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FOIL THICKNESS DETERMINATION FROM SINGLE CRYSTAL DIFFRACTION PATTERNS 

W. L. BELL and G. THOMAS 

Inorganic Materials Research Division, Lawrence Radiation Labora­
tory, and the Department of Materials Science and Engineering, 
College of Engineering, University of California, Berkeley, Cali­
fornia 

Foil thickness measurements are necessary for determining crystal 
volumes, which in turn are needed to calculate defect densities 
for dislocations or point defect clusters or for determining 
interparticle spacings. The most generally applied technique 
for obtaining the foil thickness is the trace method (1, 2, 3) wherein 
the trace of a known plane (slip trace, stacking fault, grain boundary, 
etc.) must be determined, its projected width on a micrograph measured, 
the precise crystal orientation calculated from a diffraction pattern 
and the thickness calculated from simple trigonometric relationships. 
If no traces are obtainable on an image, an alternate method uses 
extinction contours (2): a perfect wedge-shaped crystal is set at 
the Bragg angle, and the number of white fringes from the edge of 
the foil in a bright-field micrograph (or dark fringes in a dark-
field micrograph) counted and multiplied by the extinction distance 
(which must be accurately known)for the particluar reflection involved. 
If the foil is uniformly bent such that, over a small region, bend 
contours from both plus and minus diffraction planes are available, 
the value of the macroscopic deviation parameter can be calibrated 
linearly between the bend contours. The dynamical theory can then 
be used to determine the foil thickness from the positions of the 
intensity minima and their corresponding deviation parameters in 
the same manner as described below where the deviation parameters 
are obtained from the diffraction pattern. Also, stereomicroscopy 
techniques can be used when there are defects intersecting the foil 
surfaces or identifiable material on these surfaces. 

The trace method and stereomicroscopy utilize electron images for 
which the magnification must be accurately known if correct thick­
nesses. and volumes are to be obtained. The bent foil method is 
free from magnification dependence but is not widely applicable 
because uniformly bent regions are not always present in the region 
where a thickness determination is desired. Me.thods using the 
diffraction pattern are usually specialized, involving extremely 
thin foils or magnetic materials. However, a method described by 
Amelinckx (3), for use with layer structures not conducive to the 
trace method, is found to be generally applicable for calculating 
crystal thicknesses. Amelinckx's equation for the foil thickness is 

2 2 2 -1/.2. 
t = F2[si - 2s 2 + s

3
] · ' (1) 

where s 1 , s
2

, and s
3 

are the deviation parameters of three successive 
dark field J.ntensity minima in the·dynamical distribution of diffracted 
intensity. This paper deals with the methods of obtaining diffraction 
patterns from which measurements can be made of the deviation parameters 
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an electron microscope. A recent application to ultra-high-voltage 
electron microscopy has been found in which this method can be used 
to determine the "disappearance" voltage for a second order reflection. 
Details will be presented in future publications. 
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Figure Caption 

Figure 1: a) and b). Elllargements of the 440 and 220 diffraction 
"spots" shown in c). 

c). Divergent beam, selected area diffraction pattern of the 
440, 220, and 000 "spots" in silicon. 

d). Microphotometer trace of c) illustrating the necessary 
measu~ements for thickness determinations. 



-4-

a b 

c 

000 

~28220 = 8440-1 

d 

XBB 695-3382 

Fig. 1 

\ 
{ 



LEGAL NOTICE 

This report was prepared as an account of Government sponsored work. 
Neither the United States, nor the Commission, nor any person acting on 
behalf of the Commission: 

A. Makes any warranty or representation, expressed or implied, with 
respect to the accuracy, completeness, or usefulness of the informa­
tion contained in this report, or that the use of any information, 
apparatus, method, or process disclosed in this report may not in­
fringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, or for damages 
resulting from the use of any information, apparatus, method, or 
process disclosed in this report. 

As used in the above, "person acting on behalf of the Commission" 
includes any employee or contractor of the Commission, or employee of 
such contractor, to the extent that such employee or contractor of the 
Commission, or employee of such contractor prepares, disseminates, or pro­
vides access to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 
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