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ABSTRACT

In this study we examined the Schottky diode characteristics of Ag/ a-Si:H/ a-Si:H (n-
type)/ Cr devices. Thin films of amorphous silicon prepared by an RF magnetron sputter techni-
que on chromium contacted glass substrates and transparent silver electrodes (area 7.85x10-°
cm?) were applied under a vacuum of 10—5 Torr. The current-voltage-temperature characteristics
were measured in the dark and under illumination. The barrier height of silver rectifier contact
was determined using Bethe’s isothermal termionic emission theory and Fowler photoelectrical
theory @p, = 1.36 eV, 1.47 eV respectively.

INTRODUCTION

One of the main problem of amorphous silicon solar cells is that of
fabricating a Schottky contact which has a large barrier height avd ma-
intains the same characteristic for a long time. Accuracy in the determi-
nation of the barrier height is also important since the current mecha-
nism of the Schottky contact can differ from one to another. These dif-
ferences mainly come from the deping profile of the amorphous silicon
film and from the sort of metal used for the rectifier contact. Plotting
the current-voltage-temperature characteristics, at reverse biases, is the
most common method for the determination of barrier height. Among
the well known theories are Bethe’s isothermal thermionic emission the-
ory (Schottky 1938) and Crowell and Sze’s emission theory {Crowell and
Sze 1966). Here we have only dealt with Bethe’s theory and Fowler’s
photoelectrical theory (Fowler 1931).

Recently amorphous silicen Schottky dicdes have been studied by

Wronsky et all (Wrersky, Carlson and Daniel 1976), Jousse and Victro-
witch (Jousse and Victrovitch 1979) and Ondris and Borst (Ondris and
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Borst 1979); here amorphous silicon films were prepared by decomposi-
tion of silane, RF sputtering and glow discharge methods respectively.
For the studies reported here we utilized silver metal tc provide the rec-
tifier contact on amorphous silicon and some physical parameters were
found from the current-voltage-temperature characteristics. Also we
determined the barrier height using Fowler’s photoelectrical theory.

EXPERIMENT

The glass substrates, cleaned in trichlorethylene (C,HCl;), with di-
mension 18 mm x 18 mm x 0.1 mm were coated with chromium metal
under a vacaum of 105 Torr. In order to fabricate a structure of Ag/ a-
Si:H / a-SiH (n-type)/ Cr a highly n-type doped amorphous silicon film
(thickness 30 nm) and a hydrogenated intrinsic amorphous silicon film
(thickness 800 nm) were deposited on the chromium metal. During the
deposition processes, the pressure of the gases, substrate temperature
and RF magnetron power were as follows: Ppg; = 2x1074 Torr., pgy,

=" 5.4x10~4 Torr., ptgta1 = 5.5x1073 Torr.,, T = 550°K, Prp = 650
Watt, providing cptimum conditions for an ideal semiconductor diode
characteristic. The samples were cut into small picces of approximately
3 mmx3 mm were placed on the fibre holder by meaus of sraldite. A trans-
parent silver contact with area 7.85 x 1073 em2 was applied to the amorp-
hoos film Figure 1.

For the experiment, Siemens’ EOPE 234 vacoum equipment, a
Keitheley 610C electrometer, a Hewlett Packard 3455A digital volt-
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Figure 1. The structure of Ag/ a-Si:H/ a-Si:H (n-type)/ Cr
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meter, a Spex Minimate monochromater, a General Radio 1657 RLC
Digibridge and the RF magnetron sputtering equipment at Kaisersla-
utern University, were used.

First we ensured that the chromium metal made chmic contact to
the amorphous silicon film. The samples contained in a closed metal box
in a glass tube were immersed in a thermostat bath in order to measure
current-voltage characteristics. Measurements were made for the tem-
perature range 1-51°C. For the photoelectrical measurements, photon
energy was between 1.70 eV and 2.48 eV.

It was observed that the Ag/ a-Si:H |/ a-Si:H (n-type)/ Cr structure
had quite good phote diode properties and a gcod rectification ratio
which increased with increasing temperature. With silver positive and
chromium negative, the so-called forward bias, it was seen that current
increased. exponentially with increasing voltage and at reverse biases
showed typical saturation values Figure 2.

For the photcelectrical measurements, we first calibrated the inten-
sity of the light in order to supply the same intensity at each wavelength
A bolometer and rhecstat were connected into the power circuit of the
monochromator and the photocurrent per photon was computed.

THEORY

The Bethe’s theory, which our device characteristics followed, uses
the approximation that the barrier height is much, greater than kT and
given by

J = A*T?exp (-e @ pn/ kT) [exp (eV/kT) — 1] (1)

where A*, T, gy, e, k and V are the Richardscn constant,.-absolute,
temperature, barrier height, electronic charge, Boltzmann’s constant
and voltage respectively. When the lowering of the height of the barrier
due to image-force effects is considered, the barrier height of the recti-
fier contact reduces by A @ which is given by
3N 1/4

where Ng, ¢, €0, and Vg are the donor density, dielectric permittivity,
dielectric permittivity of free space, diffusion potential respectively.
When we substitute the barrier beight in equaticn (1) by @py — A
then we obtain current density
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Figure 2. The current-voltage characteristics versus temperature
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[exp (eV/kT) — 1] (3)

1/4 o
J = A*T? exp(-e 2 g/ kT) exp ( ) (Va + V)tia

At reverse biases which are sufficiently greater than kT, the term exp
(eV/KkT) is neglected. If we take the logarithm of hoth sides we find

e’N a
k4T4g3e 032372

LnJ — ( ) (V- V)4 4 Ln [A*T?exp (e @ pn | KT] (4)

The second term on the right-hand side is the intercept on tie LnJ axis
of the LnJ — (Vg - V)1/4 plot. When we define the intercept as J, then
Jo = A*T?exp (-e @ pn [ kT) (5)

If we divide by T? and take the logarithm of both sides we find

n () = — <52 -t 1a(ay) (©)

A reliable method for the determination of barrier height is by photo-
electrical measurement. According to Fowler’s photoelectrical theory
the front illumination of a semi-transparent rectifier contact creates
excited electrons in the metal. If the photon energy hy is greater than the
forbidden band gap of the semiconductor, free electron-hole pairs are
generated and photocurrent is created. For x > o, the photo-current per
absorbed photon, I, as a function of photon energy hv is given by

T? X2 | m2 _ e2x e3X ;
I= (Es-hv)1 72 5~ T % _(ex__ i T ""')](7)

where X = h (v-vo) [ kT, hvy, = q @y = barrier height, and Es = hv,
-+ fermi energy measured from the bottom of the metal conduction band.

Under the approximation of Eg > hv and h(v-vo)/ kT > 3, oqu-
ation (7) is reduced to

= (v — hvo)? ®
When square roots of both sides of equation (8) are taken
VI = (hv — hv,) 9

is obtained.
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RESULTS AND DISCUSSION

The dependerce of the current on the polarity of the voltage shows
that rectification occurs in the Ag/a-Si: H/ a-S7:H(n-type)/ Cr st-
ructure. As it is expected from metal | semiconductor contact theory.
At the reverse biases for which silver is positive the current increases
exponentially, but it tends tc saturation when silver is regative.

In the devices the thickness of amorphous silicen was 800 nm and

the thickness of n-type amorphous silicon film, se the thickness was 830
nm.

It was seen that the rectification ratio increased with temperature
because of the T> dependence of J,. The rectification ratio alse changed
with voltage; this can be related to the Schottky lowering of the barrier
heights due to the image-force effect. It was alsc observed that the struc-
ture Ag/ a-Si:H / a-Si:H (n-type) / Cr has capacitance-voltage dependen-

ce and photocurrent sensivity.

When Schottky lowering was taken into consideration in Bethe’s
theory and the value of V4 = 0.150 eV was used, plotting current ver-
sus (Vg + V)1/4 gave straight lines at different temperature, following
equation (4) Figure 3. When J,/ T? was plotted versus 1/ T, the barrier
height was obtained as @, = 1.36 eV Figure 4.

When we calculated photocurrent values per photon and plotted
them versus photon energy hv, we alsc obtained a straight line, following
Fowler’s theory. The barrier height @ gy, from the intercept with the
hv axis, was found to be 1.470 eV Figure 5.

When we compare our results with those of Ondris and Borst (1.1
eV for gold contanct) and those of Wronsky et al. (1.1 eV for platinum
contact), the values determined from photoelectrical theory (1.47 eV)
and from the Schotiky lowering (1.36 eV) are quite close to each other.
There were some differences from the results of Jousse and Victrovitch
(for gold contact @g, = 0.850 eV). We think that these discrapancies
was used in our experiments. Alsc the different methods in the film
preparation such as glow-discharge decomposition of silane, and a dif-
ferent current-voltage theory such as

= quNcEsexp (- ogn/ kT) [exp (qV/kT) — 1] (10)

are factors which influence the results.
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Figure 3. At Schottky lowering Lnl versus (V; + V)‘/ *
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Figure 5. The square roots of photocurrent per photon versus photon energy hv.
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