University of Mosul

College of Engineering

Fabrication and Simulation of Nano Scale
Ag:S Electrolytic Memory Devices

Azam Adnan Mohammed Al-Kubaa
Ph.D. Thesis
Electrical Engineering/Solid State Electronic
Engineering
Supervised by

Assistant Professor

Dr. Khalid Khaleel Mohammed

2019 A.D. 1440 A.H.



Abstract

The semiconductor memory is an indispensable device of the modern
electronic systems. Depending on the nature of data storage, there are
generally two types of memories. The first class is called volatile memory
(VM), which the information is removed after switching off the power
supply. The second class is nonvolatile memories (NVM) in which the

information stay stored after switching off the power supply.

The present research aims at designing and fabricating a different class
of nonvolatile memory cells which have low cost, high density and with
high speed of operation. This memory depends on the ionic effect of the
filament growth within the silver sulfide (Ag,S) solid electrolyte layer
which is sandwiched between the two electrodes. One of them is active
electrode (e.g. silver Ag) and the other is stopping barriers for deposition
of ions (e.g. gold Au). The two terminal memory cells have three layers.
In this thesis, two methods of fabrication are adopted for the growth of
Ag>S thin films. The first method is based on the thermal vacuum
evaporation technique (TVET), using a thermal evaporator deposition
under conditions of low pressure. Silver sulfate is obtained by depositing
silver and then sulfurization of silver (Ag) film by evaporation of sulfur
(S). Many samples have been fabricated under deferent temperatures and

thickness to investigate a better characteristic.

The second method is a chemical bath deposition (CBD), in which the
sulfurization of silver (Ag) is done by saturated solution of sulfur (S). It
can be done when the silver layer is submerged in a solution dissolved by
sulfur. The sulfurization starts with a direct reaction of Ag atoms at
different times and different temperatures forming an Ag,S layer to

investigate better parameter. The results of the two methods are



measured, the voltages, currents, and the switching time characteristics of

the manufactured samples and comparing them to each other.

It has been found that the second method, using chemical bath
deposition (CBD), gives better results in obtaining thin films of Ag,S,
because the phase of Ag,S is not changed. While the first method,
thermal vacuum evaporation technique (TVET), is performed with
multiple phase change which causes many problems when there is a
change back to the normal phase. Also the second method has good
advantages such as simplicity in form and implementation of layered
devices and in addition to that, it is a very cheap method and does not
require a high vacuum chamber and complicated equipment’s. It can be
done under atmospheric pressure, and at a temperature of approximately

100C".

It has been also found that the fabricated cell gives a ratio of resistance
between the ON and the OFF state up to (1000). This result indicate that
this type of cell can be used as a nonvolatile memory (NVM) with multi-

level cell.

The fabricated samples have been mathematically modeled for
describing the cell behavior. The ideal characteristics was obtained and,
an equivalent circuit model is proposed to validate the results of the
obtained experimental data. The results which are obtained from the
simulation are very close to the practical experimental results. They have
compared the simulation result with the experimental result and found
that module accept our modeling device. Finally, we have studied the
scaling of Ag,S device with its problems and challenges, and gave the

solutions to realize this device as non-volatile memory.
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