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Abstract: The Far-Infrared Surveyor (FIS) is one of the two focal plane instruments of ASTRO-
F which is a Japanese infrared astronomical satellite planned to launch in early 2004. The FIS
is designed primarily to perform an all-sky survey in 4 photometric bands at wavelength of 50 -
200 �m . The sensitivity of the FIS is several ten times higher than IRAS (Infrared Astronomical

Satellite) because of the improvement on the detector performance based on the recent device tech-
nology. The FIS is expected to provide a new generation all-sky catalog of infrared sources, which
could become a standard database in many �elds of astrophysics. The FIS also has spectroscopic
capability which is realized by a Fourier transform spectrometer. The spectrometer covers 50 - 200
cm�1 in wavenumber with 0.2 cm�1 spectral resolution. The spectrometer is quite a powerful tool
to reveal the physical properties of the objects such as new objects detected by the all-sky survey
or known interesting sources.

1. INTRODUCTION

ASTRO-F (Murakami 2000; Shibai 2000) is a Japanese infrared astronomical satellite sched-
uled to launch in early 2004. The main goal of ASTRO-F is a deep and wide survey observation
in the infrared region. To achieve this purpose, ASTRO-F has two instruments covering almost
the whole infrared region. One is the IRC (Infrared Camera) (Watarai et al. 2000; Onaka 2000)
which will obtain wide and deep infrared images at near- to mid-infrared wavelengths (2 - 25
�m). The other is the FIS (Far-Infrared Surveyor) (Takahashi et al. 2000) which will perform
an all-sky survey in the far-infrared region, covering 50 �m to 200 �m in wavelength in four
photometric bands. The all-sky survey catalog obtained by the FIS is expected to become the
next generation astronomical database (Pak et al. 2000) to the IRAS all-sky survey catalog
(Beichman et al. 1998), with much improved sensitivity and longer wavelength coverage than
the IRAS one.

In this paper, the features of the FIS are briey introduced.
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2. CONCEPTS OF THE FIS

The FIS is one of two focal plane instruments of the Ritchey-Chreti�en cooled telescope
system (Onaka et al. 1998; Kaneda et al. 2000) whose diameter, F value and operation tem-
perature are 700 mm, F/6 and 6 K, respectively. Developing the compact and high sensitive
two dimensional array detectors, the FIS could cover a wide �eld of view with di�raction limited
spatial resolution, and is to be made compact. The FIS consists of two functional parts, one is
the scanner which is utilized for making the all-sky survey and for taking images, and the other
is the spectrometer which is realized by a Fourier transform spectrometer (see Figure 2). These
two functions are exclusively switched by rotating the �lter wheel. In the scanner mode, the
incident beam is separated by the dichroic �lter and each beam is focused on di�erent detector
modules, which covers 50 �m to 200 �m in wavelength in four photometric bands (see Figure 3).
In the spectrometer mode, the incident beam is introduced into the interferometer by the input
�lter on the �lter wheel, and the beam gone thorough the interferometer is separated into two
beams by the output �lter. Optical paths after the output �lter are same as the scanner's one,
that is the camera optics and detector modules are commonly used in both the scanner and the
spectrometer. This con�guration is helpful to reduce the resource needs of the FIS instrument.

Due to the sun synchronous orbit of the ASTRO-F satellite, the FIS performs an all-sky
survey in a half to one year in four photometric bands. During the all-sky survey and after
completing the all-sky survey, the spectrometer could be operated in the pointing mode, in
which the telescope axis is �xed on the speci�c direction on the sky for about 10 minutes.
Target objects of the pointing mode are strongly restricted by the satellite system and the
operation, and will be shared with the IRC. During the life time of the FIS, which is de�ned by
the holding time of the liquid Helium (about 500 days), more than 1500 pointing observations
would be kept for the FIS oriented targets.

3. DESIGN OF THE FIS

3.1 Focal Plane Con�guration

The FIS shares the focal plane of the telescope with the IRC as shown in Figure 1 (left panel).
The �eld of view (FOV) of the FIS, which covers a 12:50 by 7:50 area, is placed at the point
displaced 190 from the telescope axis. The FOV of the IRC is placed on the opposite side of the
FIS. Another instrument the FSTS is also placed on the focal plane. This is the focal plane star
sensor, to determine the telescope direction accurately during the survey observation. The goal
of the accuracy determining the telescope direction is 300 which is required to identify sources
with known objects or to follow on by other observatories.

The FOV of the FSTS consists of long slit detectors, while the FOV of the FIS consists of
four two dimensional arrays as shown in the right panel of Figure 1. These four detector arrays
correspond to the di�erent wavelength bands called WIDE-S (50 - 110 �m : 20 � 3 pixels),
N60 (50 - 75 �m : 20 � 2 pixels), WIDE-L (110 - 200 �m : 15 � 3 pixels) and N170 (150 -
200 �m : 15� 2 pixels). The detectors for WIDE-S and N60 have adopted the Gallium doped
Germanium semiconductor (Ge:Ga) chips, while WIDE-L and N170 have adopted Ge:Ga chips
which are applied strong stress along the crystal axis. Dividing the beam by the �lters, the
FOVs of WIDE-S and WIDE-L cover almost same direction and the FOVs of N60 and N170,
too.

The pixel sizes of each detector array are 3000 and 5000 for short wavelength group (WIDE-S
and N60) and long wavelength group (WIDE-L and N170), respectively. These pixel sizes are
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Fig. 1: The con�guration of the focal plane (left) and details of the �eld of view of the FIS (right)

comparable with the di�raction limits of the main mirror (700 mm diameter) in each band.
As shown in Figure 1, the shorter edge of the FOV of the FIS is not aligned with scanning
direction, that is rotated 26.5Æ. Due to this rotation, the Nyquist sampling is guaranteed
for each scanning observations, which is critical requirement to achieve the di�raction limited
spatial resolution. These conditions are illustrated in the right panel of Figure 1. In the actual
operation, since the sampling grids must be di�erent from one orbital scan to another, more
precise spatial information could be obtained. To con�rm the detection of objects, there are
three kind of ways. The actual object should be detected by some continuous pixels, that is
called the second con�rmation. Since the FOV of the FIS overlaps from scan to scan, the
actual objects should be detected at least in two continuous orbital scans, that is called the
hour con�rmation. These two con�rmations could reject single events caused by cosmic rays.
When the same sky area would be observed six months later again, distant objects should
be detected at the same position, while the planetary objects should be detected at slightly
di�erent position. Using this con�rmation, planetary objects such as comets and asteroids will
be picked up. Through these three con�rmations, the signi�cance of the detection will be kept
high.

The speci�cations of the FIS are summarized in Table 1.

3.2 Optics

The conceptual design of the FIS is illustrated in Figure 2 with major optics. The incident beam
from the telescope is coming from the back-side of the paper through the incident aperture.
The incident beam vented by the mirror is paralleled by the collimator mirror, and this parallel
beam goes onto the �lter wheel with 30Æ incident angle through the blocking �lter which reject
the shorter wavelength light than that the FIS covers. This �lter wheel selects the following
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Table 1: Speci�cations of the FIS

BAND NAME N60 WIDE-S WIDE-L N170 comment

wavelength 50� 75 50 � 110 110� 200 150 � 200 [�m]
(wavenumber) (133 � 200) (90� 200) (50� 90) (50� 67) ([cm�1])

detector type Hybrid Ge:Ga array stressed Ge:Ga array Ge:Ga chips: supplied by CRL

readout method Charge Trans-Impedance Ampli�er (CTIA) using cryogenic devices

array format 20� 2 20 � 3 15� 3 15� 2 [pixels]

pixel size 30� 30 50� 50 [arcsec2]

detection limit 39 16 9 23 [mJy] (1scan; 5�)

spectrometer type Fourier Transform Spectrometer polarizing interferometer

spectral resolution 0:2 [cm�1] (= 1=5cm)

line detection limit 5:7� 10�17 1:7� 10�17 [Wm�2] (1pointing; 5�)

optics, whether the scanner or spectrometer is activated, by choosing the set of �lters. In the
scanner mode, the incident �lter is just hole. The paralleled beam goes through the hole on the
�lter wheel and reected by the at mirror. Then the beam is separated into two beams in the
wavelength domain by the dichroic beam splitter on the �lter wheel. The longer wavelength
light than 110 �m goes through the �lter and is concentrated on the long wavelength detectors
by the camera mirror. The shorter wavelength light is reected by the dichroic beam splitter
and is focused on the short wavelength detectors. Just front of the detector arrays, sets of the
�lters are placed to determine the e�ective photometric bands. Optical properties of each �lter
are measured and overall optical eÆciencies are calculated for each photometric band. The four
photometric bands of the FIS are shown in Figure 3, whose optical eÆciencies are at least 40
%. Since the detectors have speci�c spectral responses, the band shapes shown in Figure 3 are
not real, for example the long wavelength bands have cut o�s around 200 �m in wavelength.

In the spectrometer mode, a polarized Michelson interferometer (Martin-Puplett type) is
adopted as the spectrometer. This kind of interferometer uses three polarizing �lters for input,
output and beam splitting, which are made with wire-grids printed on a thin Polyestel �lm.
The input and output polarizing �lters on the �lter wheel are selected for the spectrometer
mode. Only a speci�c component of the polarity is reected by the input polarizing �lter
into the interferometer. The remaining component goes through the �lter is disposed by the
absorbing wall. The polarized beam is divided by the polarizing beam splitter whose polarizing
direction is rotated 45Æ against the polarity of the incident beam. Two beams divided by the
beam splitter are reected by roof-top mirrors to the incident direction. One of two roof-top
mirrors is movable to make a optical path di�erence between two divided beams. The divided
beams are combined on the beam splitter again, and the combined beam goes onto the output
polarizing �lter. By the output polarizing �lter, the two speci�c components of the polarity
are separated and each component is concentrated by the camera mirrors on each detector.
The optics after output polarizing �lter is same as the scanner's. The transport mechanism of
the movable mirror can drive the mirror about 30 mm, which correspond to the 60 mm of the
optical path length. If we take the negative side of the interferogram about 20 % of the poitive
side, the maximum optical path di�erence is about 50 mm, which corresponds to a spectral
resolution of 0.2 cm�1, that is, the resolving power at 100 �m wavelength is 500. Since the
interferogrames are taken for each pixel of both detector modules, the spectra and an image are
taken at the same time. Then the eÆciency of observations is much improved by this imaging
spectrometer of the FIS.
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Fig. 2: Conceptual design of the FIS optics with mechanical structure.

4. PERFORMANCE OF THE FIS

In Figure 4, the detection limit of the FIS for point sources is shown with some typical
astronomical objects. To estimate the detection limit, recent measurements of the �lters,
detectors and the readout electronics are considered.

The temperature of the telescope is around 6 K for the current design of ASTRO-F. The
thermal emission from the telescope contributes signi�cantly to the total incident ux for
the long wavelength bands, especially for the N170 band. For instance, if the temperature
of the telescope is 6.5 K, the contributions of the telescope to the incident ux for the long
wavelength detectors are almost same as the ux of the dark sky in regions at high galactic
latitude (jl j > 50Æ). In order to improve the detection limit, the temperature of the telescope
should be made low. The absolute temperature of the telescope and its stability are important
for observing the di�use objects. As an option, the low temperature mode is considered for
observations of the darkest sky, in which the temperature of the telescope would be reduced
down to about 5 K.

The readout noise of the electronics is essential for determining the detection limit. The FIS
adopts the charge trans-impedance ampli�er (CTIA) for readout electronics, which integrates
the photo-current with the feedback capacitor. The readout noise of the CTIA is coupled with
the capacitance of the feedback capacitor, smaller capacitance make better signal to noise ratio.
The dynamic range of the incident ux is quite wide in the survey mode. If a small capacitance
would be selected, the output signal is saturated quickly by the bright sky and then discharge
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of the feedback capacitor is required frequently, which reduce the eÆciency of the observation.
The FIS adopts the capacitance of 10 pF considering the readout noise and the duration of
the discharge which is about a few minutes for the dark sky. Unfortunately, the readout noise
signi�cantly contributs to the detection limit in this condition. In the dark sky, the readout
noise exceeds the photon noise, especially in the short wavelength bands. The detection limits
in Figure 4 are calculated considering the photon noise and the readout noise at the dark sky
for one scan and for one pixel. The crossing times of the point source across a pixel are about
0.23 sec and 0.14 sec for long and short wavelength bands, respectively. Since sources are
observed several times with several pixels, the detection limits of the survey observation would
be better than these. As shown in Figure 4 clearly, the detection limits of the FIS are much
improved over IRAS. It is expected that the FIS could detect one to two orders of magnitude
more sources than IRAS did.

This conclusion is acceptable, unless the confusion noise due to the infrared cirrus and
galaxies is considered. In the actual observation, the confusion noise could not be ignored
especially for the longer wavelength bands, whose spatial resolution is poor. In Figure 4,
the contributions of the confusion noises for the typical sky are plotted of the infrared cirrus
(Helou & Beichman 1990) and galaxies (Franceschini et al. 1991), separately. It is clear that
for the long wavelength bands the confusion noise restricts the detection limit after just one
scan observation, which means multiple observations could not improve the detection limit.
For the short wavelength bands, the confusion noises are signi�cantly lower than the detection
limits determined by the photon noise and the readout noise. Therefore, to detect the faint
sources, the short wavelength bands are e�ective. At the darkest regions such as the Lockman
hole, since the contribution of the infrared cirrus would be reduced several times, the confusion
of the galaxies would be observed.

The line detection limit of the FIS is also calculated, which shown in Table 1, but its
value is quite preliminary because the performance of the spectrometer have not yet been well
evaluated. The spectrometer is operated in the pointing mode, in which the signals could be
integrated up to 10 minutes. Using the spectrometer, the power spectrum densities with a
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resolving power of a few tens could be obtained for darkest objects detected by the all-sky
survey. Since this spectrometer is an imaging Fourier transform spectrometer, the observation
eÆciency is quite better.

5. CURRENT STATUS OF THE FIS

The FIS is a new instrument, the long and short wavelength detector modules and Fourier
transform spectrometer utilized the state-of-art technologies, which are key parts for success
of the FIS mission. The detector modules of the FIS are the largest format arrays in the
world. The short wavelength detector (Hiromoto et al. 1998) adopts the hybrid arrays made
from the Ge:Ga crystal plate and the cryogenic CMOS devices connected by Indium bump
technique. The long wavelength detector (Doi et al. 2000) should have a mechanism to apply
strong stress on the Ge:Ga crystals, which is so far has been the restriction to make large
format arrays. According to the unique design of the stress mechanism, the compact large
format arrays have been realized with high sensitivity. To realize these two kind of new arrays,
the cryogenic electronics devices are also key components. There are specially designed silicon
CMOS FETs developed for the FIS (Noda et al. 1998). Using these cryogenic FETs, the charge
trans-impedance ampli�ers are connected to each pixel and the signals are multiplexed at the
cryogenic stage. The proto-type model of each detector array have been developed and will be
evaluated.

The transport mechanism of the movable mirror for the Fourier transform spectrometer is
also a key component. There are many requirements for the transport mechanism of the FIS,
e.g. low power dissipation, cryogenic operation, mechanical toughness and so on. The parallel
leaf-spring type is adopted for the FIS, which can drive the mirrors about 30 mm smoothly
with about 2 mW power dissipation. This mechanism will survive the strong vibration during
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the launch by using a launch lock mechanism, which locks movable parts electrically.
The critical points have been cleared for development of the FIS. To assemble the ight

model of the FIS at the end of this year, detector modules, the transport mechanism and other
components are being fabricated and evaluated now. The development of the FIS goes well
toward the launch in early 2004.
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