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Design method of infrared microscope optical system with lower

aberration compensation

Liu Zhiying, Lv Zhiyang, Gao Liuxu

(Key Laboratory of Optoelectric Measurement and Optical Information Transmission Technology of Ministry of Education, School of Opto-

Electronic Engineering, Changchun University of Science and Technology, Changchun 130022, China)

Abstract: Aiming at the requirements of high resolution and high imaging quality of the microscope system, the
general number of pieces of the system is difficult to adjust, so that the system is difficult to match the actual
adjustment result and the design result. Therefore, the lower aberration compensation design method was
proposed to design the system. At the same time, the sensitivity of each optical component in a system could be
reduced. First, a mathematical model of the lower aberration compensation design method was established, and
then it was written into ZEMAX programming language (ZPL) macro that could be used to control ZEMAX to
optimize the optical system. Finally, an infrared microscope system was taken as an example. Comparing the
optimization results before and after the implementation of the lower aberration compensation design method, it
was validated that the proposed method was efficient. It is found that the optical system using the lower aberration
compensation design method has an outstanding advantage in image quality comparing with the conventional
method. The tolerance sensitivity of each component is significantly reduced, thereby improving the stability of
the overall optical system effectively.
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macro program;  wave aberration
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Fig.l Polar coordinates of a point Q at the exit pupil
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Tab.1 Coefficients in five kinds of monochromatic X o
. Lh—Z1 41 I B0t 2 28 58 o Bt /& 22 H AN BT
aberrations on two surfaces AT )
Spherical By E— TIEBEATIAIE, BOTZENE 2 Fis .
aberration Coma Astigmatism curvature Distortion
Refractive pig\Lp 2z, T INIRY %
SphCI‘C surface Agg Aes Ays s Qg % 2 ﬁ@hiﬁifﬁ?—%ﬁ‘.ﬂ‘]lﬂﬁ'%?ﬁ
Refractive a a a a a Tab.2 Parameters of infrared microscope system
conic surface s ce w“ de e
Parameter Value
Band range/pum 3-5
2 IMREBEMMEIT A EREFER NA 0.125
. . . . . System F# 4.0
H T SR 22 RS T & MR 22 M5 22 R AL _
Detector image 640x480
E/Jﬂ"ﬂ SIRARGBAR 2 TF, AT AR B o
Pixel size/um 15

SR, (RS R A I 15 25 RBCE RN /IME . B
ﬂﬁﬂ?:

Wouo (1,2,3---0) = 0

W3, (1,2,3---i) = 0

Woao (1) + Woso (2) + Wouo (3) + - - + Wi () — 0

Wi (D) + Wiy 2)+ Wi B) +--+ Wi () = 0

T Woso(D)s Wi3i(D) Wana(D) Wang(i)s Way (i) 7391 3=
ANER N B BkaE | H2E R it MRS B R 2
EY 8

BT /IME 2 B AMBTT Ty 1k Y B E AR B 2 E AH
i ZPL 7%, TR a5 H br i gl 72
IR TR — 853 AL 5 22 R 4

a =18y n1*n*(1/R—1/STY*(1/R—/S1)*(1/(n1*S1)~1/
(n0*S))

a,~POWR((S1/L),4)*a,

a.=4%d *ag

a.~4%(d*ay-sg*g*POWR((S1/L),3))
if(mode==1)
COMA=a,*h1*POWR(rl,3)

endif

if(mode==2)
COMA=a_*h1*POWR(r1,3)

endif

W,3,=COMA/WAVL(wave)*1 000

BROGE R G AT, BT
AiEGE, AR WA 2 Fis .

2 BROLERREMRE R

Fig.2 Schematic diagram of microscope system
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Tab.3 Initial structural parameters of infrared

microscope system

@,(f,'=20 mm) D,(f'=20 mm)
1 2 3 4
Material Si Ge Ge Si
Focal length/mm 11.186 —25.381 —25.381 11.186

Curvature radius of

the front surface/mm 54260 —153.528 —153.528 54.260

Curvature radius of

the back surface/mm —54.260 153.528 153.528 —54.260
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Fig.3 Layout of the optimized system using the conventional method
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Fig.4 Image quality obtained with the conventional optimization method ((a) Spot diagram; (b) MTF curves)
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Fig.5 Bar chart of primary aberration coefficients for each surface of the

system obtained using conventional optimization method
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Fig.6 Layout of the optimized system using lower aberration

compensation design method

202001534



s Gk A2

%28

www.irla.cn

% 50 A

R R I R AR ZE B L, LT ik A S A da
MAGER P RA T ELE T M.

(@ v 3

IMA: 0 mm IMA: 1.049 mm
L4
IMA: 1.749 mm

IMA: 2.470 mm

(=)
F

IMA: 3.501 mm

TS_DIFF, LIMIT TS_1.7508 MM
(b) TS 0. 0000 MM TS 2.4700 MM
10 HHTS 1.8500 MM H 75 '3.5000 MM
H

Modulus of the OTF

0 16.5 33.0
Spatial frequency/cycles-mm™

P 7 /MG 22 B AN T ER AL M 2050 B BOL 3 R G 45 M 15 5
((a) 23l (b) MTF [HliZk)
Fig.7 Image quality obtained with lower aberration compensation

design method ((a) Spot diagram; (b) MTF curves)
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Fig.8 Bar chart of primary aberration coefficients for each surface of the

system obtained using lower aberration compensation design

method
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Tab.4 Lens data obtained using the conventional

optimization method

Surf: Type Radius/mm Thickness/mm Material
OBJ standard Infinity 14.343
1 standard —92.197 2.000 Germanium
2 standard 51.657 2.139
3 standard —225.229 4.000 Silicon
4 standard —24.218 26.000
5 standard 44.422 2.000 Germanium
6 standard 30.170 1.500
7 standard 84.877 3.000 Silicon
8 standard —59.564 7.596
9 standard Infinity 1.000 Silicon
10 standard Infinity 2.000
11 standard Infinity 0.300 Germanium
12 standard Infinity 0.500
STO standard Infinity 20.270
IMA standard Infinity -
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Tab.5 Lens data obtained using lower aberration

compensation design method

Surf: Type Radius/mm Thickness/mm Material
OBJ standard Infinity 12.791
1 standard 50.549 4.000 Germanium
2 standard 29.345 1.072
3 standard —92.994 3.900 Silicon
4 standard —25.535 18.500
5 standard 53.868 2.800 Germanium
6 standard 30.813 1.682
7 standard 86.243 2.900 Silicon
8 standard —39.279 2.236
9 standard Infinity 1.000 Silicon
10 standard Infinity 2.000
11 standard Infinity 0.300 Germanium
12 standard Infinity 0.500
STO standard Infinity 20.270
IMA standard Infinity -

&6 REIAETHELBIREN
Tab.6 Change range of lens data under different

methods

Radius/mm Thickness/mm

Conventional method 50.638-51.657 2.139-2.189
Lower aberration compensation method 28.961-29.345 1.072-1.122

30 + —=— Conventional method 30.532
—e— Lower aberration compensation 27-502
25 L method
25.44]
E .
=20 22912
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N
g 15
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6.049 6.129
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dNv

[€ 9 PIFPT R DGRBS dV SRR/ N R R
Fig.9 Relationship between dN and the spot size in the two methods
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Fig.10 Relationship between thickness variation and the spot size in the

two methods
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