
'DEFECTS AND TEXTURE STUDIES ON POLISH AND ELECTRON IRRADIATED
COPPER FOILS"

F. Garcia-Santibanez', A. Barragan-Vidal2, A. Cabral-Prieto1, L. Tavera Davila1, M. Nieto1

and E. Adem2.
1) Instituto Nacional de Investigaciones Nucleares, Amsterdam #46,202, Col. Hipodromo

Condesa, Mexico 06100, D. F., Mexico ; 2) Instituto De Fisica, UNAM, Apartado Postal
20-364, Mexico, D. F. Mexico.

INTRODUCTION MX0100348

Applied and basic research on the irradiation-induced defects on metals and alloys has
attracted the attention of many researches and the number of published articles is large (1-4).
In copper can be distinguished two main temperature ranges to produce characteristic
interstitial and vacancies (Frenkel pairs). When electron irradiation is carried out at the low
temperature range (< 300 K) Frenkel pairs are created where vacancies are immobile and the
interstitial are mobile, forming interstitial clusters. However, when electron irradiation is
carried out at the high temperature range (> 350 K) interstitial and vacancies are both mobile
(I, 2, 5). In this latter case the vacancy-interstitial mutual annihilation becomes effective due
to their high mobility, but other stable defects may be produced (6). It is also well known
that by mechanical polishing, electrochemical polishing, sputtering, radiation damage,
annealing, among others, the surface of metal specimens may be modified.(7) Several
techniques have been used to follow the polishing and irradiation-induced damage in copper
and other metals and alloys (1-4). Positron Annihilation Spectroscopy (PAS), High Voltage
Electron Microscopy (HVEM), Resistivity as a function of Fluence, X-Ray Diffraction
(XRD) measurements are among others used to these purposes. Particularly, PAS is one of
these techniques that is only sensitive to free volume vacancies, being of paramount
importance in studies of point defects (4).
Within this area, preliminary PAS and XRD results on the characterization of the electron
irradiation-induced defects and the polishing induced deformation on copper are presented.

EXPERIMENT

Samples of 2000 um, 800 um and 35Oum thick foils were obtained from industrial copper
bars. These samples had a damaged zone of around 30 u.m in depth, so that with the purpose
to reduce it, some of them were mechanically or eiectrochemically polished. Some of the
mechanically polished samples were electron irradiated using different electron fluences
(from 1.2 xlO16 electrons cm'2 to 4 x 1017 electrons cm'2). Electron irradiation were carried
out at 398 K and 77 K. The purpose of this was to analyze the effect of the irradiation
temperature on the defect concentrations.
1. The polishing process was done using 240-600 grit SiC abrasive paper as a first step.

After that, a finer polishing process was done using a rotating diamond disk of 0.8 j.im
grain size. A 673 K one hour annealing of a non-irradiated copper foil was also carried
out to obtain PA lifetime reference data. Electrons with 0.58 MeV (at ININ facilities) and
with 1.3 MeV (at IFUNAM facilities) average energy were used. A standard PA
spectrometer with an instaimental resolution function of 407 ps was used. A 10 j.iCi -



22Na source was sandwiched between the two copper foils. The aqueous 22NaCl was
deposited on one of the surfaces of the foils, and then the water content was ultraviolet-
light evaporated. This allowed one to make no source correction on the lifetime
measurements. The XRD spectrometer used was a SIEMENS, which uses a CuKa x-rays
source. The foils were placed on Lucite holders and kept rotating at 30 rpm while pattern
was recorded. It was not taken into account the FWHM resolution of the Diffractometer,
to estimate the average crystal size (ACS) of the copper cristallites, because of this the
ACS was underestimated.

RESULTS AND DISCUSSION

A) XRD results
The XRD data showed that both polishing and electron irradiation induced effects on the
copper foils; these effects were mainly reflected on a change of texture. This is shown in
Figure 1 where spectral features of 2000 (.im thick copper foils are presented.
Figure la shows the XRD pattern of the unpolished sample, where the relative intensities
deviate from the defect-free copper XRD pattern, whose values are indicated at the top of
the figure. Also, one observes the XRD pattern of the polished sample. Fig. lb, where line at
74.1333 29 was practically suppressed. This reflection regained intensity as a result of the
electron-irradiation process; and, in addition, relative intensity variations of all reflections are
observed in Fig. 1.
On the other hand, calculations of electron energy deposition were made using EDMULT
code to determine the actual irradiated depth. In figure 2 one observes that the maximum
electron depth profile for 1.3 MeV is about 700 |.im; because of this, foils of 800 \\m were
prepared and later irradiated on both sides, to ensure an uniform damaged volume.
In figure 3, XRD patterns of 800 u,m foils are presented. In fig. 3a, the diffraction at
74.1333 29 is observed although with a small intensity. However in figs. 3b-3e peak at
74.1333 29 was not observed.. Even with a 20 MGy dose this diffraction did not appear and
only small relative intensity variations were observed for the other three diffraction.
Generally speaking, both mechanical polishing and irradiation processes produced
significant changes on the copper foils.
It is possible to estimate the crystal size of a sample, from the measured width B of the
diffraction peaks, by using the known as the Scherrer s formula :

t=0.9A /B cos 9B

where X represents to the X-ray wave length (1.542 A). We estimated the average crystal
size (ACS) of the studied samples as presented in Table 1:

Table I ACS of copper samples as estimated from the XRD patterns.

ACS
CUP

1071.6
CU10M
1123.5

CU20M
1023.4.

CU1BT
1241.6

As we mentioned already the electron damage on the copper foils reached up to 700 u m
depth. The estimated ACS in these irradiated samples correspond to the irradiated zone as
shows the following X-ray depth penetration analysis. The penetration depth of the X-rays
(xco )can be in general estimated by



x<»= 3.45 sen6/u (2),
were 9 gives the position of a diffracted peak and u is the mass absorption coefficient of
radiation ( 7). Particularly for copper, \xlp= 52.7 (cm2/gm) and p= 8.96 gm/cm"'. From
these data and expression (2) one estimate from the XRD patterns shown in figs. 1 and 3,
the maximum depth penetration (MDP) of the diffracted X-rays as shown in Table 2

Table 2

Xin

*200

X220

X;-n

X222

X4IIO

27(nm)
30(um)

44 1 (urn)
51.70.im)
54(|.im)

62.30ml)

As it is shown in this Table 2 the MDP of the diffracted X-rays in copper was of about 62
um vs. 700 um already mentioned which confirms that the estimated ACS was from the only
irradiated-damaged zone.

Figure 2- Dose distribution of a two side irradiated, 800 urn thick, copper foil. Electron
beam of 1.3 MeV energy.

B) PA results

Table 3 shows the PA lifetime and relative intensity values for both non-irradiated and
irradiated copper foils. Depending on the sample treatment two or three lifetime components
were required to fit the data satisfactorily. In all cases the %2 values were close to 1.
The mean perfect-lattice lifetime or free' lifetime (ii) in copper is reported to be in a range
between 120 and 134 ps (2) and the mean positron lifetime for annihilation at single
vacancies is suggested to be about 173 ps (2); the second and third components can be
associated to annihilation of positrons in vacancy conglomerates. In copper, these vacancy-



type defects can de produced in different ways: by irradiation (1,2,6), polishing (7) or
thermal treatments (4).

Table 3. PA lifetimes of positrons in treated thick copper foils.

Sample

one hour
Annealed

Non-Irradiated
polished (CUP)

Irradiated 10 MGy
(CU10M)

Irradiated 20 MGy
(CU20M)

Non-irradiated
polished

Irradiated rNIN 1
MGy

Irradiated UNAM
1 MGv

Low temperature
irradiated

(77 K), 1 MGy
(CU1BT)

Thick
((.im)

800

800

800

800

2000

2000

2000

2000

Mps)
RJ (%)*

121
(59 65)
167.5

(78.16)
176.1

(83.11)-
167.5

(8527)
175.4

(8839)
174.5

(89 92)
176

(90.16)
180.6

(88.72)

?2(PS)
RJ (%)

341.7
(2835)

402
(1963)

423
(155)
393.8

(14 04)
403.7

(11.69)
472.2

(10.18)
474

(984)
506

(11.28)

tj(ps)
RJ (%)

1169.5
(12.01)

1245
(121)
1377

(1.38)
1138.4
(0.69)

The analysis of the thermal annealed sample shows that the first component shows an
approximate perfect-lattice lifetime of 121 ps. The second ant third components are
characteristic of positron annihilation at vacancy conglomerates (3,4). It should be noticed a
relatively high Ii/I2 ratio of about 2, as well as a high relative intensity for the third
component. We should mention that such an intensity ratio value suggests that the annealing
procedure on the copper foil recovered a 60% of the perfect lattice.
On the other hand, the polishing process has modified this approximate perfect-lattice state
of the annealed copper. For the thin and thick only-polished copper samples, the first lifetime
component is around 170 ps. This indicates the presence of vacancies on the sample; i.e. the
60% perfect-lattice of copper was lost by the polishing treatment. For both the thick and thin
samples we can observe that the concentration of this single vacancies increases with dose.
The first lifetime component for the 77 K irradiated sample did not show a significant
change with respect to the data corresponding to the only-polished sample.
According to the literature (3,4), when the lifetime of the second component is between 300
and 500 ps, the positrons annihilate at vacancy clusters. One notices that, in thin and thick
foils, the second lifetime component and its relative intensity are dose dependent. A large
second lifetime was detected for the 77 K irradiated sample. This may indicate large vacancy
clusters.



Furthermore, it should be pointed out that the positron lifetime data for the thin samples
were always fitted with three lifetime components to achieve the best fit. The contribution of
this third component was relatively small; it contrasts, however, with the contribution for the
one-hour annealed sample. Finally, this third component was found to be dose dependent.

CONCLUSIONS

Results showed that depending on the treatments on copper, the microstmcture can be
modified. From the XRD data texture changes were observed in both polished and electron
irradiated copper foils and an increase in the ACS with the fluence was observed.. From
PAS lifetime measurements further changes could be visualized. The formation of single and
high order vacancies were inferred Part of the present data agree with that reported in the
literature (2,1,5). According to the present results single vacancy and multivacancy creation
was closely related to texture changes as observed from the XRD measurements. The third
lifetime component is needed to fit the experimental data of the annealed and thin samples,
this fact suggests that large vacancy clusters might be produced by the thermal, polishing
and irradiation treatments. These preliminary results have to be confirmed with further
experiments already planned.
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Figure 1. Snectral features of 2000 urn thick copper foils.
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"igure 3. XRD patterns of 800 urn foils.


