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We present results from monitoring the performance of the Suzaku XIS CCD sensors
during the first year of operation. Using the on-board X-ray calibration sources, we have
tracked changes in gain and spectral resolution which result from increased charge transfer
inefficiency due to on-orbit radiation damage. Additional instrument monitoring is presented
as well. These performance trends are compared to the results predicted for this stage in
the mission lifetime.

§1. Introduction

Suzaku, Japan’s fifth X-ray astronomy satellite, was launched on July 10, 2005
into a circular orbit of approximately 550 kilometers altitude. The X-ray Imaging
Spectrometer (XIS)1) on-board Suzaku contains four X-ray sensitive charge coupled
devices (CCDs), three of which are front-illuminated (FI) and one back-illuminated
(BI). As expected for this orbit, the XIS CCDs began accumulating radiation damage
immediately after launch, increasing the charge transfer inefficiency (CTI) of the
devices. Here we describe changes to the gain and resolution of each device over the
last 16 months as a result of increasing CTI.

§2. Data Selection and Analysis

Each XIS sensor is equipped with two radioactive 55Fe calibration sources which
illuminate the upper corners of the CCD with X-rays from Mn Kα and Kβ transi-
tions. Events from the calibration sources are collected during most XIS operating
modes and telemetered along with the science data. From the raw event data,
standard ASCA grade selection is applied to distinguish X-ray events from particle
background. Split event thresholds of 13 and 7 ADU (1 ADU ∼ 3.65 eV) are used
to grade data from the FI and BI devices, respectively, including only ASCA grade
02346 events. The energy of each event is calculated assuming a linear CCD energy
scale calibrated by the Mn Kα line center measured immediately after launch. For
each device, the X-ray events from the two calibration source regions collected over
a single day are combined into a single spectrum. A three parameter Gaussian is fit
to each of the calibration lines. The changes in the location and width of the fits for
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Fig. 1. Fractional change in fitted line center for the calibration source Mn Kα line at 5.89 keV.

Two sensors are shown, XIS2 (FI) and XIS1 (BI). Black points show data obtained with spaced-

row charge injection (SCI) off, red are with SCI on. The slope of the SCI-off line center is

shown. The gain changes by about 2% per year due to radiation damage, while SCI mitigates

this effect substantially.

each CCD are discussed in the following.
We emphasize that the analysis performed here is intended to characterize the

XIS CCD performance, not the quality of processing or of the response calibration.
The data are processed separately from the standard calibration pipeline, with most
calibration (e.g. CTI correction) not performed. Analyses of the data calibration
quality are presented elsewhere in this volume.2), 3)

§3. Changes in Gain (Energy Scale)

It is assumed that the majority of the gain change is due to CTI increase as a
result of CCD radiation damage. As the number of radiation-induced traps increases,
less of the charge deposited by each X-ray is successfully transferred to the readout,
and the total pulse height for a detected photon of a given energy decreases. The
observed locations of the Mn Kα peak, divided by the nominal location of the peak
(5.89 keV), are plotted as functions of time for two sensors in Figure 1. As expected,
the location of the peaks falls over the course of the mission, by about 2% per
year. Operating with spaced-row charge injection (SCI)∗). turned on results in a
much slower degradation of about 0.5% per year, similar to what is seen in ground
testing.6) The results for Mn Kβ and for the other two CCDs (not shown) are similar.

The RMS residuals summarized in Figure 1 indicate that we can determine the
peak location with a precision of about 0.1% (about 1 pulse height channel) from a
single day’s observation of the calibration source. Because the Mn Kα and Kβ peaks
are close together in energy, we expect no significant difference in the gain changes,
and none is observed. We note that, because there is no calibration source close to
the readout (and so unaffected by CTI in the image area), the change in the gain
reflects not only changes due to CTI, but also changes due to the electronics.

∗) Charge injection (CI) data is currently being collected and analyzed.4), 5) Ground-based tests

of CI are discussed by Bautz et al. 2004.6)
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Fig. 2. Fitted line width (FWHM) for the calibration source Mn Kα line as a function of time.

Colors are identical to Figure 1. Best-fit line slopes to the SCI-off data are shown. The energy

resolution degrades by about 65 eV per year due to radiation damage, without SCI operating.

Fig. 3. Average pulse height of the trailing pixel for all Mn Kα events as a function of time. Colors

are identical to Figure 1. The best-fit change in trailing charge is shown, and represents about

5% of the total charge loss discussed in Section 3.

§4. Changes in Spectral Resolution

As the radiation damage increases, the spectral resolution degrades. The same
Gaussian fit that provides the peak location also provides the width. The change in
FWHM line width for the Mn Kα peak since launch is shown in Figure 2, along with
the slope of the straight line fit and RMS residuals. The FWHM is seen to increase
by about 65 eV yr−1 without SCI. With SCI on, the resolution is restored to near
launch values, with insufficient data to determine a reliable trend.

§5. Trailing Charge

Some, but not all, of the charge lost during transfer of the X-ray charge packets
is remitted in the first trailing pixel. As the damage increases, so does the amount
of charge in the trailing pixel. The trailing pixel amplitude provides a measure of
the amount of charge lost to traps with emission time constants comparable to the
line transfer time (24 µsec). Note that the trailing pixel amplitude did not start at
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zero at launch because these devices had measurable parallel CTI at launch.
Each point in Figure 3 is the center of a Gaussian fit to a histogram of the first

trailing pixel values of all of the Mn Kα events in that day. The slope of a line
fit to those values for each devices is summarized in the figure. The Mn Kα peak
occurs at about channel 1600, so the observed change in peak location summarized
in Section 3 represents a total charge loss of 27 ADU yr−1. The trailing pixel change
is thus about 5% of the total charge loss. This ratio is comparable to that observed
on Chandra ACIS CCDs, which have experienced more than a factor of 10 greater
radiation damage than has the XIS.

As expected, the trailing charge changes little with the application of SCI. The
traps involved in this process have emission time constants much less than the time
between successive injected row passes (1.3 msec for 54 row SCI). Thus SCI does
little to ameliorate charge loss from these traps.

§6. Charge Injection

Fig. 4. Two-week-averaged spectra of the cal-

ibration source lines with SCI off (black)

and on (red) for XIS2. The line centers and

widths are shifted to nearly the expected

(pre-flight) values with SCI on.

It is clear from the figures that
spaced-row charge injection (SCI) has a
large effect on both the gain and spec-
tral resolution, as expected. The cen-
tral energy of both calibration lines are
recovered to within ∼ 0.5% of the nom-
inal launch values. More significantly,
the spectral resolution is recovered to
nearly the launch values of ∼ 140 eV
(with somewhat poorer results for the
BI chip). Shown in Figure 4 is a spec-
trum of the calibration lines integrated
over two weeks, with SCI on (red) and
off (black). Charge injection narrows
the lines and shifts them to higher en-
ergy, recovering nearly the original re-
sponse of the instrument.

Note that these results are preliminary, and analysis and characterization of
observations with SCI remains ongoing.
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