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ABSTRACT

We present the design and initial performance characterization of the XENA-2 readout IC for solid-state x-ray detector
arrays. XENA-2 consists of 32 readout channels, each with charge-sensitive input amplifier, adjustable two-stage gain
amplifier and five comparators with 16-bit pulse counters. Readout of the counters, over a 16-bit data bus, takes
approximately 20 ps. Compared to the XENA chip, its predecessor, this new IC’s main improvement is significantly
reduced noise, which allows for lower comparator thresholds and increased count rates.
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1. INTRODUCTION

Many x-ray imaging applications, including security screening of baggage, packages and vehicles; industrial imaging;
and computed tomography (CT) for medical and non-medical applications require the detection of x-rays at high flux. In
addition, an energy discrimination capability is found to be useful for an increasing range of these applications, to
provide material identification capabilities, separate soft tissue and skeletal structures in medical imaging [1], reduce
beam hardening artifacts in CT imaging [2], or reduce image blurring from low-energy scatter [3].

As a result, the interest in high-performance radiation detector systems suitable for high-flux multi-energy x-ray imaging
has grown considerably. In the late 1990s, NOVA developed the FESA (Front-end Electronics for Spectroscopy
Applications) IC [4] for use in the multi-energy x-ray detector system [5] designed for the ABIS project (Automated
Baggage Inspection System) sponsored by the US Army ARDEC and the Department of Agriculture. Since then, other
groups have presented IC designs and detector systems that utilize the same readout channel architecture consisting of a
charge-sensitive input amplifier followed by one or more gain and/or shaping amplifiers that feed into several parallel
comparators and counters; see, for example, [6] and [7].

At NOVA, the FESA design was followed by the XENA (X-ray ENergy-binning Applications) IC [8], which used an
improved amplifier design and addressed power distribution issues to achieve significant noise reduction. The FESA
power distribution issues had prevented the use of some features, most notably the fine adjustment of the comparator
thresholds, which became fully usable in XENA. In addition to these considerable performance improvements, the
design was implemented in a more modern 0.5 um process.

The XENA IC, however, exhibited some residual noise issues that affected mostly the lowest-numbered channels, where
the noise was noticeably higher than in the other channels. In order to address these issues, we recently developed a
further improved version of XENA, called XENA-2. At the same time, we implemented other improvements, such as
increasing the resolution of the offset and threshold adjustment DACs by two bits each. This paper presents the design of
the XENA-2 IC and discusses first, preliminary test results from this chip.

2. DESIGN OF THE XENA-2 IC

Like the original XENA IC [8], XENA-2 has 32 fully functional detector readout channels plus two amplifier-only
channels at the top and bottom ends of the channel that are intended to mitigate performance non-uniformities near the
edges of the die and can be used for test purposes. A simplified block diagram for one full channel is shown in Figure 1.

Each XENA-2 channel consists of a charge-sensitive input amplifier with user-selectable shaping times between ~100 ns
and 4.0 s, followed by a two-stage gain amplifier with adjustable gains and offsets. The output signals from each
channel are sent to five parallel comparators operating at different thresholds; the comparator outputs are in turn
connected to 16-bit digital counters. The 160 counters on each chip are read out by shifting a bit through a serial shift
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register, which causes the corresponding counter to be connected to the 16-bit output bus; the readout can be done in
about 20 ps. Table I summarizes key characteristics of XENA-2.
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Figure 1: Simplified block diagram of a readout channel on the XENA-2 IC.
Table I: Key features of the XENA-2 IC.

Number of channels 32 + two test channels

Energy bins per channel | 5

Counter dynamic range 16 bits

Count rate capability ~2 x 10° counts/second per channel
Readout time ~ 20 s for all 160 counters

Gain and offset Digitally adjustable for each channel

Input loading capacitance | 2 — 3 pF optimum

Pulse shaping time Externally adjustable in two ranges, 100 ns to 4.0 ps
Input energy ranges 200 keV nominal and 800 keV nom.
Power consumption ~ 500 mW nominal

The charge-sensitive amplifier’s input circuits are optimized for a detector capacitance of 2 to 3 pF and accept signals of
either polarity. Two signal ranges, 200 keV and 800 keV nominal, can be selected by switching the capacitors in the
feedback path. The resistive feedback is provided by a transconductance amplifier whose transconductance is controlled
by an externally supplied bias current, Itau. This allows us to continuously vary the output pulse width between
approximately 100 ns and 2.5 ps in the 200 keV range, when measured at one tenth the peak amplitude, and ~250 ns to
4 us in the 800 keV range.

The two gain stages that follow the input amplifier have adjustable offset (in the second stage) and gain to compensate
for pixel-to-pixel differences of the detector signal and leakage current and for process variations that affect the
uniformity of the channel response. The offset is controlled by a 10-bit R-2R DAC. The DAC step size is proportional to
an externally supplied reference voltage; the proportionality constant is approximately 1.3 x 107, The gain adjustment
has five bits, two in the first gain stage for a coarse adjustment, and three with a finer step size in the second. The range
of nominal gain values from the two stages combined is 6.1 to 29.7.

The threshold voltages for the five comparators are common to all 32 channels and are supplied externally. A four-bit
DAC at each comparator can be used to shift the effective threshold in steps of approximately 2 mV and thus
compensate for process variations in the voltage offsets of the comparator amplifiers. The comparator hysteresis is
typically 50 mV but can be varied by adjusting an external bias current.
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