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A study on latent track structure in polyethylene terephthalate, PET,
as an etched track detector around the detection threshold.

TE EE*, MA 2E**, & ER* B FY,
/ANSEBRF* LN Fn*
AKkihiro Chiba,* Tamon Kusumoto*, Masato Kanasaki*, Keiji Oda*,

Satoshi Kodaira**, Tomoya Yamauchi*
(FRTHETH 12 B %ZAF)

Abstract

This study aims to understand the modified structure around latent tracks in polyethylene terephthalate, PET, as
an etched track detector, which makes it as an etchable one. Two different types of PET films from the same
industrial company were used for the determination of radiation chemical yield for the loss of aromatic-ring (2.5
pum in thickness) and for etching test in 6 M KOH solution kept at 40 °C (13 um). These films were exposed to B-
11 ion, as well as Ar and Fe ions at an incident energy of about 6 MeV/u. The radiation chemical yield is evaluated
by Fourier transform infrared FT-IR measurement both before and after the exposures. We have found a clear step-
like changes in radiation chemical yield for loss of aromatic-ring in PET along B-11 ion at the stopping powers
between 250 and 270 eV/nm, as reported for B-10 ions in the previous study. Etch pits are observed for Ar and Fe
ions after the chemical etching, but any etch pits are not observed for B-11 ions even at the higher stopping power
where the damage is clearly enhanced. Further study is progressing to clear the difference of the response between
two types of PET films with the different thickness.

(Received 12 July 2019)
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Fig.1.1 Schematic of ion acceleration experiment
using the J-KAREN laser.
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Fig. 2.1. Relationship between G value and
the stopping power (C = O).
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Fig. 2.2. Relationship between G value and
the stopping power (CH,).
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Fig. 3.1. Structural formula of PET.
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Table 3.1. Product information of PET used in

this experiment.
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Fig. 4.1. Arrangement of ion source and accelerators

and acceleration energy at each step.



AEFEBRICHN =R — e — AR E
X, v m ha USRI A A w2 ART S
ANCAA v F o T~ TRy MLV ZOHER%E
EHEL, 6 MeVu DR —THRETHZ LD
TELRMTH D, BEENITIIIYEBRA
E—Av v H— BEFzUNPNE—LTA
VIZERY T BTV D, Box ORFFEIZEB W
T, RBHIBH L7 v A B A BT,
ZDOEZEF = NN EFRICALE S D SEM
(Secondary Electron Monitor) Z %, Fig.4.2
IR T k912, SEMIZ 1l um DT /LI = A3
KCHERR S LT D,

SEM

~ | Electron
lIon

Current

T bu Ay
|

Fig.4.2. Principal of Secondary Electron
Monitor (SEM).
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Fig. 5.1. FT/IR-6100.
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Fig. 5.2. Infrared absorption spectra of PET film

before and after ion irradiation.

Table 5.1. Assignment of infrared absorption

peaks of PET.
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Fig. 5.3. A beam port with 6 MeV/u
in HIMAC.
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Table 5.2. Irradiation conditions

(Infrared spectroscopy).
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Table 5.3. Irradiation conditions

(Etching test).
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Fig. 6.1. Relationship between relative absorbance

and fluence of aromatic-ring (First film).
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Fig. 6.2. Relationship between relative absorbance

and fluence of aromatic-ring (10th film).
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Fig.6.4. PET surface before etching
(320 eV/nm).

Fig.6.5. PET surface after etching with a
removed thickness of 3.5 um (320 eV/nm).



Fig.6.6. PET surface after etching with a

removed thickness of 3.5 pm (unirradiated).
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Fig.6.7. Ar ion, etched for 30 minutes with a
removed thickness of 0.5 um (2604 eV/nm).

Fig.6.8. Ar ion, etched for 60 minutes with a
removed thickness of 1 um (2604 eV/nm).

Fig.6.9. Fe ion, etched for 30 minutes with a
removed thickness of 0.5 pm (4840 eV/nm).



Fig.6.10. Fe ion, etched for 60 minutes with a
removed thickness of 1 pm (4840 eV/nm).

Fig.6.11. Fe ion, etched for 120 minutes with a
removed thickness of 2 pm (4840 eV/nm).
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Fig.6.12. Fe ion, etched for 150 minutes with a
removed thickness of 2.5 pm (4840 eV/nm).
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Fig.6.13. Schematic view of etch pit growth.
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