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Abstract— This article determines carbon nanotubes their power, storage, performance, and design issues attempting to 
present a comprehensive view of a class of random access memory chip architectures. Carbon nanotube (CNT) has unique 
structural and conductive properties which can be utilized in various applications. Bucky paper is a thin sheet made from an 
aggregate of carbon nantube could be used to illuminate computer and television screens. A basic computer using carbon 
nanotubes, a semiconductor material that has the potential to launch a new generation of electronic devices that run faster, 
while using less energy, than those made from silicon chips. There are as a way to handle carbon nanotubes, but it is also 
being studied and developed into applications by several research groups such as physics, chemistry, material science, 
computer science and electrical that can be used at nano scale. 
 
Index terms— Carbon nanotube, Bucky-tubes, NanoRAM, SWCNT, MWCNT 
 
I. INTRODUCTION 
 
This paper reviews some of the non-volatile memory 
(NanoRAM) and their properties of CNT based 
materials and their utility. Carbon nanotubes (CNTs) 
are ideal materials for both structural and functional 
applications so it is used in developing non-volatile 
memory. As it is having light weight (one- tenth) and 
10 times stronger than steel when its sheets are 
stacked to form a composite. The advantages of CNT 
[6] in designing are conferred by miniature, carbon 
based nano electronics have greater flexibility when 
measured in nano scale. Free-standing CNT film, 
commonly referred to as buckypaper, is a 
macroscopic paper-like material composed of CNTs 
which form continuous and porous entangled 
network structures. 
 
II. BUCKYBALL (CNT) 
 
Buckminsterfullerene [(IUPAC C60) [5, 6] fullerene] 
is the smallest fullerene in which no two pentagons 
share an edge. It is also the most common natural 
occurrence. The structure of C60 is truncated 
icosahedrons, which resembles a soccer ball of the 
type made of hexagons and pentagons, with a carbon 
atom [12] at the corners of each hexagon and a bond 
along each edge. The diameter of a C60 molecule is 
about 1 nanometer. Carbon nanotube (CNT) has 
emerged as an important material in the nano-scale 
science. CNTs made from grapheme are simply 
matches to any other nanomaterials due to their 
unique properties. Recent exploration of computer 
science, electrical, magnetic, and optical properties of 
graphene nanostructures with different morphologies 
(nano-ram, nanosheets, nanoribbons, and nano-dots) 
has attracted tremendous attention, by the scientific 
and the technological communities. Bucky balls [fig 
1, 2] are used in many potential applications. With a 
tensile strength 10 times greater than steel at about 
one quarter the weight, nanotubes are considered the 
strongest material for their weight known to mankind. 

Carbon nanotubes are used as reinforcing particles in 
nano composites, but also have many other potential 
applications. These could be the basis for a new era 
of electronic devices smaller and more powerful than 
any previously envisioned. Nano computers based on 
carbon nanotubes have already been demonstrated. 
 

 
 
III. NANAOTUBES 
 
New generation memory that combines high speed 
and non volatility, as well as scalability below 5nm. 
Carbon nanotubes (CNTs) are the most suitable 
material to deliver fast, high-density, low-power 
memory. CNTs are only found in research labs. Not 
only the CNTs been proven to work on leading-edge 
CMOS[10] fabrication lines with no new tools or 
processes required, the cost of the CNT material on a 
per-chip basis for memory has been reduced by more 
than 10times.This means the CNT material cost is 
now negligible with respect to chip cost, making the 
value proposition of CNT memory. Nanotubes are 
used as storage cells in non-volatile memory chips 
(NRAM), and they are expected to be used in the 
construction of sensors and display screens. Two 
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types are Single Walled and Multiwall. Single-walled 
nanotubes (SWCNTs) [fig 3] use a single sheath of 
graphite one atom thick, called "graphene." Multiwall 
nanotubes (MWCNTs) are either wrapped into 
multiple layers like a parchment scroll or are 
constructed of multiple cylinders, one inside the 
other. 
 

 
 
A. SWCNT 
SWNTs have a diameter close to 1 nanometer and 
the structure of a SWNT can be conceptualized by 
wrapping a one-atom-thick layer of graphite called 
grapheme. The way the graphene sheet is wrapped is 
represented by a pair of indices (n, m). A SWNT 
[20] is formed by wrapping a single sheet of graphite 
seamlessly, into tubular forms. Graphene, by itself, 
can be characterized as either a zero-gap 
semiconductor [16] or a metal, since the density of 
states is zero at the Fermi energy, and those 
properties to a nanotube. It is also well known that 
the fundamental conducting properties[fig 4] of a 
grapheme tubule depend on the nature of wrapping 
(chirality) and the diameter (typically, SWNTs have 
diameters in the range(0.4 nm–2 nm). 
 

 
 
B. MWCNT 
Multi-walled nanotubes (MWNTs) consist of 
multiple rolled layers (concentric tubes) of graphene. 
There are two models that can be used to describe the 
structures of multi-walled nanotubes. In the Russian 
model, sheets of graphite are arranged in concentric 
cylinders,. In the Parchment model, a single sheet of 
graphite is rolled in around itself, resembling a scroll 

of parchment or a rolled newspaper. The interlayer 
distance in multi-walled nanotubes is close to the 
distance between graphene layers in graphite, 
approximately 3.4 Å. Carbon nanotubes are reported 
to be thermally stable [8] in vacuum up to 2800 o C, 
to have a capacity to carry an electric current a 
thousand times better than copper wires, and to have 
twice the thermal conductivity of diamond (which is 
also a form of carbon). 
 
III. HIERARCHY OF COMPUTER MEMORY 
 
A semiconductor memory chip is an electronic 
device for data storage which is implemented on a 
semiconductor integrated circuit. Data is accessed by 
the semiconductor chip through a binary memory 
address. If the address of the memory consists of M 
number of bits, then the address area consists of 2^M 
addresses per chip. The amount of data [11] which 
can be stored in a memory chip defines the number 
of bits. Through the combination of several 
integrated circuits, memory may be arranged for a 
larger word length or a larger address space than 
what is initially offered by the chip. The memory 
chip hierarchy [fig 5] can be based on capacity range 
from local disk, DRAM, SRAM, NRAM. 
 

 
 
A. DRAM 
Dynamic random access memory chips or DRAM 
chips is a memory cell requiring refreshing because 
it transits only single lines of memory. A DRAM 
[17] chip has numerous small capacitors that contain 
each memory bit. DRAM chips do not hold change 
and need to be refreshed in order to keep the 
contents on the chips from being lost. DRAM chips 
are commonly referred to as volatile memory chips 
because they lose their memory when power is lost. 
DRAM chips are used in some computers that are 
constantly hooked to power supplies. 
 
B. SRAM 
SRAM chips are static random access memory chips. 
SRAM chips[18] are non-volatile memory chips and 
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do not require refreshing or power to keep memory 
intact. SRAM chips are most common in portable 
battery powered devices like laptops, cameras, cell 
phones and video game consoles. 
 
C. NanoRAM 
A non-volatile, random access memory technology 
that is being developed to initially replace flash 
memory and ultimately DRAM and SRAM 
memories. NRAM or Nano-RAM [fig 6]is a 
computer memory technology from the company 
Nantero. It is a type of nonvolatile random access 
memory[3] based on the mechanical position of 
carbon nanotube deposited on a chip-like substrate. In 
theory, the small size of the nanotubes allows for very 
high density memories. Nantero also refers to it as 
NRAM.Carbon nanotubes (CNTs), crossed nanotubes 
can either be touching or slightly separated depending 
on their position. When close to each other, the 
carbon nanotubes [1] come under the influence of 
Van der Waal's forces. Each NRAM "cell" consists of 
an interlinked network of CNTs located between two 
electrodes as illustrated in Figure 1, which is defined 
and etched by photolithography, and forms the 
NRAM cell.  
 

 
 
IV.TECHNOLOGY USED IN NRAM 
 
NRAMs are fabricated by depositing a uniform layer 
of CNTs onto a prefabricated array of drivers such as 
transistors. The bottom electrode of the NRAM is 
connecting the cell to the driver. The bottom 
electrode may be fabricated simultaneously with the 
NRAM cell, when the cell is photo lithographically 
defined and etched. Before the cell is photo 
lithographically defined and etched, the top electrode 
is deposited as a metal film onto the CNT layer [4] so 
that the top metal electrode is patterned and etched 
during the definition of the NRAM cell. Following 
the dielectric passivation and fill of the array, the top 
metal electrode is exposed by etching back the 
overlying dielectric using a smoothing process such 
as chemical-mechanical planarization. With the top 
electrode exposed, the next level of metal wiring 
interconnect is fabricated to complete the NRAM 
array. One circuit method to select a single cell for 

writing and reading. Using a cross-grid interconnect 
arrangement, the NRAM and driver, (the cell), forms 
a memory array similar to other memory arrays. A 
single cell can be selected by applying the proper 
voltages to the word line (WL), bit line (BL), and 
select lines (SL) without disturbing the other cells in 
the array. 
 
V. HOW NANORAM WORKS (STORAGE) 
 
NRAM is expected to be faster and denser than 
DRAM and also very scalable able to handle 5 nm 
bit cells whenever CMOS fabrication advances to 
that level. It is also very stable in its 0 or 1 state. 
Using standard CMOS [7] fabrication facilities, 
Spin Coat the Tubes onto the Wafer Making 
NRAM cells is quite fascinating. A solution of 
purified carbon nanotubes is placed onto a wafer 
with predefined round electrodes [fig 7] and spun at 
centrifugal force to spread the fluid. The tubes wind 
up in random polarizations, spread evenly across 
the wafer and over the electrodes. Subsequent steps 
remove the extraneous tubes and add the 
interconnects. Each electrode with its carbon tubes 
becomes a memory cell. 
 

 
 
To switch the NRAM between states, a small voltage 
greater than the read voltage is applied between top 
and bottom electrodes. If the NRAM [fig 8] is in the 0 
state, the voltage applied will cause an electrostatic 
attraction between the CNTs close each other causing 
a SET operation. After the applied voltage is 
removed, the CNTs remain in a 1 or low resistance 
state due to physical adhesion (Van der Waals force) 
with an activation energy (Ea) of approximately 5eV. 
If the NRAM [14] cell is in the 1 state, applying a 
voltage greater than the voltage will generate CNT 
phonon excitations with sufficient energy to separate 
the CNT junctions. This is the phonon driven RESET 
operation. The CNTs remain in the OFF or high 
resistance state due to the high mechanical stiffness 
(Young's Modulus 1 TPa) with an activation energy 
(Ea) much greater than 5 eV Due to the high 
activation energy (> 5eV) required for switching 
between states, the NRAM switch resists outside 
interference like radiation and operating temperature 
that can erase or flip conventional memories like 
DRAM. 
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VI. THERMAL CONDUCTIVITY 
 
We have the collection of single walled CNT forming 
multi walled CNT.The set contains carbon nanotube 
layers [2] S= {S1, S2, S3…Sn-1}.Each of the layers S1 
is embedded with S2. The layer S2 is embedded with 
layer S3. The layer Sn-1 is embedded with layer S1. 
The layer is embedded forming the free form 
multilayer CNT structure. It affects the elasticity and 
thermal conductivity of single walled CNT. We have 
developed a new dry-state processing method for 
producing highly oriented, free-standing MWNT 
sheets that may become very attractive for thermal 
transport applications if challenges are overcome. 
Higher alignment, a two-dimensional framework of 
MWNT sheets [fig 9] and extensive inter-tube 
overlap are potentially promising features for 
effective heat transport. However, coupling between 
nanotubes in bundles can suppress the phonon modes 
[4] and decrease the transport abilities of individual 
MWNTs. The thermal conductivity (600 ± 100 W 
m−1 K−1) of individual CVD-grown MWNTs 
(obtained by the 3ω method) is lower than 
theoretically predicted. Coupling within nanotube 
bundles and poor impedance sink interface decreases 
the thermal conductivity down to 150 ± 20 W m−1 
K−1. A further decrease of effective thermal 
conductivity in MWNT sheets to 50±5Wm−1 K−1 
originates from tube– tube interconnections and sheet 
imperfections like fiber ends, loops and misalignment 
of tubes. 
 

 

VII. POLARISATION 
 
Measurement of apparent κ for a free-standing 
MWNT[19] sheet as a function of electrode 
separation using the 3ω method revealed a quadratic 
decrease of the third harmonic signal and 
consequently an increase in the derived κ for samples. 
Below 2 mm sample length, the apparent κ saturates 
at 50 ± 5 Wm−1 K−1, which will be shown to 
correspond to the real thermal conductivity. For an 
MWNT sheet [13] with extremely large surface area 
the apparent κ can be higher than the actual value, 

Κap = κ + κloss, 
 
due to radial heat loss through radiation 
Κloss = 16εσ T 3 L2 /π2d , 

 
where σ = 5.67 × 10−8 W m−2 K−4 is the Stefan–
Boltzmann constant, ε is the emissivity, d is the 
average diameter of individual 1D heat channels 
and To = 295 K is the environmental temperature[5]. 
For porous carbon materials we can use the black-
body emissivity of ε = 1. The solid dependence of 
κloss on L shows a reasonably good agreement with 
the measurement. The fitting parameters, shown in 
the insets, yield the diameter d = 140 nm of a 
cylindrical rod that determined the radiation surface 
area of the MWNT sheet. This value is surprisingly 
close to the bundle diameter (d = 130 ± 20 nm) that 
we found from atomic force microscopy 
measurements 
 
VIII. STRENGTH AND ELASTICITY 
 
The carbon atoms of a single sheet of graphite form a 
planar honeycomb lattice, in which each atom is 
connected via a strong chemical bond to three 
neighboring atoms. Because of these strong bonds, 
the basal plane elastic modulus of graphite is one of 
the largest of any known material. For this reason, 
CNTs [15] are expected to be the ultimate high-
strength fibers. Single walled nanotubes [fig 10]are 
stiffer than steel, and are very resistant to damage 
from physical forces. Pressing on the tip of a 
nanotube will cause it to bend, but without damage to 
the tip. When the force is removed, the nanotube 
returns to its original state. This property makes 
CNTs very useful as probe tips for very high-
resolution scanning probe microscopy. Quantifying 
these effects has been rather difficult, and an exact 
numerical value has not been agreed upon. 
 
IX. CHARACTERISTICS OF NRAM 
 
NRAM has several characteristics that make it ideal 
as the next-generation technology for both 
standalone and embedded usage, including: 
 

 CMOS compatible: Can be fabricated in 
standard CMOS fabs with no new 
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equipment needed  
 Limitless scalability: Can scale below 

5nm in the future  
 High endurance: Proven to operate for 

orders of magnitude more cycles than flash  
 Faster read and write: Same as 

DRAM, 100s of times faster than 
NAND  

 High reliability: Will retain memory for 
>1,000 years at 85 degrees Celsius or more 
than 10 years at 300 degrees Celsius  

 Low power: Essentially zero in standby 
mode, 160x lower write energy per bit than 
NAND flash  

 Low cost: Simple structure, can be 3D 
multi-layer and multi-level cell (MLC)  

Standalone NRAM is being sought for three 
purposes: for DRAM replacement, for NAND flash 
replacement, and for applications neither DRAM [5] 
nor NAND flash can address. In the embedded 
memory space, there is ongoing work on using 
embedded NRAM to replace embedded non-volatile 
memory, including embedded flash or embedded 
RAM – either SRAM or DRAM. 
 
CONCLUSION AND FUTURE WORK 
 
The combination of NRAM’s DRAM-like speed and 
no volatility provides substantial opportunities for 
new designs and architectures, and likely even new 
devices, for electronics companies. Each has its 
advantages and drawbacks; flash, for instance, is the 
only one to retain data when the power is switched 
off, but is slower. NRAM [9] can be used in a range 
of products, including consumer devices such as 
PCs, laptops, smart phones, and tablets, as well as 
enterprise systems such as networking hardware, 
storage arrays, and numerous other applications. It is 
also ideal for government and military usage and 
high-temperature, high-reliability applications, 
among others. So we need new memory technologies 
that can be made smaller than those of today, as well 

as preferably being faster, power saving and non-
volatile. 
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