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OPTICAL PROPERTIES OF X-RAY IRRADIATED
CuePSs1-BASED THIN FILMS DEPOSITED BY
MAGNETRON SPUTTERING

CugPSsl-based thin films deposited by magnetron sputtering were irradiated using
wideband radiation of Cu-anode X-ray tube at different exposition times. Optical
transmission spectra, Urbach absorption edge, and dispersion of refractive index for
X-ray irradiated CusgP;7Ss9l0g, CUg4P11Ss6l0.9 and CugoPg7S36l7 thin films were
studied. The decrease of energy pseudogap and increase of refractive index with in-

crease of X-ray irradiation time is observed.
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Introduction

CuePSsl compounds belong to the su-
perionic conductors with argyrodite structure
[1]. Due to the high electrical conductivity,
they are the promissing materials for the de-
velopment of new types of solid-state
batteries and supercapacitors [2]. At room
temperature, CugPSsl crystal belongs to the
cubic syngony (F43m space group) [1]. Op-
tical absorption, luminescence, Raman scat-
tering, and refractive index dispersion for
CugPSsl crystals were studied in Refs. [2-4].

In the recent years much attention has
been devoted to studies of composites and
ceramics based on CugPSsl superionic con-
ductors [5-7]. Now it is important to obtain
thin films on their base which would enable
one to vary their physical properties and
spheres of application. CugPSsl thin films for
the first time were deposited onto silicate
glass substrates by non-reactive radio fre-
quency magnetron sputtering [8]. Structural
studies show the formation of a homogeneous

two-dimensional amorphous structure. A typ-
ical Urbach bundle is observed, temperature
dependences of the optical pseudogap and the
Urbach energy are described in the Einstein
model. The influence of annealing and ionic
implantation on the absorption edge parame-
ters of CugPSsl thin films was investigated in
Ref. [9, 10].

Electrical studies have shown that the
total electric conductivity of the thin films
increase with increase of Cu atoms content
[11]. Besides, with Cu content increase, a red
shift of the optical transmission spectra, as
well as a typical Urbach bundle, explained by
strong electron-phonon interaction, are ob-
served. It is shown in Ref. [11] that the
Urbach tail of the investigated thin films
caused by the influence of different types of
disordering and mainly determined by the
structural disordering.

The aim of the present paper is to inves-
tigate the influence of X-ray irradiation on the
optical transmission spectra, Urbach absorp-
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tion edge parameters and refractive indeces of
CugPSsl-based thin films.

Experimental

Thin films were deposited from poly-
crystalline CugPSsl target onto silicate glass
substrate at room temperature by non-reactive
radio frequency magnetron sputtering. The
structure of the deposited films was analyzed
by X-ray diffraction and scanning electron
microscopy (SEM). Diffraction patterns show
the films to be amorphous. The thin films
chemical composition was determined by the
energy-dispersive X-ray spectroscopy. Struc-
tural studies performed by SEM confirm the
formation of the uniform two-dimensional
structure.

X-ray irradiation was performed for the
different exposition times (30, 60 and 120
min) using wideband radiation of Cu-anode
X-ray tube with approx 400 W of power ap-
plied (33 kV, 13 mA). Optical transmission
spectra of Cus6P1.7S49l0.8, CUgaP11S46l09 and
CuggPo7Ssslo7 thin films were studied at
room temperature using MDR-3 grating mon-
ochromator. Spectral dependences of absorp-
tion coefficient and dispersion dependences of
refractive index of thin films were calculated
using the well-known method [12].

Results and discussion

Figure 1 presents the optical
transmission spectra at various irradiation
time at room temperature for X-ray irradiated
Cus 6P1.7S49l0s, Cug.4P11S46l0.9 and
CugoPo7S36lo7 thin films. With irradiation
time increase the red shift of the short-
wavelengt part of transmission spectra and
interference maxima is observed.
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Fig.1. Optical transmission spectra of non-
irradiated (1) and X-ray irradiated CusgP17Ss0l0s
(@), Cus.4P11S46lo.s () and CusgoPo7Ss6lo7 (C) thin
films at various irradiation time: (2) 30, (3) 90 and
(4) 210 min.

Spectral dependences of the absorption
coefficient at various irradiation time at room
temperature for X-ray irradiated
Cus 6P1.7S49l0.s, Cug.4P11S46l0.9 and
CugoPo.7S36l0.7 thin films are shown in Fig.2.
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Fig.2. Spectral dependences of the absorption
coefficient of non-irradiated (1) and X-ray irradi-
ated CuseP17Saslos (2), CUg4aP11Ssclos () and
CugoPo7Ss6lo7 (€) thin films at various irradiation
time: (2) 30, (3) 90 and (4) 210 min.

In Ref. [9] it is shown that the optical
absorption edge for both as-deposited and
annealed CugPSsl-based thin films in the
region of its exponential behaviour are
described by Urbach rule [13]

ahv,T)=qa, -exp{hEV _(I_E)O} (1)

where E (T) is the Urbach energy, oy and Eq

are the coordinates of the convergence point
of the Urbach bundle, hvand T are the photon
energy and temperature, respectively. In the
X-ray irradiated Cus6P17S49l0s,
Cug4P11Ss6los and CugPo7Ssslo7 thin films
we also observed the Urbach behaviour of the
optical absorption edge. It should be noted
that the optical absorption edge for X-ray ir-
radiated Cus6P17S49los, CugaP11Saslo.9 and
CugoPo7S36lo7 thin films is shifted to the

long-wavelength region with irradiation time
increase.
Table 1
Optical parameters of non-irradiated and X-
ray irradiated CugPSsl-based thin films

Irradiation 0 30 90 210
time (min)

Cus6P17S49l08

n 2.295 | 2.302 | 2.307 | 2.313

E; (eV) 2.874 1 2.831 | 2.738 | 2.694

E, (meV) |329 |438 |462 |484

CUs.4P1.1S46l0.9

n 2.380 | 2.382 | 2.384 | 2.386

Es (eV) 2.521 | 2.521 | 2.519 | 2,512

E, (meV) |256 |257 |260 |269

CugoP0.7S36l0.7

n 2.815 | 2.832 | 2.862 | 2.886

E; (eV) 2.283 | 2.271 | 2.256 | 2.237

E, (meV) |254 |265 |286 |306

The observed variation of the optical ab-
sorption edge leads to the energy pseudogap

E, decrease and Urbach energy E, increase

with  irradiation  time increase  (for
CU5.6P1_7S4.9|0_8 from 2.874 to 2.694 eV (by
0.18 eV or 6.3%) and from 329 to 484 meV
(by 155 meV or 47.1%), respectively; for
CU6_4P1,1S4_6|0,9 from 2.521 to 2.512 eV (by
0.009 eV or 0.4%) and from 256 to 269 meV
(by 13 meV or 5.1%), respectively; for
CugoPo.7S35l0.7 from 2.283 to 2.237 eV (by
0.046 eV or 2.0%) and from 254 to 306 meV
(by 52 meV or 20.5%), respectively). The

dependences of E; and E, for X-ray irradi-
ated CuseP17S490los, CugsP11Sasloo and

CugoPo7S36lo7 thin films on irradiation time
are presented in Fig. 3.

o
< 280 =
> <
- - 4

: i
W 275
2.70
0 50 100 150 200
irradiation time (min)
a



Haykoswuii BicHuk Ykropojacbkoro yHiBepcuteTy. Cepist ®izuka. Bunyck 41. — 2017

2.52
N 265 E
% S
5 o Ty
|_|Jm 260
5107 1 % 255
0 50 100 150 200
irradiation time (min)
b
-0
228 .- 300 <
> . v
= E
=] -
L o - 3
2.26 S
;D-‘
224} - 280
T R N R
0 50 100 150 200
irradiation time (min)
c

Fig.3. Dependences of the energy pseudogap Eg
(a=5x10* cm™) and Urbach energy E, on X-ray

irradiation  time  for  CusgP17Ssolos  (a),
Cu6,4P1,184,6|0,9 (b) and CU3.0P0.753.6|0.7 (C) thin
films.

It is well-known that Urbach energy E,
is characterised the disordering level of

investigated system and is described by the
equation [14]

EU = (Eu )T +(Eu)x 1 (2)

where (E,); and (E;,), are the contributions

of temperature and structural disordering to
E, . respectively. The Urbach energy E,

increasing is the evidence of the increase of
the structural disordering due to the X-ray
irradiation.

Dispersion dependences of the refractive
index for the X-ray irradiated Cus¢P1.7S49l0.8,
Cug4P11Ss6loe and CugoPo7S36lo.7 thin films
at various irradiation time are presented in
Fig.4. In the transparency region a slight dis-
persion of the refractive indeces for the X-ray
irradiated Cus6P17S49l0s, CugaP11Saslo.g and
CugoPo.7S36l0.7 thin films is observed, increas-
ing with approaching the optical absorption
edge. With irradiation time increase the non-
linear increase of the refractive indeces in the

10

X-ray irradiated Cus6P17S49los,
CU6.4P1_1S4.6|0_9 and CU8_0P0_7S3.6|0_7 thin films
is revealed. The X-ray irradiation leads to the
refractive index increase from 2.295 to 2.313
(by 0.018 or 08%) for CuseP17S49lps, from
2.380 to 2.386 (by 0.006 or 0.3%) for
Cug.4P11Saslog and from 2.815 to 2.886 for

CugoPo.7S35l0.7 (by 0.071 or 25%), at
A=1 pm.
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Fig.4. Refractive index dispersions of non-
irradiated (1) and X-ray irradiated CusgP17S40l0s
(@), Cug4P11S46l09 () and CugoPo7S36l07 (C) thin
films at various irradiation time: (2) 30, (3) 90 and
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(4) 210 min. The insets show the dependences of
refractive indeces on X-ray irradiation time.

Conclusions

Cus6P17S4a9los,  CugsP11Ss6los  and
CugoPo.7S36l0.7 thin films were deposited onto
silicate glass substrates by non-reactive radio
frequency magnetron sputtering. The influ-
ence of X-ray irradiation on optical properties
of CuseP17S49los, CuesP1.1Ss6l09 and
CugoPo7Ss6lo7 thin films was investigated.

With irradiation time increase the decrease of
energy pseudogap as well as increase of Ur-
bach energy and refractive index values were
observed. It was determined that with irradia-
tion time increase the darkening and densifi-
cation of the thin films occur. The increase of
Urbach energy indicates on increase of struc-
tural disordering contribution into E; in-

duced by the influence of X-ray irradiation.
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M. COHOMOHZ, I1. Kym3

1Y>1<r0p0/:[c1<1/1171 HallMOHAJIbHBIN YHUBEpcUTET, 1. Hapoanas, 3, 88000, Ykropon, Ykpauna
“WHCTHTYT S1eKTPOHHO pu3nky, yi. YHusepcuterckas, 10, 88000, Ykropox, Ykpanna
3yHI/IBepCI/ITeT uM. Komenckoro, Mimmackas nonvna, 84248 bparucnasa, CrioBakusi.

ONTUYECKHUE CBOVMCTBA OBJIYUYEHHBIX
PEHTT'EHOBCKUMU JIYYHAMHU TOHKHUX IIVIEHOK HA
OCHOBE Cu¢PSs1, HAHECEHHBIX MAT'HETPOHHbBIM

PACIIBIUVIEHUEM

ToHKHE IIJIEHKH HAa OCHOBE CUGPSSI, HaHECCHHBIC METOJAOM MArH€TPOHHOI'O pacClbl-
JICHUA, 06ﬂyanI/ICI) Ipu pas3jindHbIX BPpEMCHAX 3KCIIO3UIIUU C UCTIOJIb30BAHUEM MU~
POKOIIOJIOCHOTO M3JIyYEHUsS. MEHOIO aHOJa PEHTIEHOBCKOM TpyOKu. V3ydeHs! crie-
KTPbl ONTHYECKOTO MPOIYCKAHHS, YPOAXOBCKUM Kpail ONTHYECKOTrO MOTJIOIEHHS U
JUCTIEPCHs TIOKa3aTesedl NpeToMIIeHHs OOJyYEHHBIX PEHTIEHOBCKUM H3Iy4eHHEM
TOHKHUX IIJICHOK CU5_6P1.7S4.9|0.8, CU6.4P1_1S4_6|0_9 u Cllg_oPO]Sgleloj. O6Hapy>1<eHo yMe-
HBIICHUC CHEPIUU HCQBHO3aHpeH.[eHHOI>’I 30HBI U YBCIIMYCHHUE IIOKA3aTCIIA ITPEIIOM-
JICHUA IIPU YBCJIIMUCHUU BPEMEHU PCHTTCHOBCKOI'O 06lelIeHI/I$I.

KaroueBble ciaoBa: TOHKas IJICHKA, MAarHeTpOHHOC PpacCHbUICHUC, PCHTICHOBCKOC
H3JIY4YCHUE, ONITUYCCKOC MOIJIOICHUE, TTIOKA3aTCJIb IMPCIIOMJICHUSA

I.IL. CTy,Z[GHHKl, A.B. BGH,Z[aKl, M.O. Bi3€HKOl, B.1O. I3a1711,
AM. Conomon?, I1. Kym3

1Y>1<r0p0/:[cm<m71 HallloHaJIBHUHN yHIBepcuTeT, 1. Hapoana, 3, 88000, Yxropon, Ykpaina
’[HCTHTYT eneKTpoHHOI disnku, Byn. YHiBepcuTerchka, 10, 88000, Yakropox, Ykpaina

3yHiBepCI/ITeT iM. KomeHncbkoro, Mimmachka nonuna, 84248 bparicnasa, CrnoBakist

OIITUYHI BJJACTUBOCTI OTIPOMIHEHUX PEHTTE-
HIBCBbKUMHU NPOMEHAMU TOHKHUX IIVIIBOK HA
OCHOBI CugPSsl, HAHECEHUX MATHETPOHHUM

PO3INMUJIEHHAM

Tonki mtiBku Ha ocHOBI CUgPSsl, HaHECeHI METOIOM MarHETPOHHOTO PO3IMJICHHS,
OTIPOMIHIOBAJIUCS TIPU PI3HUX Yacax eKCIO3UIIi] 3 BUKOPUCTAHHSIM ITUPOKOCMYTOBO-
TO BHIIPOMIHIOBaHHSA MiJHOTO aHOAY PEHTTeHiBChKOI TpyOKH. BuBUeHO criekTpH om-
TUYHOTO TIPOITyCKaHHS, ypOaXiBChKAN Kpal ONTHYHOTO MOTJIMHAHHS Ta AWCIEPCI0
MOKA3HMKIB 3aJJOMJICHHS OTIPOMIHEHHX PEHTTECHIBCHKAM BHIIPOMIHIOBAHHSM TOHKHX
IIJIIBOK Cu5_6P1,7S4,9|0,8, CU6.4P1.184.6|0.9 Ta Cllg_oPOJSgleloj. BusBieno 3MeHIICHHS
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eHeprii 1mceBn03a00pOHEHOT 30HU Ta 30UIBIIEHHS MOKA3HUKA 3aJIOMJICHHs TpH 30i-

JBIIEHH] Yacy PEeHTTeHIBCHKOTO OIPOMIHIOBAHHS.

Kui04yoBi ci1oBa: TOHKA IJTiBKa, MarHETPOHHE PO3MIICHHS, PEHTTCHIBCHKE BHITPO-
MIHIOBaHHSI, ONTUYHE MOTJIMHAHHSI, TOKA3HUK 3aJIOMJICHHSI.
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