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Hybrid pixel array detectors enter the low noise
regime
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The detector group at the Swiss Light Source (SLS) at PSI has been one of the pioneers

and driving forces for the development of custom-made hybrid pixel array detectors

(HPADs) for synchrotron applications. In their paper Jungmann-Smith et al. (2016) show

that it is now possible to develop HPADs with sufficiently low noise to allow single-

photon detection below 1 keV as well as to perform spectroscopic imaging.

For decades detectors have been a limiting factor in experiments at synchrotron

radiation facilities. Even though imaging detectors evolved over time, from photographic

films, via gas-filled detectors and imaging plates to CCD-based systems, the evolution of

the source always outran the evolution of the detector. One of the reasons was the fact

that detectors were mainly constructed by adapting systems or components developed for

other applications, like astronomy or medical imaging, as best as possible to the scientific

needs at the experimental stations. This situation started to change with the introduction

of the so-called hybrid pixel array detectors (Rossi et al., 1999; Broennimann et al., 2006).

At the heart of these detectors, pioneered by the high-energy physics community, is an

application-specific integrated circuit (ASIC), which is a pixelated readout chip custom-

designed for a well defined experiment or technique. One of the revolutionizing

advantages offered by this technology is that every single pixel contains all necessary

electronics, including for instance counters, for X-ray detection. This massive paralleli-

zation increased the overall efficiency of the detector by several orders of magnitude as

compared with the CCD-based system. There are now various examples of hybrid pixel

array detectors, specifically developed for X-ray experiments at storage ring synchrotron

sources (Hatsui & Graafsma, 2015), as well as various spin-off companies commercia-

lizing them. Most of these systems are so-called photon-counting detectors, where each

incoming photon is processed by the readout electronics in the pixel and individually

counted. The advantage of photon counting is that electronic noise, present in any

system, can be efficiently discriminated against, yielding ‘noise-free’ detectors.

An enormous boost of the development of HPADs is provided by X-ray free-electron

lasers due to the extreme requirements imposed by these new sources (Graafsma, 2009).

New dedicated readout circuitry, with entirely different concepts, had to be designed. For

one thing, photon-counting techniques cannot be employed since too many photons

arrive at the same time, e.g. up to 105 per pulse per pixel in the low-angle region for some

experiments. Therefore, detector developers resorted back to integrating systems. In

integrating detectors the total number of electrons (or holes) created in the sensor by the

absorbed photons are integrated during the exposure time. This makes the detectors

extremely fast. All photons can arrive at the same time, since the electronics does not

need to count them. As a result, integrating HPAD systems are considered an excellent

choice for fast experiments with high intensities. However, up until now, integrating

HPADs were considered less suited for low intensity, low noise or spectroscopic

imaging.

With the JUNGFRAU 0.4 prototype system described by Jungmann-Smith et al.

(2016), the detector group at the PSI/SLS has opened up yet another application field

for HPADs. The noise of the system is with 27 electrons extremely low for an HPAD.

27 electrons is the amount of electron–hole pairs created in silicon by a 100 eV photon.

This means that the JUNGFRAU 0.4 system is able to detect 0.5 keV photons with a

signal-to-noise ratio of 5, making it an interesting system for many soft X-ray free-

electron stations. The very limited dynamic range of the JUNGFRAU 0.4 could be
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overcome by implementing adaptive-gain amplifiers, similar

to what is done in the standard JUNGFRAU and AGIPD

detectors (Mozzanica et al., 2014; Henrich et al., 2011).

Another application for such a low noise system is for energy-

dispersive measurements. Jungmann-Smith et al. (2016) show

in their paper that, with the use of a proper mask to shield the

edge regions between pixels, very good fluorescence spectra

can be obtained. This capability was subsequently used for

multi-colour imaging at the SOLEIL synchrotron using the fly-

scan technique. The composition of a SOLEIL logo (Ni, Au)

was easily determined with high resolution (Fig. 1). Jungmann-

Smith et al. (2016) introduce and compare different techniques

and algorithms to obtain the best possible energy resolution.

The innovative aspect of this paper does not lie in the

spectroscopic results obtained since they could very well have

been obtained with other systems, like silicon drift detectors

(SDDs) or the Maia detector (Siddons et al., 2014) for

instance. But what is truly impressive is that these results were

obtained with a hybrid pixel array detector using a standard

planar diode array as sensor. This means that the system uses

relatively standard and thus easy to manufacture components,

making it possible to envision building larger and/or further

optimized systems in the near future. And with that, low-noise

HPADs have entered a field formally reserved for SSDs and

CMOS imagers.
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Figure 1
Fly-scan images of the SOLEIL logo taken with the JUNGFRAU 0.4. The letters of SOLEIL are made of Ni, while the material of the sun (with a
Siemens resolution star at the centre) is Au. By selecting the corresponding energy windows in the data analysis routines the two materials are clearly
separated, albeit with some remaining cross talk.
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