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for Csl:Tl and Nal:Tl crystals under different
surface treatment conditions

L.A.Andryushchenko, A.Yu.Boyarintsev, B.V.Grinyov,
1.V Kilimchuk, A.M.Kudin, V.A.Tarasov, Yu.T.Vyday

STC "Institute for Single Crystals™, Institute for Scintillation Materials,
National Academy of Sciences of Ukraine,
60 Lenin Ave., 61001, Kharkiv, Ukraine

The influence of mechanical and chemical methods of Csl:Tl and Nal:Tl crystals surface
treatment on their scintillation characteristics at registration of short-range ionizing
radiation has been investigated. It is shown that application of ultrathin silicon dioxide
powder obtained by sol-gel method and organosilicon liquids at the polishing stage pro-
vides the near-surface layer of Csl:Tl and Nal:Tl crystals with minimum light yield nonuni-
formity. After grinding of the crystal surface, the stability of scintillation characteristics
can be achieved by the surface treatment with tetraethoxy silane and oligo-(siloxane
hydride) liquid. Application of thin-film organosilicon coating on the Csl:Tl crystal surface
turned to the radiation source has improved the pulse-height resolution by 83-5 % in the
absolute value at registration of X-ray radiation with E = 5.9 keV.

WccemoBaHo BINAHNE XUMUKO-MEXaHUUECKUX METOJOB OOpPaGOTKM IMOBEPXHOCTEM KpUC-
taanoB Csl:Tl u Nal:Tl Ha X COMHTHUIIAIIMOHHEIE XAPAKTEPUCTUKH IIPY PErHCTPAIMUA MAJO-
IIPOHMKAIOIIEr0o MOHUSHUPYIOIero muajaydeHns. [[loKkasamo, 4TO NPUMEHEHHE Ha 9TAalle IIOJIH-
POBKH YJIBTPAAUCIIEPCHOrO IIOPOIIKA NUOKCHIA KPEMHNS, OJYYEHHOrO 30Jb-T'eJb METOIOM,
U KPEeMHUHMOPraHMYEeCKMX KHIKOCTEH o0ecreumBaeT IIOJyUYEeHUE IIPUIIOBEPXHOCTHOIO CJIOS
kpuctamnos Csl:Tl m Nal:T| ¢ MuEMManpHOM HEOZHOPOZHOCTLIO CBETOBOI'O BhIXOga. Ilocie
man(OoBaHUS MOBEPXHOCTA KPUCTAJNJIOB CTA0MILHOCTh CIHHTUJIIAIUOHHBIX XapPaKTEePUCTUK
BO BPEMEHH MOXKET ObITh JOCTUIHYTa 3a cueT 00pabOoTKM IMOBEPXHOCTEeIl TeTPasTOKCHCHUJJIAHOM
U OJUTOTHAPUACUIOKCAHOBON KuUAKOCThI0. HaHeceHnme TOHKOILIEHOYHOI'0 KPEMHHUIOPraHu-
YECKOT0 MOKPBLITHS Ha MHoBepxHocTh Kpucraiaa Csl:Tl, oOpalmeHHyi0 K paguoakKTHBHOMY
HCTOUHUKY, YJIYUYIINJIO aMIINTyIHOe paspelieHnne Ha 3—5 % 1o abCoJIOTHON BeJMUYUHE IPU
perucTpanuy peHTreHOBCKOro majgyueHus ¢ E = 5,9 koaB.
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The scintillation crystals being used in
production of radiation detectors are sub-
jected to mechanical and chemical surface
treatment. A defective near-surface layer ap-
pears during mechanical treatment of the
crystals. This layer is characterized by a
dense network of micro-cracks. The thickness
of the surface layer enriched in defects is 10
to 20 um. An increased content of impurity
ions is also observed in the near-surface layer
of tens and even hundreds micrometers thick-
ness [1]. The penetration of impurities in sur-
face layer of Csl crystal is explained by in-
creased concentration of vacancies in this
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layer and its diffusion towards the surface
[2]. At relaxation processes occurring in the
surface layer, the physicochemical surface
state of treated single crystal changes in
time [3, 4] causing instability of some scintil-
lation parameters. The spectrometric charac-
teristics of detectors are defined by the scintil-
lator individual properties (structure, activa-
tor content, hygroscopicity, impurities, ete.)
[5, 6]. Therefore, the crystal surfaces should
be treated taking into account their peculiari-
ties. So, Csl: Tl and Nal:Tl crystals differ sub-
stantially in the structural characteristics
and hygroscopicity, thus defining distinct
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approaches to treatment thereof. The state
of the radiation entrance surface of these
scintillators influences heavily the radiolu-
minescence at registration of the short-
range radiations (alpha, X-ray and soft
gamma) [2, 4]. The main goal is this work is
to investigate the effect of various surface
treatment methods of Csl:Tl and Nal:Tl crys-
tals on their spectrometric characteristics at
registration of short-range radiation.

The first investigations were done
using Csl:TI crystal samples of
&25x20, mm size (Nos. 1, 2) with Tl con-
centration Cp = 41072 mol. %. The samples
Nos. 1 and 2 were examined at two energies
of alpha-particles from 239Pu isotope:
E; =5 MeV and E, = 2 MeV. The indicated
energy values were provided by special
collimators. The light yield (L) and energy
resolution (R) were measured for two
shaping times on the analyzer: 1y =1 ps
and 15,=2pus. A Hamamatsu RI1307
photomultiplier (PMT) was used as pho-
toreceiver. All samples were placed on
PMT without optical contact.

The surfaces of Csl:Tl crystals (Nos. 1, 2)
turned to the radioactive source were at
first ground using a composition containing
ethylene glycol and electric corundum with
the abrasive grain size 20 um, and then pol-
ished with ethylene glycol and aluminum
oxide with the abrasive grain size 0.3 pm.
After the measurements were made, these
surfaces were subjected to the same grind-
ing, but without the further polishing.
Then the similar measurements were done
again. Besides of the light yield and energy
resolution, determined were the specific
light yield L/E and nonproportionality of
response A as A = (Ly/Eq — Ly/E5)/(L/E),,,
here (L/E),, is the average value of the
specific light yield).

The consideration of measurement and
calculation results demonstrates that the
deep grinding results in increasing L/E by
60 % at registration of alpha-particles with
energy E, and by 830 % at E; as compared
to L/E for the polished surface. The dis-
rupted layer formation due to such treat-
ment results in increasing of the A by 20 %.
At the same time, the energy resolution abso-
lute value is worsened by 1 to 8 %. At in-
creasing shaping time, the A absolute value
is observed to increase by 3 to 5 % for the
ground surface of Csl:Tl crystals. So it is
evidenced that the light yield at alpha-par-
ticle energy E, is increased due to the slow
decay components. It is well known that
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Fig. 1. Dependences of the normalized spe-
cific light yield on quantum energy for Csl:Tl
crystals: I — without coating, 2 — thin-film
organosilicon coating at the PMT side, 3 —
thin-film coating at the source side.

slow component [7] in Csl is connected with
increased concentration of wvacancy [2] in
surface layer.

The influence of treatment methods using
thin-film organosilicon coatings of 1515 pm
thickness on the scintillating characteristics
was studied on two Csl:TI samples of
@30x5, mm size. The Tl concentration in the
first sample was Cp = 4-1072 mol.%, in the
second, Cpy =7 1072 mol.%. The butt surfaces
of the crystals were ground and polished using
the method specified for the Csl:Tl crystals
(Nos. 1, 2), and then thin polishing was car-
ried out using ethyl alcohol ultrafine silicon
dioxide powders with grain size no more than
0.15 um obtained by sol-gel method. Thin-film
organosilicon coatings were applied on the
one of the crystal butts. During the light
yield measurements, this butt was oriented
either toward the source, or toward PMT.
The light yield was determined under irra-
diation with X-ray and soft gamma-ra-
diation sources 9%%Fe (E = 5.9 keV),
241Am (E; = 17 keV, E, = 59.6 keV), and
109Cd (E = 22.4 keV). The normalized spe-
cific light yield as a function of photon en-
ergy for the sample with Tl concentration
Cr = 71072 mol.% at various arrangements
of the surface with applied thin-film or-
ganosilicon coating relative to a source is
demonstrated in Fig. 1.

The influence of the thin-film organosili-
con coating on L/E is manifested itself most
in the low energy range and in case of the
treated surface oriented towards PMT.
When this surface is oriented towards the
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Table 1. Influence of thin-film organosilicon coating on the specific light yield L/E and light
yield nonproportionality A of response for Csl:T| crystals

Photon
energy,
keV

L/E without

coatin

g, a.u.

=3

L/E with coating

at PMT

side, a.u.

L/E with coating
at source side, a.u.

Cqy=4102 %

Cqy=T7102 %

Cr=4102 %

Cy = 17102 %

Cqy=4102 %

Cqy= 7102 %

5.9

7.12

7.63

9.8

9.66

9.66

9.49

17

6.52

6.85

8.29

7.94

9.41

9.29

22.4

7.24

8.22

9.43

59.6

6.71

7.15

8.41

8.22

9.5

9.35

A, %

A, % A, %

9 11 17

19 3 2

radiation source, the light yield nonpropor-
tionality decreases substantially that is as-
sociated with the specific light yield de-
crease for 5.9 keV radiation. The L/E val-
ues for two above-mentioned samples at
various orientations of treated surface are
presented in Table. The specific light yield
nonproportionality for the 5.9 keV and
17.0 keV energies is more pronounced for
the sample with higher activator concentra-
tion (see Table). It is shown, that applica-
tion of a thin-film organosilicon coating on
the scintillator entrance window decreases
the non-proportionality by 5 times and im-
proves the pulse-height resolution absolute
value by 3-5 % at registration of X-ray
radiation with £ = 5.9 keV.

The influence of Nal: Tl surface treatment
method was studied using the scintillator
samples of @20x2, mm size. The surface
oriented towards the radiation was studied.
The scintillators were placed in containers
as standard X-ray detectors. The light yield
was determined under irradiation with the
same X-ray and soft gamma-radiation
sources used in the above-mentioned experi-
ment. Before measurements, some samples
were polished by standard technique using a
mixture of ethyl and isobutyl alcohols. An-
other treatment method consisting in deep
grinding and polishing using ultrafine pow-
ders and organosilicon liquids was applied
to the other group of samples. The new
method provides a high transparency of
Nal:Tl single crystal in the scintillator emis-
sion range. Well known that cleaved crys-
tals are preferred for applications in the
X-ray region below 10 keV [8]. So, several
detectors were made on the basis of Nal:Tl
single crystal with cleaved planes as an en-
trance surface for radiation.

The energy dependences of the specific
light yield for the above detectors are shown
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Fig. 2. Dependences of the specific light yield
on photon energy for Nal:Tl crystals: 1 —
standard polishing method, 2 — new treat-
ment method, 3 — cleavage.

in Fig. 2. As it is seen in the Figure, the
character of this dependence for Nal:Tl crys-
tals in the low radiation energy region differs
substantially from the dependence for Csl:TI
crystals. The specific light yield at low ener-
gies is lower than at harder radiation. It is
true for all used methods of entrance surface
treatment. In other words, the nonpropor-
tionality of response has opposed sign [9] in
low energy region for Nal' Tl crystals. The new
treatment method using organosilicon liquids
and ultrafine powders allows to increase L/E
for 5.9 keV X-rays as compared to the stand-
ard polishing technique. This fact evidences
that this treatment method results in a de-
creased thickness of layer with low scintilla-
tion efficiency [10]. Note that nevertheless
the surface quality attainable for cleavage
is not obtained.

Thus, the radiation entrance surfaces of
the Nal:Tl crystals obtained by cleavage
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provied the best scintillation charac-
teristics. It should be noted that Csl: Tl crys-
tal has not a cleavage plane. In practice it is
necessary to machine and polish the crystal
surfaces to provide the required shape and
size. The optimum treatment method for
Csl:TI and Nal: Tl crystals, as the research
results have shown, is the deep grinding
and polishing using ultrafine powders ob-
tained by the sol-gel method. An important
factor is the subsequent surface treatment
with compositions containing organosilicon
liquids. Thin-film organosilicon coating
put on the radiation entrance surface of
crystal reduces the nonproportionality be-
tween the light yield and radiation energy,
improves the energy resolution, and also
provides the stability of the scintillation
characteristics in time.
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HocaigKeHHA CHUHTHUIAINIMHAX XapaKTEePHMCTHUK
kpucraaiB Csl:Tl i Nal:Tl npu pizaux cmoco6ax
00poOKM MmOBepXxHi

J.A.Andprowenko, A.JO.Boapunyeé, I0.T.Budaii, B.B.I'punbvos,
I.B.Kunumuyx, O.M.Kydin, B.O.Tapacoé

Hocaimskeno BIIWB XiMiko-mexaHiunmx MmeTofiB o0pob6ku mosepxui kpucranis Csl:TI i
Nal:Tl ma ix cumHTHIANIMHI XapaKTEepUCTUKM IPU PeecTpallii MaJolIpoOHMKAUYOro ioHisyou-
oro BumpominioBaHHsi. Ilokasano, [0 3aCTOCYBAaHHSA Ha €Talli IIOJipyBaHHS yJbTPAaIUCIIEPC-
HOIO IIOPOIIKY MiOKCHIYy KPEMHil0, OTPMMAHOI'0 30Jb-TeJIb METOIOM, i KpeMHilopraHiuHmx
pizuH 3a6esmeuye oTpuMaHHA npunoBepxHesoro mapy Kpucraais Csl:Tl i Nal:T| 3 mirimans-
HOI0O HeomHOpigHicTio cBiTmoBoro sBuxoxy. Ilicis muaidyBamusa moBepxHI Kpucrasis
cTabilJbHICTD CHUHTUAAIINHAX XapaKTEePUCTUK Yy Yaci MOKe JOCATraTHCh 34 PaxyHOK 00pPO00-
KU IIOBEPXOHb TETPAETOKCHCHJIAHOM 1 OJIirorizpuacuioKcaHOBOIO pimmHOo0. Hamecenus TOH-
KOILIIBKOBOI'0 KpeMHiflopraHiuHoro moxpuTTsa Ha mnoBepxHio kpucrtana Csl.Tl, ska oGepHeHna
0 PajioaKTHUBHOIO [A)Kepesa, MOKPAIUJIO aMILIiTyAHe posdfijeHHda Ha 3—5 % 3a abcouior-
HOIO BeJIMUWHOIO IIPU PeecTpallii peHTreHiBCcbKOro BUIpoMiHOBaHHA 3 E = 5,9 keB.
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