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MNRAM

MNRAM: Mechanical NanoRAM

Nano RAM whose Elements are switched between ON and 
OFF states via mechanical deformation.



Expected Memory Market

Data from the report of research firm NanoMarket LC.
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Some Existing CNT MNRAMs

1. “Bucky Shuttle” Memory Devices

Kwon, Tomanek, Iijima

Phys Rev Lett, 82:1470, 1999



Some Existing CNT MNRAMs

2. “Suspended Nanotube” NRAM

Rueckes, Kim, …, Lieber

Science, 289:94, 2000



Some Existing CNT MNRAMs

3. “Nanotube Shuttle” Memory

Kang, Hwang

Carbon, 42:3003, 2004



Advantages and Difficulties

Advantages
High speed (~100GHZ)
High density (~100T/cm2) 
Low energy consumption

Difficulties
RAM structure is hard to be assembled.



NRAM by NanTero

A variant of “Suspended Nanotube” Memory

Cooperated with ASML, LSI

A new structure that is easier to be manufactured than the 
original design. 

The density is lowered about 100 times.
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Structural Bistability of SWCNTs

Gao, Cargin, Goddard

Nanotechnology, 9:184, 1998

SWNTs with radius between 2nm 
and 6 nm poses two stable 
structures: circular form and 
collapsed form



Transition between two states

MD simulation

Chang, Guo

Acta Mech Sinica, 2005
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Structure Dependent Conductance

Mario, Mazzoni, Chacham

Appl Phys Lett, 76:1561, 2000

With an increase of the flatness, 
a semiconductor SWCNT 
becomes a conductor.  
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Prototype Design of MNRAMs

Radial Actuation Axial Actuation

~20nm~20nm

Well defined ON and OFF states of SWCNTs with radius of 
about 4nm make them suitable to act as nanoswitches, such as 
nonvolatile MNRAM elements



An MD Simulation

Reversibility of the structural bistability of SWCNTs under axial strain

Chang, Hou, Guo
Appl Phys Lett, 88, 211906, 2006

Nanoswitch

NMRAM



Advantages of Present Design

Besides aforementioned:
High speed (~100GHZ)
High density (~100T/cm2) 
Low energy consumption

They also take:
Easier-assembled RAM 
structure (as the techniques for 
highly-ordered CNT arrays can 
be available).

Li, Papadopoulos, Xu
Appl Phys Lett, 75:367, 1999



Cooperation wanted

We are now looking for universities, companies and 
individuals who can perform experimental investigations 
on the electromechanical behavior of carbon nanotubes.



Thanks!


