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Abstract According to the requirements of good image quality, miniaturized dimension and high-temperature
environmental adaptability in the applications of infrared search and track systems presently, a compact infrared
catadioptric system structure is used, which base on the J-T cooler staring high-sensitivity focal plane array infrared
detector comprised of 320 X 320 elements, to design a low F-number and compact athermalizing infrared system
optical system. The ratio of total length and focal length is 0. 6. A passive optical athermalization design is used for
infrared optical systems, which makes the system athermalize in the temperature range of —40 ‘C ~60 ‘C . The stray
radiation in the system is also analyzed and a scheme to suppress the stray radiation is given. The results show that
the modulation transfer function (MTEF) (17 Ip/mm) of optical system in all field of view approaches the diffraction
limit at different temperature, and 80% energy concentrates in 1 pixel. The optical system has many advantages,
such as compact structure, small volume and so on . It can meet requirement of imaging infrared search and track.
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system configuration

Primary Secondary

Parameter imaging  imaging Catadioptric
Focal length Short Long Long
Lenght /focal length 1 >1 <1
Field of view Large Large Narrow
Stray light Much Little Little
Lens Few Many Many
Central obscuration No No Yes
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Table 2 Optical and thermal properties of infrared material available (20 'C )

Material n /4 pm n /10 pm (dn/dt) /10° X (10%) /4 pym  X;(10°) /10 pym
Ge 4.024 4.003 396 —125.1 —126.1
Si 3.425 3.417 150 —58.02 —58.22
ZnSe 2.433 2.406 60 —34.81 —35.61
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Fig. 2 Configuration of optical system

fast speed athermali.

zation system Zxﬁ. lgh
diffraciton MTF 4250.0nm 2
21-Oct-11 oS o 3700.0 nm 1
Lo S BT defocusi ing 0.00000 —|
0.8
=
4=
5 0.6
e
<}
= 04
0.2
4.25 8.50 12.75 17.00;
Spatial frequency /(cycle/mm)
Bl 3 —40 Cryi i f& 8 ek B 2
Fig.3 MTF curves at —40 C
fast speed athermali. | e ction Timit length ht
€ 5 Lo e 47" ‘wavelen; weig]
ey  onaaomy | 800w
R 0.8 field (1.29° 3
13-0ct-11 T i 8233 S109nmi Nt
1 0 _ defocusing 0.00000
0.8 S5
=
=
=]
= 0.6
=t
=
=
0.4
0.2
4.25 8.50 12.75 17.00

Spatial frequency /(cycle/mm)

B4 20 C Ity i il 1% 33 R Kith 2 8
Fig.4 MTF curves at 20 C

ARG HATIRER G o3 B . W 9 PR

0322003-5



ot 2 2 i
fast speed athermali. | o ectonouit . f: d ath li 0, 0)°
atiEystem . T0.3 field (0.47°) v‘vl:;\(f)s(e)le(e)n‘ig;h wel%ht ast spfee athermali. 0, 0.465 :
diffraciton MTF { o |42500mm 2 zation system 8: ? %g}
13-Oct-11 T lofed (les | 37000mm 1 3-0ci-11 0, 1:635°
1.0 ——— = . 1.0 defocusing -0.02000
—1 : —— .
=8 g o
B 5 2
0.8 £ 08
g g
= £
5 0.6 S 0.6
& &
<} ] /
= 04 § 04( //
£ 1
g
0.2 % 0.2
A
0
4.25 8.50 12.75 17.00 0 1.8 36 54 73 9.1 0.11 0.130.150.16 0.18
Spatial frequency /(cycle/mm) Diameter of circle /(10 mm)
K5 60 Cryd 1% i e ot 2 K6 —40 CrembrhiEha A
Fig.5 MTF curves at 60 C Fig. 6 Energy-concentration curves at —40 C
0,0y . 0,0)°
fast speed athermali. 3, 3'9?‘2 & fast speed athermali. 8’ %(lsg 2
zation system 0, 1 293%0 zation system 0, 1.293)°
13-Oct-11 0, 1.635)° 13-Oct-11 0,1.635)°
1.0 efocusing 0.00000 - L0 ool 02000
é — % -
< Z ] 7
2 0.8 7 = 08 7
g / g
5] &
: :
S 0.6 / 5 0.6
g
§ 04 S04
= / 3
S / =
g 1 S 0
g 02| g0
=) / =) .
00 18 36 54 73 9.1 0.11 0.13 0.150.16 0.18 0 1.8 36 .5.4 7.3 9..1 0.11 0.130.150.16 0.18
Diameter of circle /(102 mm) Diameter of circle /(10 mm)
B 7 20 CHER A BERh 2R K E 8 60 CHeim&EhEth& A
Fig. 7 Energy-concentration curves at 20 C Fig. 8 Energy-concentration curves at 60 C
@ na (D) 51.02,125.01
=

K9 Lo RGE Ak

| —

S ——

\\

%

52
-51.02,-14.001 millimeters

T |
® Asap Pro v1.5.0 2011-06-23 14:19

HICER 45 20 AT

Fig. 9 Stray radiation analysis of infrared system

1 LA 23 B n] LA . i B AR HURE S

MG o B TE £ 4°~ £ 12° Z DL RGATAE— IR
R B T B BR H b. B OBLR Dy Lk AT

’ﬁm%"f;
B, Y

AREREEN FEET . AL THE K
) BT HE G 31 I 41 3 55 3 % 41 O 47 A 3

L TRS:OPS

Bt X AR AT AE 1 2% BURR S O . B S BT A
9 2% B S A O 5 . AR GER i 2 B T T 2% AR
SPRIBETTr 5 o TH AOL T SR T G SR Sk AT AL
TE— AR T A T & B3RS 19 56 B AT LA 28008 B

0322003-6



B4 . SRR LR BB R AL L0 e R G it

— W TR G A . RGN E 10
TN BEANLLING A RGBSR L G AE B Ak
A ' 87 MU BT T P BT A9 05 5 B INAE T4
P RAEART RGN, 07 HL AR T
a5 B A RGBT R A AT RE . %07 RAES
A SR ) 2R GE Ak B AT

10 2% BIURR S DE B4 Ay 45 2

Fig. 10 Opto-mechanical model for stray

radiation analysis

6 4 e

A SCE X8 R TR BR R G0 HAL A2 g &
GEER B M < AR AT R A N B A R R S M
AT R RIS K E RS IE T T
— PR KA FLAR BB B TP LD A2 R e . SEE
THE EE 0. 6, a8 1 bb XS [A] b4 ek D A SEEE T
—40 C~60 C it B2 [ NG 2: R G TSIk ix
Pte R — WG AL R B T % X R G
WU ST AT A R E] . [FIBT 25 T R R R R
GETTEE R RIS R L L0 A2 R G AE AN TR
R T A MRS 74 K MTF (17 1p/mm)
WA SRR .

5 £ X W

1 Liu Wu, Ye Zhenghua. Status and trends of foreign infrared
photodetectors[J]. Laser and Infrared . 2011, 41(4): 365~370
X #, rHRAE. ESMIAMSE IR SR K RS AT ks
4k, 2011, 41(4); 365~370

2 Cai Yi, Hu Xu. State of the art and future trend of detectors for
infrared imaging seekers[ J]. Infrared and Laser Engineering .
2006, 35(1): 7~11
2R W 0. ZLAMRAR T LD A BRI 2 IR R0 R R
[J. &sh sk 2/, 2006, 35(1): 7~11

3 Du Chunlei, Lin Xiangdi, Zhou Lishu e al.. Method for
improving performance of infrared detector by nicro-optical lens
array[ J]. Acta Optica Sinica, 2010, 21(2); 246~249
BT ARPERE, AL . OB B B B i 20 AR I AR D e
JIW I ERIEL]. R FF . 2010, 21(2): 246~249

4 Li Jie, Zhang Zhiming, Feng Shengru. Passive athermalisation
technique of infrared optical system loading in missile [ ] ].
Infrared Technology, 2005, 27(3): 196~201
A G, SRR, WA, MBLIMDEEREWATHEHRE AR
LSRR, 2005, 27(3): 196~201

5 Shen Honghai, Wang Guohua, Ding Jingwei et al.. Application
of active-athermal compensation to airborne IR optical systems
[J]. Opt. & Precision Engng. , 2010, 18(3): 593~600
WAW. EEE, TaM % Fhrh b BRI
FRGPHR L] EFHE T4, 2010, 18(3): 593~600

6 Chen Xiao, Yang Jianfeng, Ma Xiaolong et et.. Low F number
LWIR optical system with wide field of view[J]. J. Appl. Opt. ,
2010, 31(1): 350~353
B W, B, SNk S RIELAN KRG R FLIR B2 R
U], 2Rk SE, 2010, 31D 350~353

7 Zhang Xin, Jia Hongguang. Optical design of infrared

athermalized objective with large relative aperture [J]. Chin.

Opt., 2011, 4(4) . 374~379

ik #F. BZOE. RAMILBELSNEREYERITT]. TR L

., 2011, 4(4): 374~379

Liu Lin, Chen Xinhua, Shen Weimin. Development of an

oo

athermalization midwave infrared telescopic-objective with fast
speed[J]. Optical Technique, 2011, 37(4); 418~423

X Bk BRETAE, LR T A JOMIX FL AR b D 20 S )
BIRFRILT]. 3 K, 2011, 37(4) . 418~423

Liu Lin, Shen Weimin, Zhou Jiankang. Design on athermalised

©

middle wavelength infrared optical system with large relative
aperture[ J|. Chinese J. Lasers, 2010, 37(3); 675~679
X Hk. hm R, AR kA KA LR A E L E RS
MItI]. Bk, 2010, 37(3): 675~679

10 Kang Yusi, Liu Weiqi. Feng Rui. A refract-reflect telescope with
meniscus corrector[J]. Opt. & Precision Engng. , 2008, 16(2) :
215~220
FEER, XURar, & . T Biah i rME BT i I R BT R 4
[J]. k4% 42, 2008, 16(2): 215~220

11 Kang Yusi, Liu Weiqi, Feng Rui. A refract-reflect telescope with
Cooke as compensated lens[J]. Opt. & Precision Engng. » 2007,
15(3): 303~307
REE, XA, 15 2. Cook 25 #1285 it BR 1 97 /< ) 38 i
REG[1]. k4% T4, 2007, 15(3); 303~307

12 R. Blakley. Cesarian telescope optical system [ ] ]. Opt.
Engng. . 1996, 35(1). 3338~3341

13 Cai Zhenen, Liu Zhaohui, Huang Jing. Dual band night vision R-
C system with wide field of view and large relative aperture[ J].
J. Appl. Opt., 2010, 31(4); 525~528
SR XURINE, B . R R AR FLAR X B L R-C
R BREFE, 2010, 31(4): 525~528

14 Pan Junhua. The Design Manufacture and Test of the Aspherical
Optical Surfaces [ M]. Suzhou: Soochow University Press, 2004
WA e S ARBRTE A9 BT I E S A LML 950 - 55 0 R 2
JiAt 52004

15 Yasuhisa Tamagawa. Dual-band optical systems with a projective
athermal chart. design[J]. Appl. Opt., 1997, 36(1): 297~301

16 Tadeusz Kryszczynski. Material problem in athermalization of
optical systems[]J]. Opt. Engng. . 1997, 36(6): 1596~1601

17 Pilkington. Athermalization techniques in infrared systems[ CJ.
SPIE, 1986, 0655. 142~153

18 Juan L. Rayces. Thermal compensation of infrared achromatic
objectives with three optical materials [C]. SPIE, 1990, 1354
752~1759

19 Guo Yonghong, Shen Mangzuo. Athermal design for infrared
diffractive/refractive optical system [ J]. Acta Optica Sinica ,
2000, 20(10): 1392~1395
Sk, SRR, P/ AT LA E RS R E BT R
IR, 2000, 20€10); 1392~1395

0322003-7



g3

i

20 Xue Hui. Optical design of infrared search and trace system[]].
Acta Optica Sinica, 2010, 30(8) . 2383~2386
B E. MRS WREBE RGP RENITI] A F F R,
2010, 30(8) . 2383~2386

21 Tong Jingbo, Cui Qingfeng., Xue Changxi et al.. Optical design
of a off-axis dual-channel helmet mounted display [ J]. Acta
Optica Sinica, 2010, 30(9) . 2662~2667
e, BKF, BWE 5. BHIGEIE L% DR RER
T B 534k, 2010, 3009): 2662~2667

22 Niu Jinxing, Zhou Renkui, Liu Zhaohu et al.. Analysis of stray

light caused by thermal radiation of infrared detection system[]].
Acta Optica Sinica, 2010, 30(8) . 2267~2271
A4 B FRCIE, XIWIE S5, ZDAMET R G A B AR ST OB
SAMELT]. kg 4R, 2010, 30(8) . 2267~2271

23 Niu Jinxing, Zhou Renkui, Liu Zhaohu et al.. Analysis and
calculation of space-based infrared detecting system [ ]J]. Acta
Optica Sinica, 2010, 30(3) . 768~771
A B AR, XV S RIALLDAMEI R S8 J: WOk 4 i 5
A T]. A% ), 2010, 3003): 768~771

EERE B

0322003-8



