Dead-time processing in the MTR2 module
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MTR2 module in short

Multi-purpose dead-time module developed by J. Bouchard (LNHB)

Main features
« Extendable dead-time combined to live time measurements
« Dead-time processing close to the real behavior of a nuclear instrumentation
« Protection against saturated signals
« Protection against dead-time in series (pile-ups, after-pulses)
« Can be connected with an MCA for the acquisition of spectra

LNHB: implemented in 4nf3—y anticoincidence and 4n—y detection systems

Dead-time circuitry extended in the MAC 3 module (TDCR measurements)

M Applied Radiation and Isotopes

& h: £L| Volume 52, Issue 3, March 2000, Pages 441-445

MTR2: a discriminator and dead-time module
used in counting systems

] Bouchard
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Dead-time processing in the MTR2 module

Basic idea for the design of the MTR2 module: fixed dead-time

does not exist in a real nuclear instrumentation
= Variability of the duration of counter paralysis: saturated pulses, pile-
ups, after-pulses
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Dead-time processing in the MTR2 module

Large well-type Nal(TI)
After the shaping amplifier
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Dead-time processing in the MTR2 module

MRT2 module designed to include the discrimination duration in
the dead-time processing
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list Dead-time processing in the MTR2 module
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DEAD TIME CONSTRUGTION ‘

TOTAL DEAD TIME

LIVE TIME

= The prolongation of the dead time at the end of the discrimination signal
implemented for protection against after-pulses
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Dead-time processing in the MTR2 module
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Dead-time processing in the MTR2 module

To summarize, the extendable dead-time processing is implemented:
v

By including the duration of the positive and negative discrimination signals for
protection against saturated pulses, pile-ups and undershoots ;

By extending the dead-time using the positive and negative edges of the
discrimination signal for protection against after-pulses.

The dead-time electronics was tested in the case of coincidence counting (Co-60) using a
proportional counter in the B-channel with a counting rate of ~ 10° s1

Total dead-time ~ 95 % - relative uncertainty on activity ~ 0,1 %
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Two MTR2 modules in the case of
anticoincidence counting
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Digital transition of the MTR2 module

Home-made digital prototype at LNHB for complete on-line processing based on the same dead-time

processing of the MTR2 module

= All the the functionalities are implemented in the FPGA circuit

» Validated for different methods: TDCR, y-spectrometry, anticoincidence counting, 4n—y counting :
difference with analog systems at LNHB lower than 0.05%
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Digital transition of the MTR2 module

FPGA dead-time processing can be adapted in a more compact device

* Redpitaya StemLab 125-14 (~ 400 €)

» First development showed that y-spectrometry is possible but not
available yet (need more testing)

Fast analog outputs Fast analog inputs
125 MS's, 14 bits, 21V 125 MS/s, 14 bits, 1V
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Digital extension
16 110 ¢h, 125 MS/5, 33V

Analog extension
o ~100 kS's, ~12 bils, 0-1.8V
e 4 SAR ADC ch., 4 PWM DAC ch,,

Microprocessor + FPGA
Dual core ARM-Corlex A9 Zync SoC DDR3 RAM

512 M8

Daisy chain

microSD
OS5 drive & FPGA design
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Labzy nanoMCAII

The nanoMCAII could be tested with the SIRTI
= Commercial MCA module

= Compact

= On-line processing

= 16-bit ADC 125 MHz

= Dead time processing: not based on extendable dead time

» Possible contact with the designer to implement extendable dead-time
as in the nanoTDCR module
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