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As market proposal of various scintillators with different characteristics is rapidly
increasing, it becomes more and more difficult to assess them from the viewpoint of the
effects of this or that scintillator property upon parameters of digital X-ray radiograp hy
systems. Therefore, optimum choice of scintillators for "scintillator-photodiode” (S-PD)
type detectors is a very important aspect in the development and design of new radio -
graphic systems. We propose a simple procedure for making this choice, which uses linear
matrices of S-PD detectors. It allows evaluation of changes in the relative sensitivity of a
radiographic system with variation of the movement speed of the inspected object and the
radiation energy on the basis of amplitude-time characteristics of scintillators (decay time
and afterglow, light output). Amplitude-time characteristics are presented for scintillat ors
ZnSe(Te), Csl(Tl), CdWO,. On the basis of these data, it is proposed to use ZnSe(Te) in the
20-100 keV range at object movement speed up to 10 cm/s, Csl(Tl) — 90—500 keV up to
10 cm/s, CAWO, - 150 keV at the speeds up to 500 cm/s.

B cBsA3u ¢ yBeqmueHHEM KOJIUYECTBa MPEIJOKEHNH Ha PHIHKE CIUHTUJIATOPOB C Pas3jIny-
HBIMU XapaKTEePUCTUKAMU, TPYAHO OIIEHUTH MX I10 BAMSHUIO TON WM WHOM XapaKTePUCTUKU
CIIMHTUJIIATOPA Ha ImapaMeTpbl MU(POBOH peHTreHorpaduyeckoil cucrembl. IlosaToMy axTya-
JIeH TOA00p CIUHTUJIATOPA AJS JeTeKTOPOB THMIa CHUHTUIAATOp-horomuon (CII-®PI) mpu
MIPOEKTUPOBAHUYU U CO3JaHUM pPeHTreHorpaduyecKux cumcreM. Hamu mpepsaraeTcs mpocTas
MeTOAWKa BhIOOPA CIIMHTUJIATOPOB AJS MUDPOBOI pagmorpaduu, NCIOIb3YIONUX JIUHEHbIe
maTpunbl gerekTopoB Tuma CI[-®Jl. OHa mO3BOJSET HA OCHOBE aMILINUTYIHO-BPEMEHHBIX
XapaKTePUCTUK CIUHTUJIATOPA (BpeMeHHble 3aBUCHMOCTH BBHICBEUMBAHUA U IOCJIECBEUEHU,
CBETOBBIXOJI) OIEHUBATHh M3MeHEeHWUEe OTHOCUTEJIbHON UYYBCTBUTEJIHHOCTH DpaAmorpaduuecKoit
CUCTEMBI B I[eJIOM NIPU M3MEHEHWU CKOPOCTH IlepeMellleHus 00heKTa M 9HePruu MOHUIUPYIO-
mero maaydeHus. [IpUBOAATCA aMIINTYAHO-BPEMEHHBIE XapPaKTEePUCTUKU CIIMHTHUJISTOPOB
ZnSe(Te), Csl(Tl), CdWO,. Ha ocHoBaHME OTHX JAHHBIX IpPeJJaraeTcs KCIOJIb30BAThH
ZnSe(Te) B mmanasome 20—100 k3B mpu ckopoctu ob6bexra He Gosee 10 cm/c, Csl(Tl) —
90-500 xaB g0 10 cm/c, CdWO, - 150 k2B mpu cxopoctu no 500 cm/c.
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Choosing the best scintillator for each
specific case is one of the main problems to
be solved in the development of instruments
and equipment based on scintillation detec-
tors. From the other side, requirements to
scintillator characteristics, which very
often cannot be adequately met by scintilla-
tor producers, constitute the "inverse”
problem. These requirements are often con -
tradictory and ambiguous. In principle, the
ideal scintillator should possess the follow -
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ing properties: high density, high atomic
number, high scintillation efficiency, short
emission decay time, low afterglow, good
spectral matching with a photoreceiver, and
low price. However, such "ideal” scintilla-
tors do not exist, and in each specific case
a compromise should be looked for, choos-
ing the best suitable material among the
available scintillators. In using the linear
matrix for detectors and the radiation
source, the relevant characteristics can be
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listed in the following order according to
their relative importance:

— low afterglow-less than 1 % after 3 ms;
— high chemical, temperature and radiation
stability;

— high density (>6 g/cm?2);

— luminescence range 500—-1000 nm;

— high scintillation efficiency >15 000 ph/MeV
[1, 2].

We endeavored to solve this problem for
digital radiography that uses a linear ma-
trix of "scintillator-photodiode™ (S-PD) type
detectors. As the principal characteristics
of a radiographic system are sensitivity (de -
tecting ability) and spatial resolution, we
propose the following expression for rela-
tive sensitivity as criterion for efficiency of
the scintillator used:
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where A; is the contribution of the i-th com-
ponent of the scintillator X-ray lumines-
cence, 0 is diameter of the wire, cm, Q; are
exponential components of the scintillator
X-ray luminescence, s, T is the time con-
stant of the amplifying circuit, s, deq is the
object thickness, cm, V is the object move-
ment speed, cm/s, O(E) is the dose contribu-
tion of a specified energy in the X-ray ra-
diation spectrum, ueq(E), H(E) are linear at-
tenuation coefficients of the object and
background object, B(E) is absorption factor
of the scattered radiation from the object,
AS/S is the threshold contrast of the system
(signal to noise ratio for the detector with
the amplifying circuit) [3].

The expression was obtained under condi -
tions that the defect is much smaller than
the inspected object, which is the main
point of radiography. This expression can
be divided into three parts. The first part
describes the amplitude-time characteristic
of the system. It is determined by kinetic
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Fig. 1. Electric scheme.

characteristics of the scintillator and the
amplifying circuit. As the time constant of
the amplifying circuit can be varied, the
limiting factor is the scintillator charac-
teristics. The second part is described by
amplitude-noise characteristics, i.e., the
signal to noise ratio of the system. As
noises coming from the scintillator and pho -
todiode-preamplifier connection are statisti-
cally independent, we can deduce from this
expression the ratio of the detector sensitiv-
ity to the scintillator noise.
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where ggc, gpp are quantum efficient of the
scintillator and the photodiode; Hgeo is the
linear attenuation coefficient of the scintil -
lator, ecm™1; Ygc is linear coefficients of
electronic conversion of the scintillator,
em™1; dgp is the scintillator thickness; Ryignt
is the light collection coefficient in the scin -
tillator to the photodiode, Kg, is the spec-
tral matching coefficient of the scintillator
luminescence spectrum and the photodiode
sensitivity.

AS/S will be written down for the
scheme usually used in digital radiography
(Fig. 1) as:
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where e is amplifier noise EMF spectral
density, V/Hz1/2; Ry is amplifier feedback
resistance, Ohm; R;; is PD inverse dark re-
sistance, Ohm; £ is Boltzmann constant; AF is
frequency band, Hz; T is temperature, K;
Ioise = (2 Og OI3% +i2))1/2; i is amplifier
noise current spectral density, A/Hz1/2; ¢ is
electron charge, C; Iy =1;4 + I,;; I; 4 is PD
inverse dark current, A; Iph is PD photo
current, A.

The third part describes properties of the
inspected object.

For modelling the detector design on the
basis of (1), alongside with reference data,
solution of two problems is needed — deriv-
ing a mathematical expression for the am-
plitude-time characteristic of the scintilla-
tor and determining the light collection co-
efficient. In this paper, we consider the
first problem. To obtain this characteristic,
as a large time range is covered, two testing
boards were used: one for measurement of
the decay time (¢ = 0.5+ 100 ps), and
another — for measurement of after-
glow (¢t = 1-1000 ms). Block diagrams of the
testing boards are presented in Fig. 2a,b.

Experimental data arrays g, are approxi-
mated by an exponentially decreasing func-
tion of the form

f(t) = a; Dexp(-t/@Qq) + (3)
+ ay Cexp(—t/Qy) + ... + a; Texp(-t/Q;).

Approximation parameters a; and Q; are
determined by the least squares method,
i.e., by minimization of the functional

=% [f(ty) - g,1% (4)

The system of normal levels obtained by
minimization of @ is non-linear and can be
solved numerically by iterations [4].

Joining the solution segments together
was carried out under conditions of monoto -
nous and continuous amplitude-time charac -
teristic of the scintillator. The respective
expressions for these scintillators can be
written down as: for ZnSe(Te)-fast
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a)

Fig. 2. a) Testing board for measurement of
decay time: I is pulse X-ray source Mira-2D;
2 is X-ray filter; 3 is scintillator; 4 is optical
collimator; 5 is fiber optics light transducer;
6 is optical attenuator; 7 is PMT; 8 is oscillo-
scope; 9 is PMT power supply; 10 is X-ray
source control block; 11 is protection cham-
ber. b) Testing board for measurement of af-
terglow: 1 is X-ray source with controlled
grid; 2 is tested scintillator; 3 is photodiode;
4 is reference scintillator; 5 is preamplifiers;
6 is commutator; 7 is 15-digit ADC; 8 is
memory buffer; 9 is transmitter; 10 is multi-
plexer; 11 is state register; 12 is decreasing
step generator; 13 is memory buffer control-
ling device; 14 is generator; 15 is command
decoder; 16 is receiver; 17 is PC.

I(¢) = 63.1 Cexp(—¢/3.18) + 31.1 Dexp(-¢/19.61) +
+ 3.59 Cexp(~t/106) + 2 Cexp(~t/500) +
+0.2 Cexp(-t/4100) + 0.01exp(~t/ 795000)

for ZnSe(Te)-slow

I(t) = 94.9 Cexp(-t/10.2) + 3 Cexp(~t/19) +
+0.03 Cexp(~t/87860Q) + 2.070exp(~t/ 2800)

for Csl(Tl)

I(t) = 91.91 Cexp(—¢/0.96) + 4.7 Cexp(—t/ 794) +
+ 2.7 Cexp(—¢/5731) + 0.41 Cexp(-t/43153) +
+0.28 Cexp(~t/1016711)

for CAWO,

I(t) = 49.868 Cexp(~t/1.9) + 49.868 Dexp(~t/16.5) +
+0.25 Cexp(—t/2546) + 0.014 Texp(-t/629184)"

Amplitude-time characteristics have been
obtained for industrially produced scintilla -
tors used in radiography — Csl(Tl),
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Fig. 3. Amplitude-time characteristics of
scintillators.

ZnSe(Te), CdWO, (Fig. 3). These expres-
sions are convenient for choosing the object
movement speed or the scintillator. Fig. 4
shows relative sensitivity of the scintilla-
tors studied as function of the object move -
ment speed.

The choice of scintillator for a necessary
energy range requires optimization of the
values of detector sensitivity and afterglow
level, reflected in the minimum &/d. Assum-
ing equal absorption of the full energy
beam in the detector, putting scintillator
length to be 20 mm and substituting A4;, @;
(obtained from afterglow measurements) and
the known relative sensitivity for £ = 100 keV
and steel thickness 20 mm (for ZnSe(Te) —
1 %, Csl(T) — 1 %, CAWO, — 2 %), we
have calculated 8/d as function of the ob-
ject movement speed for different scintilla -
tors and energies of ionizing radiation used
(Fig. 5). As it is seen from this plot, pre-
liminary selection of scintillators for spe-
cific inspection systems is possible.

Thus, in this work, a method has been
proposed for efficiency evaluation of scintil -
lators used in "scintillator-photodiode” type
detectors for digital radiography. The
method is based on expressing the relative
sensitivity as function of scintillator char -
acteristics. Mathematical expressions have
been obtained for amplitude-time charac-
teristics of scintillators Csl(Tl), ZnSe(Te),
CdWOy,, which can be used in designing ra-
diographic systems. Basing on these data, it
is proposed that ZnSe(Te) should be used in
the 20-100 keV range at object movement
speeds up to 10 em/s, Csl(Tl) — 90—
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Fig. 4. Dependence of relative sensitivity on
speed of moving the object at initial sensitiv-
ity of 1 % and thickness of a delay of phan-
tom 0.01 cm for SC.

d/d, %

10

ex}

k!

®
o
- &Z:%ww
ﬁ

N B
iR

F #— ZnSe(Te)-V=10 cm/s
o A~ ZnSe(Te)-V=100 cm/s
r & - ZnSe(Te)- V=500 cm/s

—&— Csl(Tl)- V=10 cm/s

—3- Csl(Tl)- V=100 cm/s

- -® - Csl(Tl)- V=500 cm/s

—6— CdWOy -V=10 cm/s

—&- CdWOy, -V=100 cm/s

- -@ - CdWOy -V=500 cm/s
1 11 11111

01 1 1 L1 1111
10 100 1000

E, keV

Fig. 5. Relative sensitivity of the detecting sys-
tem using ZnSe(Te), Csl(Tl), CdWO, - based
detectors as function of radiation energy at
different speed of the object movement.

500 keV, up to 10 cm/s, CdWO, - 150 keV
at speeds up to 500 cm/s.
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Buoip cuuHTHISATOpPA A0 JETEKTOPiB THILY
cuuHTHIATOP-poTomion mo mucpposoi paxiorpadii

B.J[ .Puixcixoe, /|.H.Ko3in

YV 3B’A3KY 3 MiABUINEHOI0 KiJBKICTIO HMPOMO3UI[ifi HA PUHKY CIUHTHUJISATOPIB 3 pisHUMU
XapaKTepUCTUKAaMU, Ba’KKO OIiHMTH IX 3a BIJIMBOM Tiel Ui iHITOI XapaKTepUCTHUKU CIUHTHU-
JaaTOpPY Ha mapamerpu IudpoBoi peHtreHorpadiunoi cucremu. Tomy migbip crnmHTHIATODA
o meTeKTopa Tumy cuuHTUIAATOP-hoTomion (CIL-®Jl) mpu DpoeKTyBaHHI Ta CTBOPEHHI peHT-
reHOTpa@UUHUX CUCTEM € aKTyaJlbHUM. HaMu MPOTOHYETHCSA IPOCTa METOAUKA BUOOPY CI[MH-
TUAATOPIB mo mumdpoBoi pamiorpadii, 0 BUKOPHCTOBYIOTH JiHIHHY MAaTPHUII0 OEeTEeKTOPiB
tuny CI[-®]J]. Boua mosBoJifge Ha MmifcTaBi aMIIiTyAHO-4acOBOI XapaKTePUCTUKMU CIMHTUJIIA-
Topa (4acoBa 3aJIe}KHICThL BUCBITJIEHHS Ta MHiCAACBITIiHHSA, CBITJIOBUXix) oIliHIOBAaTH 3MiHY
BiTHOCHOI UyTJIMBOCTI pamiorpadiuHoi cucTeMu y IiJIOMYy IIPH 3MiHi ITBUIAKOCTi IepeMiIleH-
Ha 00’eKTy Ta eHeprii ioHisyrouoro Bunpominenusa. HaBoaAaTbCsa aMILIiTyJHO-4aCOBi XapaKTe-
puctuxu cuuaTHaATOopiB ZnSe(Te), Csl(Tl), CdWO,. Ha migcraBi mux mgaHWX IPOIOHYETHCA
sacrocopyBatu ZnSe(Te) B miamasoni 20-100 xeB mpu mBugkocti 06’ekTy He OijabIn HiK
10 cm/c, Csl(Tl) — 90-500 xeB no 10 cm/c, CAWO, - 150 xeB mpm mBuzakocri mo
500 cm/c.
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