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Thermally Stimulated Exoelectron Emission from LiF(Mg,Cu,Na,Si)

Phosphor
Sih-Hong Doh®, Jung-Hyun Jeong®, M.Aoki”, T Nishikawa™, Y.Tamagawa’, M.Isobe
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Abstract

The TSEE characteristics of LiF(Mg,Cu,Na,Si)phosphor for gamma and beta rays are described.
The TSEE glow curve of this phosphor showed 5 peaks in the range from 20°C to 400°C and its
main peak appeared at 240°C. The sensitivity of the phospor for %Co gamma rays was about
450counts/mR. TSEE energy dependence for various beta radiation was nearly constant (£10%) in
the mean beta particle energy range from 0.02MeV to 0.8MeV. The efficiency of TSEE of the
phosphor for beta radiation was (2~15)x10.
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I .introduction less than 1eV. Therefore it is more
advantageous for the dosimetry of weakly

Thermally stimulated exoelectron emission penetrating beta rays than other solid state bulk

(TSEE) and thermoluminescence (TL) methods
for beta dosimetry were reported by many
workers" ™. Exoelectron emission is a surface
layer effect. Exoelctrons escape from very thin
sensitive layers (10° to 10 %um thick) similar in
thickness to the range of electrons of energies
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method like thermoluminescence. Beta particle
radiation is strongly absorbed in the skin. Hence,
the skin dose is of major concern in beta
dosimetry. The International
Radiological Protection(ICRP) recommends a
tissue depth of 7mg'cm'2 as a depth for skin

Commission on

dose assessment”. We reported the preparation
method® and  thermoluminescence dosimetric
properties of LiF(Mg,Cu,Na,Si) phosphor.m The
sensitivity of the phosphor to gamma radiation
was about 20 times higher than that of LiF
TLD-700 powder(Teledyne Isotopes) and the
minimum detection of doses was about 0.1mGy.

In the present work, we have studied TSEE
of LiF(Mg,Cu,Na,Si)

characteristics phosphor,
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including TSEE glow curves, sensitivity, energy
TSEE efficiency and depth-dose
distribution in the mean beta particle energy
range from 0.02 to 0.8MeV.

dependence,

II. Experimental

LiF and small amounts of MgSOs7H0,
CuSO45H20, NagSiOr9HO0  were mixed and
dissolved in ion exchange water. The solution
was heated on a magnetic stirrer at 80°C for
30min. and was then dried in an oven at 150°C
for 15 hours. The mixture was sintered in a
muffle furnace at 800°C for 30min
nitrogen gas. Then it was quickly cooled to

in the

room temperature in air and was pulverized.

The LiF(Mg,Cu,Na,Si) phosphor thus obtained
was cold-pressed the shape of disc with a 7mm
diameter and a thickness of 0.5mm and then
sintered at 400°C for 30min. The LiF (Mg, Cu,
Na, Si) discs were used as TSEE specimens.

Table 1. Beta ray energies and stopping powers

Energy(MeV) stopping power
Source - dE/dx in
Max. Mean AlMeV-cn’g™)
BNi 0.0659 0.0172 112
“Pm | 02246 0.0621 44
ey 0.7634 0.2433 20
90,
Sr 0.5460
a0y 2279 0.8000 15

The beta ray irraidiation was carried out
using N, 147Pm, 7] and ¥Sr-®Y beta ray
sources. The characteristics of the beta ray
sources are shown in Table 1.

Gamma irradiataion was carried out using a
®Co under electronic equilibrium conditions. The
gamma exposure was measured with ionization
chamber(NE 2561cavity size: 0.325cc). The
injected number of incident beta particles were
measured by a plastic scintillator of 5mm

_12_

thickness and GM counter of 15x10°Kg'm™
window thickness. The absorbed dose of beta
rays was measured using an extrapolation
chamber fabricated in our laboratory.®

The TSEE was detected using a monopoint
(DIGITEC Co,,
An anode voltage was
3300V, and a charge-sensitive pre-amplifier was
used to increase the sensitivity of the TSEE
detection system. ‘

type methane flow counter
Western Germany[g]).

Ill. Results and discussion

1. The TSEE glow curve and sensitivity
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Fig. 1. The TSEE glow curves of LiF (Mg, Cuy,
Na, Si) phospor irradiated with beta ray
of various energies.
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Fig. 2. The TSEE response versus gamma ray
iraadiation.

Fig.1 shows the TSEE glow curves from the
LiF(Mg,Cu,Na,Si) specimens surface irradiated
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using “Tpm, 271 and *Sr- ®Y beta sources
respectively. The linear heating rate was set at
1°C s The TSEE glow curve of
LiF(Mg,Cu,Na,Si) shows 5 peaks in the range
from 20°C to 400° C. The main peak appears at
240° C and the other small peaks are at about 72,
144, 192 and 288°C The TSEE glow curve
structure of the phospor was found to be similar
to the TL glow curve.

Fig. 2 shows the TSEE responses of
LiF(Mg,Cu,Ni,Si) and ceramic BeO(thermalox 995
from Brush Co,USA) for ®Co gamma rays. The
sensitivity of LiF(Mg,Cu,Na,Si)

terms of the number of exoelectrons counted per

expressed in

unit exposure was about 450counts/mR, while
for ceramic BeO it was about 4x10" counts/mR.

Beta energy dependence and TSEE

efficiency

TSEE
] f.

90

T

LI

Sr -'OY
||||£P
10°

TSEE RESPONSE per mGy

204y
Ll R
0!
MEAN BETA ENERGY (MeV)

Fig. 3. The TSEE and TL energy dependence
of LiF (Mg, Cu, Na, Si) as a function of
mean beta energy.

Fig.3 shows the TSEE and TL energy
dependence of LiF(Mg,CuNa,Si) phospor as a
function of mean beta energy. The mean beta
energy response of the phosphor was measured
in the energy range from 0.06MeV to 0.8MeV
and normalized to PSr-®Y beta energy. As
shown in Fig.3, the TSEE energy dependence
constant(+10%) in this region,

was nearly

,134

3
whereas TL  energy dependence showed
decreasing  sensitivity at lower energies.

Therfore, TLD detectors can lead to significant
errors in skin dose when exposed to low energy
beta particles.

Fig4 shows the efficiency of the TSEE of
LiF{(Mg,Cu,Na,Si) phospor and ceramic BeO for
beta radiation. Because TSEE will be emitted
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Fig. 4. The TSEE efficiencies of LiF (Mg, Cu,
Na, Si) and BeO at various beta energies
and the stopping power, dE/dX,of Al as a
function of energy.

from the thin surface layer of several tens of
nanometers,“the TSEE should be related to the
stopping power dE/dX of mean beta radiation
energy. For comparision, the dE/dX data in
aluminium have been chosen because the density
of aluminium is nearly the same as that of LiF,
and variation of stopping power in aluminium
for mean beta energy was also plotted in Fig.4
on the same energy scale.

As we can see in Fig.4, the efficiency of the
TSEE of LiF(Mg,CuNaSi) phospor for beta
radiation was in good agreement with stopping
power data in aluminium. The efficiency of the
TSEE of the phosphor for beta radiation was (2
~15)x10 ,and the efficiency of BeO was 0.45 to
15
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3. Depth-dose distribution

Fig5 shows the depth-dose curve for beta
rays in aluminium measured with
LiF(Mg,Cu,Na,Si). Beta particles with energies
greater than approximately 006 MeV can
penetrate to a depth of 0.07mm in soft tissue.
As a shown in Figh5, the beta particle from
®Ni and those with lower energies do not
contribute to the skin dose at 7mg-em® depth.
We can also measure beta doses nearly enefgy
independently if a 7mg-em’ thick window is
applied. Skin absorbed doses from beta external
sources can also be determined by this TSEE
specimen without needing to know the beta
particle energy, if the detector is covered with a
Tmg-ca” tissue-equivalent film.
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Fig. 5. Depth-dose curves in aluminium for beta

rays of various energies.

IV.Conclusions

The TSEE glow curve of LiF(Mg,Cu,Na,Si)
phospor showed 5 peaks in the range from 20°C
to 400° C and its main peak appeared at 240° C.
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The sensitivity of the phospor for ®Co gamma
rays was about 450counts/mR. The beta energy
dependence of the phospor for TSEE detection
was observed to be flat within £10%. The
efficiency of TSEE of the phospor for beta
radiation was in good agreement with stopping
power data in aluminium. The efficiency of
TSEE emission of this phospor for beta radiation
was from (2~15)x10°°,
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