
Advances in infrared optical 
design via diamond turning 
technology 

A "d iamond turned" mirror or 
lens surface is generated by con

ventional lathe and milling operations 
using a single point diamond tool on 
numerically controlled machines em
ploying air bearing spindles and 
slides.1 Components manufactured 
by this process yield sufficiently accu
rate surface figure and smoothness 
for infrared imaging systems in the 3— 
5 and 8-12 µm wavebands. 

Diamond turning offers the poten
tial to greatly reduce the cost of opti
cal components because the custom
ary high degree of optician skill and 
time are greatly reduced. The conven

tional operations of rough grinding, 
fine grinding, and polishing are in ef
fect accomplished in a single pass of 
the cutting tool. Optical mounts and 
reference surfaces are frequently inte
gral with the optical components, 
thereby reducing the number of me
chanical components as well as reduc
ing assembly and alignment time. An 
example of such components is 
shown in Fig. 9, which illustrates the 
diamond turned components used in 
the Kollmorgen Corp. compact video 
rate optical scanner (CVROS) 2 upon 
which the company's Micro-Flir™ 
thermal imager is based. 

Aspheric surfaces are generated 
with relative ease in the diamond 
turning process, and as a result their 
incorporation into infrared optical 
designs has become common. Such 
designs can yield better image quality, 
smaller F/number (and therefore 
greater irradiance on the detector), 
and more compact, lighter systems 
having fewer components. 

Diamond turning offers the 
potential to greatly reduce 

the cost of optical 
components because the 
customary high degree of 
optician skill and time are 

greatly reduced. 

An all-reflective scanner design is 
made possible through the use of 
aspheric surfaces. In the C V R O S 
scanner concept illustrated in Fig. 10, 
an oscillating framing mirror gener
ates the vertical dimension of a T V 
raster. Successive horizontal line seg
ments of a scene are imaged by the 
primary mirror. 

The spherical concave primary mir
ror and its image are concentric about 
the aperture stop of the system locat
ed at the framing mirror vertex. Ray 
bundles that originate from points 
along the horizontal segment in the 
scene are imaged onto the curved im
age surface of the primary mirror. 
These pencils of rays are redirected 
90° from incidence in a telecentric 
manner by a conical field mirror. This 
"strip" mirror is a slice from a 90° 
right circular cone having an axis 
through the aperture stop. 

The redirected pencils are inter-
FlGURE 9. Diamond turned optical components used in CVROS optical 
scanner. 
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FIGURE 10. CVROS all reflective optical scanner concept. 

cepted and collimated by a hyperbo
loidal concave mirror that is one of a 
dozen or so dimples that are diamond 
turned into the face of a disc. The 

disc, which rotates about an axis that 
coincides with the axis of the conical 
field mirror, performs the horizontal 
scanning. The hyperboloidal mirror is 

used to compensate the spherical ab
erration of the primary mirror while 
adding no further aberration. When 
implemented, this new approach to 
the correction of the spherical aberra
tion wi l l replace the current tech
nique, which employs a Bouwers-
Maksutov concentric meniscus lens. 
The collimated bundles from the disc 
are intercepted and brought to a com
mon focal point without aberration at 
a detector by a stationary off-axis pa
raboloidal mirror. 

Thus, through appl icat ion of 
aspheric surfaces of varying types, all 
of which can be manufactured by dia
mond turning, a compact high speed 
infrared scanner has been made possi
ble. Performance improvements and 
cost reductions are being realized in 
other IR designs as well, and the new 
design freedom given to the IR optical 
designer may be extended in the fu
ture to the designer of high precision 
visual and U V systems. 
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Lens design and lens designers 

A re they, as the song says, like 
Love and Marriage—"You can't 

have one without the other"? 

Why you still need a lens 
designer 

After a long period of stability in 
the lens design software field, which 

has culminated in the adaptation of 
large lens design programs to desk
top computers, there are now a few 
new things appearing on the horizon 
that are causing people once again to 
ask, "Is the human lens designer go
ing to become obsolete"? 

This is a question that was heard in 
some circles when the damped least 

Is the human lens designer 
going to become obsolete? 

squares "automatic lens design" pro
grams first proved practical. It soon 
became apparent, however, that the 
new programs were optimization 
programs and not "automatic lens de
sign programs." They were capable of 
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