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Abstract The hard X-ray imaging telescope based on the Fourier transform
imaging technique is introduced. The double-layer parallel gratings are used to
make the modulation and coding on the light emerging from a celestial X-ray
source, the modulated light is acquired, to make the optoelectronic conversion
by scintillation crystal detectors, and finally read out by the electronic system.
The modulation collimator X-ray telescopes can be divided into two types: the
spatial modulation and temporal modulation. The temporal modulation system
requires the scanning motion of the detector system, but the spatial modulation
system requires no motion. The technology of grating fabrication is investigated,
and the basic structure design of the collimators is given. The principal compo-
nents of the prototype hard X-ray imaging telescope of spatial modulation type
are successfully developed, including the 8 CsI crystal detector modules (contain-
ing photomultipliers or PMTs), 8-channel shaping amplifiers (two of them are
prepared for experiments), and the data acquisition system. And the preliminary
test results of the electronic system are also given.
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1. PRINCIPLE OF GRATING COLLIMATOR MODULATION FOR HARD
X-RAY IMAGING TELESCOPES

In 1965 Oda proposed the method of modulation by grating collimators, namely, to make
the modulation and coding on the light emerging from a celestial X-ray source by using the
double-layer parallel gratings, then the modulated light is acquired to make the optoelec-
tronic conversion by crystal detectors, and finally read out by the electronic system[1]. The
grating-type collimators used for the hard X-ray source imaging have obtained many re-
sults, for example, by the Japanese HINOTORI satellite, YONKOH/HXT satellite, and the
American RHESSI satellite[2]. The imaging principle of grating collimators can be described
as follows.

Fig.1 shows the cross-section of an ideal double-grating collimator, which consists of the
upper and lower layer gratings with the distance L, and for convenience sake the widths of
the gratings are assumed to be d = d1 = d2. Assuming a stable point source at infinity, upon
the grating collimator is a bundle of parallel incident photons, on the plane perpendicular
to the grating slits, the incident angle α is the included angle between the incident direction
and the normal direction of the grating plane, as the incident angle varies, the photon
beam passed through the upper grating will fall on the narrow strips or the slits of the
lower grating, or fall simultaneously on the narrow strips and slits of the lower grating. In
the ideal case, the minimum transmissivity of this grating system is zero, the maximum
transmissivity is 50%. The transmissivity T is a trigonometric periodical function of the
incident angle, by making its Fourier expansion we obtain:
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in which the grating pitch p = 2d, and Φ = 2παL
p . Because of the 1/n2 attenuation of

high-order harmonics, as well as the orthogonality of harmonics, deleting the high-order
harmonics will not cause any errors, except for the reduced signal-noise ratio. And the DC
component is equivalent to the averaged value, to neglect the DC component will neither
cause any imaging errors[2]. Hence, Eq.(1) can be simplified as:
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The form of Eq.(2) is a cosine trigonometric function, so it is also called as the cosine grating
collimator, in which αL represents the deflection of the incident light after passing through
the upper and lower gratings.

Relative to the cosine grating collimator, exists also the sine grating collimator, with
the similar structure, only the relative position between the upper and lower gratings is
slightly changed, for the cosine grating collimator the slits and narrow strips of the upper
and lower gratings are two-by-two faced, but for the sine grating collimator the relative
positions of the slits and narrow strips of the upper and lower gratings are deviated by a
distance of p/4, and therefore have a phase difference of π/2. The transmissivity of a sine
grating collimator is expressed as
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