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Overview of the Course
p-n junction, diode - revisited
metal-semiconductor junction - revisited
MOS Structure and MOSFET
Advanced MOSFET topics

Floating Gate Transistor

Non-volatile Memory (Flash Memory)



p-n Junctions

Motivation: pn junctions everywhere!

Example: CMOS

PMOS NMOS




p-n Junctions

1. Ideal p-n junction in equilibrium
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Metal-Semiconductor Junctions

Metal-Metal Contact
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Metal-Semiconductor Contact
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b) metal and semiconductor in intimate contact




Schottky Diode
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Schottky junction ohmic contact

Schottky junction
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MQOS Structure

M — Metal
'O — Oxide (Insulatpr)

S - Semiconductor]
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b) metal, insulator and semiconductor in intimate contact



MQOS Structure

0 Inversion Depletion Accumulation
inversion (Ws>>Wp) depletion (Ws>Wyy) accumulation (Ws<Wyy)
[

semiconductor work function
p-type samiconductor
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MOS Transistor 3D Structure
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Source / Drain
P-Type Regions

A specific architecture of
p-n junctions, MOS structure, and metal-semiconductor contacts



MOSFET ANALOGY
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Water flowing in a pipe
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Field-effect transistors =
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MOSFET — A Four Terminal Device

4 terminal device —Gate, Bulk,
Source and Drain

Biasing— Vps,Vas, Vis
L, W, N tox

Source and drain regions form
pn junctions with substrate
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A MOS transistor layout

body source polysilicon gate drain
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Perspective View of MOSFET

Source

Gate
d ' MOSFET
W/>\ Drain metal oxide silicon
/ field effect transistor
Sio,

v

important dimensions:
L — the channel length

W — the channel width

t . — oxide thickness
r; —junction depth

(gx) Substrate



MOSFET and Conventional LOCOS Isolation

Metal source Gate, G Deposited Metal source
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Dimensions and Scales
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State-of-the-art MOSFET

Figure 9.1: SEM cross-sectional image of a state-of-the-art MOSFET with a physical gate length
of 30nm. Figure courtesy of R. Chau, Intel.

Lattice constant of Si is equal to 5.4307 (A) Anstrom
or 0.543 nm



Floating Gate Transistor
and Non-volatile Memory
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Non-Volatile Memories

A non-volatile memory is a memory that can hold its information
without the need for an external voltage supply. The data can be
electrically cleared and rewritten

Examples:

Magnetic Core

Hard-disk

OTP: one-time programmable (diodes/fuses)
EPROM: electrically programmable ROM

EEPROM: electrically erasable and programmable ROM
Flash



Channel charge in floating gate
transistors

unprogrammed programmed

To obtain the same channel charge, the programmed
gate needs a higher control-gate voltage than the
unprogrammed gate



Program and Erased States
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Logic “O” and “1”

Reading a bit means:
1. Apply V.4 ON the control gate

2. Measure drain current |, of the
floating-gate transistor

When cells are placed in a matrix:
drain lines

Control
gate
read >>0 lines

“1” — I

0" — |




Two flavors: NOR or NAND Organization

‘Word” = control gate; ‘bit’ = drain

Bit|Line Bit Line
Word Line | Bit Line Select |, |
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Word Line +—
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1 IS
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NAND versus NOR
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10x better endurance Smaller cell size
Fast read (~100 ns) Slow read (~1 us)
Slow write (~10 ps) Faster write (~1 us)

Used for Code Used for Data



Technolog
Issues - 4

L \AND flash

Electrical reliability issues

Capacitive coupling and
cross-talk issues

( FG-ACTIVE



Patent at Litigation between AMD/SPANSION vs SAMSUNG for ~ $500M in
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BIAS SCHEME OF PROGRAM INHIBIT FOR
RANDOM PROGRAMMING IN A NAND
FLASH MEMORY

Inventor: Chung-You Hu, Sunnyvale, Calif.

Assignee: Advanced Micro Devices, Inc.,
Sunnyvale. Calif.

Appl. No.: 686,641

Filed: Jul. 24, 1996
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[57] ABSTRACT

The present invention is a system and method which allows
random programming and avoids the problem with band-
to-band tunneling current discussed above. In particular, the
present invention applies a predetermined voltage along the
wordlines adjacent to the programming wordline. A method
of programming in a Flash memory system includes pro-
viding a first wordline coupled with a first device desired to
be programmed. the first wordline also coupled with a
second device desired to be program inhibited; electrically
isolating the second device; programming the first device;
and programming a third device coupled with a second
wordline, the second wordline not being adjacent to the first
wordline.

22 Claims, 8 Drawing Sheets



Random Programming of Memory Cells
How to program targeted cells without
Accidental programming of other cells
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Optional: Bipolar Transistor

Bipolar Flow Analogy
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MOSFET Flow Analogy 14 gifferent ways to
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Water flows when the
constriction is reduced

Bipolar devices = potential
"bump" is controlled by
base-emitter voltage.
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Field-effect transistors =
channel constriction is
controlled by gate bias.
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control water flow.
Bipolar and MOSFET use
different approaches to
control the current flow

through the device.

History of Bipolar
and MOSFET



Optional: Architecture of Bipolar Transistor
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3D view of a bipolar transistor

A schematic of the structure of a
bipolar junction transistor with a
simplified view of the cross-

section.



Optional: The Operation principle of the
Bipolar Transistor
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b) band profile of a BJT in

(b) the forward active mode



