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Abstract A design study of athermalization of switchable dual-field-of-view optical systems for 7.7~9.7 pm is
presented. With the axial motion of a lens group, a result of dual-field-of-view infrared optical system is achieved. In
order to meet a wide environmental temperature range. the optical passive athermalization is used to eliminate the
thermal effect in optical systems by correctly assembling different optical materials. The final optical designs along
with their modulation transfer function (MTF) and root-mean-square (RMS) radius are presented, showing excellent
imaging performance in dual fields-of-view at the temperature range between —60 ‘C and +70 C.
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1 Introduction

In the application of space cameras, the environmental temperature range will change widely, and in the optical
system, the refractive indices, surface radii, thicknesses of lenses and distances between lenses change with the
temperature, so it is hard to keep the same performance in all the temperature range.

Athermalization is the correction of this effect of these changes with temperature. There are several mechanical
and optical methods. active and passive, available to accomplish athermalization.

1) Mechanical passive method. The basic principle behind this approach is to passively modify the axial position
of a lens or lens group in order to compensate for the image shift caused by temperature change. This movement is
achieved by natural expansion or contraction of mechanical components. However, for germanium this type of
correction by such metal as aluminum does not provide sufficient movement.

2) Mechanical active method. A lens or lenses are moved axially either manually or, preferably, by
electromechanical means. This is particularly useful in zoom lenses where the required athermalization movements
differ with magnification change.

3) Optical passive method. It is possible to select a combination of optical materials that will minimize the focus
shift over a limited temperature range. For simultaneous correction of achromatism and athermalization at least three
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optical materials are required. By solving the basic equations for power, achromatism and athermalization, the
relative power for each material can be derived-*!.

The first method is not commonly used for its special requirement of materials. The second solution increases
the complexity. Optical passive athermalization is more attractive in the cases requiring lower weight and smaller

[3~7]

volume . In this paper, optical passive athermalizaton is used to eliminate the thermal effect in the dual-field-of-

view long wavelength infrared optical system.

2 Athermalization
It is possible to solve achromatism and athermalization at the same time with three infrared materials by solving
the following simultaneous equations:
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where T ; is the height of the paraxial marginal ray. « is the linear expansion of the mounting material. w is the
chromatic coefficient, and @ is the thermal coefficient™’ .

Athermalizing, or eliminating the thermal focus shift, is analogous to correcting the chromatic aberration of the

101 To correct chromatic aberration, we utilize

system; it requires at least two materials with different properties
different Abbe V-values; for athermalization we need different T-values. If we can find an appropriate combination
of V- and T-values, we can simultaneously correct both the thermal and chromatic conditions. The properties of
several materials suitable for use in the 7.7~9.7 pm wavelength region are listed in Table 1080,

Table 1 Thermal and chromatic properties of common infrared materials in the 7.7~9.7 um wavelength region

Material Thermal coefficient /(107°/C) Chromatic coefficient w/10~"
Ge 13.22 14.86
Amtirl 2.93 15.04
7nS 3.57 11.15
ZnSe 3.03 28.42
3 Design example 1 wide FOV mode
As an example of the results of optical passive 6

athermalization method, a dual field-of-view long wavelength

infrared optical system is designed. The requirements of

specification are shown in Table 2.

Table 2 Specification of the system

Parameter Value
Wavelength /pum 7.7~9.7
Focal length /mm 100/300
Field-of-view (FOV) /(%) 6/2
Pixel number of detector 256 % 256
Pitch of detector /mm 0.020
F number 2
Athermalization range /C -60~70

The detector has a cold shield, so the lens exit pupil has
to be placed on it. Usually, for long focal lengths, the lenses
for cooled detectors are constituted of two parts: a “primary

lens” and an optical relay.

narrow FOV mode

The relay is used to conjugate the entrance pupil on the
detector cold shield to reduce “primary lens” size in order to Fig.1 Optical layout
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minimize the cost, weight and volume of the system.

With the axial motion of a lens group (lenses 2 and 3), the optical system can be step-zoomed. The optical
layout is shown in Fig.1.

Lenses 1, 2, 6 and 8 are made of Ge. All concave surfaces have aspherical profiles except lens 1 and the first
concave surface of lens 2.

Lenses 3, 4, and 7 are made of Amtirl (all spherical profiles) .

Lenses 5 and 9 are made of ZnS. The concave surface of lens 5 has aspherical profile.

The total transmittance T through an optical system after absorption losses is expressed by

T, = exp(—oaox), (2)

where ¢ is the absorption coefficient and « is the distance travelling through optical elements™’.

The optical system includes four Ge lenses, three Amtirl lenses, two ZnS lenses and two mirrors.

-1

The absorption coefficient of Ge is about 0. 03 c¢cm ', the total thickness of the material is 3. 2 cm; the

-1

absorption coefficient of Amtirl is about 0.005 cm ', the total thickness of the material is 3.9 cm; the absorption

coefficient of ZnS is about 0.08 cm '

, the total thickness of the material is 1.8 cm; the transmittance of single lens
and mirror is about 98% . So, the transmission of the optical system is about
= (0.98)" X exp(—0.03 X 3.2—0.005X3.9—0.08X1.8) =~ 0.618.
Making reference to Fig.1, the deviations of the rays on each optical surface are small. These small deviations are
“driven” during optimization to have low sensitive mountings and manufacturing tolerances.
The optical system optimization is carried on using CODEV. The modulation transfer functions (MTF) of the
system are shown in Fig.2. The MTF at the temperature range of — 60 C ~ + 70 C is more than 0.5 at the Nyquist

frequency (18 Ip/mm) for every FOV.
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Fig.2 MTF curves of the optical system at 20 ‘C, —60 C and 70 ‘C for the focal length of
(al)~(a3) 100 mm and (b1)~(b3) 300 mm
Table 3 shows the spot diagram of the system. The maximum root-mean-square (RMS) radius is about
19.6 pm. The RMS radius is smaller than the Airy radius and the pitch of detector.
The MTF, diffraction encircled energy, and spot diagram show an excellent imaging performance. The

w0 5.0 1.0
SPATIAL FREQUENCY (CYCLES/MM)

structure of the system is very compact. These make it adaptable to space camera systems and also prove that the
optical passive method is correct and useful in the design of infrared optical system.
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Table 3 Spot diameter of the optical system

. RMS radius for EFL of 100 mm /pm i RMS radius for EFL of 300 mm /pm

FOV /() - - - FOV /(") - — —
20 C -60 C 70 C 20 C -60 C 70 C

0 9.7 12.4 13.1 0 5.4 12.4 11.8
2.1 9.8 13.5 11.9 0.6 6.7 13.4 12.1
3.4 10.0 14.6 11.1 1.0 8.4 15.7 12.4
4.8 10.6 15.1 11.8 1.4 10.5 16.1 13.1
6.7 16.7 16.7 18.7 2.0 16.2 19.5 19.6

4 Conclusion

We have discussed a dual-field-of-view long wavelength infrared optical system. The optical layout is compact
and does not need operational focusing adjustment. Color correction and athermalization are obtained by appropriate
choice of optical materials ( without diffractive surfaces). The cost of the space camera is reduced by means of
passive athermalization and low sensitive tolerances.
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