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Memory: A Brief Overview

Two types:

e Volatile

» Random Access Memory (RAM) : faster, data lost
when power switched off

 Nonvolatile

* Read-Only Memory (ROM) : solid-state, retain
Information even when power switched off



Memory: A Brief Overview

Read-Only Memory categories:

« ROM : permanent data written In memory
array

« PROM : user programmable data written to
memory (Programmable ROM)

« EPROM : electrically programmed, erased via
UV exposure (Erasable PROM)

« EEPROM : electrically erasable and

programmable in-system (Electrically
EPROM)



Flash Memory Introduction

A specific type of EEPROM with the ability to

erase whole blocks (as opposed to bytes) In
one erase cycle

e Used when larger amounts of data need to be
stored without power
e Some things that use flash memory:
= Computer BIOS
= Memory cards
= Solid-state disks (SSDs)



MOS Memory Cells

Common solutions to store charge:

 In “traps” In the Insulator or at the interface
between two dielectrics (usually silicon
oxide/nitride). These devices are called MNOS
(Metal-Nitride-Oxide-Silicon) cells.

 |In a conductive material layer surrounded by
an insulator between the gate and the channel.
These devices are called “floating gate” cells.



MNOS Devices

 Big breakthrough: SNOS (Silicon-Nitride-Oxide-
Silicon)
= Based on the use of LPCVD (Low-Pressure Chemical
Vapor Deposition)
= Inherent radiation hardness, able to adjust to application

(slow programming-high retention or fast programming-
low retention)

e Modern counterpart: SONOS
» Higher memory window
= Low power usage
» High lifetime
 MNOS devices are hardly used nowadays; used In
specific applications



Floating Gate Technology
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Floating Gate Technology

m M m m mm
< Th 0O < —- 3
e T A . i ST gt T B
; l Control Gate
! 1
: : Poly -Sint
\ \_ R interpoly dielectric
; 8 ' Floating Gate
! 1
| @ Qi +
® . | Poly -Si n
A | T tunnel oxide
[ PEE— ) " —
(o8] — I 1 )
H v o o 1 - n+ n+
| o o @ : ®
< < < < _
. . Siip
o —t
= -~ —p
" on [ 2g
a © el ——
v =@ A Q
o = =
» EJJ ®
=
o

Image courtesy of Pavan, Bez



Floating Gate Technology

Interpoly Oxide Control Gate
Modeling the control gate, “*%™\_ | /e C:l .
source, bulk, and drainsas "t 1" - ?/ .
capacitances, FG ;‘ L s T ?B Tcn
potential, V¢ is: , - ‘ S
a) b)
Vs =&Vg +EV5 +C—DVD +C—BVB _|_£

Cr Cr Cr Cr Cr

Where V., V,, Vp, Vg are control gate, source, drain, bulk
potentials respectively;

Q is the charge contained within the FG;

Total capacitance s C; = C. + C. + Cp + C;
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Floating Gate Technology

If the source and bulk are both grounded and all potentials use the
source as reference, equation becomes:

Cc Cp Q
Vis = —Ves + —Vps + —
FS CT CS CT DS CT

Further simplification can be made if the “coupling factor” and f
are defined such that:

Cc Cp

— — — — Q
Cr / Cc and Vis = ac (Vcs + fVps + C_r:)

Uc



Floating Gate Technology

Since FG devices depend on threshold voltage (potential, VTFS’

that must be applied to the FG with V¢ = 0), we can rearrange
the equation again to:

1 Q

|74 = —V e
Tcs TEks
ac Cc

Vi depends on the device technology and V- cs varies with the
charge within the FG. This is key to the understanding of the
FG as a basic nonvolatile memory cell.



Floating Gate Technology

By choosing a “threshold shift”

. . erased programmed
(|Q/C.l), we can define two different s A Q=0 Q#0 - |
device states: erased and oc 2/ b
= C :
programmed |
Threshold voltages applied to control ' = '
g pp VTIi VTI’ Ves VTE{ / VTP Vs
gate are: |
Sensing VCS
a) b)
Vies = an Vres = Vg
¢ Figure 1.2 a) |-V trans-characteristics of a FG device for two different values of charge
stored within the FG (@ = 0, and ¢} < 0), denoting two different states, respectively:
Q erased and programmed; b) reading operation of a FG device: a suitable control gate voltage
VTC‘.’S’ — {I_ VTF.’S’ — C_ﬂ. — VTP (Vry < Vios < V) is applied to the device to determine whether it is conductive or not.

Device state is read by applying “sensing” voltage to control gate
*When FG |-V curve corresponds to a, Vs > V;_ and device is ON
*When FG |-V curve corresponds to b, Vs < V., and device is OFF
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Charge Injection

o Channel Hot-Electron Programming (CHE)
e Source-Side Hot-Electron Programming

o Fowler-Nordheim Tunneling

* Tunnel Programming

= Tunnel Erase Through Thin Oxide



Channel Hot-Electron (CHE)
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Fowler-Nordheim Tunneling

e Basis of FLOTOX (FLOating gate Thin
OXide)

« Writing — High voltage is applied to CG with
drain at low bias. CG voltage couples a voltage
on the FG, allowing electrons to tunnel from
the drain to the FG through a thin oxide (~8-10
nm)

e Erasing — Drain raised to high voltage, CG
grounded, causing electrons to tunnel back into
the drain



FLOTOX
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Figure 1.3 Schematic section of a FLOTOX cell including the select transistor.

» Select transistor controls drain bias
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Flash Cell Operations

Three stages:
* Programming
» CHE
= F-N tunneling
* Reading
* FG I-V curve
 Erasing
= F-N tunneling

- Erase
Program -

O

Figure 4.1 Schematic representation of programming and erasing mechanisms for the

industry standard Flash cell.
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Erasing
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Figure 4.13 Cross-sectional drawing of (a) negative gate, floating gate to
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Flash Memory Architecture

Flash Array Architectures

Commonly used | | |
NOR NAND AND

today: ‘
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NAND vs. NOR

* NAND

= High density
= Medium read speed

= High write, erase speed [I
= Indirect access (1/0-like) = g
= Less power consumption 1

for write-intensive apps u

Figure 1.13 Basic structure of a NAND architecture.
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NAND vs. NOR
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Figure 1.9 Schematic structure of the read path in a NOR organization. Only one bit at
3 time is here considered as addressable.
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NAND vs. NOR

SLC NAND Flash (x8) MLC NAND MLC NOR Flash
Flash (x8) (x16)
Density 512 Mbits' — 4 Gbits” 1Gbit to 16Gbit 16Mbit to 1 Gbit
Read Speed 24 MB/s’ 18.6 MB/s 103MB/s
Write Speed 8.0 MB/s 2.4 MB/s 0.47 MB/s
Erase Time 2.0 mSec 2.0mSec 900mSec
Interface [/O — indirect access [/O — indirect Random access
access
Application Program/Data mass Program/Data eXecutelnPlace

storage

mass storage

Figure 4: NAND and NOR Flash Operating Specifications

Taken from a 2006 data sheet
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The Future

e Mainstream Solid-State Disks?

= A number of companies (ASUS, Apple Inc., Lenovo)
are starting to use SSDs as main storage units,
replacing the common hard disk drive

»SSDs do not contain moving parts, and therefore, are “shock”
resistant

» SSDs require less power (up to 50%) and generate less heat
than a regular HDD

» Can be made much smaller and lighter than a HDD

»Price, which used to be a major factor, is going down for
flash memory (1GB of flash memory can go for ~$10)

« PCM? (Phase-Change Memory)
= AKA PRAM, PCRAM



