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The work deals with the de tec tion of ther mal neu trons us ing a con ver sion layer of LiF on
YAP:Ce and YAG:Ce scin til la tion crys tals of var i ous sizes. En riched LiF (95 at. % 6Li) in the
form of a mix ture with 5 % poly vi nyl al co hol was de pos ited on the crys tal face by spray ing it in 
a thin layer. The 252Cf iso tope with par af fin mod er a tion and lead shield ing was used as a neu -
tron source. The de tec tion is based on the nu clear re ac tion of 6Li with the neu tron. The con -
ver sion leads to emit ting an al pha par ti cle and tri ton ac cord ing to the scheme 6Li (n, a)3H +
+.4.5 MeV which are de tected by the scin til la tion crys tal. Due to gamma ray in ter ac tion, the
op ti mum thick ness of the crys tal was es ti mated to 70 µm.
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IN TRO DUC TION

The de tec tion of neu trons is based on the
so-called con ver sion which is most of ten done via the
nu clear re ac tion of a neu tron with a cor re spond ing nu -
cleus be ing fol lowed by the emit ting of the de sired
par ti cle. It can, for in stance, re fer to a pro ton, deu -
teron, tri tium, al pha par ti cle, fis sion prod ucts and/or
the quanta of gamma ra di a tion. Con cern ing the con tri -
bu tion of gamma ra di a tion to the spec tra while mea -
sur ing neu trons, it is de sir able to use a suit able
discriminator.

The solid-state scin til la tion de tec tors of neu trons
are scin til la tion crys tals with ad di tives such as 10B, 6Li
or 157Gd [1, 2] which have the highly ef fi cient
cross-sec tions for the con ver sion of ther mal neu trons
into charged par ti cles or gamma rays. These are sub se -
quently de tected in the vol ume of the crys tal. The next
pos si ble method of de tec tion is to use the so-called con -
ver sion lay ers [3-6] which are ap plied in a suit able way
onto a scin til la tion crys tal. The sub se quent re ac tion of a
neu tron with the given atom emits a par ti cle which is af -
ter wards de tected in the crys tal. One of the pos si ble de -
tec tion mech a nisms is based on the re ac tion

6 3 4 6Li n H MeV( , ) .a + (1)

The aim of the work is to ver ify the hy poth e sis of
sim ple de tec tion of ther mal neu trons us ing the con ver -
sion layer formed with lith ium flu o ride en riched with

6Li iso tope ap plied on the head of se lected in or ganic
crys tals in the form of the mix ture of a 5 % wa ter so lu -
tion of poly vi nyl al co hol.

EX PER I MENT

De vices and equip ment

The neu tron de tec tion was per formed by in or -
ganic scin til la tion crys tals pro duced and sup plied by
Crytur Lmtd, Czech Re pub lic; spe cif i cally, ce rium
doped yt trium alu mi num perovskite (YAP:Ce) [7] and
ce rium  doped yt trium  alu mi num  gar net   (YAG:Ce) 
[8]  of  a  cy lin dri cal shape with the sizes shown in  tab.
1.  The  con ver sion  layer  con sisted  of  en riched  LiF
(95 at. % 6Li) and 5 % wa ter poly vi nyl al co hol so lu tion
(trade mark Sloviol R).

All mea sure ments were con ducted in a
light-tight cham ber with an inbuilt 5.08 mm (2")
photomultiplier (PMT) type 9266KB, (ET En ter -
prises, GB), which was con nected to the base digiBase
(Ortec, USA), and the sub se quent eval u a tion of ac -
quired counts was con ducted with GammaVision v.
6.07 (Ortec, USA) soft ware.
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Ta ble 1. Size and ac tive vol ume of the used crys tals

Crys tal size
Type

YAP:Ce YAP:Ce YAG:Ce

Di am e ter [mm] 25.4 10 10.9

Thick ness [mm] 34 0.1 0.2

Vol ume [mm3] 17300 7.9 18.7



As  a  neu tron  source,  252Cf  with the ac tiv ity of
A = 37 MBq (1 mCi) on Jan u ary 1st, 2015, and a cal cu -
lated neu tron flow of 3.7×106 1/s with 10 cm par af fin
mod er a tion and 1 cm lead shield ing, was used. Point
sources type EG3 241Am, 137Cs, and 60Co (all man u -
fac tured by CMI-IIZ, Prague) were cho sen for gamma
cal i bra tion. Al pha cal i bra tion was per formed by an
241Am source pro duced by elec tro-de po si tion tech -
niques [9] on a thin stain less steel disc. For higher en -
ergy cal i bra tion than the en ergy lines of the used
sources, lin ear ex trap o la tion was as sumed.

The ba sic set ting of elec tronic in stru men ta tion
was as fol lows: the num ber of chan nels of the mul ti -
chan nel an a lyzer – MCA unit was given by un change -
able fac tory set tings with the value of 1024, the gross
gain had the value of 1, the shap ing time was 0.75 µs
and the LLD was set on the value of the 5th chan nel.
The op ti mal set ting of the pa ram e ters was set for each
crys tal sep a rately, as shown in tab. 2. The ba sic cri te -
rion for choos ing the said set ting was the for ma tion of
an en er getic spec trum of the de tected par ti cles with a
suit able range.

MEA SURE MENT METH OD OL OGY

The se lected crys tals were ap plied with a con -
ver sion layer. The coat ing was con ducted by Envinet
PLC, via the method of re peated spray ing with a noz -
zle, 0.3 mm in di am e ter. Proper ho mog e ni za tion was
achieved by mod i fy ing the ZnS:Ag coat ing pro cess,
the method ver i fied by  Envinet for the prep a ra tion of
par ti cle sen si tive scin til la tors. The thick ness of the
layer was de ter mined by a high-per for mance ul tra -
sonic thick ness gauge.

The pre pared crys tal was placed on the win dow
of the photomultiplier (PMT). To en sure a better op ti -
cal con tact be tween crys tal and win dow, glyc erin was
used. The neu tron source was placed upon a 6 mm
thick, low-den sity poly eth yl ene pad placed on a 15 cm
thick hol low poly sty rene base. The mea sure ment was
con ducted at pre set volt age and time. The counts spec -
trum mea sured this way was marked as non-mod er -
ated and, sub se quently, the mea sure ment re peated
with 10 cm par af fin mod er a tion, a 5 cm hol low poly -
sty rene base and a 6 mm thick lead beaker which pro -
vided a dis tance of ap prox i mately 15 cm, as in the pre -
vi ous case (fig. 1).

Al pha and gamma ra di a tion cal i bra tion was per -
formed us ing above-men tioned sources in the same

ge om e try as the one used for en ergy cal i bra tion, i. e., at 
a dis tance of the pad of 1.5 mm. The tritons/pro tons
cal i bra tion has not been done, due to the ab sence of a
suit able source. There fore, their po si tion in the spec -
trum has been es ti mated ac cord ing to the val ues of the
func tion dE/dx. To con firm the mea sured re sults, a set
of mea sure ments with a 2 mm thick hol low cad mium
cyl in der con tain ing the neu tron source and, then, mea -
sure ments with Bonner spheres of var i ous ra dii con -
tain ing the same neu tron source [10], were con ducted.
The mea sure ment of the back ground counts of both
the crys tal and sep a rate PMT with out a crys tal was
con ducted on the day of mea sure ment to elim i nate
pos si ble fur ther in ter fer ences in the counts spec tra. To
im prove the rate of pho tons strik ing the photocathode
PMT, as well so as to in crease the dis tin guish ing prop -
er ties, a big ger crys tal, YAP:Ce, was coated with a re -
flec tive layer fash ioned out of a tef lon tape. Af ter fin -
ish ing the mea sure ments stated above, the layer of
lith ium flu o ride was washed off with meth a nol and the 
same mea sure ment per formed again, but with out the
lith ium layer at the face of the crys tals. The con di tions
and set ting were iden ti cal to (tab. 2) those of the lith -
ium layer.

RE SULTS AND DIS CUS SION

To ver ify the de tec tion of neu trons, the spec tra
with and with out a con ver sion layer were com pared. A 
sig nif i cant ob sta cle to the anal y sis can be at trib uted to
the fact that it was im pos si ble to elim i nate the in ter fer -
ing gamma ra di a tion from a neu tron source and the in -
duced ra di a tion from the sur round ings. This re sulted
in the loss of all par ti cles with lower en er gies re sult ing
from the at ten u a tion in the con ver sion layer and the
dead layer of the crys tal. Due to this, very thin pla nar
de tec tors with a min i mal cross-sec tion for gamma rays 
are rel e vant in this type of de tec tion.

Our mea sure ments have proved that an ap plied
con ver sion layer ab sorbs the ma jor ity of formed al pha
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Ta ble 2. Set ting pa ram e ters of the base digiBase

Type Volt age [V] Gain Mea sure ment time [s]

YAP:Ce(a) 600 1.0 1000

YAP:Ce(b) 800 1.0 10000

YAG:Ce 800 1.2 9000

Note: (a)crys tal of vol ume of 17300 mm3, (b) crys tal of vol ume of
7.9 mm3

 Fig ure 1. Sche matic draw ing of the geo met ri cal lay out of 
the mea sure ment



par ti cles and that they can not be re li ably iden ti fied in
re corded counts. On the other hand, it is pos si ble to
cal cu late that the range of an al pha par ti cle with the en -
ergy of 2 MeV lith ium flu o ride in a mix ture with poly -
vi nyl al co hol amounts to ap prox i mately 25 µm. The
method of re peated coat ing has proved dif fi cult if the
de sired uni form thick ness of the con ver sion layer is to
be achieved, mak ing it there fore un suit able for sub se -
quent al pha par ti cle de tec tion. For in stance, the ap pli -
ca tion of a layer us ing a de po si tion from the gas eous
state or the use of  phys i cal va por de po si tion (PVD)
[11, 12] seems to be a more vi a ble op tion. In these
cases, thick nesses from 2 µm to 10 µm can be
achieved. The dis ad van tage of this method of coat ing
of a con ver sion layer lies in the high tem per a ture dur -
ing its ap pli ca tion (150 °C-1000 °C) which can lead to
the dam age of the crys tal lat tice and pos si ble ig ni tion
and ex plo sive flare of the formed dis per sions. A tri ton
in ter acts with the ma te rial in a way sim i lar to al pha ra -
di a tion; how ever, af ter a given pe riod, tri ton dis in te -
grates into a pro ton and two neu trons [13, 14], with
each of these par ti cles car ry ing a part of its orig i nal en -
ergy. It can thus be cal cu lated that a sep a rate tri ton
(pro ton) in ter act ing with the con ver sion layer
achieves a wider range than an al pha par ti cle and, due
to this, un like most al pha par ti cles, man ages to pass
through the con ver sion layer into the de tec tion vol ume 
of the crys tal.

As  ob served  in fig. 2, the re gion of higher
counts with the YAP:Ce crys tal of an ac tive vol ume of
17300   mm3  ex tends  to  the  en ergy  of  up  to  ap prox i -
mately 9 MeV. This is caused by the sum ma tion of
gamma ra di a tion and the con tri bu tion of formed al pha
par ti cles and tritons in lower en er gies. There fore, they
are not pos i tively iden ti fied. The cause of the sum ma -
tion is the high ac tiv ity of a neu tron source and, pos si -
bly, the par tial un suit abil ity of the sig nal pro cess ing
via digiBase, due to elec tron ics not de signed for such
ex treme high-count rates as the ones they were ex -
posed to. The change in the ex po nen tial curve of the

counts spec trum of LiF mod er a tion can be at trib uted to 
the gamma ra di a tion in ter fer ence orig i nat ing from the
shield ing.

The in flu ence of the count rate and the sum ma -
tion on the shape of the counts spec trum is par tially
rep re sented in fig. 3 where the gamma sources of var i -
ous en er gies and ac tiv i ties were mea sured. In this case, 
the mea sure ment was con ducted with the crys tal
YAG:Ce with the thick ness of 200 µm and it can be ob -
served that the in crease of ac tiv ity of sep a rate sources
is re lated to the in crease in the num ber of sum ma tion
pulses.

Con sid er ably dif fer ent re sults were mea sured
with crys tals of the same com po si tion, but of smaller
sizes (tab. 1). Ac cord ing to fig. 4, it can be ob served
that the con ver sion layer does not sig nif i cantly af fect
the shape of the counts spec trum of a non-mod er ated
source. How ever, a sig nif i cant dif fer ence is ob served
in fig. 5 which rep re sents the com par i son of the mod -
er ated source spec tra.

The in crease of the count rate in the en tire counts 
spec trum with a con ver sion layer is ob served. Con -
cern ing the fact that the mea sure ments were con -
ducted un der the same con di tions, the only dif fer ence
be ing the pres ence or ab sence of a con ver sion layer

L. Fiserova, et al.: Neu tron De tec tion Us ing Con ver sion Lay ers and YAP:Ce ...
200 Nu clear Tech nol ogy & Ra di a tion Pro tec tion: Year 2015, Vol. 30, No. 3, pp. 198-202

Fig ure 2. Cf counts spec trum with mod er a tion and
with out mod er a tion; 17300 mm3 (1") crys tal YAP:Ce

Fig ure 3. The in flu ence of high pho ton flux on the
sum ma tion ef fect in the counts spec trum of
YAG:Ce 200 µm

Fig ure 4. 252Cf counts spec trum with out mod er a tion;
crys tal YAP:Ce 100 µm



and, due to the fact that the con tri bu tion of the formed
al pha par ti cles to the counts spec trum is, due to the in -
flu ence of self-ab sorp tion very small, the in growths
can be at trib uted to the tritons formed in said re ac tions
(1).

In the case of the YAG:Ce crys tal, no sig nif i cant
dif fer ence in non-mod er ated counts spec tra is ob -
served. The dif fer ent shapes of counts spec tra with and 
with out a con ver sion layer (fig. 6) while mea sured
with par af fin mod er a tion can be at trib uted to the con -
tri bu tion of tritons. Con cern ing the dou ble thick ness
of the YAG:Ce (200 µm) crys tal in com par i son with
the YAP:Ce (100 µm) crys tal, the thicker one is in its
de tec tion ef fi ciency ca pa ble of cap tur ing gamma ra di -
a tion at higher en er gies. This was ob served in the
counts spec trum in the su per po si tion of counts orig i -
nat ing from gamma ra di a tion and tritons.

CON CLU SIONS

The use of con ver sion is gen er ally one of the
most com monly used ways of neu tron de tec tion. In
solid-state scin til la tion spec trom e try, mainly crys tals
con tain ing a cer tain per cent age of lith ium, bo ron, and

gad o lin ium iso topes are used [15, 16]. The main prob -
lem of in or ganic scin til la tion crys tals is their rel a tively 
high sen si tiv ity to gamma ra di a tion, which in creases
the de mands on the in stru men ta tion set-up and the
eval u a tion of mea sured re sults.

While us ing neu tron con ver sion lay ers, it is in ev i -
ta ble to con sider two sig nif i cant fac tors: the thick ness
of a crys tal and the na ture of the con ver sion layer. It can
be said that the thin ner crys tal is more sen si tive to the
lower en ergy gamma ra di a tion and charged par ti cles
ab sorp tion and vice versa. Due to this, the crys tals with
lower thick nesses are used to de tect X-ray ra di a tion,
low-en ergy gamma ra di a tion and charged par ti cles.

The con ver sion layer should be ap plied in a thick -
ness of about 30 µm, in such a man ner that its sur face en -
sures max i mum ho mo ge ne ity, with out bub bles or other
de fects. Proper ho mog e ni za tion was achieved by mod i -
fy ing the ZnS:Ag coat ing pro cess, the ver i fied method
used be ing in Envinet, so as to pre pare par ti cle sen si tive
scin til la tors. The thick ness of the layer was de ter mined
by a high per for mance ul tra sonic thick ness gauge.

Based on the mea sured re sults, the sig nif i cance
of crys tal thick ness is crit i cal when the in crease of
approximately100 µm leads to the in crease in the ab -
sorp tion of gamma ra di a tion to such an ex tent that it
causes a sig nif i cant in ter fer ence of gamma ra di a tion
counts to tri ton counts in the spec trum, oth er wise pos -
si ble to be de ter mined with a thin ner crys tal. With
crys tals of big ger thick ness, the pos i tive de tec tion of
neu trons is im pos si ble due to their abil ity to ab sorb
gamma ra di a tion at higher en er gies. Fur ther more, the
sig nif i cance of en ergy sum ma tion dra mat i cally grows
as the sum ma tion hides the con tri bu tion in the counts
spec trum formed by charged par ti cles.
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DETEKCIJA  NEUTRONA  PRIMENOM  KONVERZIONIH
SLOJEVA  I  YAP:Ce  I  YAG:Ce  KRISTALA

U ovom radu bavimo se detekcijom termi~kih neutrona upotrebom konverzionog LiF sloja
na YAP:Ce i YAG:Ce scintilacionim kristalima razli~itih veli~ina. Oboga}eni LiF (95% atoma
6Li) u sme{i sa 5 % polivinil alkoholom nanet je sprejom na kristal u tankom sloju. Kao neutronski
izvor kori{}en je radionuklid 252Cf sa parafinskim moderatorom i olovnom za{titom. Detekcija se 
zasniva na nuklearnoj reakciji 6Li sa neutronima. Konverzija vodi ka emitovawu alfa ~estice i
tricijuma prema relaciji 6Li(n, a)3H + 4.5 MeV, koji se detektuju scintilacionim kristalom. Imaju}i
u vidu interakciju gama zra~ewa, proceweno je da optimalna debqina kristala iznosi 70 µm.

Kqu~ne re~i: YAP:Ce, YAG:Ce, konverzioni sloj, inderektna detekcija termi~kih neutrona


