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Abstract This study deals with the design and development of imaging optics having 24mm focal length for MWIR
(3 ~ 5um) with two symmetrical lenses facing each other. We used CodeV in our optical design, and we performed
the optimization process to have the resolution and angle of view satisfying the user's requirements. The materials
of lenses were limited to two types, including KCIR035 with a refractive index of 1.7589, developed in Korea. The
optical system designed in this way consists of two aspherical lenses made of KCIR035 material having the same
shape and one spherical lens made of Si. Here, the arrangement of the two aspherical lenses is characterized by
having a symmetrical structure facing each other. And this optical system has a resolution of MTF value of 0.35
or more at a line width of 20 lp / mm. Therefore, it is considered that this optical system has the capability to be
applied to a thermal imaging camera using a 206<156 array MWIR detection device having a pixel size of 25pum.
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Table 1. Optical properties of KCIR035 developed
for press molding in Korea.

Material Properties

Thermal Expansion(50-100C) 3.26E-6/K
Transition Temperature 368T
AT 692C
SP 732T
Hardness (Knoop) 510

Dispersive power & Abbe Number

nd(587nm) 1.7873
nF(486nm) 1.8005
nC(656nm) 1.7800
vd 316
Transmission Properties
Wavelength Refractive Index Transmission
[nm] (@227) (1mm)
3000 1.7589 79.0
4000 1.7437 79.0
5000 1.7229 77.0

Notes) KCIR035 must be used.
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Table 3. Design data of the optimized MWIR
imaging lens system
Surface Surface Radius Thickn Glass Semi-A
# Type ess perture
Objective Sphere o o AR
Stop Sphere o -3.700 AR 10.900
2 Sphere 16.864 275
3 Sphere 19.878 9411
Asphere 795,092 4,000 Si 7.683
4 k © 4494.760257
A, ~0.122208E-03, A4 0.734238E-06,
Ag: 0.149593E-07, A ,:-0.124006E-19
Asphere -124.995 2213 K%l; 0 6.879
5 k : 263749225
A ~0.716741E-04, A ;—0.426509E-05,
A¢~0.643895E-07, A,,: 0.706881E-09
Asphere | 124.995 | 4,000 | | 6.077
6 k : 263749225
A, 0716741E-04, A4 0.426509E-05,
Ay 0.643895E-07, A,,-0.706881E-09
Asphere | -795,092 | 6.759 K%l; 0 5.357
7 k : 4494760257
A, 0.122208E-03, A 4:-0.734238E-06,
Ag~0.149593E-07, A+ 0.124096E-19
mage | Spnere | [ 0115 | [ 337

Table 4. 1st optical characteristics of the optimized
MWIR imaging lens system

INFINITE CONJUGATES
EFL 24.00
BFL 6.759
FNO 1.1
IMG DIS -0.115
OAL 29.016
PARAXIAL IMAGE
HT 3.3730
ANG 8.0000
ENTRANCE PUPIL
DIA 21.800
THI 0.0000
EXIT PUPIL
DIA 20.7726
THI -18.2501

5. HA3E MWIRE =d A2 24mm

A= dewH B oAl

Fig. 1. Ray tracing drawing of the optimized MWIR
imaging lens system
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Fig. 2. Distortion diagrams of the optimized MWIR

imaging lens system

Fig. 20= 95318 §54-& HolF=t o= Table
29 AHgA 8T 21E SEFFES Full-field( 8 ° el Al
0.7% o= & Aol=iL 95§ HoFErh 8° 279
Field sizet= 58 249 A70] 2XEFLX tan (8 ° )
= 6.75mm = AAFEE=H o] Table 29] AHEALY] 2.

20& ST At



R Y A=E

7HAE MWIRE 24AE 24mme] W]+

A A 187

TANGENTIAL FIELD ANGLE  SAGITTAL

0.04056 8.0 deg 0.04056
4um
sum 3um
| 5um

R

-0.04056 -0.04056

0.04056 4.0 deg 0.04056
4um

3um
faum o 5um

ﬂm
3urm
-0.04056

-0.04056
0.04056 0.0 deg 0.04056 \
um
3um
}UR 5um 5um
m g oa0s -0.04056

Fig. 3. Finite ray aberration of the optimized MWIR
imaging lens system( unit : mm )

3 9)=d] Full-field(
zFEo] 40umeo] i ol

8°) = 3~5um94 G Gt

08

08

04
* = F1: Diff. Limit

— F1: (ANG) 0.000 deg
— F2: T (ANG) 4.000 deg
02 - F2: R (ANG) 4.000 deg
—F3: T (ANG) 8.000 deg
-~ F3: R (ANG) 8.000 deg

Modulation

o 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
Spatial Frequency (Ips/mm)

Fig. 4. MTF curves of the optimized MWIR imaging
lens system
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press molding
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