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Abstract

A novel digital approach to real-time, high-throughput, low-cost Multichannel Analyzer
(MCA) for radiation spectroscopy is being presented.
The MCA input is a shaped nuclear pulse sampled at a high rate, using an Analog-to-Digital
Converter (ADC) chip. The digital samples are analyzed by a state-of-the-art Field
Programmable Gate Array (FPGA). A customized algorithm is utilized to estimate the peak of
the pulse, to reject pile-up and to eliminate processing dead time. The valid pulses estimated
peaks are transferred to a microcontroller system that creates the histogram and controls the
Human Machine Interface (HMI).

Introduction

The improvements in analog-to-digital converters that become faster and more accurate, along
with the appearance of programmable logic integrated circuits, motivated us to research a
novel technique for MCA implementation. This technique is based purely on digital circuits,
and solves many of the problems existing in the traditional MCA.

MCA Architecture

The MCA is built of the following components: A 12-bit high sampling rate
Analog-to-Digital Converter (ADC) which can sample as much as 48 Msample/sec, a Field
Programmable Gate Array (FPGA), an embedded microcontroller, clock generator, keypad,
LCD and memory. The FPGA is programmed by a "set-up memory" on each power on. Once
the FPGA is programmed, it becomes a sophisticated hardware device that performs complex
logic operations.
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Fig. 1: Block diagram of the MCA
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Simplified Theory of Operation

The analog signal at the input of the MCA is continuously sampled by the ADC with the
effective resolution of 10 bits per sample. The clock generator that stimulates the ADC, is the
same clock that drives the FPGA and microcontroller. The FPGA receives the samples
directly from the ADC and performs real-time peak detection algorithm. The digital word that
represents the estimated peak of the input pulse is transferred to the microcontroller. The
microcontroller creates a histogram, performs a sliding scale averaging to correct channel
width irregularities, and displays the histogram on the LCD. The user can start/stop the
measurement at any time.

Peak Detection Algorithm

The FPGA performs peak detection in the following way:
First, each digital word received form the ADC is compared to a threshold value. If the value
of the word is lower than threshold the word is ignored; if the word is higher than threshold,
peak detection mechanism starts. The words from the ADC are transferred via a low pass
filter, and compared one to another; the word with the higher value is stored as the current
peak. The mechanism stops when the value of a word is lower than threshold; the current
peak is stored as a peak and transferred to the microcontroller.

Pileup Rejection Algorithm

Our pileup rejection algorithm relies on the fact that the input analog signal width is constant,
as well as the sampling rate. The number of samples between two crossings of threshold gives
us a quite good estimation of the signal width:

When:
W = Estimated width of the pulse.
T = Time between 2 samples (T=l/f when f is the sampling rate).
n = Number of samples between 2 crossings of threshold.

If the pulse width is more than 20% of the standard, the peak is rejected. The following figure
describes the different kinds of signals.

standard pileup

Fig. 2: Input signals - standard and pileup.
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Dead Time Elimination

In traditional MCA systems an analog circuit performs the peak detection and then the analog
peak is converted to a digital word. While the MCA is busy with the conversion, this means
dead time, in which no new input signals can be treated. Due to the digital peak detection in
our MCA, the analog signal conversion is performed continuously, without causing any dead
time.

Conclusion

A novel architecture of a fully digital, high-throughput MCA, using digital peak detection that
eliminates dead time and allows pileup rejection, has been presented. Faster ADC and FPGA
devices will improve resolution and enhance the ability to capture shorter pulses without the
need of algorithms modification.
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