International Journal of Computer Applications (0975 — 8887)
Volume 44— No.2, April 2012

A Novel Approach to Use ZnO Thin Film as a Switching
in Dynamic Random Access Memory (DRAM) Cell

Amit Kumar
Department of
computer science,
Institute of Engineering
& Technology, North
Extn., M.I.A. Alwar- Technology, North
301030, Rajasthan, Extn, M.I.LA. Alwar-
India 301030, Rajasthan,

India

Deepak chaudhary
Department of
computer science,
Institute of
Engineering&

ABSTRACT

Resistance switching random access memory (RRAM) has
drawn considerable attention for the application in non- volatile
memory element in semiconductor memory devices. A ZnO
thin film now assumed to be useful for dynamic random access
memory (DRAM) cell. In this paper we provide a framework to
its use as a switching ON or OFF in DRAM cell. In this type of
memory cell the ZnO thin film has a lot of importance instead
of a transistor. Inside the DRAM cell, we are suggested to use
the ZnO thin film due to its reliable and repeated switching of
the resistance. Thus after the replacement of ZnO thin film as a
switching element instead of a transistor, the DRAM cell has a
strong resistance switching capability.
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1. INTRODUCTION

There has been much interest seeking a high-density, high-
speed, and low power memory technology that preserves its
data even during power failed. Currently, resistance switching
random access memory phenomena has paid great attention to
study actively in order to apply them to the next generation non-
volatile memory devices. [1-10]. Advanced research is in
progress to find alternative materials for non volatile memories
focus on accomplishing greater packing density, faster
switching rate, lower power consumption and low voltage
operation compared to commonly used MOS transistor based
flash memory device. Resistive switching characteristics of
multilayered (HfO,/Al,O3)n thin film was recently studied by
W. H. Tzeng et.al [11]. Some of the currently growing ideas in
this area are silicon oxide nitride oxide silicon based memory
(SONOS), magneto-resistive random access memory (MRAM),
phase change random access memory (PRAM) and resistive
random access memory (RRAM). The simple phenomenon of
resistance switching of RRAM observed in the specific form of
the thin films of the metal oxide such as ZrO,, TiO,, NiO,
MnO, and recently ZnO [12-15]. Amongst the known metal
oxides currently being explored for the development of RRAM,
ZnO has been demonstrated to be a potential candidate due to
its outstanding features such as high exciton binding energy ~60
meV. This excitation stability provides opportunities for
making highly efficient device at room temperature. ZnO has a
direct and wide band gap of 3.4eV at room temperature and it is
relatively hard material and has high melting temperature of
about 2000 °C, its hardness could conceivably expand the life
time of devices. ZnO cross-bar array resistive random access
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memory stacked with heterostructure diodes for eliminating the
sneak current effect was studied by J. W. Seo et. al [16]. J. Qiu
et. al

[17] has observed the effects of metal contacts and dopants on
the performance of ZnO-based memristive devices.

In this paper, we provide the brief knowledge of the
introduction, application and resistance switching (RS)
properties of the ZnO thin film. The next section of the paper
provides the assumed effect of the ZnO thin film in the DRAM
cell.

2.7ZnO THIN FILM AND ITS USE

ZnO is naturally an n-type semiconductor. The intrinsic defect
levels that lead to n-type behavior lay approximately 0.01-0.05
eV below the conduction band. Zinc oxide thin films can retain
the hexagonal wurtzite structure and are composed of columnar
crystallites with grain sizes in the range of 50-600 A. ZnO thin
films can grow in polycrystalline and epitaxial nature. The
grown films show a strong c-axis orientation perpendicular or
parallel to the substrates and the degree or preferred orientation
depends on the substrate material and deposition parameters
[18, 19]. However, epitaxial growth of ZnO thin films on
different lattice matched substrates has been reported by
Kucheyev et. al [20, 21] and has shown huge improvement in
crystalline quality and enhanced electrical and optical
properties.

The undoped ZnO thin films exhibits a high transmittance
(about 85-90%) in the visible region which falls sharply in the
UV region because of the one set of fundamental absorption
and gives highest reflectance (about 5-15%) in the visible
region. ZnO films can be produced by DC reactive and
magnetron sputtering [22, 23], metal-organic chemical vapor
deposition (MOCVD) [24, 25], vacuum evaporation [26], sol—
gel method [27], pulsed laser deposition [28] and spray
pyrolysis [29]. The grown films exhibit high crystalline quality
along with preferred c-axis orientation. Undoped ZnO thin
films reveal a nearly constant transmittance up to 2.5 um and a
nearly constant reflectance up to 10 pm. The band gap has been
reported to vary slightly with annealing temperature and the
refractive index varying from 1.7 to 1.91 [30] compared to bulk
value of 2.1. The photoluminescence (PL) properties of ZnO
thin films ascribed to strongly bound exciton state, and defect
states. These defect states may be originated due oxygen
deficiency or point defects [31]. A strong near band edge UV
PL peak appeared at 3.2 eV is attributed to an exciton state at
room temperature, as the binding energy is of the order of 60
meV. The PL spectrum at low temperature (10K) exhibits more
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than one emission lines. The bound exciton emission lines at
3.356, 3.360 and 3.367 ¢V dominate the PL spectrum of
undoped ZnO films. These emission lines could be correlated
with defect complexes. More emission lines are not useful for
optoelectronic devices such as light emitting diode and laser
diodes. The resistivity of undoped ZnO thin films has been
reported by many researchers in the wide range in the order of
102 -10° Q-cm. The conversion from conducting behavior to
insulating behavior has been attributed to the unstable state of
defects behaving as shallow donors in as grown films.

Most of the literatures reveal that the thin film technologies are
also being developed as a means of substantially reducing the
cost of electronic equipments and enhance the device
performance. The nano structured thin film enhances the
efficiency of solar cells, memory storage capacity of the
computers, reduces the costs of the devices as well as the
materials losses. Transparent conducting thin films continue to
receive considerable attention from both fundamental and
application point of view primarily because of their useful
properties.

ZnO thin films generated immense interest as a transparent
semiconducting material, because of coating of this material are
relatively inexpensive. Unique properties of ZnO make it a very
promising material for much diversified fields. It has II-VI
compound semiconductor and is well known for its attractive
features. It is attracting considerable attention, particularly in
thin film form, for application in wide range of optoelectronic
devices. Due to its low cost, non-toxicity, readily availability
and high chemical stability even in reducing environments,
ZnO has become most promising material for device
applications. ZnO is extensively used in surface acoustic wave
devices [32], gas sensors [33], varistors [34], and light
modulators. It is very useful material for the industrial
applications such as elecro photography, electroluminescence
phosphorus, gas dector, medical and cosmetics and pigment in
paints.

The electrical, structural and optical quality of ZnO thin films
greatly enhanced in recent years, which has drawn considerable
interest in the use of this material for short wavelength light
emitters and transparent electronics. Highly conductive and
transparent ZnO thin films could easily be grown with
inexpensive deposition techniques. Preferred orientation of the
film is very important to utilize for device applications. A
preferred orientation is a special phenomenon in which certain
crystal plane grows parallel to the substrate as is often observed
in thin films prepared by different techniques. It is one of the
most important properties in thin films both from theoretical
and application point of view.

3. EXPERIMENTAL DETAILS

ZnO thin films on Ti/SiO,/n-Si were grown by RF magnetron
sputtering technique. The experimental details can be found
elsewhere [35]. The thickness of the resulting ZnO thin film
was estimated to be around 150 nm. Both top and bottom
contacts were deposited using RF sputtering technique. The
direction of current flow was kept from top to bottom electrode
and the measurements were carried out in voltage sweeping
mode.

4. RESISTANCE SWITCHING PROPERTIES

OF ZnO THIN FILM

Polycrystalline ZnO thin films were grown highly resistive and
preferred c-axis oriented by different deposition techniques for
studied their resistive switching behaviour. The ZnO thin films
resistance was observed to switch between a high and low
resistance states [2]. Conduction behaviour was found to be
dominated by ohmic behaviour in LRS (OFF state) and Poole —
Frenkel emission in HRS (ON state). The device based on ZnO
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thin film demonstrates reliable resistive switching properties
such as low switching voltage and switching cycling. Figure 1
shows the Current-Voltage (I-V) plot ZnO thin film showing
resistive switching [12], which indicate the two state one is in
high resistance state and second in low resistance state (RESET
& SET respectively) that is repeated over the no of cycles. This
property of the ZnO thin film is very useful in the dynamic
random access memory (DRAM) cell.

After the forming process on the pristine memory cell, the
resistive memory switching is generally observed by a voltage
sweep. As the applied voltage increases, the resistive transition
from a stable low resistance Ry state to a stable high resistance
Ropr state, the RESET, appears at 1.6 V. At the Rogr state, the
resistive transition from Rggp state to Roy state, the SET, occurs
by increasing the voltage up to 5 V as can be seen in the Fig. 1.
For the SET and the forming process, an appropriate current
compliance should be imposed for the memory switching.

The current is limited by an external circuit, and the voltage
sweep stops when the measured current reaches a current
compliance value, which is experimentally performed. The
voltage required for each transition is defined as the RESET
voltage (Vreser) and the SET voltage (Vsgr). As shown in Fig. 2
the voltage-biased SET inevitably results in a sudden jump of
the measured current at Vggr. This blurs the exact role of the
external current at the SET transition point.
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Fig.1 I-V plot ZnO thin film showing resistive switching
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Fig. 2 Voltage-biased SET I-V curve of memory switching
with a current compliance of 1.6 mA.

5. DESIGNED WORK

A Memory usually refers to semiconductor storage read-write
random-access memory, typically DRAM (Dynamic-RAM).
Memory can refer to other forms of fast but temporary storage.
Storage refers to storage devices and their media not directly
accessible by the CPU, typically hard disk drives, optical disc
drives, and other devices slower than RAM but not volatile.



One bit of memory. In dynamic RAM memory, a cell is made
up of one transistor and one capacitor. In static RAM memory,
a cell is made up of about five transistors.

Primary computer memory is made up of memory cells, where
each memory cell contains exactly one number. Thus, a
memory cell can be thought of as box into which a single
number can be placed. The number contained in a memory cell
can be changed over time. When a new number is stored into a
memory cell, the old number contained in the memory cell is
lost forever. At any time, the computer may peer into a memory
cell to read the current contents of the memory cell. The
computer may read the contents of a memory cell as many
times as it wants, without disturbing it.

The idea behind the proposal is to use the ZnO thin film as a
switching element instead of the transistor in a dynamic random
access memory (DRAMs) cell. The DRAM cell consists the
three main block: the array of 1-bit memory cell, the row
decoder which select a single word line for a given n-bit row
address a [1: n], the column decoder which selects a single bit
line for a given m-bit column address b [1: m] and route a 1-bit
data to or from a selected memory cell. In a dynamic random
access cell binary data is stored as a charge in a capacitor.
Memory cell consists of a storage capacitor and a transistor as a
switching element. In our proposed work the ZnO thin film is
used as a switching element instead of the transistor. We use the
ZnO semiconductor in the thin film form due to its unique
properties. Figure 3 shows the typical memory organization.
Figure 4 (a) shows the existing DRAM cell in which one
transistor and one capacitor is used. In the existing DRAM cell
transistor is used as a switching element. Figure 4 (b) shows the
proposed idea in which we modify the memory (DRAM) cell
with the ZnO thin film. In the ZnO thin film resistance switch
between a high resistance HRS and low resistance state LRS
which indicate the ON and OFF state and binary data is stored
in a capacitor (memory cell) according to these states. The ZnO
based dynamic memory cell exhibits resistive switching
properties such as low switching voltage and switching cycling
[12].
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6. CONCLUSION

This paper provides a brief knowledge about the ZnO thin film,
an important part of nano technology and the brief idea about
its use in dynamic random access memory cell. Their uses
mainly include various storage purposes and as a resistance
switching element. In our proposed work the dynamic memory
cell work according to the resistance switching of the ZnO thin
film so it provides better storage because it uses the lower
operating voltage, faster switching rate, smaller and simpler cell
structures.
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