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Linear absorption coefficients and transmitted intensities have been calculated for all twelve 
modes of propagation in one case of 6-beam diffraction of x-rays through germanium. At the 6-beam 
point the absorption coefficients of four of the modes are less than 1 cm-1, using CuKaj radiation, 
compared with the "normal" value of 352 cm-1; one third of the energy incident on the crystal 
at the exact 6-beam angle is allocated to these low absorption modes.

Introduction

The observation by Borrmann and Hartwig 1 that 
the intensity of the (111) reflection, anomalously 
transmitted through germanium crystals, is enhanc­
ed further when (111) is also in diffraction posi­
tion, has renewed interest in simultaneous diffrac­
tion effects in perfect crystals. Several theoretical 
investigations of these effects have since been re­
ported2; the work of Joko and Fukuhara2 is espe­
cially noteworthy. They investigated several oases of 
3-beam, 4-beam and 6-beam multiple diffraction and

t Supported in part by the Office of Naval Research under
Contract No. N00014-67-A-0438-005. 

* Present address: IBM, Systems Product Division, Essex 
Junction, Vt. 05452.

calculated numerical values of the lowest absorption 
coefficients for the exact n-beam point in each case.

Their 6-beam results are of particular interest. 
The geometry of this case of simultaneous diffrac­
tion is illustrated in Figure 1. The six reciprocal 
lattice points lie in a plane perpendicular to [111] 
at the vertices of a regular hexagon. All six will 
diffract simultaneously if the crystal is rotated about 
[211] until (044) is brought to diffracting position. 
Joko and Fukuhara's calculations indicated that the 
absorption coefficient of one of the twelve modes of 
propagation vanishes when 6-beam diffraction oc-
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curs. The authors did recognize that errors in the 
published values of the imaginary parts of the atom­
ic scattering factors could lead to minor inaccura­
cies in their results and that the lowest absorption 
coefficient was probably slightly greater than zero. 
It was clear, nevertheless, that a remarkable reduc­
tion in at least one of the absorption coefficients 
occurs in the 6-beam case.

044

Fig. 1. Geometry of the six-beam case.

We have extended the Joko and Fukuhara 6-beam 
calculations to include values of the excitations ab­
sorption coefficients and transmitted intensities of 
all 6-beams for the twelve modes of propagation 
over a wide range of incident beam settings about 
the exact 6-beam point. We have also begun an ex­
perimental study and present some preliminary find­
ings.

Experimental

The experimental setup used in our work is il­
lustrated schematically in Figure 2. An unfiltered in­

cident microbeam (100 X 100 ju) from a copper tar­
get was used in conjunction with a large specimen- 
to-film distance. The relatively large divergence of 
the incident beam (6°) facilitated alignment of the 
crystal and the large specimen-to-film distance yield­
ed satisfactory resolution 3.

Photographs of the forward diffracted beams were 
obtained using a 0.5 mm thick germanium crystal 
with CuKaj, a.2 and ß radiations and are shown 
in Figure 3 *. The very intense 2-beam lines are due 
to reflections of the form {220}; the two of mo­
derate intensity are due to {422} and the very weak 
reflection is the (044). The enhancement expected 
at the 6-beam point was not observed on either 
photograph. Our subsequent calculations indicated 
that substantially thicker crystals would be needed 
to display clearly the 6-beam enhancement relative 
to the (220) lines. Such thick, relatively perfect 
crystals were not available to us when these photo­
graphs were obtained but will be investigated in the 
near future.

Calculations

For the calculation of multiple beam dynamical 
effects we prepared computer programs ** based on 
the plane wave dynamical theory of Ewald4, as 
modified by von Laue 5.

In Table 1 we list values of the linear absorption 
coefficients and the corresponding excitations for 
each of the twelve modes of propagation calculated 
for the exact n-beam point. The absorption coeffi­
cient for mode 1 is .02 cm-1, in good agreement 
with the corresponding value calculated by Joko and

Fig. 2. Schematic diagram of experimental arrangement.

Figure 3 see page 600 a. '** Details of the computing methods will be included in a
manuscript, now in preparation, dealing with various 3- and 
4-beam cases.
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Fig. 4. 7000 vs. AG (t = 0.5 mm).

Fukuhara. We note also that fully one-third of the 
incident energy is allocated to modes having absorp­
tion coefficients significantly less than 1 cm-1.

Table 1. m's and excitations at the exact 6-beam pt. for 
CuK^ radiation.

1/3

Mode u cm-1 Excitation
1 0.02 1/12 ]
2 0.16 1/18 1
3 0.16 1/9 I
4 0.48 1/12 '
5 38.72 1/18 \
6 38.72 1/9 [
7 60.02 1/18 1
8 60.02 1/9 )
9 85.43 1/12 ,

10 1.186.16 1/12 |
11 1,377.79 1/18 I
12 1,377.79 1/9 1

1/3

1/2

jMave ~ 352.12

Values of / 0oo/̂ inc. transmitted through a 0.5 mm 
thick crystal are plotted in Fig. 4 as a function of 
AO (deviation from the exact 6-beam angle). It is 
clear that, for this thickness, observation of the en­
hanced 6-beam point would be difficult, particularly 
when the divergences of the various beams are taken 
into account. Calculations, similar to that of Fig. 4,

for much thicker crystals indicate very low values 
of transmitted intensities except for the 6-beam 
point.

A map of the mode 1 wavefield in the germanium 
crystal, projected along [111] brings out more 
clearly the physical basis of the anomalously low 
6-beam absorption (Figure 5). The average position 
of each germanium atom is at a node of the electric 
field in the 6-beam case. A similar statement may be 
made for the (220) case, and (for all others where 
h + k + l — 4>n. One significant difference is brought 
out clearly by Fig. 6, a plot of the wavefield due to 
the minimum absorption modes for both the 6-beam 
case and for (220), along a line parallel to [211] 
passing through three atomic centers. It is evident 
that in the (220) case, thermal atomic vibrations at 
room temperature must bring the atoms into regions 
where the electric field differs significantly from 
zero. This effect, which was investigated by Lude- 
wig 6 is primarily responsible for the residual mini­
mum absorption coefficient of 15.3 cm-1 in the 
(220) case. In the much larger nodal regions in the 
6-beam cases, atomic vibrations at room tempera­
ture do not have this effect and the absorption there­
fore remains close to zero.



Fig. 5. Projection of D D* onto (111), 
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