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Commercial multi-channel energy spectrometers have good performance, they have multiple in-
put signal channels and multi-channel analyzers, which can simultaneously acquire the energy
spectrum of multiple nuclear pulse signals. But the input signal channel of this general
multi-channel energy spectrometer cannot be switched between the internal multi-channel ana-
lyzers, and an input signal channel can only be fixed to the corresponding multi-channel analyz-
ers. Hence, to resolve this issue, this paper designed a nuclear pulse signal array switching circuit.
The core of the array switching circuit is a switch array chip with low internal resistance and high
bandwidth, which controls the signal connection between the input signal channel with the
multi-channel analyzers. Using 137Cs and uranium ore as radioactive sources, the energy spec-
trum test and spectrum data analysis were carried out using a Nal detector, respectively, when the
nuclear pulse signal passed through and did not pass through the array switching circuit. The re-
sults showed that the circuit demonstrates little effect on the energy resolution and linearity of the
multi-channel analyzers but causes a small drift of the high-energy photopeak, and improve the
reliability of the circuit by energy spectrum data accumulation. This circuit can make the applica-

tion of a multi-channel energy spectrometers more flexible and reliable.
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INTRODUCTION

In the field of nuclear radiation detection, nuclear
pulse [1, 2] signal measurement and energy spectrum
analysis [3, 4] are extremely important analysis meth-
ods. It is necessary to use a multi-channel data acquisi-
tion system [5] to analyze the multi-channel nuclear
pulse signals at the same time when measuring the ray
energy spectrum of different places. At present,
multi-channel energy spectrometers are designed ac-
cording to multiple parallel data acquisition cards [6].
The structure is shown in fig. 1. Each acquisition card
corresponds to an input channel, and each input channel
is independent and corresponds to a multi-channel ana-
lyzer (MCA) [7, 8]. This multi-channel energy spec-
trometer exhibits good versatility and excellent perfor-
mance and is easy to use. However, the disadvantages
of amulti-channel energy spectrometers include the fol-
lowing: the input channel and MCA cannot be
switched, only fixed one-to-one correspondence is con-
sidered, and its use is not flexible.
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Figure 1. Multi-channel energy spectrum analyzer
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In places with extremely high stability and reliabil-
ity requirements, redundant design of channels is re-
quired when performing online real-time acquisition of
multi-channel nuclear pulse signals. In other words,
when an abnormality occurs in one channel, it should be
quickly switched to other channels to ensure nuclear
pulse signals that are real-time, accurate, and reliable. If
the general multi-channel acquisition system is used, de-
termining whether the detector or the MCA is faulty is
difficult. In such cases, manually checking the fault point
is necessary, which not only affects the work of the in-
strument but also causes radioactive hazards to the hu-
man body.

In order to solve the defects, the present study de-
signs a multi-channel nuclear pulse signal array switching
circuit that can switch the input multi-channel nuclear
pulse signals to the corresponding MCA arbitrarily.

SYSTEM STRUCTURE

During energy spectrum measurement on rays,
the amplitude of the pulse signal output by the detector
isinthe range of 5V, and the pulse width is in the range
of 0.2~5 ps. The signal array switching circuit should
exhibit the highest possible and the lowest possible
bandwidth to reduce the ballistic depletion of the signal
and the effects of pulse pile-up [9, 10]. In this paper, the
switch array chip was selected to realize the channel ar-
ray switching function. Figure 2 presents the structural
block diagram of a multi-channel energy spectrum
measurement system with an array switching circuit.
The circuit is mainly composed of a switch array chip, a
microcontroller, and an operational amplifier. The input
signals 1-8 come from the detector, and the output sig-
nals 1-8 are output to 8 MCA.
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The switch array chip controls any connection re-
lationship between the input signals 1-8 and the output
signals 1-8. Here, the pulse signal is input to the switch
array chip through the operational amplifier. Externally,
the switching command is sent to the microcontroller
through the 485 bus, and the microcontroller sends the
control command to the switch array chip through the
IIC bus. After the completion of the signal path switch-
ing, the parameters of the MCA should also be changed
to match the corresponding detector.

ELECTRONIC DESIGN

The array switching circuit includes two parts: a
signal input buffer and a switch control. As shown in
fig. 3, the signal input buffer part includes the submin-
iature version A (SMA) connector, impedance match-
ing resistor, and voltage follower. The nuclear pulse
signal output from the detector is connected to the
SMA connector on the circuit board through a coaxial
cable, and the input voltage ranges from—5 Vto+5 V.
A 49.9 Q3 matching resistor is connected to the input
end of the detector to realize the impedance matching
between the detector input signal and the switch array
chip. After passing through the voltage follower, the
pulse signal is input to the switch array chip.

The switch control part, i. e. the second part of the
array switching array, includes the switch array chip of
ADG2108 (with low internal resistance and high band-
width), a 485 communication chip, and a microcontroller.
The chip demonstrates a bandwidth of 300 MHz and a
maximum connection impedance of 35 Q. It integrates a
switch array of 8 x 10 channels and supports +5 V signals
[11]. The switching of the internal switch array chip is re-
alized by writing to the internal register through the IIC
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Figure 2. Multi-channel energy spectrum measurement system with the array switching circuit
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bus of the chip. The connection and disconnection be-
tween the switch arrays are realized by setting the corre-
sponding register at 1 and then clearing it to 0, respec-
tively. The microcontroller realizes the switch between the
input channel and the output channel by writing the corre-
sponding value to the switch chip register through the IIC
bus. The microcontroller selects STM32F103C8T6 [12],
which realizes the instant switching of a single switch. The
microcontroller realizes one-time synchronous switching
of all switches by setting the load switch (LDSW) pin of
the ADG2108 chip to 0 or 1 as per the requirement. The
operation characteristics of the LDSW pin of the switch
array chip can ensure that switching a certain channel does
not affect the work of other channels. Thus, this ensures
that the switching between channels will not affect each
other. The pulse signal after switching the chip is output to
the MCA through the SMA connector on the circuit board.
The array switching circuit is shown in fig. 4.

TEST AND RESULTS

This circuit uses '*’Cs and natural uranium ore to
test the performance of the array switching circuit on
the MCA. We carried out the energy resolution [13] in-

STM32F103C8T6

Switch array chip

Qutput SMA connector

fluence experiment using '*’Cs to evaluate the
influence of the array switching circuit on the energy
resolution. Also, we conducted the energy linearity
[14] influence experiment using uranium ore to inves-
tigate the influence of the array switching circuit on
the energy linearity of the subsequent MCA. The
structure of the experimental test system is shown in
fig. 5.

During the test, a Nal detector measuring 50 mm
x 100 mm % 400 mm was used. The high voltage of the
photomultiplier tube was —700 V, and the MCA of
1024 channels was used. The computer controls the ar-
ray switching circuit and obtains energy spectrum data
from the MCA through the 485 transceivers. Next, the
test environment is shown in fig. 6.

Energy resolution test

The '37Cs was placed above the detector, and the
output signal of the detector was directly input to the
MCA without passing through the array switching cir-
cuit. The measured spectrum is shown in fig. 7(a). In the
same environment, the output signal of the detector is
input to input Channel 1 of the array switching circuit
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Figure 6. Experimental test system

that switches input 1 to all output channels. The energy
spectrum measured by MCA on any output channel is
shown in fig. 7(b). The measurement time of the two en-
ergy spectrum experiments was 180 seconds.

As shown in fig. 7(a), the 662 keV photopeak of
137Cs is located in channel 203, and the energy resolu-
tion is 7.4 %. In fig. 7(b), the 662 keV photopeak of
137Cs is also located in channel 203, and the energy
resolution is 7.88 %. For a clearer comparison, the two
energy spectra are put in the same graph, as shown in
fig. 8.

Figure 8 shows that the distribution of the
Compton plateau is consistent. The two photopeaks
are almost similar, with similar energy resolution.
Therefore, the nuclear pulse signal demonstrates very
little influence on the energy resolution of MCA after
passing through the array switching circuit.

Linearity test

In nature, 2*8U, 2*2Th, and decay products of nat-
ural uranium ore emit energy-rich gamma-rays [15],

Array switching board
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Figure 5. Experimental test
system structure
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Figure 7. The energy spectrum of *’Cs: (a) energy
spectrum obtained without the array switching circuit
and (b) energy spectrum obtained with array switching
circuit

which are good natural radioactive sources for testing
the linearity of MCA to gamma-rays with different en-
ergies [16]. For the linearity test, the uranium ore was
placed above the detector, and the same methodology
of the energy resolution test was followed to measure
the energy spectrum of the circuit with and without ar-
ray switching, as shown in fig. 9.
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Figure 8. The energy spectrum of *'Cs

Energy calibration was performed by obtaining
the channel numbers of 7 photopeak positions of
214pb, 214Bi, and *?Ac [17] and combining them with
the gamma-ray energy released by International
Atomic Energy Agency, as shown in fig. 10.

The Pearson correlation coefficient between the
number of channels at the photopeak position and the
gamma-ray energy is 0.99987in fig. 10(a) and 0.99991
in fig. 10(b).These values of the Pearson coefficient
indicate that the MCA with an array switching circuit
demonstrates good linearity for gamma-rays of differ-
ent energies. The circuit will exhibit a certain drift in
the position of the photopeak, such as the position of
1764.96 keV in fig. 9. The photopeak position is 528 in
the case of no array switching circuit, and it is 520 in
the case of an array switching circuit. This shows that
the circuit demonstrates a certain influence when the
pulse voltage amplitude is high, causing a slight atten-
uation of the pulse voltage amplitude. However, the
circuit demonstrates negligible effect when the pulse
voltage amplitude is low.
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Figure 10. Energy calibration: (a) without array
switching circuit and (b) with the array switching circuit

Reliability test

To test the working stability of the designed ar-
ray switch circuit, used '37Cs and uranium ore to test
the energy resolution, linearity, and the photopeak po-
sition of 2!Bi changes with the number of array switch
operations. First, the 13’Cs was placed above the de-
tector, operated the array switch every 60 seconds, and
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read the energy spectrum data every 180 seconds. Af-
ter 8 hours of the test, the data for the change in energy
resolution were analyzed. Then, the uranium ore was
placed above the detector, used the same method to op-
erate the array switch, and read the energy spectrum
data. After 8 hours of the test, the linearity and the
photopeak position of 2'4Bi change data were ana-
lyzed. The measured energy resolution is shown in fig.
11(a), the linearity is shown in fig. 11(b), and the
photopeak position of >!“Bi is shown in fig. 11(c).

In fig. 11(a), the average value of energy resolu-
tion is 7.76 %, the up value is 7.96 %, the low value is
7.58 %, and the standard deviation is 0.1284. In fig.
11(b), the average value of linearity is 0.99957, the up
value is 0.99992, the low value is 0.99891, and the
standard deviation is 0.0003. In fig. 11(c), the average
photopeak position of 2'#Bi is 520, the up value is 525,
the low value is 510, and the standard deviation is
4.956. During the 8 hours of the test, the array switch
was operated 480 times in total, which had very little
impact on the entire multi-channel energy spectrum
acquisition system. Because of the use of energy spec-
trum accumulation, the influence of the array switch
on the energy spectrum acquisition data during opera-
tion is reduced, and the reliability of the array switch
circuit is improved.

CONCLUSION

In this paper, a switch array chip was used to de-
sign a nuclear pulse signal array switching circuit,
which can realize any connection between the multi-
ple input signals from the detector with the MCA. The
results of the experimental test showed that the array
switching circuit demonstrates the little effect on the
energy resolution and linearity of the MCA, and the

circuit has good reliability through energy spectrum
accumulation. This circuit makes the real-time acqui-
sition of multi-channel energy spectrum signals more
flexible, reliable, and stable. However, its disadvan-
tage includes limited bandwidth. In the case of very
high input signal pulse frequency and amplitude, the
signal amplitude is attenuated, resulting in the drift of
the photopeak. This defect can be further studied by
selecting a switch array chip demonstrating a higher
bandwidth.
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hu JbY, Xaj-Tao BAHI, Xaj-Illlenr YEH, 2Ken-bo BAHI'

MNPOJEKAT CIOXEHOTI INPEKUJAYKOI' KOJA 3A
BUINIECTPYKMN HYKJIEAPHU UMITYJICHU CUTHAJ

Komepuujanuu BUIlIEKAHATHUA CIHEKTPOMETPH €HEpruje uMajy goope nepdopmaHce, BUIIE
KaHalla yJla3HUX CUTHAJIA ¥ BUIIICKaHAIHE aHAIM3aTOPE, KOju MOTY HICTOBPEMEHO Ia MPUKaKy CHEPreTCKU
CIIEKTap BUIIECTPYKUX HYKJICAPHUX UMITYJICHUX CUTHaja. MebyTum, KaHas yia3HoT CUrHalla OBOT ONILTET
BHILIEKAHATHOT €HEPTeTCKOT CIEKTPOMETpa He MOXKe ce IpebanuBaTu u3Meby MHTepHUX BULLIEKaHATTHUX
aHaIM3aTOpPa, T€ KAHAJ YJIa3HOT CUTHAJA MOXKe OMTH (PUKCHpAH caMO Ha OAroBapajyhu BUIlIEKaHAIHU
a"anu3aTop. Jla 6u ce pemmo oBaj MpobseM y paay je IpojeKTOBaHO NMPEKUAAUKO KOJIO 3a IpebanuBame
HU3a CUTHaja HyKJeapHOI uMIlysca. Je3rpo NpeKkujadykor Koja HK3a je YUIl HU3a IIpeKujgayda ca Majom
VHYTPaIIkhOM OTIIOPHOIThY W BETUKHAM IIPOIYCHAM OIICEIOM, KOjU KOHTPOJMIIE Be3y CUTHaja m3Mebhy
KaHaJa yIa3HOT CHTHAja ca BHIeKaHanHuMm aHanuzatopom. Kopucrehu *’Cs u pyny ypanujyma kao
pafnoakTHBHE M3BOpE, TECT EHEPreTCKOT CIEeKTpa M aHajM3a CHCKTPAJHUX IOfaTaka CIPOBEACHH CY
nomohy Nal merexTopa, Kajjla CHTHAII HyKJIeapHOT MMITyJIca MPOJasd, WM He TPOoa3u, Kpo3 CKION 3a
npebanuBame HA3a. Pe3ynraTu cy moKasand ga KoJio MoKa3yje Malld yTHIAj Ha eHePTeTCKY PEe30NIyIHjy U
JIMHEAPHOCT BUIIEKAHAIHOT aHAIM3aTOPa, ajld Y3pOKyje Manu nmomak (poTomnuka Bucoke eHepruje. OBo
KOJIO MOXE YYUHUTH [PUMEHY BUIIEKAHAJIHOI EHEPreTCKOr CIEeKTpoMeTpa (IIEKCUOMIHUJOM WU
TIOY3/IaHIjOM.

KmyuHe peuu: HyKaeapHUu UMILYACHU CUZHAA, UL HU3A UPEeKUOAYa, eHepZellicKa pe3oayuuja,
AUHEApHOCIU



