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Abstract

We have developed the back-illuminated X-ray CCD camera (BI-CCD) for Soft X-ray Imager (SXI)
onboard ASTRO-H. Since the X-ray CCD, especially BI- CCD has a high sensitivity not only for in X-
ray but also in both visible light and UV light, X-ray CCD for SXI is directly coated the 100nm thick
aluminum on the surface of the CCD wafer in order to block visible light, and we name this aluminum
layer OBL (Optical Blocking Layer). We have also developed the prototype BI-CCD coated with OBL
which has equivalent performance with flight model SXI CCD, and we have measured quantum efficiency
(QE) using the prototype BI-CCD by irradiating the soft X-ray at KEK-PF. We have carried out the QE
measurement at KEK-PF twice in 2012 and 2013 in soft energy band below 2.0keV and found BI-CCD
has the high QE, i.e., 83 % at 0.54 keV. We also found there was no difference in QE which we obtained
in 2012 and 2013 and confirmed there was no degradation of QE due to the contamination during ground
calibration.
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1. Introduction

SXI CCD is the the back-illuminated X-ray CCD (BI-
CCD) developed by Hamamatsu Photonics K.K. and has
200um thick depletion layer in order to cover wide X-ray
energy ranger from ∼0.4 keV to ∼12.0 keV (Tsunemi
et al. 2013). BI-CCD has high detection sensitivity to
X-ray as well as visible light from stellar objects and to
EUV light from sun-lit atmosphere, therefore it is nec-
essary to cover entering the visible and EUV light en-
tering into the BI-CCD for space use. SXI has equipped
CBF (Contamination Blocking Filter) and OBL (Optical
Blocking Layer) to block the UV and Optical light. CBF
consists of Polyimide and Al which has a capability to

cut ultra-violet and optical light, respectively (Kaneko
et al(2013)). Both CBF and OBL is dead layer espe-
cially for softer X-ray below 2keV and it is necessary to
evaluate X-ray transmission of these two layers for QE
of SXI.

In this paper, we report on the result of our measure-
ment of QE in the soft X-ray range.

2. Results

We employed the slant incident method (Hayashida et
al (2003)) because measurement of the absolute QE is
difficult as no good reference counters is prepared. With
slant incident method, we obtained the X-ray spectrum
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Fig. 1. X-ray intensity ratio both 50◦/0◦ incident angle and 60◦/0◦

incident angle as a function of X-ray energy.
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Fig. 2. X-ray intensity ration obtained in 2012 and 2013.

using photon counting mode by changing the incident
angle to the BI-CCD. The ratio of detected X-ray flux of
θ◦ incidence to 0◦ incidence, Iθ◦(E)/I0◦(E), is described
as follows.

Iθ◦(E)

I0◦(E)
=

exp(−(1 −

1

cosθ◦
)d1k1) · exp((1 −

1

cosθ◦
)d2k2)

In this equation, k1, k2 is attenuation length of dead
layer and detection layer of BI-CCD, respectively. And
d1, d2 is the thickness of dead layer and detection layer,
respectively.

For the slant incident method, the stable X-ray inten-
sity in time is necessary, therefore we have carried the
QE measurement at the beam line 11A at synchrotron
facility, KEK-PF in two times 2012 and 2013.

We obtained the energy spectrum in the incident angle
of 0◦, 50◦ and 60◦, and then we calculated the intensity
ratio both between 0◦ and 50◦ incident angles and 0◦

and 60◦ incident angles. In Fig 1, we plot our results
as a function of energy. Square marks (50◦/0◦) and cir-
cle marks (60◦/0◦) show our measurement data. Two
lines show the the calculated value based on the design
thickness of OBL (100 nm thick Al) , dead layer on the
surface of CCD wafer (20 nm thick SiO2), and deple-
tion layer (200 µm thick Si) , respectively. From this
result, we found our result was well explained with the
model curve which was calculated from the design value
of the thickness of the dead layer on the CCD, and we
concluded we have succeeded in measuring the quantum
efficiency (QE) of OBL-CCD in the soft X-ray range us-
ing slant incident method.

Fig 2 shows the intensity ratio between 50◦ and 0◦ in-
cident angles obtained in 2012 and 2013. Square and
circle marks show results obtained in 2012 and 2013,

respectively. From this result, we found there was no
significant difference in our results obtained in 2012 and
2013, especially below 0.5 keV and confirmed there is no
influence of contamination during these ground calibra-
tion. We also found there are certain residuals between
data and model curve around 0.5 keV and this is caused
by the EAFS

�
Extended Absorption Fine Structure � .
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