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Design of athermal conformal optical system based

on rotated phase plates

Yu Linyao, Wei Qun, Zhang Tianyi, Jiang Huhai, Jia Hongguang
(Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences, Changchun 130033, China)

Abstract: According to the large aberration of conformal optical system caused by the large slope and
eccentric, the rotation double Zernike phase plates were combined with fixed corrector based on
Wossermann-Wolf equation. The aberration of optical system in different field of regard (FOR) was
effectively corrected by rotating the two plates. It can both improve the image quality and make the
structure more compact. An optical system with f=90 mm, diameter D=48 mm, wavelength 3.7-4.8 pum,
field of regard (FOR) +42°, instant view angle +2.44° was designed. The results show that each field of
optical transfer function is close to the diffraction limit. An optical passive athermal infrared conformal
system is realized by using DOE elements. During —20-60°C the merit transmitting function in each
FOR is more than 0.45 at 17 Ip/mm. The image quality performs well.
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Fig.1 Configration of dual-rotated phase plates
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Tab.1 Zernike polynomial of Z5-79

Item Name Zernike polynomial
75 Astimatism r’cos(0)
76 Astimatism ’sin(0)
77 Coma (3F°=2r)cos(0)
78 Coma (3r'=2r)sin(0)
79 Third order sphere 6r'=6r°+1
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Tab.2 Parameters of optics system

Parameter Value
Wave/pum 3.7-4.8
Focal length/mm 90
View 2w/(°) 4.88
Field of regard 2¢/(°) 34
F#-1.87 1/1.86
Temperature/ C -20-60

MR bR B h R AR 2ok, SRR T R
ALY BB 43 6 B« B — 4 N R U B R IE R A
MO EE K, 5 Hz AR B, 30 20 oK g A OE il v 7
TR UL R AR A, (A5 Hy R 3 B R AN [R] DG 6 A 3 5|
L 1) 15 25 AR B e A 5 5 3B 40 AR R 4, W] DL
MY =00 mm, 3 20=4.88° i L1 AM T L IR
AR R G, WL —E I L DL 100% 8 1R R0%
B Ja B WA 4G A — e ST B A AL, A
H A KRB 3 ) MTF 7€ 17 Ip/mm &b 3% #] 0.45 LA
L AR R AR
42 RERRXRZES

BTG R G b, B Bk G MgF, # Ok,
AN R K AR 1L B X iE B R
SR GE, Jy T I 20=84° 1) TR, AR #ia
A, 1 BT S 8 K1 Ge 1F N 6 BLI M R},
BT Ml 70, IR E SR S N T Ge,
FI ] Wossmmann-Wolf % 43 75 F2 5K fi# 45 2| 1 2 iy
WA SR, A B Zemax Ao A £
90 mm 1) 3 AL B 5 AR , 28 3k iF — 20t Ak A5 2] an &1 3

JI 7R B S5 RGBS IR IE F B AR G A 18RO 58 25 A8
e e & 4 & 5 s, & S8R RCHUR 22 7 B
PRIE

/] i
/-
iy \
 \
L Ly

P& 3 0°4 7 I 't % 25 4 R0 A2° 40 73 I 1) D't Jek 45 4
Fig.3 Optical system of 0°and 42° look of angle

3
2
1
oF
-1
-2

Zernile coefficient

0 5 10 15 20 25 30 35 40 45

FOR/(°)

Pl A M AR IE 7T Z5 F0 Z8 BE A b7 78 A i 2%

Fig.4 Curves of Z5 and Z8 before inserting correcter

0.8
-8-25
0.6 -] ——2z8
0.4f

0.2

Zernile coefficient

605 10 15 20 25 30 35 40 45
FOR/(%)
B 5 hn AKEIE A G 9 Z5 F1 Z8 T A0 37 75 Ak il 2k

Fig.5 Curve of Z5 and Z8 after inserting correcter

43 RZKBIGES

X R RGBT, T8 bR 2R O I B 3.7~4.8 um,
4% 48 mm , F/1.86, 5281 100% ¥ 6 sk %, e %
AT R SR R g8, T8 I i B S R Tk
A3 L, P S4B BN B R, DT R 3 IR 5 AR TR
— 35 B A R E R B — R R U G R, &6
JIT7R o 3K T 45 A8 1) D0 R SR A1 45 722 2B i LR o 3 5
171 BT 5 25 7 SCBR B854, A8 A R b faT b T O 2



532 41 9] 15 5k T A2 % 43 &

ARG LR R B3N T Rt , B8R T %
s
| pro—

K6 — AT R AR R G R T

Fig.6 Integer structure imaging system

M A 3 A B R R RE RO A R T R AR R
PN 3 i, i T i RE S N R A A b 1 4
4, 1] Si Ge fil ZnSe W20 & LM E M. &5
BAWMBRG N =R B AR, — R S5
Sty ES, RAMMEE Ge; 5 A BEHENY
Bi, R B9 MR Sis 5 = 7 i B ZnSe, Hif % 1
M T ot oot , AAURE IR T AL 6
78, M0 H AR T 2 G2 # 22 19 ME JEE 5 ) ThT 45 35 1 2
WM AR B 0o RGN AL B ek B & 7 R, R
Jo R 3 3T A A AR PR

® I BRAREMBEEE SRS

Tab.3 Optical and thermal properties of MIR

material available

Material n dn/dt Xf
Si 3.425 150%x10° —-58.02x10°
Ge 4.024 396x10° -125.1x10°
ZnSe 2.433 2.406%x10° —-34.81x10°
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