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Methods and results are g i v e n  for the change  in shape of a homo-  

genous and isotropic body in response to ion bombardmen t .  Possible 
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errors are ind ica ted  in the me thod  of measur ing  [1] the erosion ra te  as 
a funct ion of angle  of i n c i d e n c e  of the ion b e a m .  

The  rate  of mass r emova l  is def ined by  the sputter ing factor  S 
( a tom/ ion) .  Exper imen ta l  results ind ica te  that  S var ies  subs tant ia l ly  

with the angle  of inc idence  ~o for po lyc rys ta l l ine  m a t e r i a l s  and for 

energies  on the  order of  1 keV.  Figure 1 shows a t y p i c a l  E ( r  = 

= S(r r e la t ion  for 6 keV Ar + ions on copper.  An ion b e a m  uni-  

form in d i rec t ion ,  energy,  and densi ty w i l l  thus produce a change  in 

surface shape. 
An ion b e a m  (densi ty Jo i on / cm~-see )  moves  in  the n e g a t i v e  d i -  

rect ion of the y - ax i s  (Fig. 2) and strikes a body whose shape is inS- 

d a i l y  described by y0(x). The  p r a c t i c a l  J0 in ca thode  sputter ing are 

such that  the mot ion  of the ions is of f r e e - m o l e c u l a r  type,  so we need 

not consider the d i f ference  be tween  the ac tua l  case and the planar  

one. The ra te  of erosion along the no rma l  at P is g iven  for a known 

S(,)) by 
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in which N o ( a t o m / e r a  a) is the a tomic  density of the m a t e r i a l  and ? is 

the angle  be tween  the no rma l  at  P and the y -ax i s .  Then the rate  of 

erosion along the y - ax i s  is 
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in which r is t ime .  We substi tute (i) into (2) and d i f fe ren t ia te  with 

respect  to t i m e  to ge t  

0 g  l'oSo x - ~ . .  
~-T "~ - -  Z V ; -  " '  t~J. (3) 

It is des i rable  to have  E as a funct ion of tan~0, i . e . ,  5y /0x .  Dif- 

fe ren t ia t ion  with respect  to x then gives  
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Substi tut ion reduces this nonl inear  d i f fe ren t ia l  equa t ion  of hyper-  
bo l i c  type to the form 

o/ oz o/ ( "%so 0v)  
Ot O/ f i x  t = ~ ,  ] = T ~ . .  (4) 

The in i t i a l  condi t ion  is 

] (~, o) = ~ o  = y (~), 

and the solution sat isfying this may  be put as 

g ( ~ : , t , / )  = / - -  F [ z  + t ~ ( / )  l = 0 .  

In fac t  
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Figure 3 shows the  forms of Z ( j )  and g(f)  for the EGo) of Fig. 1. 

Existing data  on SG0) do not a l low us to de te rmine  the form of 

g(f)  for ] --* 0 with adequate  precis ion.  

If we assume that  E( r  ~ (cos r  -~ [2] for smal l  ~ ,  then g(f)--~ 0 

a s ] ~  0. The observed s  is c lose ly  f i t ted  by exp {a i l l  - b f i} ,  and 

in that  case g(0) is f in i te  but  has two values .  Figure 3 shows E(])  and 

{ ( f ) fo r  the case where 0S /0~  = 0 when ~0 = 0 (E(r  ~ (cosr  -1 for 

s m a l l  r  
It is c lear  tha t  a substant ia l  change  in g ( f )does  not produce a de-  

v i a t ion  in E(f)  exceed ing  the e x p e r i m e n t a l  error. 
This method  has been  used to de te rmine  the change  in shape for 

some s imple  surfaces; the  broken l ine  for g(f) in Fig. 3 was used. f he  

solut ion does not t ake  account  of transfer be tween  parts of the surface, 

so i t  applies ,  s t r ic t ly  speaking to convex surfaces. Figures 4 and 5 show 

successive forms for bodies of i n i t i a l  shape y0 = eosx  and Y0 = 4cos  x; 

i t  is c lear  tha t  the b o m b a r d m e n t  has a l eve l ing  act ion.  

The  effects of g(f) for sma l l  ] on the change of shape were con- 

sidered v ia  a hemisphere  on the end of a cyl inder ,  Y0 = (1 - xS) ~/~, 
with both of the g ( f ) o f  Fig. 3 (Fig. 6). t h e  results for 0S/0~o = 0 at 

q) = 0 do not differ from those for 0S/a~o .~ 0 at ~0 = 0 within the errors 

of the ca lchia t ion;  the surface tends to b e c o m e  con ica l  with l ira I f ]  = 

= 3.5 for t ---" ~,  which corresponds to the f at which g(f) = 0, i . e . ,  to 

m a x i m u m  erosion (Zmax) .  Figure 7 shows the shape change  from Y0 = 

= cosx  after exposure at  ~0 = 40~ to the x-axis ;  r idges analogous to 
those observed [3] are formed.  

Wehner [1] deduced S(~) from the erosion of a spher ica l  mode l  on 

the assumption that the surface at a g iven  x did not va ry  g rea t ly  in 

during bombardment ,  so E( r  ~ Ay(~) /Ay(0) .  Wehner [1] did not 
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g ive  the precise  J0 used, so i t  is not possible to de te rmine  the charac-  
We know E(~0), and hence  E(y), so (4) m a y  be  put as te r i s t ic  reduced t imes  t; but  he  states tha t  J0 was on the order Of 1 
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mA/cm 2, so we may take t as 0.2-0.4. Figure 8 compares the s 
used in the calculation on the hemisphere, curve 1, with curves 
2 and 3 obtained by processing the surface forms by Wehner's method 
[1] for t of 0.2 and 0.4. It is clear that this processing gives an error 

in s and in the estimate of the corresponding to s 
We are indebted to D. S. Strizhenov and I. L Shkarban for useful 

discussions. 
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