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Com mer cial multi-chan nel en ergy spec trom e ters have good per for mance, they have mul ti ple in -
put sig nal chan nels and multi-chan nel an a lyz ers, which can si mul ta neously ac quire the en ergy
spec trum of mul ti ple nu clear pulse sig nals. But the in put sig nal chan nel of this gen eral
multi-chan nel en ergy spec trom e ter can not be switched be tween the in ter nal multi-chan nel an a -
lyz ers, and an in put sig nal chan nel can only be fixed to the cor re spond ing multi-chan nel an a lyz -
ers. Hence, to re solve this is sue, this pa per de signed a nu clear pulse sig nal ar ray switch ing cir cuit.
The core of the ar ray switch ing cir cuit is a switch ar ray chip with low in ter nal re sis tance and high
band width, which con trols the sig nal con nec tion be tween the in put sig nal chan nel with the
multi-chan nel an a lyz ers. Us ing 137Cs and ura nium ore as ra dio ac tive sources, the en ergy spec -
trum test and spec trum data anal y sis were car ried out us ing a NaI de tec tor, re spec tively, when the
nu clear pulse sig nal passed through and did not pass through the ar ray switch ing cir cuit. The re -
sults showed that the cir cuit dem on strates lit tle ef fect on the en ergy res o lu tion and lin ear ity of the 
multi-chan nel an a lyz ers but causes a small drift of the high-en ergy photopeak, and im prove the
re li abil ity of the cir cuit by en ergy spec trum data ac cu mu la tion. This cir cuit can make the ap pli ca -
tion of a multi-chan nel en ergy spec trom e ters more flex i ble and re li able.
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IN TRO DUC TION

In the field of nu clear ra di a tion de tec tion, nu clear
pulse [1, 2] sig nal mea sure ment and en ergy spec trum
anal y sis [3, 4] are ex tremely im por tant anal y sis meth -
ods. It is nec es sary to use a multi-chan nel data ac qui si -
tion sys tem [5] to an a lyze the multi-chan nel nu clear
pulse sig nals at the same time when mea sur ing the ray
en ergy spec trum of dif fer ent places. At pres ent,
multi-chan nel en ergy spec trom e ters are de signed ac -
cord ing to mul ti ple par al lel data ac qui si tion cards [6].
The struc ture is shown in fig. 1. Each ac qui si tion card
cor re sponds to an in put chan nel, and each in put chan nel 
is in de pend ent and cor re sponds to a multi-chan nel an a -
lyzer (MCA) [7, 8]. This multi-chan nel en ergy spec -
trom e ter ex hib its good ver sa til ity and ex cel lent per for -
mance and is easy to use. How ever, the dis ad van tages
of a multi-chan nel en ergy spec trom e ters in clude the fol -
low ing: the in put chan nel and MCA can not be
switched, only fixed one-to-one cor re spon dence is con -
sid ered, and its use is not flex i ble.
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* Cor re spond ing au thor, e-mail: qil@ecut.edu.cn Fig ure 1. Multi-chan nel en ergy spec trum an a lyzer



In places with ex tremely high sta bil ity and re li abil -
ity re quire ments, re dun dant de sign of chan nels is re -
quired when per form ing on line real-time ac qui si tion of
multi-chan nel nu clear pulse sig nals. In other words,
when an ab nor mal ity oc curs in one chan nel, it should be
quickly switched to other chan nels to en sure nu clear
pulse sig nals that are real-time, ac cu rate, and re li able. If
the gen eral multi-chan nel ac qui si tion sys tem is used, de -
ter min ing whether the de tec tor or the MCA is faulty is
dif fi cult. In such cases, man u ally check ing the fault point
is nec es sary, which not only af fects the work of the in -
stru ment but also causes ra dio ac tive haz ards to the hu -
man body.

In or der to solve the de fects, the pres ent study de -
signs a multi-chan nel nu clear pulse sig nal ar ray switch ing
cir cuit that can switch the in put multi-chan nel nu clear
pulse sig nals to the cor re spond ing MCA ar bi trarily.

SYS TEM STRUC TURE

Dur ing en ergy spec trum mea sure ment on rays,
the am pli tude of the pulse sig nal out put by the de tec tor
is in the range of ±5 V, and the pulse width is in the range 
of 0.2~5 ms. The sig nal ar ray switch ing cir cuit should
ex hibit the high est pos si ble and the low est pos si ble
band width to re duce the bal lis tic de ple tion of the sig nal
and the ef fects of pulse pile-up [9, 10]. In this pa per, the
switch ar ray chip was se lected to re al ize the chan nel ar -
ray switch ing func tion. Fig ure 2 pres ents the struc tural
block di a gram of a multi-chan nel en ergy spec trum
mea sure ment sys tem with an ar ray switch ing cir cuit.
The cir cuit is mainly com posed of a switch ar ray chip, a
microcontroller, and an op er a tional am pli fier. The in put 
sig nals 1-8 come from the de tec tor, and the out put sig -
nals 1-8 are out put to 8 MCA.

The switch ar ray chip con trols any con nec tion re -
la tion ship be tween the in put sig nals 1-8 and the out put
sig nals 1-8. Here, the pulse sig nal is in put to the switch
ar ray chip through the op er a tional am pli fier. Ex ter nally, 
the switch ing com mand is sent to the microcontroller
through the 485 bus, and the microcontroller sends the
con trol com mand to the switch ar ray chip through the
IIC bus. Af ter the com ple tion of the sig nal path switch -
ing, the pa ram e ters of the MCA should also be changed
to match the cor re spond ing de tec tor.

ELEC TRONIC DE SIGN

The ar ray switch ing cir cuit in cludes two parts: a
sig nal in put buffer and a switch con trol. As shown in
fig. 3, the sig nal in put buffer part in cludes the sub min -
ia ture ver sion A (SMA) con nec tor, im ped ance match -
ing re sis tor, and volt age fol lower. The nu clear pulse
sig nal out put from the de tec tor is con nected to the
SMA con nec tor on the cir cuit board through a co ax ial
ca ble, and the in put volt age ranges from –5 V to +5 V.
A 49.9 W match ing re sis tor is con nected to the in put
end of the de tec tor to re al ize the im ped ance match ing
be tween the de tec tor in put sig nal and the switch ar ray
chip. Af ter pass ing through the volt age fol lower, the
pulse sig nal is in put to the switch ar ray chip.

The switch con trol part, i. e. the sec ond part of the
ar ray switch ing ar ray, in cludes the switch ar ray chip of
ADG2108 (with low in ter nal re sis tance and high band -
width), a 485 com mu ni ca tion chip, and a microcontroller.
The chip dem on strates a band width of 300 MHz and a
max i mum con nec tion im ped ance of 35 W. It in te grates a
switch ar ray of 8 ́  10 chan nels and sup ports ±5 V sig nals
[11]. The switch ing of the in ter nal switch ar ray chip is re -
al ized by writ ing to the in ter nal reg is ter through the IIC
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Fig ure 2. Multi-chan nel en ergy spec trum mea sure ment sys tem with the ar ray switch ing cir cuit



bus of the chip. The con nec tion and dis con nec tion be -
tween the switch ar rays are re al ized by set ting the cor re -
spond ing reg is ter at 1 and then clear ing it to 0, re spec -
tively. The microcontroller re al izes the switch be tween the 
in put chan nel and the out put chan nel by writ ing the cor re -
spond ing value to the switch chip reg is ter through the IIC
bus. The microcontroller se lects STM32F103C8T6 [12],
which re al izes the in stant switch ing of a sin gle switch. The 
microcontroller re al izes one-time syn chro nous switch ing
of all switches by set ting the load switch (LDSW) pin of
the ADG2108 chip to 0 or 1 as per the re quire ment. The
op er a tion char ac ter is tics of the LDSW pin of the switch
ar ray chip can en sure that switch ing a cer tain chan nel does 
not af fect the work of other chan nels. Thus, this en sures
that the switch ing be tween chan nels will not af fect each
other. The pulse sig nal af ter switch ing the chip is out put to
the MCA through the SMA con nec tor on the cir cuit board.

The ar ray switch ing cir cuit is shown in fig. 4.

TEST AND RE SULTS

This cir cuit uses 137Cs and nat u ral ura nium ore to 
test the per for mance of the ar ray switch ing cir cuit on
the MCA. We car ried out the en ergy res o lu tion [13] in -

flu ence ex per i ment us ing 137Cs to eval u ate the
in flu ence of the ar ray switch ing cir cuit on the en ergy
res o lu tion. Also, we con ducted the en ergy lin ear ity
[14] in flu ence ex per i ment us ing ura nium ore to in ves -
ti gate the in flu ence of the ar ray switch ing cir cuit on
the en ergy lin ear ity of the sub se quent MCA. The
struc ture of the ex per i men tal test sys tem is shown in
fig. 5.

Dur ing the test, a NaI de tec tor mea sur ing 50 mm
× 100 mm × 400 mm was used. The high volt age of the
photomultiplier tube was –700 V, and the MCA of
1024 chan nels was used. The com puter con trols the ar -
ray switch ing cir cuit and ob tains en ergy spec trum data 
from the MCA through the 485 trans ceiv ers. Next, the
test en vi ron ment is shown in fig. 6.

En ergy res o lu tion test

The 137Cs was placed above the de tec tor, and the
out put sig nal of the de tec tor was di rectly in put to the
MCA with out pass ing through the ar ray switch ing cir -
cuit. The mea sured spec trum is shown in fig. 7(a). In the 
same en vi ron ment, the out put sig nal of the de tec tor is
in put to in put Chan nel 1 of the ar ray switch ing cir cuit
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Fig ure 3. Sig nal in put
buffer cir cuit

Fig ure 4. Ar ray switch ing
cir cuit



that switches in put 1 to all out put chan nels. The en ergy
spec trum mea sured by MCA on any out put chan nel is
shown in fig. 7(b). The mea sure ment time of the two en -
ergy spec trum ex per i ments was 180 sec onds.

As shown in fig. 7(a), the 662 keV photopeak of
137Cs is lo cated in chan nel 203, and the en ergy res o lu -
tion is 7.4 %. In fig. 7(b), the 662 keV photopeak of
137Cs is also lo cated in chan nel 203, and the en ergy
res o lu tion is 7.88 %. For a clearer com par i son, the two
en ergy spec tra are put in the same graph, as shown in
fig. 8.

Fig ure 8 shows that the dis tri bu tion of the
Compton pla teau is con sis tent. The two photopeaks
are al most sim i lar, with sim i lar en ergy res o lu tion.
There fore, the nu clear pulse sig nal dem on strates very
lit tle in flu ence on the en ergy res o lu tion of MCA af ter
pass ing through the ar ray switch ing cir cuit.

Lin ear ity test

In na ture, 238U, 232Th, and de cay prod ucts of nat -
u ral ura nium ore emit en ergy-rich gamma-rays [15],

which are good nat u ral ra dio ac tive sources for test ing
the lin ear ity of MCA to gamma-rays with dif fer ent en -
er gies [16]. For the lin ear ity test, the ura nium ore was
placed above the de tec tor, and the same meth od ol ogy
of the en ergy res o lu tion test was fol lowed to mea sure
the en ergy spec trum of the cir cuit with and with out ar -
ray switch ing, as shown in fig. 9.
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Fig ure 5. Ex per i men tal test 
sys tem struc ture

Fig ure 6. Ex per i men tal test sys tem

Fig ure 7. The en ergy spec trum of 137Cs: (a) en ergy
spec trum ob tained with out the ar ray switch ing cir cuit
and (b) en ergy spec trum ob tained with ar ray switch ing
cir cuit



En ergy cal i bra tion was per formed by ob tain ing
the chan nel num bers of 7 photopeak po si tions of
214Pb, 214Bi, and 228Ac [17] and com bin ing them with
the gamma-ray en ergy re leased by In ter na tional
Atomic En ergy Agency, as shown in fig. 10.

The Pearson cor re la tion co ef fi cient be tween the
num ber of chan nels at the photopeak po si tion and the
gamma-ray en ergy is 0.99987in fig. 10(a) and 0.99991 
in fig. 10(b).These val ues of the Pearson co ef fi cient
in di cate that the MCA with an ar ray switch ing cir cuit
dem on strates good lin ear ity for gamma-rays of dif fer -
ent en er gies. The cir cuit will ex hibit a cer tain drift in
the po si tion of the photopeak, such as the po si tion of
1764.96 keV in fig. 9. The photopeak po si tion is 528 in 
the case of no ar ray switch ing cir cuit, and it is 520 in
the case of an ar ray switch ing cir cuit. This shows that
the cir cuit dem on strates a cer tain in flu ence when the
pulse volt age am pli tude is high, caus ing a slight at ten -
u a tion of the pulse volt age am pli tude. How ever, the
cir cuit dem on strates neg li gi ble ef fect when the pulse
volt age am pli tude is low.

Re li abil ity test

To test the work ing sta bil ity of the de signed ar -
ray switch cir cuit, used 137Cs and ura nium ore to test
the en ergy res o lu tion, lin ear ity, and the photopeak po -
si tion of 214Bi changes with the num ber of ar ray switch 
op er a tions. First, the 137Cs was placed above the de -
tec tor, op er ated the ar ray switch ev ery 60 sec onds, and 
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Fig ure 8. The en ergy spec trum of 137Cs

Fig ure 9. The en ergy spec trum
of ura nium ore

Fig ure 10. En ergy cal i bra tion: (a) with out ar ray
switch ing cir cuit and (b) with the ar ray switch ing cir cuit



read the en ergy spec trum data ev ery 180 sec onds. Af -
ter 8 hours of the test, the data for the change in en ergy
res o lu tion were an a lyzed. Then, the ura nium ore was
placed above the de tec tor, used the same method to op -
er ate the ar ray switch, and read the en ergy spec trum
data. Af ter 8 hours of the test, the lin ear ity and the
photopeak po si tion of 214Bi change data were an a -
lyzed. The mea sured en ergy res o lu tion is shown in fig. 
11(a), the lin ear ity is shown in fig. 11(b), and the
photopeak po si tion of 214Bi is shown in fig. 11(c).

In fig. 11(a), the av er age value of en ergy res o lu -
tion is 7.76 %, the up value is 7.96 %, the low value is
7.58 %, and the stan dard de vi a tion is 0.1284. In fig.
11(b), the av er age value of lin ear ity is 0.99957, the up
value is 0.99992, the low value is 0.99891, and the
stan dard de vi a tion is 0.0003. In fig. 11(c), the av er age
photopeak po si tion of 214Bi is 520, the up value is 525,
the low value is 510, and the stan dard de vi a tion is
4.956. Dur ing the 8 hours of the test, the ar ray switch
was op er ated 480 times in to tal, which had very lit tle
im pact on the en tire multi-chan nel en ergy spec trum
ac qui si tion sys tem. Be cause of the use of en ergy spec -
trum ac cu mu la tion, the in flu ence of the ar ray switch
on the en ergy spec trum ac qui si tion data dur ing op er a -
tion is re duced, and the re li abil ity of the ar ray switch
cir cuit is im proved.

CON CLU SION

In this pa per, a switch ar ray chip was used to de -
sign a nu clear pulse sig nal ar ray switch ing cir cuit,
which can re al ize any con nec tion be tween the mul ti -
ple in put sig nals from the de tec tor with the MCA. The
re sults of the ex per i men tal test showed that the ar ray
switch ing cir cuit dem on strates the lit tle ef fect on the
en ergy res o lu tion and lin ear ity of the MCA, and the

cir cuit has good re li abil ity through en ergy spec trum
ac cu mu la tion. This cir cuit makes the real-time ac qui -
si tion of multi-chan nel en ergy spec trum sig nals more
flex i ble, re li able, and sta ble. How ever, its dis ad van -
tage in cludes lim ited band width. In the case of very
high in put sig nal pulse fre quency and am pli tude, the
sig nal am pli tude is at ten u ated, re sult ing in the drift of
the photopeak. This de fect can be fur ther stud ied by
se lect ing a switch ar ray chip dem on strat ing a higher
band width.
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PROJEKAT  SLO@ENOG  PREKIDA^KOG  KOLA  ZA
VI[ESTRUKI  NUKLEARNI  IMPULSNI  SIG NAL

Komercijalni vi{ekanalni spektrometri energije imaju dobre performanse, vi{e
kanala ulaznih signala i vi{ekanalne analizatore, koji mogu istovremeno da prika`u energetski
spektar vi{estrukih nuklearnih impulsnih signala. Me|utim, kanal ulaznog signala ovog op{teg
vi{ekanalnog energetskog spektrometra ne mo`e se prebacivati izme|u internih vi{ekanalnih
analizatora, te kanal ulaznog signala mo`e biti fiksiran samo na odgovaraju}i vi{ekanalni
analizator. Da bi se re{io ovaj prob lem u radu je projektovano prekida~ko kolo za prebacivawe
niza signala nuklearnog impulsa. Jezgro prekida~kog kola niza je ~ip niza prekida~a sa malom
unutra{wom otporno{}u i velikim propusnim opsegom, koji kontroli{e vezu signala izme|u
kanala ulaznog signala sa vi{ekanalnim analizatorom. Koriste}i 137Cs i rudu uranijuma kao
radioaktivne izvore, test energetskog spektra i analiza spektralnih podataka sprovedeni su
pomo}u NaI detektora, kada sig nal nuklearnog impulsa prolazi, ili ne prolazi, kroz sklop za
prebacivawe niza. Rezultati su pokazali da kolo pokazuje mali uticaj na energetsku rezoluciju i
linearnost vi{ekanalnog analizatora, ali uzrokuje mali pomak fotopika visoke energije. Ovo
kolo mo`e u~initi primenu vi{ekanalnog energetskog spektrometra fleksibilnijom i
pouzdanijom.

Kqu~ne re~i: nuklearni impulsni sig nal, ~ip niza prekida~a, energetska rezolucija,
.........................linearnost


