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Virtual reality displays typically 
consist of two image sources 

with suitable collimating optics 
(eyepieces) all packaged in a head 
mount. To keep the package as 
small as possible, it is necessary to 

keep the collimating optics very 
compact while maintaining ade
quate image quality. The optics 
should also cover as wide a field as 
possible to help create a sense of 
total immersion in the virtual en
vironment. Yet another require
ment is to keep the pupil size as 
large as possible to accommodate 
eye rotation and reduce mounting 
tolerances. 

This month's design, shown in 
Figure 1 and listed in Table 1 
(page 38), is a compact ultra 
wide-angle eyepiece intended for 
use in a head-mounted display. 
The field of view is an astonishing 
110.6° at f/3.41, unprecedented 
for an all-refractive eyepiece. Pre
vious ultra wide-angle eyepieces 
include 90° designs by Dilworth 
and Nagler.1, 2 However, these de
signs are bulky due to their inter
nal image configuration. Bertele 
patented a reasonably compact 
design back in the early 1950s, but 
it only covered 88°. 3 A few all-
spherical designs, which cover up 
to 107°, have been published re
cently in the Japanese patent liter

ature, but they are very large rela
tive to the image size.4 Finally, 
there are a few very compact cata
dioptric designs, similar to the 
one discussed in this column in 
January 1998, covering up to 120° 
at f/4 with surprisingly good per
formance.5 These designs use par
tially reflecting mirror surfaces, 
however, and are plagued by ex
treme stray light problems. 

Transverse ray aberrations are 
shown in Figure 2, and indicate rea
sonably good performance, though 
not approaching the resolution lim-

Figure 1. The 110.6" full field of view eye
piece for virtual reality displays. 
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it of the eye except on-axis. This de
sign achieves good imaging quality 
over an enormous field despite its 
compactness and simplicity by uti
lizing four radically aspherical sur
faces. The multiple anastigmatic 
nodes shown in the field curvature 
plot in Figure 3 indicate that the as
pheric surfaces function primarily 
to correct high order field curvature 
and astigmatism. Figure 4 shows 
that distortion is essentially uncor
rected. This eyepiece is a good ex
ample of a recent trend in the opti
cal industry toward highly 
aspherical designs which have no 
close all-spherical analogue. We are 

rapidly approaching the point where 
most if not all high volume con
sumer optics will use multiple as
pheric surfaces. 

Surfaces 5, 6, 7 and 8 are aspheric, 
and are described by the equation: 

where z is the direction along the 
optical axis, h is the direction per
pendicular to the optical axis, r is 
the paraxial radius of curvature, k is 
the conic constant, and a4, a6, a8 and 
a 1 0 are polynomial deformation 
constants. 
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Figure 3. Field curvature as a function of field angle. 

Figure 4. Distortion as a function of field angle. 
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