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Abstract. In this work a time-variable pulser system with an exporaiytidecaying pulse fre-
guency is presented, which was developed using the low-gpsh-source Arduino microcontroler
plataform. In this system, the microcontroller produced & $ignal in the selected rate and a pulse
shaper board adjusts it to be entered in an amplifier as a ntdawal pulser signal; both the decay
constant and the initial pulse rate can be adjusted using@afuendly control software, and the
pulse amplitude can be adjusted using a potentiometer iputs® shaper board. The pulser was
tested using several combinations of initial pulse ratedgethy constant, and the results show that
the system is stable and reliable, and is suitable to be ndealfi-life measurements.
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INTRODUCTION

In half-life measurements of short-lived nuclides, it ipiontant to make proper dead
time corrections, since this dead time varies rapidly oveet The choice of methods to
do this correction precisely is quite broad, going from $glegtata acquisition systems
to simple mathematical corrections [1]. Among the mostat#é methods is the use of a
pulser to determine the true livetime of a measurement [A]even this method has
the limitation that the pulse rate is constant with time,iagdlifferent contributions to
dead time during the measurements.

A solution proposed elsewhere [4] is to employ a pulser wipogse frequency decays
with a half-life very similar to the expected half-life oféhsotope to be studied, so that
the contribution of the pulsed to the dead time will decayhviilme together with the
contribution of the radiation from the analysed source.

THE PULSER SYSTEM

The Arduino Uno board

In order to implement a very low-cost time-variable pulseg,opted for an Arduino
Uno [5] microcontroller board. The Arduino is an open-s@&unaicrocontroller board
platform, frequently used in robotics projects, composgaih 8-bit RISC-based mi-
crocontroller chip and complementary systems intendedida ahe programming of
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FIGURE 1. Sample output signals from the Arduino board (left) and thalfoutput of the pulser
(right).

the controller and the communication with other systemslf6ihe case of the Arduino
Uno, the microcontroller used is an Atmel ATmega328P thasat 16MHz and a very
stable time resolution, with a nominal time jitter of abou@@1.5% [7]. The Arduino is

programmable using the Arduino IDE application, which ubesC/C++ language; the
time pulser is implemmented using either thelayMicroseconds(outine (for delays

up to 16383 microsseconds, precision better thag) 2r thedelay()one (which goes

up to more than 4 billion milliseconds and is said to have auexy of 4-1(s).

The implemented software has an output pulse width gisl3and allows for the
choice of the initial pulse separatiodtf) and of the time decay constant)(so that at
any timet the delay between two consecutive puls#3 is given by eq. 1; the minimum
value fordty is 1ms (which means a maximum pulse rate of 1000 pulses/deemial
the minimum value fod is 10-°s~1 (which is equivalent to a half-life of approximately
19.2 hours).

dt = dtp- M (1)

The output of this system is shown the left side of Fig 1.

Pulse shaper board

In order to convert the 18 5V logical output of the Arduino board in a pulse that
can be entered together with an HPGe output signal in a negpétroscopy amplifier,
a simple electronic system was developed that consists efHCI23 monostable
IC which enlarges the pulse to 488 and a CA3140 operational amplifier that is
responsible for the integration and diferentiation of tlwsp, thus resulting in a pulse
whose shape is compatible with the expected output of aaeglRGe detector, as seen
in the right side of Fig 1. Finally, a potentiometer was adttethe end of the system to
allow the adjustment of the final pulse height. The schemmatithis board is presented
in Fig. 2.
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FIGURE 2. Schematics of the pulse shaper board.

EXPERIMENTAL PERFORMANCE

In order to check the experimental performance of the pulkeroutput of the system
was entered in a Ortec 572 spectroscopy amplifier and the@ntez 920-8 Multichan-
nel Analyser coupled to a PC computer. Data acquisition ea®pned using the Ortec
Maestro software in batch mode, so that several conse@tyaisitions of a fixed time
were performed (the number of acquisitions and the duratfa@ach were chosen ac-
cording to the time decay constant selected); the spectra then analysed using the
IDeFix software [8] and then an exponential decay functi@s \itted to the resulting
data — when an initial pulse separation time gslwas used, the non-paralyzable dead
time correction [9] was added to the decay function. The erpantally-determined
half-life was then compared to the nominal half-life chogehe Arduino controller
software to verify the pulser’s precision; several combores of initial pulse separation
and decay constant were used, and lond@ Q0h) measurements were also performed to
asses the stability of the pulse height.

RESULTS

The results obtained in all the individual measurementshosvn in Table 1; all mea-
surements resulted in an uncertainty below 8% and the ZeSewere all between -3 and
3, thus showing that the pulser is exact within a 99% confidemerval. The best results
(best compromise between low uncertainty and low Z-Scoesewenerally achieved
using a lower pulse separation time (i.e., a larger puls® &atd a half-life between 20
and 140 seconds (at least, as there is a lack of points withrtitial pulse rate in the
interval up to 693 seconds). The larger uncertainties nbthfor larger half-life values
may be due to the use of the less predskay()function for pulse separation times larger
than 16us, as well as to possible non-optimal choices of spectrumtaayitime/number
of repetitions.

Two 10h-long measurements were made (with spectra cailleszeh half hour) and
the centroids of the peaks didn't change more than one chdma 8192-channel



TABLE 1. Results obtained in each individual measurement, with éspactive initial pulse

separation time, the Z-Score when compared to the nomihaé \znd the relative uncertainty of
the obtained result.

Nominal Half Life  Measured Half Life  Pulse separation Z-8tco Relative Uncertainty

(s) (s) {us) (%)

6.9 6.1 (3) 1 2.7 5.3

13.9 13.3(5) 1 1.2 3.5
23.1 22.1(5) 1 2.2 2.0
34.7 33.7 (6) 1 1.7 1.6
46.2 46.1 (5) 1 0.2 1.1
69.3 69.4 (6) 1 0.1 0.9
138.6 140.4 (13) 1 1.4 0.9
138.6 135.8 (12) 10 2.4 0.9
277 274 (10) 10 0.3 3.6
693 647 (46) 1 -1.0 7.1

693 714 (8) 10 2.6 1.1

1386 1433 (40) 10 1.2 2.8
3466 3536 (75) 10 0.9 2.1
6931 7543 (324) 1 1.9 4.3
6931 7173 (96) 10 2.5 1.3
6931 7072 (509) 50 0.3 7.2
6931 6866 (195) 100 0.3 2.8
11552 11498 (56) 100 -1.0 0.5
69315 68759 (1216) 100 -0.5 1.8

spectrum), showing that the system'’s overall gain is veallst

CONCLUSIONS

The time-variable nuclear pulser developed effectivellivdeed an exponentially-
decaying pulse rate that followed the chosen decay congfifimt a 99% confidence
interval and proved to be very stable with time. The resuttaimed show that in its
present form the pulser can be used in the larger puse raiegsg0® pulses/second)
for measurements of half-lifes between 20 seconds and letthds with a relative
uncertanty below 2% — further investigation is needed tesgs usability in the region
up to 10 minutes. Nevertheless, the pulser software musinpeoved to work with
lower pulse rates and/or for larger half-lives, as teday() function seems to be a lot
less reliable than the 1&-limiteddelayMicroseconds@ne.
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