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An experimental study of the spectral, intensity and temperature dependences of the photocorductivity and contact
photovoltage of g-Agl single crystals under sub-bandgap illumination is carried out. Both de and ac photoconductivity ex-
periments are performed and dark-to-light relaxation characteristics of the contact photovoltage are investigated, It is
found that the processes under consideration are of a unified character in the spectral region below 2.20 ¢V, in which the
photoconductivity spectrum follows Urbach's rule, temperature behavious is opposite to that of dark conductivity and de-

pendence on exciting light intensity is Hnear, A simple model is proposed to explain qialitatively the results obtained,
based on the assumption for photoexcited jonic-type conductivity. ‘ )

1. Introduction

There has been in the last decade a great number
of papers devoted to the study of the optical [1-6],
and transport [7-10] properties of 8-Agl. Among
those properties a most explored one is photoconduc-
tivity. However there has been a large disproportion
in the progress in our knowledge of §-Agl photocon-
ductivity spectra in the intrinsic and extrinsic (sub-
bandgap) absorption ranges respectively. While the
former ones have been rather thoroughly studied,
the sub-bandgap spectral region s far less known.
This is due in Jarge extent to difficuities in carrying
sut the experiment: small single crystal dimensions,
Jprcsence of small output signals, spurious electrode ef-
fects, etc. The present paper is concerned with such
an experimental study of the spectral, intensity and
temperature behaviour of the photoconductivity and
contact photovoltage of §-Agl single crystals under
sub-bandgap illumination. Some relaxation processes
as well as the dependence of both dark and photo-
current on the drift-voliage frequency have also been
investigated. The following main results have been ob-
tained:
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(i) Extrinsic photocurrent and contact photovoltage
foltow Urbach’s rule in a large interval.

(i) They both depend upon light intensity in a sub-
linear way in the vicinity of the absorption edge while
being linear at lower energies, .

(iii} The temperature behaviour of photocondue-
tivity is just opposite to that of dark conductivity.

A simple model is proposed to explain qualitative-
ty these results by the assumption for a photoexcited
jonic-type conductivity of §-Agl samples.

2. Experimental

Numerous hexagonat §-Agl single crystals grown
fiom Agl solution in iodine acid {11,12] were investi-
gated. The average samples dimensions were of order
of 3X 2% 1 mm?3, with dark resistivity of zbout 107
€ m. Either silver or carbon pastes were used for pre-
paring the sample electrodes. Direct as well as alter-
nating current measurements were performed, the
results obtained being to a large extent identical in
the two cases. A prism monochromator and a high-
power filament lamp were used as exciting sources.
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All the experiments were carried out in ambient at-
mosphere, '

2.1. Spectral dependences

A typical experimental photocurrent spectrum of
2 (Ag/Agl/Ag) cell detected under application of an
0.1 V dec electric voltage is shown in fig. 1. The two
curves in the figure present the results obtained by
scanning the light wavelength in opposite directions
(curve a corresponds to increasing the wavelength),
All the photocurrent values were read fong enough
after the onset of the llumination (i.e. under steady
state conditions). The difference between the two
curves observed in the vicinity of the absorption
edge (430 nm) appears to relate to very slow relaxa-
tion recharge processes involving defect or impurity
¥ 15, Such processes are known (o be very sensitive
A. -onditions prior to illumination. As is seen, no
differences of this kind are observed at light wave-
lengths greater than 540 nm.

The spectrum a from fig. 1, nornalized to a con-
stant light intensity of about 5 X 1020 -2 ¢~1 jg
given in fig. 2. The normalization procedure was ap-
plied only to the spectral region A > S40 nm where
the photocurrent intensity dependences were found
linear (see further). The more complicated sublinear
intensity dependences, observed for A < 540 am,
were not used to nonmnalize the spectruin, Using the
method of least squares the following exponeniial

3 AA

p i

0.6

0.2t

o ) A N . . L . : .
300 500 700 800 800

A/hm

Fig. 1. Photocurrent Jph Versus exciting-light wavelength a.
(a) Spectrum obtained by increasing the wavelength; (b) .
Spectrum obtained by decreasing the wavelength. {nsert:
spectra of the photocurrent in the intrinsic spectral region.
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Fig. 2. Normalized photoconductivity Aofl versus photon en-

ergy fio.

approximation of the experimental data was obtained:

Ao« explfe) | ‘ (H

where e =fiw is the excitation light energy, and g is a
constant. The vatue of § for the sample under con-
sideration is 4.92 £ 0.5% V=1 Other investigated
crystals have given vatues lying between 4.3 and 5.4
eV~=L with an average value of 5.0 + 8% ev—1.
Another aspect of the experimental results here
obtained is that the illumination of the B-Agl cells

was found possible to produce a de voltage, having

values up to 0.2-0.3 V, We suppose that this voltage
is due to a difference in the electrodes’ parameters,

which gives rise to different contact-potential barriers

at the two crystal ends under illumination. The spec-
tral dependences of this contact “photovoltage™,
measured in an (Ag/Agl/ Ag)-cell are shown in fig. 3

(curves are marked in the same way as in fig. 1). An

inversion of the photovoltage sign at about 432 nm
wavelength was typical for all investigated zells,
Measurements have also been carried out on

" (Ag/Agl/C)-cells and results principally different

from previous ones were obtained. In fact, no sign in-
version was observed in this case and the magnitude
of the contact photovoltage was much greater. Addi-
tionally, the photovoltage spectrum was found quite
similar to that of the photocurrent {fig. 1).In all the

experiments the carbon electrode of such a “photo-

battery” was positively charged. Besides, if the positive

pole of the dc drift-source was connected to the car-
bon electrode the current was about two orders of
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Fig. 3. Contact photovoltage Uph versus exciting-light wave-
length A. (a} Spectrum obtained by increasing the wavelength;

.(b) Spectrum obtained by decreasing the wavelength, Insert:

spectra of the contact photovoltage in the vicinity of the ab-
sorption edge.

magnitude Jower than the opposite one, both in dark-
ness and under illumination,

2.2. Intensity dependences

The photocurrent intensity dependences obtained
at various wavelengths are given in fig. 4. As is evident
the relationship between the phétoconductivity and
the exciting light intensity can be approximated by

Aol )
where s depends on the light- wavelength. The inten-
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Fig. 4. Photoconductivity Ag versus exciting-licht intensity I-
at various wavelengths.
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sity dépendences are linear (s = 1) in the spectral re-
giont A > 540 nm and sub-linear (s < 1) for A < 540
nm, at 430 nm s is equal to 0.70 in consistence with

the results; obtained by Cochrane [3].

2.3. Temperature dependences

Temperature measurements of dark- and photo-
conductivity have been carried out in the temperature
range from 20° to 110°C. The dark-conductivity acti-
vation energies obtained for different crystals lie be- —
tween 0.5 and 0.9 eV, in accordance with previous
studies {7,8,13] (a typical curve of dark-conductivity
versus the inverse temperature for a (Ag/Agl/Ag)-cell
is inserted in fig. 5). Photoconductivity dependences
on the inverse temperature are given in fig. 5 at various
wavelengths. In this case the following exponential
approximation is possible

Ac < exp{ufkT) , (3
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Fig. 5. Photoconductivity Ao versus the inverse temperature

103/?‘ at various light wavelengths, (1} A = 430 nm,u = 1.02

eV (D A=450nm, p=0.98eV;(3) A=600 nm, u = 0.97
“e¥; {4) =700 nm, & = 1.07 eV. The dependences are mea-

sured with a {Ag/Agl/Ag)<ell, The accuzacy in determining

u is about 10%%, Insert: dark conductivity oy versus the inverse

temperature, corresponding activation energy is 0.57 eV,
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where k is Boltzmann’s constant, T is the absolute
temperature, and u acquires values in the interval
0.9--1.5 eV for different crystals. In addition pu was
found to change weakly with the light wavelength.
The eq. (3), however, could not be checked out pre-
cisely because the photoconductivity practically
vanished at about 45°C. For the same reason the de-
termination of the temperature dependence of the
constant § in eq. (1) was rather difficult to carry out.

2.4, Frequency dependences

ac photoconductivity experiments were also car-
ried out at various frequencies of the electric field.
The photocurrent was found to be independent of
the drift-voltage frequency up to about 3 kHz both in
the cases of silver and silver-carbon electrodes. Above
this frequency it decreased due to the circuit impe-
dance losses,

2.5. Relaxation processes
The dark-to-light transient characteristics of the

contact photovoltage are shown in fig. 6 at various
light wavelengths. An approximation involving linear
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Fig. 6. Relaxation dark-to-light transient characteristics of
the contact photovoltage at various Hght wavelengths,

recombination processes was applied to their treat-
ment, the results obtained showing the presence of

two principally different types of relaxation processes.

The first one characterized with a relaxation-time
constant of about 100 s, was observed in the whole
spectral region under consideration. The second one
(7 < 1055), manifested itself only in the region fic >
2.20 eV and was related to peculiarities in the tran-
sient characteristics at energies 2.35,2.56 and 2.83
eV . 1t is noticeable that the latter energy is equal to
the energy pap of f-Agl.

3. Discussion

The observed processes are of unified, unchange-
able character only in the spectral region fiw < 2.20
eV, where the intensity dependences of both photo-
current and contact photovoltage are linear and their
normalized spectra follow Urbach’s rule (1) with
temperature dependence given by eq. (3). In this
spectral region the sign of the contact photovoltage is
opposite to that corresponding to band-to-band elec-
tron excitation (fiw > 2.83 eV) and coincides with
the sign of the dark voltage, This fact suggests that
lightexcited carriers are positively charged, a resuit
confirmed also by the above mentioned dc photocur-
rent measurements of cells with two silver and silver—
carbon electrodes. Transient dark-to-light character-
istics of the contact photovoltage are exponential
and do not exhibit any special features.

On the grounds of these results it is natural to as-
sume that §-Agl photoconductivity in the fico << 2.20
eV spectral region predominantly has ionic origin.
Possible busis of such light-stimulated ion conduetivity
might be the photoionization of Ag and I atoms, lo-
cated in the fattice sites or in ihe interstitials. The
concentration of thus excited ion pairs is described
by Boltzmann's factor (Kostadinov [14})

N o exp[-URKT] ' @)
where R is the distance between fons and U{R} is the

pair-interaction energy, equal to absorbed light en-
ergy :

hw=-UR)=Eg, - Ey, . (5)

For such a mechanism of excitation both optical ab-
sorption and photoconductivity follow Urbachi's ruie,
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the additional Ag* “photnions” moving through the
interstitials in a similar way to equilibrium ones.

The increase of light energy above 2.20 eV is ac-
companied by an electron component that adds to
the discussed above and is due to light-stimulated
electron transitions into the conduction band, This
electron component strongly increases in the vicinity
of the absorption edge (fiw ~ 2.83 eV), thus making
the fonic component undetectable. For this reason
the contact photovoltage sign in fig. 3 is inversed and
changes of the transient characteristics arise.

To support the mixed character of the excitation
processes in the spectral region Aw > 2.20 eV come
the sub-Jinear intensity dependences of the photocur-
rent and the contact photovoltage, with & tending to
0.5 for light energies higher than bandgap energy.

It should be noticed that the considerations pre-
sented here are of preliminary character, and further
experimental and theoretical studies are expected to
show the extent to which such a hypothesis for
light-excited ionic conductivity in 8-Agl is reasonable.
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