38 % 4R Acta Phys. Sin.

Vol. 64, No. 5 (2015) 050702

HIRBILIINR G R G AR BURST N E &

¥ A 02

3D

kEEY KD

1) (h ERE B KB RE EN S B ST, K& 130033)
2) (hEEFE R, b5 100049)

(201448 A 12 HU&HI; 2014 4 10 A 9 HYZRI& 8k )

A HUR ST R LU Ao R G B AR U IR b o e (0 — D R AR, O 1 B LA SR R S8 2R
RS, fR PR R S BRI T 0, O B HE S AN SIS B0 DA WO iR R A B e, AL T
AN R G R E P, RPN 2 ELRARCE bR IR S BE, JRAS IR &5 A 8 B8 2000 AR Gt s AR
JE RIS AT RGN E AR AT LU, 52t RS0 B SRR AR St R, i v A0 A Ak
BRGNS 5 B SEYGUE ] A SCEAR I IR AR . 207 iR R AR BT 5, X SRR 2R A EORAR, FF AT LA
FoE I B £ A0 AR R G N B A Bl S vT T S AL A R Gt b B R R S A, SRR R G A AR S 4y

A 5 SR 75 THERA DA RN 2% 00 2% SR S R b 15 B A%

KR HR L ANRE RS, TRMARFES, A A EORS, B Er

PACS: 07.57.—c, 42.15.Eq, 07.57.Kp, 07.60.-j

15 =

B S AR O, AR IR A E R B AR
HFR R e dE o2k, M e% RGN 5, A HE
Ot LR AR T, B MR AN AR S R A
JFE. AR BRGNS BT IR 18 2k R S 4
i, LA R GE E N EE, BONZLAh R 4R
3£ ve ELxS e SE R et U =00 st i T 42 kil o
NAI B 21 SRR AR A A BT A SRR S P . NI A B
5 e R AN SR 7 A B LD AN A, 2 S i
S IO A 32 2 PRI A 42 AT . PN 8 2% TR S e
JGFE RGN B S A L AMR S, At N R
D25 =G P I A B I LA AR 2 480 K
A BRI &, PRI AR IR 5 0 R G 7 AR
K, HAGERBUL E, PR Py 8 2% U S s i 58
i B T HIA AR RS, AR
R I BRSO, B AR A S S
O R AT KB SR ] 7101 ZDAN e R g
T — R i EEREAT A HGRE S i, AT T AR U

DOI: 10.7498 /aps.64.050702

S AT B BRAR T7 vk 32 B SR B XKL O
LREFIIE R LR IR AT SRS, W 2
HICH 53 73 T K1 4 APART GUERAP. ASAP Al
TRACEPRO % U5 kG B (¥ 41 /b 5 s 2 &
GRAE N L 56 BUJE A 06 AUHAT A mUE S A, H 12
LI 28 5 2 1531 A2 A% B S 8 b S SROFH 3611 R
FRAF ATt S 101 A IO 7 AR YR R 45 S Xt
A OG22 RGBT AT TR, DR g K T 5
B TSRS 2 RE RS K DTG Y sl 4
KPR B SR TY, 3 B0 Gt A% Bk ST 00 o) 5 R
A L0181 AT PRA S0 2% i S H 1 K F R PR b
3 K F YR I % (point source transmission,
PST), MG AE /IR R 48 PST il 1101 %b-F
AHMNRB RGN F, Wl EdRS FIREEE. H Al
FRAE I 2 Fh 2R B S N &7, AR & 2
I Hoh SR I6 S5 A R, 9 A EERARIR S 3
B, I B30 AR AN SR A0 2% S Sl U
AL 5 2R 45 E A R P S R et
ARG g T 7 ER T, R T — R T

* FE B AR R E TR (863 tHRI) (H#ES: 2012AA121502) HE BN IRE.

T B E/E#E. E-mail: stchang2010@sina.com
© 2015 FEYIEF S Chinese Physical Society

http: //wulizb.iphy.ac.cn

050702-1



Y18 Z R  Acta Phys. Sin.

Vol. 64, No. 5 (2015) 050702

E*TE’JQI%/%@EV\J*B CHURSHIE L. HeRt
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h=t-G- Lt +t- hdetectorl + hdetector27 (11)
St G BN I 1 ms F (90T 8 H R4S S
WIIREE, G = Goke/t, Ly J5E bURGEH L
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e [
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050702-3



Y18 Z R  Acta Phys. Sin.

Vol. 64, No. 5 (2015) 050702

HICHE S SRS AR Geta KL, PR b 5 AR 73 I 1) Al
IELE.

2.3 NEFEESHTE
P 2% B SR RO 5 R E 5 5] i A Bl
B hatray (1), HI (13) AFH]
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W& ZR G0 N B Bl SN, R R AT A B T B
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FANLEEAT 58 5 AR a2 36, MIMLSECn R TAER
B3.7—4.8 um, #2150 %640 x 512, BITR
115 um x 15 pm, fi A7 814 42, £EFE 100 mm,
FHON2, Ebn KBRS IERA AN, 55008 CT
23 ] 11 SR800-120D-LT F1 SR-800R-4A 1= ¥ J THI
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A100 mm x 100 mm, L 1F & B 78 B 2 5 A
—40—150 °CH10—125 °C, KH ¥~ 0.97, &
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NTERAIE PR 2% R T B U B 1 B AR R A
B2y, 0 R BN T SR B RS e, FRATT % HY
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2SR A EE B s = 10 mm. A EHAIE Y 1 ms,
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AT SRS e bR, F 0BT (320, 256) 18 A 2 Jn
Bl 4 B, Ehs TR

h = 2311.0739 x L + 347.0684. (18)

5 Ar 7 FE (11) AT, AR5 i) 18] ¢ B4 N
ms, 1531 msFH I A] RN R G = 2311.0739,
B haet1 + hdetz = 347.0684.
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Retector (t) = 150.9788 x t 4+ 196.0896.
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HOg B R SN E AR . B R B 4
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SE AR, ALAY I E] 1ms. XFF o0& e, i (7) AT
ke = 7.0431 x 10710 (R SLERI 28 % 4 S i@ = 1
M) 1, %6

Go = G/ky = 3.2813 x 102

H G = 2311.0739 HEFr 7 23K (18) 15 3, R HE
(9) 2153 2115 SR 5 B BRI 48 ST AR S &
Pp_qa, = Ly -a} - (M — 3.1303) = 2.4745 x 10712
W, HA Ly = 09739 W/(m?-sr). Ty 548 5
IR RGN KENAL = Gy - Pp_qa, = 8.1
DN, /N Z e M 7 5] ke 1 K FEAE % B, AR T
Zng, BT SRS X R G I R ] L2
K 100 mm x 100 mm [fE B, W 5521 &
Gitay K219 71.5 DN, 2 8 318 K 5 8 44 8Os
SR EIRR 2. R ASCERER) 300 mm x 300
mm [ Y5 2 1R 8 05 3 2 =i 20 °C T ISR I8 BR,

HA b %777 3K 15 IR 28 haetector (1) 1 H 2
RS . SO E e B O R T I B K S
Az = 4.80 mm, Ay = 3.84 mm, 1A\ (5) 215G 2%
18 GBI E (4 48 58 & Peqge = 3.1301L7 - a2, 5
HCME TT 2 8] R 258 0.01%, PR IR A A 58 A i
HEATRIN 45 B 51| FE S 21 e S0 08 B 2 3 S0 1.

32 ARIMBEERETRAZAIIEES
=

NN FRGE N R AR O, 30 R B AT B Sk
(R S E RS Se. SEUG R B Wi 6 B, WA R
SR RARTRON m R AR A, DA 2 AS [R] PR 5506 B2
TR RGN A EEES. WIS N = EAE R, &A1
K100 mm x 100 mm /)N 5 AR BT E 4R, |
F RGN BN 50 mm, 1%/ A 2 U
BRI E AR K. SRR N A P )R AR A Y ]
WEN0-—50 °C, [A]fE5 °C.

6 RIRBER R bR S

321 ARRFRFBET wht ko954 € ir

SRR B E N 30 °C, 40 °C, 50 °C A160 °C,
FERRL X T8 1 ms R BEAT 8 5 2 b, 75 BRI 25 5
ON S 258 S5 7 110 i 97 46 o R 45 3L 5 10 A8 40 it 28
7R, BRI B0 °C T3] 50 °C BRI 2%
S L P B 2 G B KA IR 2 0.45%, HAS
LA 8 O ml R e s ) B A e B 3 B VA B PRI 2%
(I B R ANBE SR S I B AR, A A, B Sk iR
SE bR R i B B A PR SRR T K, B
i S 5 A BRI TR A G

S B 1) 5 3 R S () 28 1 56 R AR AN A
i SkAR A e bR S I TR AR BB, Kk, Bk e
i (13) 20 H 2% BEOAR 5 hsgray (8) FNER TN 25 B 55 R R
1S R H 2K FE B Pdetector (t) 2 9B 23 I 1] F 26
PERREL.
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RES IR W E N 40 °C, BAKIRE N30 °C,
40 °C, 50 °CH160 °C, F 5 I [6] % B N 0.2 ms,
0.5 ms, 0.8 ms, 1 ms, 1.2 ms, 1.5 ms, 1.8 ms#ll
2 ms, 55 5T R 5 2 bR, 15 BFR 4 IR 5
T BRI hstray FIR R WE S iR, ML A 45 R
Pstray = 490.1332 x ¢ + 12.8339, 1t BA P4 6 4% 54w
Ut 5 ARy I IRL AR IE BE, 77 & (13) SRS 23 Hr

=+
4h

1100

ool — ke
—o— R

700

NERABGRS /DN
g
o

300
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TS iH) /ms

B8 By I] 55 Py 2 A 51 A Pt AR B 5% R

1200
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PR ST / DN
o~ o o
g 8 8

[~}
[=}
(=}

(=)
o Pk

10 20 30 40 50
PREGE /<C

Ko IBiam SR ETIR E %

N T IRAEA ST IEAEAN [F B 73 16 8] 7 A3
P, B2 BT E] 0.8 ms A1 1.5 ms, HIEIEH 0 °C

%5 ETEEI50 °C, XL ARG RS (B Sk) AT
RO bR, DA [F AR 2y B ) RO B IR R W
AR BUE ST, SRR 1R, B EE 1.5 ms T
{140 2% kR St 5 RS PR 0 HH K BEAEL Pstray 29 AR 53 I [R]
0.8 ms 1265, A A HUE S 580 A B E b
I AT, 53 AR BN FR 3 (8] T WU 545 31 14 2% i
T Dyay TR S, Ui BH 2% IR 59 188 22 0 & 25 1
RS TR K.
F1 LA UR TGP A B

TS5 I ] BRI hstray Dstray
/ms /°C /DN /1071w
0.8 0 63.13 1.92

5 83.39 2.54
10 117.93 3.59
15 160.26 4.88
20 191.33 5.83
25 217.43 6.63
30 282.24 8.60
35 327.66 9.99
40 404.37 12.32
45 490.36 14.94
50 573.47 17.48
1.5 0 128.25 2.08
5 172.19 2.79
10 241.06 3.91
15 294.43 4.79
20 345.35 5.61
25 427.68 6.95
30 518.24 8.42
35 641.45 10.42
40 786.63 12.78
45 913.12 14.84
50 1076.81 17.50

AN TR Gy I TA] R A 2 BRCRE O R B 4R
B9 Bz, M0 358 B T vy B 1A 98 4% S0 i a i b
Tt BEIIASCIN B A5 R G B, RETR T
1 JE G AR G R MIR AR R T e, PR A R A
HT 2R G0 8 A 10 PRI 5% R e S D R 5 EE ), ATt
R R S B B AE B T A 28 P 5 3 P A
LR AR HAT & BRI A5, B9 AR
55 AR IR S IR R 2 AR, FEIRSLT
MR SRR R, fFE R HrEs
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TP 25 T 1) Ty, (A 5008 ) 1) AR BT S 2 S8
(TRTPR A PR 55 4 5 5 B8 ) 5 1% e e A Al e ok
R, PLAEJEWE 10 Fror, RIS 77 FRBOA SR
0 K X N7 ) 24 4 9 49 21 0.8 ms F11.5 ms F FI{HE
23N —26.60 F1 —40.30. FHig b TAEREN, Ot
RGN I TSR B, RIAEEIRE 0 K i
HERGEEWE N0 K, NEAEGRHPIZA 0. H
EH T RAENMEWE I, WBEARYE), HAEEE
A3 BT T R0 R G0 N I A R S AR R s, A RE
TRUE S IR B AR AP 2R DG R IR 21 &
G Pl A O S I B 4 SR R, TERR R 0 K B
HERMEA N OER T T 0 2SN, XHi
BT AU ST VR IE A .

1200
——0.8 ms JRIHEHE

1000 —0—0.8 ms ISE
—e— 1.5 ms JFIR%EE

E 800} —9—1.5 ms IEE
~
=
=
= 600
k7
R
=
E 400
200
0 . . . . .
0 0.5 1.0 1.5 2.0 2.5 3.0
RS /W om —2-sr !
EI10  Jfde s S BRI R
4 &% ®

AR T — R A LSRR RGN
P2 R S U B vk, I SR B AR B AT
UERH, JEXS 2T i RO B REAT T B 2 A S 56 36
E, AU EA Rk, T A LD AR R R SR
D5 B RG 2, PRI A% N IR 3R S S IR D 2 &
gk AR, ATFEG 52 R L 2 T — Uk
&, R R Z0e R EEER R R RS A
PSR AR . 1205 V6 SR 2 AR R e 8 ZESRAIR, U
BECRUER, AT T8 R GRS i, s

B G HUR SR R B 2 2R, Tt &
LRI GE 77 AE BRSO B RE RE 4. T SN U
AHCR S, T UA S R B AR GEAE AT L R BT
TGS L AT IR RS AE T R A =R T i
ATASH BRI S E AR, sEbnai R AT i AR R
I3 IR TR 26 A R D652 R G0N B A% HUR 5,
S8 SR AT EORAR, HE T SEELSEIN (4 2% FURR S S
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Abstract

Stray radiation is an important indicator for the infrared optical systems involved in the process of designing and
testing. In order to measure the internal stray radiation in infrared imaging systems, a method based on radiometric
calibration is proposed, and its rationality is verified by theoretical analysis and experiments. Firstly, the model of
radiometric calibration without lens, in other words the detector for absorbing the radiation flux directly from the
calibration reference source, is developed to show the influence of internal factors of the detector on the system output.
Then it is compared with the results of calibration of the infrared system with a lens to obtain the system output results
from the optical system, namely the internal stray radiation caused by the optical system. Finally, experiments are
performed to prove the correctness of the theories proposed in this paper. The proposed method has some advantages,
such as simple operation, low demand for the experimental conditions, and the capability of measuring the internal
stray radiation accurately. It can be used to guide the stray radiation suppression in the process of infrared system
designing, to verify the stray radiation analysis results, and to test whether the stray radiation level meets the practical

requirements.

Keywords: cooled infrared imaging system, detector array, internal stray radiation, radiometric calibra-
tion
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