ bl lin Bl RGP dih g SAE°GEnspr chips
pr oddss OBloss Wakeladyear 8grasateen Reforphdt odissdgagillator

The kﬂrdcﬁagei@ﬁﬁo&{tédleoﬁoiﬂhecéém ¥hihe rear results
5in a smaller chip area in the lateral direction. In

addition, there is sufficient space for the

gonrmcgdm$ Cuhcﬁbﬁ tl@@rdew@iEhZUEaESthEabehber chip 10 with
i mensions, of .the_c e an _.be.chasen

genet oﬁgF'?tliungﬁ’ﬁl %ﬂﬁﬁ% g@ ﬁl'bn&s ?rﬁ%ngegln af3g free

wIcmmdérmflehecgﬁasbl@&mtdﬂZﬁﬂqun¢eamlaﬂhdsmveelayer 52.

easi t f f regi S v

cro£§¥alégg %%&gﬁ % e%eé*%o% 6%%r g ﬁ%éngnEEEOFTgﬁbr for

di f f®faMR1&ensor el enents. 15 The arrangenent
1explained allows the full |length of a sensor el enment

used for the netal cannectiaon between,the top,of
e Wiar 5 - ESPBRSxy v cdaG e et eiobt gt block 50
amﬁdunt&mnsnﬂfngu@mmod$m&ntandnrE4bhawhtwb convert X-ray
connectid qns .pe ngoL - n r r d.
1 2o o Lnld (TP P E ) Sull GHYER Tare respectively
(10)asfancidtadtt wmghr a&li aehenrs elanent allaya@r skgben&etween

1%hi %&%?ﬁ.@ﬁs EBal h%4%rd%héx@“a&aéeﬁef@e@@i%ngeglons 56a
substrate 0)_ which i's perneab to the detectab

radit i %h W%%Chlelé%l?ﬁtr‘ég%hée ngFan}EestllG fegions Sda,

det exfmhire deddntt®nvhesad @i | Send Pl npes ehdcidi €énsor.
holds a plurality of detection elenments (12a, 12b) in
t he sensor arrangenent (10),

When the scintillator block 50 has been bonded onto the

20 glass plate 22, the glass plate 22 still continues
between adjacent sensor elements 12a and 12b on a
sensor chip 10.

Figure 4 shows the detail 20 after sawing through the
25 glass plate 22 in regions between the sensor elements
12a and 12b. Sawing has turned the glass plate 22 into
two glass plate regions 22a and 22b which are
associated with the sensor element l1l2a or 12b. During
the sawing, the scintillator block 50 has been only

30 partially sawed, but not severed.

Following sawing, the regions between the glass plate
regions 22a and 22b and between the wafer regions 24a
and 24b have been filled with a filling material 80,

35 for exumple with an epoxy resin, which has been mixed
with titenium dioxide.



at | east one auxiliary |ayer 15 the detectable

radi ation and a plurality of detection ele contains
separate regions respectively associated with 12b), 20
(22Ini25&DHE s perneabl e to extends conti nuously over
;ments (12a, 12b) or which (2_2@EO 22b) which are a
detection elenent (12a, a detection layer (24) with

separ.at e _detectiaqn _regi Qns 4 [ are

contatiEs i acuBlec Fonaiipt e, Yahe Jff tne sensor
respG dl o fen alanefadtomse ohetBenptonducdes 28a, 28b on
CONMRo ié&%c%caalfégs%ﬁi YEch OnkBe a2% hickness D1 of
detectabl e radiation, and an insulati nlg | ayer (40

wi t B5epi af 20 AdGFaREng foayi R lp) Febiowing manufacture
fsl edf iwad I;%/iﬂ ;@w@%s& n?sérl]hezahst ggtbiagstwgt@ﬁﬁ 246 102 has
rom a point of contac vin el ectrically
cong}ﬁﬁr{)v@p&}rﬁﬁt iR (§%§e. %ntﬂ{g sBF&3r afPAng&Rapple 2
(10)sids cdrmai ek tritel alayér. chavact @eidsed 32w t hahdt h@2b, a
hol qj uhstr 50) [ regi_on 4 b

wni S S e RIS Mgy EReBD Bdett hse bo_ ppoduce
ar e quasypdst ivelthe aasd inedtiion dlat@rediQdn el enent

1612a, 12b), and In1259DE - 15 in that the hol ding
substrate (50). contains, _between the detectjon .

el erdiRsequent lvioB  meEgl bhzahhPRh 12N&ST & 1efpERiied and

t he ddatrathwdd®, radraid on.h&s 3. FBEukesdor ahnrangerettrically
(10)_as.,clainmed in claiml or 2. character.i.zed in that
{heasie i ebagtliBhy Harfindtl EAE Hinigh | Autiits ana
conesiges rnegiony myf pehe i seres omdi lagnient orladi 829 on

ich is high in energy as conpared with the
detectable radiation into the 10 detectabl e radi ati on,

and/Iay EAJuRge tHR Hel dPAg subsasirelotso}iventid Hastrates a

Mt eididdady Cllp & BrteFden XHd Vs drashAtd Dandriid 1A4li Ald OIRDb .
whi ch can be detected with a pin diode (28b), 15

preferably a highly absorbent sem conductor nateri al

or GdZnfegarePlB® showdm0 shefigdassA. pTaees@@sdias then been
rr t (1 I ai LD, o : pr di

28] L HRARE or ot ¥ng BiBRL e Py URRBE RS E BRS) bldss place
22b)2ofhaseaatiidknesy a9fr 4002 nigrdns, tHer dexewplien which

regifiihd 248at24by angd/ %Bmpa?cait@.%@l@t | pgpHEYl O Gddanical
40b) are separated by a filling material (80), 25
and/'t™M%r that the filling material (80) is a plastic,

preferably an epoxy resin, and/or in that the filling

2B S llad 90, IR0 E TR S0 LR T el 87 rsnaing-

pr efdriabl yoaadsd i tani @n diebdldeng process, in which the
thickness D1 of the semiconductor wafer 100 has been
reduced by at least half the thickness D1 to a
thickness D2, which is fifty microns in the exemplary

30 embodiment. Following thinning, the individual chips 10
and also the individual wafer regions 24a, 24b are
separated using an etching process, for example using a
wet chemical etching process. Etching is performed
selectively witli respect to the passivation layer 102,

35 for example,



5. The sensor arrangenent (10) as clained in one of
the preceding clains, characterized in that the
auxiliary lager (22) is a glass layer or a 35 ceramc
| ayanl1259DEL259DE - 16 and/or in that the insulating
| ayer (40) is a glass layer, aqu in that the

det ecti on | ayer (24) contains sem conduct or

t | t
5P 8D Ao Pl LénlaR 4 T ChBeraTRET g1ass
of c::dnwa:w@:ohaal ﬂ!@@olhimth veing (3@ .adlesivahdayer 42.
sensQr éi{ré agﬁ%né]]&)eaﬂs chai nkghd @é‘elget '&:he4o likewise

precedi ng al s aracterized int
ar eazqgmqw@saawx d??sellrér@“nt@c{tm sma:)ablse sﬁf%nereWe
ghan five square mllineters or 15 smaller than one

U | LISl SO0 D0 SO0, sorer pac

detaﬂacﬂbeﬂkﬂnhﬂﬁe(ﬂéap d@p)ied@Otd. thbegsensoplate 40, for

arraeq& %) eoul lr.a'n;g%ﬂs' 'itlgnearg’é i!ﬂ@ %re%&edqu contact
ar ac i at

cl ai rrB erize e sem conductor
CoNpoIRa#H 539(2&5'31, 48b) contains a doped region of one
160nduction type, a doped region of another conduction
type and, between these 25 regl ons, ermedi at e

r egifh RHAWIE | F FRPRd Bhei g %?%VPH%HeiMlbhlﬁ W&k sawn up,

dODimﬁﬁrﬁﬁ a:wqﬁﬁwbcfvi é@tt:thzoploatnlhef ﬁbhﬁdatbeﬂ.OG, with the

re | ut er tonmogr avii a

oIS AR T BRe B TR oAy B T Rdused on the

pr efodlreadd pratleay4® adiTite ooputhal2hg exctastdect inhounihe ( glass
D ol e 48 El4 39%5 gyLitedorh ead ?BEQQVE‘EllIoﬁWl%@er 102

he passage t TTEs0e rch 1 nfluenc
rad,aa';d ofhenmatsilthization layer 104 in the region of the

boundary 106. Between the wafer regions 24a and 24b and
between the lateral faces of the cut 120, there remain
regions 122 and 124 which are filled with epoxy resin
20 and which simplify the production of a conductive
connection to the solder pads 108, 110 and 112, 114,

inter alia.

As figure 5G shows, a metallization layer 130 is then
25 applied to the rear of the sensor chip 10 and is
structured, thus producing the outer interconnects 34a
and 34b. Sections of the outer interconnects 34a and
34b run against the side walls of the cut 120, so that
contact 1is also made with interconnects in the
30 metallization layer 104 which extend as far as the cut
120.

Figure 5H shows a process stage in the manufacture of
the sensor chip 10 following application of a
35 passivatica layer 140 to the rear of the sensor chip

10. In a subsequent method step, the passivation layer



I n1259DE - 17 and having an eval uation unit which
takes the output signals fromthe detection unit as
the basis for producing image data for an inage of the
straal@s8DEf the tissue, 5 characterized in that the
detection unit contains a sens b arrangenent (10) as
clainmed in one of the precedrng clains. 10 9. A nethod

for nuf act.ur i enso r (19), . [
thelggl Ilgvm%tgf% eplge%r@pépgo%%gg%\iﬁmeﬁwfou%@anyéfdw Sst 108
| i mitatlildn Isp tthetortder soldiearedis 198 Haarldd mnehexposed.
of integrated radiation-sensitive sem conductor

conmponents (28a, 28b) are manufactured starting froma

supper tE e r 8fe SO, nhBe Soldan RALRESr SR&reridd, 360
?f1 O%&d w'éltld drd f&rfé?n%;ﬁpl(igé? ,tctzotzt(lggséy@@@rpaﬁgbgoeﬁte 114,
,.and_an auxi,liary substrate are nechanically
con é&?’e&h&w PEFE et 5% ?rs&&g)oratc)%talsatae,mﬁﬁﬁ?'ch

side contains radi ati onsensitive areas of the

' duct (28 2 t
SubBirare (0o SFUeRREkEHE bl by 08 PLPRGEL sz, e
t hi dlimsss CREP ey Fenkyodigrant hpvehees ni¢ asensor chips 10

16 hi gg1es éé%&raé@dt hed reg1vi ¢acef BoEn§URRBOhected to the
substrate %éﬁ%%%ls nechanlcaa%% connected, t~ an \
i ns #CHd rateckaopl patee (198 (TR IRHurelating
on tee figeresds aind he.35Dunsmd atsepgraitisin abé (Y , sensor

I n1259DE -, 18 he i.nsul at4 sybstrate | rate .
T, Fhe° paARE 1Al T Ao AF" e A Ohe cnip
boaitssinidariireg ,a batgeatunbetweenserieoggnspor elements 12a,

0 enfs {288, rat the boundari es between
l?ngﬁgﬁﬁgh E%en1é%%§3%tor ééﬁponents (28b, 28b), with

the auxiliary substrate (22) not being separated, the

pads 108n40hdd4) etbfipeheot iddimeiect et Oscintillator
connecting points E ich | ead

10 th
senmiRRRet e ?Fb%%%n?%t?z%]a? %%%f? Slate 22 before the

chips are separated. The glass plate 22 1is then
20 separated between the sensor elements 12a, 12b of a

sensor chip 10, during which process the scintillatoer

blocks 50 are not yet severed. Only in a subsequent

method step are both the giass plate 22 and the

scintillator blocks 50 then separated at the chip
25 Dboundaries.

In a subsequent exemplary embodiment, there is a
departure from the sequence of method steps illustrated
in figures 5A to 5I. By way of example, the cut 120 can

30 be made before the solder pads 108 to 114 are applied.
The cut 120 can also be made deeper or wider than
explained, which means that the adhesive material is
also removed in the regions 122, 124.

35 If the seusor elements each contain just one pin diode,
then there are no technology differences such as arise
when integrating amplifier elements in the sensor chip.



the auxiliary substrate (22) and a hol di ng substrate

(50) are nechanically connected on the bare side of

the auxiliary substrate (22), 15 the auxiliary
subglRASODE22) is separated at the boundari es between

I ndi vi dual sem conduct or boards ;and/ or individual

sem conduct or conponents (28a, "Z8b), with the

auXi-hi.ary. 0 ei S d. 0]

The Tt et dEL] Eofielo Dk BRkel O TEREERLET oofts Oox eacn
f ol lagw@angesttgpn tidh mhotaflingasort substrate (100) is
separated at the 25 boundari es between indivi dual

sem conduct or boards having a | arge nunber of

sendh RIERIFMponeht Sheagen ORMFd/Vt §lpe rear results

?ggﬁdﬁrag)%mlv%enﬁhmgi VA el iﬁen&bmndatmg%cmmmm@n. In
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pr ef@¥@abl gopsiass ivnssepanat ebhBef oF@2¥ he Free sigdd s  the

1bhe [URBRANH SISt (cd K0 94 d tfedrBidiadi €911y
connected to the insulating substrate (40).

In1259DE - 19 11. The method as clainmed in claim9 or

10, Harbcimitved by whadeholdamtiongs sékpo prehents crosstalk

sep . on poj ( . 1S filled w iddin :

mat geﬁé'feé(}%) {.:1%2. ;‘L'%'g\)écr?%tdﬁlg&ogs ‘éﬁéﬁb@ I#ng ongfof different

cl aisenspn clementtr acterized in that it is used to
1ganufacture a 10 sensor arrangenent (10) as clainmed in

one of clainms 1 to 8. .A h.A{.A _e. Ah3R Ahe. A,

A FRe eryangenenna@e¥Plaizel midaye, ahe Iald clepoth of a
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a holding substrate (50) which is permeable to the
detectable radiation, at least in regions, or produces
detectable radiation when radiation impinges and which
holds a plurality of detection elements (12a, 12b) in

the sensor arrangement (10),

at least one auxiliary layer (22) which is permeable to
the detectable radiation and extends continuously over
a plurality of detection elements (l2a, 12b) or which
contains separate regions (22a, 22Db) which are
respectively associated with a detection element (1l2a,
12b),

a detection layer (24) with separate detection régions
(24a, 24b) which are contained in a detection element
(12a, 12b) and respectively contain at least one
semiconductor component (28b) which is sensitive to the
detectable radiation,

and an insulating layer (40) with separate insulating
regions (40b) for electrically insulating the detection
regions (24b) from a point of contact having
electrically conductive connections (36).

2. The sensor arrangement (10) as claimed in claim 1,
characterized in that the holding substrate (50)
contains regions (54a, 54b) which are permeable to the
detectable racdiation and are respectively contained in
a detection element (12a, 12b), and
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or reflect the detectable radiation.

3. The sensor arrangement (10) as claimed in claim 1
or 2, characterized in that the holding substrate (50)
contains a material which converts impinging particle
radiation or radiation which is high in energy as
compared with the detectable radiation into the
detectable radiation,

and/or in that the holding substrate (50) contains
material which converts X-ray radiation into radiation
which <can be detected with a pin diode (28b),
preferably a highly absorbent semiconductor material or
CdznTe or PbO, or GaO sulfide.

4, The sensor arrangement (10) as claimed in one of
the preceding claims, characterized

in that the regions (22a, 22b) of the auxiliary layer
(22) and/or the detection regions (24a, 24b) and/or the
insulating regions (40a, 40b) are separated by a
filling material (80),

~and/or in that the filling material (80) is a plastic,

preferably an epoxy resin,

and/or in that the filling material (80) has been mixed
with a material which absorbs or reflects the
detectable radiation, preferably with titanium dioxide.

5. The sensor arrangement (10) as claimed in one of
the preceding claims, characterized

in that the auxiliary layer (22) is a glass laver or a
ceramic layer,
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material (36).

6. The sensor arrangement (10) as claimed in one of
the preceding claims, characterized
in that a detection area on the detection elements
(12a, 12b) is smaller than five square millimeters or
smaller than one square millimeter,

and/or in that the sensor arrangement (10) contains
more than two hundred detection elements (l2a, 12b).

7. The sensor arrangement (10) as claimed in one of
the preceding claims, characterized

in that the semiconductor components (28a, 28b)
contains a doped region of one conduction type, a doped
region of another conduction type and, between these
regions, an intermediate region which is undoped or is
provided with a weak doping as compared with the doping
of the other regions.

8. A computer tomograph,

having a radiation transmission unit for emitting
radiation, preferably X-ray radiation,

having a detection unit {10) for detecting the emitted
radiation followii.g the pass.ge through a tissue which
influences the radiation intensity,
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in which the following steps are performed without any
limitation by the order indicated:

a large number of integrated radiation-sensitive
semiconductor components (28a, 28b) are manufactured
starting from a support substrate (100) made of
semiconductor material of an initial thickness (D1),

the support substrate (100) and an auxiliary substrate
(22) are mechanically connected on one side of the
support substrate, which side contains radiation-
sensitive areas of the semiconductor components (28a,
28b),

the support substrate (100) is thinned on the bare side
to a thickness (D2) which is 1less than the initial
thickness (Dl),

the free side of the support substrate (100) is
mechanically connected to an insulating substrate (40),

pads (108 to 114) are put on the free side of the
insulating substrate (40),
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the auxiliary substrate (22) 1is separated at the
boundaries between individual semiconductor boards
and/or individual semiconductor components (28a, 28b),
with the auxiliary substrate (50) not being separated.

20

10. The method as claimed in claim 9, characterized by

the following step:

the thinned support substrate (100) is separated at the
25 Dboundaries Dbetween individual semiconductor boards
having a large number of semiconductor components (28a,
28b) and/or the boundaries between individual
semiconductor components (28a, 28b), with the auxiliary
substrate (22) not being separated and with at least
30 one interconnect in a metallization layer of the
semiconductor components (28a, 28b) being exposed at a
connecting point (104),

the thinned support substrate (100) preferably being
35 separated before the free side or the support substrate
(1.00) is mechanically comunected to the insulating
substrate (40).
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