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On silver electromigration in nano-sized As,S; films
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In this paper the silver mobility in thin chalcogenide films is investigated. The diffraction gratings in 96 nm thick
As,S; films are holographically recorded using evanescent wave, created by total internal reflection and normally
incident plane one. The grating step A is 447 nm and corresponding spatial frequency is 2237 mm™. 5 kV corona
discharge is applied during the holographic recording. The maximum measured value of the diffraction efficiency is
greater than 8%. The mobility of silver, u, at temperature 17°C is calculated by the Nernst-Einstein equation. The
diffusion coefficient D is obtained using the method of holographic grating spectroscopy (Forced Rayleigh Scattering).
The dependence of the diffusion coefficient and the mobility of silver on corona charge polarity are investigated.
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INTRODUCTION

Seven years after the pioneer work of Kostyshin
and co-workers [1], the conductivity increase of the
As,S; bulk samples was observed in an electric
field [2]. As a result of this investigation, one quite
natural question is raised: How the external electric
field will influence the silver transportation into the
chalcogenide glasses? As far as we know, the
answer was given for the first time by Lebedev and
co-workers [3, 4] in 1975. For As,S; samples it was
found that the migration of the noble atom in singly
charged ionic form was accelerated by the
application of the external electric field.

The main futures of these investigations are:

1. The ionic mobility was obtained in high
temperature region 120 °C — 180 °C.

2. The time-consuming radioactive tracer is
applied for the diffusion coefficient determination.

3. The investigations was carried out in bulk
As,Se; samples.

In the present work the electromigration of
silver is studied in following different conditions:

1. The nanometer thick samples are used.

2. The electromigration is studied by corona
discharged electric field.

3. The diffusion is studied by holographic
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method of Forced Rayleigh Scattering.

4. The experiments are carried out at
temperature, 17 °C.
EXPERIMENTAL
Sample preparation

We performed holographic recording in an
As,S3/Ag/Cr multilayer system. Firstly, a thin
transparent chromium electrode with 10 nm
thickness was deposited on a glass substrate by
radio-frequency sputtering in argon plasma. A thin
silver layer (dag ~20 nm) was sputtered over the
chromium film in the same vacuum cycle. Thin
As,S; films with thicknesses 96 nm were deposited
on the silver coating by high vacuum thermal
evaporation in a Leybold Heraeus A 702 Q
depositing system. The chalcogenide films were
prepared in a vacuum of 10~ Pa, at a deposition rate
of 0.1 nm.s’'. The constant thickness of the
obtained layers was guaranteed by the planetary
rotation of the substrate holders.

Optical arrangement

The general optical arrangement for holographic
recording is given in Fig. 1.

In the optical system a crown K-8 glass 45-90-
45 prism for the holographic recording was used.
The refractive index of the prism at wavelength A =
442 nm was n = 1.526 and the calculated critical
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angle was ¢, = 40.9°. Therefore the incidence
angle ¢ = 41.5° was selected for the experiments.

Corona electrode—
\ . +5kV

Ag _ // ;KLFY

Cr
Glass substrate
Matching liquid

Glass prism
442 nm

Fig. 1. Optical set-up for evanescent-wave holographic
recording.

The total light intensity of the recording He-Cd
laser was 10 pW.cm™ For real-time diffraction
efficiency monitoring a He-Ne laser with 23
uW.cm™ intensity was used. The reconstructed red
light beam was measured with “Thorlabs” PM 130
powermeter. Signal to noise ratio was higher than
100:1. Microscope oil with refractive index 1.53
was used as a matching liquid between the substrate
and the prism’s reflecting wall. When the exposure
was switched off at the maximum point of the
diffraction efficiency (DE), high voltage with
different polarity (+ 5 kV) was applied to the
corona electrode (needle), situated at a distance of
10 mm from the As,S; film. The Cr sub-layer was
used with a spring —contact as a second electrode
and to improve the adhesion of the silver to the
glass substrate. The corona discharge occurred
between the needle and the grounded electrode (Cr
sub-layer).

Auger characterization

The AES analysis is performed with a
microprobe (including a cylindrical mirror analyzer
with a coaxial electron gun), mounted in a stainless-
steel bell year at a working pressure 1.3x10™ Pa.
The analyzer’s energy resolution is about 0.3%. It
uses 0.08 pA current and 3 keV electron beam with
a diameter 10pm, directed normally to the surface.
The spectra are differential; the modulation voltage
is 4 V,., The profiling is performed with a 3 keV
Ar'-ion sputtering at an angle of 79° to the surface
normal. The following Auger peaks were monitored
S (152 eV), C (272 eV), Ag (356 eV), O (510 eV),
Cr (529 eV) and As (1228 eV). Their intensity was
measured peak-to-peak.

Previous results of As-S-Se/Ag [5] showed that
the electron beam induced additional silver
diffusion  into  the  chalcogenide  glasses
composition. In order to avoid the phenomenon the
time of electron-beam interaction with matter

should be as short as possible. Therefore instead of
the conventional, the crater-edge profiling was
utilized. The latter approach consists in etching a
crater in the studied specimen and successively
scanning the fabricated edge by the electron beam.
Thus, the duration of irradiation at each scanned
spot is reduced to less than 1.5 min and the
accumulation of silver is prevented.

RESULTS AND DISCUSSION

Fig. 2 presents Auger profiles of Ass S layers
after holographic recording in the presence of the
negative and positive corona electric field. The
AES profiles reveal uniform distribution of all the
elements in the depth (Figs. 2, 3). The AES analysis
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Fig. 2. Auger profiles of silver doped AsgS¢o films
obtained by negative corona discharge treatment.
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Fig. 3. Auger profiles of silver doped AsyS¢o films
obtained by positive corona discharge treatment.

showed presence significant amount of embedded
carbon (it is not shown in figures), due to the
immersion fluid used in the process of holographic
record. The ratio of S/As for negative electric field
treated sample is 2:1, while this ratio varied from 1
(to the surface) to 1.7 in the case of positive electric
field treated samples. The results showed that the
silver is approximately homogenous distributed in
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the samples, independently from the electric field’s
polarity. The composition analysis showed that the
ratios (S+As)/Ag are 4.3 and 2.8 for positively and
negatively charged samples, respectively.

The time dependencies of the diffraction
efficiency during the holographic recording in the
presence of negative or positive corona discharge

are shown in Fig. 4.
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Fig. 4. Normalized diffraction efficiency of holographic
recording in the presence of a corona discharge.

The experimental results show that the
diffraction efficiency changes more drastically in
the first (50-60) s of the holographic recording. The
time-dependent decay of the diffraction efficiency
is proportional to the interference term and its time
constant T can be obtained by fitting of the
experimental data with time dependent expression
described in [6].

The diffusion coefficients D are calculated with
the help of the method of the holographic grating
relaxation  spectroscopy  (forced  Rayleigh
scattering) [7] by the following relation using
already obtained values of the time constant t:

D= ﬁ10_” cm’.s!
T

forA=442nm (1)

and they are found to be D = 5.1x10™"° cm’s™ and
1.7x10"° cm’s™ for negatively and positively
charged samples, respectively.

With the obtained values of the diffusion
coefficient, the mobility of silver ions is calculated
using the modified Nernst-Einstein relation:

q e
DL _pli+a >
u=Drr =D (1+4) @

where e is the elementary charge of the electron; q
is the silver ions charge; k£ is the Boltzmann
constant; 7 is the absolute temperature; A is the
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correction coefficient [8] and in our case it is
defined as:

A= (,-1) 3)
2(2¢, +1)

For As;S; the constant ¢y is 7.8 [9, 10] and the
correction coefficient was calculated from eqn. (3)
to be A = 0.205. This result is in very good
agreement with the experimentally obtained value

of the silver ions charge g = (1 2+ 0.2)6 reported

in [3].

The values of the silver ions mobility are
calculated from eqn. (2) to be 2.4x10™"" cm’V''s™
and 0.8 x10"" cm’V's' for negatively and
positively charged samples, respectively.

In our room temperature experiment the
mobility of silver’s ion is about three orders of
magnitude smaller, compared with the high
temperatures value of the silver’s ion mobility in
bulk chalcogenide glass samples. The temperature
dependence of the mobility of silver’s ion is
presented by Lebedev [3] by the following relation:

U
U= 9exp(—k—Tj “4)

where U is the
electromigration.

It should be noted that in [3] Lebedev and co-
authors have accepted that U = 0.80 eV. Most
common ionization state of silver is +1. The

activation energy of the

activation energy in our case is
U 0.80

U =—Lebeder — "~ — (.67 eV. So, for T=290 K
(1+A) 12

from eqn. (4) we have u = 2.1x10"" cm?/Vs, that is
in good agreement with the experimentally
obtained value for 100 nm thick film.

CONCLUSION

The combination between the holographic
grating spectroscopy (Forced Rayleigh Scattering)
and corona charging seems to be a useful
experimental method for electromigration study of
nanometer-thick materials. It should be noted the
main advantaged as:

1. Negligible Joule heating.

2. The measurements are express.

3. One contact plate electrode is needed.

4. The sub-layer (Cr) electrode could be used

for the sample heating for high temperature
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(Pestome)

B Hacrosiara pabota e u3ciieiBaHa OABHKHOCTTA Ha CPEOPOTO B THHKU XaJIKOTeHUHHN (hriiMu. BB dpunmu As,S;
¢ nebenuHa 96 nm Osxa 3amucaHu xonorpadcku AUGPaKIUOHHU PELIeTKH Ype3 M3I0I3BaHeTO Ha HOPMAJIHO IMaJjalia
BBJIHA M Ha 3aTHXBallla BbJIHA, Ch3/IaJIeHa IPY IIBJIHO BBTPEIIHO oTpaxkeHue. CThlKaTa Ha penierkara /4 Oemre 447 nm
ChC CHOTBETCTBAIIA IPOCTPAHCTBEHA YecToTa 2237 mm'™'. 3amuchT Gellle OCHIIECTBEH ¢IHOBPEMEHHO C MpHIAraHe Ha
eJIEKTpUYHO 1ojie Ha 5 kV kopoHeH paspsia. MakcumanHara nu3Mepena qudpaxkunonHa eeKTHBHOCT Oerle Mo-roisMa
ot 8%. IlomBmwxHOCTTa Ha CcpebpoTO, i, mpu Temmneparypa 17°C, Oeme H3UMCIeHAa C ypaBHeHHEeTOo Ha HepHct-
Attamaitn. Koepummentst Ha mudy3ms D Oeme TOTydeH IO MeToJa Ha Xojorpadckara pellakCaloHHA
cnekTpockonust (Popcupano pasceiriBane Ha Perneit). M3cienBana e 3aBrcuMOoCTTa Ha KoeduienTa Ha audy3us u Ha
MOABI)KHOCTTA Ha cPeOPOTO OT MOJPHOCTTA HA KOPOHHUS Pa3psil.
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