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We report on the energy resolution recovery of the Suzaku XIS by the Spaced-row Charge
Injection (SCI) operation. The devices of Suzaku XIS have capability of injecting (electric)
charge packets into the CCD pixels. A certain amount of charge is injected from an electrode
at the far side of the read-out gate, and they scan over the whole imaging- and stored
area as the image is readout. The injected electrons fill the charge traps created by the
cosmic-ray bombardment, thereby decreasing the unexpected loss of electrons created by the
X-ray events. In other words, this “sacrificial charge effect” decreases the charge transfer
inefficiency and the energy resolution becomes better by the periodic CI. After the careful
reviews and ground tests, the spaced-row CI was performed since 2006 August. The energy
resolution for the 55Fe source is recovered to a value very close to that just after the launch.
Spaced-row CI is now used for the guest observations by the PIs’ requests.

§1. Introduction

The X-ray CCD chips for the Suzaku XIS (Koyama et al. 2007) have the “charge
injection gates” at the top of the imaging area (Prigozhin et al. 2004). By adjust-
ing the gate potentials, the electrons are injected to the imaging area with high
reproducibility. The injected electrons can be used to measure the charge transfer
efficiency. In addition, repeatedly injected electrons fill the charge traps and we may
expect that the the energy resolution of the detector recovers even after the radiation
damage is severe (Gendreau 1995; Gendreau et al. 1995).

§2. Spaced-Row Charge Injection and Its Performance

In the flight environment, the cosmic-ray bombardments create charge traps
where the electrons produced by X-ray photons are lost, which results in lower pulse
heights degradation of energy resolution. The pulse heights (gain) can be corrected,
but the energy resolutions can not be recovered. Note that the following figures
are created for demonstrative purpose and the central pulse heights for 55Fe sources
decrease, which are corrected in the data distribution.

If the pixels are periodically swept by the charge packets, the traps are filled
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by these “sacrificial charges” (Gendreau 1995; Gendreau et al. 1995). We call
this operation “spaced-row charge injection”, which was previously called “periodic
charge injection”.

Since the spaced-row CI has not been proven technology in space, the XIS team
has made extensive ground experiments for its function with different injection meth-
ods (clocking patterns). The bottom figures show the frames obtained on the ground.

Fig. 1. Frame image of the ground test data. As well as randomly distributed (point-like) X-ray

and (extended) cosmic-ray events, injected charges are seen as periodic horizontal lines.

§3. Improvement of Energy Resolution by the Sacrificial Charge

Prior to the SCI operation, we have used the calibration source events to quantify
the sacrificial charge effects in orbit. The black and red spectra are extracted from
the “preceding events” and “following events” of the “double events” (two events are
found in a single column). As shown in figure 2, the double event spectra have higher
peak channel and better energy resolution, which is particularly significant for the
year 2006 data (bottom panel), taken at more than 6 months after the launch.

§4. Flight Data

We finally applied the SCI to the XIS. Both the energy resolution and the pulse
heights for the 55Fe calibration source are recovered to the values comparable to
those just after the launch. Figure 3 shows the time history of the peak channel and
the FWHM for the 55Fe source. The energy resolution degraded as a function of
time due to the radiation damage. The last data points at 400 days after the launch
correspond to the spaced-row charge injection for which both the energy resolution
is dramatically recovered. Since the peak channels are shown in “PI” unit, for which
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Fig. 2. Comparison of the “preceding” (black) and “following” (red) event spectra for the year 2005

and 2006. Improvement of the energy resolution and charge transfer efficiency is clearly seen

for the “following events” due to the sacrificial charge effect.

charge transfer inefficiency is corrected, the apparent peak channel increases for the
spaced-row charge injection data sets.

Figure 4 shows the Fe K line profile for the Perseus cluster of galaxies. Recovery
of energy resolution is clearly seen. Now, the spaced-row CI function has been used
for the guest observations by the Principle Investigators’ requests.
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Fig. 3. In-flight time history of the 55Fe calibration source peaks and FWHM for the 4 XIS. The

recovery of the energy resolution due to the SCI is clearly seen at ∼420 days after the launch.

Due to the better charge transfer efficiency in the SCI mode, the Gaussian center becomes higher

than the nominal calibration without the SCI, which should be appropriately taken into account

in the scientific analysis.

Fig. 4. The X-ray spectrum of the Perseus Cluster of Galaxies. For the He-like Fe Kα line, the

energy resolution (FWHM) is recovered from 205 ± 6 eV to 157 ± 4 eV.


