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OPTICAL PARAMETERS OF X-RAY IRRADIATED
Cu7GeSsl THIN FILMS

CusGeSsl thin films were deposited by non-reactive radio frequency magnetron sputtering onto
silicate glass substrates. Optical transmission spectra of X-ray irradiated Cu;GeSsl thin films were
measured depending on irradiation time. With irradiation time increase the red shift of the short-
wavelengt part of transmission spectra and interference maxima were observed. Urbach absorption
edge and dispersion of refractive index for X-ray irradiated Cu;GeSsl thin films were studied. Under
the influence of the X-ray irradiation the decrease of the energy position of absorption edge as well
as the increase of the Urbach energy and refractive index were revealed. Influence of X-ray
irradiation on the optical parameters and disordering processes in Cu;GeSsl thin films was analysed.
Keywords: thin film, magnetron sputtering, X-ray irradiation, optical absorption, refractive index

Introduction

Cu7GeSsl  crystals belong to the
argyrodite family of tetrahedrally close-
packed structures and are known as
superionic conductors [1]. Some chemical and
physical properties of CusGeSsl crystals are
reported in Ref. [2, 3]. They are characterized
by high electrical conductivity and low
activation energy [4, 5]. Due to the high ionic
conductivity, they are the attractive materials
for applications in the different functional
elements of the solid state ionics. Optical
studies have shown that the absorption edge
of Cu7GeSsl crystals exhibits  Urbach
behaviour in a wide temperature range [4, 5].

The investigations of the thin films
based on Cu7GeSsl superionic conductors
only begins. In Ref. [6] the temperature
behaviour of the optical transmission spectra
for as-deposited and annealed Cu;GeSsl thin
films were investigated in the interval 77-300
K. With increasing temperature, a red shift of
the optical absorption edge was revealed, in
the range of its exponential behaviour is well
described by the Urbach rule. It is shown that

o1

annealing leads to the energy position of
absorption edge and the Urbach energy
decrease as well as to the refractive index
increase [6].

This paper is devoted to the optical
studies of X-ray irradiated Cu7GeSsl thin
films. Results of similar investigations for the
different types of the thin films were
presented in Refs. [7, 8]. It is shown in Ref.
[7] that soft X-ray irradiation effect on the
surface and material properties of highly
hydrogenated diamond-like carbon thin films
leads to increase of Vickers hardness and to
decrease hydrogen content. In the range of O-
200 mAxh, hydrogen content decreased and
Vickers hardness increased steeply. Authors
in Ref. [8] show that the X-ray irradiation has
an effect on the excitonic and impurities
levels due to the change in the microstructure
of the iron (II1) chloride tetraphenyporphyrin
thin films. Analysis of refractive index
dispersion before and after irradiation is
discussed in terms of the single oscillator
model and Drude model of free carriers
absorption [8].
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Thus, in the present paper the
influence of X-ray irradiation on optical
parameters of Cu7GeSsl thin films is studied.

Experimental

Cu7GeSsl compounds were synthesized
from extra pure Cu, Ge, S and Cul
compounds,  additionally  purified by
distillation in vacuum. Thin films of
Cu7GeSsl compounds were deposited onto
silicate glass substrates by non-reactive radio
frequency magnetron sputtering, the film
growth rate was 3 nm/min. The deposition
was carried out at room temperature in Ar
atmosphere. The structure of the deposited
films was analyzed by X-ray diffraction; the
diffraction patterns show the films to be
amorphous.

Cu7GeSsl thin film was irradiated by
wideband energy spectrum radiation of BSV-
21 X-ray tube with copper anode. The film
was located at 50 mm distance from outer
beryllium window of X-ray tube. Anode
voltage and current of tube were 33 kV and
15 mA respectively. Thus, the maximum
radiation energy was by order of 30 keV and
the energy of maximum intensity radiation
(Cu Ka line) — 8 keV. The irradiation time
was 25, 60 and 120 min. followed by 7-day
intervals between irradiation steps. The
measurement of thin film transmission spectra
was carried out in 24 hours intervals after
irradiation for structural changes to become
stabilized. Thus, the time intervals that can
characterize energy fluence of X-ray radiation
are 0, 25, 85 (25+60) and 205 (85+120) min.

Optical  transmission  spectra  of
Cu7sGeSsl thin films were studied in the
interval of temperatures 77-300 K by an
MDR-3 grating monochromator. Spectral
dependences of absorption coefficient and
dispersion dependences of refractive index of
thin films were calculated using the well-
known method [9].

Results and discussion
Figure 1 presents the optical

transmission spectra at various irradiation
time at room temperature for X-ray irradiated
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Cu7GeSsl thin films. With irradiation time
increase the red shift of the short-wavelengt
part of transmission spectra and interference
maxima are observed.
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Fig.1. Optical transmission spectra of as-deposited (1)
and X-ray irradiated Cu;GeSsl thin films at various
irradiation time: (2) 25, (3) 85 and (4) 205 min.

Figure 2 presents the spectral
dependences of the absorption coefficient at
various irradiation time at room temperature
for X-ray irradiated Cu;GeSsl thin films. In
Ref. [6] it is shown that the optical absorption
edge for both as-deposited and annealed
Cu7GeSsl thin films in the region of its
exponential behaviour are described by
Urbach rule [10]

a(hv,T)=q, -em{hEV‘(rE)O] (1)

where E; (T)is the Urbach energy, ao and Eo

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 Cu7GeSsl thin films we also
observed the Urbach vehaviour of the optical
absorption edge. It should be noted that the
optical absorption edge for X-ray irradiated
Cu7GeSsl thin films is shifted to the long-

wavelength region with irradiation time
increase.

For the characterisation of the
absorption edge spectral position such

parameter as E; (Ej is the energy position

of the exponential absorption edge) at a fixed
absorption  coefficient value « was
determined. We used the E values taken at

o=10% cmt for thin films (Table 1).
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Fig.2. Spectral dependences of the absorption
coefficient of as-deposited (1) and X-ray irradiated
Cu7GeSsl thin films at various irradiation time: (2) 25,
(3) 85 and (4) 205 min.

The observed variation of the optical
absorption edge leads to the E value

decrease and E, value increase with
irradiation time increase (Table 1). The
dependences of E_ and E, for X-ray
irradiated Cu7GeSsl thin films on irradiation
time are presented in Fig. 3. The Urbach
energy E, increasing is the evidence of the

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

Table 1
Optical parameters of as-deposited and X-ray
irradiated Cu7GeSs| thin films

Irradiation 0 25 85 205

time (min)

n 3.125|3.133 | 3.143 | 3.170

E;‘ V) 2.086 | 2.085 | 2.078 | 2.068

E, (mev) |131.9 |136.5| 1533 | 157.6
It is revealed that the optical

absorption edge spectra of the thin films
under investigation is highly smeared and
characterise by the lengthy Urbach tail which
results in high values of the Urbach energy

E, (Table 1). Absorption edge smearing and

appearance of its Urbach behaviour are
explained by the influence of different types

of disordering [11], i.e. the Urbach energy E,
is described by the equation
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E, = (Eu )T +(Eu)x =

,(2)
(EU )T + (EU )X,stat + (EU )X,dyn
where (E;); and (E,);, are the
contributions of temperature and structural
disordering to E;, respectively.
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Fig.3. Dependences of the absorption edge energy

position Eq* (e=10* cm?) and Urbach energy E, on
X-ray irradiation time for Cu;GeSsl thin films.

In Ref. [12] it is shown that structural
disordering (E,)y consists from the
contributions of static structural disordering
(Ey)x s @nd dynamic structural disordering

(Ey)x.apn- The static structural disordering
(Ey)x s IN CurGeSsl thin film is primarily

caused by structural imperfections due to the
high concentration of disordered copper
vacancies and the dynamic structural

disordering (E, ) 4, is related to the intense

motion of mobile copper ions, participating in
the ion transport, and is responsible for the
ionic conductivity. The first term in the right-
hand side of Eq. (4) represents the static
structural disordering, and the second one
represents temperature-related types of
disordering: temperature disordering due to
thermal lattice vibrations and dynamic
structural disordering due to the presence of
mobile ions in the superionic conductor. It
should be noted that the increase of the

Urbach energy E, under the influence of the

X-ray irradiation is the evidence of the
structural disordering in the system “thin
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film-substrate” due to the increase of the
contribution of static structural disordering.
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Fig.6. Refractive index dispersions of as-deposited (1)
and X-ray irradiated Cu;GeSsl thin films at various
irradiation time: (2) 25, (3) 85 and (4) 205 min. The
inset shows the dependence of refractive index on X-
ray irradiation time.

Dispersion  dependences of the
refractive index for the X-ray irradiated
Cu7GeSsl thin films at various irradiation
time are presented in Fig4. In the
transparency region a slight dispersion of the
refractive index for the X-ray irradiated
Cu7GeSsl thin films is observed, increasing
with approaching the optical absorption edge.
With irradiation time increase the nonlinear
increase of the refractive index in the X-ray

irradiated Cu7GeSsl thin films is revealed (the
X-ray irradiation leads to the refractive index
increase from 3.125 to 3.170 at A=1 pm).

Conclusions

Cu7GeSsl thin films are deposited onto
silicate glass substrates by non-reactive radio
frequency  magnetron  sputtering.  The
influence of X-ray irradiation on optical
properties of Cu7GeSsl thin films was
investigated. It is shown that under the
influence of the X-ray irradiation the red shift
of the short-wavelengt part of transmission
spectra and interference maxima were
observed. Exponential absorption edge which
characterize by Urbach behaviour for X-ray
irradiated Cu7GeSsl thin films is shifted to the
long-wavelength region with irradiation time
increase. With irradiation time increase the
decrease of the energy position of absorption
edge as well as the increase of the Urbach
energy and refractive index were revealed.
Increase of the Urbach energy under the
influence of the X-ray irradiation is the
evidence of the structural disordering in the
system “thin film-substrate” due to the
increase of the contribution of static structural
disordering.
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OIITUYHI TAPAMETPHU OIMTPOMIHEHUX
PEHTI'EHIBCBKUM BUITPOMIHIOBAHHAM TOHKHUX
IJIIBOK Cu;GeSsl

Tonki mwriBku Ha ocHOBI CUePSs| Oynm HaHeceHi Ha MiAKIAAWHKA 3 CHIIIKATHOTO CKJIa
METOJIOM HEpPEaKTUBHOTO pajiouyacTOTHOrO MarHeTPOHHOro posnuwieHHs. Crekrpu
ONTHYHOTO TPOINYCKAaHHS ONPOMIHEHUX PEHTIeHIBCHKUM BHIPOMIHIOBAHHSIM TOHKHX
wiiBok Cu;GeSs| BuBYamKCs B 3aJIEKHOCTI Bijl 4acy ONPOMIHIOBaHHS. 31 301IbIIEHHAM
4acy ONPOMIHIOBAHHS CIIOCTEPIraeThCsl YEPBOHE 3MIllIEHHS KOPOTKOXBHIbOBOI YaCTHHHU
CIEKTPY MPOIYCKaHHs Ta MakCUMyMiB iHTepdepentii. locmimkeno ypOaxiBCchbKuid Kpai

OIITHYHOI'O IIOIJIMHAHHA Ta ,Z[I/ICHepCiIO IIOKa3HHKa

3aJIOMJICHHA OHpOMiHeHI/IX

PCHTTCHIBCHKHM BHUIIPOMIHIOBaHHSAM TOHKHX IUIiBOK Cu;GeSsl. Tlokaszano, mio mifg

BIIJIMBOM peHTl"eHiBCBKOFO

BHHpOMiHIOBaHHSI

CHCPICTUYHE TIOJIOKCHHS  Kparo

TOTJIMHAHHS 3MEHIIYEThCS, TOAI SIK eHeprisi Ypbaxa Ta TIOKAa3HUK 3aJIOMJICHHS
30inbIrytoThes. [1poaHasi3oBaHO BIUIMB PEHTTE€HIBCHKOTO BUIIPOMIHIOBAHHS HA ONTHYHI
napaMeTpH Ta IIPOLECH PO3yNOPsIKYBaHHS B TOHKHX IuTiBKax Cu7GeSs|.

KarouoBi caoBa: TOHKI

ITiBKH,

MarHeTpoHHE

HaITWJICHHA, peHTFeHiBCBKe

BI/IHpOMiH}OBaHHﬂ, OIITHYHC ITOTJIMHAHHS, IIOKAa3HUK 3aJIOMJICHHA
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OIITUYECKHUE ITAPAMETPBI OBJIYUHEHHbBIX
PEHTI'EHOBCKHUM U3JYYEHUEM TOHKHUX IIVIEHOK
Cu,GeSsl

Tonkue mnenkn Ha ocHoBe CUsPSs| ObliM HaHeceHBI Ha TOIOXKKH M3 CHIIMKATHOTO
CTEKJIa METOJOM HEPEaKTHBHOIO paJd04YacTOTHOIO MAarHeTPOHHOT'O PpaCIbLICHUS.
CHexkTpbl ONTHYECKOTO MPOMYCKAHUS OOJYYCHHBIX PEHTICHOBCKHUM H3Iy4CHHEM
ToHKHX TIeHOK Cu7GeSsl m3ydamuce B 3aBUCHUMOCTH OT BpeMeHH oOxydeHus. C
YBEIMYCHUEM BPEMEHHU M3JTyueHUs] HAOIIOJAeTCsl KPACHOE CMEIEHHE KPATKOBOJIHOBOU
YacTH CHEKTpa TOIJIOIIEHHs, a MakcuMyMOB uHTephepenuun. MccienoBaHsl
ypOaxoBCKHil Kpail ONTHYECKOrO MOTJIOMICHHS U TUCIIEPCHs MOKA3aTess MPEIOMIICHHS
OOJy4EHHBIX PCHTICHOBCKHM H3JIy4YeHHEM TOHKHX IuieHOK CusGeSsl.  Tlox
BO3JICHCTBEM PEHTI'CHOBCKOTO M3JIYYEHHs DHEPreTHUECKOe IOJOKEHHE Kpas
TIOTJIOIICHHSI YMEHBIIIAeTCs, TOT/Ia KaK SHeprust Ypbaxa W Mokaszartelb MpeoMIICHUS
Bo3pacraeT. [IpoaHaIM3MpOBaHO BIMSHUE PEHTICHOBCKOTO M3IIyYCHUS Ha ONTHYECKHE
mapaMeTpsl U MPOIECCHI Pa3ynopsAA0vYCeHUs B TOHKUX ieHKax CusGeSsl.

KaroueBble ci10Ba: TOHKHE IUICHKH, MarHETPOHHOE PACIBUICHHE, PEHTIEHOBCKOE
U3JIy4eHUE, ONTHYECKOE MOTJIOIICHHE, T0KA3aTelb MPEIOMICHUS
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