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Abstract

In the optical grade LiF crystal, the electron traps corresponding to the
thermoluminescence(abbreviated to TL) glow peak develop as irradiation dose
is increased. Originally the electron trap of the crystal has two levels but as
the dose reaches to the order of 10* rontgen, it attains five levels as observed
in the TL glow curves. The five trap depths are determined from the glow
peak temperatures for two different heating rates, §=6.6°C/sec and 3.4°C/sec.
The electron trap depths have the following values

E:1=0.79 eV, E.=0.93 eV, E;=1.02 eV, E=1.35eV, E:=1.69eV.

The special feature of thermoluminescence of optical grade LiF is that the
traps, except Ei and E. corresponding to 120°C glow peak and 150°C glow peak
for 6=6.6°C/sec, have severe thermal instability, namely E;, E( and E; levels
disappear during bleaching process. These defects in the optical grade LiF
crystal seem annealed out during the course of TL measurement.

The fresh or long time unused LiF(Mg) crystal shows only two glow peaks at
170°C and 230°C for 8==6. 6°C/sec, but upon sensitization with 7-ray irradiation, it
converts to the six glow peak state. The four electron traps, Ei,E:,E:, and E,
created by 7-ray irradiation and corresponding to the glow peaks at T=100°C,
130°C, 150°C and 290°C are stable and not easily annealed out thermally. The
sensitization essentially required to LiF(Mg) dosimeter is to give the crystal
the stable six levels in the electron trap.

In optical grade LiF, the plot between logarithm of total TL output versus
logarithm of 7-ray dose gives more supra-linear feature than that of LiF(Mg).
However, if one takes the height of 120°C glow peak(¢=6.6°C/sec), instead of
the total TL output, the curve becomes close to that of LiIF(Mg).
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1. Introduction

Lately the thermoluminescence dosimeter
has been used extensively in radiation dosi-
metry, and in many cases it has taken over
completely the role of the conventional emul-
The latter, of
course, has some specific advantages which
can not be substituted with those of TL
dosimeter, so that its application in specific

sion or film badge dosimeter.

varying occasions should continue®.
CaSO0, series, Li,O
series etc. with the proper kind and amount

CaF: secries, LiF series,

of impurity element are the main TL dosime-
tric materials, but due to many advantages,
such as easier crystal growing and its density

= IR
A At

near to human tissue and so on, LiF(Mg) has
been used most widely. Further its TL emiss-
ion temperature falls in the convenient

temperature range(70°C~300°C) and its senis-~
tivity in the low dose range is excellent.
The present work is the continuation of that
already reported elsewhere?, and attention
is paid particularly to the trap formation as
7-ray dose varies in the range of R~10'~10°¢
rontgen. Further our special concern was of
the difference between TL property of optical
grade LiF{LiF(OG)} and LiF(Mg). Establish-
ing that difference should provide better
understanding of the many ambiguous features
in TL properties of the crystal. Previous

workers reported of the sensitization® process
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of LiF(Mg) crystal before application in TL
dosimetry, but the reports did not clarify the
physical significance of the process of sensi-
tization in connection with changing trap
system in the crystal.

J.R. Cameron® et al was the first to report
of characteristics of TL of optical grade LiF.
They reported the glow curve having a single
glow peak was essentially same up to R=2, 500
rontgen, but did not discuss about the further
features of changing glow curve as the dose
is beyond the order of 10° rdntgen.

Another report of the preliminary work
of LiF(OG) was made by one of the present
authors®, They showed the annealing effect
is very slight for TL of LiF(OG). In the
report, although they showed correctly the
TL emission curve of LiF(OG), the limited
instrumental resolving power hampered detail-
ed discussion of the glow curve.

At this point we point out specially that the
comparison between the TL emission proper-
ties of LiF(OG) and LiF(Mg) is very useful
in elucidating questions related to the mecha-
nism of TL emission of LiF crystal.

Present work is based on the original and
most used TL theory proposed by Randall-
Wilkins?>. The present authors derived some
useful equations from this theory, which was
reported in the reference 2.

2. Thermoluminescence Electron Trap in
LiF Crystal

The TL emission curve or glow curve of a
fresh LiF(Mg) crystal shows only two glow
peaks at T=170°C and T=230°C for low
dose. This is shown in Fig. 1. This indicates,
according to the Randall-Wilkins theory, the
electron trap of the fresh crystal has two
levels.

The exactly same kind of the TL glow
curve is obtained for R=<10' rontgen in g LiF
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Fig. 1. TL glow curve of LiF(Mg)

(Mg) crystal, This
crystal was used previously repeatedly for some

unused for a long time.

period of time and each time six glow peaks
were identified. After that it was kept unused
for six months. When this crystal is now
again used successively for dose R only of
the order of 10!, the electron trap system of
the crystal is then found, as seen in Fig. 1,
to be converted to six levels system the glow
curve showing six glow peaks. The crystal
is then found showing stable six glow peaks
for all values of dose. The TL dosimetry
should be conducted with the LiF(Mg) with
this six trap levels system. For this reason
the fresh and the aged crystals have to be
sensitized as reported®. However, the latter
which was used previously but not used for
long time requires small amount of irradiation
(R~10") for re-sensitization.

In Fig. 2, the peak at T=150°C may be
regarded as the result of superposition of
sides of the two glow peak curves centered

at 170°C and at 130°C, but as D. W, Zimmer-
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Fig. 2. TL glow curve of LiF(Mg)

Table 1. The glow peak temperature (6=6.6
°C/sec) and the electron trap depth

of LiF(Mg).
k

ompeiars | et | ST
E: — 100°C 0.72eV >
E. — 130°C 0.84eV®
E; — 150°C 0.94eV®
E, 170°C 170°C 1.02eV 2

Es 230°C 230°C 1.35eV

Es — 290°C 1.69 eV
man et al” indicated it is a separate glow
peak also suitable for dosimetry as well as

the peak at 170°C.

In Fig. 3, the glow curves of optical grade

LiF crystal are shown.

They

all show two

glow peaks at T=120°C and T=150°C for
#=6.6°C/sec for dose up to the order of 10?
rontgen. In another words, the electron trap
of the crystal has two levels. Those different
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Fig. 8. TL glow curve of optical grade LiF
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Fig. 4. TL glow curve of optical grade LiF

locations of the glow peaks are the distinctly
different features of TL curve of LiF(OG)
crystal from that of LiF(Mg) crystal. Fur-
ther,

as shown in Fig. 4, the glow curve
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changes as dose is increased to the order of
104, 10° and 10® rontgen, showing that the
crystal takes the five levels electron trap
system.

Table 2. The glow peak temperature(d=6.6°C/
sec) and electron trap depth of LiF

J. Korean Nuclear Society,

OG)
10| 100 | 100 | 10 | 10 | 100 | depint
rontgen| trap
Ey{120°C 120°C; 120°C| 120°C| 120°C| 120°C | 0. 79eV
E;| 150°C| 150°C} 150°C| 150°C| 150°C| 150°C | 0.93eV
E,| — — — 1170°C{170°C| 170°C | 1.02eV
E) — — — 1230°C{230°C| 230°C | 1.35eV
Es — ’ — — [ 290°C| 290°C| 290°C | 1.96eV

In the Fig. 5, the electron trap depths found
in LiIF(Mg) and Lif(OG) are plotted together
with the glow peak temperature measured
within the spread of 7%. Theoretically, this

E
curve is given by —k%,—z%e‘T derived from

the Randall-Wilkins theory and treated else-
where? 4>, The graphical method of computing

Vol. 4, No. 3, September, 1972

the trap depth was reported in the reference
2. The approximately linear relation between
the trap depth, E, and the glow peak tem-
perature, T, may be obtained from the above
equation by ignoring the term #£7T which is
of the order of 107%¢V. Namely we take the
logarithm of the equation and then differen-
tiate with respect to 7, then

%-T(EMD — ECE4-2kT)

is obtained assuming s is constant. Since £
is of the order of310%V, kT~10"2¢V may be

neglected. Then the equation turns out to be
dE. E

AT =T
linearity in Fig. 5.

The optical grade LiF crystal used in this
experiment was obtained from the Harshaw
Chemical Co. The specimen was prepared
out of the bulk optical crystal to be as close
as possible the commercially produced LiF
dosimeter, which has the dimension of 1/4"X
1/4"x 1/32". Difference in shape and/or mass
of the specimen may cause distortion in the
glow curve.

which gives the aforementioned

Electron trap depth (eV)

LiF(0G, Mg)

LiF(OG,Mg)

./
iF(0G,Mg)

150

1
300(°C)

Heating Temperature

Fig. 5. The electron trap depth in LiF crystal
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3. The Thermal Instability of the Electron
Traps

The sensitization process is to give the
fresh crystal comparatively large amount of
dose of r-ray and subsequent complete evacu-
ation of electrons from traps through thermal
treatment before regular dosimetric applica-
The work about this
process was reported by Cameron ef a/?®’. In

tion of the crystal

their extremely laborous work, the process
was treated thoroughly, but their report did
not deal with the changing glow curve as a
whole. but dealt with the change of the glow
peak of LiF(Mg) at 170°C (#=6.6°C/sec)
alone. Namely little attention was paid to the
way of changing of the rest of the glow

In the present work it is found the sensiti-
zation process for LiF(Mg) is nothing but
the process converting the two levels electron
trap system to the thermally stable six levels
electron trap system shown in the Table 1.
However, the six levels system is not absol-
utely permanent, but it can also be restored
to the original two levels electron trap system
through thermal treatment which includes the
prolonged room temperature activation.

The conversion of two levels system in the
used LiF(Mg) crystal to the six levels system
requires only the dose of the order of 10!
rontgen. This process is re-sensitization.
However, for a fresh LiF(Mg) crystal, it
was reported that the dose required for
sensitization is of the order of 10° rontgen®>.

In optical grade LiF(OG), sensitization

peaks. treatment has little effect, namely the glow
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Fig. 6. Total P.M. tube current v.s. r exposure for two optical

grade LiF single crystals
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curve is dependent almost solely on the
amount of dose as shown in Fig. 3 and 4 and

the Table 2. The electron traps, except E;
and E: in the Table 2, are essentially dosed-
ependent only. In another words, the electron
traps E;, Eq and Es in the Table 2 disappear
during thermal treatment for TL emission
and reappear only when the dose reaches to
the order of 10* rontgen.

This thermal destruction of the traps is
different from the thermal decay of trapped
electron which follow the Randall and Wilkins’

_E
equation®’, exp(—ile *7).

4. Thermoluminescence Response of
Optical Grade LiF Crystal

Our work on supra-linear TL response of
LiF(Mg) crystal was reported elsewhere?’.
The present discussion will be concentrated

J. Koréan Nuclear Society, Vol, 4, No, 3, September, 1972

on that of LiF(OG) crystal. It can be seen
immediately that in LiF(OG), as the electron
trap system is thermally unstable and the
glow curve is dose-dependent, the TL res-
ponse curve should acquire more supra-
linearity. This is what we have found indeed
in our present experiment. Fig.6 is the plot
between logarithm of total TL output versus
logarithm of the dose and the graph reveals
in the region of small R, the gradient is less
than unity. In the reference 2, it was shown
both experimentally and theoretically that in
LiF(Mg) crystal, the gradient is unity for
small R,

If one take height of the glow peak at T'=
120°C(6=6.6°C/sec), which is corresponding
to the electron trap inherently present in the
crystal and thermally stable, the graph is
practically identical with that of LiF(Mg)
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Fig. 7. Glow peak intensity of 120°C v.s. 7 exposure for two optical

grade LiF single crystals
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reported in the reference 2. In Fig. 7, it is
seen the gradient is closely unity.

For this peak we may propose the following
analytical experssion in a similar way as
proposed for LiF(Mg). Namely for the elec-
tron trapping process, we take the rate equa-
tion, (1-e™R),
electron trapping per rontgen, for increasing
number of the electron traps, (1-ge %) and
for increasing number of the hole traps,
(1-be*R), so that TL emission at 120°C peak
is proportional to

NeNr(1—eBY(1—be *R)(1—ge "?)
which give the gradient for small R as below:

_ dlogD) b, gr
G= d(log R) ~1+R(_“+ 1-b l—g)

From this equation it is seen G=~1 for small
R, and it should become increasing for small
R for

a being the probability of

bg gr
5t iag ) >0

In our previous work on LiF(Mg) crystal
with the stable six levels electron trap system,

(—at

g2=0 was assumed. But as the number of
electron trap increases with irradiation dose,
it might be more general to assume a finite
value for g. Indeed, we have found a sign
that this peak has some sensitization effect.
The similar argument can be extended to
other unstable peaks or traps, but it requires
more elaboration.

5. Discussion and Conclusion

The fresh LiF(Mg) dosimeter or that unused
for a long time must be sensitized or irradi-
ated and bleached thoroughly before applica-
tion. The dosimeter crystal once used previo-
usly but not used for a long time requires
relatively small amount of dose (=10! rint-
With this
sensitization process the crystal returns to the
six levels electron trap system which is
thermally stable. This thermal stability is,

gen) for re-sensitization purpose.

however, In a long period
time by thermal activation at room tempera-

ture the crystal may return to the two levels

not permanent.

electron traps system which is not suitable for
accurate dosimetry due to its dose dependent
change in the TL glow curve.

In the optical grade LiF, the five levels
electron trap system attained by the crystal
at a large dose(=10° rontgen) easily returns
to the two levels system due to its thermal
instability. So that LiF(OG) is basically not
suitable for dosimetric application.

The deeply located four trap levels of LiF
(Mg) and LiF(OG) have the same trap depths,
but the two shallower traps of LiF(Mg) and
one shallower trap of LiF(OG) have all
different trap depths.

The traps develop due to the crystal defects
produced as the consequence of interaction of
r-photon with the crystal, however, the
thermal activations at room temperature,
bleaching and annealing temperatures cure
the defects, thus the LiF(Mg) crystal may
return to original two traps system. The LiF
(OG) converts to the original two levels
electron trap system during the thermal
bleaching process.

The traps corresponding to the glow peaks
at T=170°C and T=230°C (#=6.6°C/sec) in
LiF(Mg) and the traps in LiF(OG) corres-
ponding to the glow peak at T7=120°C and
150°C(#=6.6°C/sec) are all thermally stable
and they seem originated from inherent
defects in crystals.

Although detailed experiments are not
carried out yet, however, we have found a
certain evidence that those peaks have some
sinsitization effect.

The pronounced thermal instability in the
TL property of LiF(OG) is, we believe, due
to the relatively small concentration of impu-
rity in the crystal, so that radiation damage,
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not as extensive as in the case of fast neutron
irradiation or p-ray irradiation, can be cured
easily. It is difficult to explain why the stable
E« and Es trap levels in LiF(Mg) is not stable
in LiF(OG), and conversely the stable trap
E: in LiF(OG) is not so in LiF(Mg). Any
attempt to elucidate this question should
require extensive theoretical treatment of
the crystal with impurity elements and the
radiation induced lattice disorder, which is
beyond the scope of the present work.

Acknowledement

The authors are grateful to Dr. Y. K. Lim
for his lending of the Harshaw TL analyzer
for this experiment. Also thanks are due to
Mr. Ge Chul Lee for his many helps in the
course of fabrication and preparation of the
specimen. They also appreciate Mr. O-Suk
Kwon for his help in preparing the draft of
this paper.

References

1) N. Suntharalingam, D. W. Zimmerman and G. N,
Kenny, page 217, Proceedings of International
Conference on Luminescence Dosimetry, Stanford

Univ., Stanford, Calif. June, 1965, Published in
April 1967.

2) Chung Duck Ko, Dae Yoon Park and Sang Soo
Lee, “The electron trap and the supra-linear
thermoluminescence response of LiF(Mg),” sub-
mitted to the Korean Physical Society for
publication.

3) J.R. Cameron, L. Dewered, J. Wagner, C.
Wilson, K. Doppke and D. Zimmerman, page
77, Proceedings of the JAEA Symposium, “Solid
State and Chemical Radiation Dosimetry in
Medicine and Biology”, Oct., 3-7, 1966, Vienna,
published March, 1967.

4) J. T. Randall and M. H.F. Wilkins, Proc. Roy.
Soc., A184, 366 (1945).

5) JLR. Cameron, D.W. Zimmerman and R.W.
Bland, page 53, Proceedings of International
Conference on Luminescence Dosimetry, Stanford
Univ. Stanford, California, June 1965, published
in April, 1967.

6) Ge Chul Lee and Sang Soo Lee, Journal of Nuc-
lear Science, Office of Atomic Energy, 10(2),
1, (1970).

7 D.W. Zimmerman, C.R. Rhyner and JR.
Cameron, page 86, Proceedings of International
Conference on Luminescence on Dosimetry,
Stanford Univ. Stanford, Calif. June. 1965,
published in April, 1967.



