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Abstract

We report on the development of the readout ASIC for an onboard X-ray CCD camera. The quick
and low-noise readout is essential for the pile-up free imaging spectroscopy with the future highly sensitive
telescope. The dedicated ASIC for ASTRO-H/SXI have sufficient noise performance only at the slow
pixel rate of 68 kHz. We have been developing the upgraded ASIC with the fourth-order ∆Σ modulators.
We present the performances such as the input equivalent noise (IEN), gain, effective signal range. The
digitized pulse height data are successfully obtained in the first functional test up to 625 kHz. IEN is
almost the same as that obtained with the chip for ASTRO-H/SXI, while the residuals from the gain
function is improved by a factor of two. These results will be fed back to the optimization of the pulse
height decrypting filter.
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1. ASIC for an onboard CCD Camera

X-ray imaging instruments are indispensable for any fu-
ture astronomical observatories. One of the standard
devices that have been adopted for the focal plane in-
struments is an X-ray CCD. It has a strong advantage of
the positional resolution thanks to the enormous number
of pixels with the size of order of 10 µm. Improving the
resolution of the image corresponds to increase the num-
ber of pixels. However, processing the immense number
of pixels with the conventional ICs leads to the large and
power-consuming camera system.

Then we have developed an ASIC called MND02 to
minimize the size, mass, and the power consumption of
the CCD camera (Nakajima et al. 2009, 2011). A sec-
ond order ∆Σ modulator (Inose et al. 1962) is adopted
as an ADC (Doty et al. 2007). Its distinctive noise shap-
ing ability allows us to achieve the low-noise circuits as
well as that made of conventional ICs. Since the noise
performance at the pixel rate of 68 kHz and the radia-
tion tolerance are sufficient for the functioning at a low
earth orbit (Nakajima et al. 2013), it has been adopted
as an front-end electronics of SXI (Tsunemi et al. 2013)
onboard the ASTRO-H mission (Takahashi et al. 2012).

However, a general weak point of the CCD camera
is the time resolution and the resultant pile-up. As an
example, SXI suffers pile-up for all the objects brighter

than 1.3 mCrab (0.6-10keV) in the case of the normal
imaging mode with a frame cycle of 4 sec. Therefore we
have been improving the speed performance of MND02
by upgrading the ADC circuit. Here we reports the sta-
tus of the new ASIC called MND03.

2. Upgrading the ASTRO-H/SXI ASIC

2.1. Optimization of the ADC Circuit

The noise-shaping performance improves by increasing
the order of the ∆Σ modulator. Considering the trade-
off between the noise performance and the simplicity of
the circuit, we determined to adopt the fourth order
modulator. The size of the capacitance at the each ∆
and Σ stage is determined by a simulation.

Output signal from the ∆Σ modulator is a serial bit
stream. The stream is decrypted by the decimation filter.
Although the simplest filter is just counting up the bit
”1”, we prepare the dedicated weighting coefficient for
the each bit in order to tune the band-pass throughput.
The coefficient is optimized assuming a breakdown of the
noise conponent such as flickering noise, kTC noise, and
quantization noise.

Another benefit by upgrading the modulator is that we
only need one ADC per signal chain. We need two ADCs
per chain in the case of MND02 since each ADC need a
twice duration of the single pixel signal for the signal pro-
cessing. The number of sampling we need to obtain the
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sufficient S/N ratio significantly decreases with MND03
compared with that with the second order circuit.

2.2. Fabrication

After completing the mask layout, the bare chips are
fabricated through the 0.35 µm bulk CMOS process in
Taiwan Semiconductor Manufacturing Company. Each
chip with the size of 3 mm square has four identical cir-
cuits and they process the CCD signals simultaneously.
They were packed in the custom ceramic package with
the body size of 15 mm. The power dissipation is about
150 mW/chip with the single power supply of 3.3 V.

3. The First Performance Evaluation

The input equivalent noise (IEN), gain, and the linear-
ity are measured using the dedicated external print cir-
cuit board. Pseudo CCD signals are fed to all chains in
MND03. Approximately 800 pixels data with the same
input voltage are continuously processed and decrypted.
We perform the test changing the input voltage with the
number of steps of 15.
The IEN and the gain plot are shown in Fig. 1 and

Fig. 2, respectively. The noise level of MND03 is al-
most the same as that of MND02 above 100 kHz. This
means that there may be some external noise component
in this test bench or there is room for revision of the
weighting coefficients of the decimation filter. We need
to breakdown the noise component again to search the
optimum coefficients. The gain plot is modeled by the
second-order polynomial both for MND02 and MND03,
and the residuals from the best-fit model function is
shown in Fig.3. The integral residuals are defined as
(Resmax − Resmin) divided by the entire range of the in-
put signals, where the Resmax is the residual of the data
point in Fig. 2 showing the largest positive deviation.
The determination error of the incident X-ray energy
of MND03 is factor of two better than that of MND02.
The effective input range corresponds to 0–18 keV at the
maximum gain. It can be extended by a factor of 10 by
changing the gain of the preamplifier.

4. Future Works

The results of this first functional test will be fed back to
the optimization process of the weighting coefficient in
the decimation filter. Shortly MND03 will be connected
to CCD chip and then we evaluate the X-ray imaging
spectroscopic performance.
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Fig. 1. Input equivalent noise of MND02 and MND03 as a function

of the pixel rate. The quotient of the IEN divided by the conver-

sion factor of a connected CCD corresponds to the readout noise

contribution from the ASIC.

Fig. 2. Linearity plot of MND03. Pixel rate of the pseudo CCD

signals is 255 kHz. Since the normalization of the decimated

pulse height depends on that of the weighted coefficients of the

decimation filter, the vertical axis is an anonymous unit.

Fig. 3. Integral residuals from the model function of second-order

polynomials as a function of the pixel rate. The MND02 data

point at 625 kHz is absent because the data is far beyond the

limit of the vertical axis.
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