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Di�erentiation between tracks and damages in SSNTD under
the atomic force microscope
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Abstract

We have observed three-dimensional sponge-like structures as well as strips of connecting pits on the surface of the LR 115
detector after etching, which can be confused with the small tracks formed after short etching time. We have employed an
atomic force microscope (AFM) to study these “damages” as well as genuine alpha tracks for short etching time. It was found
that while the track and damage openings could be similar in size and shape, the depths for the damages were consistently
smaller. Therefore, the depth of the pits will serve as a clear criterion to di�erentiate between tracks and other damages. The
ability to discriminate between genuine tracks from other damages is most important for etching for short time intervals.
c© 2003 Elsevier Ltd. All rights reserved.
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1. Introduction

Fast heavy ions can produce latent tracks in many dielec-
tric materials. After adequate treatment, such as chemical
or electrochemical etching, these latent tracks can be made
visible under the optical microscope. This is the operational
principle for solid-state nuclear track detectors (SSNTDs).
The technique has been extensively investigated in the liter-
ature, and has been widely applied in many ?elds of science
and technology.

Tracks in SSNTDs have been studied with the optical mi-
croscope for a long time. Recently, some researchers have
applied the atomic force microscope (AFM) to study the
tracks in SSNTDs. The following references can be given
as examples: He et al. (1997) and Ho et al. (2002a) em-
ployed the AFM to measure the bulk etch rates of CR-39
and LR 115 detectors, respectively. Yamamoto et al. (1997,
1999) also used the AFM to determine track parameters and
the sensitivity function s= Vt=Vb of the CR-39 detector for
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heavy ions, where Vt is the track etch rate and Vb is the bulk
etch rate. The bulk etch rate of the CR-39 detector was mea-
sured with AFM by using the “mask method” by Yasuda
et al. (1998). Surface roughness and the function s of dif-
ferent samples of CR-39 detector were studied with AFM
by VIazquez-LIopez et al. (2001). AFM was also used to in-
vestigate the tracks of nuclear reaction products in a CR-39
detector (Rozlosnik et al., 1997). Yasuda et al. (2001) used
AFM to estimate the latent track size in CR-39 after irradi-
ation with C and Fe ions. Palmino et al. (1999) used AFM
to study the real-time evolution of tracks in the LR 115 de-
tector under chemical etching.

The AFM can be used to study the surfaces of
non-conducting materials non-destructively under standard
conditions, such as the SSNTDs. When the AFM probe
scans across a surface, a pro?le of the scanned surface is
captured digitally and stored for further analyses. The AFM
can make very accurate size and depth measurements, with
sensitivity down to the order of nanometers. However, the
AFM probe length is only a few micrometers so the AFM is
most useful for short etching times. The ability to record the
size and depth, i.e., the three-dimensional (3-D) pro?le, of
a structure, together with the accuracy, have made the AFM
much more powerful than the optical microscope in reveal-
ing the properties of the tracks. This is particularly true for
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Fig. 1. An optical-microscopic image of an etched LR 115 detector
with a remaining active layer thickness of 5:46 �m. The size of
the image is 36:4× 27 �m2.

short etching time (e.g., 10–30 min) for which the tracks
might not even be observable under the optical microscope.

However, there is one problem we need to tackle before
we can rely on AFM for the track studies. The surface of the
SSNTDs will become rough on etching (Yip et al., 2003),
and some features will be formed which can be visible un-
der the optical microscope. For example, Fig. 1 shows an
optical-microscopic image of an etched LR 115 detector with
a remaining active layer thickness of 5:46 �m. From the ?g-
ure, networks of circles of di�erent sizes as well as the strips
of connecting circles can be observed. At the moment, we
are not sure whether these are only two-dimensional (2-D)
images or genuine 3-D structures. If these are 3-D struc-
tures, they may be confused with the small tracks formed
after short etching time, and it will be essential to be able to
di�erentiate such structures from the genuine tracks in the
SSNTDs under the AFM before we can rely on AFM for
the track studies.

Therefore, the objectives of the present paper are as fol-
lows: First, we would like to examine the optical-microscopic
features of an etched LR 115 detector by the AFM to see
whether they are genuine 3-D structures. If this is the case,
we would try to devise a method to di�erentiate such struc-
tures from the genuine tracks in the SSNTDs under the
AFM.

2. Experimental procedures

The LR 115 SSNTD have been investigated in the
present study. The LR 115 detectors were purchased from
DOSIRAD, France (LR 115 ?lm, Type 2, non-strippable,
12 �m red cellulose nitrate on a 100 �m clear polyester
base).

The LR 115 detectors were separately irradiated with
alpha particles with di�erent energies, namely, 2, 3 and

3:5 MeV in the present study. The alpha source employed
in the present study was a planar 241Am source (main al-
pha energy = 5:4857 MeV under vacuum). In the present
investigations, the alpha energies were measured using an
alpha spectroscopy system (ORTEC Model 5030). The al-
pha detectors are passivated implanted planar silicon (PIPS)
detectors with areas of 300 mm2. Energy calibration of the
alpha spectroscopy system was carried out under vacuum
using this 241Am source and a planar 230Th alpha source
(main alpha energy = 4:6875 MeV under vacuum). The
alpha spectra were analyzed by a multi-channel analyzer
with 2048 channels.

During an irradiation (and the corresponding measure-
ment of alpha energy), normal air was used to cause an en-
ergy loss of the alpha particles. A collimator made of acrylic
with a size of 25 mm (L)× 25 mm (W )× 8 mm (H), and
a hole with diameter 1 mm at the center) was placed in
front of the alpha source to ensure that only alpha particles
with nearly normal incidence were recorded by the detector.
Low-energy tails were very small and not readily observable
in the present experiments. The expected density of tracks
is ∼105 tracks=mm2 in the irradiated area of the detector.
After irradiation, the detectors were then etched in a 2:5 N

aqueous solution of NaOH maintained at a 60◦C by a water
bath, which is the most frequently used etching condition
for LR 115 detectors. The temperature was kept constant
with an accuracy of ±1◦C. The etching period was chosen
to ensure that the alpha tracks are observable.

The AFM used in the present study was the Autoprobe
CP model from Park Scienti?c Instruments (1171 Borregas
Avenue, Sunnyvale, CA 94089, USA). The probe of the
AFM employed was an ultralever, with a tip opening angle
of 10◦ and length of 4 �m. Contact mode operation was used
where high-resolutions images were expected. A constant
force of 13 nN was applied on the tip and the scan rate was
1 Hz. The surfaces of the detectors were imaged directly in
air and room temperature.

During measurements, the ultralever scanned the surface
under study many times, with a 256× 256 resolution for a
scanning area of 10 × 10 �m2. In other words, the typical
distance between neighboring paths was about 0:004 �m.
The track diameters encountered in the present study varied
from 0.6 to 1:1 �m. Under such conditions, the ultralever
would pass across the track from 15 to 27 times, and we
could be con?dent that the ultralever would scan across or
at least close to the deepest point of the tracks so that the
track depths were considered correct.

3. Results and discussion

Fig. 2 shows a 2-D AFM image of an LR 115 SSNTD
which has been irradiated with 3:5 MeV alpha particles,
and which has been etched for 30 min. As mentioned be-
fore, a major advantage of the AFM is that it can give
3-D track pro?les instead of the 2-D images o�ered by the
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Fig. 2. A 2-D image of an LR115 SSNTD after etching for 30 min
obtained by the AFM, showing a track from a 3:5 MeV alpha par-
ticle (the solid-circled structure) and a damage (the dotted-circled
structure).

optical microscope. The depths of the structures are repre-
sented by the gray scale in Fig. 2. More detailed knowledge
about these structures can be obtained by generating the cor-
responding vertical line pro?les. For example, if we are in-
terested in looking at the cross-sectional pro?les of the two
pits (circled in solid line and dotted line, respectively), we
draw the lines labeled by B and D, respectively. The corre-
sponding line pro?les are shown in Fig. 3. The dimensions
of the structures, including the size as well as the depth, can
then be accurately read by moving a pair of cursors on these
line pro?les. The 3-D view of the image in Fig. 2 is shown
in Fig. 4, from which one can get a direct visualization of
the size as well as the depth of the structures.

Figs. 2 and 4 are just only one of the many images we
have obtained for the irradiation with 3.5 MeV alpha parti-
cles. When we studied more images, we found a very inter-
esting result. There was a group of pits with very uniform
dimensions (relative standard deviation within 20%), with
a mean opening diameter of 1:6 �m and a mean depth of
1:1 �m, and there was another group of pits with almost
a continuous distribution of sizes, some overlapping with
the size of the ?rst group, but all with depths smaller than
0:33 �m. The ?rst group of pits were obviously associated
with the tracks from the 3:5 MeV alpha particles. Since the
alpha particles incident on the detector had the same energy
and the same (normal) incident angle, the tracks should have
approximately the same size and depth.

The origin of the second group of pit is less clear, but is
likely to be due to the bulk etching of the detector itself,
i.e., the part without alpha-particle hits. We can also see
that the network of circles of variable sizes shown in Fig. 1
corresponds to this group of pits with variable sizes and
depths (smaller than ∼0:4 �m). In this way, this network of
circles are in fact 3-D sponge-like structures. To di�erentiate
from the ?rst group of tracks, we refer the second group of
pits as “damages”.

These observations are further con?rmed by similar re-
sults for other alpha-particle energies, namely, 2 and 3 MeV.
The etching time was 10 and 25 min, respectively. For these
alpha-particle energies, there are also two groups of pits. For
2 MeV alpha particles, the mean track depth was 0:66 �m
while thedepthof thedamageswere smaller than0:16 �m; for
3 MeV alpha particles, the mean track depth was 1:1 �m
while the depth of the damages were smaller than 0:21 �m.

We can now see from Figs. 2 and 3 that the struc-
tures observed under the optical microscope as shown in

Fig. 3. The line pro?les corresponding to the two encircled pits shown in Fig. 1. The coordinates of the intersection points between the
cursors and the line pro?les are automatically determined, and the size (shown in the right column of Fig. 3) or the depth (shown in the
left column of Fig. 3) will also be calculated and shown.
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Fig. 4. The 3-D view of the image as shown in Fig. 1.

Fig. 1, including the sponge-like network of circles of vari-
able sizes, as well as the strips of connecting circles, are also
identi?ed in the AFM images. Although the two encircled
structures have very similar size, the one encircled with a
solid line has a much larger depth and is a track resulting
from a 3.5 MeV alpha particle while the one encircled with
a dotted line has a much smaller depth and is a damage.

Therefore, the depth of the pits will serve as a clear crite-
rion to di�erentiate between tracks and damages. The ability
to discriminate between genuine tracks from the damages
is most important for etching for short time intervals. Short
etches are required, for example, in the determination of the
track etch rate (Ho et al., 2002b). Atomic force microscopy,
which shows the depths of the pits and thus separates tracks
from damages, is a very powerful technique in such studies
(Ho et al., 2002b).

4. Conclusions

On etching, the surface of the LR 115 detector will be-
come rough. As revealed by optical-microscopic and AFM
images, 3-D sponge-like structures as well as strips of con-
necting pits are formed. These structures can be confused
with the small tracks formed after short etching time, which
are theoretically best studied by the AFM. Fortunately, we

have found that for the LR 115 detectors irradiated by al-
pha particles, two groups of pits are readily identi?able. The
tracks of one group have very uniform dimensions and are
relatively much deeper, and can be attributed to the genuine
alpha tracks. The tracks of the other group have a continu-
ous distribution of sizes, some overlapping with the size of
the alpha tracks, but all with much smaller depths (smaller
than 0:4 �m), and are referred to as damages. Therefore, the
depth of the pits will serve as a clear criterion to di�erenti-
ate between tracks and damages. The ability to discriminate
between genuine tracks from the damages is most important
for etching for short time intervals.
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