%39 B 5 W
2010 4 5 H

P/ R S
ACTA PHOTONICA SINICA

Vol. 39 No. 5
May 2010

XEHES.1004-4213(2010)05-0866-5

20 X AR BULT SIS O 2% R GE B

X)L e B R BR

ESRRIN 0 5 | iz R C ke s

(1 KFBETRY ol TR ARE AR KF 130022)
(2 RFFILRS M b WU TR AR 0. KE 130022)
(3 MM B Tk 2 B8 £ AR 5B A LRI 450002)

8 E . ARk A 160X120 TAEH A AT BEFRMN B X T 8~12 pm kB H XL sh ik
BEEAFAK FARBEAMTILAR . FHALL.EERLES. TALABEPRFHE 24
1% R 8 Ao BRACEF T AP -G8 S AR B Tl N AR ER B AR IE R g SME £ b AR R A R IR B ARSR
BT R BSOS E AR AR T EAT R ABEE. AGAETAMES
17 Ip/mm 4, 2 A E B R E R FE JHLHE 0.5 AL, BEITHER; RAEBKFERA
17.5 pmtg R M BH B AN BEPEXT 8% . AN L AL EA RIFORIGERE.

KPR AFH RS T L ELF BB AME

FESEE.TN216 X ERFRIRAD . A

0 518

ZLAME A AR G R — D REAR B Al 114
SHEHDEF R G IR G REB IR & (LI 18 SR
BRTELLAN Y SR S AU T & O LA i W 1A
FUEBR LA hy 2 G0 5 21 SRR 43 (4 20 A 3% 2 70 £
Sk RETE — 0 [ A i A8 AR e AR B ol H A A 15 T
ERR/NESE A WA E R R H A LY
WA WL H BRI H . FELLAM L LD AMIT5 LA
LA S 55 7 BT 2 I A £0 A A B AT BRI
W NPELE BT RE 0ok HoA A BN B R L)
FEAR A5 45 00 o SR TR 08 457 18T [ 57 48 00 45 11 £
SR R G B AT E AL T
DIFEIE AN AR T S VR4 S5 0 A0 AR iz R T
T R U L B £ AN v R g R
B AV ARANAE A A SURAT B T2 B L 4L
ShESRBESR B A BRI — LB HR IR 2R L BT AT
AN SRR SR B —E B E X

BEXS LD AR il v8 B 160X 120 17 R R0 4% »
ARV T — 3K 20 X LLAME SR L R AR
G0 T B AR AL B A b 2L AN AR O T S B
PERE R L R AT = AME AR BRI . £ P R
I - T AR AR o T R G MR A R Gl X R R
A2 A 20 M 4 S A AT 4 T 2y AR 5 AR
I H e 22 303 B 1 52 o A R o B it 2l R g R
JIr BET B AL AR L e B AR B A I A1 A i SR

"Tel:0431- 85583324
WA B :2009- 08— 04

Email: liufenggjy@163. com
4w B #1:2009-10- 09

doi. 10. 3788/gzxb20103905. 0866

L RGE wlie T AR UL L0 ANE ROt R G A7
TEAZAE LE i S FLAR /N B AR FLAR R AE A% L/
F4 Bk

1 RFSERTHHE

KM Sofradir 23 ) Az 7 1Y 1 P 21 41 F i) 1% 1Y
160120 pixel” Ta F #8  #% . B TT R 35 X
35 pm® BT — Ff A X FL AR B AR A Sk s EE R
bRk 1.

x1 RKFRFESE
Table 1 Parameters of optical system

Wavelength /pm 8~12
Zoom ratio 20X
Focal length /mm 8§~160
Height of image (Diagonal) /mm 3.5
F#= 1.1

Field of view/(%) 47. 26 (short EFL)

2.51 (long EFL)
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Table 2 Initial parameters of the system
Surf: type Radius Thickness Glass Semi-diameter

OBJ Standard Infinity Infinity Infinity

1 Standard 196. 389 840 22.509 892 GERMANIUM 60.631 638

2 Standard 406. 271 057 8.598 779 56. 365 866

3 Standard 637.572 098 13. 055 737 GERMANIUM 51. 835 992

4 Standard 303. 382 146 83.750 260 48.769 087

5 Standard 571.801 771 8.688 818 GERMANIUM 21. 387 323

6 Standard 933.798 814 4,246 866 20. 453 264

7 Standard  —263. 375 414 8.688 818 GERMANIUM 19.129 051

8 Standard 196. 812 114 24.341 288 18.753 516

9 Standard 252.896 713 8.688 818 GERMANIUM 22.258 368

10 Standard  —432.176 492 28.708 762 22.036 875
STO Standard Infinity 5.612 466 13.523 363
12 Standard —34.659 665 8.643 799 GERMANIUM 12.578 222

13 Standard —42.890 882 31.780 659 14. 466 188

14 Standard 38.472 418 8.703 825 GERMANIUM 14.098 476

15 Standard 54,776 925 2.521 108 12.013 462

16 Standard 91.091 395 10. 054 418 ZNS_BROAD 11.127 335

17 Standard 94.012 384 9.980 262 M 8.474 203
IMA Standard Infinity - 3.403 285
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Table 3 Last detailed parameters of the system

Surf: type Radius Thickness Glass Semi-diameter

OB]J Standard Infinity Infinity Infinity

1x Even asphere 215.050 000 22.510 000 GERMANIUM 115.000 000 U
2 % Standard 497.860 000 11. 290 000 110.000 000 U
3 % Standard 581. 600 000 13.050 000 GERMANIUM 110.000 000 U
4 % Standard 367.650 000 149. 680 000 115.000 000 U
o % Standard —1001. 400 000 8. 690 000 GERMANIUM 34.000 000 U
6 * Standard 162. 490 000 38.340 000 34.000 000 U
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Surf; type Radius Thickness Glass Semi-diameter
7 % Standard 199.100 000 8. 690 000 GERMANIUM 34.000 000 U
8 % Standard  —981.470 000 31.070 000 34.000 000 U
STO Standard Infinity 7.470 000 12.548 476
10 * Standard —27.930 000 8. 640 000 GERMANIUM 15.000 000 U
11 % Even asphere —48. 350 000 19.910 000 18.000 000 U
12 = Standard 45.160 000 8. 700 000 GERMANIUM 18.000 000 U
13 % Standard 74.490 000 O 5. 620 000 17.000 000 U
14 = Standard —68.570 000 10. 050 000 ZNS_BROAD 14.000 000 U
15 % Even asphere —45. 870 000 13. 400 000 16.000 000 U
IMA Standard Infinity - 3.524 098

Surface 1:24=—0.141 628,01 = —4. 44 093E-004,a, = —3. 84 5978E-009,a; = —3. 75 8551E-014,

a,=—9.720 598E-019
Surface 11:£4=—2.032 098.,a;, =—3.074 431E-003
a,=—2.281 827E-011

Surface 15:k=—17.793 315,a; = —1. 386 553E-003,a

RITERS S

Wit RS MK N 357. 1 mm. )5 TAEWE K
13.4 mm, & 1 45 T ARG R A £ R £k

3.536 006E-011

]

sar = —4. 142 867E-006,0; = —2. 919 053E-010,

=—1.220 811E-005,a; =2. 821 803E-008,

ISR £ 4 i T RS ALK /%8 7. 88 mm,
42.44 mm.80. 88 mm.121.51 mm F1 160 mm I} 5%
2H o 1 [R] BEAH.

[“!11

[l
:‘E"‘
T
=——

(a)Long EFL (b)Middle EFL (c)Short EFL

Al #ZZLTEAGHE

Fig.1 Four-component zoom
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Table 4 Construction parameters of optical system
Active:3/5 Config 1 Config 2 Config 3 Config 4 Config 5
1. THIC 4 13. 850 000 126. 310 000 149. 680 000 160. 150 000 166. 980 000
2. THIC 6 204.030 000 73.350 000 38. 340 000 17.610 000 3.990 000
3: THIC 8 1.200 000 19.420 000 31.070 000 41.320 000 48.110 000
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Table 5 Value of MTF for zoom optical system

Focal length 7.88 42.44 80.88 121.51 160
On-axis MTF 0.68 0.72 0.65 0.63 0.63
Off-axis MTF 0.55 0.67 0.62 0.59 0.55
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Fig.2 Curves of MTF
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Fig. 3 Curves of optical energy distribution
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Design of 20 X Uncooled Thermal Infrared Continuous-zoom Lenses

LIU Feng', XU Xi-ping"?, DUAN Jie"'?, SUN Xiang-yang' . REN Yu-fen®
(1 Institute of Aerospace Technology, College of Optoelectronic Engineering ,
Changchun University of Science and Technology, Changchun 130022, China)
(2 Research Center of Opto-electrical Measurement and Control Instrument Engineering ,
Changchun University of Science and Technology, Changchun 130022, China)
(3 Department of Technology and Physics,Zhengzhou University of Light Industry .Zhengzhou 450002 ,China)

Abstract:8~12 pym infrared (IR) hybrid refractive continuous zoom lenses are designed, based on long-
wave 160X 120 element uncooled thermal IR focal plane arrays (FPA) detector. The continuous zoom
system has a large relative aperture, the F# =1. 1, high zoom ratio, smooth curve of zoom. Two common
infrared materials of Ge and ZnS are used in this optical system. To correct off axis aberration, aspheric
surface is accepted, zoom ratio can be improved by solving compensated curves at the middle equivalent
focal length,and the optimum design of cam curve has brought the optical axis drift under control in the
process of zoom. The modulation transfer function (MTF) is above 0. 55 in all focal lengths at the spatial
frequency of 17 Ip/mm and approaches the diffraction limit. The energy permeance ratio is greater than
78 % within the detector sensor limits smaller than17. 5um, which shows that the optical system has good
imaging quality.

Key words: Optical design;Continuous-zoom;Dynamic optical theory;Image shifting Compensation
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