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Concentric rings formed on the flaked surface of Mylar after 250-keV H+-ion implantation (fluence:
8 & 10's cm 2) have been observed. Unlike those in metallic glasses and in Si single crystals where similar

features have been observed due to MeV-energy He+ implantation, the number of these rings is very lirn-

ited. In some cases, several groups of such rings have been observed in a single flaked blister. The cause
of formation of such features is discussed in the light of existing theories.

Paszti et aI. have observed wavelike features called "pat-
tern formation" in MeV-energy implanted (fluence —10'
ions cm 2) amorphous metallic glasses. ' s Surprisingly,
they very recently also observed similar features in silicon
single crystals4 when they extended their studies to crystal-
line materials, To theirs as well as our know1edge, no such
phenomenon has been reported for polycrystalline metals.
This prompted us to look for such features in semicrystal-
line polymers like Mylar and Kapton also. During the
course of our studies on ~100-keV H+-ion implantation-
induced blistering in Mylar, we observed the formation of
concentric rings on the flaked Mylar surface which is report-
ed here. Although similar to those observed by Paszti et al.
for Si single crystals, the occurrence of these concentric
rings in Mylar is not very frequent and does not cover the
whole flaked area of an exfoliated blister.

The details of the experimental arrangements have been
discussed elsewhere. ' ' After the implantation of 250-ke&
H+ ions up to a fluence of sx 10"cm 2, which is quite suf-
i icient for flaking of the blisters developed in Mylar,
the flaked surface was recoated with a 500-A-thick Al
film so that it would become electrically conducting and not
accumulate charge during scanning electron microscopy
(SEM). A Philips PSEM-500 was used at 12 keV for these
studies.

A typical set of concentric rings formed on the surface of
a flaked blister is sho~n in Fig. 1. The cantilever-type
feature shadowing some portions of these rings in the top
right corner of the micrograph is debris from the flaked
skin. The observed concentric rings are circular in shape,
but appear to be elliptical due to the obliqueness of the
flaked plane with respect to the electron beam in the SEM.
(In the case of normal incidence, the contrast of these rings
was not good enough, and it was very difficult to photo-
graph them. ) The interspacing of these rings, as measured
from the micrograph along the major axis of the ellipse, is
dramatically uniform and is 3.6 p, m in Fig. 1. In the case of

another flaked blister of the same sample, two sets of such
concentric rings lying close to each other are shown in Fig.
2(a). Figure 2(b) is the magnified view of the right lower
group of Fig. 2(a). These groups have five and four circular
rings, respectively, having approximately a 3-p.m interspac-
ing.

The exact cause of formation of these concentric rings on
a flaked surface of Mylar is not very clear at this stage and
demands a detailed experimental study. Lovas and Tel'
have given a partial theoretical explanation based on dif-
fusion to explain these features on amorphous surfaces.
Ho~ever, on observing similar features in Si single crystals
also, Paszti et al.4 proposed a more general explanation for
both amorphous and single crystals by considering a
mechanical-stress model instead of a diffusion-based one
and have defined a condition which is the critical stress for

FIG. 1. A typical set of four concentric rings observed on the
flaked surface of a blister. (Dose: 8&10' H+ ions/cm at 250
keV. ) (sar: 10 I.m. )
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wave formation, i.e., ~"„;„&,given by

~;„„„,= a[3(I-")]-«',
where E is the Young's modulus and ~ is the Poisson's ratio
of the implanted surface. %hen the flaking takes place be-
fore this value of stress (i.e. , cr"„;„.~) is achieved, no wave-
like features are expected to occur. On taking the value of
E and v for Mylar from the literature, ~"„;„t comes out to
be 3.38X 109 dyncm 2 which is nearly 2.5 times more than
that of its UTS (i.e., the maximum stress it can bear before
fracture). So, on the basis of this, no such wavelike
features should be generated on the implantation-induced
flaked Mylar surface. Ho~ever, since semicrystalline poly-
mers are highly inhomogeneous microscopically in their
mechanical properties, '0 regions of higher UTS where
Paszti's condition is satisfied may be present at several
places within a flaked blister. Thus, at these places such
~avelike features may be formed. The probable circular
symmetry of UTS variation in these regions gives the exact
circular shape to the rings. It appears that as these high
UTS regions are not very frequent, only a few sets of these
concentric rings are observed in a big flaked blister, and
most of the flaked area is not covered by these rings, To
understand this interesting phenomenon more thoroughly, a
detailed experimental study is needed after which a quanti-
tative theory can be proposed. Such a study is in progress
and the results will be reported in due course.

FIG. 2. (a) Two sets of concentric rings in another flaked blister
and (b) the lower right set of rings at higher magnification. (Dose:
S&10' H+ ions/cm2 at 250 keV. ) [Bar: (a) 10 p.m; (b) 1 p.m. ]
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