PECULIARITIES OF FLUORESCENCE OF THIN ORGANIC FILMS
IN THE FIELD OF SOFT X-RAY RADIATION
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The paper presents the results of experimental study on the X-ray fluorescence of new organic films
manufactured on the base of polystyrene with activating dopes of P-Terphenyl 1.0%, 1.4-Di-(2-(5-Phenyloxazolyl))-
Benzene (POPOP) 0.02% and compounds containing Sn atoms. The fluorescent films, 18 and 20 pm thick,
containing Sn 8% by mass are manufactured and their properties are studied. Measurements were carried out at the
special vacuum installation with a low-voltage electron beam. The braking X-ray radiation was excited on the
tungsten target in the energy range from 0.25 to 2.5 keV and the beam current of 0.1 mA. It is shown that the given
fluorescence material reveals the sensitivity to the X-ray continuum up to the energy of 250 eV without applying a
low-noise amplifying device. In this case the specific fluorescence is significantly higher than the respective value
for CsI(Tl) single crystal that we have taken as a standard. Addition of Sn ions in the film structure leads to the
increase of the film sensitivity at the low-energy edge of the energy range being studied. There is a discussion about
possible application of above-mentioned films in the accelerator technique, plasma physics, X-ray microscopy and

other fields where the recording of soft X-ray radiation is required.

PACS: 07.85.Tt, 41.60.Ap

INTRODUCTION

At present, for detection of X-ray and gamma-ray
radiation one uses detectors based on Si, CdZnTe,
traditional Nal(TIl), CsI(Tl) crystals etc. The main
application of these detectors is the elementary X-ray
fluorescence analysis in the energy range of 10keV [1].
In investigation of parameters of quick-changing
processes related to obtaining high densities of energy
there arises a necessity to use the spectrometry of soft
(E=1keV) X-radiation [2]. In the presence of a mixed
flow of neutrons, accelerated electrons and ions,
superhigh-frequency radiation and hard gamma-ray
background one should determine the X-radiation soft
component contribution into the total balance of
radiation energy. The available detectors are low-
sensitive to this component.

In this case thin-film scintillators may be more
preferable. In the low-energy region the relative
sensitivity of the film can be increased due to the effect
of the finite path of an ionizing particle in the film
material.

The present paper, being a continuation of [3] gives
the results of measuring the light yield from thin organic
films excited at a long-wave edge of the X-ray range
within 1KeV.

EXPERIMENTAL SETUP

The films of 20 pm thickness made on the base of
polystyrene with activating dopes n-Terphenyl 1.0%,
1.4-Di-(2-(5-Phenyloxazolyl))-Benzene (POPOP)
0.02% were used as a scintillation material. To study the
material sensitivity to the low-energy X-radiation
(LEXR) one can introduce into the film structure the
compounds containing Sn atoms. In the case of film
excitation with ultraviolet quanta, the emission
maximum corresponds to the wave length of 340 nm, as
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a result of conversion into the visible region of an
optical spectrum.

Investigations of the film light yield under LEXR
action were carried out at the setup comprising: vacuum
chamber, electron gun, focusing-deflecting system, and
detector unit. Vacuum in the chamber, not worse than
1.3007°Pal(10”°Torr), was provided by the cryogenic
pump. The layout of the setup is shown in Fig.1.
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Fig.1 Diagram of experimental setup

An electron beam with a current intensity up to
100 A was supplied from the electron gun provided
with a W filament cathode and a hollow anode. A
negative accelerating potential in the form of an one-
half-period sinusoid was applied to the cathode of the
electron gun with a repetition rate of 5S0Hz. In the space
behind the anode a beam was collimated by diaphragm
1 and transmitted through the sectoral condenser. The
presence of deflecting plates made it possible to
decrease the electron spread by particle velocities, as
well as to decrease the parasitic background light of the
photomultiplier tube (PMT) caused by the filament.

The braking X-radiation was excited by the electron
beam at the W target and directed by diaphragm 2 onto
the film sample. A scintillation unit composed of a film,
a plastic light guide and a PMT was placed into the steel
screen. For recording the luminescence a PMT-60 was
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selected. Its spectral sensitivity is well mated with the
emission spectrum of the sample under investigation. As
in the above-described experiments the problem of
measuring the time characteristic of the scintillation
flash has not been posed, the PMT was operating in the
integral mode with a load in the anode circuit of 100 kQ
. A signal from the loading resistor was applied to the
high-resistance input of the oscillograph.
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Fig.2. Oscillograms of beam voltage (a) and PMT
current (b), a-250 V/div; b-0,5 UA/div; t-1,5 ms/div

The oscillograms of the accelerating voltage from
the electron gun and of the PMT current are presented in
Fig.2. From these oscillograms one can judge about a
qualitative dependence of the sample glowing intensity
on the electron beam energy that characterizes the
braking X-radiation energy. It is seen that the X-ray
luminescence takes place already at energy of about
300 eV.

MEASUREMENT RESULTS

The purpose of above-described measurements was
determining of a minimum X-radiation energy at which
it is possible to measure reliably the scintillator light
yield without applying low-noise amplifying electronic
equipment and cooling the PMT and the scintillator
itself up to the liquid nitrogen temperature.

In the course of investigations the PMT photocurrent
amplitude was measured by changing the anode voltage
of the electron gun, i.e. X-ray production voltage. The
beam current was maintained by constant adjustment of
the filament heating value.

During measurements we have studied samples of
films without Sn addition, with 8% addition of Sn
atoms, as well as, standard plates from CsI(Tl) single
crystal of Imm thickness. The results obtained are
presented in the plot of Fig.3.
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Fig.3. Light intensity as a function of beam energy
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It is seen from the plot that in the range of energies
from 0.5 to 1.5keV an exponential increase of the
luminous intensity is observed. Ranging from 1.5 keV
the increase slows down and after 2 keV it tends to
saturation. The decrease of the light yield in the range
from 1.5 to 2.5 keV can b e explained by the influence
of the finite film thickness: at energy of 2.5 keV the
high-energy part of the braking X-radiation continuum
passes throughout the film without interaction with the
luminescence centers.

In the case with addition of a heavy dope - Sn atoms
into the material structure, a gain of the light yield is
observed. So, at 500 eV it increases by a factor of four,
and .at 2 keV the increase is 30%. This result can be
explained by the influence of an effective atomic
number of the scintillator material on the excitation
energy transfer between the fluorescent centers.

Comparison of luminescence signal amplitudes in
the film and the CsI(Tl) crystal of 1 mm thickness in
terms of the specific luminescence shows the gain of the
film light yield by an order of magnitude.

To determine the absolute sensitivity of the detector
under investigation (scintillator-photomultiplier PMT-
60 assembly), a thermoluminescence dosimeter DTG-4
was placed into the measurement point.

In Fig.3 plotted are the values of the exposure dose
power. Thus, at an energy, e.g. 1keV the detector
sensitivity is 1.0(Akgld)/C.

CONCLUSIONS

The film offered can be used as a scintillator in
detectors of vacuum X-radiation.

The sensitivity of the detector comprising the film of
20 pum thickness and the photomultiplier (PMT-60) at
an 1 keV energy is 1.0(Akg[d)/C or (4[Ald)/mR.

The film sensitivity can be increased by increasing
the effective atomic number by introduction of Sn atoms
into the film composition.

A simple source of soft vacuum X-radiation of long-
term operation working in the range of energies from
0.25 to 2.5 keV (A=50...5 /&) and exposure dose powers
from 10° to 10*C/(kgs) is developed. The above-
described developments can find use in a wide field of
practical applications such as: fluorescence analysis, X-
ray nondestructive medicine, X-ray source monitoring
etc., where a long-wave X-radiation is used as an
instrument for active diagnostics.

The authors are thanking to A.V.Masilov for the
assistance in carrying out the X-radiation dosimentry
and Yu.K.Mironov for helpful advices.
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OCOBEHHOCTH ®JYOPECIHEHIIMX TOHKUX OPTAHUYECKHUX IIJIEHOK
B ITOJIE MATKOI'O PEHTTEHOBCKOI'O U3JIYYEHUSA

B.I'. Cenyuwun, H.I'. Illynuka, B.U. Ckubun, E.I'. Tannep, H. H. Boponkuna, FO.I'. 3aneckuii, A.H. /Iv606

[IpuBeneHs! pe3yabTaThl SKCIIEPUMEHTAIBHOTO NCCIIEI0BAHNUS PEHTIEHO(ITyOPECIEHIINN HOBBIX OPTaHMYECKUX
IUICHOK, MU3TOTOBJICHHBIX HAa OCHOBE IOJIMCTHPOJA C aKTUBUpYIOMUME no6aBkamu P-Terphenyl 1.0%, 1.4-Di-(2-(5-
Phenyloxazolyl))-Benzene (POPOP) 0.02% wu coennHeHHSIMH, BKIIOYAIOMIMMH aTOMBI Sn. BRI H3TOTOBJICHHI U
uccien0BaHbl (DIyopecleHTHbIe CBOMCTBa IuleHOK TommuHamu 18 m 20 MkMm, coxeprkamue Sn 8% mo macce.
W3mepennss mpoBOAWIIMCH Ha CIIEHUAIBHOW BaKyyMHOW YCTaHOBKE C HU3KOBOJIFTHBIM JJIEKTPOHHBIM ITyYKOM.
TopMo3HOE pPEHTreHOBCKOE U3JIydeHHEe BO30YXKIAJIOCh Ha BOJILPAMOBOW MHIICHH B HWHTEpBale JHEPrHid
0.25..2.5 k3B npu Toke B myuke 0.1 MA. IlokazaHo, uTO JNaHHBIA (IIyOPECUEHTHBIH MaTepHuan OOHapyKHBAeT
YyBCTBUTEIBHOCTh K PEHTT€HOBCKOMY KOHTHHYYMY BIIIOTH 70 3Hepruii 250 3B 6e3 mprmMeHeHus HU3KOLIyMsIIeH
YCHIIMTENIbHON anmaparypsl. Y ienbHas (IyOpecHeHIHs IPH 3TOM CYIIECTBEHHO IPEBBIIIAET COOTBETCTBYIOUIYIO
BennunHy 11t MoHOokpuctaimia CsI(Tl), mpunstoro mamu 3a stanoH. /lo6aBka B CTPYKTYpy IUICHKM HOHOB Sn
MIPUBOJNUT K YBEIWUCHUIO YYBCTBUTEIBHOCTH IUICHKH Ha HHU3KOSHEPTETHYHOM KpAalo MCCIEJOBAHHOTO IHANa3oHa
sHeprun. OOCYKIalOTCsI BO3MOKHBIE IMPUMEHEHUS IpeAiaraéMblX IUICHOK B YCKOPHTENIBHON TEXHHKE, (DU3UKe
TUTa3MBbl, PEHTTEHOBCKOM MHKPOCKOITMH M JIPYTUX 00JIACTAX, I/ie TpeOyeTcsl perncTpanusi MArkoro peHTTeHOBCKOTO
U3ITyYEeHHSI.

OCOBJIMBOCTI ®JYOPECHEHIIIT TOHKUX OPTAHIYHUX IIJIIBOK
Y NOJII M'SIKOI'O PEHTTEHIBCBKOT'O BUTIPOMIHIOBAHHSA

B.I'. Cenvivuun, M.I'. Illynika, B.I. Ckioin, €.I'. Tannep, H.I. Boponina, I0.I'. 3anecoxuii, A.M. J/Ive06

HaBeneno pe3ynbraTu eKCIIEepUMEHTAIBHOTO JOCIIDKEHHS PEHTTeHO(IIyOPECICHIIIT HOBUX OPraHIuYHMX IITiBOK,
BUTOTOBJICHMX Ha OCHOBI TMONICTHPOIY 3 akTuByloumMu jgomimkamu P-Terpheny 1.0%, 1.4-Di-(2-(5-
Phenyloxazolyl))-Benzene (POPOP) 0.02% Tta cmomykamu 3 aromMaMud Sn. Bynaw BHTOTOBIICHI Ta TOCIIIXKCHI
(iryopeceHTHI BIAacTHBOCTI ILTIBOK TOBImWHOIO 18 i 20 MkMm 3 BmicroM Sn 8% mo maci. BumiproBaHHs
NPOBOJIMIIMCST Ha CHEUialbHI BaKyyMHill YCTAQHOBII 3 HH3bKOBOJBTOBHM €JICKTPOHHHUM ITy4ykoM. ['anbMiBHeE
PEeHTIreHIBChbKE BHITPOMIHIOBAHHS 30y /KyBajocs Ha BOJIb(paMoBiii MirleHi B iHTepBaiti eneprii 0,25...2,5 keB mpu
ctpymoBi y myuky 0,1 MA. IlokazaHo, mo maHuil (QIyopecHeHTHHII Matepiad BHSBISE YYyTIHBICTD IO
PCHITCHIBCHKOTO KOHTIHYyMy &x 1m0 eHepriii 250 ¢eB 0e3 3acTrocyBaHHS HH3BKOIIYMOBOI ITiICHIIOBAIBHOT
anaparypu. Ilutoma ¢ayopeceHmis nmpu IbOMY CYTTEBO BHIA 3a BINOBIIHY BEIMYMHY UII MOHOKpHCTaa
CsI(T1), mo B3sTmii OyB Hamu 3a eTanoH. JIoJaHHSA IO CTPYKTYpH IUTBKH i0HIB Sn MPU3BOAUTH A0 IiABUIICHHS
YYTJIIMBOCTI Ha HU3bKOCHEPIeTMYHOMY Kparo JOCITIPKEHOTO Jiarna3oHy eHeprid. OOroBOPIOIOTHECS MOJKIHMBOCTI
BHUKOPHCTaHHS 3aIIPOIIOHOBAHUX IUTIBOK y TPHCKOPIOBAIBHIN TEXHII, (i3WIli I1a3MH, pEHTI€HIBChKIH MiKPOCKOTIiT
Ta IHIIMX 00JIACTSX, Jie MOTPIOHO PpeecTPyBATH 1 BUMIPIOBATH M SIKE PEHTI'€HIBCbKE BUIIPOMIHIOBAHHSI.
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