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A complex was developed and manufactured for monitoring the uniformity of the light
output of ZnSe scintillators when excited by X-ray radiation, suitable for servicing mass
production of scintillation elements and investigating the distribution of light output over

the surface of scintillators.
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PaspabGoraHa M H3roTOBJIeHA YCTAHOBKA [IJS KOHTPOJS PABHOMEPHOCTH CBETOBBIXOMIA
ZnSe CHUHTU/IATOPOB IPHU BO3OYMKAEHUN PEHTTEeHOBCKUM M3JydYeHneM, IMIPUTOTHAA AJaA 00-
CAYKUBAHNSA MACCOBOTO MPOM3BOCTBA CIUMHTUJIANUOHHLIX 3JI€MEHTOB U MCCAeTOBAHUS Pac-
mpefeJeHnsa CBEeTOBLIXO0JA 10 MOBEPXHOCTH CIIMHTUIIITOPOB.

BumipioBaIbHHN KOMILJIEKC JJS KOHTPOJIO PiBHOMIPHOCTI CBITJIOBOTO BUXOXY CIIMHTHU-

aaropie. C.O.Tpemvar, O.B.Ilonkosa

PospobieHo Ta BUTOTOBJIEHO YCTAHOBKY AJA KOHTPOJI PiBHOMipHOCTI cCBiTIOBUXOIY
ZnSe cuumHTUIATOPIB npu 30yM)KEHHI PEHTreHiBCBKMM BUIIPOMIHIOBAHHAM, NIPHIATHA IJIS
00CIyroByBaHHSA MACOBOTO BUPOOHMIITBA CIHUHTHJAAIMINHMX eJeMeHTIiB 1 mocaigkeHHS poa3-
HOIiJy CBITIOBUXOAY B3SHOBK IIOBEPXHi CIIMHTHJIATOPIB.

While manufacturing the detectors of
ionizing radiation based on the scintillation
effect, there is a need to study the light
output of the scintillators used. To measure
the scintillation characteristics of ZnSe(Te)
in the radiation instrumentation depart-
ment, a complex was developed for measur-
ing the uniformity of the light output of
scintillators, oriented both at mass produc-
tion as well at research.

During the development of the complex,
a scheme was used to investigate the object
under study for lumen, i.e. the source of
the exciting radiation and the measuring
photodetector were located on opposite sides
of the investigated sample (investigation
into the lumen), which repeats the scheme
for constructing the inspection introscopes
(Fig. 1) [1, 2]. In contrast to the scheme
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used in the stand [3], the research object
(scintillator) moves relative to the station-
ary source of radiation and the photodetec-
tor in the developed complex.

The displacement system provided the
possibility of two-coordinate travel on the
field 200x200 mm?2 with a resolution of
0.1 mm.

The source of radiation in the measure-
ments was the X-ray apparatus RAAP-150M
with a perforated anode. The energy of the
X-ray beam during operation was
90...140 kV. For localizing the irradiation
zone, lead collimators were installed. The
diameter of the output part of the collima-
tor varied from 1 to 4 mm, depending on
the geometry of the samples being studied.

The photodetector was a silicon photo-

diode with 5x5 mm?2 measurement cross-sec-
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Fig. 1. Stand measuring the relative light
output of scintillators. 1 — X-ray tube; 2 —
Collimator; 3 — Object of measurement (scin-

tillator); 4 — Protective filter; 5 — Photode-
tector; 6 — Amplifier.

tion. To protect the photodiode of the re-
ceiver from direct exposure to an X-ray
beam, a stopping filter of a GSO crystal was
used absorbing nearly all incident X-rays,
while the proper scintillation luminescence
of the filter crystal is located in the blue
region of the spectrum [4] that does not
affect the silicon photodiode.

Further, the analog signal was amplified
by a current-voltage instrument amplifier
(Fig. 1) and fed to a 12-bit ADC board built
into the computer.

The computer also controlled the move-
ment mechanism of the cassette with crys-
tals relative to the X-ray source. The dis-
creteness of displacement along both axes is
0.1 mm, and the dimensions of the working
zone are 200x200 mm?2.

The stand does not allow measuring the
light output as a physical quantity, since it
is not calibrated and not verified. The rela-
tive light output is measured in comparison
to the selected standard. For each individ-
ual task it is necessary to select its distinct
standard. In order to eliminate the influ-
ence of the geometry of the experimental
samples and the standard on the measure-
ment results, the standards were chosen as
closely as possible in the same shape and
size with working scintillators.
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Fig. 2. Cassette with scintillation crystals
ZnSe(Te) 25.4x2.8x0.6 mm3.

So at this stand, a technique for control-
ling scintillators for detectors of inspection
introscopes was worked out.

The scintillation crystal for this problem
is a parallelepiped of ZnSe measuring
25%2.8x0.6 mm3 (or 18.8x2.8x0.6 mm3).

Preliminarily, the scintillator control
was carried out according to the measure-
ment technique, which allows controlling
the light output at three points along the
length of the crystal and having a carousel
for stacking samples at 30 positions or at
the firm’s bench (AMS-1"Smith Heimann™).
All measurement operations were manual,
which limited the performance of the opera-
tion to 100 pieces/shift, and manual fixa-
tion of measurement results could introduce
additional errors, reducing the reliability of
the results.

To localize the irradiation zone, a lead
collimator with a hole diameter of 3 mm
was installed. Since the diameter of the col-
limated beam is greater than the width of
the sample, the data on the homogeneity of
the light output of the scintillator are in-
vestigated only along the axis of the crys-
tal. To remove this characteristic, each sam-
ple was measured at five points with a uni-
form pitch of 5.1 mm.

While developing a new technique for in-
creasing productivity, a group load method
was used with automatic measurement it-
self. The control is carried out by all 100 %
of the products transferred to the measure-
ments with the issuance of a passport proto-
col that displays each product individually.

The algorithm of the measurement pro-
gram included measuring the parameters of
the light output of the reference crystal
ZnSe (in sizes completely analogous to the
working samples) that was located at the
first position of the cassette, and then all
other working samples.
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Fig. 3. The distribution diagram of the light
output on the plate ZnSe(Te) 24x10x1 mm?.

For these scintillators, a cassette was
used, which allows placing 50 samples. The
samples were stacked in a cassette in ten
rows of five pieces in a row. The appearance
of the cassette with samples is shown in
Fig. 2. The distance between the rows is
5 mm, which was the minimum possible
value with this collimator. Moving the cas-
sette was done in a shuttle way — this al-
lowed to reduce the processing time of each
load. The average value for each sample
while processing the measurement results
was calculated, as well as the largest devia-
tions in "+" and "—" were determined. All
the values after normalization on the sam-
ple crystal and sorting by the size of the
light output were recorded in the final pro-
tocol. Additionally, monotonicity parame-
ters of each sample could be output in the
protocol. On the basis of these protocols,
samples were sorted and the shipping
batches of scintillators were formed.

Manual operations left only the place-
ment of samples in the measuring cassette,
their return to the shipping container and
the initial setting of the parameters of the
measurement program. In general, the
measurement site is now able to measure up
to 1000 scintillators per shift.

This stand also allows you to scan the
surface of the scintillation screen to investi-
gate the distribution of the light output
characteristics. For example, Fig. 3 shows
the distribution of the light output along
the surface of a ZnSe (Te) screen with the
size of 32x24 mm?2. The scanning step was
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2 mm in both coordinates; the diameter of
the collimator was 2 mm.

Such a study makes it possible to control
the uniformity of light output over the
sample and to analyze the shape of the re-
sulting surface in order to look for techno-
logical solutions for improving the uniform-
ity, which is important when creating
screens for X-ray and medical devices. In
addition, scanning the surface of the scintil-
lator is used to control the workpieces for
detectors. These blanks are in the form of
plates of rectangular or round shape meas-
uring 20...50 mm and thickness from
2.5 mm to 6—7 mm. The reference plate for
ZnSe(Te) is 2 mm thick, which is scanned
simultaneously with the sample in one ses-
sion. The obtained results are then normal-
ized to the value of the light output of the
reference crystal with a size of 24x10x1 mm3
(the average light output of the standard is
conventionally assumed to be 100 %) and is
issued in the form of a two-dimensional dia-
gram showing the light output of the sam-
ple in the form of a surface.

This method of processing proved to be
convenient also for controlling blanks, se-
lecting the required for further processing,
determining the orientation of the subsequent
cutting of round blanks, and the like.

Conclusions

The device was developed and fabricated,
and the technique of measuring the relative
light output of ZnSe crystals suitable for
servicing mass production of scintillation
elements and investigating the distribution
of light output over the surface of scintilla-
tors was developed.

Methods for studying the light output of
scintillators of various geometric shapes
have been employed.
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