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is depicted with greater clarity in Fig. 9, which is  an  SOT 
topograph of one  quarter of the wafer in Fig. 8. Note  the 
location of devices with and without pipes in the same slip 
band (arrow). The analysis of these exceptions is  the 
subject of future investigations, but some possible ex- 
planations  can be considered: Possibly the dislocations 
do penetrate the  junction  but  are  not activated by metallic 
impurities [14] or impurity  clouds [15]; perhaps, however, 
the dislocations do m t  penetrate the junction [ls], and 
the junction  quality is masked by slip in  the substrate. 
The first of these possibilities might be resolved by beam- 
induced  current  studies using the scanning electron 
microscope [20], and  the second by reflection x-ray to- 
pography; i.e., if transmission and reflection topographs 
are compared, the surface defects can be separated in a 
manner similar to Figs. 2 and 3. 

Summary 
As an improved  technique for evaluating  semiconductor 
junctions, we have described an  approach in which reflec- 
tion  topography  and transmission x-ray topography are 
combined to separate the volume and surface defects in 
active junctions. Several examples have been presented 
to demonstrate the advantage of the combined reflection- 
transmission analysis over either  method  alone. It  has 
also been shown that excess junction leakage could be 
related to  the number of defects in the  junction, as revealed 
by reflection x-ray topographs. 

The observation through transmission topography of 
transistors with and without pipes in areas of heavy slip 
raises a  question  as to whether excess leakage is caused by 
all dislocations that penetrate  a  junction or only by those 
associated with a high density of impurities. However, 
the combined use of reflection and transmission topo- 
graphy  should permit one to determine whether all dislo- 
cations that intersect a junction cause pipes. Experiments 
are  in progress to evaluate  a large number of electrically 
mapped  transistors using the reflection-transmission 
method, and  to study the effect of individual processes 
on  the  formation of pipes [14]. 
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Appendix: depth of defect visibility in reflection 
x-ray topographs 
Experimental  methods to determine the depth of x-ray 
penetration in single-crystal materials have been reported 

in specialized cases. Some  measurements  have been de- 
scribed [21] for  the  depth of penetration in heteroepitaxial 
systems (GaP/GaAs),  but this approach is not applicable 
to  the silicon system. To that  end, a preliminary analysis 
is presented to determine experimentally the  depth of 
defect visibility in reflection topographs  and  the extent 
to which substrate flaws contribute  to reflection topo- 
graphs. A review of the theory is presented as  a  counter- 
part of the experimental approach,  rather  than  as a basis 
for  the measurements of defect visibility depth. 

Theory 
The crystals we are considering have,  in  general, relatively 
low dislocation densities. Hence,  a complete description 
of the diffraction process requires the  approach of the 
dynamical theory of x-ray diffraction [22]. Numerical 
calculation of the  absorption  depth  and  the extinction 
depth  (both of which represent an estimation of the  depth 
of penetration) were performed; the  former is based on a 
kinematical approach  and  the  latter  on a  dynamical 
approach. 

The angular range of the exit beam diffracted from  the 
crystal  (the  range of total reflection) is also  calculated. 
This gives the major contribution  to  the integrated  inten- 
sity and hence represents an estimation of the resolution. 
The  depth of penetration  can be described by the absorp- 
tion length [22] 

where p is the linear absorption coefficient. This has been 
modified by Segmuller [23] to account for  the glancing 
angle CY in reflection topographs by 

Another measure of the penetration  depth is  the extinction 
length [22], 

where ue ,mitx is the maximum  extinction coefficient for 
the middle of the range of total reflection. By substituting 
the expression for ue,mar, the extinction  length can be 
written [22]: 

where 

F(h) = structure  factor, 
X = wavelength, 
V = volume of unit cell, 
C = polarization factor (unity for u and cos 20 for ?r 

polarization), 
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