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Electrical properties of n-Si /Cu Schottky diodes formed

by electrodeposition

M. AHMETOGLU (AFRAILOV)", M. ALPER, M. SAFAK, K. ERTURK, B. GURPINAR, F. KOCAK,

C. HACIISMAILOGLU

Department of Physics, Uludag University, 16059, Gorukle, Bursa, Turkey

In this paper we report the electrical characteristics of the Schottky diodes formed by electrodeposition of copper on n- Si
(111) from 0.2 M CuSO45H,0 + 0.5 M H3BO3 (pH=2.0) solution. Electrical measurements have been carried out at room
temperature. n-Si /Cu diode current-voltage characteristics display low reverse- bias leakage currents and average barrier

heights of 0.59 % 0.02 eV and 0.67 £ 0.02 eV obtained from both | =V and C —V measurements at room temperature,

respectively.
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1. Introduction

Interfaces  between thin metal layers and
semiconductors are used in optical detectors, solar cells [1]
and chemical sensors [2-3]. The transport properties of
such Schottky diodes and the dependence of the transport
parameters on preparation are of essential importance for
the device performance. Metal-semiconductor interfaces
may be characterized by photoelectrical and current-
voltage (|1 —V ) measurements [4-5].

The metallization of semiconductor surfaces is still
mostly performed in vacuum by evaporation or sputtering.
The process itself is of great technological importance of
Schottky barriers and ohmic contacts in electronic devices.
As an alternative to the deposition from the vapor phase,
many metals can be electrodeposited onto semiconductors
from solution. By varying the overpotential or the
composition of the electrolyte, it is possible to influence
the growth mode and the structure of the deposit.
Therefore it is necessary to understand in detail the
mechanisms of nucleation and growth as well as the
structural properties of electrodeposits.

Because of a replacement of aluminum by copper in
the silicon metallization process [6], the electrochemical
deposition of metals, particularly of copper on silicon has
received increased interest in recent years. Despite its
great industrial importance, relatively little work is
reported in the literature on the fundamental aspects of
electroplating on semiconductor substrates [7-9]. So far,
most of the work about metal deposition onto
semiconductors ~ was  performed  with  classical
electrochemical methods.

In the following, we report on the | -V and C -V
measurement results of the Schottky diodes formed by
electrodeposition of copper on n- Si (111) from a copper
sulphate bath.

2. Experimental

One-sided polished n-Si (111) samples, phosphorus-
doped, 1-20 Qcm (N =10""cm™) were used as substrate.

They were cleaned following cleaning procedure [10],
which means degreasing in 2-propanol under reflux for 2 h
and then boiling alternating for 15 min in basic and acidic
H,0, solutions. Prior to each experiment the substrates
were etched for 1 min in 20% HF (Merck, VLSI
Selectipur) to remove the oxide layer. Ohmic contacts
were formed by vacuum evaporation of an Au layer on the
back of the wafers after the etching procedure.

Copper was deposited from an electrolyte containing
02 M CuSO,5H,0 + 0.5 M H;BO; (pH=2.0). The
electrochemical experiments were carried out in a
conventional three-electrode cell connected to a
potentiostat. A saturated calomel electrode (SCE) and a
platinum sheet served as reference and counter electrode,
respectively. All potentials are reported versus SCE. The
current-voltage (I-V) measurements were performed using
a Keithley 2400 voltage source and capacitance-voltage
measurements were carried out at room temperature with
KEITHLEY 590/1M C-V Analyzer. All measurements
were controlled by a computer via an IEEE — 488 standard
interface so that the data collecting, processing and
plotting could be accomplished automatically.

3. Results and discussion

The electrical characterizations of the device were
achieved through I-V and C-V measurements at 300 K.
The formation of a Schottky barrier between a Cu layer
and n-doped Si (111) at room tempereture in shown in
Fig. 1.
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Fig. 1. The experimental forward and reverse bias
current versus voltage characteristics in a linear scale of
Cu/ n-Si Schottky barrier diodes at room temperature.

The reverse and forward currents of diodes
demonstrate that the rectifying properties and the
rectification coefficient was 108.7. The current through a
Schottky barrier diode at a forward bias V, based on the
thermionic emission theory, is given by the relation [11],

J=1J exp{%){l - exp(— E—}r/ﬂ nH

where J, is the saturation current density is given by
* 40
Jo=AT?exp| ——22 2
0 p( KT ()

where  is the electron charge, V is the forward bias
voltage, k is the Boltzmann constant, T is the absolute
temperature, A is the effective diode area,
A" =4zgm"k? /h? is the effective Richardson constant of
110 A/em’K?* for n-type Si, g, is the zero bias apparent

barrier height (BH) and n is the ideality factor. The
saturation current density J, was derived by extrapolation

of the linear forward part to the axis and it was found to be
5.42x10* A cm?, in agreement with the reverse bias
current. The ideality factor is calculated from slope of the
linear region of the forward bias InJ -V plot and can be
written from Eq.(1) as:

N 3)
KT { d(InJ)
The zero-bias barrier height ¢, is given by:
kT (AT?
oo =~ Inf —— @
q Jo

The semilog-forward bias I-V characteristics of the
Cu/n-Si(111) Schottky barrier diodes at room temperature
is shown in Fig. 2.
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Fig. 2. The semilog - forward bias current-voltage

(1 =V ) characteristics of Cu/n-Si Schottky barrier
diodes at room temperature.

The experimental values of ¢g, and n, were

determined from intercepts and slopes of the forward InJ

versus V plot, respectively. The experimental values of
1.62 and 0.59 1 0.02 eV obtained for the ideality factor
(n) and zero bias barrier height (@g,) of diodes Cu/n-Si,

respectively.

The bias dependence of the reverse current, often
referred to as the soft reverse characteristic, cannot be
explained within thermionic emission theory across a
sharp barrier using Eq.(1). It may be due to the
inhomogeneous Schottky barrier which softens the reverse
characteristics significantly [12]. Additionally, tunneling
contacts, parellel to the Schottky diode, may be formed on
thin oxide layers around the etched window during
evaporation.

The capacitance-voltage (C —V ) charac-teristics are
one of the fundamental properties of the Schottky barrier
diodes structure. Fig. 3 shows the capacitance-voltage
characteristics taken at a temperature T=300 K and
frequency f =1 MHz.
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Fig. 3. The room temperature reverse bias l/C2 -V
characteristics of Cu/ n-Si Schottky barrier diodes.



820 M. Ahmetoglu (Afrailov), M. Alper, M. Safak, K. Erturk, B. Gurpinar, F. Kocak, C. Haciismailoglu

The characteristics are satisfactorily described by the

dependence C 2~V , typical of a abrupt junction. The
C -V dependence can be interpreted by the law,

1 _2(Vg +Ve) )
C? qegNpA®
Where A, is the area of the diode, Vg the reverse bias
voltage, V; is the built in (diffusion) potential at zero bias
and is determined from the extrapolation of the l/ c?-v
plot to the V -axis, &g is the dielectric constant of the Si,
g is the electronic charge and N is the doping
concentration.

The gradient of the C2 = f(V) curve leads to a
carrier concentration in the GalnAsSb N4 = 6,5x 10"

cm”. The intercept voltage Vg in the C vs V plots

was found to be 0.39 £ 0.02 V. Once Vg is determined,
the barrier height

¢c-v = VB +Vn (6)

The value of V,
concentration as,

can be deduced from the doping

. _ K Ne. (7
g Np

Using Ny = 6,5x 10" cm™ and N =2.8x10" cm”, we

V,

obtained V= 0.277 V. Since the inter-cept voltage Vg is
0.39 V, the barrier height is ¢@c_y =0.6710.02 V. The
@dc_y are slightly lager than the ¢,_ , this difference is

explained due to an interface layer or to trap states in the
substrate, the effect of the image force and barrier
inhomogeneities [13].

The non-uniformity of doping at the interface should
manifest itself when considering the impurity density
distribution, N(X) is directly proportional to the first

derivative of l/ C? with respectto V and is given by [14],

N(x)= 2 ‘d(%zj
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The above equation and relation C = W are used to

compute the doping profile of Fig. 4 (the majority carrier
densities versus depth (W ) across the depleted zone). It is
seen that the impurity density distribution is very uniform
with average doping concentration of Ny = 6,5 x 10"

cm™. No information is obtained at the interface (X =0) as
is typical for doping profiles obtained from C-V

measurements. This is because the capacitance
measurement is limited to small forward bias voltages
since the forward bias current and the diffusion
capacitance affect the accuracy of the -capacitance
measurement.
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Fig. 4. Calculated doping profile obtained from C —V
measured data.

4. Conclusion

In this work we investigated the main electrical
properties of the Schottky diodes formed by
electrodeposition of copper on n- Si (111) from 0.2 M
CuSO45H,0 + 0.5 M H;3;BO; (pH=2.0) solution, through
the barrier heights, the ideality factors and the impurity
density distribution, by using current-voltage (1 —V ) and
reverse bias capacitance voltage (C —V ) characteristics.
Electrical measurements have been carried out at room
temperature. The distribution density of carriers
throughout Cu--/ n-Si Schottky barrier structures, derived
from C-V data, was used to calculate the majority
carrier densities versus depth (W ) across the depleted
region.
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