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TECHNICAL ABSTRACT   
Modulation transfer function (MTF) is the ability of an imaging system to faithfully image a given object. The MTF of 
an imaging system quantifies the ability of the system to resolve or transfer spatial frequencies [1]. Consider a bar 
pattern with a cross-section of each bar being a sine wave. Since the image of a sine wave light distribution is always a 
sine wave, the image is always a sine wave independent of the other effects in the imaging system such as aberration. 
Usually, imaging systems have no difficulty in reproducing the bar pattern when the bar pattern is closely spaced. 
However, an imaging system reaches its limit when the features of the bar pattern get closer and closer together. When 
the imaging system reaches this limit, the contrast or the modulation (M) is defined as, 

 
minmax

minmax

EE
EE

M
+
−

= ,   

where E is the irradiance. Once the modulation of an image is measured experimentally, the MTF of the imaging system 
can be calculated for that spatial frequency, using, 
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Generally, MTF is measured over a range of spatial frequencies using a series of bar pattern targets. It is also customary 
to work in the frequency domain rather than the spatial domain. This is done using a fast Fourier transform (FFT) of the 
digitally recorded image. The absolute value of the FFT of the point spread function is then squared to yield the power 
spectral density of the image, Simage. The MTF can be calculated using, 
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The approach taken to measure MTF is by imaging a knife-edge target along the horizontal and vertical orientation. The 
Edge Spread Function (ESF) is then constructed as previously described [2]. The ESF is numerically differentiated to 
obtain the Line Spread Function (LSF). The zero frequency normalized absolute value of the Fourier transform of the 
LSF is the one dimensional MTF of the system. The lens MTF is removed by dividing the measured MTF with the lens 
MTF. This leaves the MTF of the FPA and electronics. The plot in Fig. 1 shows a MTF(f)/MTF(F=0) of a 1024x1024 



 

 

pixels long-wavelength infrared quantum well infrared photodetector (QWIP) focal plane array (FPA) and electronics in 
horizontal and vertical orientation. Assuming ideal electronic MTF, this MTF represents the MTF of the FPA. Figure 2 
shows minimum resolvable temperature and MTF of a 320x256 pixels long-wavelength superlattice FPA. In this 
presentation we will discuss the detail MTF measurements of infrared FPAs. 

 
Fig. 1. Modulation Transfer Function (MTF) as a function of spatial frequency measured from 1024x1024 pixels multi-
band QWIP FPA. 
 

 
Fig. 2. (a) Minimum Resolvable Temperature Difference (MRΔT) and (b) Modulation Transfer Function (MTF) as a 
function of spatial frequency measured from 320 x 256 InAs/GaSb superlattice FPA. 
 
 
Keywords: infrared detector, focal plane arrays, type-II superlattice, quantum wells, QWIP, long-wavelength infrared 
 
 
[1] Gerald C. Holst, “Infrared Imaging Testing”,The Infrared & Electro-Optical Systems Handbook, Vol.4 Electro-

Optical Systems Design, Analysis, and Testing, Ed. Michael C. Dudzik, SPIE Optical Engineering Press.(1993) 
 
[2]  S. D. Gunapala, S. V. Bandara, J. K. Liu, C. J. Hill, S. B. Rafol, J. M. Mumolo, J. T. Trinh, M. Z. Tidrow, and P. 

D. LeVan, “1024 x 1024 Pixel mid-wavelength and long-wavelength infrared QWIP focal plane arrays for imaging 
applications”, Semicond. Sci. Technol., Vol. 20, pp. 473-480 (2005). 

 
[3]  S.B. Rafol; E. Cho, “Modulation transfer function measurement on QWIP focal plane array”, SPIE Proc. Vol. 

6941, (2008). 
 
*sarath.d.gunapala@jpl.nasa.gov; phone 1 818 354-1880; http://scienceandtechnology.jpl.nasa.gov/people/s_gunapala/  


