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Athermalized telephoto objective design for 8-12 pm
infrared wavelength
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Abstract: A method of athermal infrared telephoto objective was introduced in this paper. Telephoto lens
model was combined with athermal model to find out and unify the relationship of focal power
distribution. First, distribute the optical power of the fore group and the rear group on the basis of the
principle of telephoto objective, choose the reasonable solution of the optical power of the two groups;
then choose the appropriate material and distribute the optical power within each group to realize the
ability of athermalization, finally computer-aided software was used to correct aberration. In order to
prove the feasibility of the scheme, an athermal optical system was designed which works at 8-12 um,
the focal length of 100 mm, F number is 2, and total length of the telephoto objective is 80 mm. The
environment temperature analysis shows that the optical system has stable imaging quality, MTF is close
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to diffraction limit, the optical system has the character of small volume, simple structure and light. The

optical power of optimized results were near the calculated results.

Key words: optical design; telephoto objective;

distribution of optical power
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Fig.1 Gaussian optics of telephoto objective

PRI A R G 1 Lo Ot K 5 4R
A AL, J70 45k b2 B 4 B 1) T AR A IR A
BT B R =1, =1, BE AR S 4
he=0,% un=-1, 0] j=-huy=1, 7] LIfF%],

bSO
— l— (,Dl
ozt )

Xk NRGHEFE L ARG RENR L VAR
B d AT e AL bE s & A @, Sy BIE R
E R,

i H ARG W2H 22 8] f BB d 1R AR, ek
B e, SR T RS R R & il &y, 3
B IR E S, W R RS B RKE L e, d
A AR A0 K S BT 4 RS 46 @ A &, [N TA]
A BATA RS AL R T RE /N gl R A
TR AE B | DU AT 4 A A X FLAR B 7 4H

MPEHE Lo LIF=0.75 B, i 2H A 416 42 I e
Wi 2H 2 [A] BE 25 A8 Ak an 18] 2 frs , i 2 aT LA Y
M ZH 2 ] Y BE B d=0.375 B}, 5 H T AR R K
ROV 2H =z [H] AR BE R G2 B BE Y 172 B, JRZ4H A
A /NG R B AR R AR BN BRI S 4l
(R FE G FLAR S FR B /N AR DL L 20 B 8 mT 4 BRLER

PDF #fi % ffi *'| "pdfFactory Pro" = 454 I www.pdffactory.com



http://www.pdffactory.com

% 114 BERE B A S 8~12 pm K BH A £ M4kt 3839

L RIS 4 AR L K 9 4 B

0.8

-0.2
04
0.6 —

I 0.1 0.2 03 0.4 035 0.6 07 0.8

Digtance between  wo companenis

Foeal length after programming

L T,

& 2 (8] d 575 P2 AR Y OC &R
Fig.2 Relationship between distance and focal lengths of two

omponents

1.2 EHEFITEE

SRR AT S R B R AR T AR A, R
SELLAM G R PR E BERLT A R G (1 LR B R
H dn/dT Y 8L 2 g 396x10°/C, i K9 33 dn/dT
B 1A 2.8x10°%C, HEEAME, Ja2EioimE
JE | SRR A ] B A5 R S A AR Ak JE T S W) DY 2
RGHI G TR, WL XD AN R G IS
BT S XY h T g o1

L1 AN 262 R G TR R B — BE M it
G R G AE — R R B P PR R A5 T R 1 B
ek i L P/ SN P A =y e W S P e e =) B W N -
CHUARAME R sl Ot A 20 i i 32 3l kb
RN B AU A HAMEAR RS, AR IE
PN BN 15 22 M AR MEAE R LG L i, 9F B
A3k b R G A Ak 3N T R G RS R
HE R B X AME R A SRR iR R
N RGERTEEME RS, BT LR LA
S RGHMZE BT ek s U R 1R
2 4 3 2 P22 BT I P2 iR AR 22 1]
(1) 22 5, 38 2o DC OG22 M OBHR dn/dT g ik & B0RI 455
AT AR R K R B, A LA — A 0 Y PR U Vi
Fil N B R RRE AR . D6 w8 T # 22 W] LLIA
h 562K IEAZERL, RIG2AE s i 22 R A X
T AR A 1) T I 02 2R G D K AR AR

H G2 AR R R AR SRR
22 FK0 C LRI R B T, XA, O
BN o, YRS L 1 CF 51 E L8 s b i
Agr, TAEWE AN SHERDCHE AR RN Ag ™, N,

— A@\ - (n,\anz) :17
¢ 1G] n,-1 \% (3)

=A@ __1 dff _ 1 «QL_ndm
@ f dT n-n, \dT dT

s o P BFEAEHAZ I R B0, b
PraFresn, Fon, 3R PE AR A R A, B AT
Xe AT H T ORI Ik R A R 2E RELC M
AN R T AL S BB AT G, it A B A
6] C{EAT T AEAIARE, T A A (R R Ak A 2 2 i 2
RS BN A T M, 2R G0 S I AE T B2 Y [ o 9 € 2%
N TG R G RERS [ I O EEE  RIE
F2RIH L ZR | MR 2 LR 3 A

|-a=-x (4)

=i 2 h (5)
A= (g | X (hiCig)=0 (6)
wlim ] Thiteal @

A @l R BOEEEIE @ WA | AN B I e
BE by TR RS B L A S
AFy g6 T, s e 5 4 (D il ) 6, 22) s o /T
S 2 T i % B B T, R G 4l
550 A3 B LR P R BOMBL R €22 R B GO
81 25 AR DS (B 50 (Ci=- A 0=1IV) 5 o
B PR MK R B L R G MK

2 Rt
21 RFERGESH
T MR B MY B R R AR W3R 1 B

* 1 XFREMEBIZEYREEARIER
Tab.1 Technical indicator of athermalized telephoto

objective
Parameter Value
Spectral range/pm 8-12
Focal length/mm 100
Field angle/(°) 6
F number 2
Telephoto ratio 0.8

Temperature range/C -40-60
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Tab.2 n, V and T data of conventional long

wavelength(8-12 pm) infrared materials

n \%
Material L T/C
n -
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nM—nAZ
Ge  4.0054 4.0032 4.0018 834.2222 125.87x10-
AMTIR-1 2.5030 2.4980 2.4905  119.84  36.14x10-*
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Tab.3 Initial focal length distribution (Unit:mm)
Former group

After group
fll/ flz/ f13, f2,
30.280 -93.199 -177.658  -56.250 375
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Fig.4 Configuration of long wavelength infrared telephoto objective
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Tab.4 Comparison between calculated and
optimized values (Unit:mm)

f]_l/ le/ f13, f2,
Calculated 30.280 -93.199 -177.658 -56.250
Optimized 33.175 -99.150 -114.327 -62.245
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Fig.5 MTF curves of long wavelength infrared telephoto

objective
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