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Abstract The modulation transfer function (MTF) of an electro-optical device describes the image quality in terms

of contrast as a function of spatial frequency. which is a much better way to evaluate a device. With the development

30 mm field, and the measured MTF at 20 Ip/mm is above 0.8 everywhere in the field. Using this system, the MTF
below 4.7% .

of electro-optical devices, MTF becomes a popular technique in device evaluation. A system to measure the MTF of
of an 8 X1 InGaAs linear focal plane array (FPA), of which the nominal pixel size is 100 ;pm><100 pm is successfully
Key words

near infrared InGaAs linear focal plane arrays is built and an all-reflective Offner relay is used to image the slit onto

OCIS codes

the measured device. The Offner relay consists of two coaxial spherical mirrors, operating as a 1:1 imager. At the
measured. The result shows that the ratio of the standard deviation to the average of 6 repeated tests is below 2%

working wavelength of 1.7 pm. the Offner relay shows a nearly diffraction limited performance over an 8 mm X

5l

.

within the cutoff frequency of 10 Ip/mm. The relative uncertainty of the MTF measurement of the 8 X 1 linear FPA is
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Fig. 1 Principle of slit scan method
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1: lamp and integrating sphere;

2: filter and slit;

3: 45° mirror;

4: Offner relay;

5: sample;

6: axes motorized control stage;

T: electric equipments and computer
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Fig. 3 MTF measurement system of InGaAs focal plane array
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Frequency / Diffraction limit formu

la £/3.969

Actual

Focus postion 0. 00000

(Ip/mm) X Y X Y
0 0.999 0.999 0. 999 0. 999 0. 999
1 0.991 0.991 0.991 0.991 0.991
2 0.983 0.983 0.983 0.983 0.983
3 0.974 0.974 0.974 0.974 0.974
4 0. 966 0. 965 0. 965 0. 965 0. 965
5 0. 957 0. 957 0. 957 0.956 0.956
6 0.948 0.948 0. 948 0. 947 0.948
7 0. 940 0.939 0.939 0.939 0.939
8 0.931 0.931 0.931 0.930 0. 930
9 0.923 0.922 0.922 0.921 0.922
10 0.914 0.913 0.913 0.912 0.913
11 0.906 0.905 0.905 0.903 0. 904
12 0. 897 0. 896 0. 896 0. 894 0. 896
13 0. 888 0. 888 0. 888 0. 885 0. 887
14 0. 880 0. 879 0. 879 0. 877 0.878
15 0.871 0. 870 0. 870 0. 868 0. 870
16 0. 863 0. 862 0. 862 0. 859 0. 861
17 0. 854 0. 853 0. 853 0. 850 0. 852
18 0. 846 0. 844 0. 844 0. 841 0. 843
19 0. 837 0. 836 0. 836 0. 832 0. 835
20 0. 829 0. 827 0. 827 0.823 0. 826

8 JG InGaAs ZH R #5 MTFE iz,

51 MEIERER

wmE 3 fE 6 Frs, 788 E ek &g Bt

8 JLInGaAs ZEH) B % #47 T MTF Jl ik, 8 JG
InGaAs ZEH R 25 1 AR PR LT RS2 100 pm X
100 pm, LT HLGIBE S 100 pom , X 57 A9 47 FR B
Wz [a %l 10 Ip/mm, {6 RS E R
50 pm  FHE LKA 4 pms BH T A B KL 45010k
LR IEWOTHY 50 WGBS ¥ E LM E T
wOEOTH . RS BUS & OLE T R
PR T iz oC i LSF ik . xF 4445 2 i LSF
iy 26 8 A7 B U ST 400 DA A R RS B B 5 X LA
J5 i) LSF iy 2 3 17 2 i B 78 46 9 76 0 Ak )
— A B (D P R % MTE, BIBR G &
4t MTF FigkcsE MTF 2 5, e 2459 2% 6 oo i
MTF, Y1EDE A4 Al 8813 )5, nl
DA T) Bsf 75 380 A 0 % 14 B A B flT i MTE,

B 7 8 G InGaAs LRI HEM 25 455 1 196§
TG MTE 45 5 % 49 #4521 1 LSF #E47 3K

K6 8 IT InGaAs ZFIR M 8 MTE I i 52 55
Fig. 6 MTF measurement of an 8 X1 InGaAs

linear detector
FET LA LG R B R =0. 9897,

FE [FIRE 1) SE 30 25 0 R XTI 8 617 T 6 IRE R
W, LA g5 1 o £ o0, 45 58] 6 ity
MTF #h 4 &l 8 iR .

i & 8 AT, 6 YA 2 i) MTF g 26k & 3
. TEARFRAUEAAE 10 Ip/mm .6 YO 25 SR 1
PR 22 5 E Z /T 200, RN R 40 0 &

1204001-4



V1

LT AN 5 TR0 A 3

BRI R 5

R? |0.98971:

data B}
fitting |

250 500 750 1000 1250 1500 1750 2000
Position x /um

7 St 1 MTF K 25 51
Fig. 7 Results of MTF measurement of pixel 1
1.0 pre

..
[ = #1
0.8 > o #2
’, A #3
| . v #4
o 0.6 . <#5
E . > #6
L .
0.4 .
s
s
021 .
) '?".On-
0 0 5 10 15 20
Frequency /(Ip/mm)

5 8 SOt 11y 6 )k MTF ik 45
Fig. 8 Results of 6 repeated MTF measurements

of pixel 1

SR LR AR .
5.2 MEMARBEEDH

WD) 2T AT 25 MTF (3% 22 22k A
SAHM DA RS MTF s B p iR 25:2)
PRI 22 98 MTF Bl 19 152 22 5 3) B2 4% il 3 %
25l MTF i+ %. TRA

AfMTdCt —
JMTdet
A furagsiom \ A furtopiies | A fursic
\/< f‘M'l'ylem ) + ( ][V['l‘nplirs ) + ( fMl lit )
XTI B B R 4 LSE 17 = B LA A =X
M f(x) =aX exp[*w] il
20
Sur(v) = M = Cxp( %O’ y ) (3
Hy (3) e
Af‘M’[~5ys\er1\ — 2 ‘ ln[fy['l' (V):I ‘ >< (4)

X [ Ac/o | J2 RN A S48 o MR A S B AL
T AR TR AN A R AL S AN B AN E
2565 DTk XS 8 JULk A A 1 10 2 4 0 4 SR

PIA AL RBCR £ 0. 96 DL ERE, | Ao/o| < 1%,
St 8 JC &k 5] InGaAs 28 {4, 1€ bf B &% 1F 46 %
10 lp/mmPy sMTF KF 0. 1. fE A (DR HE

Afvirgsen | 4 gos (5)

f\/ITsystem
X AR G R g8 MTFE (9 5 &2 3k 52 56 45, 78
10 Ip/mmis FE i ,

Afwtopies | ) 1594, (6)
J MToptics

A S i _ ‘ g } ‘ % ‘ Ag N
S MTslic tan(nvg) g |’

JCEF’\Ag/g\<L 6 /6 Jhy e B 1) T JE AR XS AN
REE . MImAE 10 lp/mm P

SV < 0.81%. (8)
fM'I‘int
$5(5).(6) . (8) QA (2) 3k, fip | DL |
4.7%.,
6 & B

EFXFIT LT AP InGaAs £ %) £ 1 a5 14 MTFE
IR 5K BT I 95 T T A vk 0 A A
MTF ML R 4. W IF LT —E &g 4%
53X Offner S22 850 1 S ARG 2% X BUS OG5 1)
ST A WL 1.7 pm T L 7E K 8 mm X 30 mm
M5 N 20 1p/mm 4b [ MTFE & F 0. 8, #2357
SR R 5 AT 1) AL 37 0 i Y AR 5 B T A A 2
i SRR JUAE InGaAs 241 AN T R4 #4540 09 D 3l 7
Ko AEHIZ MTE Wl R G5 8 JC InGaAs £ 51 #7
WS, 6 H B 928015 3 /) MTFE %048 1)
b AR 22 5 B 2Z O TE 8R40 10 Ip/mm /N T
2% RN R G G R AN, MTF
)2t AN B 8 BEAE 10 Ip/mm Y B N /N T 4. 7%

MTF Wi & Gt 1 2 57y 0F 55 3 40 5h 4% 1 /) MTF
AT A RN T B

5 & x
1 A. H. Lettington, Q. H. Hong, J. MacDonald e al..

Measurement of the MTF and the MRTD for focal plane arrays
[C]. SPIE. 1993, 1969; 217~224

2 W. Wittenstein, J. C. Fontanells, A. R. Newbery et al.. The
definition of the OTF and the measurement of aliasing for sampled
imaging systems[J]. Opz. Acta, 1982, 29(1): 41~50

3 S. K. Park, R. Schowengendt, S. A. Kaczynski. Modulation-
transfer-function analysis for sampled image systems[J]. Appl.
Opt. , 1984, 23(15) . 2572~2582

4 D. H. Seib. Carrier diffusion degradation of modulation transfer

1204001-5



g3

M

function in charge-coupled imagers[J]. IEEE Trans. Electron
Devices, 1974, 21(3): 210~217

5 G. Eric, A. Stevens. Unified model of carrier diffusion and
sampling aperture effects on MTF in solid-state image sensors
[J). IEEE Trans. Electron Devices, 1992, 39(11): 2621~2623

6 W. Buchtemann. Modulation transfer function of extrinsic Si-
detector arrays affected by optical crosstalk[J]. IEEE Trans.
Electron Devices, 1980, 27(1): 189~193

7 B. M. Lambert, J. M. Harbord. Experimental methods for
measurement of the modulation transfer function ( MTF) for
time-delay-and-integrate ( TDI) charge coupled device (CCD)
image sensors[ C]. SPIE, 2009, 7405 74050M

8 M. M. Coakley, G. D. Berthiapme, E. ]J. Ringdahl e al..
Optical performance measurements of large IR focal plane arrays
for GOES[C]. SPIE, 2000, 4135. 129~139

9 A. Lengwenus, P. Erichsen. MTF measurement of infrared
optical systems[C]. SPIE, 2009, 7481 74810V

10 Gong Faquan. Study on Optical Modulation Transfer Function of
CCD and Its Measuring Method [ D]. Changchun: Changchun
Institute of Optics, Fine Mechanics and Physics, Chinese
Academy of Sciences, 2002
A KA. CCD a2 I il 4% 3 o B B A I I ik P52 (D] KA.
FERL 24 BE B 6 27 % ML 9 BT 5 i . 2002

11 Ma Weihong. Study of MTF Measurement Technique Based on
Image Analysis [D]. Xi’ an: Xi’' an Institute of Optics and
Precision Mechanics, Chinese Academy of Sciences, 2005
LR Lr. H TR T I O 2 A% 328 iR B I BRI YLD . 74 %
o R} 2 Bt 7 2 0“2 R 3 LT 52 T . 2005

12 Jiang Xiaoguo. Tan Zhao, Li Zeren et al.. The study on the
factors affecting CCD modulated transfer function [ J]. Acta
Photonica Sinica , 2003, 32(7); 830~833
VLR W2, R 5. i CCD R il 1% 34 o B R 2 WF 5%
[JJ. % 33k, 2003, 32(7): 830~833

13 Feng Zhiwei, Cheng Haobo, Song Qian et al.. Modulation
transfer function measurement of electron multiplying CCD[]J].

Acta Optica Sinica, 2008, 28(9): 1710~1716
AR, BRI, R S W T A RS AR 1 A R A 28
BBIRECT ], b EdR. 2008, 28(9): 1710~1716
14 Zhang Xiaolin, Du Guohao, Deng Biao e al.. High precision
measurement of modulation transfer function for X-ray CCD with
knife-edge method [ ] ]. Acta Optica Sinica, 2010, 30 (6).
1680~1687
gkmesk, FEEE, XB R . JJ R ER R A X 454k CCD il
il 1% 3% R A SE ()], S5 33k, 2010, 30(6) . 1680~1687
15 Zhang Zhiheng. Study on MTF Measurement System and
Technique of Infrared Focal Plane Arrays[ D]. Nanjing: Nanjing
Institute of Technology, 2004
AAE. ZLAMEFE RIS MTF IR R SR R P58 (D). M5t -
M H KA, 2004
16 Chen Bing. Study on MTF Measurement Technology of Cooled
HgCdTe Infrared Focal Plane Arrays [ D]. Nanjing: Nanjing
Institute of Technology, 2002
B vK. HgCdTe B 2140511 14 5] MTF Il £ AR ¥ 58 [D .
P T B B TR 24,2002
17 Hao Qun, Sha Dingguo, Zheng Naimei. The calculation and
analysis of knife-edge and slit scanning in OTF measuring
equipment[ J]. Optical Technique, 2001, 27(1); 41~43
W BES UL AT S R ek RO A T F R A 1
HE BT A FH A, 2001, 27(1): 41~43
18 Huang Yuanshen, Ni Zhengji. Research of the concentric three-
reflection optical system[ ]J]. Optical Instruments, 2005, 27(2);
42~46
WO, . RO =REEE¥REmal]] LFEFNE,
2005, 27(2) . 42~46
19 Xu Zhonghua, Wang Jing, Zhao Longcheng e al.. An all-
reflective optical system for the modulation transfer function
measurement of near-infrared focal plane arrays[J]. Chinese J.
Lasers, 2011, 38(sl): s116002
VErpAe, £ 8 ROE IR SF. TR 2140 5 T T A% ik 2R R 42 I
e RG], #EABE, 2011, 38(s1): 5116002
ZERHRE: TL4

1204001-6



