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A B S T R A C T

In this paper, a Static Noise Margin (SNM) analysis for 2T2M RRAM cell is investigated. The proposed analysis
is done using mathematical formulation and verified by SPICE simulations. The analysis is tested for both, write
and read modes. Moreover, the analysis is applied to diverse types of RRAM cells, and a comparison between
the performance of such cells is discussed. Additionally, the effect of the exponential memristor model on the
memristor behaviour in terms of switching speed and the range of the memristor resistance are discussed in
detail. The circuits design and simulations were carried out using TSMC 130 nm CMOS technology and Cadence
Virtuoso tool. Finally, comparison between different RAM technologies is briefly presented.

1. Introduction

Random Access Memory plays an essential role in today’s comput-
ing systems. The performance and the functionality of any computer
system are greatly affected by the memory subsystem [1]. According to
the International Technology Roadmap for Semiconductors (ITRS) [2],
CMOS-based memories occupy 90% of the SoC area.

Power consumption, capacity, noise margin, long data retention
time and read/write speed are the main characteristics of the memory.
It is always required to have a low power consumption, high capacity,
high read/write speed and long write/read cycling endurance memory.
Unfortunately, it is almost impossible to obtain all of these ideal char-
acteristics in the same memory technology and this is the cause of the
memory wall (bottleneck) issues [3,4]. Thus, there are a lot of technolo-
gies that have been proposed to get one or more of these ideal charac-
teristics such as Static Random Access (SRAM) [5], Dynamic Random
Access Memory (DRAM) [6], FLASH (NOR or NAND) [7], Spin-Transfer
Torque Magentoresistive Random Access Memory (STT-MRAM) [8],
Phase Change Random Access Memory (PCRAM) [9], Ferroelectric Ran-
dom Access Memory (FeRAM) [10], Magnetic Random Access Memory
(MRAM) [11], and Resistive Random Access Memory (RRAM) [12].

SRAM, DRAM and Flash (also called Silicon-based) memories are
working based on charge storing mechanism. Due to ease of losing the
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charge at nanoscale, these memories are facing challenges to be scaled
down to beyond 10 nm. Therefore, currently new memory architec-
tures based on other technologies that could go beyond CMOS limits
are under research and development. Memristor-based memory tech-
nology, referred to as Resistive Random Access Memory (RRAM), is
one of the new memory technologies that is expected to replace these
conventional silicon-based memories [13,14]. The nonvolatile charac-
teristics of the RRAM cells make it an attractive replacement for systems
that require low power and high performance such as, instant-on com-
puters. Taking the advantage of memristor in keeping its state, the RAM
will boot-up instantly without the need to wait for loading the data from
the hard drive [15]. Existing research on memristor technology mainly
focuses improving its reliability, fabrication processes and integration
with CMOS based design [16].

In 1971, Leon Chua introduced the memristor as the fourth circuit
element besides the other three fundamental elements which are; the
resistor (R), inductor (L) and capacitor (C) [17,18]. HP labs success-
fully manufactured the first physical device in 2008 [19] based on bipo-
lar TiO2 thin film technology. Accordingly, the usage of the memristor
technology started to be explored for different applications. In Ref. [20],
a memristive device that is controlled through a threshold voltage is
introduced and implemented on SPICE. This device is following the tun-
neling distance modulation during switching. In addition, the concept
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of the memcapacitor-based relaxation oscillators is established in Ref.
[21] through using two series memcapacitors which is viable for both
capacitor and memcapacitor. Moreover, a family of Memristor-based
Reactance-Less Oscillators (MRLOs) is proposed in Ref. [22]. These
MRLOs do not need any reactive components (i.e capacitors or induc-
tors) as the oscillation is generated via the memristor device through
exploiting its resistance storage property. More applications are valid
such as neuromorphic systems [23], oscillatory systems [24–26], binary
adders [27–29] and memories [30,31]. A fabricated RRAM based on
CMOS process was presented in Ref. [32].

Since Chua introduced the memristor, many models were intro-
duced to emulate this new device. The main advantage of the memristor
is that it ables to keep its most recent state for a long time even when
the power supply is disconnected [18]. As a result, the RRAM cells are
expected to consume lower power than the conventional 6T SRAM cell
during sleep mode. On the other hand, stability is considered one of the
primary restrictions in nano-scale memory design [33]. So, it has been
a major focus of recent research. In order to analyze a non-standard bit
cell, such as the RRAM cells, many of the conventional metrics cannot
be directly applied and need to be redefined.

In this paper, a novel SNM of RRAM cells is presented. Although, the
dynamic properties of memristor on the storage cell has a great impact
on the cell stability, the study of the RRAM SNM was not discussed
previously in published works based on memristive RRAM. This paper
presents a definition and analytical method for calculating RRAM SNM.
The introduced analytical method is applied to the 2T2M memristor
based storage cell architecture. In order to verify the proposed analy-
sis, it is compared with the simulation results. Moreover, the proposed
Stability analysis is applied to different RRAM cells to compare their
stability performance.

This paper is organized as follows; Section 2 illustrates the main con-
cept of the resistive switching mechanisms. In Section 3, the exponen-
tial model is described and its parameters are studied to find the effects
of these parameters on the memristor response. Section 4 presents the
proposed RRAM cell. Also, other RRAM cells are described. In section
5, the static noise margin has been analyzed analytically based on the
proposed RRAM cell. In section 6, the proposed static noise margin sim-
ulation analysis is applied on different types of RRAM cells presented
in section 4. Finally, the conclusion is presented in section 7.

2. Resistive Random Access Memory (RRAM)

Resistive Random Access Memory (RRAM) is a two-terminal device
with a switching element sandwiched between two electrodes [35].
Depending on the programming voltage applied on the memristor ter-
minals, the switching medium is turned from a high-resistance state to
a low-resistance state and vice verse.

The resistive switching characteristics can be divided into two types:
unipolar switching and bipolar switching. If the device can be inter-
changed between high-resistance and low-resistance states with one
polarity of the applied voltage, then the device is called unipolar switch-
ing device. Whereas, if the device has to be switched from a high-
resistance state to a low-resistance state and vice verse with differ-
ent polarities of the applied voltage, then the device is called bipo-
lar switching device. Regardless of the switching type (i.e, unipolar,
bipolar), the switching operation from high-resistance state to low-
resistance state is named as SET process and the opposite process is
named as RESET process.

In bipolar switching, the switching direction depends on the polar-
ity of the applied voltage. Accordingly, the device switches from high-
Resistance state to low-resistance state by applying a voltage with a
polarity of VSET . After switching, the device resistance becomes low
and the ON-state can retain its state even if the applied voltage is dis-
connected. On the other hand, the device can be switched off by apply-
ing VRESET with opposite polarity of VSET (i.e, The polarity of VRESET is
opposite to that of VSET).

In contrast, the SET process in unipolar switching devices only
depends on the magnitude of the applied voltage and does not depend
on its polarity. As a result, the thermal effects are commonly involved
during the unipolar switching process [34]. A current compliance has
to be applied in unipolar devices during the SET process in order to
limit the current of the ON-state and the thermal generation. However,
this current compliance is removed during the RESET process and the
devices are switched to high-resistance state by having a large current.
In most researched unipolar cases, the set voltage Vth2 (VSET) is larger
than the reset voltage Vth1 (VRESET), whereas the set current is smaller
than the reset current. Generally, unipolar devices suffer from limited
endurance cycles because of the high current of the ON-state and the
heating process. In addition, the operation window between set and
reset voltages can be limited and accidental reset can occur.

The drawback of the unipolar resistive switching is that VRESET could
overlap with VSET as a result of having same polarities. Obviously, this
kind of trouble cannot exist in bipolar resistive switching since the VSET
and VRESET voltages have opposite polarities.

Both of the unipolar and bipolar switching devices can follow the
abrupt mechanism or the analog mechanism [36]. In the abrupt mech-
anism, the switching between OFF-state and ON-state is sharp and fast,
as shown in Fig. 1 (a,b), respectively, which makes the devices suitable
for digital memory applications. By using this abrupt mechanism in the
digital memories, the read disturb that occurs in the storage cells during
the read operation is significantly reduced down to a manageable level.

However, these kinds of switching devices can be also analog, which
means that many states can exist between the ON-state and OFF-state
(continuous switching), as shown in Fig. 1 (c). This type of switch-

Fig. 1. Different types of switching characteristics (a) unipolar Switching with abrupt resistance change, (b) bipolar Switching with abrupt resistance change and (c) bipolar switching
with analog resistance change [34].
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