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Abstract; A Long Wavelength Infrared(LWIR) wide-angle lens whose Field Of View(FOV) is 110° was
proposed. The operating wavelength of the lens is a range from 8 to 12 um, the operating temperature
range is —40C ~60°C, the effective focal length is 5mm, and the F number is 2. This design utilizes a
combination of 6 lens elements that are made of chalcogenide glass materials, Zinc Sulfide, and Zinc
Selenide. The optical powers of the lens elements as well as their locations were carefully calculated and
optimized to simultaneously eliminate the chromatic and thermal aberrations for the designed wavelength/
temperature range. Taking advantage of the superior molding capability of chalcogenide glasses, the
proposed design incorporates three aspherical surfaces on lens elements fabricated with chalcogenide
glasses, such that optical aberrations can be furtherly corrected. According to the design results, the
proposed system can produce thermal images with a close to diffraction limited performance for the
temperature range from —40°C to 60 C. At the spatial frequency of 15 Ip/mm, the Modulation Transfer
Function(MTF) values of the proposed system are higher than 0. 4 for the entire FOV, and at the same

time, system distortion is controlled below 5%.

HEWE . HEE S &I (No. 2016 YFB030800) | & Y b4kt 5 2% 4 [ R T o5 52 46 % FF i %6 4 (No. 12014 — skllmd—0D) (Wit & h 2
T 2RI il 5L 4 191 (Nos., XKXL1320,XKL141039) Fl 7 3 17 H A BF 2 54 (No. 42014A610125) ¥F 8l
E—EE . T (1992—) , L RS AE , BRI W N LA E 2 R Gk, Email:1241991601@ qq. com
SFGERAEE) . RMEE1982—), B GIF 98 A 4, 2 SEOF 5% 7 90 0 B R B B O S BT LB R BEBOL AR £F. Email: wuyuehao@nbu.
edu. cn
KRB 2016-07-11; X A HHI.2016-08- 31
http . // www . photon . ac. cn

1211003-1



e F

EE

Key words: Infrared imaging; Geometrical optics; Optical design; Wide-angle lens; Infrared optical

system; Athermalized design; Aspheric surfaces; Chalcogenide glass; Distortion
OCIS Codes: 110.3080; 080.4225; 080.4228; 160. 2750

0 35

LU R S TT AR G L M 3L AL B A AR A
B AT R 0 A R 1) SR AT L Ry 22 T 7R [
173 B AL A0 A 28 A R n] LRk BE T M Bk Y
W 3738 % AT KT 15075 1 2040 ) 45 Sk 00 91 3 A )
A 10070 Ry Tt — R R LA A Sk R
TSGR0 ;A B — 2P 4R T4 A FE R Sk
EREYRTE AP R SN R

WA I ARk 1007 0y 20 40 4 3 B Sk i 1 T
A FERER N YL M AT 100°8T, i F 44 a2 4
RGBT WGP B MR EE T a5 M
B8 S 1 25 AR 2 (O ey 7 | €8, 2 (A 25) BOHEAS B R 47
ol R Exotic Electro-Optics Inc. Y Donald
Fisher 7 1998 44 T — M & T# M R L2587 A
Bk SRAT A FEBEREIT 100°M 5 M . AR 3
HIFE 2026 LR B S IR MRS N R AE T T 3
BRI T — ML 135 LA M Sk s
RGN BB A TR (H X P8 Sk 7 135° 4%
FE R AR IR B T 60 % . T BUTE KL M 1 LT Ok
f ESATAE W B A R AR T2 b [ B 2 B Y 2Ot 2R A
B HLACRIE 5 I 00 ol R AR LR D 3 e 8 A R T —
Fher s ) sk R Ak ) 1607 B AR A 2] T
100 % R T H I 21 40 A% 7 G0 78 K A0 3 I 1 IRy 2% )
L, rp [ s s S O T B Y SR U S 4R O TR SR R
S A S TR O R R AR R ZL AN )T A AR B W 5 A
WIT T — 3 M o 240° ) 40 40 0 TR 55 3k 1= 31, B K
WA AE Ry 13 %61 . [ BH M ERBIE 5 BT ) 2 0K 3 U SR 9
A6 BRI Y J7 125 o F2 h WAS s A AR A T — R AL s 4 B
BR ML A S T R BRI M 110°.
WAAES 1 MEERAFNE 2 FEERNERT L
W T IR S W AEBR T % I 110794
I (1Y % e W AR P2 ) 14 0 LR

bR R T T 438 A A A TR R B O AR A 5
BT RIS AR B3 T o Be. (32 LRk TR AL
R T B R RHE S B8 R A 00 BT R R L B A X R
48 T2 FEAT T IE. B RLORL Y 0 M B B Bt T L TE B
B o A AT S T RN ElE BRI R B S 2 B Y 4
AEHEAR AR F GO RGN T ARA. Rk
Ab BB RE BT IR R R B R B R (400 X100 /KD A
W R LA M R GAE TR AR A R A I8 T TSk O
.

16 3R AR BE Rl by A8 SCR B 2R 3% 55 44 B IC
B LA 25 b B AL BE (ZnS) NI AL BE (ZnSe) 1%

T — M A 1107 R 2050 f AR 55 Sk i 3R B
HHEANR AT 2056 E YRR (3~15 pm) , H
BT 5 3 U B AR BRI, PR Ot 3 v ok o R £ 40 T ik
MR GE. MAM B AR B Y BRI BE AR (] an A S
K I Gey, Sbys Seqs B 35 1Y B4R B2y 264 C) , Al LATE
ARG A Ul B T )R o A R R TR TS i T BR
AT A 3ok T R S5 T8 o T A A e AU R K T TR R 1
A AR L AR SO TR TR G 3 R ) B A L
TUHE M BEAI 6 R CRAE PR B AR B
ROWF B0 2, R EE N S mm, T 4E I Bl 8~
12 g, 5 R B R B 58 v B BTH AR BR T R R G e
AR HIAE 500 LLTR . AR A R vk T Ak B T 0 5 1 4y
Be & A58 OB i R G AE — 40 C ~60 C 1R
NSRS R I = AN N o O i e
(Modulation Transfer Function, MTF) #9 {8 3% i 17 5
e BR. RO A5 M B BR Ok B 60 10 Ah B KR AR
41 mm,YEFE R E N 80 mm, B A N 93 g. 51 L
WA MGG B AR E &, &5 FHK
R A5 T 48k 1) L

1 g B AR E

AN ER LA 3 kR R B3
F W BE (R ZE ) S5 46 3 b) SR Wi B 454 s 0 ]
Sz Ry B A AL I S A R W I s A T R PR IR
6 B 45 44 PR R 35 B 4 RS 35 B 41 T A 40 4 . T B
R G4 N IE 5 i 8 2 O 48 B Ol T X Rl g5 A
HAT I f e K AR L AR B K LR A I K S A
S DRI AR SR X R ok R R 4T A0 T A B Sk B BT
S AE B 25 A 1) ST T S i an 1 1.

3

~

4

M1 REELFRITTER
Fig. 1 Schematic diagram of inverted telephoto lens
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Table 1 System design parameters
Optical parameters Value
Field +110°
Effective focal length/mm 5
Entrance pupil diameter/mm 2.5
Working wavelength/pm 8~12
Working length/mm 80
Focal plan array resolution/pixel 320 X240
Pixel size/pm 35X 35
Temperature range/ C —40~60
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Table 2 Initial structure of the system
Material Geyo Sbys Segs ZnS ZnSe
Front group ¢ —0.100 9 —0.004 4 0.046 4
Rear group ¢ —0.201 8 —0.0089 —0.0929
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Fig.3 Layout of the initial system
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Fig. 4 Layout of the optimized system
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Table 3 Initial and optimized structural parameters
of the system

Initial parameters/mm Optimized parameters/mm

Fi —10. 099 —23.45
D, 1 11. 60
F, 21.87 —28.17
D, 2 2.29
F, 204. 46 44,27
D, 10 13.31
STOP
D, 0.5 3.63
F, —10.58 21.43
D; 0.5 3.48
F; —122.68 —20.49
Ds 0.3 1. 31
Fs 5.12 11.71
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Table 4 Defocus of the optimized lens at
different temperatures

Temperature/ C Length/mm Defocus/pm
—40 —79.999 9 53
20 —79.994 6 0
60 —79.991 1 —35
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Table 5 RMS radius of the system

Temperature/ C FOV/H*XV*° RMS radius/pm
0 12.56
—40 61.6X46.2 22.68
88X 66 31.49
0 13.99
20 61.6X46.2 22.81
88X 66 22.65
0 16
60 61.6X46.2 23.84
88X 66 19. 22
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Fig. 11 Lateral color of the system at —40C
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