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Table 1. The sample specification of Teflon-FEP and PET film

Polvethvl Tetrafluoroethylne-
8} ) olvethylene hexaftuoropropylene
-terephthalate
copolymer
of o] PET Teflon - FEP
A% (A 23 A Mylar (SKC) Teflon(Dupon)
F F F F
o @) O | |
L & I I -C-C-C-C-
-C-0-C-0-(CHp)2-O- Ll L
F F CFs F
Zy 7 1.0 cm 1.0cm
- 7 100« m 125m
5 | 79 x10%cc 99 x 10 cc
FRA8F(K) 3 2.15
FAE(e=CV'em ™) 3x 10 1904 x 107
volume resistivity(£2cm) 10" 1 x 10"
A% (g/cm’) 14 2.13-2.17
AZNAEE(Q2'em™) 10 1071(<10-")
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Fig. 1 Schematic diagram of the sample
(A) Frontal view (B) Lateral View
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Fig. 2. Schematic drawing of the experimental setup
(A) Sample in the phantom
(B) Equivalent circuit of the experiment
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Table 2. Intercomparison between some different detectors for measured amount of charges

B34 ZE (Output); 0.25 Gy/min

_ i 1 & HIE9AEZSA
A= A A - A5 nC/ec) electrometer
PR-06 0.65cc 51 nC 7.85 Capintec
IC-10 0.147cc 1.1 nC 7.48 Keithly 35614E
Teflon 0.0099¢cc  |~140nC ~10* Keithly 35614E
Mylar 0.0079¢cc  |~160 nC ~10* Keithly 35614E
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Fig. 3. Current curves of the two samples during an
irradiation time. ® PET; e Teflon-FEP
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Table 3. Change of physical properties during an irradiation.
Teflon-FEP PET
H] al No . . L. No . ..
irradiation irradiation irradiation irradiation
FA4F K 215 18.0 3 18.3
& e -13 -13 -13 -13
[CVem 1] 1.904x10 15.94x10 3x10 16.20x10
H A% o 17 12 17 12
[Qcm] 1x10 6.39x10 10 6.06x10
AEX o
(@ em™] 1x107™ 1.57x107™ 107" 166x10°™
Table 4. Change of physical properties on a series of cosecutive measurements.
Teflon-FEP PET
T B2
12k 2 3 12k 2 3
Ic [nA) 1.87 1.84 1.84 2.54 252 252
€ ave :
ot 2.66 1.13 1.16 2.26 1.60 1.26
[107“CV ecm ]
C [10%%v1) 1.67 0.71 0.73 1.79 1.27 0.99
K 23.0 12.72 13.15 25.6 18.12 14.19
c
3aarl -1 1.58 156 1.56 1.72 1.71 1.71
(107°AV'cm ]
U AT A% g0 Ll AER FARD =654 x 107 2EL
e 2% 6514x10° 7|e] o) &ao] WAL
(V-9 9 25E Rste] 29 24T A5
Wy 1.2 789 e 2.
(2 ) sotsmer= 830 zonpazr] ¢
) L,=Nx1.602x10 5[ ]
=850 x1.602x10 ~ [ W] zonpazr
=1.04 x10 [ £ 1(Iv-6
AFE X=4.17x10 ‘6[—gL3]7} 12 DA I KRS 04 <10 1 s]( )
o o PETIM £A& [~3x10 *[Alelnz [ I
9] & N2
X : Hl=
N= ” X densityx volume I
(") e L oI},
e I, 100
4.17x10 7 L] Sl ARHE Perdel o8 BAT AR 9@
= AEAFE AELS FAY 9F Zo PAAES F
-19 7
E0xLe0zx10 ) ARG ARE BAGS QN 4w, AN BF

x2.15[—cfn—3]><9.9x10 Slem®]
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Fig. 4. Current curves of the two samples during an

irradiation time with a couple of consective

measurements. (e first reading of Mylar;, ® second

reading of Mylar; 4 third reading of Mylar; v first
reading of Teflon; ¢ second reading of Teflon)
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Fig. 5. Charges of numbers of measurement times of
Teflon-FEP measured with the same measurement
time intervals of 30 seconds and second peak shows
the rise of charge reading in the measurement time

interval of 5 minutes.
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Fig. 6. Charge readings of numbers of measurement
times of Teflon-FEP (A) with the different measurement
time intervals of 05, 10, 20, and 3.0 minutes (B)
showing the differencs between first charge and ser_:ond
charge reading in (A).
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Table 5. Change of physical properties on dose rates.
23X HFE [cGy/min] 4 85 156 | 19.3
Ic Teflon 2.85 312 343 3.58
(nA] Mylar | 3.06 338 | 366 |3.78
€ ave T 1.77 1.89 2.03 2.39
(102 cv'iem™] M 1.76 195 | 197 | 201
C T 111 119 | 128 | 151
(10cv? M 1.39 154 | 156 | 159
o T 2.41 2.64 2.90 3.02
(107 1?’AV'l(;m'l] M 2.07 2.29 2.48 2.56
AL BoFn 9t} o]AL "radiation-off’F e
A AJEr A7re] 586 AAHZ HECIL d&
& 24 #u} Fig. 72 &A7tA0] 5% ojdd H 6
é@z}aol 242 z71gd AR R0l s
0R ol4d w %7z ZolWE& B FH. Fig. 4]
8% ZAZtZAo] 208 oY # %7 MFFIA 2 9
oye wel Fo. Asu AF FAgel & o 3 2,
A 20%0] A Fdop x7A4H S ZopHE .
Fig. 79} Fig8Ad 2o s}, 0
Fig. 5, Fig. 6, Fig. 7, Fig. 8 2% ¥ BALA =AY 5 ° 5 10 15 20 25
N measurement time interval (min)
2 A8 P48 WrAst 2A AF w2 oA
2 g5 AdRAXZ JEEGY A 7_;]—03— Zt3 9leS ¢ Fig. 8 Maximum currents of Teflon-FEP with
4 9tk 0]E3 A7t wE PFAiAE A3 99 measurement time intervals of 0.5 to 20 minutes.
5502 ERY FEAAY E%‘ 7 (detrapping )<+
AAE, AA-AIAY AR URATY 98 3 140 —
oz g% Aoz ¥ 4 gt wd "0 pe Bn O
007 —
94 g 80 - no heating
l. - E’ 60 4 224
initial © heating
90 - 40
g 88 20
g 0 I T T 1
g 86 7 0 1 2 3 4 5
84 - number of measurement
%] Fig. 9. Effect of heating after a radiation-off to the
80 ' ! J T T sample Teflon-FEP on readings. Each group of 3
0 5 10 15 20 25 . .
measurement time interval (min) readings is composed of two parts (apart from first
initial group). First reading is the charge just after
Fig. 7. Charge readings of Teflon-FEP with heating to the sample and is followed by a couple

measurement time intervals, Sminutes to 20 minutes

olgtga] MoH 15, 19984 38

of consecutive measurements without heating.
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Fig. 10. Current curves of the sample Mylar during an
irradiation time (A) with different dose rates of 4.0, 85,
155 and 19.3 cGy/min and the same applied voltage of
188V (B)showing the linear relationship between current

readings at the same measuring time with dose rates.
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Fig. 11. Current curves of the sample Teflon during an
irradiation time (A) with different dose rates of 4.0, 85.
155 and 19.3 ¢Gy/min and the same aplied voltage of
188 V (B)showing the linear relationship between
current readings at the same measuring time with

dose rates.
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Fig. 12. Current curves of the two samples, (A) Teflon
and (B) PET ,with two applied voltages of 94V and
188V
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Fig. 13. Radiation-induced steady-state currentwaE—‘
showing the linear increase with applied voltages.
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Fig. 14. Charges curves of Teflon-FEP increasing
linearly during an irradiation time, that is, with an
increase of an absorbed dose, measured with four
different applied voltages, 70, 135, 208 and 346 V.
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Study on the Physical Properties of the Gamma
Beam-Irradiated Teflon—FEP and PET Film

SeongHoon Kim, YoungJin Kim, Ph. D., MyungJa Lee’, M. D., HaJung
Jun’ M. D., ByongYong Yi", Ph. D

Dept. of Physics, Hanyang University, Dept. of Radiotherapy, Hanyang
University Dept. of Radiation Oncology, Asan Medical center, Ulsan University

Circular metal electrodes were vacuum-deposited with chromium on the both sides of
Teflon-FEP and PET film characteristic of electret and the physical properties of the two
polymers were observed during an irradiation by gamma-ray from ®Co. With the onset of
irradiation of output 25.0 ¢Gy/min the induced current increased rapidly for 2 sec, reached a
maximum, and subsequently decreased. A steady-state induced current was reached about in
60 second. The dielectric constant and conductivity of Teflon-FEP were changed from 2.15 to
180 and from 1x10™7 to 157 x 10® Q27'cem™, respectively. For PET the dielectric constant
was changed from 3 to 183 and the conductivity from 107 to 165 x 102 Q7%m™. The
increase of the radiation-induced steady state current L., permittivity € and conductivity ¢ with
output(4.0 cGy/min, 85 cGy/min, 156 cGy/min, 19.3 ¢Gy/min) was observed. A series of
independent measurements were also performed to evaluate reproducibility and revealed less
than 1% deviation in a day and 3% deviation in a long term. Charge and current showed the
dependence on the interval between measurements, the smaller the interval was, the bigger
the difference between initial reading and next reading was. At least in 20 minutes of next
reading reached an initial value. It may indicate that the polymers were exhibiting an electret
state for a while. These results can be explained by the internal polarization associated with
the production of electron-hole pairs by secondary electrons, the change of conductivity and
the equilibrium due to recombination etc. Heating to the sample made the reading value
increase in a short time, it may be interpreted that the internal polarization was released due
to heating and it contributed the number of charge carriers to increase when the samples was
again irradiated. The linearity and reproducibility of the samples with the applied voltage and
absorbed dose and a large amount of charge measured per unit volume compared with the

other chambers give the feasibility of a radiation detector and make it possible to reduce the
volume of a detector.
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