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EXAMPLES
• The Transistor (1947)

was not just a replacement for vacuum tubes, it created the 
modern computer and the new industrial revolution.

• The Heterojunction Laser (1963)
has revolutionized the optoelectronics technology, it 
created optical fiber communication, CD, and DVD.

• The Nonvolatile Semiconductor Memory (1967)
has revolutionized the information storage technology, it 
created the mobile phone, notebook computer, digital 
photography, MP3, PDA and GPS.





COMPARISON OF SEMICONDUCTOR MEMORIES





COMPARISON OF MEMORY ATTRIBUTES





THE FIRST NONVOLATILE SEMICONDUCTOR MEMORY

－The Floating-Gate Concept (1967)







CURRENT DENSITY EQUATIONS

For Fowler-Nordheim Tunneling
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GATE CURRENT VERSUS GATE VOLTAGE





THRESHOLD VOLTAGE SHIFT DUE TO CHARGE 
STORAGE ON THE FLOATING GATE





FIRST PAPER ON NVSM (1967)

• The possibility of nonvolatile memory in semiconductors was 
recognized for the first time, and an experimental electrically 
erasable-programmable read only memory was demonstrated.

• The paper introduced not only the basic concept of nonvolatility, 
but also the floating-gate structure which has been the dominant 
technology for nonvolatile charge storage.

• The    paper    introduced    nonlinear    transport     processes    for
programming and erase. These approaches have been adopted for 
most NVSM devices.



HISTORY OF FLOATING-GATE NVSM





NOVRAM (Non-Volatile RAM) IN 1978







SINGLE-ELECTRON MEMROY CELL
－A Limiting case of the Floating Gate NVSM







MULTILEVEL-CELL 
THRESHOLD VOLTAGE DISTRIBUTION



FAMILY TREE OF FLASH ARCHITECTURES

FLASH 
MEMORIES

PARALLEL
Read random

Program random

SERIAL
Read Page

Program Page

Program CHE
Erase HH

Program SSHE
Erase FN

Program FN
Erase

Program CHE
Erase FN

NROM
Split

Gates DINOR NOR

Program FN
Erase FN

Program CHE
Erase FN

NAND AND
Triple poly

VG





8 Gb FLASH MEMORY
( 3 V     65 nm     133 mm2 0.02μm2/cell )



CELL SIZE REDUCTION VERSUS YEAR



EMERGING NONVOLATILE MEMORIES





NANOCRYSTAL MEMORY

• Nanocrystal memory is a multiple-nano-floating-
gate structure. Instead of charge stored in a 
single floating gate, charge is stored in many 
floating nanocrystals.

• Nanocrystal memory can extend the floating-gate 
scaling by allowing a further decrease in the 
tunnel oxide thickness.

• Nanocrystal memory offers enhanced robustness 
and fault-tolerance of distributed charge storage.



NANOCRYSTAL  MEMORY

Advantage of discrete storage nodes: robustness to 
stress induced leakage current       scaling of the tunnel oxide



TEM OF NANOCRYSTAL MEMORY



NANOCRYSTAL FABRICATION BY 
POLYMER SELF ASSEMBLY



FLASH APPLICATIONS



MEMORIES FOR MOBILITY

• Nonvolatile = low power: power 
down to save power

• Low cost: one memory for program  
and data storage

• ≠magnetic hard disk: need solid 
state, low power, rugged

• Small form factor and light weight



MOBILE LIFESTYLE : DATA ANYTIME, 
ANYWHERE



Communications
Cellular Phone, Cordless, Bluetooth, Pagers, Modems, Internet Appliance, Line
Card, PBX, Set Top Box, LAN Modules, Network System, Network Adapters, Data
Communication (5.6 Billion Units from 1999 to 2004).

Computer and Peripheral
PC, Flash-Drive Notebook, USB Drive, Personal Digital Assistant, Hard-Disk Drive,
Portable DVD, Graphics Card, FAX, Printer (3.5 Billion Units).

Consumer
Digital Camera, Digital Voice Recorder, MP3 Music Player, Digital Camcorder,
Telephone Answering Device, Games, Dictionary, Organizer, Toy, Electronic Book,
Directories (2.5 Billion Units).

Transportation
Automotive systems, Global Positioning System (Auto, Marine, Aviation) (570
Million Units).

Industrial
Meter, Sensing Device, Embedded System, POS, Solid State Drive (630 Million
Units).

APPLICATIONS OF NVSM



CELLULAR PHONE BLOCK DIAGRAM



GLOBAL TELEPHONE SUBSCRIPTIONS



END-USE APPLICATIONS OF NVSM
(1999-2010)



SEMICONDUCTOR MEMORY MARKET
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UNCONVENTIONAL 
APPLICATIONS OF NVSM




























