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A fast low noise Uno scan detector (NIKÜS) für digital radiograpby has

heen developed. It consists of an input x-ray phosphor screen that is

coupled to a modified Eeticon photodiodo array by woans of fiber optics «ith

incorporated inage iatensifier. In ita curreut voruion tbe detactor can be

operated «ith a Baxiaun 600 Hz iaage acquisitiou rate für interlaced readaut

of two lines of 128 pixela each. Using a Ud,,0 S:Tb x ray input phospbor an

afterglo» of 26S in tbe first subsequent readout was observed. Ve also

conducted afterglow neaeurements on several oLlier powJer and siDglö crystal

phosphors and tbe photodiod« array. Using CiiWU., tha afterglow of the detec-

tor is limited by the lag of tbe photodiode array of 4.BS. By modifiying the

readout electronica the noise of tba photodiode array was reduced to below l

greyleval, corresponding to a signal-to-noise ratio of 5200. The D̂ B*of the

datfictor ranged fro« 0.18 to 0.4 for typical signal levels. The sensitivity

«äs 108 Saturation per l.BoB eotrance dose. Tlie modular design of the NIKOS

detector allons for individual selection of each component to optimize

performanca for a givan application.

Keywords: digital radiography, digital subtraction angiography (USA), radia-

tion detectora, x-ray fluorescent screena, pliotodiode array.
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I, INTRQDUCTION

In Modern digital radiography, detectors with largo dynanic ränge are

required. This is especially Irue for non-iuvasive procedures employing

digital subtracliou augiography (DSA), äs tbe small aubtracted eignals are

very sensitive to noise [l}. In addition, for fast moying objects like tlie

hoart the expobure lim« must ba uf the order of a fe* »illiaeconds. Using

the recently develojied method of DSA in energy eubtractioa node [2,3,4] for

tbe iaaglng of corouary arteries, tha detector should offer a dynamic ränge

of 1:10000 and an image ur liue acquisition rate of l kHi corresponding to

an Integration tiuie of IQJS.

Ia clinical practise of cardiac imaging tbe aost comaon x-ray detectora

are x-ray iiuagu cuiivarter/TV--camara tubea. Tbay typically cooaist of an

alectrostaticäll/ fucusbing intensifier tube «ith îjtegrated x-ray phosphor

input-screen (x-ray Image Converter) and & vidlcon tube poupled either by

lensea or by fiber-opLica. Thtse inage Converters are erea detectors and

their output signal allowa for dynanic cine-Bode ipaging with 25 or £0 Hz.

Tha perforoauce of these detectora is adäquate for aost clinical applica-

tions, Recent rcjKjriü, liuwever, indicata that datactora based on solid state

devices night offer tlie potential of significant iBproyoment of ioiage

quality [l,5,ß] Some liiaitationa of current inaga-convartar/TV-camera tubes

aro:

liaittid teuipural reaolution

Ünitud dynaiflic rang a

large scaLtor-Lo-priaary beam ratio.

For Operation up to 60 Sa the modulation tranaftsi- fuuction (kTF) can ba

aa high äs 0.9 [7], For faster iuage acquiaition r^Les, however, tba UTP

drops sharply. Uost imaga convcrtars are equippüd witli a P̂ O output phosphor

screen that has an UTF (IkHa) of about 0.3 (7J. It may La eveo lover if the

Image Converter is equipped with a slow TV camcra.

TKa TV camera can also limit tbe dynamic ränge with values ranging fron

1:120 [8] to 1:1500 [ö]( whereas image convertei'ö offcr dynanic ranges in

excees of 8-10 [6].

When iroaging eaaller objects like blood vesaels tlie image contrast is

strongly reduced by tba background of Ecattered radiation which for cardiac

inaging can naka up nore than 808 of the detecled äigaal [10], This in-

herently liuits the perfomance of any aiea dttector. öcatter suppressiou

devicea like anti-acatter-grids nay provide üumu imjjruvuucnt but tliey also

partially absorb tbe prinary radiation [11,12].

Factors euch &s low tenporal resolution, siuall dynamic ränge and a

largo scatter-to~pri>ary ratio limit image quality, particularly in cardiac

imaging becausa of the fast moving coronary arteries and the vicinity of the

lungs. Tberefora, we developed a detector to Im naed with the NIKDS-system

of non- invasivtt coronary angiography tbat empluyb syncliroLron radiation äs

x-ray source ('NIKOS' - Nicht-invasive Koiunarangiographie mit

i
Synchrobronstrahlung). HIKOS is based on a dual cnurgy (K-edge) DSA approach

for imaging of Luaan coronary arteries with intravttiicuus adminlütration of

the contrast naterial [13,14].

* DSA: Oiyitül Subtractiuii Aiiqioyraphy



Ve report on thu duaign of the NIK03 solid state detector which is part

of tbat System but cuuld alao be used »oparately for other ac-ray detection

applications. Data are presented on its current perfornance and an outline

o{ the Upgrades that are curreutly under way is provided.

II. DETECTOR DESIGN

Due to the high scatter contribution to tbe Image in are a detectors we

impleinented a Itne ucan system vhera the scattered radiation can be eaaily

reduced to very lovi luvels without dininiahing the priaary signal.

The Bodular detoctor System consists of five conponeDts;

- inpüt x-ray plioaphor screen,

- fiber optic l ,

- i»age intensifier,

- fiber optic 'i,

- photodiade array including electronic readout.

Eacb could be utodified individually to neat the requirenenta of dif/erant

applications. The dcsign of these copponeots ia deacribed in the following

sections.

For our application, we ara abtempting to achieva the following

specifications:

- l Ip/mn spatial resolution,

- l »a temporal rcsolution,

- a dynaaic ränge of 1:10000,

- a suppression of scatter to the percent leval,

- t wo parallel input lines witb a widlli of l'2Guim, a heiglit of O.ßmm and

a spacing of I.&HB.

Pigure l shows a scLematic of tha overall dubign of the prototype

detector (NIKOS I). The width of the input lines of N1KUS I is 63.5un.

A. Input x-ray phosphor acreen

In the phoapbor screen the incident x-raya are converted to visibla

light. Phosphors are available äs powders or aa singlc cryatals. Powdera

have to ba settled on top of a Substrate or an oplical fiber by means of

flodimentation techniquaa vbareas single cryatals can bu eoupled by optical

resins, Critaria for aelectioa of optimal [ilioajtlioj-a for a given photoa

energy to be detected ara;

- temporal reaolution

- sensitivity

- absorptioa characteristics

- epatial reaolution

The chemtcal conposition of tha phosphor maialy influunces the first threa

propcrties, whereas the crystallina structure and thü preparatjori technicjue

have au inpact ÖD the last tbree iteus.

The current veraion of the detector (NIKUS 1) uaos, a Gd,,0 S:Tb phosphor
* jf

povder that was settled on top of tha fiber optics tu a thickaess of about

600/im, a size conparablo to the desired epatial resolution» Ud000S:Tb was
A d



chosen because it o f f c r a a relaLively high sensitivity (13% \l&]) and it can

be handled easily (umi-hygroscopic).

O. Fiber optic l

The first filier ojitic couples the phosphor screen(s) to tba image

intensifier. The Information of eacb picture eleaent (pixel) is guided

separately in a randoiuly packed über bündle. There are two reasons for the

use of thia fiber opLic configuration:

- »atching a larger phcsphor line to a given inage intensifier input

f ace,

- •inimizing tlie crosstalk in the intensifier bjr spreading tbe pixels

over tlie iiiput face in an optimal •ann«r.

If the latter aspect can be neglected and the input phosphor hae a sualler

alte tnan the Image inLunsifier tha fiber optic can be oipitted.

The numericaL apcrLure of the glass fibers should be äs large äs poe-

öiblö to collect aa many light photons äs possible fron the pbosphor sereen.

Siuce tbe number of plioLona in front of the Image intensifier strongly

affects the noise uf the final aignal it is also inportant to uininize

transoission losses and to pack the individual fibars of a bündle äs tigbt

äs poBsible or to ust: one large single fiber.

The HIK03 I JetdcLur haa two phosphor lines that are coupled to tbe

o
iaage intensifier by uieans üf 2 • 127 glasa fiber bundlea of 0.5 • 0.5 mm

crosa section. Each bündle consists of 25 - 27 individual fiber B (85̂ m

diaaeter, numerical apurtura 0.50). Whereas at the entrance face tbe 2 • 127

bundles ara regularly packed side by side to fürm Iwu parallel lines of

63.5mm length (Fig. 2a), at the image inLensifier aide they are evenly

npread in a hexagonal structure over the image iutcimiiier'ti input area of

2&iui diaweter (Fig. 2b) , By means of this arrafujumeiit wo ubtain a center-to-

center epitcing betweeß the bundles of about l.Uuui. At Lim exit eacu bündle

has a diaueter of about 0.7nun. The fiber lengtb of appruxiniately 13cm yields

a smooth bending and negligible transdieaion loüaes (11% at X-548nm, the

«avelength of uaximun enission of Gd20„3;Tb).

The flexibility of the design is demonsti-äted by the possibility of

easily feeding in two additional aonitor eignals which originale from a

amall phospbor screen in front of the patient to mcasure the incident x-ray

flux. They are transmitted by tno commercially availitlile light guidea that

are plugged in the fibar optic 1.

G. Image Intensifier

Tbe incorporation of an itaage intensifier i t, advautageoua if the maxi

•ua incident signal intensity is not auffielen!, to üaturate the photodiodes.

The fiber geometry of the exit face of fiber optic l is> identical to the

fiber geometry of the entrance face of fiber opLic 2. Therefora, it is

essential to prevent distortion of the image in the intensifier. Qther

selection criteria are tenporal and spatial resulutiou,

For NIKOS I, a proxinity focussing imaije ijituiisifier ( Proxitronic

Proxifier BV 2633 UX 35 ) with a fast X3 output phoaplior (docay time 100ns)

was chosen. This compact device (dianteter ß9ojui, o v L; r all lungth 37mm for the



single stage version, 25 V DG power supply) can ba arranged in a nmlti-stage

setup. Whereas gaina al about a factor of 10 W/W can be acbieved routinely

»ith a siegle stagi: and tbe fast X3 phosphor, 2 and 3 etage devices off er

a»plification of light intensity by factors of 100 W/IJf and 1000 W/W, respec-

tively. Our 2-stage dovice showed a gain of 123 W/W. Background noise i» low

-4(äquivalent background Irradiation of 10 Lux). The Haiting resolution is

17 lp/ma (at UTK--1Ä) für 2 stages, By haying individual pixela spaced by

1.3ea, practically HO iuter-pixel cross-talk occurs. The input and output

faces consist of fiber-optic faceplates with an individual tiher-diameter of

&fim. Hence, the imagu intensifier does not liait the spatial resolutiuit of

tha detector.

D. Fiber optic 2

The second fiber uptic couples the Output face of tbe Image intensifier

to the photodiodu arm/(s). At its exit faca tha geonetrical arrangenent of

the fiber butidlea and their cross soctiou ia adaptfld to tha photodiode

arrangemeat and sine, respectively,

In the HIKÜ3 i detector the individual fibers of eacb of the 256 fiber

bundlea are rearranged fron a circular croaa eectioo of 0.7 m dianeter to a

rectangular cross seclion of lOOyia • 2-ßaim. Precisaly packed side by side,

all fiber bundles rcault in an Output cross section tbat exactly natches the

input face of tbe pliutudiodcs: 25.6min * 2.5mm (Fig. 2c). Qence, by neana of

thi» special fiber optic geometry two linea of 63.finn * O.&mu of x-ray

phosphor plus tno nonitor fiber bundles aro exactJy coupled to a single

photodiode chip.

G, Photodiode array and electronic readout

In tbe photodiode array tbe visible liglil is converLed to an electrical

charge and stored on tbe chip. The following readauL «lectrouics serially

scan the photodiodes, amplify and digitize t Im üigualü. Uence, the detector

collecte integrated Signals. By adjusting the gain of the iaage intensifier

it can be adapted to a wide ränge of photon iuteiibiLies.

The pbotodiode array of the NIKOS I detector ia a single Eeticoii (EG k

G Reticon, Sunnyvale, GA) EL 1024 SF integrated circuil (IG). It comprises

1024 photodiodes of 25/fn • 2.&oui cross section, rc^ulLing in an active input

area of 25.6ma • 2.5 mm. Uence, for our applicatiun, four photodiodes cuver

the area of ons pixel. Ia order to ainimine ci-osä talk between adjacent

pixals, fcha analog signal of 3 out of 4 pliolodiudcs is integrated by a

specially nadified evaluation circuit. The 4th dimU thus only serves äs

apacing e lauen t batwean pixels. The photodiodes are cuvered by a fiberoptic

faceplate (6/in fibers), whicb facilitates coupling of fiber optic 2.

ßeticon suppliea a Standard evaluation readout circuit (BC 1024 3),

which, hovever, does cot exploit the füll poLentiul uf the photodiodea. In

particular, tha ainioiui aequential eampling period for the photodiodes is

0.2/ts/photodiode( corresponding to 0.2us/line uf 1021 diodea (this will be

called the Integration tine) , whereas the KG 1Ü24 S is limited to an In-

tegration tine of 3.3ms. Uenca, the photudiode TU is well suited for our

10



application but Die evaluation circuit had to ba modified. As of Version

NIKOS X tha electmnic mudif icatiuna coBprise:

ainiuum Integration time of 2ns,

readout clockud by exte mal trigger,

Separation uf the photodiode IG and the preaaplif iers fron the

nain evaluation luard thus acbieving flexibility io its posjtion-

ing.

Tha mudifiud elcctrooic evaluation circuit yields an output signal

up tu 4.5V ;it Saturation level, Tbis signal ia digitieed by a 12

bit, 0.5 Üllz ADC (typa Datei 817) vith a »axiaim input of 5 V.

Hence tlia üaluratioii level corresponds to 3650 greylevels,

III. DBTECTÜR PEIIPOBHANCB

A. Temporal resoluLio»

We tested the afterglow of tha different phosphors and the temporal

response of the Hetieou in the nilliaecond-regine. The afterglow cf tha

inage intensifier (decay from ÖOS to 10X vithin 100ns) «äs not neasured but

L Elken from tL« üula sheut because 1t is sevaral Orders of magnitude

Iowa r than t litt t of tlie otlier coaponants,

Figura 3 showa Llie priucipal setup for aftergloif »aasureiiants on dif

fereot phosphor screens. Tha probing x-ray bea» (pbotoo energy 33.17 keV,

bandwidth appr. 160 uV ) was collinated to about 0.2u • 0.2m« and was

chopped by a rotating disk of lOOmn dianetar. A saall opening of 5ma cross-

Baction allowed tlie laaa to pasa for a short period of Ins with a repetition

11

rate of the disk's frequency of rotation of 27.D 11^. The scraen enitted

visibla light «hieb was picked up by glaas fibürs, then guided to the

photoaultiplier tube (8-20), wbich was mounled uutuide the x-ray area in

order to miniaieö background radiatiou.

The photomultiplier signal was fed inLo n. uiultichaonal analyser

(Canberra MCA 35plus), working in the multichäiint:l-äc;i.n[ig-inode. At least

5000 äweeps, triggered by the position of tho uliujjper disk wäre integrated

in 1024 channals witb lÔ a tine incr«mant. Tlte sctup v^ä adjusted by means

of a CdWO. phosphor *ith very ahort aftergluw (O.Ü05M after 3ms [16]). Tha

eoittad light intensity was measured up to ftas aftcr tlie end of tb« x-ray

pulse. Figur« 4 shows the re&ponse of a CdWÜ. crystal, this pattern repre-

senting the closeat approxioatioa of a l ms rectan^ular respöiise curve that

was achievable vith our experinental setup.

Figure 5 abows response curves of foiir coiumcrcialljr availabla phosphor

powders along witb reaults of two aingle crystal ]>doüphora. The pulse height

doea not repraaent a meaaure of sansitivity since the oumber of collected x-

ray pulses varied.

Aftarglow intensity expressed äs a perceiitage uf tlie 1ms prioary light

signal level ia presented in tabla I. Since a photodiodü detector collects

the signal over a period of (Integration-) tiniti (2uis for the N1KÜS-I detec-

tor, 1ms for ita final Version) not only Um aftei-glo* after 1,2,3,4 ms is

given but also the integrated signal 3, of tlie l. ,2. ,3. ,4, subsequent

readout period of Ins. Based on the formula

12



I (i/) I - (c) 100 - S,
maxv ; min* * „ J
I (v) + I . (c) " 100 + 3,
waxv ' minv ' J

tbe nodulation tmusfer function (UTF) of an approxiaately rectangularly

shaped pulse was estiumted ( usually the UTF ia deterained for periodic

sinusoidal Signals ).

Tha results demonsträte that all of the three single crystal phosphors

show afterglow of well lelow 0.1% after one Billisecoad, corresponding ta a

MTF(lkHz) = 1. Of all the tested powder phosphors only (Zn,Cd)S:Ag,Ni with

an UTP (Ikllz) of 0.81 would ba suited for our application. With tha excep-

tioo of ZnS;Ag all tested powder phosphors decayed approxiaately

exponentially «hartes ZnS:Ag showed a second tine constant tbat resulted in

•ulti-BÜlisecond aHerglow OQ the percent level.

Temporal response measurements of tha Beticoo to nanosecond LED light

flashes jrielded a wvnn lag of 4.6SE in tha firat and a pean lag of 0.2% in

tha ßecond subserneut readout after a signal of about BOX Saturation had

been applied to the photodiodes. Tha Integration tine fas 2.7 ms.

B. Senaitivity

The sensitivity of the NIKOS I detector Version waa, »easured with a

Bonochromatized beam at 33 teV, whlch was collinated down to a cross-

sectional area of 0.25uia . The size was «easured by eyposing a high

resolution x-ruy film. The intansity of the Bonochronatic beam was deter-

nined by a Mal detecLar of known absorption characteristic. By careful

13

adjustment of lead sbieldiog around the NaI du t ̂ u u u- Lim backgiuund radia-

tion was reduced to balow 2.5%.

For the following calculations we dafine tlie 'aLandard signal1 to be

40000 counts per pixel (cpp) . Thia Standard signal was fuund to correspond

to an averago reading of 200 greylevels. Satui-atio» uf the detector occurs

fl

at 730 000 cpp of 33 keV photons, which ia equivalenL to 5 • 10 G/kg

iaatiuii dose.

G. Noise

Experinental reaults of noise Beasureiaents have only been obtained for

tbe Beticon pbotodiod* array. Noise figurea for all uther couponents are

based on nanufacturer 's spacif icationa and a thuoretical modal of noise

statistics.

The noise characterietics of the phoaphor acreen have beea modeled

based on an extension of the theory of Bamaker [17] . Tliis theory accounts

for both x~ray absorption and light selfabiurptian. t'or the x-ray energy

ränge of 27 to 44 keV the predicted emitted light intunaity has been ehown

to correspond well with experiaental results (*1Q 2Q*A, depending on phosphor

•aterial and screen weight [18,19]).

Based on optical properties such äs numerical aperturo and trausuission

losses and »anufacturer'a specif ications the iiupact uf tbe fiber optica and

the Image intensivier on the noise characteri^tics of the detector was found

to be less tban 6% [4],

14



Por tha Keticuu, noise ueasurements were carried out with the uadified

evalutioQ circuit. Tlie photodiodes wera illiunnated by »eans of an LED which

was positioned in such a way that tba Variation of Illumination did not

exceed the sensitivity Variation of tha individual diodea ubicti is up to

*10%. A data set for a given Illumination level contained 126 cycles with an

Integration time of 2ms. To avoid the above nentioned 'afterglow* effects

severa.1 'dumrny' cyclca preceeded tlie ueasurement.

Por 8 diffcrent diodcs mean and Standard deviation of the data set were

conputed. By adjusLiiig the current of the LED, the Beasureoent was repeated

at 8 different levels of light intensity, ranging fron 5>% to 808 Saturation.

The noise level giveu äs the averaga Standard deviation of the Output of

those 9 photodiodea is sbown in Fig. B.

The »easurement was repeated after adding an olactroaic Integrator to

tha evaluation circuit. This time the iotegrator aignal, representing the

total Output of four actjacent photodiöiies, was recorded for eight different

pbotodiode-quaclriipel^. The statistical analysia was perforned in the saue

»ay äs for the individual photodiode •easurenent. For tbe single-diode-

reading the noise level increaaea approxiMateljr linearly with tbe signal

aiplitude (from l greylavel at taro light aapütude tp about 4 greylevels at

satur&tion); it appears to bo independent of light aaplltuda for the in-

tegrated signal (at leb-a than l greyleval). Tbe result ia also ehow» in Kig.

a.

To discriminate noise originaling in tba fteticon photodiode chip fron

noiae sources in tLa electroaic evaluation circuit, tha photodiode IC was

replaced by a 'dumiuy photodiode IC' that allowod for generation of all

15

cloclting pulsea at constant aero preamplifieir input si^nül level. Tliis noise

coBponeut was found to be 0.29 greylevels. This corresponds to the tbeorcti-

cal digitization arror of 1/V12 greylevels [20]. Ilonce, at low light levels,

the nodified evaluation circuit does nut contribule neasureably to thfl

detector noise.

Using the results of fig. 6, we deteruined tha signal/noise ratio (SHE)

of Ute diode array and the oodified evaluatiun bourd including the In-

tegrator. At Saturation of 3650 greylevels a SNEt of approx. 5200:1 at 2ms

Integration time was calculated. The Standard signal of 200 greylevels would

have an 3NB of 284;1. laclusion of all other noise sources of tbe detector

reduces the SNR of tb« Standard signal to about 120:1 [4], corresponding to

a DQB of 0.35. Si&co noise does not incre^se linearly with signal flux tbe

DQB iucrc^sea witli increasing flux. For a sigual of 100000 cpp the DQE vould

be about 0.45 [4],

3inee all data were calculated from the digiti^cd data, they include a

digitinatioa error component of 1/̂ 12 greylavels.

IV. DISCUSSIQH

The design of tbe NIKQS detector was uotivated by the demand for a fast

low noise line scan detector. Dur applicatiun is ituaging of coronary ar-

teries and for this purpose we are atteiupting to devulop a detector with l

Ip/nrn (0.5mm pixalsiae) spatial resolution, a U'L'P (Iklii) of >0.9 and a SNR

16



of 200:1. This is uccussary to achieve a SNB of 3:1 in the subtracted Image

aasuning a 3% differuiice in the Images to be subtracted, This 3S difference

corresponda to Uie siuallcst vessel to ba detected [21).

The spatial resolulion of 0.5m« was achierad and fouhd to be sufficient

for the inagiug of luiia tliick vessels. Because of radiation dose considera-

tions this resoluliun should not be increased.

For the curreut vursion of our detector (NIKOS I) the temporal response

has been shown to bc lircited by the Gd^D^SiTb screea (HTP (O.SkUz) = 0.8)

that had been cho^eri because of its relatively high sensitirity. For the

Reticon and the Image intensifier the corresponding jilTF «äs deterained to be

O.B and l, respectively. Results of afterglo« neasureaents, however, showed

that with single crystal x-ray phosphors such äs OdljfO., BGO and CaF„:Eu an
* *

UTF of approx. l iy achievable. Consequently, the upconing yersion NIKOS II

[22] will incorporate a CdWÜ. or OaF„:Eu x-ray phosphor and an Image inten-

sifier of higher gain. With respect to afterglov., w.e expect tue Reticon

photodiodo array to be the limiting component becausa öl the observed lag in

Bubsaquant readouts. Since t ha signal of the 1024 photödiodea is read out

Bequentially, any influence of time constanta of the readout electronice can

be disregarded. We considered the reaet eignal insufficient to coiapletely

recbarge the ptiubodiüdüä during the available 260ns reaet period. However,

B von a reduction of ttie time constant of the raset signal to 2ns (by incor-

poration of a Î UOS buffer and a DUOS BSD 214 üwitch) left the lag of 4.5S

unchaoged.

17

For our application a lag of this pagnitude may be tolerable. The

readout frequency can be doubled by reading Lhe eveii and odd photodiodes in

parallel. By this «o would achieve the required Integration tina of Ins

«ithout increasing the lag.

In comparison to data of siaüar deteutora, Die achieved 2us Integra-

tion time of the NIKOS I detector comparea f^vurabj^. Tba original Beticon

readout device is linited to 3.3 na. The UTF of curvent iiaage Converters

tbat incorporate a F20 Output phosphor is limited by its afterglow of 16%

after 1ms to about 0.3. If not equipped Kith fast vidüo caneras, the af-

terglow may laat even longer, e.g- 50S after lOOuis for the HIVICON tube, or

15X after 60mg for the SATICUN tube [4j.

For the conplete NIKOS I detectorj the DQU depmid^ stroagly on the flux

of the input Signal, »ith a ränge of 0.18 at 1ÜÜUU t:pp to 0.45 at 100000

cpp. A 3HH of 200:1 ia reached at ÖOOOO cpp curre^uuding to a D^B = 0.44,

vhereas the Standard Bignal of 40000 cpp has SNU - l'2Ü with Uljhi = 0.35. Tlie

losa of DQB towarda saaller input values is [uainly due to the relatively low

gain of the inage intensifier, which anplifivs the 40000 cpp input signal to

a photodlode voltage of only 6.6Ä Saturation. Even tbis sensitivity of 10K

Saturation level per l.OnR entrance dose represents au 8-fold improvement

over previoua reports [23]. By enhancing ttm imajj,u intensifier gain (or

reducing losses in the glasa fibors) by a factor of 2 the 40000 cpp input

aignal would yield a 10Ä Saturation Output sigual. For cmr application thie

would repräsent the optinum senaitivity ( XO/J aaLuratiun per l «B) since it

allows for a satisfactory DQB at Standard aignal levels and for detection of

Signals of up to 10-fold flux. Por coronary imaging such a high flux can be

18



expected in areus wliere Lim blood vesaals are partially overlayed by IUHJJ

tisaue.

Due to ita lower iünaitivity, incorporation of the CdWQ. phoaphor would

requiro k higher iiuago inteiisifier gain which could ba achiaved vith a 3-

atage version of the Proxifier. For this Version, we expect a DQB (ikUz) of

about 0.6 - 0.7 düpending on the perforoance of the upgraded lots evaluation

circuit.

V. SUUUARY

Va have davelojibd a. tast IO-H noise line scan detector that in its current

Version can be oper^ted at up to 2ms Integration time, Uaipg a Gd»Q„S:Tb x-

rajr ioput phospljor an afterglo» of 25S in tha first ^ubaequent readout was

observed. The DQK für typical signal levels ranged fron 0.18 to 0.4. Tho

sensitivity was 1Ü% Saturation per l.OmR entrance doee, fe are currently

•odifjring the deteclor to a version of 12.Sem lina ifidth that incorporates a

CdWO. phoaphor acreen, a 3-sLage image intenaifier and m upgraded evalua-

tion circuit tbat prooiises performance specificatiojia of UTF (Iküa) — 0.9-

1.0, ' DQB (Iklli) - 0.6-0.7 and a Eeositivity of ICfl Saturation at l nR

eutrance dose. The taudular design of the NIKÜS detector allowa for in-

divldual selectioti uf each componant to optisice perfomance for a givea

application.

10
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TABLE3

Table I: AfLerglow of x-ray phosphora following Ima

Phosphor

CdWO,

BGO

CaP2:Eu

(Zn,Cd)S:AgNi

ZnS;Ag

y2023:Eu

Gd2028;Tb

Signal [X] after
Ins 2us 3ms 4ms

<0.1

<0,1

<0.1

1.4 0.6 0.1 <0.1

8.9 4.5 3.0 2.4

7.2 1.3 0.1 0.1

14.2 2.2 0.4 <0.1

Integrated Signal [%] bat«.
0-lns l-2ia±> 2-3ins 3-4ns

<0.1 - - -

<Q.l -

<0.1

10.8 1.1 0.5 <0.1

25.2 5.7 3.4 2.4

31.2 3.7 0.8 0.4

44.2 7.2 1.2 0.1

UTP UTP
int.

=1 ,1

= 1 £1

= 1 =1

0.97 0.81

0.84 0.60

0.87 0.52

0.75 0.3U
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KICUKB CAPTIUHS

Kig.l: Scheaatic drawiug of tha NIK03 I deloclor vernion.

Fig. 2; Arrangeuent uf fiber bündle« in th« HUOS I daUctor. S«ctional vi«««

at
•

a) the iu j .u t jilio&plior,

b) tha in- and output. faces of tha i«ig* int«n*ifi«r,

c) the pholodiuJeü.

All dinunuiunu given i» nill iaeler.

. 3; Scheae uf Lim experiauntal setup for Muurlnf tb« t«»por»l raaolu-

tion of vuiii.ii:> pliuäj-hor nateriala.

Fi|.4: Tiae spcctruii uf CdWII ]u>inesceDce e«i»uioo »ftor illuain&tion vith

• an x-riiy pulü« of l »a duration. Decausa of th« vcry fast docay of

CdWO. tniä spucLruBs closely reflecta th« »hapa öl tha input pulse.

Fig. 6: Ti«* respoiiäo uf varioua phosphor« tu a x-ray pulse aa shovn in

Fig. 4. (a)- (d) po»d«ra: a) Cd2023:Tb, b) Y^iBu, c) ZnS:AK, d)

g.Ni; (e)-(f) single crystals: a) BGO, f) CüF :Eu.

Fig.6: Hoise «ea^nriiiutuL uL the Output of tha Bodifiad «v'aluation board of

tba Reticon 10 with direct illuaination of diodei by visibla liglit

(upper curvc) and after passing an

ovor 4 diodai (lover curve) .

inl»eriitor «hieb latagratas
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