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For obtaining shadow X-ray images, a receiving-detecting circuit with the 32-channel
detector array "scintillator-photodiode” of new design was developed for 200-1073 m scan-
ning field. Using model digital radiographic systems and standard testing we have evalu-
ated spatial resolution (not worse than 1.25 line pairs/mm) and detecting ability (better
than 0.2:1073 m steel wire behind 6-1073 m steel). The use of a 16-channel analog to digit
converter as part of receiving-detecting circuit allowed broadening the dynamic range and
improving, as compared with previous results, resolution of the model system over thick-
ness from ~0.9 % to ~0.4 % (behind 6-1073 m steel).

Il TIoTyYeHNs TeHEeBBIX PEHTTeHOBCKUX M300pasKeHUil IMpoBeJeHa paspaboTKa IPHUeMHO-Ie-
TEKTHPYIOIIEro TPAKTA C JIMHEHKOH [eTeKTopoB AjIa mmossa crauupoBaua 200-1073 m. C momo-
HIbI0 MaKeTOB HU(MPOBON pamumorpauuecKoil CHCTeMbl M CTAHJAPTHBIX TECTOBBIX OOBLEKTOB
ompejeseHbl IPOCTPAHCTBEHHOe pasperrenne (He xy:xe 1.25 map auHHii/MM) M OOHAPYKU-
TeJbHAsI CIIOCOOHOCTL (JIydIle, yem 0.2:1073 M craspHOro mPOBOZA 3a 6 MM cranu). HMcmous-
3oBaHne 16-paspsagHOro axajaoro-nudpoBoro mpeodpasoBaTesis B COCTABE MNPUEMHO-IETEKTH-
pyIOIIero TpakKTa II03BOJIMJIO YBEJIWYHUTH TUHAMUYECKUI NUAIIAa30H W YJIYUIINTb, [0 CPaBHE-
HHAIO C OPEIBIAYIINMU Pe3yJbTATaMHU, IIPOCTPAHCTBEHHOE paspeIlleHre [0 TOJIHNHE OT
~0.9 % mo ~0.4 % (sa 6-1078 M cramn).

© 2011 — STC "Institute for Single Crystals”

1. Introduction

The film radiographic inspection (FRI)
shows that this method does not always guar-
antee exact evaluation of damages [1-6].
Also, carrying out of FRI requires expen-
sive materials and is time-consuming. Mate-
rials of the 9th European Conference on
non-destructive testing show that the main
direction of digital radiography systems
(DRS) development is improvement of spa-
tial resolution (SR) [6]. DRS are inferior to
film as for its resolution, however, its con-
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trast sensitivity is much higher — (0.8-1) %
and (1-2) %, respectively.

This work was aimed at looking for new
possibilities of improvement of SR, resolu-
tion over thickness and detection ability of
DRS based on X-ray radiation detectors of

"scintillator-photodiode™ (S-PD) type.
Preliminary studies indicated two main

technological problems hindering creation of
S-PD detectors with improved SR [1-3, 7].
One of them is preparation of scintillator
arrays (assemblies) with small aperture of

Functional materials, 18, 3, 2011



V.D.Ryzhikov et al. /| The looking for new ...

21

6¢

104
<9
dolL

[+
o
T \
5 \
(©)z a4
\/E o
or
&)
L?jza
S|
1A
%] /
O
& / 16
poig

(8e'0)50
Jluelad
SHUM

Fig. 1. 32-Channel photodiode of new design.

each scintillation element. The other is com-
pact arrangement of pre-amplifiers (PA).

We have proposed technical solutions for
production and improvement of PD and
scintillation arrays with number of channels
from 32 on each PD, as well as detector
design as a whole.

2. Design development of a
detector with improved SR

The X-ray radiation detector of S-PD
type comprises two main elements — a
multi-channel PD and a scintillator array
(assembly). Previously used design of 16-
and 32-channel PD imposes limitations on
the directions of PD irradiation. These de-
tectors can be used correctly only if irradia-
tion is normal to the plane of photosensitive
elements [2, 3]. In collaboration with Re-
search Institute for Micro Instrument,
Kyiv, Ukraine we have developed a new de-
sign of the 32-channel PD (Fig. 1). Its ad-
vantages are [4, 7, 8]:

1) all contacts of photosensitive elements
are from one side of the silicon board;

2) the presence and location of a connec-
tor allows any desired position of the board
with respect to the irradiation direction;

3) 2 adjustment openings are envisaged
on the face side of the housing (the side
without contacts).

The first and the third feature allow
reaching the identity of characteristics of
detector couples (high-energy and low-en-
ergy detectors, HED and LED).

The second feature allows easy attach-
ment of detectors with minimum gap be-
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Fig. 2. 32-channel detectors with scintillation
elements of different thickness.

tween them, which is important for preserv-
ing the channel step in 0.8:1073 m arrays.

Also, the PD design ensures sufficiently
large distance between the detector and the
PA board, which protects the element base
from effects of direct and scattered ionizing
radiation. Protection of the elements of
electronics is especially important when,
e.g., high-energy X-ray sources (XRS) with
anode voltage up to 450 keV are used [9].

Experimental samples of 1D-arrays were
prepared using monolithic scintillator
pieces. 32-Channel scintillator assemblies
made from  plates had dimensions
(25.4x4x0.6)-1073 m, showed good uniform-
ity of scintillation characteristies and could
be precisely placed on photosensitive ele-
ments of multi-channel PD [9].

3. Preparation of model detectors
and studies of their
characteristics

Model samples of 32-channel X-ray radia-
tion detectors were made. Requirements to
parameters of the 32-channel detector were
formulated at the level of foreign analogs.
The parameters of detectors are shown in
the Table 1. External appearance of the 32-
channel detectors with scintillation ele-
ments of different thickness are shown in
Fig. 2. Topology of the detector module
should allow sequential attachment of mod-
ules into a line preserving the detector step
at the module junction.

4. Testing of 32-channel detector
array as part of model sample of
DRS on the basis of
receiving-detecting circuit

A model sample was assembled of DRS
based on receiving-detecting circuit (RDC)
with an array of 32-channel detectors. For
obtaining shadow X-ray images, a RDC with

399



V.D.Ryzhikov et al. /| The looking for new ...

Fig. 3. External appearance of standard test-
ing objects: EN 462-5 — set of wire pairs (a),
set of iron wires DIN 62 Fe (10 ISO 16) (b), set
of car dipsticks (c) and welded joining the steel
plates by thickness 6:1073 m (d), grooving sen-
sitivity reference No.2 (GOST 7512-82) (e).

Table 1. The parameters of the 32-channel
detector

Parameters Data

Detector output window area (0.6x0.6)-1073 m2
0.8:103 m
<20-10712A

Detector step

Static detector current with-
out irradiation (T = 293 K,
Ubias = 10-:1073 V)

Detector signal decay after

101073 s

Csl(TI) to 2 % level
ZnSe(Te) to 0.2 % level
Cdwo, to 0.1 % level

Detector capacitance (T = <50-10712F

293 K, Ubias = 100-1073 V)

a detector array of new design was devel-
oped for 2001073 m scanning field. The
RDC was integrated consecutively into two
DRS models.

The first model DRS-1 consisted of RDC,
linear motor (minimum movement step less
than 1 p, length more than 1.6-107% m) and
X-ray radiation source of Isovolt Titan E
type (U, ax =160 kV, I, .. =45 mA,
maximum power 4.5 kW). The second model
DRS-2 consisted of RDC, mechanism for move-
ment and rotation of the inspected object,
RAPAN 140/140 type source (U, ux =
140 kV, I, ... = 1 mA). The presence of the
rotation mechanism allowed realization of
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a)

Fig. 4. Evaluation of spatial resolution DRS
a) first model DRS-1, testing objects — EN
462-5 is located behind 6 mm steel, increase ~2;
b) second model DRS-2 testing objects EN 462-5

is located without obstacle, increase ~1.3.

Table 2. The sizes of the wires pairs of
testing objects — EN 462-5

Pair Diameter, mm
1D 1.60
2D 1.26
3D 1.00
4D 0.80
5D 0.64
6D 0.50
7D 0.40
8D 0.32
9D 0.26
10D 0.20
11D 0.16
12D 0.13
13D 0.10

multi-view scanning mode (60 views), re-
sulting in substantially higher informativ-
ity of non-destructive testing and technical
diagnostics.

Using these DRS models and standard
testing objects — EN 462-5 (set of wire
pairs), grooving sensitivity reference No.2
(GOST 7512-82), set of iron wires DIN 62
Fe (10 ISO 16), kit of car dipsticks of dif-
ferent thickness (from 0.1.1073 m to
0.02:1073 m) and welded joining the steel
plates by thickness 6:1073 m we have evalu-
ated SR. External appearance of standard
testing objects are shown in Fig. 3. The
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Table 3. The sizes of the wires of testing
objects — DIN 62 Fe (10 ISO 16).

No. of wire Diameter, mm
W10 0.40
W11 0.3240.01
W12 0.25
W13 0.20
W14 0.16
W15 0.125
W16 0.100
w17 0.080+0.05

sizes of the wires, which be included in set
of standard testing objects EN 462-5 and
DIN 62 Fe (10 ISO 16) are shown in the

Tables 2 and 3, respectively.
Tests of detector arrays with different

thickness of scintillation elements as part of
models DRS, with obtaining images of
tested objects (calibrated wire pairs), have
shown that, depending upon thickness of
the scintillation assembly, the spatial reso-
lution is 1+1.25 line pairs/mm, and detect-
ing ability is better than 0.2:1073 m steel
wire (Fig. 4).

The use of a 16-channel analog to digit
converter as part of RDC allowed broadening
the dynamic range and improving, as com-
pared with previous results [9], resolution of
the model system over thickness from ~0.9 %
to 0.4 % behind 6-1073 m steel (Fig. 5).

Thus, our studies have shown that the
developed detector array for obtaining
shadow X-ray images with high SR can be
successfully used with X-ray sources of up
to 160 kV anode voltage.

5. Conclusions

It can be concluded that X-ray detectors
reported in this work can be successfully
used for creation of fast DRS with im-
proved SR. Their applications include
welded joints, pipelines, fabricated metals
and metalworks. Also it can be used in in-
spection systems, including anti-terrorist
activities, technical diagnostics and medi-
cine [1, 4, 7, 9].

Acknowledgments. This work was sup-
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Fig. 5. Evaluation of spatial resolution DRS
over thickness (behind 6-1073 m steel).
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ITomyx HOBMX MOSKJIMBOCTEH BIOCKOHAJEHHS
NPUAMAaJBbHO-IE€TEKTYI0UOT0 TPAKTY AJA IMUPPOBUX
pagiorpa¢giuyHUX CHCTEM 3 IMOKpPalleHHMM IPOCTOPOBUM
PO3IiIeHHAM

B./].Pusxcuxoeé, O.[.Onononin, b.B.I'punvos, B.I'.Boakoes,
O.K.Jluceyvra, C.M.I'ankin, €.®d.Boponkin, B.JI.Ilepeepmaiino

s oTpUMaHHA TiHBOBUX PEHTIE€HIBCbKUX 300pa’KeHb IIPOBEAEHO PO3POOKY HPUIMAIBLHO-
JEeTEKTY4Oro TPaKTy 3 JiHIfIKo 32-KaHAJILHUX JeTEeKTOPiB ' CIMHTHIATOP-(PoTOmion" HOBOTO
misafiny mus mosns ckamysamHs 200-1073 m. Ba momomoroio maxeriB nmposoi paziorpadiu-
HOI CHCTEMH Ta CTAHJZAPTHUX TECTOBUX 00’€KTiB BU3HAUEHO IIPOCTOPOBY PO3AIJIBHY 3TATHICTHL
(ze ripme 1,25 map ximiii/mMm) Ta BuABHY sgartHicTs (kpama Hixk 0.2:1073 M crambHOTO
zpory 3a 6-1073 M craxi). BukopucTtanHA 16-pospsaAgHOro aHAJIOrO-IHU(POBOrO IEPEeTBOPIOBA-
ya y CKJaLi NPUUMAIbHO-IETEKTY4YOro TPAKTy MJO3BOJMUJO 30iAbMINTH AUHAMIUYHMI gianasoH
Ta MiABUIUTH, IIOPIBHAHO 3 MOIEPEIHIMHU pedyabTaTaMMU, PO3AiAbHY 3JaTHICTH 32 TOBIIMHOIO
3 ~0.9 % mo ~0.4 % (3a 6-10°3 M craui).
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