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Non-volatile

Classification

Volatile (Read-Write) memories

SRAM   Data stored as long as supply is applied

Large (6 transistors/cell)

Fast

DRAM  Periodic refresh required

Small (1-3 transistors/cell)

Slower

Non-volatile

EEPROM erased and programmed in small blocks

FLASH erased and programmed in large blocks

Don’t need power to maintain 

the information

Fast (not as much as RAM)

Small

ROM   

Data cannot be modified (at least not very 

quickly or easily)

simple to implement 

Read-Write memories



Flash memory

Flash memory cell



An electron traveling from the source to the

drain gains energy from the lateral electric

field and loses energy to the lattice

vibrations.

Programming/erasing flash memory cell 

Programming

Hot electron injection

vibrations.

For fields exceeding 100 kV/cm, electrons

are no longer in equilibrium with the lattice,

and their energy relative to the conduction

band edge begins to increase. Electrons are

“heated” by the high lateral electric field,

and a small fraction of them have enough

energy to surmount the barrier between

oxide and silicon conduction band edges.



Programming/erasing flash memory cell 

Programming

Fowler-Nordheim tunneling

Electrons are injected into the floating gate by 

connecting the control gate to an high voltage 

(about 13-18 V) and the source and drain to 

ground. ground. 

Thus, the high electric field pulls electrons 

through the tunnel oxide to the floating gate.

There is an uniform charge injection through the 

whole length of the channel.



The programmed cell is erased by FN-tunneling.

Electrons are removed from the floating gate by

connecting the control gate to ground and the source to

high voltage (about 12 V). The drain electrode is

floating. Thus, a high electric field pulls electrons from

the floating gate through the tunnel oxide to the source

contact

Erasing flash memory cell

Programming/erasing flash memory cell 

A variation to the erase operation:

Here the total voltage drop is divided

between source and control gate, thus

decreasing the maximum voltage

applied to the nodes. In contrast to the

so called “source erase scheme” this is

called “negative gate source erase” scheme.



Reading

Evaluation of the thresold state of the cell 

high threshold state (excess electrons on the floating 

gate)

low threshold state

In order to read the data:

programmed cell = logic “0”

erased = logic “1”

small voltage (around 1 V) to the drain and a 

voltage of 5 V to the control gate.

erased cell (threshold voltage < control gate voltage)

programmed cell (threshold voltage > control gate voltage) small currents

conducting

How to evaluate thresold state?: 



EMERGING MEMORY DEVICES

Nanowire memoriesNanocrystals memories

Phase-change memories

Molecular nanowireSilicon nanocrystals

Hetero-nanocrystals
Semiconductor nanowire 



Nanocrystals memories

Silicon nanocrystals cell

In order to allow 10 years of charge 

retention, in standard nonvolatile MOS 

memory devices the tunnelling oxide 

thickness is maintained above 8 nm. 

Therefore, high voltages and long times 

are required for both writing and erasing.

Why nanocrystals?:

Also: defects-induced leakage

By using Si quantum dots to store the charge, the lateral charge

loss, due to the presence of SiO2 between the grains, is reduced,

and this allows a scaling of the tunnel oxide thickness to 3–4

nm.

Therefore, the direct tunnel (DT) can be used for the

program and erase operations by applying low voltages

between gate and substrate. So, symmetric program/erase

process allow longer lifetime of the device.

Thermally grown tunnel oxide= 3 nm 

Silicon nanocrystals= 3-5 nm

Chemical Vapour Deposited control oxide= 7 nm 

Dimensions:



Nanocrystals memories

Hetero nanocrystals memory cell

TiSi2
additional barrier

Disadvantages:

Programming is limited by the capture cross section

of nanocrystals and by Coulomb blockade.

Thermal stability during annealing (hetero nanocrystal)

Defects

Prolonged retention characteristics

The chargeloss rate in the TiSi2/Si device is 

ten times less than that of a Si dot device.



Molecular nanowire

Nanowire memory cell

Programming:

Acting on the substrate control voltage

it is possible to change the oxidation/reduction

state of the active molecules.

The channel of a nanowire transistor is 

functionalized with redox active molecules

state of the active molecules.

Advantages Disadvantages

Low retention time

Readout: 

Measurement of the conductance of the 

nanowire with the gate bias fixed at 0 V 

or a small voltage

Coding:

From the hysteresis, two states 

can be defined as high conductance 

ON state and low conductance OFF

state.



Nanowire memory cell

In this new device, nanowires are integrated

with a Semiconductor-Oxide-Nitride-Oxide-

Semiconductor (SONOS) technology.

Nanowires synthesized by chemical or physical

processes are nearly perfect single-crystal structures

with a small geometry and perfect surface.

Semiconductor nanowires memories

Three dimensional memory cell array structure that enhances cell density and 

data capacity without relying on advances in process technology. All this with 

minimal increase in chip size.

high mobility

less power dissipation and 

higher performance

Also:



PHASE CHANGE MEMORY

The operating principle is based on phase-change

materials that can reversibly switch between crystalline

and amorphous phases through thermal processes,

resulting in a change in electrical resistivity.

To switch from crystalline to amorphous, a short 10–20

ns pulse at about 2–4 V is applied, while from

amorphous to crystalline, a pulse of 50–100 ns at 1–2 V

is used to anneal the material.

Nanowire memory cell

is used to anneal the material.

The crystalline and amorphous states of chalcogenide

glass have dramatically different electrical resistivity,

and this forms the basis by which data are stored. The

amorphous, high resistance state is used to represent a

binary 0, and the crystalline, low resistance state

represents a 1.

Speed 

Stability

Power consumption

Advantages:



Conclusions

Each memory device presented has its unique range of advantages and challenges

DRAM and FLASH have radically different

characteristics; hence, they are used for different

applications. For this reason, the search for new

memory devices beyond CMOS technology

starts with an important principle: different

memory for different applications.memory for different applications.

So far, there seems to be no clear winner that can

compete with either DRAM or FLASH memory

devices. We may find ourselves in a situation

where the ultimate memory device may turn out

to be a hybrid structure in which more than one

technology is integrated heterogeneously over Si

substrates similar to the CMOL concept.


