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Abstract 

X-ray Imaging Spectrometers (XISs) are main detectors of Suzaku. They have high quantum 

efficiency and moderate energy resolution. Although we constructed response function for the XIS using 

the results of ground calibration, the performance of the XIS is gradually changing on orbit. The 

increase of charge transfer inefficiency (CTI) is especially remarkable, and the energy resolution and 

gain had been degraded as the result. Then we have been monitoring and compensated the CTI with 
55
Fe 

calibration sources which irradiate the edge of the CCD chip, and reconstructed the response function 

for the CTI corrected spectra. Furthermore, the XIS equips charge injection (CI) capability, which is 

functioning for the first time on orbit, and then we can compensate the CTI column by column. We will 

explain our correction method using the CI capability and report the results of the correction. The 

change of the quantum efficiency is also confirmed on orbit, and we calibrated it using the result of the 

observations of Crab nebula. 

 

1. Introduction 

X-ray Imaging Spectrometers (XISs) on board Suzaku 

achieved a pre-flight energy resolution of ~130eV at 

5.9keV (Koyama et al. 2007). However, the performance of 

the XISs is gradually degrading since the launch due to the 

radiation damage. Figure 1 shows the on-orbit time 

histories of the gain and energy resolution at 5.9keV. The 

apparent linear trends (Gain; ~2%/yr, ΔE; ~50eV/yr) are 

due to charge loss caused by increasing of charge transfer 

inefficiency (CTI). Therefore, we must correct the CTI 

effect as accurate as possible in order to maintain the 

spectroscopic performance.  

 

 

 

 
Fig. 1. The time histories of the center energy 

(upper) and energy resolution (lower) of Mn Kα 

line from the 55Fe calibration source. 



2. CTI Correction 

CTI depends on the density of charge traps and transfer speed. Therefore, it can be divided to three 

components: CTI due to frame-store transfer (Cf), parallel transfer (Cp), and serial transfer (Cs). Then, the 

correlation between the amount of readout charges (Q’) and that of charges generated by X-ray absorption (Q) 

is given as  

Q’ = Q (1-Cf)
1024

 (1-Cp)
Np
 (1-Cs)

Ns
, 

where Np and Ns are the numbers of parallel transfer and serial transfer. In the case of revision 0.7 and 1.2 data, 

Cs is set to zero.  

Since the calibration sources illuminate only the far-end corners from the readout node of the imaging area, 

Cf and Cp cannot be measured independently. Therefore, we decided Cp/Cf from diffuse source data with strong 

emission line (e.g. Cygnus Loop, A246, and Galactic center). As shown in the left panel of figure 2, there are 

clear trend that the line center energy is lower at longer distance from the readout nodes. However, it 

disappeared after the CTI correction as shown in the right panel of figure 2. Time evolution of CTI is also 

corrected successfully in the revision 0.7 and 1.2 data. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3. Energy Resolution 

  After the CTI correction, energy resolution is calibrated with the calibration source (high energy) and E0102 

(low energy) data. The calibration results utilized for the revision 0.7 and 1.2 data are reflected to xisrmfgen 

2006-10-17 version (Ishisaki et al. 2007). The left panel of figure 3 shows the E0102 spectra fitted with the rmf of 

20060213 version. We can see large discrepancies around the emission lines. On the other hand, the right panel 

shows the same spectra but fitted with new rmf built with xisrmfgen. The fit was significantly improved. 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 2. The center energy of neutral Fe-Kα line detected from Sgr C region. Black, red, green, and blue 

represent XIS0, XIS1, XIS2, and XIS3, respectively. CTI effect is not corrected in the left panel, but corrected 

in the right panel. 

 
Fig. 3. left: The XIS1 spectra of E0102-72 observed on 2005 December (black) and 2006 May (red) fitted with 

the response of 20060213 version.  right: The same to the left but fitted with the revised response. 



4. Checker-flag Charge Injection 

  XISs have the charge injection (CI) capability (Prigozhin et al. 2004; Bautz et al. 2004), which is also useful to 

measure the CTI. Since the number of charge traps is not uniformly distributed over the CCD, CTI has a large 

column-to-column variation. Therefore, the CTI correction should be independently made for each column. Then, 

we developed the method to measure the column-to-column CTI using the CI capability, which is called 

“checker-flag CI method”. We inject the charge of the pattern shown in figure 4, and measure the amounts of 

“test” charge and “reference” charge. While the “test” charge suffer from traps in the transfer channel, the 

“reference” charge may not be trapped because preceding “sacrificial” charges fill the charge traps. Therefore, we 

can decide the CTI for each column from the difference of the “test” and “reference”. The detail of this method is 

explained by Nakajima et al. (2007). The result of measuring the charges is shown in figure 5. We can see the 

stability of the amount of the “reference” charge. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6 shows the spectra of the calibration source. 

The spectrum after the correction with the average CTI 

shows the tail-like structure below the peak due to the 

CTI variations of each column. On the other hand, the 

tail is significantly reduces after the column-to-column 

CTI correction. Furthermore, the FWHM is improved 

from 193eV to 173eV. The results of checker-flag CI 

are not reflected in the revision 0.7 and 1.2 data. It will 

be applied in future version of XISPI process (after rev. 

2.0). Since spaced-row CI method (Torii et al. 2007) is 

used at present, the checker-flag CI experiments are 

interrupted. 

 

 

5. Quantum efficiency 

Quantum efficiency (QE) at high energies is calibrated with Crab nebula data. At present, the thicknesses of 

depletion layers are assumed as 68, 45, 70, and 66μm for the XIS0, 1, 2, and 3, respectively. 

  The QE at low energies is frequently calibrated with E0102-72 data. The low energy QE had been degraded by 

the contamination lied on the optical blocking filter (OBF) as shown in figure 7. The calibration results of the 

thickness of the OBF contamination is reported by Hayashida et al. (2007) in detail. At the energy band above 

5keV, the influence of the contamination is almost ignorable. 

 
Fig. 4. Schematic view of checker-flag CI method. 

 
Fig. 5. Pulse height distribution of the “test” 

(green) and “reference” charges (red). 

 

Fig. 6. Energy spectra of the calibration source 

after the average CTI correction (red) and the 

column-to-column CTI correction (black). 
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Fig. 7. Ratio of the Crab spectra obtained on 2006 September to 2005 September. The degradation seen in the 

energy below ~3keV is due to the OBF contamination. 


