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The Electrooptic

Effect in Cubic

43m Crystals

As an example of transverse modulation1 and of the application of the elec
trooptic effect we consider the case of crystals of the 43m symmetry group. 
Examples of this group are: InAs, CuCl, GaAs, and CdTe. The last two are 
used for modulation in the infrared since they remain transparent beyond 
10 μm. These crystals are cubic and have axes of fourfold symmetry along 
the cube edges (‹100› directions) and threefold axes of symmetry along the 
cube diagonals ‹111›.

To be specific, we apply the field in the ‹111› direction—that is, along 
a threefold-symmetry axis. Taking the field magnitude as E, we have

(C-1)

where e1, e2, and e3 are unit vectors directed along the cube edges x, y, and 
z, respectively. The three nonvanishing electrooptic tensor elements are, 
according to Table 9-1 [see 43m tensor], r41, r52 = r41, and r63 = r41. Thus, 
using Equations (9.1-2) through (9.1-4), with 

we obtain

1"Transverse modulation" is the term applied to the case when the field is applied normal to 
the direction of propagation.
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(C-2)
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as the equation of the index ellipsoid. One can proceed formally at this point 
to derive the new directions x', y', and z' of the principal axes of the ellipsoid. 
A little thought, however, will show that the ‹111› direction along which the 
field is applied will continue to remain a threefold-symmetry axis, whereas 
the remaining two orthogonal axes can be chosen anywhere in the plane 
normal to ‹111›. Thus (C-2) is an equation of an ellipsoid of revolution about 
‹111›. To prove this we choose ‹111› as the z' axis, so

(C-3)

and take

(C-4)

Therefore

(C-5)

Substituting (C-5) in (C-2), we obtain the equation of the index ellipsoid in 
the x', y', z' coordinate system as

(C-6)

so the principal indices of refraction become

(C-7)

It is clear from (C-6) that other choices of x' and y', as long as they are 
normal to z' and to each other, will work as well since x' and y' enter 
(C-6) as the combination x'2 + y'2, which is invariant to rotations about 
the z' axis. The principal axes of the index ellipsoid (C-6) are shown in 
Figure C-1.

An amplitude modulator based on the foregoing situation is shown in 
Figure C-2. The fractional intensity transmission is given by (9.3-4) as
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Figure C-1 The intersection of the index ellipsoid of 43m crystals (with E parallel 
to ‹111›) with the planes x' = 0, y' = 0, z' = 0. The principal indices of refraction 
for this case are nx', ny', and nz'.

where the retardation, using (C-7), is

(C-8)

An important difference between this case where the electric field is applied 
normal to the direction of propagation and the longitudinal case (9.2-4) is 
that here Γ is proportional to the crystal length l.

Figure C-2 A transverse electrooptic modulator using a zinc-blende-type (43m) 
crystal with E parallel to the cube diagonal ‹111› direction.
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A complete discussion of the electrooptic effect in 43m crystals is given 
in C. S. Namba, J. Opt. Soc. Am., vol. 51, p. 76, 1961. A summary of his 
analysis is included in Table C-1.

TabIe C-1 Electrooptical Properties and Retardation in 43m (zinc-blende structure) Crystals 
for Three Directions of Applied Field (After C. S. Namba, J. Opt. Soc. Am., vol. 51, p. 76, 
1961.)

E⊥(001) plane E⊥(110) plane E⊥(111) plane

Index ellipsoid 
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