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Athermal design of long-wave infrared optical system with hybrid

refractive/diffractive

Zhang Faqiang, Fan Xiang, Zhu Bin, Cheng Zhengdong, Fang Yiqiang
(State Key Laboratory of Pulsed Power Laser Technology, Electronical Engineering Institute of Hefei, Hefei 230037, China)

Abstract: The influences of infrared optical system structure parameters, which caused by temperature
change, was analyzed. And the condition of infrared optical system athermal design was provided. Then,
the temperature characteristic of diffractive optical element was discussed, and it was introduced into
infrared optical system athermal design. A long-wave infrared optical system with hybrid refractive/
diffractive was designed by ZEMAX. The system was composed of three lenses, which used only two
materials of Ge and ZnS, including five spherical surfaces and a diffractive surface. Its operating band
was 8 to 12 um, the filed of vision angle was 10.2°, the focal length was 45 mm, the F/number was 1.5 and
the total length was 70 mm.The design result shows that the image quality of the system can approach
the diffraction limit at the working temperature of —40 C to 60 C. The modulation transfer function(MTF)
is greater than 0.6 in the full filed of vision when the Nyquist frequency of detector is 20 Ip/mm, and 87%
of the energy is focused in single pixel. The imaging quality of the system is good, and athermal design

is realized. The optical system has many advantages, such as compact structure, small volume, light
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weight and so on. It can be applied to martial or special infrared system.
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modulation transfer function

0 5] §

AR, Bl A LT MR B AR 1 € &, 2040
e E R GAE TR T RS NG T 20
FH o AT AT U662k R G0, LAk R G fr Hoe ik
MR ER . B TAAMEEM RN, B &
fiX, FnF Lo KK, R 2E K, L H T SRR
JFERBUEK, AnE FHBILE MG E R A B AT
FEU BE 280 dn/dr R 3.96x107/°C, T A] UL O%: BK7 3%
B dn/de 2h 2.8x107/C, Bl & 2R 5 & B 150 £50,
MZLAMG R G TR IR B R AR R, fifR4L
SRR T R S i i SRR A R
] B 45 S B0 2 B A TR 1 AR Ak R A ARk, AR A
BRGNS B0 RGN TR AR 2 BT FELL
AN RGN AR —

WM RGEE A s RS =
v MUBR R 2h 28 HLH 2 s Rk gl =0, HLmpk
shaURALH T sh U AR A 5 SC L, (EAR L RME AR
A%, Jo AR £5 R A RIME | 1T 5 T T LA
BN A G R G A Ak R R R
AIAEMEREAR, T 2Rk B = I 2E I AR BEARIE T
RGN FE M | L HAT G5 A B R SF N R
AR R G A REE S AR A, T AR LA R G
LRI AR T Tz N e s T A 22
FART, WG o Mk i T IR A I B R A A2
A,

AT 62 F oo R oo, 2Tk
MRS ERIE AT HLAH B 3 1T A RS AE A
L BRI AE T 20 78 R B b (B ot 2 a1k K 1) %)
T 7= A AN 65 B 18 V7 i 245 4 B8 7 S TR RS R, T K
BRI B, EA R s T SRR R — 2O
TS, TELLAME# R G B AT S e F T
PIZRAS B 2 5 1T i B A Ry 1) €0 10 S B R
P, LT 52 TR 8 45 5 R IE 8 25 Tk 2% |
BEEAE RGN UG i IE A R TR R G 45 |
NN ATV R

diffractive optical element;

athermalization;

SO AT AL TR S AT SR B AL Ao
REpBoit b EE S A E S B T TARRE
H=40~60 T [a] (4 AR 5 i H2 I AT S A R B 47 AT TR
BRPLLIDE RS,

1 A5EFRGEHAERITHERRE

1.1 REXLIIMNEF RERIFNT
XTLAMDEFE RGBT, W EH R
X HSE M, 283 43 B R BE X 2142 R GE 15
SR LI U D5 AR o R 25 R R,
JEF AR S A s S A, R
r=ry(1+adt)
D=D,(1+adr)
S=S,(1+adr) (1)
n=noy+dt
i =T+ Buird
X r DS n Fl ng 73 5 4 627 e fF 1 il F8 oA
JCPFIRRE | 2 IR . TR R A R o
R FAPE RN KL B T S AR R B, /I dn/dr,
AR TIRE RSB R — &R
NGRS BOR AR 15 RGUR 22 IR £ iF
M- FEOC RGTERERAR, JUH LM R 8
Wi ek 174 728 A B B 3 KT AR T ] DO B ol
SFYCE DA IR ORE B A e AR A X £L A R SR e A
A 200 I O HE AT I P22 B R AR T b E Y
1.2 EREHEHNERE R ITHRIE
6 W BN AT A2 BOR BEAS S PR A 2 A2 Ak
F, SR TTE A i B AR AL ZE AL 7 A 1 B AR A
HAME R R R B SR R VFRERIN, LR
FREMMEE . e o 22 i R AT 3 4

i,
JEAEHE S BB
gmw¢ @)
S 25
Aﬁ#£¢f§mﬂmﬁo 3)



1160 b gk AR % 44 %
THIMZEEK it ooz R 5.
. 2 1 df 1 dn
T 1 2 it = _— 0
o=l | Dixdy=al @ X ar TR ar @

K. b AN BEGHMOCIEE ; ¢ HREM EOLE
BE s by R —IE M C KA A B R A NS o WA
75 5 2H R R B | D' £ B B A X A4k
X PAE R B RNR E S R R AR L2 o, AP
R I K R L AU ES M R Horp
K ()RR B EE 2 A B B B — 1 BB A
NGRS A TIHBOG R (.22, 2R ARG
PR s | T AR R R b B o 2 A () I3 SO IR
JFE T RS2 20 A F5 IR 0 A8 1k £ 45 TG 2= DU A% 1T B
TR AR A, B GE B S T R R G
BamBE PR g A A s, ARG
e,
1.3 T FETHEFR

T e oo 5 TR AT I e, IR
MU BT, 200k F 3% b s fe g2t i e 0m I,
EMME 1 s,

1 A ST AR
Fig.1 Model of diffractive optical element
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Tab.1 Parameters of optical design

Focal FOV/(®)  Fl# Temperature ~ Nyquist f_r]equency
length/mm /C /mm™-1Ip
45 10.2 1.5 —40-60 20
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Tab.2 Configuration parameters of system

Surf.No Type Radius/mm Th/i:::less Glass
STO Standard 63.745 5 Ge
2 Standard 90.980 30 -
3 Standard -24.110 4 ZnS
4 Standard -26.118 20 -
5 Standard 22.210 5.5 Ge
6 Binary 22.320 5.483 -
IMA Standard Infinity - -
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Fig.2 Optical layout of the athermal system
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Tab.3 Defocus of the system caused by temperature

Temperature/ C -40 -20 0 20 60

Focal shift/um 17 10.5 4.84 -4.02 -7.24
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