533 B 1M aHhH =K E R Vol. 33, No.1
2014 42 A J. Infrared Millim. Waves February,2014

TEHES: 1001 -9014(2014)01 - 0068 — 04

DOI: 10.3724/SP. J. 1010. 2014. 00068

MWIR continuous zoom optical system with
magnification of 45
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Abstract: The MWIR continuous zoom optical system has many advantages. A method for designing the system with large
zoom range was introduced. Then, a system with 8 lenses was designed. The system works in the wavelength range of
3.7 ~4.8 pm with 10 ~450 mm continuous zoom, and the MTF value in Nyquist limit (16 lp/mm) is more than 0.3 over
the full range. The F/number of the system is 4. It can satisfy 100% cold shield efficiency.
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Introduction

There are lots of advantages about infrared imaging
technology. Infrared optical systems are used in many
applications. Continuous zoom optical system has a con-
tinuous change in the field of view, searching target in
wide field of view while observing target in narrow field

3] The demand of infrared continuous zoom

of view
optical system increases, especially for those with large
zoom range. Large zoom range means that the system

has a greater range of search and a higher accuracy of
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observation, and so there is great significance in design
of infrared continuous zoom system with large zoom
range. There are two types of zoom systems, optically
compensated and mechanically compensated. Almost all
infrared zoom systems are mechanically compensated'*!.
In a traditional mechanically compensated zoom system,
one element move for changes in focal length, while the
other one move to eliminate image shift, as shown in
Fig. 1.
type, MWIR zoom systems can not achieve a large zoom

range (such as 45)1% %),

Using traditional mechanically compensated
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Fig.1 Traditional mechanically compensated type
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Fig.2 New mechanically compensated type
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In this paper, the new mechanically compensated
type for continuous zoom system with large zoom range
is introduced. In the zoom system, two elements move
together for changes in focal length, while two other el-
ements move together to eliminate image shift, as
shown in Fig. 2. Especially, the system works with
cooled FPA detector. Then a MWIR continuous zoom
system was designed. It can realize continuous zoom of
10 ~450 mm.

1 Principles

Figure 3 presents schematic of the zoom optical
system. In the system, by moving moved components
(constituted of M, and M,) and compensated compo-
nents ( constituted of C, and C,) , the field of view can
be changed continuously. During the process of zoo-
ming, elements X;, X, and R are all stable. I, is the
position of the image focal point of element X,, I is
the position of the image plane of the system.

1.1 Zoom
Figure 4 presents the zoom part of the system com-

posed of thin lenses. H| is the position of the primary
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Fig.3 Schematic of the zoom system
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Fig.4 Scheme of the zoom part
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principal plane of the two elements M, and C,, H,' is
the position of the secondary principal plane of the two
elements M, and C,. H, is the position of the primary
principal plane of the two elements M, and C,, H,’ is
the position of the secondary principal plane of the two
elements M, and C,. I, is the image of the point [, , I,
is the image of the point I,. D,, is the distance of M,
from M,, D, is the distance of C; from C,, D, is the

distance of I; from I;. The distances are given by rela-

tions,
Dy =D, + Ly +L' -L, - Ly , (1)
D, =-D, +D, +D, , (2)
Dy ==L, —Ly+Dy+D, +Ly" +L, , (3)

where — L, is the distance of I, from H,, - L, is

the distance of H, from M,, D, is the distance of M,
from C,, L,,’ is the distance of C, from H,’, L,’ is
the distance of H,' from I,, - L, is the distance of ],

from H,, - L,y is the distance of H, from M,, D, is

the distance of M, from C,, L,,’ is the distance of

C, from H,', L,’ is the distance of H,’ from I;. As

[10]

it is well known , the following relations hold for
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imaging, cal system should be coincided with S. I, is the image
Fy + F f the point I;. Fp is the focal 1 f the re-imagi
D, = Fy +Fy - MIF @ L - (M N 1) of the poin : RlS‘ e foca en;‘;tho e re-imaging
1 F part R. Imaging are given by relations,
F 1 1 1
Fi-Fy , L, = (i ).F+F, , - =L .
1 M 1H Fr +1 1 a L, -D, L,-D, F, 9)
Fip - Fy F 1 1 - 1
Dy = Fip + Fo = —55=2 Ly = (% 1) L7 L T , (10)
L ’
) F R _
Fy = Fyp , Ly :_(F—Cz+1)'F2+Fcz, Ly = Br , (1)
w
1 where Dy is the distance of E from I,, — L, is the dis-
L = (E_l).Fl L= -poe By tance of I, from R, L;’ is the distance of R from I, Dy
, is the distance of S from I, B is the magnification of
L2=(BL_1)-F2,L2 = (=g F, L(4) 5> Br gn
2

where F,; is the focal length of M,, F is the focal
length of C,, F; is the focal length of the two elements
M, and C,, B, is the magnification of the two elements
M, and C,, F,, is the focal length of M, , F, is the fo-
cal length of C,, F, is the focal length of the two ele-
ments M, and C,, B, is the magnification of the two el-
ements M, and C,. T is the magnification of the zoom
part (elements M,, C,, M, and C,). From equations
(1) ~(4), we obtain;

F F F F, «F
L.F1+_W.F2+Bl.pl+_2+u
Fy, Fg B F,
DM_2FC1—FM1—FM2=O s (5)
F, «F F,, - F
M1F a MzF ) +D, ~Dg-Fyy - Fpy +
1 2
FM2+F(;2=O ’ (6)
F F F F,, - F
_C2.F2+ﬂ.pl+ﬂz.pz+_1+u+
Fyp Fg Bi F,
DI_DM_Q’FCZ—FMI—FMZ:O s (7)
T=p "8 . (8)

The values D,, Dy, D¢, Fyy, Feiy Fipy Feoand T
are parameters, which can be chosen appropriately.
By solving equations (5) ~ (8) we can determine
the values F,, F,, B, and B,. Then, there is one
configuration of the zoom part composed of thin len-
ses. With different value T, we can obtain different
configuration.
1.2 Re-imaging

Figure 5 presents the re-imaging part of the system
composed of thin lenses. E is the exit pupil of the sys-
tem ( constituted of X,, M,, C,, M,, C, and X,), S
is the cold stop of the detector. In order to satisfy
100% cold shield efficiency, the stop of the zoom opti-

the re-imaging part R. The values D, Dy and B are
parameters, which can be chosen appropriately. By
solving equations (9) ~ (11) we can determine the
values Fp, Ly’ and L. Then, there is the configura-

tion of the re-imaging part.

Fig.5 Scheme of the re-imaging part
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2 Designs

2.1 Parameters

The zoom system is with a 320 x 240 staring focal
plane array. The dimension of detector pixel is
30 wm %30 pm. The characteristics of the system are

shown in Table 1.

Table 1 Characteristics of the system
x1 REIHER

Focal Length Range 10 ~450 mm
Zoom Range 45
F/number 4
Spectral Band 3.7~4.8 um
Field of View 1.53° ~61.92°
Operational Temperature Range -20~50 T
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2.2 Results

The zoom system was made of materials of silicon
and germanium. The overall length of the system is
400 mm. In the zoom system, there are 8 lenses inclu-
ding 4 aspheric surfaces. Structure of the system is
shown in Fig. 6. During the process of zooming, the
2nd lens and the 4th lens move together, and the 3rd
lens and 5th lens also move together. Both of the paths
are smooth. The zoom system satisfies 100% cold

shield efficiency.

Fig. 6 Structure of the zoom system
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Fig.7 MTF curves of the system
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2.3 Performance

Figure 7 illustrates MTF performances for the
three different zoom positions in 20 °C. MTF values in
Nyquist limit (16 lp/mm) are more than 0.3 over the
full range. It was found out that the zoom system is

with high image quality. Operational temperature range

of the system is —20 ~50 °C, we need to achieve a
thermalisation by some active means, involving temper-
ature measurement and control of the axial position of
the detector.

(T#% 77 1)
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simulated S-parameters under all investigated bias con-
ditions. In addition, the proposed method has been
confirmed by the intrinsic elements, which agrees with

the theoretical expectations.

REFERENCES

[1]James R. Shealy, Jiali Wang, Richard Brown. Methodology
for Small-Signal Model Extraction of AlGaN HEMTs[J].
IEEE TRANSACTRON DEVICES, 2008, 55(7) : 1603.

[2] Campos-Roca Y, Massier H, Leuther A. Scalable HEMT
Small-Signal Model Extraction based on a Hybrid Multibias
Approach[J]. IEEE MTT-S International Microwave Work-
shop Series on Millimeter Wave Integration Technologies,
2011, 109.

[3]Jianjun Gao, Xiuping Li, Hong Wang, et al. A New Meth-
od for Determination of Parasitic Capacitances for PHEMTs
[J]. Semicond. Sci. Technol. 2005, 20. 586 —591, 587.

[4]MacFarlane D, Taking S, Murad S K, ef al. Small Signal
and Pulse Characteristics of AIN/GaN MOS-HEMTs [ J].

Proceeding of the 6" European Microwave Integrated Circuits
Conference , 342.

[5]Damian Costa, William U Liu, James S Harris. Direct Ex-
traction of the AlGaAs/GaAs Hetero-junction Bipolar Tran-
sistor Small-Signal Equivalent Circuit[ J]. IEEE TRANSAC-
TION ON ELECTRON DEVICE, 1991, 38(9): 2019 -
2020.

[6] Apolinar J Reynoso-Hernandez, Francisco Elias Rangel-Pa-
tino, Julio Perdomo. Full RF Characterization for Extracting
the Small-Signal Equivalent Circuit in Microwave FET’s
[J]. IEEE TRANSCATIONS ON MICROWAVE THEORY
AND TECHNIQUES, 1996, 44(12) . 2625.

[7] Giovanni Crupi, Dongping Xiao, Dominique M M -P.
Schreurs. Accurate Multibias Equivalent-Circuit Extraction
for GaN HEMTs[J]. IEEE TRANSCATIONS ON MICRO-
WAVE THEORY AND TECHNIQUES, 2006, 54 (10):
3620.

[8]Jianjun Gao. RF and Microwave Modeling and Measurement
Techniques for Field Effect Transistors[ M]. SciTech Pub-
lishing , Raleigh, 2010, N. C.

(L#71 7)

3 Conclusions

Principles of the continuous zoom system with
large zoom range are introduced. A MWIR continuous
zoom system with 320 x 240 staring FPA was designed,
which can realize zoom range of 45. The system has
high image quality and satisfies 100% cold shield effi-
ciency. MWIR continuous zoom system with large zoom
range has an enormous potential for many applications

such as tracking and surveillance.
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