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A b s t r a c t

Under suitable conditions o f irradiation in the high-voltage microscope, 
stacking-fault tetrahedra have been found to form in copper specimens. 
These defects are thought to be o f  vacancy type, in contrast to the more 
usually observed displacement damage, which is o f interstitial type.

R e c e n t l y ,  there has been considerable interest in radiation damage in 
metals produced by the displacement reaction during observation in the 
high-voltage electron microscope. The damage takes the form  o f point - 
defect clusters whose size varies with the conditions o f irradiation. Careful 
study o f the clusters shows a homogeneity o f  size and form, suggesting the 
presence o f a single population o f one type o f defect. Generally, the 
damage clusters have been assumed to be o f interstitial type (Makin 19(58) 
because the m obility o f the interstitial point-defect is much higher than 
that o f the va ca n cy : the larger clusters have been determined to be o f 
interstitial type (Ipohorski and Spring 1969). Most o f the vacancies 
generated by the displacements are annihilated by collision with inter­
stitials ; the remainder have usually been assumed to remain in the foil as 
single vacancies or small voids, since no evidence o f visible vacancy 
clusters has previously been reported. It is also interesting to note that 
irradiation o f aluminium containing small vacancy clusters produced by 
quenching and annealing prior to observation causes these clusters to 
shrink and disappear (Shoaib and Segall 1970). This note describes 
observations made on the Cambridge high-voltage microscope which 
suggest that visible vacancy type clusters may be produced in copper 
under suitable conditions o f irradiation.

The specimens used were standard 2-3 nun diameter discs oí Johnson 
Matt hey 99-999%  pure copper single crystal, which were irradiated with a 
beam o f 1 /xamp in a o /xin diameter spot at (500 kev. Figures 1 («) and 1 (b) 
show the effect o f  irradiating thin (cn .  50 nm) areas at a temperature of 
200°C for 20 min. (The W ard (19(57) double tilting and heating specimen
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Fig. 1

(J>)

Areas o f pure copper irradiated at 200 c : ,110 > foil normal: thickness about
.")0 n in .



Areas o f Cu 0-1 at. %  Si irradiated at at. i200°c; thickness 250 mil. (a) 110) 
foil normal, (b) <100) foil normal.
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cartridge was used for these experim ents.) A  sm all num ber o f  stacking - 
fault tetrahedra can be seen, som e o f  w hich are o f  the double  typ e  previously  
observed  b y  E ades and R o jo  (I9(5S) in quenched go ld  specim ens. These 
defects are thought to  be o f  vacan cy  typ e  because :

(i) The surface denuded layer for interstitial defects is about (50 nm  at 
each surface at 2()°c (Ipohorsk i and Spring I 9(59) and is ex p ected  to 
increase as the interstitial v e loc ity  increases with tem perature 
(B row n 19(59), m aking it unlikely that the defects are o f  interstitial 
nature.

(ii) In  th icker foils under these irradiation conditions, the interstitial 
defects take the form  o f  very  large ( up to I /xm) fau lted  loops, quite 
different in appearance from  the stacking-fau lt tetrahedra. A  low 
density  o f  interstitial defects is to be expected  on  theoretical 
grounds under high tem perature conditions (B row n, K elly  and 
Mayer 19(59).

(iii) A ll previous observations o f  stacking-fau lt tetrahedra have been o f  
v acan cy  type.

Sm all quantities o f  im purity  atom s also appear to  encourage the 
form ation  o f  va ca n cy  clusters. Figure 2(a) shows a (1 10) norm al fo il o f  
copper contain ing 0-1 at. %  silicon, irradiated at ca. 200°c. There are 
quite clearly tw o distinct populations o f  defects: large irregular d is loca tion  
loops and small defects w hich are triangular in this section. foils
show  a square section for these small defects (tig. 2 b), consistent with ¡ I 1 I ¡ 
tetrahedra. The existence o f  tw o populations o f  large and small defects 
strongly  suggests that the large loops are o f  interstitial origin, and the 
small tetrahedra o f  vacan cy  type. Sim ilar behaviour has been observed  
in copper contain ing 0-1 at. %  beryllium .

The results above  are consistent with the assum ption that for irradiation  
o f  th ick  (~ 1 5 0 n m ) specim ens o f  pure copper at room  tem peratui’e, 
vacancies rem ain in the foil as single poin t-defects  or very  sm all clusters 
which are unable to  grow  because the va ca n cy  v e locity  is m uch less than 
the interstitial velocity . Thus the num ber o f  interstitials arriving at an 
incipient vacan cy  cluster is. for m oderate tim es o f  irradiation, greater than 
the num ber o f  vacancies arriving. I f  the interstitial concentration  is 
reduced  b y  using a thin specim en, and the vacancy  v e locity  is increased 
b y  raising the tem perature o f  irradiation, visible vacan cy  clusters are able 
to  form . The role o f  im purity  atom s in vacan cy  cluster form ation  is not 
clear, but the im purities m ay well act as nucleating agents for vacancy  
clusters as they do for interstitial clusters, besides possibly favouring the 
form ation  o f  tetrahedra from  v o id s : tetrahedra give m uch stronger 
m icroscope contrast and are expected  to be m ore resistant to  a ttack  by  
interstitials.
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